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Abstract 

The present and future challenges to agricultural development and food security are immense. The 

agricultural sector is a significant driver of climate change, but at the same time, is highly 

vulnerable to its impacts. Climate smart agriculture is a framework for sustainable agricultural 

development, which has been touted as having significant potential to enhance the development of 

climate resilient pathways for agriculture, while at the same time taking advantage of opportunities 

to enhance mitigation. However, considering the relative newness of the concept, there is still 

much research needed with regards to its development at both local and national levels.  

This thesis attempts to contribute to the development of climate smart agriculture along three main 

themes: (i) planning and development, (ii) adaptation and (iii) mitigation. From a supranational 

perspective, the research contributes to the enhancement of indicators for climate smart 

agriculture, while at the national level, the research contributes to the literature with regards to 

benefits and co benefits of national afforestation policy. Locally, the research explores the drivers 

of local adaptation and the gender disparities in knowledge extension.  

Broadly speaking, the research draws upon the climate smart agriculture framework to analyse 

context specific challenges related to planning and development, adaptation and mitigation. In 

addition, mixed qualitative and descriptive analysis are employed to data related to context specific 

studies in Indonesia, Vietnam, Malawi and Ireland.  

The analysis related to planning and development focuses on agroforestry’s impact on food 

security in the climate vulnerable region of Indonesia. In addition, the research contributes to future 

planning and development through the assessment of current indicators that can be usefully 

repurposed for climate smart agriculture to better consider impacts with regards to gender and 

livelihoods, food security, nutrition and health. From an adaptation perspective, the analysis is 

focused local drivers of planned and household adaptation in Vietnam and the gender disparities 

in knowledge acquisition post agroforestry extension in Malawi. Lastly, the mitigation theme 

examines the impact of afforestation at the national level over a 20-year period in Ireland. Further, 

the research also estimates the carbon sequestration benefit of afforestation replacing livestock in 

Ireland.  

Findings related to the planning and development research theme highlight the positive impact of 

both traditional and commercial agroforestry in Indonesia, though the lack of specific focus on 

food security in the studies available, along with the lack of geographic variety, means substantial 

research is still needed. The repurposing of indicators for climate smart agriculture results in a 

useful starting point for greater consideration of gender and livelihoods, food security, nutrition 

and health. It also highlights that it may not be necessary to develop more indicators, but there are 

significant modification and improvements, in terms of quality and collection, necessary in order 

that existing indicators be considered useful in terms of climate smart agriculture planning and 

development.   

The results from the adaptation theme, which examined drivers of adaptation in Vietnam and 

gender disparities in knowledge acquisition in Malawi, highlight the main drivers of household 

and planned agricultural adaptation in Vietnam are related the participants experience with climate 

stress and the availability of institutional support. Climate stress increases awareness and 
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motivation to adapt, while the institutional support can potentially shape that change. In Malawi, 

results from an agroforestry knowledge extension program indicated that male farmers gained 

more from formal extension than female farmers. Though female farmers gained more from 

farmer-to-farmer learning that their male counterparts.  

Finally, the results from the mitigation theme focused on the benefits of afforestation on water 

quality, and the potential benefits from afforestation replacing livestock systems in Ireland.  

Results related to water quality indicated a slight benefit over 20 years from forest cover. This is 

likely due to long periods without disturbance, relative to more cyclical rural land uses. From a 

carbon storage perspective, there is significant benefit when forest cover replaces dairy. This is 

largely due to the fact that dairy has a large emissions profile, and is more likely to be situated on 

land that is capable of producing the highest forest yields. However, from a policy perspective, 

conflicting environmental and agricultural production policy will likely make it difficult to realise 

the full sequestration potential.  

Overall, this thesis recognises the limitations with regards to the climate smart agriculture 

framework. However, the research has benefited greatly through the utilisation of the framework 

to examine challenges in a diverse range of geographic and socioeconomic contexts, and at 

multiple scales. There is still much research needed in order further define the boundaries with 

regards to what is ‘climate smart’, however, when examining the melting pot of global agriculture, 

the climate smart agriculture framework offers a useful unifying framework that can be tailored to 

fit the context. However, this flexibility is also potentially vulnerable to the subjective agenda of 

the actors involved. 
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Chapter 1 

1.1 Introduction 

Globally, the agriculture sector employs almost 1 billion people (ILO 2018). In 2017, 68 percent 

of the population of low income countries resided in rural areas (World Bank 2018), many of 

whom rely on agriculture for their livelihoods (Snapp and Pound 2017). As such, agriculture is 

vital to: the economies of many developing countries, poverty alleviation and the food security of 

a growing population with increasingly resource intensive dietary demands (Snapp and Pound 

2017; Suweis et al. 2015). However, the impacts of climate variability and extremes, competition 

for agricultural land area and market shocks contribute to current food production and access 

challenges (FAO et al. 2018; Foley et al. 2011). The impacts of a changing climate have been 

highlighted as one of the key drivers in recent rises in global hunger (FAO et al. 2018).  

While agriculture is vulnerable to the impacts of climate change, it is also a key driver of many of 

the environmental issues and is a key contributor to the transgression of planetary boundaries 

related to climate change, Nitrogen and Phosphorus (Rockström et al. 2009; Steffen et al. 2015). 

As such, it is imperative that global agriculture tackle the combined challenges of: 1) food security, 

meeting the needs of a growing population and addressing access issues within the food systems; 

2) environmental sustainability, mitigation of, and adaptation to, the impacts of climate change 

and addressing complex, country specific issues of unsustainable food production practices; 3) 

social sustainability, ensuring that mitigation efforts are proportional and undue burdens are not 

put on the most vulnerable within the food system (Campbell et al. 2014; Campbell et al. 2016; 

Godfray et al. 2010; Lipper et al. 2017).  

Climate Smart Agriculture (CSA) is a concept that calls for the integration of the need for 

adaptation to, and mitigation of climate change in agricultural growth strategies to support food 

security (Lipper et al. 2017). CSA has three objectives, defined by Lipper et al (2014) as – 1) 

sustainably increasing agricultural productivity to support equitable increases in incomes, food 

security and development, 2) adapting and building resilience to climate change from the farm to 

national level, 3) developing opportunities to reduce greenhouse gas (GHG) emissions from 

agriculture compared to past trends. CSA is also a lens in which agricultural challenges can be 

viewed and a flexible framework for priority setting (Thornton et al. 2018). Given the context 

specific nature of the challenges faced in relation to climate change, this multidimensional, flexible 

approach is necessary in order to prioritise adaptation and mitigation action in a given context. 

However, this flexibility often leads to confusion and disagreement in terms of what is ‘climate 

smart’. The purpose of this research is to analyse the development of CSA in a range of differing 

geographical and socio-economic contexts. Specifically, this thesis explores the three critical 

aspects of CSA in terms of planning and development, adaptation and mitigation. CSA planning 

and development is explored through the implementation of a framework allowing for the 

incorporation of existing national level indicators to better integrate livelihood, gender, food 

security, nutrition and health issues into CSA planning frameworks. In addition, the impact of 

agroforestry, a CSA practice with significant potential regarding food security, adaptation and 

mitigation, on food security in Indonesia is also explored utilising a systematic review of the 
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current literature. Adaptation was analysed using two case studies that utilised household level 

data from Vietnam and Malawi in relation to drivers of household adaptation and disparities in 

agroforestry knowledge between men and women post intervention, respectively. Lastly, 

mitigation was explored through case studies in the Irish context related to afforestation and water 

quality and the carbon sequestration benefits of land use change from livestock systems to forestry.  

The following sections of this chapter explore the contextual background, outlining: the 

agricultural context, CSA, barriers to scaling and synergy and controversy related to CSA. Sections 

three and four outline the research questions and objectives. Finally, section five presents the 

structure and layout of the thesis. 

1.2 Contextual Background 

Agricultural Context 

The expected, and observed, impacts of climate change on agricultural production are widespread, 

with the most severe impacts being felt in developing countries (Mertz et al. 2009). Impacts are 

likely to include changes to the average global temperature and precipitation (~2% for every 1-

degree Celsius rise in temperature) and increases in the occurrence of extreme events (temperature 

and rainfall extremes, which lead to drought and flooding etc.) (Rummukainen 2014).  

These impacts already threaten global food security. On average, the number of undernourished 

people globally has increased by 2.24 percent per year since 2015 (FAO et al. 2018). A recent 

report by the Intergovernmental Panel on Climate Change (IPCC) confirms that observed climate 

impacts have affected crops suitability and the production capacity of the main agricultural crops 

globally (Hoegh-Guldberg et al. 2018). The impacts of global temperature and rainfall trends have, 

in general, reduced crop yields, with the most significant impacts observed on wheat and maize 

(Lobell et al. 2011). Globally, climate variability accounts for up to 39 percent of observed crop 

variability, and greater than 60 percent of crop variability in large parts of countries classified as 

global breadbaskets (Ray et al. 2015). The consequences of climate change differ regionally as the 

effects will not be uniformly spread (Fuhrer and Gregory 2014). Though the majority of the trends 

are negative, increases in CO2 may enhance fertilisation of plants, while increased temperatures 

in certain areas could extend the growing season for certain crops (Hoegh-Guldberg et al. 2018; 

Jarvis et al. 2010; Mueller et al. 2015). Increases in climate related extreme events also threaten 

the stability of the food system. The number of extreme events related to climate change (heat, 

drought, flood, storms etc.) doubled between 1990 and 2016, accounting for nearly 80 percent of 

major disasters (FAO et al. 2018). In addition to the aforementioned direct threats to food 

production, indirect threats also include the proliferation of potentially devastating pest and 

diseases, especially in developing regions (Jarvis et al. 2010; Legreve and Duveiller 2010; van 

Bruggen et al. 2015). Further, changes in temperature, precipitation and climate extremes are 

projected to increase global food prices by between 3 and 84 percent (IPCC 2013).  

In terms of global food system stability, projected increases in the population and increases in 

socio-economic growth are expected to double the current demand for food by 2050 (Tubiello 

2012).  Current yield trends will not show sufficient improvement to meet expected demand and 

expansion of agricultural area will be required (Bajželj et al. 2014; Long et al. 2015; Tubiello 

2012). In the face of significant climate challenges, developing countries will need to increase 

yields by 40 percent in order to meet demand (Tubiello 2012). Without adapting the food system 
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to the growing impacts of climate change, it will not be possible to meet increasing need (Fuhrer 

and Gregory 2014). Adaptation, defined as – the adjustment in natural or human systems in 

response to actual or expected climatic stimuli or their effects, which moderates harm or exploits 

beneficial opportunities (IPCC 2007) of the global food production and distribution systems is 

essential in addressing the present and future climate risks. The need for adaptation will be 

especially acute for those regions that are considered most vulnerable. The vulnerability of 

agricultural systems depends on the exposure and sensitivity of the system to climate stresses, and 

its capacity to adapt to changing conditions (Easterling et al. 2007). The most vulnerable 

agricultural systems will be in areas that are already food insecure (Beddington et al. 2012) and 

often lack resources and institutional and technical capacity to adapt effectively (Neufeldt et al. 

2015). These areas are likely to experience significant population increase, with the majority 

residing in rural areas relying heavily on agricultural systems that are vulnerable to climate stress 

(Calicioglu et al. 2019; Easterling et al. 2007; Jarvis et al. 2010).   

Agriculture is not just a victim of climate change but also a driver of it. Agricultural activity 

occupies over 4889 million hectares globally (Smith et al. 2014). In 2011, agricultural emissions 

were 5.34 Gt CO2e (Tubiello et al. 2014). Emissions from the sector account for between 10 and 

12 percent of anthropogenic GHG emissions (Smith et al. 2014). Between 2001 and 2011, 

emissions increased by 14 percent (Tubiello et al. 2014). Furthermore, Tubiello et al (2014) project 

that emissions will increase by 18 percent by 2030 and 30 percent by 2050, with respect to average 

2001 – 2010 emissions. Emissions are largely caused by livestock production, land use and soil 

and nutrient management (FAO 2017). In addition to emissions, agriculture is also a significant 

contributor to land degradation (Tubiello 2012). However, Agriculture Forests and Other Land 

Use (AFOLU) sector has the potential to reduce agricultural emissions via mitigation action, 

defined as – an anthropogenic intervention to reduce the sources or enhance the sinks GHG’s 

(IPCC 2001). Opportunities for mitigation in agriculture are strategies related to emissions 

reduction, enhancement of sequestration/sinks, and displacement/avoided emissions (Smith et al. 

2007). However, given agricultures importance in the maintenance of global food security, 

mitigation efforts can potentially be controversial (Lipper et al. 2014).  

Adaptation and mitigation are both necessary to tackle challenges facing the agricultural sector, 

however, these two strategies are often viewed as competing (Zhao et al. 2018). In order increase 

the resilience of the agriculture sector, synergies between adaptation and mitigation must be 

maximised and trade-offs minimised (Harvey et al. 2014). CSA is an approach to the development 

of technical, policy and investment conditions to achieve sustainable agricultural development for 

food security in the context of climate change (FAO 2013). CSA could offer a ‘climate resilient 

pathway’, defined as – development trajectories of combined mitigation and adaptation to realise 

the goal of sustainable development that helps avoid dangerous anthropogenic interference with 

the climate system (Denton et al. 2014), for agriculture, aiming to integrate climate change into 

the planning and implementation of sustainable agriculture strategies by increasing the synergistic 

potential of adaptation and mitigation opportunities, while increasing food security (Lipper et al. 

2014).  

Climate Smart Agriculture 

As a concept, CSA is relatively young, it was first launched in 2009 (Lipper et al. 2017). At the 

outset, CSA recognises that in order to meet present and future challenges, transformation will be 
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needed in both commercial and subsistence agriculture, but these transformations must take into 

account differing priorities and transformative capacity (FAO 2010). CSA implements an iterative 

process of collective transformative action in relation to climate change and agriculture and food 

systems (Steenwerth et al. 2014), under the premise that climate smart systems already exist and 

can potentially be implemented in climate vulnerable regions (FAO 2010). The CSA approach can 

potentially ensure that sufficient human and financial resources are dedicated to the development 

of climate resilient pathways for food security and sustainable agricultural production by 

integrating climate change into policy planning and response (Lipper et al. 2014). It is in this light 

that CSA attempts to set a global agenda for investment in research and innovation for sustainable 

agriculture, gathering communities of actors and decision makers related to climate change 

adaptation and mitigation, agricultural and social development together under one broad rubric 

(Neufeldt et al. 2013). 

More specifically, CSA is underpinned by three pillars: 1) sustainable production, food security 

and income, 2) adapting and building resilience to climate change, and 3) mitigation via the 

removal or reduction of GHG emissions when possible (FAO 2013; Neufeldt et al. 2015). The 

major principles defining the achievement CSA objectives are: increased resource use efficiency 

within agricultural systems, and the enhancement of resilience of agricultural systems and the 

people who rely on them (FAO 2013; Lipper et al. 2017). It is through the principle of resource 

use efficiency that CSA aligns itself with the concept of sustainable intensification (Campbell et 

al. 2014; Lipper et al. 2017; Lipper et al. 2014). The concept calls for the sparing of land via 

increased production on land that is already in use. This increased production would entail the 

implementation of environmental measures so that future food production is not undermined 

(Campbell et al. 2014) and the environment is not degraded.  

Figure 1.1 presents an interpretation of the CSA concept based on current literature (FAO 2010; 

FAO 2013; Lipper et al. 2017; Lipper et al. 2014; Neufeldt et al. 2015; Neufeldt et al. 2013; 

Rosenstock et al. 2016). A ‘triple win’ exists for CSA in the area of the Venn diagram where food 

security, mitigation and adaptation goals area achieved. Other areas may achieve a ‘win, win’ 

where goals for mitigation and adaptation, or mitigation and food security, or adaptation and food 

security overlap. CSA is described as being a guide to the formulation of a prescription for change 

within agricultural systems so that challenges related to food security and climate change can be 

addressed in a systematic and sustainable fashion (FAO 2013; Neufeldt et al. 2015). As such, there 

is no one single approach to the achievement of a triple win, but rather, the existing technologies 

are assessed to identify potential synergies between food security, mitigation and adaptation 

practices within a given context. Thus a balance between efficacy and fairness must be found, lest 

the burden of mitigation fall upon those that are least responsible and the most vulnerable (Lipper 

et al. 2017; Lipper et al. 2014; Neufeldt et al. 2013).  

In addition to efficacy and fairness, CSA must also consider trade-offs and synergies with regard 

to spatial scale (farm level, community level, region level, national level, etc.) and temporal scale 

(Neufeldt et al. 2015) (e.g. the lag time in terms of perceived benefit may be too long for some 

users). CSA seeks to understand the potential trade-offs with regards to specific challenges related 

to context, spatial scale, and temporal scale in order to effectively identify synergies and guide the 

needed changes within agricultural systems (FAO 2013).  
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Figure 1.1 Climate Smart Agriculture Conceptual Framework 

 
Schematic of Climate Smart Agriculture based on (FAO 2013; Lipper et al. 2017; Neufeldt et al. 2015) 

CSA does not specifically promote any new technologies, but calls for the harmonisation and 

synchronisation of technologies that can achieve triple win goals (FAO 2013). Horizontal scaling 

refers to the replication of promising or proven technologies and models in new geographical 

contexts or groups, while the vertical scaling refers to the scale up of the conditions for change, 

such as enabling policy environments, capacity development and local, national and international 

institutions (Neufeldt et al. 2015).  In order for CSA to be effective, scaling of the conditions that 

allow effective transformation is as important as scaling the transformative practices themselves 

(Wigboldus and Leeuwis 2013).  

The CSA concept is constructed to, firstly, take action in response to impacts of climate change on 

agriculture, but it must also be flexible enough to implement context specific practices and policies 

that sustainably increase resource use efficiency and production outcomes, reduce vulnerability 

and increase resilience, while also increasing adaptive capacity (Lipper et al. 2017). It is this 

flexibility in terms of interpretation that is seen by some as one of CSA’s most significant assets, 

and by others as a serious weakness. Neudfeldt et al (2013) argues that CSA gives no specific 

direction, no new science agenda, no prioritization of conflicting or opposing agendas. As such, 

Neudfeldt et al (2013) continues, there is no compelling reason to shift investment towards CSA, 

even with the urgency of the challenges faced.  Despite this, CSA as a concept has garnered great 
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public and private sector support and has created a single brand where actors in development, 

agriculture and climate arenas can come together (Lipper et al. 2017; Neufeldt et al. 2015). 

Barriers, Scaling & Synergy  

The implementation and scale-up of context specific agricultural adaptation in the face of climate 

change can be exceptionally difficult. Neufeldt et al (2015) highlights some of the challenges with 

regards to scale and spatial distribution.  Firstly, sustainable management of natural resources and 

the harmonisation of new and existing technologies need to be integrated at all levels (farm, 

landscape, ecosystem etc.). Additionally, interventions must be unique to the spatial environment 

within which they are intended in order to reduce trade-offs. However, the implementation of CSA 

interventions faces significant barriers, which can potentially reduce the effectiveness of 

adaptations. Policy makers, practitioners and scientists must contend with these context specific 

challenges and barriers to adaptation in order to increase effectiveness and scale-up agricultural 

adaptation (Eisenack et al. 2014). Scale-up (defined by Hancock et al (2003) as – the efficient 

increase of the socio-economic impact from a small to large scale coverage), refers to the 

replication, spread or adaptation of techniques, ideas, approaches and concepts, as well as the scale 

of the overall impact (Hancock et al. 2003). Barriers, as opposed to limits, are challenges that can 

be overcome, while limits are immutable. In the context of CSA adaptation, barriers are defined 

as – obstacles that can be overcome with concentrated effort, creative management, change of 

thinking, prioritization, and related shifts in resources, land uses, institutions etc. (Moser and 

Ekstrom 2010). As discussed previously, areas with existing food insecurity issues are likely to be 

more at risk from climate impacts than richer countries, in part because of the frequency and 

magnitude of climate events. In addition, they will also face the most significant barriers to 

adaptation as a result of lower incomes, institutional and financial or technical capacity to adapt 

(Tol and Yohe 2007). Burton (2005) claims that, from small to large scale, collectively and 

individually, adaptation to climate change is happening at a slower pace than is necessary. The 

increasing impact of losses imposed as a result of this adaptation deficit imposes a greater burden 

on future generations (Burton 2005).  

Linked to the reduction of vulnerability and adaptation to climate change is the concept of adaptive 

capacity of a system (Smit and Wandel 2006). Adaptive capacity refers to the conditions that allow 

systems (individual, social groups, community, country etc.) to anticipate and evolve in order to 

minimise the consequences of, recover from, and take advantage of new opportunities resulting 

from environmental hazards or policy change (Adger 2006; Cinner et al. 2018; Smit and Wandel 

2006). In the context of climate change, the IPCC defines adaptive capacity of a system as – the 

ability of a system to adjust to climate change (including climate variability and extremes) to 

moderate potential damages, to take advantage of opportunities, or cope with the consequences 

(IPCC 2007). Smit and Wandel (2006) claim that the adaptive capacity of a system is context 

specific and varies from country to country, region to region and community to community. What 

determines the adaptive capacity of system are known as the determinants of adaptive capacity 

(Smit and Wandel 2006).  

Figure 1.2 highlights some of the determinants of adaptive capacity based on research conducted 

by Jones and Boyd (2011). Barriers are grouped under three main headings: human and 

informational, social and natural. Human and institutional barriers to adaptation refer 

informational based challenges to adaptation. These challenges are numerous and vary widely 
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across scale and context and arise due to a combination of knowledge, economic and financial 

limitations of a system. From a policy perspective, knowledge challenges may relate to temporal 

uncertainties with regards to climate projections, or uncertainties related to the magnitude of 

impacts. In addition, lack of context specific information regarding the implementation of 

adaptations can also increase uncertainty and reduce effective adaptation (Jones and Boyd 2011). 

At the farmer level, lack of information and knowledge are critical barriers. Ineffective, sporadic, 

inconsistent and conflicting advice can deter adoption of practices, or result in maladaptation 

(Nyasimi et al. 2014). Improvements in extension and knowledge services are critical to the 

awareness and uptake of context specific sustainability practices. In addition, fundamental to 

effective engagement with extension or knowledge services is investment in the knowledge 

prerequisites, such as adult functional literacy, that will allow for effective engagement 

(Schaafsma and Bell 2018). 

Figure 1.2 Barriers to Climate Adaptation  

 

Source adapted from (Jones and Boyd 2011)  

Economic challenges also vary across, scale and temporal and spatial context. From a policy 

perspective, identification and building of financing mechanisms to support synergistic adaptation 

and mitigation efforts that complement food security objectives are just as important as identifying 

synergies themselves (Lipper et al. 2017). A lack of finance can result in delayed adaptation, which 

increases the adaptation deficit. For example, investment that reduces the vulnerability of national 

infrastructure to the impacts of increased weather extremes may be delayed as a result of 

insufficient financial investment (Eisenack et al. 2014).  At the farm level, studies conducted in 

Kenya and Ethiopia have found that access to finance and credit are a determinant of adaptation 

among farmers (Bryan et al. 2013; Deressa et al. 2009). Access to finances has a direct impact on 

the actor’s ability to accumulate stores of other assets related to technology or services (access to 

extension or improved seed varieties for example). Adaptation is increased when the actor has the 
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capacity to draw these pools of assets, such as micro loans, in times of stress or change (Cinner et 

al. 2018).  

In order to mitigate and adapt to the challenges wrought by climate change, the development and 

diffusion of new technologies (related to water management, production management and new 

seed varieties for example) will be necessary (Howden et al. 2007). Barriers and challenges related 

to technology development and diffusion are largely correlated with market, knowledge and 

economic capacity. Challenges, especially in lower income countries, relate to weak resource and 

infrastructural capacity to develop technologies, or to adapt existing technologies to local contexts 

(Lybbert and Sumner 2012). In terms of diffusion of technologies at the farm level, Lybbert and 

Sumner (2012) argue that many of the wider sectorial concerns are shared, such as poorly 

functioning markets as a result of poor infrastructure and private sector investment limit access to 

technologies. Lack of financial resources also limit access.  

Social characteristics that may have an impact on adaptive capacity are related to normative 

behaviour and values, cognitive behaviour, and formal and informal institutions (Jones and Boyd 

2011). Normative behaviour and values held by individuals, within communities, regions or 

countries can influence the adaptive capacity of individuals or groups of individuals. These 

normative behaviours are influenced by factors such as class, gender, religion, social status, health 

status, and ethnicity, among others (Nielsen and Reenberg 2010). Cognitive behaviour relates to 

psychological and thought processes of an individual and how those processes may dictate that 

individual’s actions in the face of existing or perceived climate stimuli (Jones and Boyd 2011). 

Institutions then, are broadly defined by Ostrom (2009) as – the prescriptions that humans use to 

organise all forms of repetitive and structured interactions including those within families, 

neighbourhoods, markets, firms, sports leagues, churches, private associations, and governments 

at all scales (Ostrom 2005). Formal and informal institutional inequalities can significantly impact 

the adaptive capacity of certain groups within a society (Jones and Boyd 2011).  

From a formal institutional perspective, competing agendas within government and civil society 

groups may frustrate or undermine adaptation agendas (Antwi-Agyei et al. 2015). For example, 

Harvey et al (2014) highlights that at the international and national level, debates with regards to 

adaptation and mitigation are rarely considered together, which at best, makes it difficult to 

identify the potential synergies between the two, and at worst leads to conflicting policy objectives. 

Commodity markets and global policy have driven agricultural area expansion in many regions 

(Mattison and Norris 2005). For example, 23 percent of the large increases in soy production in 

Brazil between 2001 and 2004 took place on cleared forest land (Pacheco et al. 2012). Agricultural 

expansion into new areas often conflicts with conservation and mitigation policies (Harvey et al. 

2014). In terms of enabling effective adaptation, functional formal institutions are also key in terms 

of providing land rights, social protection schemes, financing, incentives, information and 

education through extension service, legislation, research and development, and disaster risk 

reduction strategies (Neufeldt et al. 2015), all of which underpin adaptive capacity to a large 

degree.  

Informal institutions also play a significant role in terms of adaptation, and can either enhance or 

restrict the adaptive capacity of individuals or groups (Yaro et al. 2015).  Informal institutions can 

be defined as – socially shared rules, usually unwritten, that are created, communicated and 

enforced outside of officially sanctioned channels (Helmke and Levitsky 2004). These institutional 



10 

 

norms and values within which individuals act within a society make up the opportunity structure, 

determining access of individuals to other economic, political and socio-cultural institutions 

(Bennett 2005). For example, women often face challenges in relation to access to land, 

information and extensions, and unequal labour burdens, reducing their adaptive capacity 

(Beuchelt and Badstue 2013; Doss 2001; World Bank et al. 2015). Informal institutional rules and 

values can thus also permeate formal institutional action (Helmke and Levitsky 2004). Cultural 

values and norms vary widely between societies, change over time, and can increase or reduce the 

agency of individuals in the face of climate change adaptation (Bennett 2005; Cinner et al. 2018; 

Jones and Boyd 2011; World Bank et al. 2015).  

Lastly, Figure 2 highlights natural barriers and limitations, which refer to ecological and physical 

constraints and barriers that are context specific. For example, sea level and temperature rise may 

make adaptation more difficult or even impossible (Jones and Boyd 2011). As with agriculture 

itself, the scaling of agricultural adaptive practices and increasing adaptive capacity will require a 

suit of solutions that will also need to be tailored to context (Westermann et al. 2018). 

Climate Smart Controversy  

The CSA concept has not been readily accepted by all, and has, at times, sparked significant 

controversy and debate (Lipper et al. 2017; Neufeldt et al. 2013). Besides focusing on agricultural 

transformation in a changing climate and the achievement of a triple win, CSA does not offer any 

specific set of actions (Karlsson et al. 2018). As such, Naess et al (2018) argues, that CSA can be 

achieved via a number of different pathways, using a sizeable array of technologies and practices, 

how climate smart they are is thus often divisive and open to interpretation. Any agricultural 

technique that, when compared to traditional agricultural practices, improves upon one of the 

overarching goals of food security, adaptation and mitigation, can potentially be designated as 

climate smart (Taylor 2018). In addition, Taylor (2018) argues that CSA is concerned with the 

production of food and the resources used to produce it, but shows no concern for how the food is 

distributed or consumed. In reality, the flexibility of CSA as set of guiding principles is also its 

weakness. CSA is shaped by the actors, political ideologies, funding arrangements, decision 

making structures, market, trade and other adaptive barriers (Chandra et al. 2018). As such, its 

interpretation from context to context varies widely, leading to doubt, confusion and suspicion. 

Some of the primary concerns with regards to CSA are related to sustainability, ethical and social 

challenges.  

From a sustainability perspective, critics of CSA have argued that ‘green revolution’ technologies 

that had led to environmental and social degradation have merely been rebranded, and that CSA 

offers a convenient methodology for maintaining the status quo (Anderson 2014; Loos et al. 2014; 

Taylor 2018). CSA utilises the principles of sustainable intensification by increasing production 

on existing agricultural land in ways that lower the environmental impact of food production 

(Campbell et al. 2014). However, there is ongoing debate as to what sustainable intensification 

actually means in practice (Mahon et al. 2017). There is so little agreement on its meaning that it 

has led critics to argue that, as a concept, it is in danger of becoming scientifically obsolete (Gunton 

et al. 2016). The use of external inputs such as pesticides and fertilizer as a means of increasing 

production has also led to concerns that sustainable intensification is too heavily focused on 

production and is merely a continuation of the current unsustainable methodology masquerading 

as sustainability (Anderson 2014; Cook et al. 2015; Loos et al. 2014). In addition to the scepticism 
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with regards to sustainable intensification, the role played by agribusiness in shaping CSA policy 

and practice has resulted in many arguably unsustainable products being labelled as climate smart 

(Anderson 2014; Karlsson et al. 2018).  

Ethical concerns have also been raised in regards to the pursuit of mitigation objectives within 

CSA, specifically around activities associated with mitigation finance and the potential for the 

burden of mitigation being placed on the world’s most climate vulnerable populations (Lipper et 

al. 2017). Among the concerns highlighted, critics have argued that CSA advocates carbon 

markets, which push the responsibility for mitigation away from international and regional actors 

and onto poor farmers, who bear the least responsibility for emissions output (Ellis and Tschakert 

2018). Carbon sequestration initiatives have been singled out as increasing food insecurity and 

vulnerability of poor farmers rather than reducing it as result of introducing competition between 

food production and carbon sequestration (Chinsinga et al. 2012). The term ‘carbon colonialism’ 

is thus used to refer to actors in richer regions that lure those in poorer regions into sacrificing 

long-term development objectives in the pursuit of short term capital gains that are associated with 

carbon offsets (Howard et al. 2015). In addition, activities that encourage carbon sequestration 

could potentially result in the dispossession and destitution of poor land insecure farmers. For 

example, Larson et al (2013) highlights the dangers associated with REDD+ strategies and 

insecure land tenure, claiming that insecure tenure, or tenure that is in conflict can lead to more 

powerful actors appropriating the land in order to secure the associated financial benefits. 

However, it has also been argued that programmes such as REDD+ have the capacity to stimulate 

land tenure reforms (Larson et al. 2013).  

Social concerns regarding CSA highlight the lack of input and voice of the most vulnerable within 

the CSA framework (Ellis and Tschakert 2018).  The CSA costs, benefits and measures that are 

put in place are negotiated at a political level, where the agenda is unlikely to be set by the those 

most in need, meaning poor vulnerable groups may have little say over the impact on their 

livelihoods and resources (Karlsson et al. 2018). Research conducted by Schaafsma and Bell 

(2018) in a variety of geographic and agricultural contexts found that across all projects 

considered, CSA benefits failed to reach the poorest members within the agricultural community. 

Instead finding that commodities markets were an effective vehicle for encouraging transformative 

activities as a result of the attention they attract from the private sector and state actors. However, 

the necessary value chains were rarely in place for the poorest, due to a lack of adaptive capacity 

(Schaafsma and Bell 2018). This would seem to confirm fears that, as yet, the questions of how 

poor farmers retain control over resources, access new technologies and markets under various 

CSA approaches have yet to be addressed (Karlsson et al. 2018). 

1.3 Research Question 

This doctoral research aims to analyse the development of CSA in various geographical and 

climate contexts and from differing dimensions. It addresses challenges related to planning of CSA 

activities, adaptation utilising CSA practices and technologies, and mitigation via land use change. 

Thus, the research is divided into three overarching themes (see Table 1.1) of (1) CSA for planning 

and development, (2) Adaptation, and (3) Mitigation.  In relation to CSA development, the 

research explores the need to incorporate social and ethical concerns with regards to the 

development of CSA by identifying a range of existing national level indicators that can be utilised 

to improve the integration of gender, food security, nutrition and health related issues into CSA 
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planning and development. In addition, this theme also explores the impact of agroforestry, a CSA 

technology that offers significant production, adaptation and mitigation co-benefits, on food 

security in Indonesia. The adaptation theme analyses the drivers of adoption of CSA practices and 

technologies in Vietnam on the one hand, and the impact of extension services in Malawi on the 

other. Lastly, the mitigation theme explores the potential environmental co-benefits of CSA 

mitigation, and the direct carbon sequestration benefits from land use change in Ireland. As such, 

the broad aim of this thesis is to explore the development of CSA from the perspective of socio-

economic development and food security, adaptation (drivers and extension impacts) and 

mitigation (environmental co-benefits and carbon sequestration).  

Table 1.1 Research Themes, Aims and Methods  

Research Themes, Aims & Methods 

Theme  Research Aim  Method 

CSA for 

development 
 Analysis of agroforestry impacts on food 

security in Indonesia 

 Utilisation of national level indicators for 

gender, food security, nutrition and health 

in CSA activities  

 Application of indicators to CSA 

programming & planning that respond to 

gender, food security, nutrition, and health 

concerns 

 Systematic Literature review  

 Development and 

implementation of an indicator 

scoring system 

Adaptation  Analysis of the drivers of Household 

response and planned agricultural 

adaptation to climate change in Vietnam 

 An exploration of the post intervention 

gender disparities in agroforestry related 

knowledge acquisition from CSA 

extension approaches 

 Literature review  

 Survey responses from household 

surveys in Vietnam  

 Use of primary data collected 

from household surveys in 

Malawi  

 Econometric analysis of survey 

responses 

Mitigation   An integrated analysis of forestry land use 

on water quality outcomes in a rural 

setting 

 Estimation and valuation of afforestation 

sequestration replacing livestock systems 

 Literature review  

 Use of national level data sets to 

estimate the impact of 

afforestation on water quality  

 Simulation of future water quality 

impacts  

 Implementation of IPCC 

inventory methodology to 
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estimate carbon 

emissions/storage 

 

This research aims to highlight challenges in the three essential areas of CSA for planning and 

development, adaptation and mitigation. As such, this thesis contributes to the current literature by 

addressing some of the social and ethical concerns with regards to context specific planning and 

implementation. In addition, it contributes to the understanding of drivers of adaptive practices, 

and the disparities in impacts of adaptation supports. Lastly, it highlights the potential policy 

synergies via environmental benefits and co-benefits that can result from the implementation of 

CSA practices that offer multiple ecosystem benefits.  

1.4 Research Objectives 

The overarching objective of this thesis is to facilitate a greater understanding of CSA from the 

critical dimensions of 1) planning and development, 2) adaptation, and 3) mitigation. This is done 

firstly by addressing social and ethical challenges that arise in relation to gender, food security, 

nutrition and health considerations that have not arisen frequently to date. This is followed by an 

exploration of the impact of agroforestry, an increasingly important CSA technology, on food 

security in Indonesia. From an adaptation perspective, understanding what drives and potentially 

shapes adaptation is essential from a policy formation and implementation perspective. 

Furthermore, to increase the adaptive capacity of the most vulnerable groups, it is essential to 

understand the disparities in impacts with regards to the methods utilised to increase adaptive 

capacity. Lastly, we explore the potential benefits and co-benefits of carbon sequestration from a 

water quality point of view. The objectives of each dimensions are outlined below.  

CSA for Planning & Development 

Given the context specific nature of climate challenges, planning and development with regard to 

CSA activities is essential at all levels. Indicators are an important part of planning and 

development and of measuring progress effectively. Indicators help to improve the evidence base 

of what does and, often, does not work. Though there are many indicators with regards to climate 

change currently under development, many existing indicators can be repurposed in order to better 

integrate gender, food security, nutrition and health issues in CSA planning. The first objective of 

this theme is to develop a framework for the selection of suitable indicators from a list of existing 

national level indicators. These indicators serve as a starting point for inclusion in the World Bank 

Climate Smart Country Profiles (CIAT et al. 2016), which is useful in terms of planning, 

implementing and assessing CSA. Secondly, the theme also attempts to assess, through a 

systematic review of the literature, the impact of a triple win CSA practice (agroforestry) on food 

security in a climate vulnerable country context, specifically, Indonesia.  

Adaptation  

Fostering the conditions that will allow individuals, groups or countries to make the necessary 

changes in the face of a changing environment is an essential aspect of CSA. However, what drives 

adaptation and what influences adaptive capacity varies depending on contextual conditions and 

social norms. In this research theme, adaptation is explored in two geographical contexts, Vietnam 
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and Malawi. The objectives here included the identification of the drivers of adaptation in 

Vietnam, one of the world’s largest rice exporting and most climate vulnerable regions. The second 

objective of this study theme was the analysis of gender disparities in agroforestry knowledge post 

extension intervention in Malawi, a country where female agriculturists make up a larger 

proportion of the agricultural labour force.   

Mitigation 

One of the major controversies with regards to CSA has been the perceived prioritisation of the 

mitigation pillar over the food security and adaptation pillars by pushing the burden of climate 

mitigation to developing countries instead of developed countries, who are the most responsible 

for emissions (Lipper et al. 2017). As such, the mitigation theme explores the environmental 

benefits resulting from afforestation of former agricultural land in a developed country context. 

The first study explores with the potential environmental co-benefits/co-harms with regards to 

water quality resulting from land use change in Ireland. Specifically, the study explores of the 

impacts of afforestation and forest cover on water quality outcomes in rural Ireland and utilises a 

land use change simulation, which analyses the impact of a potential increase in afforestation and 

a corresponding decrease in livestock production. Secondly, the direct carbon benefits of land use 

change are modelled, estimating the carbon sequestration potential of Sitka Spruce replacing 

livestock. These emissions sequestered/avoided are then valued and utilised in a hypothetical land 

use change scenario.  

1.5 Structure & Layout 

This thesis is grounded in the fact that agriculture is both a driver of climate and change and 

impacted by the changing climate. Further, the implementation of CSA can potentially aid the 

transformative change required to meet the current and future challenges wrought by climate 

change and population pressure (Lipper et al. 2017). In order to develop CSA effectively and fairly, 

solutions must be context specific, and mitigation potential must be exploited in contexts where it 

is fair and appropriate to do so (FAO 2010; Lipper et al. 2017; Neufeldt et al. 2015). This thesis 

explores themes related to planning and development, adaptation and mitigation. Following this 

introductory chapter, the remainder of the thesis is structured into seven additional chapters that 

are outlined below.  

Chapters two and three explore areas related to planning and development of CSA. Chapter two 

of this thesis explores the impact of agroforestry on food security in Indonesia by implementing a 

review current literature. This is followed by chapter three, which attempts to develop a selection 

framework for the inclusion of existing indicators into the World Bank CSA Country Profiles. 

Chapters four and five explore adaptation. Firstly, chapter four explores the drivers of household 

and agricultural adaptive change in Vietnam at the household level across five provinces in the 

Mekong and Red River delta. Chapter five examines gender disparities in agroforestry knowledge 

post CSA extension intervention in Malawi. 

Chapters six and seven, explore mitigation through the lens of rural land use change in Ireland. 

Specifically, Chapter six analyses the impact of land use change on water quality, over time, in a 

rural setting. It also presents a land use change simulation predicting water quality outcomes, 

which assumes an increase in afforestation and a corresponding decrease in livestock area. Chapter 
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seven estimates and values the carbon sequestration potential of Sitka Spruce on a per hectare basis 

using forest yield models and monitory values of the social cost of carbon based on current 

literature. In addition, the study utilises national inventory data to estimate the emissions from key 

livestock systems on a per hectare basis. Lastly, the potential value of a hypothetical national 

scenario is compared to average production for the livestock systems in question over the short 

and long term. Chapter eight, the final chapter, presents summary conclusion and remarks.  
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Abstract 

Reducing global hunger in the face of climate change is becoming an increasingly challenging and 

complex problem. Many of the countries already considered food insecure are likely to bear the 

brunt of climate impacts. As such, increasing resilience and adaptation of food production systems 

in climate vulnerable regions has become a pressing issue. Indonesia is one such country that is 

already struggling to adapt to the impacts of climate change, which has seen an increase in extreme 

events and a reduction in food access. The implementation of Climate Smart Agriculture (CSA) 

practices has been proposed as a means of increasing resilience, adaptation and mitigation in the 

face of climate change. Agroforestry is one such technology, offering significant potential in terms 

of increasing resilience, food security, adaptation and mitigation. This paper reviews the current 

literature on agroforestry’s contribution to food security in Indonesia. The findings suggest that 

agroforestry contributes to food security in several areas. Firstly, in urban areas, home gardens, 

both traditional and commercial contribute to food security. In the case of the former, through 

dietary diversity, and the latter, through increased income. Regarding agri-silviculture practices, a 

similar division based on a timber vs non-timber forest product divide is found. In general, 

agroforestry systems with a commercial focus increase income at the expense of dietary diversity, 

while traditional systems have greater dietary diversity benefits. Nearly all systems offered indirect 

benefits to food security, such as ecosystem services and tenure security. However, few studies 

focused explicitly on food security. In addition, the majority of studies were geographically 

limited, clustered around Java and Sumatra.  
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2.1 Introduction  

Food security exists in a particular area when “all people at all times, have physical and economic 

access to sufficient, safe and nutritious food that meets their dietary needs and food preferences” 

(FAO 1996) and comprises four over-arching and interrelated categories, food: availability, 

accessibility, utilization, and stability (FAO 2008). While this definition is succinct, food security 

is a complex issue that is both impacted by, and influential upon, many of the same factors as 

climate change, such as demography and natural resource use patterns (Brown and Funk 2008; 

Lobell et al. 2008; Wheeler and Von Braun 2013). This makes reducing global hunger in the face 

of increasing climate impacts a challenging problem, especially given that such impacts are 

expected to be most severe in places that are already considered “food insecure” (Brown and Funk 

2008; Mertz et al. 2009). The expected outcomes from our shifting climate can already be observed 

and, since 2015, the average number of food insecure people globally has risen by 2.24 percent 

(FAO et al. 2018). 

Indonesia is a country already feeling the effects of climate change. Worse, climate impacts are 

expected to have increasingly serious implications for the already challenging food security issues 

in the region (World Bank 2011). Specific impacts include longer dry seasons, extreme 

temperatures, increased pests and diseases, and flooding, all of which are currently culminating in 

significant dieback, reduced yields, and ultimately decreased food access (GOI 2017; Sutardi and 

Hilman 2007). Acceleration of action to prevent the ever increasing vulnerability to these and other 

climate related challenges is required (WFP 2015). One proposed means of doing so being Climate 

Smart Agriculture (CSA). 

Practices considered ‘climate smart’ aim to increase adaptation and resilience of farming systems 

and communities, while increasing food security and contributing to impact mitigation (Campbell 

et al. 2014; World Bank et al. 2015). As such, agroforestry is considered a CSA practice given its 

effects on food access and nutrition security, as well as its noted climate adaptation and mitigation 

abilities (Rosenstock et al. 2016). This review systematically assesses research articles on 

agroforestry’s contributions to food security in Indonesia and summarizes the pertinent 

information. Such evidence is then mapped through several key food security pathways to the 

above FAO definition.  In the process, agroforestry’s potential contributions to food security in the 

face of current and future climate challenges are identified.  

2.2 Background 

Country Context  

Indonesia, located between the continents of Asia and Australia, consists of approximately 13,466 

islands, with a land territory covering some 200 million ha (GOI 2017). Indonesia has a population 

of 260 million and is the largest economy in southeast Asia (FAO and GOI 2017; World Bank 

2019). The country’s GDP per capita has risen significantly from $807 per year in 2000 to $3,877 

in 2018 (World Bank 2019). Agriculture makes a significant contribution to the Indonesian 

economy, accounting for 13 percent of GDP in 2017 (World Bank 2017) and over 30 percent of 

employment (ILO 2017). However, despite Indonesia’s significant success in terms of economic 

growth and poverty reduction, significant challenges remain with regard to food security, 

malnutrition, income inequality, and poverty (FAO and GOI 2017; WFP 2015).  



24 

 

In addition to climate change’s exacerbating effect on poverty and infrastructure, it also presents 

a more direct risk to households in Indonesia. Risks associated with sea level rise along Indonesia’s 

81,000 km of coastline accompany the threats from increases in extreme events such as droughts, 

floods, and cyclones (GoN 2018). Furthermore, increases in temperature and prolonged dry 

seasons are also expected to significantly impact crop yields (UNFCCC 2017) . In Java, by 2020, 

assuming the growing area remains constant, rice production could decrease by as much as 1.8 

million tons, and continue to decrease by as much as 3.6 million tons by 2050 (Sutardi and Hilman 

2007). Perennial crops are also negatively impacted by longer dry seasons and higher temperatures, 

with young plant die back of 22, 9, 4, 11, 4, and 30 percent already occurring for tea, rubber, cacao, 

cashew nuts, coffee, coconut respectively (GOI 2017; Sutardi and Hilman 2007). 

A recent WFP (2015) report highlighted the major threat to household food security posed by 

climate change in the Indonesian context. Households reliant on food production are vulnerable to 

the increasingly erratic rainfall, increased intensity and frequency of extreme events, and the 

negative impacts of increased occurrences of pests and disease. The resultant reduction in staple 

crop yields and the low adaptive capacity of poor households culminate in an increase in overall 

vulnerability to food insecurity. Figure 2.3 utilizes data from the WFP (2015) food security and 

vulnerability atlas to highlight the current levels of vulnerability to food insecurity in Indonesia. 

Districts are classified into six priority groups, with priority groups 1 and 2 being classed as the 

most vulnerable to food insecurity. Groups 3 and 4 and classed moderately vulnerable, while 

groups 5 and 6 are relatively food secure. The report finds that the main characteristics of the most 

vulnerable regions are related to poverty, infrastructure and health access, and literacy among 

women.  

Agroforestry & Food Security Pathways 

As noted, the FAO identifies food security as comprising four over-arching and interrelated 

categories, food: availability, accessibility, utilization, and stability (FAO, 2008). Agroforestry 

improves these categories through pathways that include its contributions to food access, dietary 

diversity, nutritional security, and income generation; concepts presented in the vein of Gillespie 

et al. (2012) and Poulsen et al. (2015) in Figure 2.2. Of course, the components in these categories 

are context dependent, and influences thereupon, including climate change (and associated 

disasters), demographic pressures, and degraded natural resources, are often exacerbated by the 

limited genetic resource base of localized agricultural systems (Challinor et al. 2014, Wheeler and 

van Braun 2013, Dwivedi et al. 2013, Ray et al. 2013).  

The FAO (2015) defines food availability as “the physical existence of food.” Agroforestry 

directly increases the availability of food, and thus improves food access, by providing multiple 

ecosystem services that enhances yields of staple crops (eg., enhanced soil fertility, reduced plant 

stress, reduced soil erosion, and support and shade) (Jamnadass et al. 2015; Waldron et al. 2017). 

Agroforestry also indirectly increases food access through its inherently higher degree of 

biodiversity, which provides a wider array of fruits, vegetables, and other non-timber forest 

products (NFTP) throughout the year (Jamnadass et al. 2015).   

The FAO (2015) defines food accessibility as “when all households have enough resources to 

obtain food in sufficient quantity, quality and diversity for a nutritious diet.” Agroforestry can 

directly increase accessibility, and thus improve dietary diversity and nutritional security, 
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through the inclusion of outputs, rich in micronutrients, normally found in natural forests 

(Jamnadass et al. 2013). Also, the cultivation of trees for animal fodder allows households to 

support livestock systems, which in turn provide meat, milk, and other animal related products 

important to nutritional security (Jamnadass et al. 2015; Jamnadass et al. 2013; Toth et al. 2017a). 

Agroforestry indirectly supports dietary diversity and nutritional security via income 

generation. Cultivated agroforestry crops, and other Non-Timber Forest Products (NTFP) can be 

used by households directly or sold to provide income, which can then be used to purchase a variety 

of products, including nutrient rich foods and medicines (Roshetko et al. 2013).  

The FAO (2015) defines food utilization as the requisite “knowledge and habits, including 

storage, … [the] ability of the human body to take food and convert it,… and… [a] healthy physical 

environment.” Agroforestry can directly increase utilization, through the inclusion of crops and 

outputs, such fruits for own consumption, commodity crops for sale (eg., coffee and cacao) and 

fuelwood for cooking and sale (Jamnadass et al. 2015), allowing for enhanced subsistence and 

sales throughout the year. Agroforestry can indirectly increase utilization and income generation 

through the inclusion of crops that reduce die off through their ameliorating effects on pest and 

disease, or the inclusion of medicinally purposed biota for sale or use (Bedimo et al. 2008; Mitchell 

et al. 2014; Rao et al. 2004).  These benefits have other indirect benefits as well, as they serve to 

protect the environment and the associated human inhabitants, keeping the human body in 

condition for further nutrient absorption and increased stamina, which cyclically allow for 

collection of greater amounts of outputs that can also be sold for additional income. Finally, 

another way agroforestry has the potential to significantly contribute to the utilization and income 

generation is via the cultivation of fuelwood lots that creates less smoke, has a higher energy 

content and takes less time to collect (Tabuti et al. 2003). Woodlots can then be utilized for cooking 

and heating, and sturdier woods for construction that can be sold at a premium (Nair 1993; Toth 

et al. 2017b).   

The combination of the above contributions, in addition to the adaptation and mitigation effects of 

agroforestry, creates the final element of food security: stability. The FAO (2015) defines food 

stability as when “food, income and economic resources at the household level remain constant, 

as well as minimization of external risks such as natural disaster and climate change…” 

Agroforestry can directly increase stability, and thus improve all of the elements of food security, 

through the provision of essential ecosystem services. These services include protection for soil, 

streams, and watersheds, microclimate regulation, biodiversity conservation or even enhancement, 

and pollination (Garrity 2004; Jamnadass et al. 2015; Rosenstock et al. 2016; Zhang et al. 2007). 

In addition, agroforestry can increase production and sustainability by reducing dependence on 

agricultural inputs, increasing associated crop yields, and shifting labor requirements (Nair 1993).   

Benefits to staple crops are conferred through, among other means, the provision of shade by 

branches, retention of moisture through deeper root systems, and increased soil fertility through 

leaf litter decomposition (Garrity 2004; Jose 2009; Rosenstock et al. 2016). Moreover, as discussed 

above, agroforestry reduces the potential effects of various environmental shocks in both the long 

and short term. In the short term, it helps to raise water tables and prevent erosion (adaptation), 

while in the long term, the increased carbon capture and storage can assist with climate change 

mitigation (Jose 2009). 

  



26 

 

 

Figure 2.1 Agroforestry & Food Security  

  

 

Adapted from (Jamnadass et al. 2015) 

        

2.3 Methodology  

In order to review scientific literature on agroforestry and food security in Indonesia, we utilized 

standard systematic review guidelines as outlined in the PRISMA statement (Liberati et al. 2009). 

Firstly, the characteristics for inclusion were defined, followed by a systematic implementation of 

defined search strings across three databases (Web of Science, Scopus, and PubMed). Once the 

relevant studies had been gathered based on the predefined inclusion criteria, data was extracted 

and qualitatively synthesized.  
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Inclusion Criteria  

Peer reviewed articles were included in the analysis based on the criteria listed in Table 2.1. Only 

articles published in English were included. In addition, in order to keep the review as current as 

possible, only articles published between 2000 and 2019 were included. To ensure quality, grey 

literature and other non-peer reviewed pieces were also excluded. Other inclusion criteria were 

related to: 1) Geographic location 2) Primary Data, 3) Smallholders or Households, 4) 

Agroforestry and Food Security; 5) Measurable Food Security Aspects. Firstly, the study context 

must be Indonesia. Secondly, the study must analyze primary data. In addition, the focus of the 

study must be on smallholders (see table 2.1 for definition of smallholders) or households in 

Indonesia. Furthermore, the study must examine agroforestry in the context of some aspect of food 

security. Lastly the study must relate to some measurable aspect of food security (food access, 

nutritional status, dietary diversity, or income).  

Table 2.1 Inclusion Criteria 

Included Details  
English only  Non English studies have been excluded 

Published between 2000 - 2019 Any studies prior to 2000 have been excluded  

Peer Reviewed  Only peer reviewed articles have been included 

Geographic Location Studies related to Indonesia 

Primary Data  Studies must present primary data 

Smallholders/Households Studies must relate to Smallholders  

Studies related to Agroforestry & Food 

Security 

Studies must relate to agroforestry and some aspect of Food 

Security  

Measurable Food Security aspect  Studies must relate to one or more aspect of Food Security. Listed 

as:  

 Food Access  

 Nutritional Status  

 Dietary Diversity 

 Income  

 

 

Development of Search Strings 

The search terms related to agroforestry, food security and Indonesia are outlined in table 2.2. 

Potentially relevant studies were imported into EndNote (version X8). The study titles were then 

screened for duplicates. Following the removal of duplicates, the titles and abstracts were reviewed 

and inclusion criteria applied. The remaining titles were reviewed in full. Those articles for full 

text review that met the inclusion criteria were then included in the analysis. In addition, 

bibliographies of the included articles were reviewed for potentially relevant sources. Any such 

sources were then included for full text review. Those that met the inclusion criteria were also 

included in the analysis.  
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Table 2.2 Search Strings  

Search Aspect  Strings  
Agroforestry   (*agroforest*) OR ("agroforest*") OR("treefarm*") OR ("forestfarm*") OR (homegarden*)

 OR ("homegarden*") OR ("evergreenagricultur*") OR ("mixedfarm*") OR ("croplivestock

*")OR ("livestockcrop*") OR (agr?silv) OR ("silv?pastoral*") OR ("silv?pastoral*") OR ("

croptree") OR ("treecrop*") OR ("alley-crop*") OR (intercrop*) OR ("inter crop*") 

AND 

Food Security  (income*) OR (nutrition*) OR ("food security*") OR (diet*) OR ("food suffice∗") 

OR ("food insecur∗") OR ("nutrit∗ secur*") OR ("nutrit∗ insecur∗") OR ("nutrit* 

insecur*") OR ("food insuffice∗") OR ("hunger*") OR ("nutrit∗ suffic∗") OR("nutrit∗ 
insuffic∗") OR (food)   

AND 

Indonesia (indonesia*) OR(java*) OR (sumatra*) OR(sulawesi)OR (kalimantan) OR (papua*) OR (m

aluku*) OR (sunda*) OR(guinea*)OR (aceh) OR (riau*) OR(jambi) OR(bengkulu) OR (ba

ngka*) OR (lampung) OR (bali) OR(nusa* AND banten OR jakarta OR yakartayog*) OR 

(banten) OR (jakarta) OR (yogyakarta*) )  

 

Study Selection  

Figure 2.3 elucidates the steps of the systematic review process. Initial searches utilizing the search 

strings for agroforestry, food security, and Indonesia (table 2.2) returned 607 records from the 

included databases. A total of 108 duplicates were removed leaving 499 titles to be screened. 

Applying the inclusion criteria (table 2.1) resulted in the exclusion of a further 365 titles. The 

remaining 134 article abstracts were then assessed based on the aforementioned inclusion criteria. 

This resulted in the exclusion of a further 103 articles. Finally, this left 31 articles for full text 

review.  

After reviewing these articles, the bibliographies of full text articles were also examined for 

potentially relevant papers. This returned a further 21 articles for review. Of the 52 articles 

reviewed (31 from full text review and a further 21 identified in the bibliographies of full text 

articles), a total of 30 articles were excluded. Eight articles did not meet peer review criteria, one 

article was not related to either smallholders or households, while a further 12 articles did not have 

sufficient focus on agroforestry, food security or Indonesia. Two more articles were focused on 

either natural or plantation forests, and as such did not meet the criteria for agroforestry. Lastly, 

seven articles were either inaccessible or were not published in English.  
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Figure 2.2 Study Selection 

 

 

 

2.4 Data  

Figure 2.3 shows the seven major geographic units in Indonesia, consisting of Sumatra, Java, 

Kalimantan, the Lesser Sunda Islands, Sulawesi, and Western New Guinea. Further, the figure 

also highlights the total number of studies conducted in each region, what aspect of food security 

those studies were related to, and the WFP food security priority ranking of each region. Table 2.3 

presents the included studies along with their location, agroforestry system analyzed, and the 

related food security aspects. As can be seen from figure 2.3 and table 2.3, the majority of the 

studies (over 86 percent) take place in either Sumatra or Java, with very few taking place in other 

geographic regions. In addition, the majority of the studies examine agroforestry in terms of 

income comparison. Food access is the next most common category, however, few studies 

examined dietary diversity or nutritional status. There is also a diverse array of agroforestry 

systems presented. The most common system analyzed, in relation to measurable food security 

aspects, are homegardens. All homegarden studies took place in Java, presumably due to Java’s 

population density and the homegardens relevance in urban spaces. Agroforestry systems requiring 
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lager land areas generally took place in Sumatra, however some larger systems were also found in 

Java.   Studies examining rattan gardens, and rubber agroforestry take place in Kalimantan, while 

an additional study examining sago based vegeculture takes place in the Maluku Islands. 



 
 

 

Figure 2.3 Major Geographic Units of Indonesia, World Food Program 2015 Food 

Security Priority Zones, and Agroforestry Study Site Types  

 

Food Security vulnerability data adapted from (WFP 2015) 
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Table 2.3  Empirical Studies of Agroforestry 

Agroforestry 

System 

Major 

Geographic Area 

(WFP Priority 

Group Level)  

Food Security 

Aspects  

Study 

Number 
References  

Homegarden  Java (2-6) FA/INC 1 (Abdoellah et al. 2006) 

Reba-Juma*  Sumatra (2-6) FA/DD/INC 2 (Affandi et al. 2017) 

Rattan Gardens** Kalimantan (3-6) FA/DD/INC 3 (Belcher et al. 2004) 

Cacao*  Sulawesi (2-6) FA/INC 4 (Belsky and Siebert 2003) 

Homegarden Java (2-6) DD/NS 5 (Diana et al. 2014) 

Swidden  Various (1-6) DD/NS 6 (Ickowitz et al. 2016) 

Damar*  Sumatra (2-6) FA/INC 7 (Kusters et al. 2008) 

Sisipan*  Sumatra (2-6) INC 8 (Lehébel-Péron et al. 2011) 

Homegardens  Java (2-6) FA/DD 9 (Muliawati et al. 2018) 

Mixed Gardens  Sumatra (2-6) INC 10 (Murniati et al. 2001) 

Tumpangsari 

(intercropping) 

Sumatra (2-6) FA/DD/INC 11 (Pratiwi and Suzuki 2019) 

Homegarden Java (2-6) FA/DD/INC 12 (Prihatini et al. 2018) 

Durian & Teak**  Java (2-6) DD/INC 13 (Rahman et al. 2017) 

Mixed  Java (2-6) FA/INC 14 (Rahman et al. 2016a) 

Hortus (homegarden) Java (2-6) INC 15 (Rahman et al. 2016b) 

Rubber*  Sumatra (2-6) 

Kalimantan (3-6) 

INC 16 (Rist et al. 2010) 

Teak**  Java (2-6) INC 17 (Roshetko et al. 2013) 

Sago vegeculture Maluku Islands (1-4) FA 18 (Sasaoka et al. 2014) 

Coffee*  Sumatra (2-6) INC 19 (Suyanto et al. 2007) 

Rubber* Sumatra (2-6) INC 20 (Wibawa et al. 2005) 

Jernang*   Sumatra (2-6) INC 21 (Widianingsih et al. 2019) 

Damar*  Sumatra (2-6) INC 22 (Wollenberg and Nawir 

2005) 

FA = Food Access; DD = Dietary Diversity; INC = Income; NS = Nutrition Security;  

* = Agri-silviculture type focused on NTFP; ** = Agri-silviculture type focused on timber 

2.5 Results  

Further details regarding the study methods and key results related to food security can be 

found in Table 2.4 in the Additional Resources section. None of the included studies explicitly 

attempted to measure the FAO definition of food security, however, the 22 included studies 

did analyze various aspects of the pathways to food security noted above relating to food 

access, dietary diversity, nutrition security, and income. Some of the studies examine only 

one such aspect, for example income, while others examine combinations, for example income 

and nutrition security. About half of the studies examined elements related to food access, 

while 80 percent examined elements related to income. Only 36 percent examined elements 

related to dietary diversity, and two studies possessed elements related to nutritional security.  
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Food Access 

Ten studies possessed elements relating to availability. However, only one study (18) 

specifically examined the primary result of increased food access: energy intake; it found that 

sago produced on the Seram Island accounts for 76 percent of the total staple intake in terms 

of energy, and the productivity of sago groves was between five and 16 times greater than that 

of upland rice. A further three studies (1, 9, and 12) related to both traditional and commercial 

homegardens: though none directly examined food availability, they did possess elements 

related to it. For example, study 9 found that, on average, the examined homegardens were 

comprised of 27 percent subsistence plants. Moreover, according to study 1, the density of 

plants was 90 percent lower in traditional homegardens.  

Other studies had fewer direct links to availability, but contained elements that may contribute 

to food access. For example, study 11 found that poorer farmers that engaged in agroforestry 

training increased crop production post training. In addition, studies 2 and 3 reported use of 

secondary NTFP for subsistence use. However, studies 4 and 7 indicated that the increasing 

popularity of short-term perennials, such as cacao, coffee, and pepper, led to a reduction in the 

planting of staple foods, essentially lowering access to such crops. Similarly, study 14 

examined agroforestry in smallholder agriculture systems and highlighted an associated short-

term reduction in access to subsistence foods of certain systems (an effect mitigatable by the 

establishment of fruit trees).  

Dietary Diversity & Nutrition Security  

In total, eight studies contained elements related to dietary diversity and two studies were 

related to both nutrition security and dietary diversity. Study 11 found that poorer farmers that 

engaged in agroforestry training increased crop diversification. Study 6 utilized spatial data to 

examine intake of micronutrient rich foods (among children under five). Results, at the national 

level, showed a correlation between land used for tree crop plantations and the increased 

consumption of legumes. At the regional level, the results for both agroforestry systems and 

natural forests highlighted a correlation with increased consumption of Vitamin A rich fruit 

and green leafy vegetables. In addition, agroforestry systems were also associated with 

increased meat and legume consumption. Agricultural crops and timber plantations with 

silvopastoral aspects were associated with increased Vitamin A consumption and increased 

meat consumption, respectively.  

Study 5 examined Vitamin A intake pre- and post- homegarden extension intervention, 

reporting a modest increase in vegetable consumption, but no increase in Vitamin A intake 

(and noted this may be due to the small size of many of the homegardens resulting in 

insufficient production). Studies 1 and 12 compared traditional homegardens to commercial 

homegardens. Both studies found that species diversity was 20 percent greater in traditional 

homegardens. In addition, study 12 claimed that traditional homegardens functioned as both 

‘living barns’ and ‘living pharmacies’; noting their importance for dietary and medicinal plant 

species diversity. Study 3 also highlighted greater dietary diversity resulting from secondary 

NTFP, such as honey, fuelwood, and medicinal plants.   

Income  

A total of 18 studies were related to income; half focused only on income, and half focused on 

income in addition to other categories. The majority of studies examining income reported 

agroforestry as a significant contributor thereto, going so far as describing various agroforestry 
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systems as ‘living savings accounts’ (Prihatini et al. 2018; Roshetko et al. 2013). For example, 

study 14 examined agroforestry in smallholder agriculture systems and highlighted general 

long-term potential income gains, and Studies 2 and 3 reported general income gains though 

the incorporation of secondary NTFP for sale purposes. More specifically, study 19 claimed 

that coffee production made up over 54 percent of household income in its study area, 

compared to traditional agriculture’s 12.5 percent contribution. Study 22 claimed that damar 

agroforestry made up 51 percent of average household income for those that utilized it. And, 

study 17 showed 12, 25, and 61 percent contributions to the household income of teak 

agroforestry farmers by teak production, agriculture production, and off-farm income 

activities, respectively. Study 15 also found that agroforestry allowed for greater off-farm 

income contributions due to some types of agroforestry being less labor intensive than 

traditional local agricultural practices. Finally, studies 13 and 20 compared agroforestry options 

to traditional options and found agroforestry to have up to 98 and 65 percent greater net present 

value (for periods in excess of 30 years) compared to slash & burn and maize or rice production, 

respectively.  

Studies related to homegardens (1 and 12), reported much higher incomes for commercial 

homegardens than for traditional homegardens (91 percent). However, commercial 

homegardens required inputs, valued at between 35 and 75 percent of the value of production. 

In addition to such costs, poor management practices in certain agroforestry systems were 

shown to reduce the profitability of such systems. For example, despite teak agroforestry’s high 

profitability, study 17 reported that 43 percent of farmers practiced thinning, which commonly 

removed the most valuable wood before maturity. In addition, while analyzing damar 

agroforestry, study 7 reported that damar resin profitability and productivity had declined by 

34 and 37 percent, respectively. These drops were the result of a reduced harvest interval, which 

had been, on average, every 4.35 weeks, but was reduced to every 2.98 weeks during the study 

period; of course these values were specific to resin and did not indicate the profitability of the 

system when considered as a whole. 

Additional Food Security Benefits  

Many of the studies reported additional indirect food security benefits, which could be 

considered as providing stability, with regard to various agroforestry systems in differing 

locations. Study 3 regarding rattan gardens, study 13 regarding durian and teak agroforestry 

systems, and study 4 regarding cacao systems, reported that the establishment of trees conferred 

land tenure security. Moreover, numerous environmental benefits were reported in various 

studies. For example, several reported that those engaged in agroforestry practices were less 

reliant on natural forests for fuelwood, food, and other resources (thus increasing conservation. 

To the same end, study 13 reported agroforestry farmers collected 83 percent less firewood and 

65 percent less food from natural forests relative to rice and maize farmers. Furthermore, study 

19 reported that engagement of local farmers in conservation efforts increased positive 

outcomes, and helped to reduce income inequality (i.e. increase social stability). And, several 

studies highlighted ‘risk reduction’ as an outcome of greater diversification through 

agroforestry (3 and 11).  

In addition to increases in profitability, stability of income is also a key benefit for households. 

Examining damar agroforestry, study 22 claimed farmers valued the year round availability of 

damar resin and the stabilizing effect on supply and prices. Study 11 also reported reduced 

income fluctuations among poorer smallholders adopting agroforestry techniques. 

Furthermore, study 20, while comparing the sisipan agroforestry system to a slash and burn 
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cyclical system, highlighted that 99 percent of respondents indicated sisipan allowed for greater 

continuity in revenue streams.  

2.6 Discussion  

Homegardens 

In combination the results of the six studies dealing with some form of homegarden highlight 

several clear trends. First, based on the sheer volume of the primary component, commercial 

homegardens provide a more direct means for increasing food availability, and thus access and 

income, than many other options in Java. However, those outputs, and thus the associated 

nutrients, are less diverse than traditional homegardens.  This points to traditional homegardens 

providing higher levels of dietary diversity and nutrition security than the other options in these 

study areas (primarily Java), with a large part of such diversity appearing to come from the 

inclusion of a variety of vegetables. There was a surprising lack of homegarden studies outside 

of Java, indicating a gap in the research and a need for such studies. Moreover, it would be 

beneficial if such food security studies also included a larger number of secondary benefit 

measures, such as the environmental and social impacts of homegardens; these studies typically 

focused on the income aspect of utilization with concern to the FAO definition of food security.  

Agri-silviculture systems focused on NTFP 

Nine of the studies, all based in Sumatra, focused on different types of large tree-based 

agroforestry systems producing NTFP.  Therein, food access, dietary diversity, and income all 

featured prominently. Much like homegardens, there was a clear distinction between those 

systems instituted for commercial purposes and those focused on subsistence. However, even 

those focused on the latter indicated that the systems provided substantial income contributions. 

In general, these studies did a good job of incorporating more than one food security aspect, 

but the limited geographic scope of this group represents a gap in the literature. A general 

prescription, based on comparison of this research, is that agroforesters utilizing such systems 

need to carefully balance income and subsistence requirements, taking into account what can 

be purchased in local markets and what needs to be produced internally, in order to meet dietary 

diversity and food access needs.  

Agri-silviculture systems focused on timber 

Similar to commercial homegardens, agri-silviculture systems focused on timber had lower 

levels of dietary diversity and higher income levels. In fact, studies focused on these systems 

favored more intricate forms of financial analysis. In such analyses, management effects on 

profitability were easier to identify than in other more complex systems. This is not to say that 

such timber focused systems were all-together lacking in other elements, just that the diversity 

experienced was on a different time-scale. For example, silvopasture and environmental 

benefits were certainly noted in such studies, as was the ability to earn greater off-farm income 

due to the lower maintenance and long cycles of such systems. Future efforts in this vein should 

consider greater integration of such factors into the financial analyses. 

Global findings 

The remaining studies concerned more widely applicable systems for smallholder farmers, 

such as intercropping, improved fallows/swidden, or sago-based systems. They were equally 

diverse in locality and analysis. However, the results were generally favorable. As with the 
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more well-studied systems in the region, and as noted in the results, the benefits to food security 

were easily recognizable especially with regard to dietary diversity (one such studies being one 

of only two in the larger sample to discuss nutritional security) and the stabilizing effects of 

the environmental and income benefits. Despite these findings, there is clearly a lack of these 

more widely recognized, what one might consider ‘standard’, agroforestry system studies in 

the region.  

2.7 Conclusion 

This review of the research concerning agroforestry contributions to food security in Indonesia 

has identified several confirmed trends in the region as well as -areas in which more research 

is required. First, regarding urban areas, both commercial and traditional homegardens 

contribute to food security in Java, primarily through income for the prior and dietary diversity 

for the latter. However, the studies are limited to this area. The benefits of homegardens remain 

seriously under observed in the remainder of Indonesia. Second, a similar division holds for 

agri-silviculture practices based on a timber vs non-timber forest product divide. These studies 

were also geographically limited, highlighting the need for such studies outside of Sumatra. 

More generally, agroforestry systems with a timber or commercial focus tended to see more 

income production and less dietary diversity, while traditional and non-timber forest product 

focused systems favored dietary diversity benefits. Nearly all of the systems were found to 

contribute to a loosely defined idea of stability through environmental co-benefits. Studies 

focusing on financial analysis in traditional systems should be favored in the future. In addition, 

considering the pressing food security concerns in areas such as Papua and Maluku, more 

studies are needed outside of Java and Sumatra, which are less at risk relative to the afore 

mentioned areas. Furthermore, more varied forms of agroforestry (including agroforestry 

staples such as intercropping and improved fallows) should be studied throughout the region 

with an explicit focus on food security in relation to current and future climate challenges.   
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Additional Resources 

Table 2.4 Results from Empirical Studies of Agroforestry 

Study Setting Study Design  Results related to Food Security  Reference  

Upper Citarum 

watershed, West 

Java 

 Survey of randomly selected household (n=94) for 

interview and vegetative survey 

 Mann Whitney U test and Chi-square test were utilised in 

the anlysis of factors related to homegarden ownership, use 

and  production. 

 Income from commercial home garden 83 % higher on 

average than non-commercial homegardens  

 Use of external inputs in commercial homegardens 51% 

higher on average than non-commercial homegardens 

 On average, the number of species in non-commercial gardens 

was almost 20% greater than commercial gardens. However, 

the total number of plants was 90% higher in commercial 

gardens, on average. 

 

(Abdoellah et 

al. 2006) 

Sibolangit 

Tourism Park, 

Sumatra 

 Survey of households (n=30) selected through purposive 

sampling 

 Focus group discussion (n= 5-8) 

 Key informant interviews and secondary data analysis 

 NTFP from agroforestry provide 79.41%, on average of 

household income 
(Affandi et al. 

2017) 

Pasir District, 

East Kalimantan  

 Cross section al survey of households (n=120) selected 

through purposive sampling 

 Focus group discussion (n= 10-15) 

 ANOVA utilised to compare means of input and out 

quantities 

 Oil palm has a NPV over 80% higher than rattan, the next 

most profitable land use 

 Returns to labour are 12%, 49% & 46% higher for rattan 

relative to oil palm, traditional rubber agroforestry and 

intensive rubber agroforestry 

(Belcher et al. 

2004) 
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 NPV utilised in the calculation of returns to labour and 

value of inputs and outputs  

 B/C ratio utilised as a proxy for returns to labour  

 SA utilised fluctuations in parameters 

Moa, Sulawesi 

 Survey of randomly selected households (n=20)  

 Interviews held with farmers and community leaders 

 Planting of cacao had increased by 25%  

 Farms are less food self-sufficient as a result of investment in 

cacao  

 Planting of cacao confers income and property rights 

(Belsky and 

Siebert 2003) 

Tamansari 

Subdistrict, Bogor 

Regency, West 

Java  

 Survey of randomly selected participants (n=61) 

 Intervention participants received package homegarden 

vegetables and extension  

 Vitamin A intake collected by food recall 

 Participants divided into control (n=31) and intervention 

(n=30) 

 A paired t-test was utilised to compare pre and post means 

regarding nutrition knowledge  

 Mann Whitney U test was utilised to compare between 

group Vitamin A consumption, while a Wilcoxon Rank test 

was utilised to compare within group Vitamin A 

consumption   

 Vegetable consumption among intervention group increased 

by 20%, however, still far below WHO recommendations  

 No significant difference in Vitamin A intake  

 Many homegardens were too narrow to produce sufficient 

vegetables 
(Diana et al. 

2014) 

Indonesia  
 Spatial dietary data from the 2003 Indonesian 

Demographic Health Survey & spatial data on vegetation 

classes (2003)  

National Model (Ickowitz et al. 

2016) 
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 Regression analysis of factors influencing the frequency of 

consumption of a given food group. Applied at the national 

level and regional case studies 

 Children living in areas with more land used for tree crop 

plantations eat legumes more frequently than children living 

in other areas. 

Regional Model 

 Plantation timber: Increased meat consumption, perhaps due 

to greater incomes 

 Agri-crop Plantations:  Increased vitamin A rich veg 

consumption 

 Swidden/Agroforestry Systems: increased meat, vitamin a rich 

fruit, green leafy veg and legumes 

 Natural Forests: Increased vitamin a rich fruit, vitamin a rich 

veg and green leafy veg 

Krui area, 

Lampung, 

Sumatra 

 Survey of randomly selected household (n=277) for 

interview 

 In depth interviews with key informants (n=100)  

 Data gathered from 811 agricultural fields 

 Income data compared for years 1995 and 2004 adjusting 

using Consumer Price Index 

 Agroforestry (damar) share of household income has 

decreased from 38% to 29% between 1995 and 2004 

 Short-term perennials (coffee/pepper) share of household 

income increased from 18% to 26 % between 1995 and 2004 

 Income from agroforestry (damar) decline by 34% between 

1995 and 2004 

 Productivity from agroforestry declined by 37% between 

1995 and 2004  

 Harvesting intervals of demar decreased from 4.35 weeks to 

2.98 weeks between 1995 to 2004 

 

(Kusters et al. 

2008) 
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Bungo District, 

Jambi, Sumatra 

 Agroforest floristic composition and development stage of 

species other than rubber were assessed in 14 plots & 

owners interviewed 

 Household survey conducted (n=26) 

 Plot species inventoried 

 Labour requirements acquired through observation 

 Farm gate prices recorded for each farmer 

 The Economic performance of rubber agroforestry models 

(real, potential & Sisipan) and the plantation forestry (oil 

palm & rubber) are modelled over 55 

 Agroforests are less profitable than monoculture plantations 

both in returns to land and labour 

 Rubber agroforests can produce over a longer period, whereas 

oil palm and improved rubber last only 25 to 30 years 

compared with sisipan technique, which maintains production 

over a 70-year period. 

 The sale of secondary agroforestry products has the potential 

to increase income by € 1,916/ha up to € 2,216/ha 

 The development of petai trees could potentially be a valuable 

revenue stream 

(Lehébel-Péron 

et al. 2011) 

Samin sub-

watershed, 

Central Java 

 Grumusol soil type in 6 villages 

 There were 30 units of home gardens randomly chosen for 

each soil type 

 Data collection involved field observations and interviews 

conducted with the household participants. 

 Diversity and richness of plant species in the home garden 

were determined based on the Shannon-Wiener Index and 

Margalef Index 

 

 88 plants species producing edible parts grown in the home 

gardens 

 70 species grow on Mediteran soils, 60 grow on Latosols and 

49 species grow on Grumusols 

 22.2%, 31.7%, and 27.6%, of plants were made up of 

subsistence vegetable types on Latosols, Mediteran and 

Grumusols soils, respectively 

 25.0%, 19.5%, and 27.6%. of plants were made up of 

medicinal plants types on Latosols, Mediteran and Grumusols 

soils, respectively 

 Overall 18% of plants in homegardens contribute to staple 

foods, on average 

 The most important plant in the first strata for Latosols, 

Mediteran and Grumusols soils were kenikir, papaya and 

ginger, respectively  

(Muliawati et 

al. 2018) 
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 Mango was the most important plant across all three soil types 

in the second strata 

Kerinci Seblat 

National Park, 

West Sumatra  

 Interviews with household head (n=60) using proportionate 

random sample technique (5% intensity)  

 Field observations conducted  

 Interviews with formal and informal village leadership and 

sub district leadership  

 A t-test was utilised to determine differences in volume or 

intensity 

 Multiple regression was utilised to determine causality 

 Mixed (agroforest) gardens the lowest annual income 

 Wetland rice grower’s income was 18% greater than mixed 

garden income  

 Cultivation of mixed garden and rice income was 52% greater 

than mixed garden income 

 Those cultivating rice and mixed gardens were the least reliant 

on products from the natural forest  

 The value of products extracted from the natural forest was 

79% greater for those who cultivated mixed gardens only, 

relative to those cultivating rice and mixed gardens  

 The value of products extracted from the natural forest was 

83% greater for those who cultivated rice only relative to those 

cultivating rice and mixed gardens 

(Murniati et al. 

2001) 

Lampung, 

Sumatra 

 Agricultural training from experts at the Indonesian Coffee 

and Cocoa Research Institute (ICCRI) 

 Randomly selected 50% of total sample (n=312) to attend 

three-day training course (156 farmers attend training) 

 A RCT was conducted with farmers invited to training 

(n=156) as the treatment group and farmers not invited 

(n=156) as the control group 

 Utilized a fixed effects instrumental variable regression to 

determine the impact of agricultural training 

 Agroforestry adoption was lower than expected as a result of 

training  

 Lower income farmers increased their overall income due to 

greater crop diversification  

 High income farmers reduced their overall wealth due to 

investment in higher value crops that would not pay dividends 

for several years  

 Poorer farmers experienced less income fluctuation 

(Pratiwi and 

Suzuki 2019) 
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District of 

Bandung, West 

Java 

 Observation and interview were applied to collect primary 

data regarding homegardens (n=40) 

 In-depth key informant interviews were conducted  

 Composition of homegardens were analysed using 

Summed Dominance Ratio, Index of Similarity and Index 

of Diversity 

 

 Species diversity in traditional homegardens was much higher 

(4.16) relative to the commercial homegarden (1.71)  

 Income from commercial homegarden (based on 2004) is 91% 

higher than the traditional homegarden.  

 Inputs to traditional homegarden are almost nil 

 Inputs to commercial homegarden may cost between 35 and 

75% of the value of production 

 Traditional homegardens function as ‘‘living barns’ and 

‘living pharmacies’ with regards to food and medicinal 

supplies 

(Prihatini et al. 

2018) 

Bogor District, 

west Java 

 Key informant interviews conducted 

 Focus group discussions conducted 

 Field observations were carried out in 25 locations 

 In-depth interviews of farmers (n=40) were conducted to 

obtain the data needed for cost-benefit analysis of 

agroforestry and swidden. 

 Purposive sampling was used to select farmers 

 NPV, B/C and payback period were compared 

 The NPV of teak agroforestry was 65%, 63% and 63% greater 

than maize production, upland rice production and the durian, 

cassava agroforestry production system  

 The NPV of the durian, cassava agroforestry production 

system was up to 1% and 6% greater than the upland rice and 

maize systems 

 Teak agroforestry and durian agroforestry have B/C 16.19 and 

10.36, respectively  

 Upland rice and maize systems have B/C 6.91 and 5.24 

respectively  

 Agroforestry farmers collected 83%, 65% less firewood and 

food from natural forests than swidden farmers 

 Agroforestry farmers collected 48% more fodder from natural 

forests than swidden farmers 

(Rahman et al. 

2017) 
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Bogor District, 

West Java 

 Key informant interviews conducted 

 Focus group discussions conducted 

 Field observations conducted 

 Semi-structured interviews conducted with monoculture, 

swidden & agroforestry farmers (n=60) in Indonesia 

 A t-test was utilised to compare farmer groups  

 ANOVA utilised to test differences among three farmer 

groups  

 NPV was used to assess economic performance  

 SA employed on yield variation 

 Surveyed agroforestry farmer’s total income 27% greater than 

swidden farmers  

 Surveyed monoculture farmer’s total income 40% greater than 

swidden farmers 

 The NPV of cultivating seasonal crops and in agroforestry 

systems over a 30-year period is greater than cultivation of 

seasonal crops in open fields 

 In agroforestry systems, durian and teak systems remain 

profitable with up to 40% and 60% understory crop loss, 

respectively 

 Nutmeg agroforestry system is not profitable at any level of 

crop loss  

 

(Rahman et al. 

2016a) 

Gunung Salak 

region, West Java 

 Key informant interviews conducted 

 Focus group discussions conducted 

 Field observations conducted 

 Semi-structured interviews conducted with purposively 

sampled farmers (n=20) 

 Income was 97% higher per ha of agricultural land relative to 

agroforestry land 

 Farmers devoted 98% of agriculture area to agroforestry  

 Agroforestry system less labour intensive allowing more more 

extensive non-farm income generation  

 Non-farm income accounted for 75% of total income 

(Rahman et al. 

2016b) 

Jambi, Sumatra & 

West, Central and 

East Kalimantan 

Utilises household socioeconomic data four locations   

 Financial need the most frequent reason cited for conversion 

of agroforestry land to oil palm 

 Opportunities to Expand rubber agroforestry are limited by 

lack of capital and labour 

(Rist et al. 

2010) 
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 Farmers exchange 10ha of own land for 2 ha of oil palm and 

small amount of cash 

 Many farmers have greatly reduced agricultural assets and 

income  

 Management costs create high costs for farmers 

 Oil palm may compliment household income if cultivated on 

unproductive land 

 Oil palm less labour intensive than other agricultural systems  

 The short-time period (3 years) between planting and first 

harvest make oil palm attractive  

 On average, oil palm is 48%, 39%, 95% more profitable than 

clonal rubber, rubber agroforest and inundated rice systems, 

respectively 

 Oil palm plantation development repeatedly induced conflicts 

relate to: contract clarity, weak local governance, unfulfilment 

of contractual obligations by companies, land tenure clarity 

 

Gunungkidul 

district, Central 

Java 

 Key informant interviews conducted  

 Focus group discussions conducted  

 Teak farmer baseline survey conducted (n=275)  

 Rapid market appraisal conducted among teak farmers, 

traders and saw mills (n=293) 

 Off-farm income, agriculture production, and teak accounted 

for 61%, 25% and 12% of household income.  

 Teak serves as a ‘living savings account’ in time of need: 

emergencies, school fees, medical expenses, weddings. 

 54% of farmers planted teak for family savings  

 Farmers rarely invest in quality germplasm, on 12% of 

farmers used improved quality seeds, 72% established teak 

systems from wildlings 

(Roshetko et al. 

2013) 
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 43% of farmers practiced thinning, which commonly removed 

the most valuable wood 

 Farmers has limited access to market information, 51% of 

farmers relied on other farmers for information 

 Farmers usually obtained prices from traders that were below 

optimum 

Seram island, 

Maluku Islands 

 Key informant interviews conducted 

 Participatory observations conducted 

 One to one interviews with households (n=15) 

 Starch extracted from sago palms (n=41) 

 Staple food intake of households weighed and energy 

consumption calculated from calorie amounts cultivation 

fields measured (n=69) 

 Energy value at 347–522 × 104 kcal per ha per year 

 Productivity of sago groves was 5–16 times greater than 

upland rice fields 

 Sago accounts for 76% of the total staple food intake in terms 

of energy 

(Sasaoka et al. 

2014) 

Lampung, 

Sumatra  

 Household surveys and interviews conducted (n=60)  

 Gini decomposition was applied to household data 

 Income from coffee accounted for 54.5% of household 

income on average  

 Agriculture income made up 12.5% of household income on 

average  

 Average Gini coefficient for income generated from coffee 

produced on state lands was 0.28  

 Average Gini coefficient for income generated from coffee 

produced on private lands was 0.68  

 Income produced on state land reduces inequality  

(Suyanto et al. 

2007) 
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 Greater tree species mixture on state land due to program 

regulation 

Jambi, Sumatra 

 Sisipan farmers purposively selected for survey (n=76)  

 Key informant interviews conducted 

 Field observations conducted 

 NPV, IRR and B/C ratios calculated for five systems  

 Fully costed and partially costed scenario developed 

 Sisipan provides a continuous revenue flow, whereas cyclical 

entails interruption for a period   

 99% of respondents indicated that sisipan maintains income 

flows from rubber and existing trees  

Fully Costed Scenario 

 NPV of Sisipan LS was 94% and 81% greater than cyclical 

LS and IS  

 NPV of Sisipan LPS was 80% and 68% greater than cyclical 

LS and IS  

 NPV of Sisipan LSF was 98% and 94% greater than cyclical 

LS and IS  

Partially Costed Scenario 

 NPV of Sisipan LS* was 87% and 89% greater than cyclical 

LS and IS  

 NPV of Sisipan LPS* was 84% and 87% greater than cyclical 

LS and IS  

 NPV of Sisipan LSF* was 87% and 89% greater than cyclical 

LS and IS 

 Average B/C ratio for cyclical systems was 1.53 compared to 

4.7 for sisipan systems  

 Average IRR was 25.5% for cyclical systems compared with 

45% for sisipan systems 

(Wibawa et al. 

2005) 



51 

 

Jambi, Sumatra 

 Households selected for interview using snowball sampling 

(n-68) 

 Sample grouped into collectors (n=56), cultivators (n=7) 

and entrepreneurs (n=5)  

 Relationships between groups analysed with ANOVA and 

Bonferroni test  

 

 

 Collectors group managed the least area of land and had the 

least income  

 Cultivators had the most land and the second highest income 

 Entrepreneurs had the most income and the second largest 

land holdings  

 Cultivators received on average 72% more income from 

Jernang than collectors, but 34% less than entrepreneurs 

(Widianingsih 

et al. 2019) 

West Lampung, 

Sumatra 

 Pilot studies and key informant interviews conducted  

 Household survey collected from random sample (n=223) 

 On average, 51% of household income was from agroforestry 

 Main function of damar was to provide cash for purchase of 

goods  

 Respondents valued its availability all year long, storability 

and steady prices 

 Damar income generation a food security strategy for 

household 

(Wollenberg 

and Nawir 

2005) 

B/C = Benefit/Cost ratio; IRR=Internal Rate of Return; NPV= Net Present Value; RCT= Randomized Control Trial; SA= Sensitivity Analysis 

*IS=Improved Seedling; LPS=Low Productivity Seedling; LS= Local Seedling; LSF= Local Seedling and Fruit
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Abstract 

 

At the global, regional and national levels, governments, donors, research institutions, non-

government organizations and private companies are more strategically linking climate change 

and agriculture development activities, through initiatives such as the Global Alliance for 

Climate-Smart Agriculture (CSA). In this context, it is necessary to have robust metrics and 

indicators for measuring progress towards CSA-related goals. This requires strategic selection 

of indicators to assess the type of impact (negative/positive) of adaptation and mitigation 

activities on specific societal groups (e.g. ethnic groups, women, youth, etc.) to ensure 

livelihoods are positively impacted by CSA interventions.  

Gender, food security, nutrition and health indicators have not been extensively used in CSA 

programming and planning to date.  In this paper, we review a range of gender, food security, 

nutrition and health indicators relevant for national planning processes for CSA promotion and 

scale out. We focus on the CSA Country Profiles (CPs) developed by the International Centre 

for Tropical Agriculture (CIAT) in collaboration with the CGIAR research program on Climate 

Change, Agriculture, and Food Security (CCAFS). The CSA CPs are being developed as an 

instrument to open dialogues on the baseline situation, identifying opportunities, and 

challenges for CSA in various countries. The CPs are generated by the CGIAR CCAFS 

program with national partners, especially those involved in CSA related planning processes, 

to feed into analytical multi-stakeholder processes to prioritize CSA investment portfolios for 

scale-up and scale out.  

Using a ranking system based on data relevance, availability, and applicability to multiple 

national contexts, we identified a set of indicators that respond to the need for better integration 

of gender, food security, nutrition and health concerns when approaching CSA. Strengthened 
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integration of poverty reduction, food security and gender equality indicators into CSA 

assessments, including the CPs, has been identified by CCAFS as a priority to increase the 

focus on resilience/adaptation efforts, specifically highlighting evidences of gender 

differences. It can also serve to highlight potential gaps in availability of and access to resources 

and capacities to adopt CSA practices and technologies among different societal groups 

(women, men, youth, ethnic groups). Rather than re-invent new indicators, it is important that, 

where possible, existing national-level indicators can be repurposed for tracking CSA impacts 

over time on poverty reduction, food security and gender equality outcomes.  
 
Keywords: Gender; Poverty, Food Security, Agriculture; Climate Change; Indicators; Statistics; Climate-Smart 

Agriculture; Empowerment 
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3.1 Introduction  

Climate change, agriculture, gender and food security  

Challenges facing sustained agricultural production, increasing population and demand, and 

volatility in food prices have placed food and nutrition security as key global concerns (Brown 

2012; Campbell et al. 2014; Gerland et al. 2014). The effects of climate change on agricultural 

productivity are already impacting efforts to improve food and livelihood security (Dawson et 

al. 2016; Hertel 2015; World Bank 2013). The impacts of climate change on men, women, 

households, and communities will differ depending on adaptive capacity, which in turn 

depends on incomes and resources to adjust and adapt to climate change. Differential impacts 

may also occur depending on cultural and gender norms within a society that dictates who 

controls resources and benefits associated with different activities (Bryan et al. 2016; Twyman 

et al. 2014).  

Significant efforts are underway to develop and deploy climate smart agriculture (CSA) 

practices, programs and policies to enhance the adaptive capacity and mitigation potential of 

agricultural systems (Campbell et al. 2014; FAO 2010; FAO 2013; Harvey et al. 2014; Howden 

et al. 2007; Wollenberg et al. 2012). The Food and Agriculture Organisation of the United 

Nations (FAO) defines CSA as, agriculture that sustainably increases productivity, enhances 

resilience (adaptation), reduces/removes greenhouse gas emissions (GHGs) (mitigation), and 

enhances the achievement of national food security and development goals (FAO 2013). CSA 

approaches involve a wide portfolio of CSA practices, many of which may be climate smart in 

one context (biophysical, agrozone or socio-economic), but fail to be climate smart in other 

contexts (Campbell et al. 2014; Campbell et al. 2016; Rosenstock et al. 2016). For example, 

conservation agricultural practices often combine the practices of reduced soil disturbance; 

crop rotation; and continuous soil cover. Whilst some of these practices may be appropriate for 

some farming contexts, in other contexts adequate soil cover materials may not be available 

(Giller et al. 2015; Giller et al. 2009).  

The impacts of climate change will not affect all people and communities equally. Given the 

context specific nature of CSA practices, an important component of scale up options will be 

the identification of potential trade-offs between CSA portfolios and food security goals for 

different categories of farmers (Jost et al. 2016; Neufeldt et al. 2013). Climate change 

adaptation strategies should be tailored to suit the differing circumstances of men, women, 

communities and vulnerable groups to ensure intended outcomes are equitably achieved 

(Twyman et al. 2014).  

Gender is important for both implementing and monitoring CSA, and relates in different ways 

to each of the three pillars of CSA (World Bank 2015). Murray et al. (2016) highlights the 

increasing need for more in depth analysis of gender constraints faced by both women and men 

in terms of their ability to adopt CSA options. The importance of gender in agriculture, and 

gender in relation to climate change adaptation and mitigation in the agri-sector is increasingly 

recognized (Alston 2014; Brody et al. 2008; Edvardsson Björnberg and Hansson 2013; Jost et 

al. 2016). Household needs and preferences, along with access to assets (such as land), or 

resources (such as credit), attitudes to change, sources of information and capacity to receive 

information all differ (Pandolfelli et al. 2008; Villamor et al. 2014). Gender issues arise when 

such differences lead to inequalities.  
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There is evidence to suggest a link between gender equality within households and more 

successful development outcomes (Farnworth and Colverson 2015; OECD 2010; World Bank 

2012). Peterman et al (2014) highlight that gender inequalities and a general lack of attention 

to gender in agricultural development can contribute to lower productivity, lost income, and 

increased levels of poverty, as well as under nutrition. Gender is a key dimension that links 

agriculture to improved nutrition and health (Meinzen et al. 2012). Changes in agriculture 

production can result in increased quantities of produce or an increased diversity of food 

available for a household’s own consumption, potentially benefiting all in the household. There 

are examples of linkages between agriculture and health outcomes, where some homestead 

food production models can contribute positively to nutritional outcomes (Von Braun et al. 

2012). Key questions are who makes decisions about what to produce, who has control of rural 

assets so as to adapt production to climate change, and who controls the use of income from 

increased production. 

CSA initiatives are likely to be more responsive to the needs of farmers when an understanding 

of differentiated roles and resource access are included in CSA planning processes. Gender 

roles vary significantly from one cultural setting to another, and intersect with other social 

variables such as ethnicity, religion and social class (Momsen 2009; Pandolfelli et al. 2008). 

Gender inequalities in labour distribution for agriculture, land access, or benefits derived from 

the sale of agricultural produce can affect the ability of women and men to respond to climate 

change. Examining gender inequalities often raises awareness of other factors that affect 

individual or household ability to respond to climate change. Beuchelt & Badstue (2013) 

emphasize the importance of maintaining a gender and social equity perspective when 

planning, implementing and monitoring CSA interventions in order to ensure that gender 

inequalities do not persist, are entrenched or aggravated.  

To more effectively increase agricultural productivity, reduce poverty and vulnerability among 

rural populations while increasing food and nutritional security, attention to gender-related 

differences is necessary. Climate change can offer both opportunities and trade-offs for rural 

men and women. It has been suggested that successful CSA roll-out and adoption is unlikely 

to reach those who require support, without more attention paid to gender constraints (Bernier 

et al. 2015; Beuchelt and Badstue 2013; World Bank et al. 2015).  

Improved understanding of the cultural and behavioural factors, along with an understanding 

of the gender norms that influence the uptake of practices and technologies, is necessary 

(Beuchelt and Badstue 2013; Jost et al. 2016). Such an analysis can help if coupled with 

planning on how to overcome institutional and behavioural change barriers to those engaged 

in CSA scale-up.  

Table 3.1 highlights some gender-related challenges, opportunities and issues relating to the 

adoption and scale up of CSA practices and technologies. Gender-related challenges can occur 

at the field level (e.g. production, land ownership, labour) but also permeate institutional 

systems (e.g. a bias in support to certain groups) and policies (e.g. laws on land ownership or 

mandates to collect sex -disaggregated data). 
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Table 3.1 Gender-related challenges, opportunities and issues that can impact the 

success of CSA programs and policies 

Challenge Gender-related issues Sources 

Productivity gap 

between males and 

females 

- Different land ownership/user rights to resources and 

assets between women and men. For example, unequal 

access of men and women to credit, farm inputs, labour, 

extension services, weather services and market 

information affect productivity. Women may have 

different endowments and land entitlements. 

(Demetriades and Esplen 

2008; Doss 2001; FAO 

2011; O'Sullivan et al. 

2014; Quisumbing et al. 

2014) 

Information and 

participation gaps 

at local level 

- Women may have less access to information/services 

on CSA. 

- Women and men use different information channels 

and prioritize different kinds of information. 

- Women and men interact with different institutions at 

the local level. 

- Unequal influence over use of income and farming 

system components. 

(Beuchelt and Badstue 

2013; Doss 2001; World 

Bank et al. 2015) 

Access to 

economic and 

biophysical 

resources 

- Lack of evidence-base that convinces both women and 

men on the localised biophysical factors that influence 

CSA. 

- Women may have reduced incentives to take up 

practices and innovations, because they do not get the 

benefits (increased income) from their labour or efforts. 

(Cramer et al. 2016; 

Doss 2001; FAO 2011; 

Jost et al. 2016; 

O'Sullivan et al. 2014; 

Perez et al. 2015; 

Quisumbing et al. 2014; 

Tall et al. 2014) 

Labour burden and 

availability in 

smallholder sector 

- Increased perceived labour burden for women 

associated with a new CSA practice. 

- Women, as primary caregivers, tend to work longer 

hours than men. 

- Climate change could increase time spent on household 

activities (e.g. fuelwood collection) 

-Male out-migration may increase women’s agricultural 

responsibilities. 

(Carr and Hartl 2010; 

Doss 2001; Masanjala 

2007; O'Sullivan et al. 

2014; World Bank et al. 

2015) 

Gender-specific 

impacts of CSA 

practices & 

technologies 

- Female farmers and female-headed households may 

have less time to invest in CSA practices. 

- Introduction of new or existing CSA technologies may 

have unexpected positive or negative impacts on women 

smallholders. 

(Beuchelt and Badstue 

2013; Doss 2001; Jost et 

al. 2016; Paris and 

Pingali 1995) 
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- Labour-intensive CSA practices may disrupt existing 

labour burdens, roles and distributions. 

Gender & 

knowledge gap at 

institutional and 

policy level 

- Knowledge gaps concerning financing/investment 

opportunities capable of promoting gender-sensitive 

CSA. 

- Lack of sex disaggregated data and gender-inclusive 

indicators leads to weak-evidence base for CSA to 

transform gender roles and relations. 

- Voice of women who are representative and 

accountable may be missing at institutional and policy 

levels. 

 

(MacGregor 2010; 

World Bank et al. 2015) 

Opportunity Gender-related issues Sources 

Improved CSA 

practices and 

technologies can 

mitigate climate 

risks 

- Climate-proofing of crops and value chains controlled 

by women farmers will strengthen resilience. 

- Poorer rural women and men may display increased 

innovation when their capacity to experiment is 

strengthened. 

- Labour-saving CSA technologies adopted by women 

that involve less time, drudgery, and energy costs for 

women. 

(Jost et al. 2016; 

Shiferaw et al. 2014; 

Waters-Bayer et al. 

2015; World Bank et al. 

2015) 

Labour saving 

technologies 

- Technologies adopted by women to improve their own 

situations, when they involve less time, drudgery, and 

energy for women, and allow women to maintain and 

exert control over income from value chains. 

(Beuchelt and Badstue 

2013; Doss 2001; 

Wettasinha et al. 2014; 

World Bank et al. 2015) 

Policy and 

institutional entry 

points  available to 

catalyze gender-

responsive, CSA. 

- Equitable land rights for women and men are 

implemented 

- Equitable multi-stakeholder involvement/collective 

action necessary to ensure information and technology 

are inclusive. 

- Inclusive consultation and participatory prioritization 

of CSA involving many categories of stakeholders. 

- Mechanisms and supporting policies for financing of 

CSA must take into account differential access for some 

groups. 

(Doss 2001; Doss 2014; 

Jost et al. 2016; Shames 

et al. 2014; World Bank 

et al. 2015) 
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- Disaggregated evidence base and knowledge-sharing 

platforms for gender-responsive CSA. 

The need for national level indicators for CSA outcomes 

Indicators are important for determining the measure of progress that has been achieved. 

Indicators help to improve the evidence base to assist in policy and decision making (Austen 

et al. 2000; Lin et al. 2007), and monitor progress in relation to CSA in each country. Some 

indicators can provide evidence regarding the impact of different CSA practices and policies 

on farmers and rural communities.  A range of indicators have already been developed and 

compiled, including 378 CSA-related indicators gathered from several international 

development agencies/ institutions (FAO, DFID, GIZ, IFAD-ASAP, World Bank, USAID and 

CCAFS; Quinney, 2016). Climate readiness indicators are under development to provide 

guidance to countries. For instance, Wollenberg et al, (2015) have highlighted examples of 

climate readiness indicators that can be used for (1) governance and stakeholder engagement; 

(2) knowledge and information services; (3) climate-smart agricultural strategy and 

implementation frameworks; (4) national and sub-national capabilities; and (5) national 

information and accounting systems.  

Gender indicators for CSA outcomes 

This CCAFS Working paper aims to identify a range of existing national indicators that can be 

used to improve integration of gender, food security, nutrition and health issues into CSA CPs.  

Gender indicators (GIs) in agriculture require both qualitative and quantitative interpretation 

on changes in the status and roles of women and men (i.e. measuring progress towards gender 

equality). For example, useful GIs may measure differences in access to and control over 

resources for agricultural activities amongst women and men; differences in ability to respond 

to economic opportunities and investments offered by CSA; or differences in ability to 

influence change or respond to changes.  Many such indicators do not yet exist. Some such 

indicators are being developed, and being tested by CCAFS and other organizations, so that a 

better understanding of the relative roles and status of women and men over time in relation to 

the CSA practices they use.  

The integration of indicators (that provide a snapshot or baseline on gender equality issues) 

into CSA assessments can contribute to initial discussions to evaluate options for CSA 

interventions or investment. Such integration can also help to inform the baseline analysis, 

inform targeting and prioritizing, and in later evaluation of outcomes associated with CSA scale 

up. The incorporation of GIs relating to CSA into national statistics collection and also into 

CSA plans, policies and programs will be necessary for gender-sensitive roll-out and scale-up 

of CSA technologies and practices.  

GIs typically incorporate sex-disaggregated indicators, which allow the measurement of 

differential outcomes for men and women (e.g. school enrollment, literacy levels, child 

mortality) (Moser 2007).  Rather than solely presenting facts about women, a GI should ideally 

provide evidence of changes in gender gaps (Rao and Kelleher 2005) and/or evidence on the 

status of women or men over time, relative to some agreed normative standard or explicit 
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reference group (Johnston 1985). For example, one category of women can be compared to 

another category of women, or a comparable category of men. Indeed, GIs should be more than 

just data disaggregated by sex. GIs should ideally be used to track gender-related changes in 

society over time and geography. 

GIs are promoted within development circles to ensure that gender-related changes in a society 

over time are better measured and monitored (Moser 2007). The portfolio of gender indicators 

has been increasing since the 1995 4th World Conference on Women which recommended that 

national, regional and international statistical services ensure that statistics related to 

individuals are collected, compiled, analyzed and presented by sex and age (United Nations 

1996). 

A Global Gender Statistics Programme, implemented by the UN Statistics Division (UNSD) 

and coordinated by a UN Inter-Agency and Expert Group on Gender Statistics (IAEG-GS) 

aims to improve coherence among existing initiatives on gender statistics through international 

coordination, as well as to strengthen national capacity for the production, dissemination and 

use of gender relevant data (United Nations 2014). The Millennium Development Goals 

(MDG) and the current Sustainable Development Goals (SDGs) are accelerating the production 

of higher quality data disaggregated by sex, age, economic status, race and ethnicity and 

geographic location, along with other indicators which can be used to measure inequality 

within society (UN Women 2015).  

International agencies and international statistical institutes also play a role in harmonization 

of statistical data collection and inter-operability of datasets. Large-scale surveys are also 

funded and commissioned through multilateral organisations such as the UN or the World 

Bank. For example, the Living Standards Measurement Study (LSMS) is a household survey 

focused on generating high-quality data, as well as improving survey methods within a country 

to inform evidence-based policymaking. Every three years, the International Conference on 

Agricultural Statistics (ICAS) is organized under the auspices of the International Statistical 

Institute (ISI) Committee on Agricultural Statistics to bring together research and share practice 

in the field of agriculture statistics. ICAS responds to the changing needs for agricultural 

statistics (e.g. development of an indicator framework for relevant SDGs). Methodological 

challenges and proposals for future agriculture census rounds are discussed along with topics 

such as measuring the social dimensions of agriculture. Although it is improving, the extent of 

disaggregation of agricultural data according to sex, gender and other social variables remains 

inconsistent, both across and within countries. Furthermore, agricultural data needed to inform 

policy is still typically collected for production variables and only sometimes provides data at 

the household level (Doss 2014).  

Climate Smart Agriculture Country Profiles (CSA CPs) 

CSA CPs provide an overview of the agricultural challenges in specific countries with the 

objective of informing CSA planning for adaptation and mitigation to climate change in the 

agricultural sector. The CPs are developed by the International Centre for Tropical Agriculture 

(CIAT), the CGIAR research program on Climate Change, Agriculture and Food Security 

(CCAFS), in partnership with the World Bank, national research institutes (e.g. CATIE), and 

USAID’s Bureau for Food Security. The CPs were generated as internal World Bank (WB) 

knowledge products, as briefs for those with an interest in financing CSA activities (CIAT et 

al. 2016).  
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The CSA CPs emerged from the need to outline the current status and opportunities for CSA 

practices and policies in a particular country. In addition to an overview of agriculture, CPs 

provide a baseline on the state of CSA in the country, which help to facilitate decision-making 

on how investment could more effectively target and scale CSA nationally. Each CP provides 

a snapshot of agricultural, economic, institutional, policy and financial considerations relating 

to CSA. Each CP also identifies opportunities and barriers for widespread adoption of existing 

and promising CSA technologies and practices (CIAT et al. 2016).  

Each CP typically consists of the following sections; (1) National context: key facts on 

agriculture and climate change; (2) CSA technologies and practices; (3) Institutions and 

policies for CSA; and (4) Financing CSA. Each section is based on qualitative and quantitative 

information gleaned from literature review, statistical datasets, consultations, interviews and 

group discussions with in-country technical experts and decision makers (CIAT et al. 2016). 

The process of developing the CSA CP involves conducting a situation analysis and taking 

stock of existing CSA actions. This requires a review of current literature and collection of data 

from national and international databases. Further, expert interviews and surveys are also 

conducted with key stakeholders. These stakeholders can be divided into three groupings: (1) 

policy and decision makers at the national and local level; (2) Technical experts (Key producer 

associations, extension offices, academia, and research institutes); and (3) International 

partners and donor organizations (CIAT et al. 2016). 

CSA CPs are developed to ensure there is evidence on what CSA activities and capacity already 

exists in a country and to inform the future potential for CSA. Agricultural and investment 

decision makers wish to have evidence on (1) the ongoing CSA activities in country/region; 

(2) the demand for CSA in a country/region; (3) how likely it is that investment in CSA will 

have an impact at scale (Corner-Dolloff et al. 2014). However, in many instances comparable 

data on the performance of CSA practices are missing, with few clear metrics to evaluate CSA 

practices. The CSA CPs address this knowledge gap by providing an analytical framework to 

guide evidence-based selection of CSA practices (Corner-Dolloff et al. 2014). The CSA CPs 

guide the integration of CSA in national and sub-national policy and planning (CIAT 2014; 

CIAT et al. 2016; Quinney et al. 2016).  

3.2 Methodology  

Identification of national-level indicators for improving gender, food security, nutrition and 

health outcomes from CSA planning, implementation and scale-out 

This Working Paper focuses on how gender, food security, nutrition and health indicators can 

be integrated into CSA CPs and other CSA planning processes at the national level. This paper 

aims to identify existing national level indicators regarding gender, food security, nutrition and 

health that can be integrated into CPs, and consider possible approaches for greater 

consideration of such indicators in decision-making, planning and prioritization regarding CSA 

practices and technologies.  

To identify existing national level indicators, a list of available and potentially suitable 

indicators was compiled from existing databases (World Bank Databank; FAOSTAT; and UN 

Databases). Initially, a ’long’ list of indicators was identified following the Sustainable 

Development Goal (SDG) framework. The long list of indicators was then divided into two 

sets of indicators that dealt with; (1) Gender and Livelihoods, and (2) Food Security, Nutrition 

and Health. Initially, 41 indicators, disaggregated by sex where possible, were identified in the 
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long list. In total, 21 indicators were relevant to food security, nutrition and health. While 30 

were relevant for gender and livelihoods (See Appendix 1 for the full list of indicators in the 

'long list’ and their sources). Given the synergies between the two groups, there was a certain 

amount of overlap in terms of relevant indicators.  

As 41 indicators was considered too lengthy for integration into the CPs, a prioritization 

process was developed identifying 16 ‚’core’ indicators from the most relevant included in the 

initial long list.  The identified indicators are those that aligned to the objectives of the CSA 

CPs and could be effectively used in assessments of different national enabling environments 

for CSA adoption and scale out in the future. As such, the list was refined to seven indicators 

for the domain of gender and livelihood indicators, and nine indicators for the domain of food 

security, nutrition and health.  

A scoring system was devised for the prioritization process, where the most relevant indicators 

were ranked by a panel of inter-disciplinary experts (n = 8) from the International Centre for 

Tropical Research (CIAT), and the National University of Ireland Galway (NUI Galway). Each 

person was required to choose indicators from the initial portfolio of indicators and to rank 

them in order of priority from 1 (least preferred) to 10 (most preferred). The scores of each of 

the ranking panel were used to generate a ranking score to prioritize national indicators for 

inclusion in the CSA CPs.  

The three level tier system devised for the SDGs (UNSTATS 2016; http://unstats.un.org/) was 

also taken into account as an important consideration for selection of indicators for inclusion 

in the CSA CPs, whereby indicators are categorized into the following three tiers: 

Tier 1: Indicator conceptually clear, established methodology and standards available and data 

regularly produced by countries.  

Tier 2: Indicator conceptually clear, established methodology and standards available but data 

are not regularly produced by countries.  

Tier 3: Indicator for which there are no established methodology and standards or 

methodology/standards are being developed/tested.  

The indicators were scored based on criteria such as the availability of recent (or regularly 

updated) statistics for the indicator, tier level, and perceived relevance of the indicator to the 

scope and objectives of the CSA CPs. The indicators for gender and livelihoods that were 

prioritized are presented in Table 3.2, while indicators for food security, nutrition and health 

are presented in Table 3.3. 
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Table 3.2 Selected gender, poverty and livelihood indicators 

Indicator Metric Metric description 

 

 Indicator Source Indicator 

Tier Level 

Poverty gap 

at $1.90 a day 

% Poverty gap at $1.90 a day (2011 

PPP) is the mean shortfall in income 

or consumption from the poverty line 

$1.90 a day (counting the non-poor as 

having zero shortfall), expressed as a 

percentage of the poverty line. This 

measure reflects the depth of poverty 

as well as its incidence. As a result of 

revisions in PPP exchange rates, 

poverty rates for individual countries 

cannot be compared with poverty 

rates reported in earlier editions. 

World Development 

Indicators - World 

Bank 

(Development 

Research Group) 

http://databank.world

bank.org/data/reports.

aspx?source=world-

development-

indicators   

N/A 

Population 

below 

national 

poverty line 

% National poverty headcount ratio is 

the percentage of the population 

living below the national poverty 

lines. National estimates are based on 

population-weighted subgroup 

estimates from household surveys. 

World Development 

Indicators - World 

Bank 

(Global Poverty 

Working Group) 

 

http://databank.world

bank.org/data/reports.

aspx?source=world-

development-

indicators  

Tier 1 

Gender 

Inequality 

Index (GII) 

Range  

(0 -1) 

The Gender Inequality index 

measures gender inequalities in three 

aspects of human development; (1) 

reproductive health (measured by 

maternal mortality ratio and 

adolescent birth rates); (2) 

empowerment, measured by 

proportion of parliamentary seats 

occupied by females and proportion 

of adult females and males aged 25 

years and older with at least some 

secondary education; and (3) 

economic status, expressed. 

United Nations 

Development 

Program  

(Human Development 

Report Office): 

 

http://hdr.undp.org/en

/data  

N/A 

Distribution 

of female 

agricultural 

land holders 

% The percentage of female agricultural 

holders out of total agricultural 

holders.  

FAO-  

(Agricultural Census 

data from National 

Statistics 

N/A 

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://hdr.undp.org/en/data
http://hdr.undp.org/en/data
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Indicator Metric Metric description 

 

 Indicator Source Indicator 

Tier Level 

Offices/Ministries of 

Agriculture): 

 

http://www.fao.org/ge

nder-landrights-

database/data-

map/statistics/en/  

Percentage of  

male/female 

children aged 

5-14 years 

engaged in 

the worst 

forms of 

child labour 

(specifying 

the 

agriculture 

sector)  

% Statistic is based on the nationally-

representative household survey 

datasets. 

Understanding 

Children’s Work 

Programme 

(UNICEF): 

http://www.ucw-

project.org/Pages/Chil

dLabIndicator.aspx 

 

Survey Details 

Available at: 

http://www.ucw-

project.org/Pages/surv

ey_list.aspx 

Tier 1  

Share of 

seats in 

parliament 

for women 

% Women in national parliament:  the 

percentage of parliamentary seats in 

a single or lower chamber held by 

women. 

World Development 

Indicators – World 

Bank  

 

http://databank.world

bank.org/data/reports.

aspx?source=world-

development-

indicators 

 

Data compiled by the 

Inter-Parliamentary 

Union 

http://www.ipu.org/W

MN-e/classif.htm 

N/A 

Average 

monthly 

earnings of 

women and 

men 

employed in 

agriculture 

activities 

Local 

Currency 

Calculated using the mean nominal 

monthly earnings of employees by 

sex and economic activity (Local 

currency). 

ILO – ILOSTAT  
 

(Sources include: 

National Accounts; 

Admin records; 

Economic or 

establishment census; 

Establishment 

surveys; Household 

surveys; Official 

N/A 

http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://www.ipu.org/english/Whatipu.htm
http://www.ipu.org/english/Whatipu.htm
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Indicator Metric Metric description 

 

 Indicator Source Indicator 

Tier Level 

sources; Population 

Census)  

 

http://www.ilo.org/ilo

stat/faces/ilostat-

home/home?_adf.ctrl-

state=qgixzvf0v_104

&_afrLoop=1097664

34818093#! 

 

Table 3.3 Selected food security, nutrition and health indicators 

Indicator Metric Metric description   Indicator Source Indicator 

Tier-Level 

Prevalence of 

undernourish

ed of 

population 

% Population below minimum 

level of dietary energy 

consumption (also referred 

to as prevalence of 

undernourishment) shows 

the percentage of the 

population whose food 

intake is insufficient to meet 

dietary energy requirements 

continuously. Data showing 

as 5 signifies a prevalence of 

undernourishment below 

5%. 

World Development 

Indicators - World Bank 

 

 (FAO):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators  

Tier 1 

Prevalence of 

stunting, 

height for age 

(% of 

children 

under 5) 

% Prevalence of stunting is the 

percentage of children under 

age 5 whose height for age is 

more than two standard 

deviations below the median 

for the international 

reference population ages 0-

59 months. For children up 

to two years old height is 

measured by recumbent 

length. For older children 

height is measured by stature 

while standing. 

World Development 

Indicators - World Bank 

 

 (World Health Organisation, 

Global Database on Child 

Growth and Malnutrition):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators  

Tier 1 

Prevalence of 

severe 

wasting, 

weight for 

height (% of 

children 

under 5) 

% 

Severe wasting prevalence is 

the proportion of children 

under five whose weight for 

height is more than three 

standard deviations below 

the median for the 

World Development 

Indicators - World Bank 

 

(World Health Organization, 

Global Database on Child 

Growth and Malnutrition):  
 

Tier 1 

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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Indicator Metric Metric description   Indicator Source Indicator 

Tier-Level 

international reference 

population ages 0-59. 

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

Access to 

electricity (% 

of population) 

% 

Access to electricity is the 

percentage of population 

with access to electricity. 

Electrification data are 

collected from industry, 

national surveys and 

international sources. 

World Development 

Indicators - World Bank 

 

 (Sustainable Energy for all 

(SE4ALL) database from 

World Bank, Global 

Electrification database):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

Tier 1 

Access to 

electricity, 

rural (% of 

rural 

population 

% 

Access to electricity, rural is 

the percentage of rural 

population with access to 

electricity 

World Development 

Indicators - World Bank 

 

World Bank (Sustainable 

Energy for all (SE4ALL) 

database from World Bank, 

Global Electrification 

database):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

N/A 

Access to 

non-solid fuel 

(% of 

population) 

% 

 Access to non-solid fuel is 

the percentage of population 

with access to non-solid fuel. 

World Development 

Indicators - World Bank 
 

World Bank (Sustainable 

Energy for all (SE4ALL) 

database from WHO Global 

Household Energy database): 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

N/A 

Mortality 

rate, under-5, 

(female/male) 

(per 1,000 

live birth 

# 

Under-five mortality rate, 

female is the probability per 

1,000 that a newborn female 

baby will die before reaching 

age five, if subject to female 

age-specific mortality rates 

of the specified year. 

World Development 

Indicators - World Bank   

(UN Inter-agency Group for 

Child Mortality Estimation - 

UNICEF, WHO, World Bank, 

UN DESA Population 

Division): 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

Tier 1 

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators


66 

 

Indicator Metric Metric description   Indicator Source Indicator 

Tier-Level 

Fertility rate, 

total (births 

per woman) 

# 

Total fertility rate represents 

the number of children that 

would be born to a woman if 

she were to live to the end of 

her childbearing years and 

bear children in accordance 

with age-specific fertility 

rates of the specified year. 

World Development 

Indicators - World Bank 

 

 (1. United Nations 

Population Division. World 

Population Prospects, 2. 

Census reports and other 

statistical publications from 

national statistical offices, 3. 

Eurostat: Demographic 

Statistics, 4. United Nations 

Statistical Division. 

Population and Vital Statistics 

Report (various years), 5. U.S. 

Census Bureau: International 

Database, and 6. Secretariat of 

the Pacific Community: 

Statistics and Demography 

Programme):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

Tier 1 

Literacy rate, 

youth 

female/male 

(% of 

males/female

s ages 15-24) 

% 

Youth literacy rate is the 

percentage of people ages 

15-24 who can both read and 

write with understanding a 

short simple statement about 

their everyday life. 

World Development 

Indicators - World Bank 

 

 (United Nations Educational, 

Scientific, and Cultural 

Organization (UNESCO) 

Institute for Statistics):  

 

http://databank.worldbank.org

/data/reports.aspx?source=wo

rld-development-indicators 

N/A 

 

The following section discusses the justifications for inclusion of each of these core indicators 

in CSA CPs, along with their strengths and limitations.  

3.3 Results 

Gender and Livelihoods Indicators 

The poor are likely to be more vulnerable to climate change impacts and shocks, while lacking 

the resources necessary for climate change resilience (Beg et al. 2002). In the agriculture sector, 

recovery from shocks takes longer for resource-poor farmers, as it is difficult to recover assets, 

and pay back associated debt (Heltberg et al. 2009). Hence, the population living on less than 

US$ 1.90/day is a key poverty indicator which is based on primary household survey data 

obtained from government statistics agencies and World Bank country department (World 

Bank 2016 ). The indicator provides an annual national baseline of the proportion of the 

national population under this income level. At present this indicator is not disaggregated by 

age or sex, which limits its usefulness in terms of measuring gender disparities. This indicator 

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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is most useful when used in conjunction with other studies on national poverty. With this 

indicator, poverty is largely viewed in monetary terms. However, this indicator does highlight 

the ratio of those who do not have sufficient income to put them above some adequate minimum 

national threshold. It is quite likely that those below the national poverty baseline may not have 

access to credit, and thus opportunities to invest in CSA options. This group may also be less 

likely to be able to take risks with new CSA technologies. This indicator can remind those 

engaged in the CSA CP prioritization process that poverty must be kept in the CSA planning 

agenda; and consider during the prioritization process whether CSA interventions can be better 

geared towards those on very low incomes.  

Depending on the country context, climate change impacts have the potential to affect the 

proportion of the population that are below (or above) the national poverty line. For instance, 

the FAO (2016) State of Food and Agriculture report estimates that climate change could 

increase the numbers of people living in extreme poverty by between 35-122 million by 2030, 

with smallholder farmers in sub-Saharan Africa being most impacted. The percentage of the 

population below the national poverty line can also provide a useful indication of the extent of 

economic vulnerability of the population to climate change shocks and impacts. However, 

while this may be relevant for in-country planning processes (reflecting the need to adopt 

country-relevant thresholds for poverty level assessments), the national poverty line can differ 

between countries making inter-country comparisons based on this measure difficult. At 

present this indicator is not sex-disaggregated.  

Though the gendered experience of climate change is not always a disadvantage for women, 

women can face disproportionate negative impacts relative to men as a result of entrenched 

social structures and power relations, in some instances making it more difficult for women to 

adapt to climate change (Bhattarai et al. 2015). For example, without having title to land, 

women may be less inclined to change land use or may require permission of their husbands to 

do so. Carr and Thompson (2014) highlight that contemporary views on vulnerability to the 

impacts of climate change is shaped by roles, responsibilities and entitlements associated with 

various markers of social status and expectation, including gender class and caste. Hence, it is 

of significant importance to have some understanding of gender relations within the country 

context in which CSA adaptation actions are planned.  

A composite indicator is a collection of indicators that are compiled into a single index, on the 

basis of an underlying model of the multi-dimensional concept that is being measured (OECD 

2004). At the country level, composite indicators for gender inequality and women’s 

empowerment in agriculture can be useful both as baselines and for planning and monitoring 

of roll-out and adoption of CSA practices and technologies.   

Specific composite indicator prioritized for inclusion in the CSA CPs are the Gender Inequality 

Index (GII). The GII is an inequality index, and a composite measure reflecting inequality in 

achievements between women and men in three dimensions: reproductive health, 

empowerment and the labour market. These three dimensions are considered three important 

aspects of human development. Reproductive health is measured by maternal mortality ratio 

and adolescent birth rates; empowerment is measured by proportion of parliamentary seats 

occupied by females and proportion of adult females and males aged 25 years and older with 

at least some secondary education; and economic status, is expressed as labour market 

participation and measured by labour force participation rate of female and male populations 

aged 15 years and older. The GII is built upon the same framework as the Inequality Adjusted 

Human Development Index (IHDI) — to better expose differences in the distribution of 

achievements between women and men. The higher the GII value the more disparities between 
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females and males and the more loss to human development. Data is currently available for 

155 countries. The GII reminds those engaged in planning and prioritization processes for CSA 

and other interventions, that for women to benefit from innovations or CSA roll-out, 

disadvantages faced by women must be overcome.  

The distribution of female agricultural land holders is an important indicator for inclusion in 

CSA CPs as it provides an overview of the percentage of female agricultural holders out of 

total agricultural holders. The data are derived from agricultural censuses and are available 

from the FAO Gender and Land Rights Database (FAO 2016a). Data on the share of female 

agricultural landowners out of total landowners is a related indicator, but concerns legal 

ownership. However, definitions of ownership vary and an ownership indicator may not count 

land that is not formally titled. Indeed, ownership may not reflect the right to work, sell, inherit, 

or use land as collateral. Hence, we considered that the percentage of female agricultural 

holders out of total agricultural holders is a better indicator to include in the CSA CP as it is an 

indicator of management of agricultural holdings.  

Agricultural land holders are likely to influence the use of new CSA practices on their land 

holdings. Typically, the agricultural holder is the person who makes the major decisions 

regarding resource use and exercises management control, with technical and economic 

responsibility for the holding. The holder may or may not also be the owner of the land (FAO 

2016b). Although this indicator is the most prevalent of gender and land indicators, the 

indicator is measured at the holding level and does not capture management within the holding 

(FAO 2016a). If a holding consists of several plots of land, in some cases different household 

members may be responsible for different plots. Generally, with this indicator, only one holder 

is identified per holding. Another challenge is that this indicator may underestimate the 

management role of household members other than that of the person designated as the official 

holder. For example, married women often hold some responsibility for the family farm or 

manage some plots within the holding, but their husbands will typically be identified as the 

head of the household and the single holder. In this situation, married women’s shares of 

management responsibility will not be reported in the indicator. Some countries adapt a 

threshold for minimum size of the holdings included in their census, leaving out holdings that 

fall below a certain value. In some contexts, women are more likely to manage agricultural 

holdings below the threshold, thus reducing the percentage of female agricultural holders 

captured. 

The percentage and number of children aged 5-14 years engaged in the worst forms of child 

labour in the agriculture sector by sex is a useful indicator for inclusion in CSA CPs because 

engagement in child labour is indicative of poverty in rural areas. Whilst, it is common for boys 

and girls to assist in rural areas with various agricultural tasks, and at certain periods of the 

year (e.g. harvesting), child labour (as opposed to helping out) is typically located in areas 

where there are large numbers of the working poor. Child labour indicators are also indicative 

of levels of mechanization and can reflect demands for migrant or seasonal work. This indicator 

may also have significance if the labour demand for new CSA practices is initially high or if 

the CSA practice displaces labour provided by children.  

Links between child labour and low or non-school attendance can be strong (Murray and Quinn 

2009). Education outcomes are particularly important for girls as they can help decrease infant, 

child and maternal mortality rates. In the context of climate change, education is one of the 

primary ways to reduce vulnerability (Muttarak and Lutz 2014). Education can directly 

influence risk perception, knowledge, and skills acquisition. Girls often spend significantly 

more time on household chores and caring duties than boys (Murray 2013; Murray et al. 2010). 
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For example, girls often are involved in cleaning, cooking, childcare, collecting water and 

firewood, combined with agricultural activities, such as sowing, harvesting and livestock 

holdings. If boys and girls lack basic education it decreases the range of options or jobs 

available later in life, and can affect health, living conditions and ability to critically assess 

options available. There are major social gains to be had from investing in the education of 

girls, as educated girls are more likely to marry later, have fewer and healthier children, and 

have decision-making power within their households. Education can also indirectly influence 

vulnerability by reducing levels of poverty, improving health and increasing access to 

information and other resources. Educated individuals, households, and societies prepare, 

respond, and recover from disaster (including climate induced disasters) more quickly 

(Muttarak and Lutz 2014). 

Data on child labour in agriculture is included in child labour modules in labour force surveys 

commissioned by the ILO and published as global estimates. UNICEF collects data on 

children’s work through the Multiple Indicator Cluster Surveys (MICS, http://www.ucw-

project.org/). Approximately 385 datasets on child labour are available from 112 countries, 

generally disaggregated by sex. A resolution concerning statistics of child labour from the 18th 

International Conference of Labour Statisticians reinforces the ILO Recommendation that 

comes with ILO Convention 182 on the Worst Forms of Child Labour. Included in this 

resolution is that statistical data on the nature and extent of child labour should include data 

disaggregated by sex (amongst other disaggregated data such as age) (Diallo et al. 2013). 

The share of seats in parliament for women can provide a proxy indicator of women’s 

empowerment and the level of gender equality in a country. Data on women in parliament is 

compiled by the Inter-Parliamentary Union on the basis of information provided by National 

Parliaments. At least 193 countries are classified by descending order of the percentage of 

women in the lower or single House. Increasing women's representation in government is 

necessary to achieve gender parity in a country and is indicative of an evolution in voter 

confidence in women’s ability to successfully compete and serve in the country’s highest 

elected positions. However, whether female politicians are more likely to concentrate on issues 

that matter more to women is open to debate. Many believe that women would be actively 

involved and advocate more in gender-salient issues. Studies conducted in India suggest that 

whether the political figure is male or female does have an impact on the policy decisions 

(Chattopadhyay and Duflo 2004; Clots-Figuerasa 2012). This indicator (the share of seats in 

parliament for women) does not give any indication of how involved female members of 

parliament are in terms of policy formation in agriculture.  Yet, this indicator may give a 

general indication of rates of women’s participation at decision-making levels.  

Gender disparities with regards to poverty are rooted in unequal access to economic resources. 

The average monthly earnings of women and men employed in agriculture activities compiled 

by the ILO, is relevant to CSA CPs as it provides average monthly earnings of female and male 

employees by occupations related to agriculture. Data are disaggregated by occupation 

according to the latest version of the International Standard Classification of Occupations 

(ISCO) available for that year. Unfortunately, this indicator only refers to formal employment, 

and many agricultural workers are in the informal sector, working as unpaid family workers, 

own-account workers, on a piece rate, or as casual labourers. Another challenge is that it is 

difficult to determine whether earnings are high or low for women and men working in 

agricultural related activities, without a reference point (national average earning). However, 

this indicator is useful for providing an overview of wages in the agricultural sector, 

particularly if compared to a national average. In many countries a lower proportion of women 
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than men have their own cash income (UN Women 2015; United Nations 2015), meaning they 

will have less resources to invest in CSA practices. While this indicator will not measure 

women’s control over their own income, it should still give an indication to the level of income 

relative to men’s.  

The World Bank also publishes an indicator on employment by economic activity, providing 

the percentage of male / female employment in the agriculture sector (World Bank 2016 ). This 

indicator can be useful as it indicates the importance of agriculture as an income strategy for 

women. This indicator will not include women and men working on family farms who are not 

remunerated for their work or those who work in the informal agricultural sector. Hence, this 

indicator is likely to under-estimate participation in the agricultural sector (Deere 2005). 

Food security, nutrition and health indicators 

The prevalence of people undernourished within a country provides a measure of the 

vulnerability of the population to climate change impacts on their nutritional intake. Nutrition 

indicators are suggested for inclusion in the CSA CPs due to the importance of nutrition to 

child survival, growth and development, and more long term impacts on school readiness, 

educational attainment, and improved employment and health outcomes as the child progresses 

into adulthood (Deere 2005; Maluccio et al. 2009; Wheeler and Von Braun 2013). Climate 

change will influence nutrition in a number of ways. It may reduce food security; increase 

disease levels and change disease patterns; and impact on water availability and sanitation. In 

turn, nutritional status and diet will impact people’s capacity to adapt and mitigate the impacts 

of climate change (Thomson and Fanzo 2015). When food availability is impacted by climate 

related stresses Watts et al (2015) notes that women and girl’s nutrition tend to suffer more 

than their male counterparts. This is due in part to women and girls starting from a lower 

baseline, but also because they are often last in the household food hierarchies. In addition, a 

lower nutritional status can mean a lower agricultural output due to a reduction in labour. 

Stunting refers to situations where an individual is below two standard deviations from median 

height for age of the reference population. The prevalence of child stunting in a country 

provides a measure of the extent of undernutrition of children. In 2010, an estimated 171 

million children were stunted, predominantly in Africa and Asia (De Onis et al. 2012; Smith 

and Haddad 2015). The causes of stunting are complex (poor feeding practices, maternal 

undernutrition, sanitation) and can include an interplay between early undernutrition and 

recurrent infections. Wasting (or acute malnutrition) refers to situations where an individual is 

below two standard deviations from median weight for height of reference population. In 2011, 

an estimated 52 million children under the age of five suffered from wasting, predominantly in 

Asia.  

The prevalence of child wasting provides a measure of low energy intake amongst the youngest 

in society and is indicative of a lack of access to food energy amongst poor households. 

Nutrient losses due to diarrhoea (e.g. due to water-borne diseases) can aggravate wasting. The 

impacts of climate change on sanitation and clean water supplies are of relevance to efforts to 

reduce both stunting and wasting (Howard et al. 2010). The inclusion of stunting and wasting 

estimates in each CP’s is recommended as it highlights the challenge to ensure that CSA 

practices and technologies should ideally improve the nutritional and sanitary status of 

children, in a manner that contributes to reducing stunting rates.  

The percentage of population with access to electricity is a useful measure of the level of access 

to modern energy sources. While electricity can be generated with different carbon footprints 
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(e.g. energy from fossil fuels versus from hydropower) access to electricity is considered a 

prerequisite for sustainable energy and decarbonisation routes for the energy sector. The IEA’s 

World Energy Outlook 2015 highlights that 1.2 billion people are without access to electricity, 

with over 95% of those living without electricity are in sub-Saharan Africa and Asia (IEA 

2015). 

The percentage of the population with access to electricity in rural areas is a key indicator of 

the state of rural development in each country. Over 80% of the people who lack access to 

electricity are located in rural areas (IEA 2015), highlighting that the sustainable energy for all 

goals have to take into consideration a major urban-rural divide (Eastwood and Lipton 2000). 

Transitions to CSA, particularly in the smallholder sector, will need access to rural energy, 

ideally clean (renewable) energy sources. Where there is an energy gap in rural areas, there are 

likely to be additional challenges for the introduction of more efficient CSA practices and 

technologies (Murray et al. 2016). A range of initiatives are underway in different regions that 

focus on gender issues in the production and use of modern energy and clean energy 

technologies (Habtezion 2013). 

The percentage of the population with access to non-solid fuels is an important gender-related 

indicator for CSA (Casillas and Kammen 2010). Over 2.7 billion people rely on the traditional 

use of biomass sources for cooking, which causes harmful indoor air pollution, impacting on 

the health of household members (IEA 2015). Cooking, in the majority of cultures, remains 

entrenched as a female role, and as such, the percentage of the population that do not have 

access to clean cooking facilities (e.g. more efficient fuels and cooking stoves, which have 

lower energy footprints and emissions) is an important indicator related to health outcomes for 

women (Bhattacharya and Abdul Salam 2002; MacCarty et al. 2008). While improved cooking 

stoves can be considered a ‘climate smart’ technology, there are significant barriers to the long-

term adoption of improved cooking stoves and a lack of consensus as to whether the expected 

co-benefit impacts on household energy use, indoor pollution and health are being realized 

(Grieshop et al. 2011; Hanna et al. 2016).  

The under-five mortality rate (deaths per 1,000 live births) indicator concerns the number of 

children who die by the age of five, per thousand live births per year (Black et al. 2003). The 

world average of under-five mortality is decreasing, with wide discrepancies between 

developed countries and developing countries. The reduction of child mortality is a universally 

supported development goal. Under-five mortality rates are influenced by poverty, education, 

particularly of mothers (as well as by the availability, accessibility and quality of health 

services). Other influencing factors include environmental risks including access to safe water 

and sanitation. Under-five mortality levels is also influenced by nutrition. The under-five 

mortality rate is a key development indicator over time, where CSA practices and technologies 

should reduce climate-related risks that could aggravate or accelerate mortality rates 

(McMichael et al. 2006). 

The total fertility rate describes the total number of children the average woman in a population 

is likely to have based on current birth rates throughout her life. This indicator is considered a 

better index of fertility than the crude birth rate (which measures the annual number of births 

per thousand population) because it is independent of the age structure of the population. 

However, this indicator is a poor estimate of actual completed family size. This indicator does 

not necessarily predict how many children young women now will eventually have, as their 

fertility rates in years to come may change from those of older women now. As a reasonable 

summary of current fertility levels, this indicator may help to predict the availability of labour 

in rural areas, if compared with the replacement rate. The replacement rate is the number of 
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children each woman needs to have to maintain current population levels. In developed 

countries, the necessary replacement rate is about 2.1 or sometimes 2.3 due to higher childhood 

death rates. This indicator is of relevance to CPs as some countries are expected to experience 

large population growth over the coming years, which has major ramifications for food 

security. Total fertility rates are dropping in other countries, resulting in declining populations. 

However, it is worth remembering that different cultural groups within a country can display 

different total fertility rates. On the whole, total fertility rates can be useful indicator of future 

population growth or decline for a country. Fertility rates do not take into account life 

expectancy, educational enrolments and employment, and are typically not geographically 

defined (i.e. urban/rural).  Global data comes from census reports and is compiled by the United 

Nations Population Division. 

The youth literacy rate, disaggregated by sex, (youth age 15-24) is collated by UNESCO’s 

Institute for Statistics. Data is collated mostly using surveys within the last ten years which are 

self-declared by the persons in question. Literacy is an important indicator because beyond 

being able to read, write and use arithmetic, it concerns a progression of skills or a continuum 

of learning in enabling individuals to achieve their goals (Bernhardt et al. 2014). Literacy is 

considered essential for individuals to make more informed decisions, develop their knowledge 

and potential, and to participate fully in their community and wider society. Thus literacy and 

education is central for individuals to be able to critically assess new technology options, 

interact with extension/technology providers, or adopt new CSA practices or technologies 

(Manfre et al. 2013). Many schools in the developing world experience a high dropout rate 

amongst secondary school aged girls. The gender gap in literacy and education hinders youth 

development and has already been stressed above under the child labour section. Further, there 

can be significant literacy gaps in some countries between urban and rural areas (Zhang 2006), 

where average literacy rates may mask high levels of rural illiteracy that can hamper the 

potential for scale-out of CSA practices and technologies. For instance, while text-based 

weather and market information received on phones can be of use to smallholder farmers, the 

provision of such services is predicated on the ability of the recipient smallholders to be able 

to read such text messages. 

3.4 Discussion and Conclusions 

To maintain the focus on the CSA pillars of food security and poverty reduction for CSA scale-

up and scale-out, it is important to measure progress using selected national indicators on 

poverty, gender, food security, nutrition and health indicators. A range of existing national-

level indicators are identified in this paper as a starting point for inclusion in CSA CPs so that 

gender, livelihoods, food security, nutrition and health-related issues can be better considered 

and monitored in the context of CSA scale-up in each country. The proposed indicators can be 

useful for those planning, implementing and assessing the impact of CSA, particularly when 

supplemented by project level and household level data.  

A number of indicators are necessary to adequately reflect gender and livelihoods, food 

security, nutrition and health considerations. While indicators provide a general snapshot of 

the situation in a country, more information is required to better understand the underlying 

drivers and context behind the indicator. For example, whilst the women in parliament indicator 

may demonstrate leadership of women and allows for comparison across countries, it does not 

demonstrate whether women as leaders, actively address gender issues in agriculture.  

When some of the indicators in this paper are integrated into CSA assessments (such as the 

CSA CP), they can help to highlight issues that may affect response to climate change and 
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acceptance of CSA practices.  For example, indicators can highlight issues regarding access to 

fuel or electricity, which in turn can affect women’s time or facility to adapt a particular CSA 

practice. Likewise, literacy rates amongst male and female youth can provide an indication of 

ability to conceptualise, assess and understand the range of technical options available for CSA, 

as well as assess the financial or legal implications.  

Poverty indicators can reveal how populations live and consequently their ability to respond to 

climate change. Such indicators can also demonstrate whether poverty is being reduced over 

time, but may not indicate how particular groups are more affected by poverty (e.g. some ethnic 

groups or geographic regions); or poverty levels at different times of the year. The nutrition 

and health indicators can serve to reveal how the population is suffering from particular 

deprivations – such as undernourishment, stunting, or the death rates of children under five.  

Arising from the preparatory work undertaken for this paper, many of the suggested indicators 

are now included in the CSA CPs. Although not currently included in the current set of CSA 

CPs, the worst forms of child labour in agriculture indicator may be a useful future indicator 

of poverty levels. This indicator also highlights rural population requirements for manual 

labour in rural areas and is an indication of a lack of affordable mechanisation. Moreover, this 

indicator is disaggregated by sex. The women in parliament indicator may provide an 

indication of the importance the government pays to gender related issues in a given country. 

While sex-disaggregated indicators would be ideal for inclusion in CSA planning and activities, 

in many instances, when such indicators exist or have been developed, they may not be 

available or up-to-date for all countries. Examples of additional sex-disaggregated indicators 

that could be considered include WHO health indicators such as Years of Life Lost (YLL) and 

Disability Adjusted Life Years (DALY) which provide measures of premature deaths, and also 

deaths arising due to poor health or disability (WHO 2015). In addition, where they are 

available, indicators of micronutrient (e.g. iodine, vitamin A, iron and zinc) deficiencies can 

be considered for inclusion in CSA planning and activities, to help ensure that any CSA 

activities have a positive impact on micronutrient deficiencies (CGIAR Consortium 2015). 

Other indicators that could be considered for inclusion in CSA CPs include indicators relating 

to water and sanitation, proportion of adults (disaggregated) that have access to a bank account; 

and the share of agricultural researchers who are female.  These may provide information on 

preconditions for health and nutrition (water and sanitation); and the ability to borrow and save 

(bank account). Whether or not female agricultural researchers would focus more than their 

male counterparts on CSA that improves gender and livelihoods, food security, nutrition and 

health outcomes is debatable. Nonetheless, in some cultural contexts it may be important to 

have female agricultural researchers (and female agricultural advisors).  

A useful index designed to measure the empowerment, agency, and inclusion of women in 

agricultural sector projects and programmes is the Women's Empowerment in Agriculture 

Index (WEAI). The WEAI is a survey-based index constructed using interviews of primary 

male and primary female adults in the same household. It was developed by IFPRI, USAID, 

and OPHI in 2012, to measure the greater inclusion of women in the agriculture sector, as a 

result of the US Government’s Feed the Future Initiative (Alkire et al. 2013). The WEAI is a 

composite indicator composed of two sub-indexes. The first sub-index is the five domains of 

empowerment, which assess women’s empowerment across these five general areas (see 

Appendix 3). The second sub-index is the gender parity index, that measures women’s 

empowerment relative to that of men by comparing the five domains of empowerment profiles 

of women and men within the same household (Malapit et al. 2014). The WEAI indicators are 
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weighted. As with many project or programme surveys, not all regions of a country will be 

covered. However, the WEAI may grow in importance in the future as more agriculture 

programmes are asked to determine how they support empowerment. In the context of national-

level indicators, it should be noted that the WEAI does not collect data at the national level per 

se, as it is moving towards a project level framework. It also differs from agreed national-level 

indicators, which are generally defined via inter-governmental processes and collected by 

national governments. 

An additional indicator that could be considered for inclusion in the CSA CPs is the proportion 

of male and female adults with an account at a bank or with a mobile money service provider. 

Property as collateral for credit is important in many countries, so tends to affect females more 

than males. Both male and female farmers face structural barriers in funding access for climate 

smart agricultural practices (e.g. unfavorable loan terms for particular categories of farmers, or 

proximity of financial institutions, which affects those with less mobility). An indication of 

male and female farmers with access to a mobile or ‘smart’ phone is also a useful measure, 

although such data can become rapidly obsolete unless it is collected frequently.  

Other indicators that could be worth monitoring in the context of CSA would be data on how 

agri-research and information reaches smallholder farmers, particularly women. For instance, 

the Agricultural Science and Technology Indicators (ASTI) program at the CGIAR has an 

indicator on the share of agricultural researchers who are women, available by country. Similar 

to the share of seats in parliament for women indicator, such indicators do not guarantee a focus 

on gender issues in agriculture. A parallel indicator could ask research institutions and funding 

bodies (including donors) to track funds for gender-related research and how such research 

links with climate change adaptation or mitigation in the agri-sector. UN Women are 

advocating for systems to track and make public allocations for gender equality and women’s 

empowerment. Nonetheless, challenges remain for the development and use of indicators. 

Household poverty data that is measured based on income or household consumption does not 

yet account for distribution within households, obscuring intra-household assessments of 

poverty at the individual level (United Nations 2015). This can result in a gender blind spot for 

assessment of poverty (United Nations 2015).  

Sex-disaggregated data is an important step in the development of GIs in agriculture. While 

agriculture census data are collected and disaggregated by male and female-headed households, 

it provides limited data for gender analyses. Such data can raise awareness of agricultural 

production and output differences amongst households. Differences in male and female-headed 

households relate to many context specific disparities and factors. However, male- and female-

headed households may not be easily comparable because male-headed households may have 

access to family adult labour (female and male), while female-headed households have more 

limited access to such labour.  Hence, female-headed households are often more labour and 

resource constrained than male-headed households (Doss 2014). Furthermore, analysis based 

on household headship does not take into account women in male headed household and 

therefore provides only a partial picture of gender inequalities (Diana Deere et al. 2012). 

The MDGs and the SDGs has spurred national statistical offices to improve the level and 

quality of their collection of indicators regarding gender and livelihoods, food security, 

nutrition and health, including sex-disaggregated data. For instance, methodological guidelines 

for the production of sex-disaggregated data are available for national statistical agencies with 

regard to the production of household census data, and agricultural census data (FAO 2015; 

UNECE 2015; UNECE 2010). The United Nations publication, The World’s Women (2015), 

has highlighted the scale of the problem reporting that significant gaps exist with regard to the 
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availability, quality, and the comparability of data for even basic indicators. Tayyib et al (2013) 

indicates that while there is significant attention paid to gender in health and social statistics, 

the vast majority of agricultural indicators are gender blind (Tayyib et al. 2013). The gender 

gap in agriculture documentation persists for a number of reasons including: inadequate 

methods of data collection, poorly understood or poorly agreed definitions as well as the 

invisibility of women’s agricultural work, which tends to be unpaid and located in the informal 

sector. However, the reduced costs of computers and data storage are making statistical datasets 

much more widely accessible and inter-operable.  

This paper concludes that the integration of gender and livelihoods, food security, nutrition and 

health issues into CSA planning and scale-up can be improved by taking the set of national-

level indicators currently available, and ensuring, in so far as is possible, that they are 

disaggregated by age, sex, and location. We consider that it is not necessary to generate a 

completely new set of indicators with regard to gender, food security, nutrition and health, as 

there are existing indicators that are being collected at the national level that can be usefully 

repurposed.  

The process of scaling-up, monitoring and evaluation of CSA that more effectively ensures 

gender and livelihoods, food security, nutrition and health outcomes will be made easier if there 

are an agreed upon set of cross-comparable and time-series indicators when it comes to 

conducting both national and subnational analysis. The inclusion of existing national-level 

gender and livelihoods, food security, nutrition and health indicators in the CSA CPs will 

provide a basis to maintain a focus on the productivity and food security components of CSA.  
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Appendix 1: Complete list of indicators, sources, and tier levels 

The Table in Appendix 1 contains the full list of indicators considered, the original sources of 

those indicators, and current Tier level. Each indicator that is included in the Sustainable 

Development Goal indicators has an associated Tier level based on level of methodological 

development and data availability of the indicator.  

Tier 1: Indicator conceptually clear, established methodology and standards available and data 

regularly produced by countries. 

Tier 2: Indicator conceptually clear, established methodology and standards available but data 

are not regularly produced by countries. 

Tier 3: Indicator for which there are no established methodology and standards or 

methodology/standards are being developed/tested. 

 

Indicator  Source Available at: Tier Level 

1) Women's Empowerment In 

Agriculture (WEAI) index 

IFPRI, Oxford Poverty and 

Human Development 
Initiative (OPHI), and 

USAID's Feed the Future 

IFPRI: 

http://www.ifpri.org/topic/weai-
resource-center 

N/A 

2) Gender Inequality Index  HDRO; UN Maternal 
Mortality Estimation Group; 

UNDESA; IPU; UNESCO; 

ILO 

United Nations Development Program: 
http://hdr.undp.org/en/composite/GII  

N/A 

3) Distribution of female 
agricultural land holders 

Eurostat; World Programme 
for the Census of Agriculture 

FAO: http://www.fao.org/gender-
landrights-database/data-

map/statistics/en/  

N/A 

4) Poverty headcount ratio at 

national poverty lines 

World Bank, Global Poverty 

Working Group 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-
indicators  

Tier 1 

5) Proportion of countries with 

systems to track and make 

public allocations for gender 
equality and women’s 

empowerment 

UN Women; OECD UN Women:  http://gender-

financing.unwomen.org/en/resources?r

esourcetypes=4a49f301014e486cb0b1
6389d3939f8c  

Tier 3 

http://www.ifpri.org/topic/weai-resource-center
http://www.ifpri.org/topic/weai-resource-center
http://hdr.undp.org/en/composite/GII
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://www.fao.org/gender-landrights-database/data-map/statistics/en/
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://gender-financing.unwomen.org/en/resources?resourcetypes=4a49f301014e486cb0b16389d3939f8c
http://gender-financing.unwomen.org/en/resources?resourcetypes=4a49f301014e486cb0b16389d3939f8c
http://gender-financing.unwomen.org/en/resources?resourcetypes=4a49f301014e486cb0b16389d3939f8c
http://gender-financing.unwomen.org/en/resources?resourcetypes=4a49f301014e486cb0b16389d3939f8c
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Indicator  Source Available at: Tier Level 

6) Proportion of adults (15 

years and older) with an 
account at a bank or other 

financial institution or with 

a mobile  money- service 
provider 

World Bank & UNCDF World Bank:  

http://datatopics.worldbank.org/financi
alinclusion/  

Tier 1 

7) Poverty headcount ratio at 

$1.90 a day (2011 PPP) 

World Bank, Development 

Research Group 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-
indicators  

N/A 

8) Average monthly earnings 

of female and male 

employees by occupations 
(related to Agriculture)  

ILO  ILO: 

http://www.ilo.org/ilostat/faces/help_h

ome/data_by_subject?_adf.ctrl-
state=rq68a30x3_9&_afrLoop=274920

953241979#!  

N/A 

9) Average hourly earnings of 

female and male employees 

by occupations (related to 

Agriculture)  

ILO ILO: 

http://www.ilo.org/ilostat/faces/help_h

ome/data_by_subject?_adf.ctrl-

state=rq68a30x3_9&_afrLoop=274920

953241979#! 

N/A 

10) Percentage of  

children aged 5-14 years 

engaged in child by 

economic activity labour 

and sex   

ILO; UNICEF (statistics are 

based on the nationally-

representative household 

survey datasets listed in the 

survey catalogue) 

UNICEF: http://www.ucw-

project.org/Pages/ChildLabIndicator.as

px  

UCW website, section on child labour 

indicators:  

http://www.ucw-

project.org/Pages/ChildLabIndicator.as

px 

Single country report (ILO)  

 http://www.ilo.org/ipec/Childlabourst

atisticsSIMPOC/Questionnairessurvey

sandreports/lang--en/index.htm  

also http://www.ucw-

project.org/Pages/country_reports.aspx 

Tier 1 

11) Mean years of schooling 

(ISCED 1 or higher), 

population 25+ years, 

female 

UNESCO,   National 

population census; 

household and/or labour 

force surveys 

UNESCO:  

http://data.uis.unesco.org/Index.aspx?q

ueryid=242  

N/A 

http://datatopics.worldbank.org/financialinclusion/
http://datatopics.worldbank.org/financialinclusion/
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ilo.org/ilostat/faces/help_home/data_by_subject?_adf.ctrl-state=rq68a30x3_9&_afrLoop=274920953241979
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ucw-project.org/Pages/ChildLabIndicator.aspx
http://www.ilo.org/ipec/ChildlabourstatisticsSIMPOC/Questionnairessurveysandreports/lang--en/index.htm
http://www.ilo.org/ipec/ChildlabourstatisticsSIMPOC/Questionnairessurveysandreports/lang--en/index.htm
http://www.ilo.org/ipec/ChildlabourstatisticsSIMPOC/Questionnairessurveysandreports/lang--en/index.htm
http://www.ucw-project.org/Pages/country_reports.aspx
http://www.ucw-project.org/Pages/country_reports.aspx
http://data.uis.unesco.org/Index.aspx?queryid=242
http://data.uis.unesco.org/Index.aspx?queryid=242
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Indicator  Source Available at: Tier Level 

12) Proportion of seats held by 

women in national 

parliaments (%) 

Inter-Parliamentary Union World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

13) Prevalence of 

undernourished of 

population 

FAO World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

Tier 1 

14) GDP per capita, PPP 

(constant 2011 international 

$) 

World Bank, International 

Comparison Program 

database 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

N/A 

15) GNI per capita, PPP 

(constant 2011 international 

$) 

World Bank, International 

Comparison Program 

database 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

N/A 

16) Total government spending 

in social protection and 

employment programmes as 

a proportion of the national 

budgets and GDP  

ILO; World Bank  No Data Tier 3 

17) Proportion of total adult 

population with secure 

tenure rights to land, with 

legally recognized 

documentation and who 

perceive their rights to land 

as secure, by sex and by 

type of tenure   

UN-Habitat, 

FAO, UNSD, 

World Bank, 

UN-Women, 

UNEP 

IFAD 

No Data Tier 3 

18) Maternal mortality ratio 

(national estimate, per 

100,000 live births) 

Maternal Deaths per 

110,000 live Births 

UNICEF, State of the 

World's Children, Childinfo, 

and Demographic and Health 

Surveys 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

19) Adolescent birth rate (15 to 

19) per 1,000 women in that 

age group 

United Nations Population 

Division, World Population 

Prospects. 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

Tier 1  

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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Indicator  Source Available at: Tier Level 

20) Mean years of schooling 

(ISCED 1 or higher), 

population 25+ years, male 

UNESCO,   Mainly national 

population census; 

household and/or labour 

force surveys 

UNESCO:  

http://data.uis.unesco.org/Index.aspx?q

ueryid=242  

N/A 

21) Access to electricity (% of 

population) 

World Bank, Sustainable 

Energy for All (SE4ALL) 

database from World Bank, 

Global Electrification 

database 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

Tier 1 

22) Annual growth rate of real 

GDP per employed person 

ILO; World Bank; UNSD World Bank:  

http://data.worldbank.org/indicator/SL.

GDP.PCAP.EM.KD  

Tier 1 

23) Life Expectancy at birth, 

female (years) 

UN Pop Division; Census & 

statistical publications; 

Eurostat; UN Stat; US 

Census Bureau; Secretariat 

of the Pacific Community. 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

N/A 

24) Life Expectancy at birth, 

male (years)  

UN Pop Division; Census & 

statistical publications; 

Eurostat; UN Stat; US 

Census Bureau; Secretariat 

of the Pacific Community. 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

N/A 

25) Proportion of children and 

young people: (a) in grades 

2/3; (b) at the end of 

primary; and (c) at the end 

of lower secondary 

achieving at least a 

minimum proficiency level 

in (i) reading and (ii) 

mathematics, by sex 

UESCO-UIS; OECD NA Tier 3 

http://data.uis.unesco.org/Index.aspx?queryid=242
http://data.uis.unesco.org/Index.aspx?queryid=242
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://data.worldbank.org/indicator/SL.GDP.PCAP.EM.KD
http://data.worldbank.org/indicator/SL.GDP.PCAP.EM.KD
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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Indicator  Source Available at: Tier Level 

26) Percentage of population in 

a given age group achieving 

at least a fixed level of 

proficiency in functional (a) 

literacy and (b) numeracy 

skills, by sex 

UNESCO-UIS; World Bank; 

OECD 

World Bank:  

http://microdata.worldbank.org/index.p

hp/catalog/step  

Tier 2 

27) Roads, paved (% of total 

roads) 

DATA no longer available http://data.worldbank.org/indicator/IS.

ROD.PAVE.ZS  

N/A 

28) Adjusted net enrollment 

rate, primary, female (% of 

primary school age children) 

United Nations Educational, 

Scientific, and Cultural 

Organization (UNESCO) 

Institute for Statistics 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

29) Adjusted net enrollment 

rate, primary, male (% of 

primary school age children) 

United Nations Educational, 

Scientific, and Cultural 

Organization (UNESCO) 

Institute for Statistics 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

30) Literacy rate, adult female 

(% of females ages 15 and 

above) 

United Nations Educational, 

Scientific, and Cultural 

Organization (UNESCO) 

Institute for Statistics  

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

31) Literacy rate, adult male (% 

of males ages 15 and above) 

United Nations Educational, 

Scientific, and Cultural 

Organization (UNESCO) 

Institute for Statistics  

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

N/A 

32) Prevalence of moderate or 

severe food insecurity in the 

population, based on the 

Food Insecurity Experience 

Scale (FIES) 

FAO collected through 

Gallup World Poll 2014 

FAO:  http://www.fao.org/in-

action/voices-of-the-hungry/data-

download/en/  

Tier 1  

http://microdata.worldbank.org/index.php/catalog/step
http://microdata.worldbank.org/index.php/catalog/step
http://data.worldbank.org/indicator/IS.ROD.PAVE.ZS
http://data.worldbank.org/indicator/IS.ROD.PAVE.ZS
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://www.fao.org/in-action/voices-of-the-hungry/data-download/en/
http://www.fao.org/in-action/voices-of-the-hungry/data-download/en/
http://www.fao.org/in-action/voices-of-the-hungry/data-download/en/
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Indicator  Source Available at: Tier Level 

33) Prevalence of stunting 

(height for age <-2 SD from 

the median of the WHO 

Child Growth Standards) 

among children under five 

years of age (disaggregated 

by sex) 

WHO; UNICEF; World 

Bank 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

Tier 1 

34) Prevalence of wasting 

(weight for height <-2 SD 

from the median of WHO 

Child Growth Standards) 

among Children under the 

age of five (disaggregated 

by sex) 

WHO; UNICEF; World 

Bank 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

Tier 1  

35) Mortality rate, under-5, 

female (per 1,000 live birth) 

UNICEF, WHO, World 

Bank, UN DESA Population 

Division 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

Tier 1 

36) Adolescent fertility rate 

(births per 1,000 women 

ages 15-19) 

United Nations Population 

Division, World Population 

Prospects 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators  

Tier 1  

37) Fertility rate, total (births 

per woman) 

UN Pop Division; Census & 

statistical publications; 
Eurostat; UN Stat; US 

Census Bureau; Secretariat 

of the Pacific Community 

World Bank: 

http://databank.worldbank.org/data/rep
orts.aspx?source=world-development-

indicators  

Tier 1 

38) Adults (ages 15+) and 
children (ages 0-14) newly 

infected with HIV 

UNAIDS World Bank: 
http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-

indicators 

Tier 1 

39) Access to non-solid fuel (% 

of population)  

World Bank, Sustainable 

Energy for all (SE4ALL) 
database from WHO Global 

Household Energy database. 

World Bank: 

http://databank.worldbank.org/data/rep
orts.aspx?source=world-development-

indicators  

N/A 

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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Indicator  Source Available at: Tier Level 

40) Access to electricity (% of 

population) 

World Bank, Sustainable 

Energy for All (SE4ALL) 
database from World Bank, 

Global Electrification 

database. 

World Bank: 

http://databank.worldbank.org/data/rep
orts.aspx?source=world-development-

indicators 

Tier 1 

41) Access to electricity, rural 

(% of rural population) 

World Bank, Sustainable 

Energy for All (SE4ALL) 

database from World Bank, 
Global Electrification 

database. 

World Bank: 

http://databank.worldbank.org/data/rep

orts.aspx?source=world-development-
indicators 

N/A 

 

  

http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators
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Appendix 2:  Example Scoring system used for prioritization of national level indicators 

for inclusion in Climate-Smart Agriculture (CSA) Country Profiles (CPs). 

Please choose ten indicators and rank score 1 – 10 (10 considered most preferred) 

Indicator P#1 P#2 P#3 Total 

Score 

1) Gender Inequality Index     

2) Distribution of female agricultural land holders     

3) Poverty headcount ratio at national poverty lines     

4) Proportion of countries with 

systems to track and make public allocations for gender equality and women’s 

empowerment 

    

5) Proportion of adults (15 years and older) with an account at a bank or other financial 

institution or with a mobile  money- service provider 
    

6) Poverty headcount ratio at $1.90 a day (2011 PPP)     

7) Average monthly earnings of female and male employees by occupations (related to 
Agriculture) 

    

8) Average monthly earnings of female and male employees by occupations (related to 

Agriculture) 
    

9) Percentage of  children aged 5-14 years engaged in child by economic activity labour 

per sex 
    

10) Mean years of schooling (ISCED 1 or higher), population 25+ years, female     

11) Proportion of seats held by women in national parliaments (%)     

12) Prevalence of undernourished of population     

13) GDP per capita, PPP (constant 2011 international $)     

14) GNI per capita, PPP (constant 2011 international $)     

15) Total government spending in social protection and employment programmes as a 

proportion of the national budgets and GDP 

    

16) Maternal mortality ratio (national estimate, per 100,000 live births) Maternal Deaths 

per 110,000 live Births 

    

17) Adolescent birth rate (15 to 19) per 1,000 women in that age group     

18) Mean years of schooling (ISCED 1 or higher), population 25+ years, male     

19) Access to electricity (% of population)     

20) Growth rate of GDP per employed person (constant 1990 $)     
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21) Life Expectancy at birth, female (years)     

22) Life Expectancy at birth, male (years)     

 

Please choose ten indicators score them 1 – 10 (10 considered most preferred) 

Indicator P#1 P#2 P#3 Total 

Score 

1) Prevalence of moderate or severe food insecurity in the population, based on 

the Food Insecurity Experience Scale (FIES) 

    

2) Prevalence of stunting (height for age <-2 SD from the median of the WHO Child 

Growth Standards) among children under five years of age (disaggregated by sex) 

    

3) Prevalence of wasting (weight for height <-2 SD from the median of WHO Child 

Growth Standards) among Children under the age of five (disaggregated by sex) 

    

4) Prevalence of undernourished of population     

5) Under-five mortality rate (deaths per 1,000 live births) (disaggregated by sex)      

6) Mortality rate, under-5, female (per 1,000 live birth)     

7) Fertility rate, total (births per woman)     

8) Life Expectancy at birth, female (years)      

9) Poverty headcount ratio at $1.90 a day (2011 PPP)     

10) Adults (ages 15+) and children (ages 0-14) newly infected with HIV     

11) Literacy rate, adult female (% of females ages 15 and above)     

12) Literacy rate, adult male (% of males ages 15 and above)     

13) Mean years of schooling (ISCED 1 or higher), population 25+ years, female     

14) Mean years of schooling (ISCED 1 or higher), population 25+ years, male     

15) Maternal mortality ratio (national estimate, per 100,000 live births) Maternal Deaths 
per 110,000 live Births 

    

16) Access to electricity, rural (% of rural population     

17) Access to electricity (% of population)     

18) Access to non-solid fuel (% of population)      
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19) Distribution of female agricultural land holders     

20) Percentage of children aged 5-14 years engaged in child by economic activity 
(agriculture)  

labour per sex   
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Appendix 3: Women’s Empowerment in Agriculture Index (WEAI) 

The WEAI is a tool composed of two sub-indexes: one measures the five domains of 

empowerment for women, and the other measures the gender parity in empowerment within 

the household. It is an aggregate index based on individual-level data on men and women. 

Survey questions are asked about five (identified) domains of empowerment (below) to the 

principle male and female in the household. The Gender Parity Index (GPI) compares men and 

women their households. Based on both sub-indexes, the WEAI is an aggregate index that 

shows the degree to which women are empowered in their households (and communities) and 

the degree of inequality between women and men within the household. 

 

 

Women’s Empowerment in Agriculture Index 

 

Five domains of Empowerment 

Domain Indicator Weight 

Production decision-making Input in productive decisions 1/10 

Autonomy in production  1/10 

Access to productive resources Ownership of Assets  1/15 

Purchase, sale, or transfer of assets 1/15 

Access to and decision on credit 1/15 

Control over us of income Control over us of income 1/5 

Community leadership Group member 1/10 

Speaking in public 1/10 

Time Allocation  Workload 1/10 

Leisure 1/10 
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Abstract 

Vietnam, while accounting for about 6 percent of global rice production, is exceptionally 

vulnerable to the impacts of climate change. As such, climate adaptation is of particular 

importance to Vietnam, which can take the form of a ’planned adaptation’ in anticipation of 

gradual climate change or a ‘response adaptation’ to strengthen resilience regarding sudden 

onset change. Currently, there is a paucity of research concerning household level responses to 

climate change in Vietnam. To address this deficit, we employed mixed model ordinal logistic 

regression to analyse rural household data collected in the Mekong River and Red River deltas 

regions of Vietnam with the goal of identifying the drivers of planned and response adaptations. 

Our results indicate an increased odds of planned adaptation resulting from increases in 

observed climate challenges. In addition, we find that households with higher levels of 

government support has a positive impact on both planned and response adaptations. Though 

clearly influential, it is unclear how effective and responsive government support mechanisms 

are to local contextual challenges. Previous research has highlighted that farmers are likely to 

respond to the impacts of climate change regardless of institutional involvement. Given the 

influence of government support in this study, it is essential that the local institutional 

framework be responsive enough to ensure that adaptive strategies increase long-term 

resilience. Other key drivers of planned adaptations include income diversity and period of 

time without sufficient rice production. Finally, the presence of additional revenue streams and 

increased income reduce the odds of response adaptation. Overall our findings highlight that 

households will make adaptation in the face of perceived climate risk. The presence of 

government support is dominating factor in terms of adaptation, as such institutions must be 

dynamic enough to respond to differing contextual needs in order to build trust and adaptive 

capacity.  

 
Key Words: Planned Adaptation; Response Adaptation; Climate Change; Vietnam.   
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4.1 Introduction 

Climate change adaptation is a global priority. Climate impact studies have consistently 

forecast extensive impacts to agriculture across the globe (Wheeler and Von Braun 2013) and 

sought to understand the drivers of adaptation (Bryan et al. 2013; Dang et al. 2014; Deressa et 

al. 2011; Hassan and Nhemachena 2008). Such studies are particularly important to countries 

in Southeast Asia due to high reliance on agriculture and vulnerability to the impacts of climate 

change (Hijioka et al. 2014). Agricultural production in Vietnam is particularly vulnerable due 

to the majority of its agricultural activity occurring in low lying deltas (World Bank 2011). To 

date, only a few studies have examined agricultural adaptation in the context of climate change 

in Vietnam (Le Dang et al. 2014; Van et al. 2015; Van Tran et al. 2015). Further, analysis of 

the drivers of climate adaptation in agriculture are of significant importance from a food 

security, climate resilience and policy formation perspective.   

Climate change vulnerability arises due to the exposure of groups or individuals to stresses 

caused by the impacts of climate change (Adger 1999). Climate change adaptation is a complex 

process that can be defined by a systems’ ‘adaptive capacity’ (i.e. the system’s ability to deal 

with the impacts of such stresses and take advantage of opportunities to ameliorate them) 

(Adger and Vincent 2005). Adaptive responses to climate change can be autonomous or policy 

driven and shaped by many context-specific factors associated with the adaptive capacity of 

both households and communities (Deressa et al. 2011). Adaptive responses to climate change 

can be in the form of longer-term adaptation to anticipated change (i.e. planned adaptation) or 

short-term coping strategies (i.e. response adaptation) in response to stress (Binternagel et al. 

2010; Yohe and Tol 2002).  

Adaptive capacity and responses, both long and short term, are influenced by geographic, 

socio-economic, and institutional factors (Berman et al. 2015; Deressa et al. 2011; Smit and 

Wandel 2006). Previous studies have found that age, access to extension, income and wealth, 

land size and tenure, and geographic location have significant influences on adaptive capacity. 

Toth et al (2017) found that consistent provision of supports (such as subsidies, information, 

and training) reduces the influence of sociological and geographical factors impacting 

adaptation rates. Agrawal and Perrin (2009) found that local institutions heavily influence the 

adaptation response of households and rural communities. Evidence from Hungary suggests 

that farmers’ adaptation behaviour is significantly heightened when presented with observable 

climate change impacts (Li et al. 2017). Moreover, insights from India suggest that farmers 

tend to be risk averse when faced with climate challenges (Akhtar et al. 2017). 

Previous research in Vietnam has identified linkages between farmer’s perception of climate 

risk and the intention to adapt, concluding that increased risk perception resulted in increased 

intention to adapt (Le Dang et al. 2014). This study further investigates the influence of risk 

perceptions on climate change adaptation strategies by identifying the key drivers of ‘planned’ 

agricultural adaptation and household ‘response’ adaptation used by rural households in the 

Mekong and Red River deltas of Vietnam. In our study we have analysed activity data collected 

from 428 farm households across five provinces. Our study advances the understanding of key 

drivers of household and agricultural adaptation to climate change in Vietnam.  
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4.2 Background 

Vietnam Agri-Environment and Context 

In 2014, almost 50 percent of the total population was involved in agricultural activity (United 

Nations 2018). Rice is the main crop grown in Vietnam and accounts for the majority of 

agricultural production, with much of this production taking place in the Mekong and Red 

River deltas (GSO 2016). In 2016, Vietnam produced six percent of the world’s rice 

(FAOSTAT 2017). Vietnam is highly vulnerable to the impacts of climate change (Vien 2011), 

and has been ranked as one of the top five most impacted countries in relation sea level rise 

(Chaudhry and Ruysschaert 2007). Vietnam’s long coastline, geographic location, varied 

topography, and diversity of agro-climatic zones are all factors that make it one of the most 

vulnerable countries in the South-East Asia region. Extreme events, such as storms and floods, 

are particularly problematic considering the high proportion of agricultural systems located in 

coastal lowlands and deltas (World Bank 2011). In particular, the Mekong delta region is 

vulnerable to flooding, saline intrusion and storm events, while the Red River delta region is 

also vulnerable to sea level rise and flooding (Gass et al. 2011; Neumann et al. 2015). Sea level 

in the Mekong River delta region could rise by 100 cm, impacting more than 1.5 million 

hectares of land equivalent to 39 percent of the land area (Hong Son et al. 2018). See Table 4.1 

for climate vulnerabilities related to the two delta regions of Vietnam. 

Table 4.1 Region Specific Vulnerabilities 

Region  Characterisation  Physical 

Vulnerabilities  

Social 

Vulnerabilities  

Mekong River delta  High exposure, moderate 

sensitivity 

Sea level rise 

Flooding 

Saline intrusions 

Rising rates of storms 

Lack of freshwater 

supply in the dry season 

Long flood duration  

Rising rates of landless;  

Large numbers of 

migrants  

Red River delta  High exposure, moderate 

sensitivity 

Storms from East China 

Sea,  

Flooding  

 

High levels of poverty  

High rates of 

outmigration and female-

headed households 

Source: Table adapted from (Gass et al. 2011). 

Given the climate change risks facing Vietnam, adaptation to such risks is a high priority for 

both local and national governments (Nam et al. 2014). Vietnam introduced a national 

programme to respond to climate change related challenges in 2008, followed by the national 

strategy on climate change in 2011. In addition, the party central committee resolution on 

climate change reinforces Vietnam’s commitment to tackle the challenges of climate change. 

Within Vietnam, regional Climate Action Plans (CAPs) have been submitted as part of wider 
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adaptation efforts, which indicate proposed regional responses to climate change (Nam et al. 

2015). The primary focus of the CAPs has been on infrastructural investment, such as in 

establishing sea and river dykes, drainage, and irrigation (Christoplos et al. 2017). Local 

authorities also support climate risk reduction in agriculture through the promotion of more 

climate resilient crops, largely by implementation of incentives and subsidies. However, 

Christoplos (2017) reports that these subsidies are often modest and limited in their 

effectiveness.  

There are several key differences between farm households in the north and south of Vietnam. 

These differences are largely a result of the collectivization introduced in northern Vietnam 

circa 1950. Though similar efforts existed in the south, communism was never fully 

implemented (Kabeer and Tran 2002). Vietnam transitioned to a market-based economy 

through a series of economic reforms during the 1980s, however, the legacy of collectivization 

means that the economic and social structures differ markedly between north and south 

(Castella et al. 2005).  

The regions of the Mekong River delta (south) and Red River delta (north) both have large 

rural populations and high proportions of poor households. However, in the north, agricultural 

land holdings are smaller and more evenly distributed. Further, population density is greater 

and poverty levels higher (Kabeer and Tran 2002). The smaller average farm size (less than 1 

ha) in the north makes farming significantly less viable than in the south. The higher population 

density and smaller farm sizes in the north results in greater levels of migration from rural to 

urban areas (Gallina and Farnworth 2016).  

Off-farm employment is prevalent in both the north and south, though farms in the north are 

rarely of sufficient size to occupy the available labour force year round (Kabeer and Tran 2002). 

In south Vietnam, larger farm sizes lead to greater landlessness, which is offset by a larger and 

better-paid labour force (Gallina and Farnworth 2016). The poorest households in the north are 

those with small farm size that rely on farm income alone. Wealth generation is reliant on 

diversification into non-farm resources. The reverse is true in the south, with the poorest 

households being those that cannot maintain agriculture as their sole income (Kabeer and Tran 

2002).  

Adaptive Capacity 

An unexpected change (e.g. environmental stress) can lead to disruption of livelihoods. Access 

to resources, including economic, social, and political circumstances shape household level 

vulnerability to such stress (Adger 1999). Adaptive capacity, defined as – the ability of a system 

to adjust to climate change (including climate variability and extremes) to moderate potential 

damages, to take advantage of opportunities, or cope with the consequences - (IPCC 2007), is 

the capacity of individuals and systems to manage present and future stresses (Brooks et al. 

2005; Engle 2011). Adaptive capacity is manifested in adaptations (Smit and Wandel 2006), 

and these adaptations can be categorized into two broad types of adaptations (Neil Adger et al. 

2005). Response adaptations are short-term coping strategies employed to deal with the past or 

current events, while planned adaptations are longer-term strategies employed to deal with 

anticipated stress (Binternagel et al. 2010). However, what determines the adaptive capacity of 

a system differs depending on the context (Vincent 2007). The core characteristics of adaptive 

capacity have been identified as: effective institutions and governance, social learning, trust, 

collective action and the availability of assets (Jones et al. 2019). What shapes adaptive 

capacity is not limited to these core determinants, the relative importance of each will differ 

depending on the scale and context (Vincent 2007).   
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Jones and Boyd (2011) highlight key challenges in relation to adaptive capacity, which fall 

under the headings of human and informational, social, and natural. Human and institutional 

barriers to adaptation refer to challenges arising from a lack of knowledge as to climate impacts, 

and a lack of information as to how to address climate impacts. This challenge is applicable 

across scales. Social challenges may influence adaptation through access to formal and 

informal institutions, normative behaviour, societal values, risk perception and agency etc. 

Lastly, natural barriers to adaptation refer to the natural limits to adaptation, for example sea 

and temperature rise may limit adaptation.  

Though assets, such as finance, are important in enhancing individual and community adaptive 

capacity (Bryan et al. 2013; Deressa et al. 2009). Jones et al (2019) highlights that equal weight 

needs to be given to other contextual determinants of adaptive capacity, such as: 1) the 

existence of an evolving institutional environment that facilitates access to entitlements, 2) 

knowledge and information to help support contextually appropriate adaptation decisions, 3) 

the presence of an enabling environment for innovation, 4) a responsive forward thinking 

governance structure. 

Responsive and Planned Adaptation Strategies  

Strategies such as using savings or consuming fewer resources are common short-term 

responses to the onset of sudden shocks (e.g. drought). Climate change may increase the stress 

of these shocks to the point where such reactive strategies are no longer effective (Berman et 

al. 2015). For example, the shock can last longer than available resources will permit. This not 

only increases the difficulty of responding to the occurring shock, but can make investment in 

longer-term adaptations less feasible. Complicating things further, farmers in developing 

countries can face both multiple simultaneous stresses and a lack of institutional supports (Reid 

and Vogel 2006).  

Resources diverted from immediate issues in anticipation of future shocks can weaken the 

ability to address the current issue and potentially represent foregone income (Kurukulasuriya 

and Rosenthal 2003). Moreover, such planned strategies are often knowledge intensive. They 

include: diversification of crops, livestock, and other income sources, strategic locating of 

crops, and sustainable management practices (Kurukulasuriya and Rosenthal 2003), such as 

agroforestry. The degree to which these adjustments are possible is highly dependent on 

adaptive capacity. Human capital, social status, political stability and various other 

characteristics shape adaptive capacity, making it particularly difficult to measure (Reid and 

Vogel 2006). In addition, many climate change adaptive measures widely promoted in relation 

to natural resource management and sustainable management practices, have very low farmer 

adoption rates indicating significant constraints at farmer and household level to the scaling 

out of such practices. This limits the potential transformational impacts of some climate change 

adaptation measures (Stevenson et al. 2019). 

Determinants of Adaptive Response  

Human systems adapt to change in several ways. Response to gradual change is primarily 

autonomous, in that incremental reactionary measures may only be perceived through direct 

study. Alternatively, implementation of planned adaptation typically occurs in response to 

recognized vulnerability or exploitation of opportunity (Yohe and Tol 2002). Indeed, 

catastrophe can force drastic and immediate responses. While the first two forms of change are 

clearly preferable, factors influencing such processes can be difficult to measure. Such factors 

likely include: economic wealth; available technologies; information and skills; local 
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infrastructure; institutions; and equity (Below et al. 2012). Institutions (rules, decision-making 

procedures and programmes) that give rise to social practice (Gupta et al. 2010) provide 

predictability and stability, which make collective social action possible (Scharpf 1997). Local 

and intermediate institutions are a vital part of local adaptation, as they significantly influence 

the response of rural communities and households (Agrawal and Perrin 2009; Murray et al. 

2016). In addition, economic, cultural, political and institutional filters, the total number of 

stresses faced, and prior experience with such stresses, can also impact farmer responses 

(Bryant et al. 2000).  

Perception and Adaptation   

To adapt to climate change, it is essential that communities and households conceptualize the 

risks associated with climate change (Masud et al. 2017). In addition to increasing capacity, 

institutions play a role in shaping the perception of climate threats (Gupta et al. 2010). 

Individual perception of climate change hazards can lead to behavioural change involving 

voluntary action as a result of increased awareness and concern (Deng et al. 2017; Weber 

2010). Distribution of information can influence beliefs with regards to climate challenges, 

attitudes, actions and behavioural decisions (Masud et al. 2017).  

Experience can also shape future action with regards to climate change threats. When the threat 

of some risk is perceived to be low, people are less likely to take mitigating action (Dillon et 

al. 2011). Threats may include drought, floods, and hurricanes, amongst others (Deng et al. 

2017).  Communities who perceive themselves as being exposed to the impacts of climate 

change may be more willing to take action to mitigate the impacts of climate change 

(Leiserowitz and Broad 2008). A study conducted by Le Dang et al (2014) of farmer 

perceptions of climate change in the Mekong River delta concluded that farmers’ likelihood to 

have adaptation intentions was related to their perception of increased climate risks and the 

effectiveness of adaptations. Prior experience encourages the action of individuals in response 

to warnings (Dillon et al. 2011). 

Conversely, those with little first-hand experience of dealing with the impacts of climate 

change may perceive the risk as moderate or feel repercussions may not occur until the distant 

future, which may contribute to a lack of action (Singh et al. 2017). Such low risk perception 

has been suggested to be the case even amongst those whose livelihoods are most vulnerable 

to climate impacts (e.g. farmers and fishers). Without first-hand experience they may not have 

received sufficient feedback from their regular interaction with the environment to observe 

significant changes and become alarmed based on their lived experiences (Weber 2010).  

4.3 Methods 

Household data Collection 

Household data was collected by the International Rice Research Institute (IRRI) in 

collaboration with the Institute of Policy and Strategy for Agriculture and Rural Development 

(IPSARD) and the Vietnam National University of Agriculture (VNUA) as part of the climate 

change perception and adaptation strategies study in Vietnam. In total, 428 households were 

surveyed with the husband and wife being interviewed separately on climate change 

perceptions and adaptation strategies. Three provinces in the Mekong River delta participated 

in the survey (see figure 1 for study area): An Giang province with 90 households, Bac Lieu 

province with 64 households, and Tra Vinh province with 60 households. In addition, a further 

two provinces from the Red River delta were selected: Thai Binh province with 109 households 
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and Nam Dinh province with 105 households. Summary statistics for the study area provinces 

are provided in Table 4.2.  

Table 4.2 Study Area Profiles 

  

Monthly 

Income from 

Agriculture 

(’000 VNĐ) 

(2012) 

Poverty Rate 

(%) (2016) 

Population 

(’000s) (2016) 

Outmigration 

Rate (%) 

(2017) 

Number of 

Farms (2017) 

An Giang (south) 497.7 2.7 2159.9 5.0 1052 

 Bac Lieu (south 992 6.9 886.2 4.4 505 

Tra Vinh (south) 377.3 10.0 1040.5 3.1 109 

Thai Binh (north) 367.7 3.7 1852.6 2.5 1014 

Nam Dinh (north) 355.3 3.0 1790 3.0 432 

Source: (GSO 2018) 
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Figure 4.1 Study Area with Summary Statistics 

 

The survey areas for this study were selected based on prior evidence of climate change issues 

facing the locations. Provinces, communes, and villages were all selected following the same 

criterion from a list of farmers with at least ten years of commune farming experience. The 
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survey in Mekong River delta was conducted under the supervision of IPSARD and the Red 

River delta survey was supervised by VNUA. 

To identify planned and response adaptations by households, respondents were asked the 

following questions: 

For planned agricultural adaptation - What changes in your farming activities did you 

do during this stress? (1) Change in cropping pattern; (2) Change in rice variety; (3) 

Shift from crops to livestock; (4) Grow more kinds of crops; (5) Grow dry fodder crops; 

(6) Crop relocation; (7) Leave as fallow; (8) No change; (9) Other.   

For household response adaptation - What coping strategies do you do in response to 

negative impacts of this stress: (1) Reduced consumption; (2) Sold land; (3) Sold 

livestock; (4) Sold other assets (5) Got assistance from relatives or friends; (6) Got 

assistance from government; (7) Got assistance from NGO; (8) Borrowed money from 

bank; (9) Borrowed from others; (10) Got insurance payment; (11) Postponed payment 

of loans; (12) Worked more; (13) Took children out of school/ Sent children to work; 

(14) Other.  

The responses to variables related to planned and response adaptation were aggregated to 

construct variables related to the number of adaptations implemented by households in each 

category.  These aggregated values form the basis of the dependent variables for planned and 

response adaptation. As only a limited number of participants employed more than three 

adaptations in either planned agricultural or household response categories, an ordered variable 

was constructed taking on categories of zero to three, with zero representing no adaptations 

and three representing three or more adaptations.   

Table 4.3 summarises the dependent and explanatory variables included in the analysis. Over 

26 percent of participants did not implement any planned agricultural adaptations, while the 

percentage of participants implementing one or two adaptations was 29.44 and 32.01 percent 

respectively. Only 12.15 percent of participants implemented three or more planned 

agricultural adaptations. There was more variation among participants who had implemented 

household response adaptations. Over 35 percent of participants had not implemented any 

household response adaptations, while 17.06 percent and 14.72 percent implemented one or 

two, respectively. Overall, over 32 percent of the participants had implemented three or more 

household response adaptations. 

The choice of explanatory variables was informed by the empirical literature and data 

availability. The explanatory variables considered in this study are related to household 

characteristics, farm characteristics, climate impacts and support access. The household 

characteristics included province, education, age, female household head, household size, and 

log of total income. Participants are grouped in the analysis by province, two provinces in the 

Red River delta (north) accounting for 50 percent of the sample, and three provinces in the 

Mekong River delta (south) accounting for the remaining 50 percent. Education and age are 

both related to the household head and are both measured in years. Participants had an average 

of 6.97 years of education and the average age was 52.46 years. Female-headed households 

made up only 3.04 percent of the sample. The average size of the participating households was 

approximately four persons.  

Farm characteristics included in the analysis were total farm size and income diversity. The 

average farm size was 1.2 hectares, while the average income was 155 VND per household. 
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Due to the distribution of values, the log of total farm size and total income were used in the 

model. Income diversity is defined as the number of revenue streams available to the 

participating households. As only a small number of households had more than four revenue 

streams, income diversity was included as a categorical variable with 4 levels. Overall, 22 

percent of households had at least one revenue stream. While 41.12 percent had two. Nearly 

29 percent of participating households had three revenue streams, and only 8.18 percent of 

households reported four or more revenue streams.  

The climate impacts included in the analysis were the number of observed climate stresses, 

whether or not the participating household’s irrigation had been impacted and household food 

availability in years with and without the presence of stresses.  The number of climate stresses 

present was determined by aggregating the stresses reported by participating households (5 on 

average). Over 55 percent of participating households reported that their irrigation had been 

negatively impacted. Furthermore, participating households found themselves without 

sufficient food for 1.46 months, on average, in a year where they had been impacted by climate 

related stresses. In years with no climate stress present, this average figure was reduced to 0.54 

months per year.  

Variables measuring support access included level of government support received and the 

level of civil support, which included support from any non-governmental organisations. Types 

of support received by households from government and civil society organisations included: 

housing support, goods rations, financial relief, training in new technologies and farm 

practices. The variables were determined by aggregating the various types of government and 

civil support available to participating households. Again, these variables are categorical, with 

three levels, with only a small number of participating households in the sample having 

received more than two types of government support. In relation to government support, over 

41 percent of participating households received no support, while 43.73 percent received at 

least one type of support. Only 11.92 percent of participating households received two or more 

government supports. Over 90 percent of participating households reported receiving no civil 

support, while on 3.27 and 6.54 percent reporting receiving one or two types of civil support.  

Table 4.3 Summary Statistics 

Variable Name Variable Description % or Mean (SD) 

Dependent Variables 

Planned Agricultural  

Adaptation   

= 0 if number of agricultural adaptations is zero 

= 1 if number of agricultural adaptations is one  

= 2 if number of agricultural adaptations is two 

= 3 if number of agricultural adaptations is three or more 

= . if missing 

26.04% 

29.44% 

32.01% 

12.15% 

- 

Household Response 

Adaptation  

= 0 if number of household adaptations is zero 

= 1 if number of household adaptations is one  

= 2 if number of household adaptations is two 

35.28% 

17.06% 

14.72% 
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= 3 if number of household adaptations is three or more 

= . if missing 

32.94% 

- 

Independent Variables: Household Characteristics  

Province = 1 if in An Giang (south) 

= 2 if in Bac Lieu (south) 

= 3 if in Tra Vinh (south) 

= 4 if in Thai Binh (north) 

= 5 if in Nam Dinh (north) 

= . if missing 

21.03% 

14.95% 

14.02% 

25.47% 

24.53% 

- 

Education = household head years of education 6.97 (2.6) 

Age = age of the household head  52.46 (10.9) 

Female HH = 1 if household head is female 

= 0 if male 

= . if missing 

3.04% 

96.73% 

0.23% 

Household size  = number of persons within the household 4.23 (1.56) 

Log Total Income = log of total income in Vietnamese Dong 155.54 (8.1) 

Independent Variables: Farm Characteristics 

Log Total farm size  = log of total farm size in ha  1.21 (0.07) 

Income Diversity  = 1 if number of revenue streams is one   

= 2 if number of revenue streams is two 

= 3 if number of revenue streams is three  

= 4 if number of revenue streams is four or more  

= . if missing  

 21.73% 

41.12% 

28.97% 

8.18% 

- 

Independent Variables: Climate Impacts  

Climate Stresses =total number of climate-related stresses observed by household 5.06 (2.11) 

Irrigation Impacted  = 0 if not impacted  

= 1 if impacted  

44.63% 

55.37% 
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. if missing - 

Food Availability (WS)  = number of months without sufficient own rice in stress year  1.46 (2.52) 

Food Availability (NS) = number of months without sufficient own rice in non-stress year  0.54 (1.85) 

Independent Variables: Support access 

Government Support  = 0 if no support received  

= 1 if received one type of support  

= 2 if received more than one type of support  

= . if missing 

41.36% 

43.73% 

11.92% 

- 

Civil Support  = 0 if no support received  

= 1 if received one type of support  

= 2 if received more than one type of support  

= . if missing 

 90.19% 

3.27% 

6.54% 

- 

Observations  428 

 

Empirical Approach 

The dependent variables in our analysis are ordered categorical variables representing planned 

agricultural adaptation and household response adaptation and, as a result, an ordered response 

model is required (Pfarr et al. 2010). In this analysis, we use a mixed effect ordered logit model 

to assess the drivers of both planned agricultural adaptation and household response adaptation. 

The use of a mixed effects model allows for correlation between participating households in 

the same geographic region. In such models the dependent variable (𝑦) takes one of j ordered 

outcomes (i.e. 𝑦 ∈ {1,2, … , 𝑗}) where 𝑗 denotes the number of distinct categories. In our case j 

takes on values of 0 to 3 for both planned and response adaptation, with 0 representing no 

adaptations and 3 representing three or more adaptations.  

We estimate two separate models, one for planned adaptations and one for response 

adaptations, where adaptation is related to a range of independent variables, such that:  

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗 = 𝑓(𝑿𝑖𝑗
𝐻 , 𝐗𝑖𝑗

𝐹 , 𝐗𝑖𝑗
𝐶𝐼 , 𝑿𝑖𝑗,

𝑆𝐴, 𝒁𝑖𝑗 , 𝜀𝑖𝑗) 

 

[1] 

where 𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛 denotes the level of adaptations reported by individual i in nested group j, 

𝐗𝑖𝑗
𝐻  is a vector of household-related characteristics, 𝐗𝑖𝑗

𝐹  is a vector of farm-related 

characteristics,  𝐗𝑖𝑗
𝐶𝐼 is a vector of climate impact variables and 𝐗𝑖𝑗

𝑆𝐴 is a vector of support access 

characteristics, as per Table 3. The covariates corresponding to the random effects is 
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represented by 𝒁𝑖𝑗 , the error term is represented by 𝜀, and the model is estimated at the 

individual respondent level. Our mixed effects ordered logit model assumes an underlying 

propensity for adaptation (𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ ), such that: 

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ = 𝛼 + 𝛾1𝐗𝑖𝑗

𝐻 + 𝛾2𝐗𝑖𝑗
𝐹 + 𝛾3𝐗𝑖𝑗

𝐶𝐼 + 𝛾4𝐗𝑖𝑗
𝑆𝐴 + 𝛽1𝒁𝑖𝑗 + 𝜀𝑖𝑗 [2] 

with 

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗 = 0 if  𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ < 𝜏1 

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗 = 1 if 𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ < 𝜏2 

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗 = 2 if 𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ < 𝜏3 

and, 

𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗 = 3 if 𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑗
∗ < 𝜏4 

where 𝜏𝑗 are the cut-points or thresholds in the distribution of 𝐴𝑑𝑎𝑝𝑡𝑎𝑡𝑖𝑜𝑛∗. The models are 

estimated using the method of maximum likelihood via the Newton-Raphson algorithm (Long 

1997) and the coefficients 𝛾 and 𝛽 are estimated together with cutpoints 𝜏𝑗. 

 

4.4 Results & Discussion 

Table 4.4 presents the results of the ordered logistic regression models of the drivers of planned 

and response adaptation. The final models are based on 357 complete responses at the 

household level for both planned and response adaptation and the explanatory variables include 

household and farm characteristics, climate impacts and support access variables. Participants 

were grouped at the province level. 

 

Table 4.4 Mixed Effects Ordered Logit Results 

Variable Agricultural (Planned) Adaptation 

(Odds Ratio) 

Household (Response) Adaptation 

(Odds Ratio) 

Household characteristics 

Province   

An Giang (Base) (south) - - 

Bac Lieu (south) 2.87** (2.32) 1.89 (1.41) 

Tra Vinh (south) 2.95** (2.29) 2.98** (2.31) 

Thai Binh (north) 2.97** (2.18) 0.34** (-2.15) 
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Nam Dinh (north) 2.81** (2.10) 0.36** (-2.06) 

Education 0.98 (-0.50) 0.95 (-1.06) 

Age 1.00 (0.15) 0.99 (-0.22) 

Female HH 0.41 (-1.39) 1.27 (0.36) 

Household size  1.00 (0.04) 1.09 (1.16) 

Log total income 0.91 (-0.60) 0.69** (-2.21) 

Farm Characteristics 

Log Total farm size  0.99 (-0.02) 1.05 (0.27) 

Income Diversity  

One Revenue Source (Base) - - 

Two Revenue Sources 1.03 (0.10) 0.64 (-1.54) 

Three Revenue Sources 2.09** (2.30) 0.51* (-1.93) 

Four or more  Revenue Sources 1.06 (0.14) 0.34** (-2.39) 

Climate Impacts 

Climate Stresses 1.37*** (5.44) 1.10 (1.61) 

Irrigation Impacted  2.19*** (3.29) 1.27 (0.99) 

Food Availability (WS) 1.17*** (2.74) 0.98 (-0.40) 

Food Availability (NS) 0.80*** (-2.82) 1.00 (-0.01) 

Support Access 

Government Support    

No Support (Base) - - 

Some Support  1.16 (0.66) 1.27 (1.02) 

High Support  3.10*** (2.67) 6.89*** (4.16) 

Civil Support    
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No Support (Base)  - - 

Some Support  1.36 (0.46) 0.41 (-1.16) 

High Support 0.72 (-0.39) 0.33 (-1.24) 

Level variable: Province 2.50e-33 (9.83e-18) 1.08e-33 (6.50e-18) 

Observations  357 357 

Log Likelihood -428.62 -416.07 

Notes: *** denotes statistically significant at 1%, ** denotes statistically significant at 5%, and * denotes statistically 

significant at 10%. Z-statistics are in parentheses.  

Household Characteristics  

The household characteristics in the models included: province, education, age, female-headed 

household, household size, and the logarithim of total income. Only province proved to be 

statistically significant in both planned agricultural and household response models. Provinces 

were compared to the base case, which was the province coded as zero, in this case, An Giang. 

The odds of households implementing a planned agricultural adaptation increased by at least a 

factor of 2.81 relative to An Giang.  

Differences between provinces may be caused by a number of unobserved factors that may 

cause insecurity around economic risk, such as land tenure status, capital access, and price and 

market pressures. These factors, among others, are reported by Garschagen et al. (2012) to 

impact the socio-economic development of provinces; increasing debt, decreasing the 

profitability of agriculture, and collectively leading many to seek other forms of employment 

in other places.   

The migration figures in Table 4.2 show An Giang to have the highest out migration rate of the 

considered provinces. Although the role of migration is often debated, for many households, 

migration of some or all of the household on a permanent or semi-permanent basis can be 

viewed as a legitimate adaptation strategy (Garschagen et al. 2012).  Dorward et al (2009) 

identifies three broad livelihood strategies, ‘hanging in’, ‘stepping up,’ and ‘stepping out.’ 

Hanging in implies the maintenance of livelihood levels in the face of challenging economic 

circumstances, while stepping up implies a greater investment in current activities in order to 

increase current production. Stepping out, on the other hand, is when current activities are used 

to build a resource base large enough to invest in an alternative income generating activity 

(Dorward et al. 2009). Garschagen et al (2012) hypothesises that the substantial out migration 

of younger farm labour has resulted in farming households hanging in, using current farm 

production levels as a temporary or secondary livelihood activity.  

Response adaptation was significant for provinces in both the north and the south.  The odds 

of households in Tra Vinh implementing response adaptations increased by a factor of 2.98 

relative to An Giang province. Referring again to Table 4.2 we observe a much higher poverty 

rate of 10 percent in 2016 relative to the An Giang (2.7%), which may result in households 

having to implement an increased portfolio of coping strategies. On the other hand, the odds of 

northern provinces of Thai Binh and Nam Dinh implementing response adaptations decreased 

by 66 and 64 percent, respectively, relative to An Giang.  
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Gallina and Farnworth (2016) report that provinces in the south are in general better off relative 

to those in the north and are likely to have increased farm sizes and agricultural specialisation. 

However, a large proportion of households in both provinces in the north reported income from 

off-farm labour. Of the households participating in Thai Binh and Nam Dinh, over 74 and 60 

percent, respectively, indicated they were engaged in off-farm labour compared to An Giang’s 

54 percent. As noted, those farming households in the northern provinces who rely on more 

than a single revenue stream from agriculture tend to be better off, and as a result, have less 

need to implement a larger portfolio of coping strategies. The reverse is true in the south, 

meaning those farming households who cannot survive on agricultural income alone tend to be 

the worst off (Kabeer and Tran 2002), and are likely to have to enact a greater portfolio of 

coping strategies.  

Finally, total income was also significant in relation to response adaptation. As income 

increases the odds of implementing response adaptations decreases by 31 percent. In terms of 

dealing with unexpected shocks, higher income households are better able to help themselves 

than lower income households (Paul and Routray 2011). At the local level, coping capacity is 

influenced by the availability of finance, technologies and knowledge, institutional support, 

social networks and status (Smit and Wandel 2006). Increased coping capacity of those with 

higher incomes would therefore reduce the need for a higher number of response adaptations 

relative to those with less coping capacity.  

Farm Characteristics   

Farm Characteristics in the model included logarithm of total farm size, and income diversity. 

In a departure from the literature, we found no significant relationship between planned 

adaptation and farm size. However, significant relationships were found between income 

diversity and both planned and response adaptations. The odds of households with three or 

more revenue streams implementing planned adaptation increased by a factor of 2.09 relative 

to those with only one. Previous research indicates farm households with greater wealth and 

assets are often more likely to have engaged in adaptive practices (Belay et al. 2017; Below et 

al. 2012; Bryan et al. 2013; Deressa et al. 2009). However, determinants are often context 

specific and their weighting within the wider determination of adaptive capacity can vary. For 

example, Deressa et al. (2011) found a negative association between land size and the adoption 

of adaptive strategies, concluding that the size of the farm matters less than the characteristics 

of the farm in determination of adaptation. In addition, Toth et al. (2017) also concluded that 

defined determinants of adoption (geographic, social, financial and extension) are not always 

clear-cut.  

The adaptive capacity of a household or community is often determined by the enabling 

environment of the community, which is reflective of the resources and process that exist 

within the region (Smit and Wandel 2006; Yohe and Tol 2002). Additionally, the odds of 

households with three and four revenue streams implementing a household response adaptation 

decreased by 49 and 66 percent respectively relative to those with a single revenue source. This 

association is likely to be due to these household’s greater resilience and capacity to absorb 

shocks. As noted earlier, households that have the greatest coping capacity are often those with 

sufficient flexibility to respond to change (Smit and Wandel 2006).  
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Climate Impacts   

The variables measuring climate impacts in the models were the number of climate stresses 

present, irrigation impacted, and food availability in number of months in a year, with and 

without climate stress present.  

The presence of climate stress has a significant impact on respondents’ propensity to adapt. 

For every increase in observed climate stress, the odds of households implementing a planned 

adaptation increased by a factor of 1.37. As previous research has noted, planned adaptation is 

influenced by first-hand experience (Deng et al. 2017; Deressa et al. 2011; Leiserowitz and 

Broad 2008; Weber 2010; Whitmarsh 2008). Those who have been most exposed to the 

physical impacts of climate change are those that are most likely to act in response. Household 

response adaptations were not significantly associated with increases in climate stress. 

However, coping strategies are often employed in response to poverty, food insecurity and 

environmental change, all of which are exacerbated by the impacts of climate change (Berman 

et al. 2015).  

In addition, where irrigation systems had been adversely impacted, the odds of households 

implementing planned agricultural adaptations increased by a factor of 2.19. This finding 

supports the existing literature, which indicates that water availability is a significant predictor 

of farmer risk perception. For example, studies in the Nile river basin found similar associations 

between water variability and increased preparation for changes in climate (Deressa et al. 

2011).  

The variables for food availability were measured as the number of months in a year without 

own rice available in times of climate stress (Food availability WS) and times without stress 

present (Food availability NS). The results indicate that the odds of households implementing 

planned agricultural adaptations increased by a factor of 1.17 as the number of hungry months 

increases in times when climate stresses are observed. Conversely, the odds of households 

implementing planned adaptations decreased by 20 percent as the number of hungry months 

increased in years where a climate stress was not observed. In addition, there was no 

relationship between the number of hungry months and household response adaptation. This 

finding would indicate that households who have experienced climate stresses have a greater 

propensity for planned adaptation as a response to these challenges. It would appear that the 

observation of climate risk leads to greater implementation of planned adaptation.  

Support Access  

Variables relating to the level of government support and civil support were utilised in the 

models. As expected, increasing levels of government support are positively associated with 

both planned and response adaptation. The odds of those households that had received higher 

levels of government support (more than one type) implementing a planned agricultural 

adaptation were increased by a factor of 3.10 and a factor of 6.89 for response adaptation. 

Institutional supports help to create an enabling environment and shape the adaptive strategies 

of households (Agrawal and Perrin 2009; Smit and Wandel 2006). This is achieved through 

the facilitation of inputs that increase the adaptive capacity of households. These external 

inputs may include, but are not limited to, access to finance, knowledge and information, skills 

and training, credit, and technical support.  

In addition, institutions play a key role in determining access to the benefits of these exogenous 

resources (Agrawal and Perrin 2009; Jones et al. 2019). As such, institutions have a large 
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impact on the ability of individuals and groups to adapt to climate change (Jones and Boyd 

2011).  

The type of adaptive response is also influenced by institutions through the provision of 

knowledge and information, which can help to support contextually appropriate adaptation at 

the household level (Jones et al. 2019). Innovation and dissemination of appropriate 

technologies can often depend on the sensitivity of institutions (Rodima-Taylor et al. 2012).  

Adaptation can result from a combination of top-down policy change and household level 

autonomous response. As noted, the presence of climate stresses increase adaptation, however, 

without institutional support, formal adaptation initiatives may be undermined (Stock et al. 

2019). Research conducted in India by Stock et al (2019) shows that adaptation can happen 

with or without institutional support. However, a lack of institutional engagement in the 

adaptation process can lead to spurious disjointed adaptive responses on behalf of farmers that 

is not likely to improve long-term resilience. As such, institutional support must also help to 

determine adaptation strategies of rural communities and households (Agrawal 2008).  

No association was found between civil support, which includes NGO and cooperative 

supports, and planned or response adaptation. In terms of the provision of housing, finance, 

training or goods, there was little civil support available to any household in the sample, so 

civil support exerted little influence. Only 18 households in the sample were in receipt of any 

kind civil support. This is compared to 225 households who reported receiving at least one type 

of government support. In this context, government support is a more meaningful predictor of 

adaptation likelihood. 

As mentioned, agricultural incentives in Vietnam can often be modest and limited (Christoplos 

et al. 2017). In addition, policy prescriptions can be restrictive, and extension service standards 

can often vary (Garschagen et al. 2012). At the farm level, a lack of information and knowledge, 

poor extension or conflicting advice can stifle adaptation or result in maladaptation (Nyasimi 

et al. 2014). As farmers are likely to implement adaptive responses in the face of climate stress 

regardless of institutional support (Stock et al. 2019), the role of institutions in determining 

what is contextually appropriate is vital. In relation to both planned and response adaptation, 

government support was the most significant driver of response. How well coordinated these 

institutional efforts are in Vietnam in terms of dealing with climate stresses remains uncertain. 

What is, perhaps, clearer is that households will rely on the institutional supports that are 

available in a given context. As such, the supports available need to responsive to the 

environmental context in which they exist in order to increase adaptation to climate change, 

and trust in governance institutions.  

Our study highlights that agricultural incentives, though modest have a role in shaping the 

adaptive response of households in Vietnam. Thus, in order to ensure that the adaptations 

undertaken contribute to the long-term resilience of households and communities, it is essential 

that public institutional supports are dynamic and responsive to the changing local 

environment.   

4.5 Conclusion 

The purpose of this paper was to examine the drivers of household response and planned 

agricultural adaptations at the household level in Vietnam. Given the importance of rice 

production in the Mekong and Red River deltas to both the national economy and food security, 

coupled with the Vietnam’s vulnerability to the impacts of climate change, greater insight 
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regarding climate adaptation in the region is essential if adaptive capacity in the face of present 

and future climate challenges are to be effectively addressed. The study utilises household 

survey results and a mixed effect ordered logit model to assess the drivers of both planned 

agricultural adaptation and household response adaptation in the Mekong and Red River deltas. 

After accounting for differences between provinces, we found that various forms of risk 

perception drive both planned and responsive adaptation. Planned adaptation is influenced by 

the presence of climate risk in the form of food availability, impact on irrigation and observed 

climate risk.  In addition, planned adaptation is also influenced by the presence of government 

support. Indeed, the presence of government support is a key driver of planned adaptation, 

increasing the odds of adaptation taking place by a factor of 3.10 where government support 

was high. Response adaptation is also shaped by government support. The odds of households 

receiving higher levels of government support implementing response adaptations were 

increased by a factor of 6.89.  Diversity of revenue and increased revenue both reduced the 

odds of implementing response adaptation. 

Previous studies have highlighted the fact that farmers are likely to implement adaptive 

measures in the face of climate challenges, regardless of whether they have institutional support 

or not. However, lack of institutional direction can lead to distrust in governance systems, and 

the implementation of spurious adaptive responses. As such, the presence of a coherent 

government support system is essential in order to increase adaptive capacity of households 

through the provision of exogenous resources, appropriate knowledge and information 

systems, and the development of context specific adaptation strategy.   

 

Declaration 

The authors confirm that this study has not been published previously, that it is not under 

consideration for publication elsewhere, that its publication is approved by all authors and 

tacitly or explicitly by the responsible authorities where the work was carried out, and that, if 

accepted, it will not be published elsewhere in the same form, in English or in any other 

language, including electronically without the written consent of the copyright-holder. 

Declaration of Interest  
None.  



115 

 

References 

Adger WN (1999) Social Vulnerability to Climate Change and Extremes in Coastal Vietnam 

World Development 27:249-269 doi:https://doi.org/10.1016/S0305-750X(98)00136-3 

Adger WN, Vincent K (2005) Uncertainty in adaptive capacity Comptes Rendus Geoscience 

337:399-410 doi:https://doi.org/10.1016/j.crte.2004.11.004 

Agrawal A (2008) The role of local institutions in adaptation to climate change  

doi:https://doi.org/10.1596/28274 

Agrawal A, Perrin N (2009) Climate adaptation, local institutions and rural livelihoods. 

http://www.environmentportal.in/files/W08I6%20Arun%20Agrawal%20and%20Nico

las%20Perrin.pdf. Accessed 16th of January 2019 

Akhtar S et al. (2017) Factors influencing hybrid maize farmers’ risk attitudes and their 

perceptions in Punjab Province, Pakistan  Journal of Integrative Agriculture:1454-

1462 doi:https://doi.org/10.1016/S2095-3119(17)61796-9 

Belay A, Recha JW, Woldeamanuel T, Morton JF (2017) Smallholder farmers’ adaptation to 

climate change and determinants of their adaptation decisions in the Central Rift 

Valley of Ethiopia Agriculture & Food Security 6:24 

doi:https://doi.org/10.1186/s40066-017-0100-1 

Below TB, Mutabazi KD, Kirschke D, Franke C, Sieber S, Siebert R, Tscherning K (2012) 

Can farmers’ adaptation to climate change be explained by socio-economic 

household-level variables? Global Environmental Change 22:223-235 

doi:https://doi.org/10.1016/j.gloenvcha.2011.11.012 

Berman RJ, Quinn CH, Paavola J (2015) Identifying drivers of household coping strategies to 

multiple climatic hazards in Western Uganda: implications for adapting to future 

climate change Climate and Development 7:71-84 

doi:https://doi.org/10.1080/17565529.2014.902355 

Binternagel NB, Juhrbandt J, Koch S, Purnomo M, Schwarze S, Barkmann J, Faust H (2010) 

Adaptation to climate change in Indonesia - livelihood strategies of rural households 

in the face of ENSO related droughts. In: Tscharntke T, Leuschner C, Veldkamp E, 

Faust H, Guhardja E, Bidin A (eds) Tropical Rainforests and Agroforests under 

Global Change: Ecological and Socio-economic Valuations. Springer Berlin 

Heidelberg, Berlin, Heidelberg, pp 351-375. doi:http://doi.org/10.1007/978-3-642-

00493-3_16 

Brooks N, Neil Adger W, Mick Kelly P (2005) The determinants of vulnerability and 

adaptive capacity at the national level and the implications for adaptation Global 

Environmental Change 15:151-163 

doi:https://doi.org/10.1016/j.gloenvcha.2004.12.006 

Bryan E, Ringler C, Okoba B, Roncoli C, Silvestri S, Herrero M (2013) Adapting agriculture 

to climate change in Kenya: Household strategies and determinants Journal of 

Environmental Management 114:26-35 

doi:https://doi.org/10.1016/j.jenvman.2012.10.036 

Bryant CR, Smit B, Brklacich M, Johnston TR, Smithers J, Chjotti Q, Singh B (2000) 

Adaptation in Canadian agriculture to climatic variability and change Climatic change 

45:181-201 doi:https://doi.org/10.1007/978-94-017-3010-5_10 

Castella J-C, Boissau S, Trung TN, Quang DD (2005) Agrarian transition and lowland–

upland interactions in mountain areas in northern Vietnam: application of a multi-

agent simulation model Agricultural Systems 86:312-332 

doi:https://doi.org/10.1016/j.agsy.2004.11.001 

Chaudhry P, Ruysschaert G (2007) Climate Change and Human Development in Viet Nam: 

A case study for the Human Development Report 2007/2008. 

https://oxfamilibrary.openrepository.com/bitstream/handle/10546/111979/climate-



116 

 

change-human-development-vietnam-010108-

en.pdf;jsessionid=C52BDF5955302836D5ADF340304C5129?sequence=1. Accessed 

10th of January 2019 

Christoplos I, Ngoan LD, Sen LTH, Huong NTT, Nguyen H (2017) Changing arenas for 

agricultural climate change adaptation in Vietnam Development in Practice 27:132-

142 doi:https://doi.org/10.1080/09614524.2017.1285272 

Dang HL, Li E, Nuberg I, Bruwer J (2014) Understanding farmers’ adaptation intention to 

climate change: A structural equation modelling study in the Mekong Delta, Vietnam 

Environmental Science & Policy 41:11-22 

doi:https://doi.org/10.1016/j.envsci.2014.04.002 

Deng Y, Wang M, Yousefpour R (2017) How do people's perceptions and climatic disaster 

experiences influence their daily behaviors regarding adaptation to climate change? 

— A case study among young generations Science of The Total Environment 581-

582:840-847 doi:https://doi.org/10.1016/j.scitotenv.2017.01.022 

Deressa TT, Hassan RM, Ringler C (2011) Perception of and adaptation to climate change by 

farmers in the Nile basin of Ethiopia The Journal of Agricultural Science 149:23-31 

doi:https://doi.org/10.1017/S0021859610000687 

Deressa TT, Hassan RM, Ringler C, Alemu T, Yesuf M (2009) Determinants of farmers’ 

choice of adaptation methods to climate change in the Nile Basin of Ethiopia Global 

environmental change 19:248-255 

doi:https://doi.org/10.1016/j.gloenvcha.2009.01.002 

Dillon RL, Tinsley CH, Cronin M (2011) Why Near‐Miss Events Can Decrease an 

Individual's Protective Response to Hurricanes Risk Analysis 31:440-449 

doi:https://doi.org/10.1111/j.1539-6924.2010.01506.x  

Dorward A, Anderson S, Bernal YN, Vera ES, Rushton J, Pattison J, Paz R (2009) Hanging 

in, stepping up and stepping out: livelihood aspirations and strategies of the poor 

Development in Practice 19:240-247 doi:https://doi.org/10.1080/09614520802689535 

Engle NL (2011) Adaptive capacity and its assessment Global Environmental Change 

21:647-656 doi:https://doi.org/10.1016/j.gloenvcha.2011.01.019 

FAOSTAT (2017) Food and Agriuclture Organisation Statistical Database. Food and 

Agriuclture Organisation. http://www.fao.org/faostat/en/#data. 24th of November 

2018 

Gallina A, Farnworth C (2016) Gender dynamics in rural households in Vietnam: A literature 

review  CCAFS Working Paper no. 183. CGIAR Research Program on Climate 

Change, Agriculture and Food Security (CCAFS), Copenhagen, Denmark:.  

Garschagen M, Diez JR, Nhan DK, Kraas F (2012) Socio-Economic Development in the 

Mekong Delta: Between the Prospects for Progress and the Realms of Reality. In: 

Renaud FG, Kuenzer C (eds) The Mekong Delta System: Interdisciplinary Analyses 

of a River Delta. Springer Netherlands, Dordrecht, pp 83-132. 

doi:https://doi.org/10.1007/978-94-007-3962-8_4 

Gass P, Hove H, Parry J (2011) Review of current and planned adaptation action: East and 

Southeast Asia. International Institute for Sustainable Development 

https://dev.cakex.org/sites/default/files/asia%20-

%20east%20and%20southeast%20asia%20regional%20and%20country%20profiles.p

df. Accessed 10th of January 2019 

GSO (2016) General Statistics Office (GSO) of Vietnam: Statistical Yearbook 2016. General 

Statistics office of Vietnam Vietnam 

https://www.gso.gov.vn/Default_en.aspx?tabid=515. Accessed 28th of November 

2018 



117 

 

GSO (2018) General Statistics Office (GSO) of Vietnam. Government of Vietnam Ha Noi, 

Vietnam. http://www.gso.gov.vn/Default_en.aspx?tabid=494&itemid=13506. 

Accessed 24th of November 2018 

Gupta J et al. (2010) The Adaptive Capacity Wheel: a method to assess the inherent 

characteristics of institutions to enable the adaptive capacity of society Environmental 

Science & Policy 13:459-471 doi:https://doi.org/10.1016/j.envsci.2010.05.006 

Hassan R, Nhemachena C (2008) Determinants of African farmers’ strategies for adapting to 

climate change: Multinomial choice analysis African Journal of Agricultural and 

Resource Economics 2:83-104 doi:https://ageconsearch.umn.edu/record/56969 

Hijioka Y et al. (2014) Asia. In: Barros VR et al. (eds) Climate Change 2014: Impacts, 

Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working 

Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate 

Change. Cambridge University Press, Cambridge, UK  

Hong Son N, Tan Yen B, Sebastian L (2018) Development of Climate-Related Risk Maps 

and Adaptation Plans (Climate Smart MAP) for Rice Production in Vietnam’s 

Mekong River Delta. CCAFS Working Paper no. 220. CGIAR Research Program on 

Climate Change, Agriculture and Food Security (CCAFS), Wageningen, the 

Netherlands.  

IPCC (2007) Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of 

Working Group II to the Fourth Assessment. Report of the Intergovernmental Panel 

on Climate Change. Cambridge University Press, Cambridge, UK.  

Jones L, Boyd E (2011) Exploring social barriers to adaptation: Insights from Western Nepal 

Global Environmental Change 21:1262-1274 

doi:https://doi.org/10.1016/j.gloenvcha.2011.06.002 

Jones L, Ludi E, Jeans H, Barihaihi M (2019) Revisiting the Local Adaptive Capacity 

framework: learning from the implementation of a research and programming 

framework in Africa Climate and Development 11:3-13 

doi:http://doi.org/10.1080/17565529.2017.1374237 

Kabeer N, Tran T (2002) Leaving the rice fields, but not the countryside Shifting burdens: 

Gender and agrarian change under neoliberalism:109-150 

doi:http://eprints.soas.ac.uk/id/eprint/10796 

Kurukulasuriya P, Rosenthal S (2003) Climate change and agriculture: A review of impacts 

and adaptations  doi:http://hdl.handle.net/10986/16616 

Le Dang H, Li E, Bruwer J, Nuberg I (2014) Farmers’ perceptions of climate variability and 

barriers to adaptation: lessons learned from an exploratory study in Vietnam 

Mitigation and Adaptation Strategies for Global Change 19:531-548 

doi:https://goi.org/10.1007/s11027-012-9447-6 

Leiserowitz A, Broad K (2008) Florida: Public opinion on climate change. New Haven, CT: 

Yale Project on Climate Change. http://climatecommunication.yale.edu/wp-

content/uploads/2016/02/2008_09_Florida-Public-Opinion-on-Climate-Change.pdf. 

Accessed 26th of November 2018 

Li S, Juhász-Horváth L, Harrison PA, Pintér L, Rounsevell MDA (2017) Relating farmer's 

perceptions of climate change risk to adaptation behaviour in Hungary Journal of 

Environmental Management 185:21-30 

doi:https://doi.org/10.1016/j.jenvman.2016.10.051 

Long S (1997) Regression models for categorical and limited dependent variables: Advanced 

quantitative techniques in the social sciences vol Number 7. Sage Publications 

Thousand Oaks, CA 

Masud MM, Azam MN, Mohiuddin M, Banna H, Akhtar R, Alam ASAF, Begum H (2017) 

Adaptation barriers and strategies towards climate change: Challenges in the 



118 

 

agricultural sector Journal of Cleaner Production 156:698-706 

doi:https://doi.org/10.1016/j.jclepro.2017.04.060 

Murray U, Gebremedhin Z, Brychkova G, Spillane C (2016) Smallholder Farmers and 

Climate Smart Agriculture Technology and Labor-productivity Constraints amongst 

Women Smallholders in Malawi Gender, Technology and Development:117-148 

doi:https://doi.org/10.1177/0971852416640639 

Nam N, Trang T, Tyler S, Anh QN, Sinh B, Huy N, Khanh P (2014) Climate Adaptation 

Planning in Vietnam: A review of local government experience. Institute for Social 

and Environmental Transition-International., Hanoi, Vietnam. 

https://docs.wixstatic.com/ugd/558f8a_04e365673bc8424a9b0b5f58e7fa3b03.pdf.  

Nam N et al. (2015) Local planning for climate adaptation: Vietnam’s experience. 

http://pubs.iied.org/pdfs/10741IIED.pdf.  

Neil Adger W, Arnell NW, Tompkins EL (2005) Successful adaptation to climate change 

across scales Global Environmental Change 15:77-86 

doi:https://doi.org/10.1016/j.gloenvcha.2004.12.005 

Neumann J, Emanuel K, Ravela S, Ludwig L, Verly C (2015) Risks of coastal storm surge 

and the effect of sea level rise in the Red River Delta, Vietnam Sustainability 7:6553-

6572 doi:https://doi.org/10.3390/su7066553 

Nyasimi M, Amwata D, Hove L, Kinyangi J, Wamukoya G (2014) Evidence of impact: 

climate-smart agriculture in Africa: CCAFS Working Paper no. 86. GIAR Research 

Program on Climate Change, Agriculture and Food Security (CCAFS), Copenhagen, 

Denmark. https://hdl.handle.net/10568/51374.  

Paul SK, Routray JK (2011) Household response to cyclone and induced surge in coastal 

Bangladesh: coping strategies and explanatory variables Natural Hazards 57:477-499 

doi:https://doi.org/10.1007/s11069-010-9631-5  

Pfarr C, Schmid A, Schneider U (2010) Estimating ordered categorical variables using panel 

data: a generalized ordered probit model with an autofit procedure  

doi:http://dx.doi.org/10.2139/ssrn.1624954 

Reid P, Vogel C (2006) Living and responding to multiple stressors in South Africa—

Glimpses from KwaZulu-Natal Global Environmental Change 16:195-206 

doi:https://doi.org/10.1016/j.gloenvcha.2006.01.003 

Rodima-Taylor D, Olwig MF, Chhetri N (2012) Adaptation as innovation, innovation as 

adaptation: An institutional approach to climate change Applied Geography 33:107-

111 doi:https://doi.org/10.1016/j.apgeog.2011.10.011 

Scharpf FW (1997) Games real actors play: Actor-centered institutionalism in policy 

research. Routledge. doi:https://doi.org/10.4324/9780429500275 

Singh AS, Zwickle A, Bruskotter JT, Wilson R (2017) The perceived psychological distance 

of climate change impacts and its influence on support for adaptation policy 

Environmental Science & Policy 73:93-99 

doi:https://doi.org/10.1016/j.envsci.2017.04.011 

Smit B, Wandel J (2006) Adaptation, adaptive capacity and vulnerability Global 

environmental change 16:282-292 

doi:https://doi.org/10.1016/j.gloenvcha.2006.03.008 

Stevenson J et al. (2019) Farmer adoption of plot-and farm-level natural resource 

management practices: Between rhetoric and reality Global Food Security 20:101-104 

doi:https://doi.org/10.1016/j.gfs.2019.01.003 

Stock R, Birkenholtz T, Garg A (2019) Let the people speak: improving regional adaptation 

policy by combining adaptive capacity assessments with vulnerability perceptions of 

farmers in Gujarat, India Climate and Development 11:138-152 

doi:10.1080/17565529.2017.1410089 



119 

 

Toth G, Nair PKR, Duffy CP, Franzel SC (2017) Constraints to the adoption of fodder tree 

technology in Malawi Sustainability Science 12:641-656 

doi:http://doi.org/10.1007/s11625-017-0460-2 

United Nations (2018) World Statistics Pocket Book United Nations Statistics Division 

http://data.un.org/CountryProfile.aspx?crName=viet%20nam.  

Van ST, Boyd W, Slavich P, Van TM (2015) Perception of Climate Change and Farmers' 

Adaptation: A Case Study of Poor and Non-Poor Farmers in Northern Central Coast 

of Vietnam Journal of Basic & Applied Sciences 11:323 

doi:http://dx.doi.org/10.6000/1927-5129.2015.11.48 

Van Tran S, Boyd WB, Slavich P, Van TM (2015) Agriculture and Climate Change: 

Perceptions of Provincial Officials in Vietnam Journal of Basic and Applied Sciences 

11:487-500 doi:http://dx.doi.org/10.6000/1927-5129.2015.11.66 

Vien TD (2011) Climate change and its impact on agriculture in Vietnam Hanoi University of 

Agriculture, J Issaas 17:17-21 doi:https://www.issaas.org/journal/v17/01/journal-

issaas-v17n1-03-vien.pdf 

Vincent K (2007) Uncertainty in adaptive capacity and the importance of scale Global 

Environmental Change 17:12-24 doi:https://doi.org/10.1016/j.gloenvcha.2006.11.009 

Weber EU (2010) What shapes perceptions of climate change? Wiley Interdisciplinary 

Reviews: Climate Change 1:332-342 doi:https://doi.org/10.1002/wcc.41  

Wheeler T, Von Braun J (2013) Climate change impacts on global food security Science 

341:508-513 doi:https://doi.org/10.1126/science.1239402 

Whitmarsh L (2008) Are flood victims more concerned about climate change than other 

people? The role of direct experience in risk perception and behavioural response 

Journal of risk research 11:351-374 doi:https://doi.org/10.1080/13669870701552235 

World Bank (2011) Vulnerability, Risk Reduction, and Adaptation to Climate Change: 

Vietnam. World Bank Group, Washington, DC. 

http://sdwebx.worldbank.org/climateportal/doc/GFDRRCountryProfiles/wb_gfdrr_cli

mate_change_country_profile_for_SLB.pdf. Accessed 24th of November 2018 

Yohe G, Tol RSJ (2002) Indicators for social and economic coping capacity—moving toward 

a working definition of adaptive capacity Global Environmental Change 12:25-40 

doi:https://doi.org/10.1016/S0959-3780(01)00026-7 

 

  



120 

 

Chapter 5 

Gender Disparities in Agroforestry Knowledge Acquisition from Climate Smart Agriculture 

Extension Approaches 

Colm Duffy1*, Greg Toth2, John Cullinan3, Una Murray1, Charles Spillane1 

 

1 Plant & AgriBiosciences Research Centre (PABC), Ryan Institute, National University of Ireland Galway, 

University Road, Galway H91 REW4, Ireland.  
2 School of Forest Resources and Conservation, University of Florida, Gainesville, USA. 
3 Discipline of Economics, National University of Ireland Galway, University Road, Galway H91 REW4, 

Ireland. 

 

* Corresponding author 

Corresponding Author Details Postal Address: Plant & AgriBiosciences Research Centre (PABC), National 

University of Ireland Galway, University Road, Galway, Ireland 

Email: colm.duffy@nuigalway.ie 

ORCID: https://orcid.org/0000-0002-0076-6749  

 

Abstract 

Numerous extension efforts attempt to promote climate smart agriculture (CSA) practices in 

Sub-Saharan Africa. The need to address any gender disparities within such CSA dissemination 

efforts is widely recognised. Given the high numbers of female farmers in Malawi, gender-

sensitive CSA dissemination and adoption has the potential contribute to sustainable rural 

development. Here, we quantify approaches for maximizing such potential through comparison 

of different extension approaches, including lead farmers, Non-Governmental Organization 

(NGO) trainers, and farmer clubs. We applied ordered logistic regression to data regarding 

post-extension increases in self-assessed CSA knowledge levels. Male farmers achieved the 

greatest perceived increases in knowledge through traditional extension means, such as NGO 

trainers and farmer clubs. While female farmers also achieved perceived increases in 

knowledge through traditional sources, the knowledge gains were less than those of male 

farmers. In addition, the interaction of female farmers with lead farmers (i.e. community 

members trained to train others) made increases in knowledge much more likely. However, the 

overall impact of lead farmers is constrained by their limited range and availability. While 

women who received lead farmer visits were more likely to report high levels of agroforestry 

knowledge retention post-extension, the majority of female participants received no such visits. 

Our results can inform more effective approaches for improving CSA extension effectiveness, 

such as: training more female extension agents, including improving the extent of sensitivity 

to the needs of female farmers in extension agent training, and coordination of specialized 

women’s groups for the purposes of serving as their own farmer clubs and centralizing receipt 

of formal extension (thereby increasing confidence and reducing nominal and passive 

participation).   
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5.1 Introduction  

Lack of attention to gender disparities in efforts to improve agriculture based development can 

contribute to lower levels of productivity, income, and nutrition (Peterman et al. 2014). This is 

particularly true for Sub-Saharan Africa (SSA) where women generally have smaller 

landholdings, weaker property rights, as well as poorer access to markets, technology, inputs, 

education, and services such as extension and information sharing (Mukasa and Salami 2016). 

As a result, a large gap in knowledge levels can exist between male and female smallholder 

farmers in SSA (Mittal 2016). This disparity, and its causes, is considered to be accentuated in 

Malawi, where women make up a larger percentage of the agricultural labor force than they do 

in other parts of SSA (Heintz and Valodia 2008).  

Concurrently in Malawi, significant efforts are underway to develop and disseminate climate 

smart agriculture (CSA) practices (Campbell et al. 2014; FAO 2010a). Relative to conventional 

agriculture, CSA interventions aim to contribute to climate change adaptation and resilience 

for farming systems and communities, while also contributing to mitigation (emissions 

reduction) and food security (Campbell et al. 2014; World Bank et al. 2015). There is a need 

for increased critical analysis of the gendered constraints that may reduce the ability of men 

and women to adopt or engage with CSA options (Duffy et al. 2017; Murray et al. 2016). The 

inclusion of women farmers in CSA scaling planning and adoption pathways is considered 

essential for positive outcomes from CSA interventions (Bernier et al. 2015; Chanana-Nag and 

Aggarwal 2018; O'Sullivan et al. 2014; Peterman et al. 2014). 

Agroforestry is an example of a CSA practice that is widely promoted (Rosenstock et al. 2016). 

As a practice, agroforestry involves the interaction of agriculture and forestry by farmers with 

livestock, crops, and forests at multiple scales (Coulibaly et al. 2017). Agroforestry systems 

may include intercropping, livestock and pastoral systems, as well as home gardens (Zomer et 

al. 2014). The benefits of agroforestry have been demonstrated through increases in food 

security, crop yield, and positive livelihood outcomes (Akinnifesi et al. 2010; Mbow et al. 

2014; Sileshi et al. 2008). To-date, only limited agroforestry adoption has occurred in SSA 

(Meijer et al. 2015). This is considered due, in part, to its knowledge intensive nature (Franzel 

and Wambugu 2007; Mercer 2004). Hence, the role of extension and training is critical in 

aiding the development of relevant knowledge regarding agroforestry, which in turn affects 

perceptions and attitudes that contribute to CSA adoption decisions (Meijer et al. 2015). The 

adoption of agroforestry as a CSA practice can be influenced by gender, which can relate to 

differential roles, relations and knowledge acquisition of men and women farmers regarding 

agroforestry.  

Here we measure one aspect of such gender issues, namely knowledge acquisition by female 

agriculturalists during a large-scale agroforestry extension program in Malawi. We collected 

data at the end of the fifth year of a World Agroforestry Centre (ICRAF) Agroforestry Food 

Security Program (AFSP) in Malawi. The data included demographic and farm characteristic 

information, as well as gender-specific and knowledge self-assessment survey responses. 

Through ordered logistic regression analysis of the data, we could identify factors specific to 

knowledge retention by male and female AFSP participants. These factors are contrasted with 

those identified in other studies from the region, and can be used to develop recommendations 

for increasing the effectiveness of CSA extension efforts with female farmers.  
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5.2 Methodology 

Country Context  

Approximately 85 percent of the population of Malawi lives in rural areas, where the vast 

majority of farmers are smallholders with average land holdings of 1.2 ha in the North and 0.7 

ha in the South (NORAD, 2014). In both regions, agriculture is the mainstay for circa 94 

percent of women and circa 85 percent of men (FAO 2011). Despite the larger percentage of 

women involved, men tend to control some key decisions over agricultural activities (Chirwa 

et al, 2011; Hockett & Richardson, 2016; Chitsike et al. 2016). In agricultural systems and rural 

communities, gender can significantly affect the processes of production, distribution, and 

consumption (Quisumbing et al. 2014a). 

One example of the effects of gender disparity in Malawi is that 65–75 percent of the land is 

under the male dominated customary tenure system (USAID 2010), with women comprising 

circa 32 percent of formal landholders (FAO, 2011). The potential inability to control the 

outputs of agricultural lands, inherent in this lack of tenure, has been shown to be a major 

disincentive to the investment of time and other inputs into such land (Toth et al. 2017a). This 

has a particularly negative affect on the adoption of agroforestry in Malawi, as the initial stages 

of agroforestry transitions often have higher labor requirements than conventional agriculture 

(Toth et al. 2017b). 

Not only can gender disparities contribute to a lack of CSA adoption, but they can also inhibit 

CSA extension efforts. Previous research by Mudege et al (2016), based on 35 sex-

disaggregated focus group discussions with farmers and interviews with extension officers in 

Malawi, highlights differences between men and women in terms of their preferred method of 

communication in the delivery of extension information. Female farmers prefer more locally 

based training, while male farmers prefer more formal, workshop-based training. In addition, 

female farmers often feel excluded from social and professional groups focused on agriculture 

(‘farmer clubs’). Such groups can provide training to farmers, and serve as community support 

networks that reduce the uncertainty that comes with new technologies (Pattanayak et al. 2003). 

In addition to their lower representation in such groups, females may face cultural difficulties 

interpreting information delivered in more formal settings; these reasons can include 

educational disparities, a general feeling they could not ask questions, and a feeling that they 

must defer to males in such settings (Mudege et al. 2016). 

Context-specific gender norms can increase women’s labor burdens while decreasing their 

access to finance, land, extension services, and other sources of information and education 

(Table 5.1). As a result of such constraints, and given the social hierarchies and traditional 

ways in which extension efforts often communicate with communities, female extension 

participation in Malawi can be negatively impacted, ultimately affecting CSA adoption and 

productivity (Toth et al. 2017a). 
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Table 5.1 Climate smart agriculture and gender-related challenges in Malawi 

Challenge Gender-related challenge Sources 

Resources  Compared to men, women may have different:  

 land ownership / land use rights 

 levels of access to:  assets/endowments, credit, 

and farm inputs 

(Demetriades and Esplen 2008; Doss 

2001; O'Sullivan et al. 2014; 

Quisumbing et al. 2014b) 

 

Information  Compared to men, women may have different levels of 

access to information regarding: 

 CSA practices / extension services, markets, 

and weather 

Several factors contribute to these gaps: 

 they interact with different types of 

institutions / organizations at the local level 

 they have unequal influence over use of 

income and farming system components 

 they use and prioritize different information 

and information channels 

(Beuchelt and Badstue 2013; Doss 

2001; World Bank et al. 2015) 

 

 

Labor  Compared to men, women may work longer hours, due 

to: 

 being seen as the primary caregivers for 

children 

 responsibility for crop maintenance  

 responsibility for meal preparation (including 

collection of necessary materials, such as 

water and heat sources) 

Climate change could mean increases in the labor 

burden upon women, due to: 

 increased time spent on household activities 

(e.g. fuelwood and water collection) 

 male out-migration in search of compensation 

mechanisms (e.g. off-farm employment in 

cities)  

 the more labor intensive nature of some CSA 

practices 

(Carr and Hartl 2010; Doss 2001; 

Masanjala 2007; O'Sullivan et al. 

2014; World Bank et al. 2015) 

 

 

 

Adapted from Duffy et al. (2017) 
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Data Collection  

The AFSP was implemented in 11 districts throughout rural areas in all three regions of Malawi 

(North, Central, and South). This study utilizes data gathered in Karonga, Mzimba (north), 

Salima, Ntcheu (central), Mulanje and Chikwawa (south) from participants who explicitly 

indicated they had taken part in the AFSP. The goal of the AFSP was to demonstrate the 

advantages of agroforestry to smallholder farmers through the dissemination of relevant 

knowledge, training, and inputs (Ajayi et al. 2010; Beedy et al. 2013). The program hoped to 

reach and influence over 200,000 farmers. To increase the program’s reach, ICRAF partnered 

with government departments, farmer associations, and non-governmental and community 

based organizations.  

An AFSP Impact Study was conducted in 2013 to measure the results and the influence of the 

AFSP on participants in the intervention areas. With the assistance of the regional extension 

offices, households were randomly selected from lists at the extension planning area level. A 

total of 501 households were interviewed using a standardized questionnaire administered by 

trained local enumerators. For more details on the AFSP in general, see (Toth et al. 2017a). Of 

those participating, 318 interviewees indicated that they had personally taken part in the AFSP. 

Since this study considers the self-rated knowledge of AFSP participants, this group comprises 

our analysis sample. A map of the study area, the number of female participants in the AFSP, 

and the frequency of ICRAF extension visits can be seen in Figure 5.1 (Map Library 2007).   
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Figure 5.1 Location and characteristics of participating districts in the Agroforestry 

Food Security Program in Malawi 
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Variables 

Variable definitions and sample descriptive statistics for the dependent variables and the range 

of independent variables considered, including household, farm, and extension related 

variables, are presented in Table 5.2.  The dependent variable in our analysis is ‘self-rated 

increased agroforestry knowledge’ for which participants in the survey were asked to classify 

the change in their level of agroforestry knowledge as either none, low, intermediate or high, 

relative to their knowledge prior to the AFSP intervention. The majority of participants (54.01 

percent) indicated an intermediate level of knowledge relative to pre-AFSP, and rates for this 

level differed only slightly between males and females (57.04 percent of males versus 51.85 

percent of females). However, there was a much greater difference between males and females 

at either end of the scale, with 18.52 percent of males indicating a high level of knowledge 

acquisition, compared with 12.70 percent of females in the same category. In addition, we 

noted that 14.07 percent of males indicated they attained a low level of knowledge post AFSP, 

compared with 25.93 percent of participating females.  

The relationship between knowledge acquisition and household characteristics is determined 

by the inclusion of variables relating to marital status, age group, wealth, location, and off-farm 

employment. Over 72 percent of the sample reported that they were married. There was a 

sizeable difference in marital status between men and women, with only 6.67 percent of males 

reporting that they were unmarried, compared with 41.80 percent of females. In our study, 

unmarried female households are presumed to be female headed. The majority of the sample 

were aged 30 years or over and the proportions by age group were broadly similar for men and 

women.  
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Table 5.2 Variable definitions and sample descriptive statistics from the 2013 

Agroforestry Food Security Program Impact Study in Malawi 
Variable Description All: % 

or Mean 

(SD) 

Male: % 

or Mean 

(SD) 

Female: % 

or Mean 

(SD) 

Dependent Variable 

Self-rated increased 

agroforestry 

knowledge (AF) 

 = 4 if high level of increased AF knowledge 

 = 3 if intermediate level of increased AF knowledge  

 = 2 if low level of increased AF knowledge 

 = 1 if no increased AF knowledge  

 = . if missing  

15.12% 

54.01% 

20.99% 

9.88% 

- 

18.52% 

57.04% 

14.07% 

10.37% 

- 

12.70% 

51.85% 

25.93% 

9.52% 

- 

Independent Variables: Household Characteristics 

Female  = 1 if participant is female  

 = 0 if participant is male  

 = . if missing 

58.33% 

41.67% 

- 

- 

- 

- 

- 

- 

- 

Married  = 1 if interviewee is married  

 = 0 if not  

 = . if missing 

72.84% 

27.16% 

- 

93.33% 

6.67% 

- 

58.20% 

41.80% 

- 

Age  = 2 if age is greater than 50  

 = 1 if age between 30 and 50 

 = 0 if age is less than 30 

 = . if missing 

43.83% 

45.99% 

10.19% 

- 

42.22% 

45.93% 

11.85% 

- 

44.97% 

46.03% 

8.99% 

- 

Wealth index   = 4 if comparatively wealthy 

 = 3 moderate wealth 

 = 2 if somewhat poor 

 = 1 if poor 

 = 0 if poorest 

 = . if missing 

20.68% 

19.75% 

18.52% 

21.30% 

19.44% 

0.31% 

31.11% 

22.96% 

17.04% 

20.74% 

8.15% 

- 

13.22% 

17.46% 

19.58% 

21.69% 

27.51% 

0.53% 

Region   = 2 if North  

 = 1 if Central  

 = 0 if South  

 = . if missing 

37.65% 

28.09% 

34.26% 

- 

46.67% 

23.70% 

29.63% 

- 

31.22% 

31.22% 

37.57% 

- 

Off farm job  = 1 if husband or wife have an off farm job  

 = 0 if husband or wife has no off farm job  

 = . if missing 

17.28% 

82.72% 

- 

11.85% 

88.15% 

- 

5.29% 

94.71% 

- 

Independent Variables: Farm Characteristics  

Land ownership 

security 

 = 1 if land ownership secure  

 = 0 if land ownership not secure  

 = . if missing 

94.14% 

5.86% 

- 

95.56% 

4.44% 

- 

93.12% 

6.88% 

- 

Soil fertility  = 2 if good  8.64% 9.63% 7.94% 
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 = 1 if average  

 = 0 if poor  

 =. if missing  

59.26% 

31.48% 

0.62% 

62.22% 

27.41% 

0.74% 

57.14% 

34.39% 

0.53% 

 Farm size   = farm size in hectares  4.16 

(2.97) 

4.64   

(3.20) 

3.79   

(2.16) 

Independent Variables: Extension Support 

Farmer club   = 1 if part of farmer club  

 = 0 if not  

 = . if missing  

68.83% 

31.17% 

- 

74.07% 

25.93% 

- 

65.08% 

34.92% 

- 

ICRAF extension  = 3 if high contact with ICRAF extension  

 = 2 if regular contact with ICRAF extension   

 = 1 if few contact with ICRAF extension  

 = 0 if no contact with ICRAF extension  

 = . if missing  

8.33% 

10.80% 

58.95% 

20.99% 

0.93% 

5.93% 

12.59% 

60.00% 

20.74% 

0.74% 

10.05% 

9.52% 

58.20% 

21.16% 

1.06% 

Lead farmer extension 

(LF) 

 = 3 if high contact with LF (trainer) 

 = 2 if regular contact with LF (trainer)  

 = 1 if few contact with LF (trainer) 

 = 0 if no contact with LF (trainer) 

 = . if missing 

11.42% 

2.47% 

4.94% 

81.17% 

- 

11.11% 

2.22% 

5.19% 

81.48% 

- 

11.64% 

2.65% 

4.76% 

80.95% 

- 

Sample Size  318 133 185 

 

To measure household wealth, our study utilizes a methodology employed by Córdova (2009) 

to assign weights to household assets using a principal component analysis (PCA) in order to 

generate a proxy wealth index. Assets that are found commonly among households are 

weighted less than those with more variation among households (Berman et al. 2015). Using 

binary variables to represent asset ownership, it is possible to construct a wealth indicator that 

is able to effectively discriminate between those that are better and worse off (Córdova 2009). 

(Table 5.4, in the additional resources section, shows the asset characteristics of households in 

each quintile). Wealth categories relate to poorest (19.44 percent), poor (21.30 percent), 

somewhat poor (18.52 percent), moderately wealthy (19.75 percent) and comparatively 

wealthy (20.68 percent). Wealth status did differ between males and females, with the most 

sizeable differences being seen in the poorest category (8.15 percent of males versus 27.51 

percent of females), and the comparatively wealthy category (31.11 percent of males versus 

13.22 percent of females).  

The variable region relates to the location of survey participants. Overall, the geographic spread 

of survey respondents is relatively even, with the greatest proportions of participants in the 

northern (37.65 percent) and southern (34.26 percent) regions. The geographic spread of female 

participants is broadly similar to the overall geographic spread of respondents. However, there 

is a higher frequency of male participants located in the northern region (46.67 percent), and 

relatively fewer located in the central region (23.7 percent). Finally, 17.28 percent of the 
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sample indicated the presence of off-farm employment in the household, with differences by 

gender. 

The farm characteristics available in the dataset included land ownership security, soil fertility, 

and farm size. Participants were asked if they felt the household had secure land ownership 

status and over 94 percent of participants indicated that they had. This was similar for both 

males (95.56 percent) and females (93.12 percent). Participants were also asked to rate on-farm 

soil fertility as poor, average, or good. The majority of participants indicated they had either 

poor (31.48 percent) or average (59.26 percent) soil quality, with only 8.64 percent indicating 

good soil quality status. There were some differences between males and females, with 27.41, 

62.22, and 9.63 percent of males indicating they had poor, average, or good soil quality 

respectively, compared with 34.39, 57.14, and 7.94 percent of females. Lastly, the variable 

farm size is a measure of agricultural area in hectares. The average farm size for males was 

approximately one hectare larger than that for female participants.  

Extension support variables included variables relating to farmer club participation, extension 

provided by non-governmental organizations (ICRAF), and lead farmer extension. Over 68 

percent of farmers indicated their engagement with farmer clubs. There were differences in 

participation rates between males and females, with 74.07 percent of male farmers indicating 

participation in a farmer club compared with 65.08 percent of female farmers. Farmer clubs 

are of a somewhat hybrid nature as they represent a space between the social and professional 

realms. The purpose of such groups is professional, but membership can be influenced by 

societal status. While this hybrid nature can be said of many aspects of extension (i.e. social 

status dictating access to new information/knowledge), given that outsiders must first interact 

with village elites who then serve as information filters for the wider community, farmer clubs 

are unique in that they maintain this dynamic regardless of the presence of an extension effort. 

As such, although extension officers frequently advocate the formation of farmer clubs, the 

farmers themselves govern participation within the club, which often limits the capacity of 

female farmers to participate effectively (Mudege et al. 2016).  

The variable ‘ICRAF extension’ was used to examine the frequency of contact with formal 

ICRAF extension advisors. Participants were asked to rate their frequency of contact in four 

categories: none, few, regular, or, high. A large proportion (20.99 percent) of the total 

participants did not have any contact with formal ICRAF advisors. The majority of participants 

indicated they had few engagements (58.95 percent) with ICRAF advisors, while 10.80 and 

8.33 percent of participants indicated they had regular or high frequency of engagement with 

ICRAF advisors. The proportion of males reporting few and regular contact is similar to that 

of females, though females reported a greater frequency of high contact with ICRAF extension 

(10.05 percent) than male farmers (5.93 percent). 

To investigate the impact of extension frequency from less formal extension services, the 

analysis also includes a variable relating to lead farmer extension. A lead farmer is defined as 

a member of the local farming community that has been trained in the necessary agroforestry 

practices and is empowered to disseminate this knowledge to participants in the local 

community; in essence, they were trained to be trainers. However, there were relatively few 

lead farmers trained in the AFSP, and the few that were trained were constrained by a lack of 

transport, which curtailed their effectiveness (Toth et al. 2017a). Like the ICRAF extension 

variable, the lead farmer extension variable is an ordered categorical variable measuring the 

frequency of contact with lead farmers. Participants were asked to rank their frequency of 

contact with lead farmer trainers as: none, few, regular, or, high. The vast majority of the 

participants (81.17 percent) had no interaction with lead farmers, while collectively, 4.94 and 
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2.47 percent of farmers ranked their contact with lead farmers as few or regular respectively. 

Over 11 percent of farmers indicated that they had high contact with lead farmers. Male and 

female farmers had broadly similar contact rates with lead farmer trainers.  

Empirical approach 

The dependent variable in our analysis is an ordered categorical variable representing self-rated 

knowledge post intervention and, as a result, an ordered response model is required (Pfarr et 

al. 2010). Therefore, we used an ordered logit model to assess the impact of intervention 

extension and the other independent variables on increased self-rated agroforestry knowledge. 

In such models the dependent variable (𝑦) takes one of j ordered outcomes (i.e. 𝑦 ∈
{1,2, … , 𝑗}) where 𝑗 denotes the number of distinct categories. In our case 𝑗 is equal to four, 

with 1 indicating no increased agroforestry knowledge and 4 representing a high level of 

increased agroforestry knowledge.  

More formally, our model for estimation is:  

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖 = 𝑓(𝐗𝑖
𝐻, 𝐗𝑖

𝐹, 𝐗𝑖
𝐸𝑥𝑡, 𝜀𝑖) [1] 

where 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒 denotes the level of self-rated increased agro-forestry knowledge reported 

by individual i, 𝐗𝑖
𝐻 is a vector of household-related characteristics, 𝐗𝑖

𝐹 is a vector of farm-

related characteristics, and 𝐗𝑖
𝐸𝑥𝑡 is a vector of extension-related characteristics, as per Table 

5.2. The error term is represented by 𝜀 and the model is estimated at the individual respondent 

level. The ordered logit model assumes an underlying latent variable 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒∗, such that: 

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖
∗ = 𝛼 + 𝛾1𝐗𝑖

𝐻 + 𝛾2𝐗𝑖
𝐹 + 𝛾3𝐗𝑖

𝐸𝑥𝑡 + 𝜀𝑖 [2] 

with 

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖 = 1 if 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖
∗ < 𝜏1 

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖 = 2 if 𝜏1 ≤ 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖
∗ < 𝜏2 

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖 = 3 if 𝜏2 ≤ 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖
∗ < 𝜏3 

and, 

𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖 = 4 if 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒𝑖
∗ ≥ 𝜏3 

where 𝜏𝑗 are the cut-points or thresholds in the distribution of 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒∗. The model is 

estimated using the method of maximum likelihood via the Newton-Raphson algorithm (Long 

1997) and the coefficients 𝛾 are estimated together with cutpoints 𝜏𝑗.  

5.3 Results 

The results from three ordered logistic regression models of increased self-rated knowledge of 

agroforestry practices post-AFSP are presented in Table 5.3. The first model includes 

observations for all individuals in the sample, while second and third models are for males and 

females respectively. Results are presented as odds ratios (ORs) along with z-values in 

parentheses. 
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Table 5.3 Results of ordered logit models of self-rated increased Climate Smart 

Agriculture knowledge 

Description Full Sample (1) Males Only (2) Females Only (3) 

Household Characteristics 

Married  0.75 (-1.01) 0.81 (-0.28) 0.48 (-1.97)** 

Age group    

Youngest (< 30)  (Base) (Base) (Base) 

Middle (30 to 50)  2.43 (2.30)** 1.69 (0.89) 2.95 (1.84)* 

Oldest (> 50)  1.16 (0.36) 1.05 (0.08) 0.88 (-0.22) 

Wealth index    

Poorest  (Base) (Base) (Base) 

Poor 2.39 (2.42)** 2.32 (1.10) 2.29 (1.88)* 

Somewhat poor 2.45 (2.43)** 1.06 (0.08) 2.24 (1.68)* 

Moderate wealth 2.27 (2.16)** 2.01  (0.94) 2.54 (1.88)* 

Comparatively wealthy  2.53 (2.26)** 1.33 (0.38) 3.34 (2.06)** 

Region     

South  (Base) (Base) (Base) 

Central  0.85 (-0.54) 0.23 (-2.77)*** 1.56 (1.09) 

North  0.96 (-0.16) 1.20 (0.39) 0.70 (-0.89) 

Off farm Job 0.88 (-0.43) 1.73 (0.96) 0.30 (-1.88)* 

Farm Characteristics 

Land ownership security 0.55 (-1.25) 1.08 (0.09) 0.29 (-1.97)** 

Soil fertility     

Poor  (Base) (Base) (Base) 

Average  1.45 (1.51) 2.34 (1.76)* 1.40 (1.02) 
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Good  4.28 (3.19)*** 7.59 (2.72)*** 4.08 (2.18)** 

Farm size  1.05 (1.29) 1.07 (1.20) 1.07 (1.16) 

Extension Support 

Farmer club  1.28 (1.01) 2.34 (1.90)* 1.02 (0.07) 

ICRAF extension    

None (Base) (Base) (Base) 

Few  3.38 (4.15)*** 2.38 (1.73)* 4.14 (3.53)*** 

Regular  9.03 (4.76)*** 8.55 (3.01) *** 7.69 (3.05)*** 

High 10.47(4.52)*** 20.53 (3.05) *** 10.74 (3.48) *** 

Lead farmer extension    

None  (Base) (Base) (Base) 

Few  1.89 (1.19) 2.34 (0.95) 2.03 (0.93) 

Regular  1.29 (0.35) 2.66 (0.80) 0.59 (-0.61) 

High 1.51 (1.05) 0.54 (-1.00) 2.60 (1.75)* 

Model Specifications 

Pseudo R2 0.1154 0.1438 0.1723 

N 318 133 185 

*** denotes statistically significant at 1%, ** denotes statistically significant at 5%, and * denotes statistically significant at 

10%. z-values are contained in parentheses.  

 

Household Characteristics  

Household characteristics included marital status, age group, wealth, location and off-farm 

employment. Marital status was not significant in either the full or male model, but was 

significant in the female model. The odds of married women indicating higher levels of 

agroforestry knowledge were reduced by 52 percent relative to unmarried women. This may 

be due, in part, to a perception bias that women are not farmers (Ragasa 2014). Some women 

may also undermine their own position as farmers by viewing themselves as helpers rather than 

farmers in their own right (Fink 1991). Of the women participating in the AFSP, over 41 

percent were from female-headed households and may be more likely to view themselves as 

farmers, relative to married women who view their spouse as the farmer. Age group also had a 

significant association with agroforestry knowledge outcomes. For example, the odds of 
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participants aged between 30 and 50 indicating higher levels of agroforestry knowledge were 

increased by a factor of 2.43. This age effect is driven mainly by women, whose odds increase 

by a factor of 2.95 for those indicating they are aged between 30 and 50.  A similar pattern was 

not evident for male participants.  

Wealth status was positively related to increased knowledge outcomes in the full model. 

Relative to those participants in the poorest category, the odds of participants in the poor, 

somewhat poor, moderately wealthy, and comparatively wealthy categories indicating higher 

levels of agroforestry knowledge were increased by a factor of 2.39, 2.45, 2.27, and 2.53, 

respectively. Again, these outcomes are mainly driven by female participants, with the odds of 

women farmers indicating higher levels of agroforestry knowledge increased by at least a factor 

of 2.24 as wealth increased relative to those in the poorest category. A similar relationship 

between wealth and knowledge attainment was not evident for male participants.  In general, 

wealth and resource endowments are positively associated with adoption of agroforestry 

technologies (Pattanayak et al. 2003). The positive association for wealthy female farmers may 

be due to greater flexibility in terms of participation. Poorer households may be constrained in 

terms of engagement due to home or off-farm commitments. 65 percent of single female 

participants were in the poorest or poor categories of the wealth index.  

Location was not significant in the full model, but was significant for male participants.  The 

odds of male farmers in the central region indicating higher levels of knowledge were reduced 

by 77 percent relative to males in the southern region. Differences between males within 

regions may be due to differences in land tenure arrangements. Three major land tenure 

arrangements exist in Malawi, private, public and customary land tenure. Land under a 

customary tenure arrangement is considered to belong to the community but the individual has 

the right to use the land (Matchaya 2009). There are then two major forms of customary land 

inheritance, mainly matrilineal (inherited through the wife’s family) and patrilineal (inherited 

through the husband’s family) (Matchaya 2009; Place and Otsuka 2001b). Matrilineal 

inheritance is largely practiced in the southern and central regions of Malawi. A study of 57 

communities in Malawi reported that many areas in the central region had replaced matrilineal 

for patrilineal land tenure systems (Place and Otsuka 2001a). The weaker land rights of males 

in a matrilineal customary land tenure context may deter adoption of new technologies and 

crops, and as such may act as a disincentive with regard to knowledge acquisition (Place and 

Otsuka 2001b).    

Finally, off-farm employment did not have a statistically significantly impact knowledge 

outcomes in either the full or male model, but was negatively associated with knowledge 

outcomes for female participants.  The odds of women engaged in off-farm employment 

reporting higher levels of agroforestry knowledge were reduced by 70 percent relative to those 

with no off-farm commitments. Poorer households may fail to make a living from farm income 

alone, forcing them to participate in alternative income generation activities. This is especially 

true of female headed households, which, as we have seen, tend to be poorer than male headed 

households (Simtowe 2010). Indeed, half of the participating female farmers who indicated 

they were engaged in off-farm employment were from female-headed households. As noted, 

these off-farm commitments may reduce the ability of women to fully participate and acquire 

knowledge. Though more males in the sample have off-farm commitments, the effect of off-

farm employment on male farmers may be somewhat mitigated by the presence of a spouse, 

their greater mobility and access to agricultural knowledge and information (Simiyu and 

Foeken 2014).  
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Farm Characteristics 

The farm characteristic variables analysed were land ownership security, soil quality and farm 

size. Land ownership security was significant only for female participants and was negatively 

associated with self-rated knowledge. The odds of women who indicated secure land ownership 

rating increased agroforestry knowledge highly was reduced by 71 percent relative to those 

that indicated that the household did not have secure household land ownership. Again, this 

may be an issue relating to the nature of land tenure status under customary conditions. Under 

a matrilineal system, though the husband possesses weak rights to the land, he is still the 

household key decision maker with regards to the management of the farm (Place and Otsuka 

2001b). As such, long-term investment in knowledge by females may be discouraged.   

Soil quality proved to be significant in all three models. Collectively, the odds of those 

indicating good soil quality also indicating higher knowledge levels increased by a factor of 

4.28. This was also reflected in outcomes for female participants, whose odds increased by a 

factor of 4.08 for those who indicated good soil quality. The effect was more pronounced for 

male participants. Relative to males indicating poor soil quality, the odds of male farmers with 

average and good soil quality rating their agroforestry knowledge highly were increased by 

factors of 2.34 and 7.59, respectively. Typically, though not always, poor soil quality is 

positively associated with agroforestry adoption behaviour (Pattanayak et al. 2003). The 

positive association with higher self-assessed knowledge may be due to the perceived 

applicability of the technologies on offer, as farmers with lower soil quality tended to have less 

land, on average, relative to farmers with better soil quality. As such, farmers with larger farms 

may have envisioned a greater role for agroforestry technologies than farmers with smaller 

plots. In a review of adoption literature, Pattanayak et al (2003) highlights studies that have 

pointed to an increased potential to experiment with a new technology and a greater ability to 

offset risk as an explanation of positive correlations between plot size and adoption. Of the 

female-headed households in the study, over 34 percent indicated that soil quality was low on 

their farms compared with only 27 percent of males. The combined, on average, poorer soil 

quality and smaller sizes of farms possessed by women can, in-and-of themselves, serve to 

inhibit adoption. As noted, from the perspective of perception and attitudes influencing 

adoption, the belief that you will be unable to adopt the technology would likely reduce any 

effort to acquire the relevant knowledge. Finally, farm size did not prove to be a significant 

factor in any model.  

Extension Support  

Extension support variables included in the analysis were farmer club membership, ICRAF 

extension, and lead farmer extension. Participation in a farmer club was significantly associated 

with increased knowledge outcomes for male farmers with the odds of higher levels of 

agroforestry knowledge increasing by a factor of 2.34. However, membership did not prove to 

have the same impact on female participants, even though a sizeable proportion of female 

farmers (over 65 percent) participated in farmer clubs. As noted earlier, while extension 

workers encourage the formation of farmer groups, the rules that govern these groups are often 

set by the participating farmers. In a study of gender norms in access to extension services in 

Malawi, Mudege et al (2016) reports that operation of farmer groups are often biased in favor 

of male farmer circumstance and did not account for the differing approaches and requirements 

of female farmers. The wider literature provides some support for this latter proposition, in that 

female farmers generally note being more comfortable learning from other females (Ragasa 

2014). 
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ICRAF extension was significantly associated with increased knowledge in all three models, 

to varying degrees. In the full model, relative to those having received no ICRAF extension, 

the odds of participants reporting higher levels of agroforestry knowledge increased by a factor 

of 3.38, 9.03, and 10.41, respectively, among those who reported few, regular and high 

frequency of extension visits. This pattern is also reflected in the estimates for female 

participants, with the odds indicating higher levels of knowledge relative to women that 

received no contact with ICRAF extension increasing by 4.14, 7.69, and 10.74, respectively. 

The effects were even greater for male participants. For example, relative to males that 

indicated having no contact with ICRAF extension, the odds of higher levels of agroforestry 

knowledge among males with few, regular, or high levels of contact were increased by 2.38, 

8.55, and 20.53, respectively. The positive association between extension and knowledge 

attainment aligns with estimates found between extension and adoptions of agroforestry 

practices in the wider literature (Pattanayak et al. 2003) and the extension agents’ central role 

in terms of information delivery (Glendinning et al. 2001).  

Overall, males and females reported similar numbers in terms of having received extension. 

The frequency of that interaction was also similar, with over 18 percent of males and over 19 

percent of females reporting regular or high frequency of extension interaction. Despite this, 

male farmers have significantly higher odds of reporting greater knowledge improvements than 

female farmers. This implies that, although male and female farmers benefited greatly from 

participation with formal ICRAF extension, in the AFSP program women farmers were less 

likely to see the same benefit as male farmers from increased extension frequency. This finding 

is consistent with the literature that notes, that in order to be effective, efforts must 

acknowledge that women have different preferences and abilities in terms of the information 

they receive and how it is presented (Twyman et al. 2014).  

Facilitation of access to extension is critical in determining the adoption of new practices 

(World Bank/IFPRI 2010) and evidence suggests that women are often disadvantaged in terms 

of access to extension services (Doss and Morris 2000). Peterman et al (2014) notes that even 

when men and women have equal access to extension services of equal quality, gender based 

differences often persist because of a lack of complementary knowledge or necessary inputs. 

Women, especially married women, may not have had access to the knowledge prerequisites 

necessary to make full use of the extension information on hand (Mudege et al. 2016; Peterman 

et al. 2014). Moreover, Ragasa (2014) notes that females find that men do not share knowledge. 

In addition, many extension agents, despite working on CSA projects, are simply not trained 

in gender sensitive approaches to knowledge dissemination and sometimes do not perceive 

women as farmers (Peterman et al. 2014; Ragasa 2014). Many reviews of gender and 

agricultural extension systems from various countries show this is not a Malawi-centric issue; 

advisory services in SSA, and beyond, tend to engage more with male farmers (Murray 2015). 

Of course, such failings are only two sides of one potential cause for the disparity in this case. 

Women’s unequal access to education and resources, as well as sociological pressures and 

greater demands on their time (Toth et al. 2017b), can result in a further disadvantage in their 

ability to make use of information that is delivered in more formal extension settings (Duffy et 

al. 2017; Quisumbing et al. 2014b).  

Finally, lead farmer extension interaction did not significantly influence the agroforestry 

knowledge outcomes in either the full or male models. However, female participants did seem 

to benefit from engagement with lead farmers. The odds of higher levels of agroforestry 

knowledge increased by a factor of 2.6 among women who reported a high frequency of visits 

from lead farmers. This corresponds with the existing literature which suggests that farmer to 
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farmer extension can be an effective way to disseminate information (Glendinning et al. 2001; 

Meijer et al. 2015) and that women may prefer less formal training environments, as they can 

feel like they cannot ask questions and must defer to males in more formal settings (Mudege et 

al. 2016). For example, Doss et al. (2001) stress that it is important to target women in a manner 

that accommodates their roles as both members of a household and a community.  

5.4 Conclusion 

This paper identifies gender differences in CSA knowledge acquisition in Malawi. It highlights 

that, given unequal access and cultural norms, increasing access to information alone may not 

be enough to improve knowledge acquisition of CSA practices for all participants. There is a 

need for wider recognition that change agents (i.e. extension agents) should address the 

differing preferences and constraints of women farmers. Our study indicates that male farmers 

derive more benefits from a high frequency of interaction with formal extension, than female 

farmers with the same frequency of interaction. Female farmers who received training from 

less formal sources, such as lead farmers, were more likely than male farmers to see an increase 

in self-assessed knowledge outcomes regarding agroforestry. Our study suggests that 

knowledge acquisition may be more effective for women farmers in a less formal extension 

environment.  

Although CSA interventions may focus on facilitating access and adoption by women, such a 

focus may not be effective if women’s differing base level of knowledge, information 

requirements, and unequal access to resources are not taken into account. A formal extension 

environment may not be the most effective learning environment for all women farmers if 

cultural norms make them feel like they cannot fully engage with the process, even when they 

have access to it.  

The cross-sectional nature of this study, combined with the relatively low numbers of males 

and females who received high frequencies of extension contact, mean that the estimates 

presented here should not be considered as causal effects.  Nonetheless, the evidence presented 

in this paper strongly suggests that women could gain greater benefits from farmer-to-farmer 

learning. Our findings indicate that greater investment in peer-to-peer learning and an increase 

in the training of female extension agents, to better address the preferences of women farmers. 

In addition, there appears to be a greater need to improve the sensitivity of current extension 

agents to the needs and knowledge requirements of female farmers. Furthermore, coordination 

of specialized women’s groups for the purposes of serving as their own farmer clubs and 

centralizing receipt of formal extension (thereby increasing confidence and reducing nominal 

and passive participation) would also be appropriate approaches. Despite the differences in 

impact upon the male and female participants and mechanisms, the AFSP extension initiative 

had a positive outcome. Yet with greater consideration of gender-related constraints to 

agroforestry knowledge acquisition such positive outcomes could be further strengthened and 

expanded.    
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Additional Resources  

Table 5.4 Asset characteristics by quintile 

 Quintile of Wealth  

 1 2 3 4 5  

Asset  Mean % and (SD) Factor Score 

Chicken  0.24 

(0.43) 

0.56 

(0.50) 

0.75 

(0.43) 

0.77 

(0.42) 

0.99 

(0.15) 

0.3266 

Goat 0.17 

(0.38) 

0.14 

(0.35) 

0.52 

(0.50) 

0.52 

(0.50) 

0.69 

(0.46) 

0.2655 

Pig 0.01 

(0.12) 

0.10 

(0.31) 

0.14 

(0.35) 

0.27 

(0.45) 

0.59 

(0.50) 

0.2425 

Cattle 0.05 

(0.23) 

0.04 

(0.19) 

0.21 

(0.41) 

0.23 

(0.42) 

0.40 

(0.49) 

0.1499 

Mobile Phone 0.07 

(0.25) 

0.25 

(0.43) 

0.55 

(0.50) 

0.67 

(0.47) 

0.94 

(0.23) 

0.4079 

Television 0.03 

(0.16) 

0.03 

(0.16) 

0.01 

(0.12) 

0.27 

(0.16) 

0.13 

(0.34) 

0.0062 

Motorcycle 0 

(0) 

0.03 

(0.16) 

0.01 

(0.12) 

0.03 

(0.16) 

0.03 

(0.16) 

-0.0450 

Radio 0.05 

(0.23) 

0.31 

(0.47) 

0.40 

(0.50) 

0.75 

(0.44) 

0.93 

(0.31) 

0.4099 

Bicycle 0.17 

(0.38) 

0.29 

(0.45) 

0.44 

(0.50) 

0.84 

(0.37) 

0.89 

(0.31) 

0.3617 

Wheelbarrow  0.04 

(0.20) 

0.03 

(0.37) 

.0.05 

(0.23) 

0.04 

(0.20) 

0.07 

(0.25) 

-0.0491 

Cutlass  0.09 

(0.29) 

0.16 

(0.37) 

0.33 

(0.47) 

0.37 

(0.49) 

0.59 

(0.50) 

0.2550 
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Pump (motor) 0.08 

(0.27) 

0 

(0) 

0.01 

(0.12) 

0 

(0) 

0 

(0) 

-0.2024 

Pump (tread) 0.01 

(0.12) 

0.03 

(0.16) 

0.01 

(0.12) 

0.03 

(0.16) 

0.08 

(0.27) 

0.0074 

Plough 0.03 

(0.16) 

0.01 

(0.11) 

0.05 

(0.23) 

0.01 

(0.12) 

0.13 

(0.34) 

0.0066 

Hoe 0.88 

(0.33) 

0.97 

(0.16) 

0.99 

(0.12) 

1.00 

(0) 

1.00 

(0) 

0.1893 

Axe 0.32 

(0.47) 

0.83 

(0.38) 

0.88 

(0.33) 

0.91 

(0.29) 

0.99 

(0.12) 

0.3560 

Ox cart  0.03 

(0.16) 

0.01 

(0.11) 

0.03 

(0.16) 

0.05 

(0.23) 

0.17 

(0.38) 

0.0574 

Average Score  -2.254633 -.8703873 .090437 .9588513 2.101354 - 

Proportion  - - - - - 0.1416 

KMO - - - - - 0.7085 
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Abstract 

The adoption of the EU land use, land use change and forestry (LULUCF) regulation ensures 

that for the first time afforestation in Europe will contribute towards the achievement of 

European Union (EU) climate change commitments under the Paris Agreement. However, 

increased afforestation in Europe could have unintended environmental trade-offs that may 

hamper the achievement of EU Water Framework Directive targets. While much of the 

previous forestry research has focused on the potential negative impacts of afforestation and 

harvesting processes on water quality at a single point in time, this study employs econometric 

techniques to investigate the impact of afforestation and forest cover (in a predominantly 

agricultural setting) on water quality over a 20-year period. In addition, we present an analysis 

of a simulated increase in afforestation and forest cover, and a corresponding decrease in 

agriculture area, on water quality. The results show an increase in water quality in nearly three 

percent of cases. Both increased forest cover and the substitution of forestry for livestock have 

a positive impact on water quality outcomes. Despite the negative impacts associated with the 

process of afforestation, the long term positives associated with forest cover over the course of 

a crop rotation, make it a preferable land use option in terms of water quality relative to more 

seasonal agricultural land uses. Given the expected increase in afforestation in line with 

national policy, Ireland offers a unique opportunity to observe the outcomes of a large scale 

afforestation programme in a rural setting. The findings of this paper offer a deeper insight into 

the impacts of afforestation and forest cover over a meaningful time frame that is not available 

in site specific studies and studies focused on individual management interventions.  
 

Keywords: Afforestation, Forest Policy, Land Use Change, Water Framework Directive, Water Quality   

 

  



145 

 

6.1 Introduction  

Afforestation is a widely recognised climate mitigation strategy (Smith et al. 2014). In 2018, 

the EU adopted the land use and land use change and forestry (LULUCF) regulation to govern 

the inclusion of greenhouse gas (GHG) emissions and removals from the LULUCF sector 

toward climate mitigation targets (EU 2018b). The regulation also provides that member states’ 

emissions from LULUCF should not exceed removals, also known as the ‘no-debit’ rule. For 

the first time, the sequestration potential of afforestation in Europe will contribute towards the 

achievement of EU Paris Agreement commitments. However, less attention has been given to 

the potential water quality trade-offs resulting from the process of afforestation.  

The Water Framework Directive (WFD) requires EU Member States (MS) to achieve ‘good 

ecological status’ and ‘good surface water chemical status’ in all surface waters by 2015 (or 

subsequent cycles) (Council Directive 2000/60/EC). Water quality outcomes are influenced by 

a range of land use and catchment characteristics (Donohue et al. 2005; Doody et al. 2012; 

Withers and Haygarth 2007), the most well documented being agriculture and independent 

wastewater treatment systems (IWWTS), such as septic tank systems (STS) (Haygarth et al. 

2003; Novotny 1999; Richards et al. 2016; Tong and Chen 2002). Afforestation defined by the 

IPCC as the “planting of new forests on lands which, historically, have not contained forests” 

(IPCC 2006), and forest management interventions, such as forest harvesting, have been linked 

with negative water quality outcomes (Clarke et al. 2015; Kelly-Quinn et al. 2016; Rodgers et 

al. 2012). 

In 2015, forest cover (32.6%) and agriculture (41%) combined, accounted for over 70 percent 

of EU Member States (EU-28) land cover (Eurostat 2017). On average, 20 percent of the rural 

EU population (EU-28) are not connected to a wastewater treatment plant (OECD 2018). 

Between 2005 – 2009 only 44 and 56 percent of rivers and lakes in the EU reached satisfactory 

condition (EEA 2012). In Ireland, the Environmental Protection Agency (EPA) reports 

reductions in national water quality outcomes resulting from nutrient losses from agriculture, 

discharges from urban and private wastewater, forestry and other extractive industries (EPA 

2017). To the best of the authors’ knowledge, to date, impact analysis of these land uses in an 

Irish context has only been considered in isolation, rather than as part of a holistic rural land 

use analysis.  

This study offers an insight into the impacts of private afforestation and other rural land uses 

over time at the national scale in Ireland between 1991 and 2012. To model the ex-post impact 

of land use change on water quality outcomes, a dataset that combines information relating to 

agriculture, STS, afforestation, forest cover and EPA water quality is utilised. To meet EU and 

national emissions reduction targets to 2030, Ireland has a land use policy targeted at 

substantially increasing forest cover through private afforestation (DAFM, 2015). Recent 

analysis of GHG emissions in Irish agriculture have indicated that increasing afforestation to 

10,000 ha per annum and rewetting organic soils in agriculture could yield 1.4 MtCO2e of 

sequestration annually (Lanigan et al. 2018). This study analyses the water quality impacts of 

a simulated increase in afforestation and forest cover, and a corresponding decrease in 

agriculture.     

The following sections of the paper present the contextual and theoretical background. Sections 

6.4 and 6.5 describe the methods and data used in the study. Section 6.6 provides the results 

and discussion of the analysis. Finally, the conclusions are presented in section 6.7. 

. 
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6.2 Context  

EU ‘no-debit’ Rule 

The LULUCF regulation on the inclusion of GHG emissions and removals from the LULUCF 

in the EU 2030 Climate and Energy Framework (CEF) was adopted in 2018 (EU 2018a). The 

CEF targets a sector wide emissions reduction of 40 percent by 2030 as a part of Paris 

Agreement commitments (EU 2018b; UNFCCC 2015). Each MS must ensure that emissions 

do not exceed removals in all of the land accounting categories, and must submit their National 

Forest Accounting Plans (NFAPs) and proposed Forest Reference Level (FRL) for the periods 

2021 to 2025 and from 2026 to 2030 (EU 2018a; EU 2018b). Accounting produces ‘debits’ or 

‘credits’ (increased or reduced emissions) that count toward the achievement of climate 

mitigation targets. The aim of this system is to provide incentives for further action and policies 

in terms of climate mitigation, while creating disincentives for detrimental action (EU 2018a). 

In short, forest carbon sinks must not decline beyond the proposed FRL and sequestered carbon 

counts toward reduction targets.  

Water Framework Directive  

The EU WFD was adopted in 2000 with the aim of maintaining 'high status' of waters where it 

exists, prevention of deterioration in existing status, and achievement of at least 'good status' 

in all waters by 2015 (or subsequent cycles) (McNally 2009). The WFD provides a structure 

for the protection of groundwater, surface waters, estuarine, and coastal waters. Ecological 

water quality is measured in five quality classes using a combination of biological quality 

elements, such as the macroinvertebrate fauna, macrophyte flora, fish communities, the 

supporting general physico-chemical conditions and hydromorphology (EC 2011; EPA 2015). 

The main parameter measured is the sensitivity of macroinvertebrates to pollution. The 

assignment is based on the departure of invertebrate populations from reference (pristine or 

high status) conditions (geographic, typological and temporal) (EPA 2015). 

Irish Forest Policy Context  

In the most recent National Forestry Inventory (NFI) 2015 Ireland’s forest cover was 11 

percent, with conifer stands accounting for much of the forest estate (71.2 percent) (DAFM 

2018a). Between 1921 and the 1980s, afforestation was largely undertaken by the Irish State. 

From the 1980s, private afforestation, largely on former agricultural land, has been encouraged 

through financial incentives with virtually no state afforestation from 2000 onward (Ryan 

2016). Current Irish forest policy seeks to increase forest cover to 18 percent by 2046 through 

private afforestation (DAFM 2014). 

6.3 Theoretical Background  

Factors Impacting Rural Water Quality   

Wastewater discharge, agriculture and forestry are the primary determinants of water quality 

in the Irish context (EPA 2018). Sources of pollution to waters are classified into point and 

diffuse sources (Carpenter et al. 1998). STS are classified as point source and potentially easier 

to measure and regulate than diffuse sources. Agriculture on the other hand can result in diffuse 

sources of pollution. Afforestation may also result in diffuse pollution as a result of disturbance 

to soil during forest establishment and early forest management operations. These diffuse 

sources are more difficult to control and monitor, making analysis more difficult. In examining 



147 

 

pressures on water quality over time, we hypothesise that pressures relating to agriculture, STS 

and afforestation are associated with negative water quality outcomes.  

Waste Water Discharge   

The common usage of STS in rural areas is a significant contributor to rural water quality 

outcomes (Dudley and May 2007). The effectiveness of STS in containing nutrient load is 

largely dependent on the quality of installation (Gill et al. 2009; Withers et al. 2012). A study 

of STS in Belgium found that 52 percent of the sample did not meet legal effluent standards 

(Moelants et al. 2008). In Northern Ireland, a study classified over 40 percent of the sampled 

STS as posing a high risk to water quality (Arnscheidt et al. 2007). A significant proportion of 

the population in Ireland relies on STS (over 25 %) (CSO 2017).  

Agriculture   

The loss of sediment and nutrients, mainly Nitrogen (N) and Phosphorous (P), from agriculture 

are serious global problems (White et al. 2009). Stoate et al (2009) assert that agricultural 

impacts on water quality arise from processes such as cultivation, application of inputs 

(fertilisers, pesticides) and drainage. These processes result in physical, chemical and 

biological changes in downstream waters, which can impact aquatic ecosystems (Stoate et al. 

2009). Nitrates leached from soils pose a risk to the environment and human health (Jarvis et 

al. 2011; Weil and Brady 2002). 

Losses of P via, livestock grazing, tillage, and application of animal manure and chemical 

fertiliser also have negative environmental impacts (Weil and Brady 2002).  Losses can occur 

when soils become saturated resulting in overland flow, where poor soil infiltration coupled 

with heavy rainfall results in transportation of nutrients over ground surfaces (Carton et al. 

2008). In Ireland, up to 80 percent of P losses occur during October to February due to intensive 

rainfall (Kiely et al. 2007). 

Forestry   

Nutrient run-off can result from the processes of afforestation and management of forest stands 

(Clarke et al. 2015; Drinan et al. 2013). Afforestation practices, such as initial site preparation 

(mounding, drainage etc.) and fertiliser application, increase nutrient transfer (Binkley et al. 

2004; Clarke et al. 2015). Road construction increases surface runoff and sedimentation 

(Arnaez et al. 2004), while compacted tracks and drainage ditches provide a route for runoff 

(Clarke et al. 2015).  Further, forest harvesting results in nutrient and sediment loss (Clarke et 

al. 2015; Piirainen et al. 2007; Sundström et al. 2000). The removal of trees also reduces 

absorption capacity and interception by the tree canopy increasing nutrient loss (Birkinshaw et 

al. 2014; Clarke et al. 2015). 

Short rotation conifers offer significant advantages in terms of wood yield and carbon 

sequestration (Kanowski 1997) and many species perform well in less nutrient-rich soils, but 

require nutritional inputs to do so (Farrelly et al. 2009). The application of P fertilisers to such 

soils poses a significant risk to watercourses (Drinan et al. 2013; Rodgers et al. 2010).  Further, 

conifer stands are associated with water acidification due to uptake of airborne pollutants such 

as Sulphur (S) and N, which can increase water acidification (Drinan et al. 2013).  

However, evidence suggests that forest cover can confer benefits with regards to water quality 

(Bauhus et al. 2010; Townsend et al. 2012; van Dijk and Keenan 2007). Increased tree cover 

can offer protection from rainfall, nutrient and sediment loss through the development of a litter 
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layer, understory growth and surface roughness provided by tree roots (Bauhus et al. 2010; van 

Dijk and Keenan 2007). Further, fast growing species and dense forests retain more water than 

slower growing species (van Dijk and Keenan 2007). Though nutrients are typically only 

applied on less fertile sites at initial afforestation, the application and resulting loss is typically 

lower than agriculture (May et al. 2009). 

Water quality is vulnerable to both agricultural and forest land use systems, however, there is 

a significant temporal difference. Forest impacts associated with management practices occur 

infrequently over the duration of the forest cycle (30 – 50 years) (Clarke et al. 2015), while 

agricultural interventions (cultivation, application of inputs etc.) are generally seasonal in 

nature (Hooda et al. 2000; Stoate et al. 2009).  

6.4 Methodology  

Water quality model 

This study focuses on the potential impact of annual afforestation and cumulative forest cover 

(land use change from agriculture) on water quality over time. Additionally, the study simulates 

the impact of increased afforestation and forest cover on water quality.  

The dependent variable in this analysis is the EPA water quality Q-value data and uses an index 

of 1 to 5 to assess the ecological quality of water at each of the EPA monitoring stations. The 

categories in the variable are ordered, taking 5 discrete values. The distance from one category 

to the next is not constant as a larger change in an independent variable may be required to 

cross the threshold of one category than to cross to the next category. By using an ordered 

probit model it is possible to estimate the impacts of independent variables (systematic 

component) and the thresholds of the dependent variable (stochastic component) at the same 

time.  

The characteristics within river catchments (denoted Xit) determine water quality outcomes at 

each monitoring point (denoted by Yit) in each catchment at time (t). The subscript it indicates 

the ith water quality monitoring point, i={1….n}. The years 1991, 2002 and 2011 are 

represented by t. The scalar (denoted by Yi) takes on values of 1 to 5. As values increase, so 

does water quality to a maximum level of 5. Xit is a vector with k elements. The letter k 

indicates kth independent variable, k={1….k}. X is an (n x k) matrix summarising each of the 

river catchments economic and land use characteristics. The nth row indicates the 

characteristics of the nth catchment.  

𝑌𝑖𝑡 = 𝑓(𝑋𝑖𝑡)∀ 𝑖 = 1,… , 𝑛 

As the dependent variable is an ordered, qualitative variable, the relationship between Y and X 

is estimated using an ordinal response model. The level of water quality in a river catchment 

(Yit*) is assumed to be a continuous function of catchment characteristics (Xit) underlying the 

ordered probit model, a vector of parameters of dimensions (k x1), denoted by β and a 

disturbance term (𝜀𝑖𝑡) , which is normally, identically and independently distributed 𝜀 ∼
𝑁(0, 𝜎2). Increasing values of Yit* indicate an increasing level of water quality associated with 

that river system.  

𝑌𝑖𝑡
∗ = 𝛽′𝑋𝑖𝑡 + 𝜀𝑖𝑡 

The ordered probit model is estimated using the method of maximum likelihood via the 

Newton-Raphson algorithm (Long 1997). The panel format of the data (based on periods 1991, 
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2002 and 2011) necessitated using a panel estimator. The use of a random effects ordered probit 

allows us to take into consideration the existence of an additional normally distributed cross-

section time invariant error term 𝑁(0, 𝜎𝑣
2), denoted by (𝑣𝑖). The error term in the random 

effects model  (𝜀𝑖𝑡) can be is assumed to be of a composite nature:  

𝜀𝑖𝑡 = 𝜈𝑖 + 𝜔𝑖𝑡 

The term 𝜈𝑖 is the unobserved, time invariant, individual specific heterogeneity. This random 

effect is assumed to be unrelated to any of the catchment characteristics (𝑋𝑖𝑡) in our model. 

The term 𝜔𝑖𝑡 is the idiosyncratic error representing unobserved factors that change over time 

(Wooldridge 2016).The use of a random effects model allows for the inclusion of time invariant 

variables. As such, dummy variables for soils, year and county are included to capture time 

and place specific effects.   

The EPA water quality data only records the categorical level that the monitoring point belongs, 

with values 1 to 51. In this case 

𝑌𝑖𝑡 =

{
  
 

  
 

0 𝑖𝑓 𝑌𝑖𝑡
∗ ≤ 0

1 𝑖𝑓 0 < 𝑌𝑖𝑡
∗ ≤ 𝜇1

2 𝑖𝑓 𝜇1 < 𝑌𝑖𝑡
∗ ≤ 𝜇2

3 𝑖𝑓 𝜇2 < 𝑌𝑖𝑡
∗ ≤ 𝜇3

4 𝑖𝑓 𝜇3 < 𝑌𝑖𝑡
∗ ≤ 𝜇4

5 𝑖𝑓  𝑖𝑓 𝜇5 < 𝑌𝑖𝑡
∗

 

 

In other words: 

𝑃𝑟(𝑌𝑖𝑡  = 1) =  (𝜇
1
− ' 𝑋𝑖𝑡) 

𝑃𝑟(𝑌𝑖𝑡  = 2) =  (𝜇
2
− ' 𝑋𝑖𝑡) −  (𝜇

1
− ' 𝑋𝑖𝑡) 

𝑃𝑟(𝑌𝑖𝑡  = 3) =  (𝜇
3
− ' 𝑋𝑖𝑡) −  (𝜇

2
− ' 𝑋𝑖𝑡) 

𝑃𝑟(𝑌𝑖𝑡  = 4) =  (𝜇
4
− ' 𝑋𝑖𝑡) −  (𝜇

3
− ' 𝑋𝑖𝑡) 

𝑃𝑟(𝑌𝑖𝑡  = 5) =1 −  (𝜇
5
− ' 𝑋𝑖𝑡) 

The µ’s are unknown threshold parameters (cut points) to be estimated with β and the ranking 

depends on certain measurable factors X and certain unobservable 𝜀. As the disturbances are 

normally distributed the probabilities are distributed according to the cumulative normal 

distribution .   

                                                           

1
 Data are also recorded for values that fall between Q level categories. Cut points have been estimated for these 

intermediary values. For simplicity, the intermediary cut points are not displayed here.   
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Land Use Change Simulation  

This paper also aims to simulate the marginal impact of land use change from agriculture to 

forestry (both afforestation and cumulative forest cover) on water quality. This is achieved by 

altering the land use from agriculture to forestry within a catchment and simulating the 

consequential impact on water quality use the model of water quality previously specified. In 

this simulation, we increase forest cover and afforestation by 10 percent and reduce the 

agricultural area in each catchment by the amount equal to the increase in forestry, thus 

simulating the impact of a modest substitution of agricultural area. We assume that the number 

of animals per ha (stocking rate) remains the same, thus the total number of animals falls.  

Given the low number of time periods (T = 3), the simulation utilises cut points from the pooled 

ordered probit model. Once the data have been adjusted we estimate the probability of returning 

a water quality value of 1 to 5 using a simulated dependent variable. The model we produce 

can be expressed as:      
𝑌𝑖𝑡
′ = 𝑓(𝛽𝑋𝑖𝑡 + 𝜀𝑖𝑡) 

Thus the ordered probit simulation effectively estimates the following: the resulting 𝑌𝑖𝑡
′  when 

𝑋𝑖𝑡changes to 𝑋𝑖𝑡
′ , following a land use change from agricultural land to forestry land. In other 

words: 

𝑌𝑖𝑡
′ = 𝑓(𝛽𝑋𝑖𝑡

′ + 𝜀𝑖𝑡) 

The model involves a deterministic component 𝛽𝑋𝑖𝑡
′  and stochastic component 𝜀𝑖𝑡

′ . These two 

components must be derived separately.  

First, we establish the deterministic component. To do this, we simulate a new dependent 

variable (Z). This is based on the threshold values (𝜇) for 𝑌𝑖𝑡
∗   in the pooled ordered probit.  

𝑌𝑖𝑡
∗ = 𝜇1, … , 𝑗   

The parameters (𝛽) are estimated using Stata as are the values of the cut points (𝜇𝑖), however 

the stochastic component is not derived. In order to run the simulation, we generate a series of 

𝜀𝑖𝑡′𝑠, so as to replicate the original dependent variable 𝑌𝑖𝑡 in a baseline simulation. We observe 

the original 𝑌𝑖𝑡
∗

, therefore if 𝑌𝑖𝑡 takes a value of 2 for example, then we need a value of 𝜀𝑖𝑡 such 

that  

𝜇1 < 𝑌𝑖𝑡
∗ ≤ 𝜇2 

or  

     
𝜇1 ≤ 𝛽𝑋𝑖𝑡

′ + 𝜀𝑖𝑡 ≤ 𝜇2 

or, subtracting 𝛽𝑋𝑖𝑡
′  

The probit index (𝛽𝑋′) is subtracted from our threshold values (𝜇) to give the values for Z.  

 

𝜇1 − 𝛽𝑋𝑖𝑡
′ ≤ 𝜀𝑖𝑡 ≤ 𝜇2 − 𝛽𝑋𝑖𝑡

′  
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or 

𝑍1 ≤ 𝜀𝑖𝑡 ≤ 𝑍2 

Where 𝜀𝑖𝑡 in an ordered probit is a standard normal random number. 

 
𝑍𝑖𝑡 = 𝜇𝑖 −  𝛽𝑋𝑖𝑡

′   ∀ 𝑖 = 1,… ,5 

At this stage, it is necessary to transform Z so that it returns a probability based on a standard 

normal distribution with a mean of 0 and a standard deviation of 1 i.e. 𝑍~𝑁(0,1). 

𝑛𝑜𝑟𝑚𝑎𝑙(𝑍𝑖) =  ∫
1

√2𝜋 
𝑒−𝑡

2
𝑧

−∞

/2𝑑𝑥 

It is now necessary to recover the term ℰ in our model. In order to do this, we first generate a 

random uniform variate (𝑎) with an interval of (0,1). We then generate an error term that is 

equal to the relevant lower bound cut point, plus a multiplied by the relevant upper bound cut 

point minus the lower bound cut point.  

ℰ𝑖𝑡 = 𝜇𝑖
𝑙𝑏 + 𝑎(𝜇𝑖

𝑢𝑏 − 𝜇𝑖
𝑙𝑏) 

Lastly, we generate the inverse cumulative standard normal distribution for the error term, 

Φ(ℰ).  

We then combine Z and predicted ℰ in order to simulate probabilities for the new dependent 

variable.  
𝑌𝑖𝑡
′ = 𝑓 (𝛽𝑋𝑖𝑡

′ + ℰ𝑖𝑡) 

We are now able to determine the probability that 𝑌𝑖𝑡
′   falls into ordered Q-value categories, 1 

to 5, based on the threshold values (𝜇)  established for 𝑌𝑖𝑡
∗ . The probabilities of the simulated 

values for 𝑌𝑖𝑡
′  falling into each category are established by the following formulae. 

𝑃𝑟(𝑌𝑖𝑡
′ = 1) = 𝑃(𝜇

0
≤  𝑍𝑖𝑡 + 𝜀𝑖𝑡  ≤  𝜇1)   

𝑃𝑟(𝑌𝑖𝑡
′ = 2) = 𝑃(𝜇

1
≤  𝑍𝑖𝑡 + 𝜀𝑖𝑡  ≤  𝜇2)   

𝑃𝑟(𝑌𝑖𝑡
′ = 3) = 𝑃(𝜇

2
≤  𝑍𝑖𝑡 + 𝜀𝑖𝑡  ≤  𝜇3)   

𝑃𝑟(𝑌𝑖𝑡
′ = 4) = 𝑃(𝜇

3
≤  𝑍𝑖𝑡 + 𝜀𝑖𝑡  ≤  𝜇4)   

𝑃𝑟(𝑌𝑖𝑡
′ = 5) = 𝑃(𝜇

4
≤  𝑍𝑖𝑡 + 𝜀𝑖𝑡  ≤  𝜇5)   

 

Catchment Delineation   

The main units of spatial analysis for water quality are river sub-basins. The analysis uses the 

average value of Electoral Divisions (ED) that fall within the sub-basin boundary and upstream 

from the Q-value monitoring point. The determination of upstream is based on elevation, thus 

any ED with a centroid elevation greater than the ED in which the Q-value monitoring point 

was located were included in the analysis.  
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Geographic Information System (GIS) shapefiles (see additional resources for shapefiles) 

describing the monitoring stations and the river sub-basins were obtained from the EPA, 

Ireland.  The individual monitoring points were joined to the river sub-basins in which they 

fall. A dataset relating Q-values from individual monitoring stations to the characteristics of 

the relevant river sub-basin and related EDs was generated following the approach of Howley 

et al (2014).  

6.5 Data  

This analysis builds on data compiled by Howley et al. (2014). The data include Q-value data, 

spatially referenced industry data and septic tank distribution from the Small Area Census of 

Population, agricultural activity data from the Census of Agriculture, forest land cover data 

from the Forest Service and environmental spatial data from various sources (Howley et al. 

2014).   

Description of Data & Variables  

The EPA Water Quality Classification System   

The EPA Quality Value (Q-value) scheme has been calibrated in line with the WFD 

classification and provides a historical record of Irish water quality outcomes from 1987 (EPA 

2015; Toner et al. 2005). Q-value ratings are utilised as the dependent variable in this analysis. 

The Q-value scheme is the most sensitive ecological assessment method available for detecting 

organic pollution and nutrient enrichment impacts on Irish rivers (EPA 2017). Q-value data is 

taken every five years and a value from 1 to 5 is assigned. When the parameters evaluated have 

different Q-values for the same water body, the lowest Q-value will determine the ecological 

status, likewise for intermediate Q-values (e.g. Q 2-3) (EPA 2015; Toner et al. 2005).   

Agricultural Data Sources   

Agricultural variables were derived from the Irish Census of Agriculture, which provides data 

on agricultural activities on farms within Ireland (CSO 2002). Farms are classified by physical 

size, type and geographical location. Data from the Census of Agriculture in 1991, 2000 and 

2010 are matched with data from the national population census (1991, 2002, 2011) To account 

for the impact of STS and industry, the variables septic tank density and commerce were 

included and quantify STS per ha in each ED and the proportion of workers per ED engaged 

in the commerce industrial category.   

The lowest level of spatial disaggregation of data was at the ED level. There are 3,440 EDs in 

Ireland. However, not all ED’s could be matched with agricultural and population census data 

for all years. Some agricultural census data was not available for EDs, while data for other EDs 

was supressed due to the small size of the ED, potentially leading to issues regarding 

confidentiality. In addition, the number of active water quality monitoring points in those EDs 

varies from year to year, as such, total observations also vary for the available years. After 

accounting for missing data, the total observations included in the analysis for the years 1991, 

2002 and 2011 was 2530, 2790 and 2,177, respectively. The average number of farms per 

included EDs is 60, with the maximum number of farms being 250. The average utilisable 

agricultural area (UAA) per ED was 1755.23 ha. While the average ED area was 3030.72 ha.  

In Ireland, over 91 percent of agricultural area is devoted to grassland (CSO 2018). This 

analysis combines livestock numbers with organic N conversion factors (as per EU Nitrates 

regulations) for the different livestock types to derive the variable organic N density per ha. 
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This was done to reflect the intensity of livestock-based production at the ED level. Cereal 

production requires the use of inorganic fertilisers and management practices that involve soil 

disturbance. The variable cereal share of land use is measured based on the proportion of land 

at the ED level that is used for arable crop production. Lastly, as pig production in Ireland 

differs from livestock in terms of intensity, a separate variable, pigs per km2 was derived, based 

on data from the Central Statistics Office (CSO) of Ireland.  

Forest Data 

This analysis utilised GIS data to reflect spatial changes in forest cover in conjunction with a 

land cover classification for Ireland developed under the Forest Inventory Planning System and 

Irish Forest Soils (FIPS-IFS) project that was aggregated to ED level by Upton et al (2014) to 

provide the necessary forest data. The FIPS-IFS dataset was used to derive the forest cover 

variables, reflecting the total proportion of land under forest cover per ED, and the afforestation 

variable, reflecting the proportion of new planting per ED. The available data relate to private 

grant aided forestry only, meaning that forests established by the State are not captured, 

however, it should be noted that State afforestation declined from the mid-1980s and 

effectively ceased from 2000 onward (Ryan 2016).  It should also be noted here that while both 

afforestation and forest harvesting may have impacts on water quality, activity data for forest 

harvesting in private forests are not currently available. 

Additional Data 

Biological activity in water bodies is influenced by the environmental and physical 

characteristics of the watershed (Donohue et al. 2006; Donohue et al. 2005). In order to account 

for the impacts of environmental characteristics of watersheds, spatial specific variables were 

created for soil, geological and climatic data. Bedrock data from the Geological Survey of 

Ireland (GSI) 1:100,000 bedrock shapefile (GSI 2016) and soil data from the Teagasc EPA soil 

and subsoil map (Fealy and Green 2009) were employed to incorporate geological and soil 

characteristics of EDs. A digital elevation model (DEM) for Ireland at a 25m resolution was 

used to obtain a series of elevation variables. A slope map was generated from the DEM at the 

same resolution. Climactic data were derived from the models developed by Sweeney and 

Fealy (Sweeney and Fealy 2003). Polygon based data were intersected with the ED shapefile 

to derive the area of soil and bedrock categories in each ED. For raster data, the average, 

median, maximum, minimum and range were calculated across each ED. 

6.6 Results & Discussion 

Results I: Summary Statistics 

In examining changes in river water quality over time, the distribution of Q-values for the 

population census years (1991, 2002, 2011) is presented in Table 6.1. Values that fall between 

classification categories have been included. A progressive decline in the share of highest status 

is evident over the period.  

Table 6.1 Percentage Share of Q-values at specific points in time  
Q-value 1991 2002 2011 

1 0.62 0.07 0.04 

1-2 0.15 0.07 0.13 

2 0.84 0.90 0.22 

2-3 2.15 2.50 1.79 
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3 14.21 12.51 11.35 

3-4 17.06 20.65 19.83 

4 38.02 42.24 48.52 

4-5 19.58 19.02 16.90 

5 7.38 2.04 1.22 

In Table 6.2, summary statistics of the explanatory variables included in the analysis are 

presented. Septic tank and organic nitrogen density are calculated using the mean density per 

ED. Cereal share of land use, commerce afforestation share of land use, forest cover share of 

land use, and blanket peat relate to the proportion of land utilised for cereal, forest, and 

afforestation, while commerce and blanket peat refer to the proportion of workers in an ED and 

the proportion of ED area that is blanket peat. Forest cover IQR is a categorical variable 

representing the interquartile range of forest share of land use. Environmental characteristics, 

rain, temperature, elevation and slope represent the average per ED.  

Table 6.2 Summary Statistics 
 Variable  Description % or Mean (SD) 

 

 Dependent Variable  

 River Quality   EPA river quality classification score (1 to 5)  3.86 (0.58) 

 

 Agricultural, Commercial & Residential Share 

 Septic Tanks  Average Septic tank density per ED  44.05 (133.25) 

 Cereal Share of Land Use  Proportion of ED under arable crops  0.05 (0.09) 

 Organic Nitrogen Density   Average organic N density per ha per ED (kgs)  104.38 (31.01) 

 Commerce  Proportion of all workers in ED working in Commerce 0.16 (0.12) 

 

 Forestry 

 Afforestation Share of 

Land Use  

 Proportion of new planting per ED 0.001 (0.003)  

 Forest Cover Share of 

Land Use  

 Forest cover proportion per ED 0.02 (0.02) 

 Forest Cover IQR  = 0 if no forest cover in ED 

 =1 if forest cover proportion in Q1  

 = 2 if forest cover proportion in Q2 

 = 3 if forest cover proportion in Q3 

 = 4 if forest cover proportion in Q4 

30.32% 

16.61% 

16.46% 

17.58% 

19.03% 

 

 Environmental Characteristics  

 Rain  Rain in millimetres  1034.10 (247.64) 

 Temperature  Temperature in Celsius 10.27 (0.73) 

 Area  ED area in ha 3030.71 (1830.92) 

 Elevation  Elevation in metres 103.80 (67.03) 

 Slope  Slope in degrees 3.56 (2.28) 

 Blanket Peat proportion  Proportion of ED that is blanket peat 0.11 (0.20) 
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Results II: Pooled & Random Effects Ordered Probit 

For the purposes of comparison, pooled and random effects ordered probit models were 

estimated. The pooled model ignores the time invariant individual specific effects accounted 

for in the random effects ordered probit. The results of the pooled (Model 1) and random effects 

(Model 2) ordered probit for the ecological quality of water sources are presented together in 

Table 6.3. The explanatory variables represent the weighted average of the variables in the 

EDs, or the proportion of area of the EDs upstream of the water quality monitoring site and in 

the water catchment area. In order to avoid potential issues regarding collinearity among the 

independent variables, a variance inflation test was conducted. This produced an average 

variance inflation factor of 6.28, which is below the threshold value (10) indicating very high 

correlation.   
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Table 6.3 Ordered Probit Results  
 Pooled Parameter Estimates 

(Model 1) 

Random Effects Parameter Estimates 

(Model2) 

Commercial & Residential Share   

Septic Tank Density 
-0.0004* (0.0002) -0.0004  

(0.0003) 

Year Interaction (Base 1991)   

Septic Tank Density x 2002 
0.0003(0.0003) 0.0004 

(0.0003) 

Septic Tank Density x 2011 
0.0005* 

(0.0003) 

0.0008*** 

(0.0003) 

Commerce 
-0.2884*** 

(0.1120) 

-0.3780 ** 

(0.1626) 

Environmental Characteristics   

Rainfall 
  5.30e-06 

(0.0002) 

0.0002 

(0.0003) 

Year Interaction (Base 1991)   

Rainfall x 2002 
0.00001  

(0.0002) 

-0.00003 

 (0.0002) 

Rainfall x 2011 
0.0001 

(0.0002) 

-4.24e-06 

 (0.0002) 

Temperature 
-0.0838 

 (0.0559) 

-0.1230 

 (0.0766) 

Year Interaction (Base 1991)   

Temperature x2002 
-0.0135  

(0.0214) 

-0.0144 (0.0243) 

Temperature x 2011 
-0.0487** 

(0.0206) 

-0.0545** 

(0.0257) 

Area (ha) 
-0.0001*** 

(0.00002) 

-0.0002*** 

(0.00004) 

Median Elevation 
0.0029*** 

(0.0005) 

0.0044*** 

(0.0008) 

Mean Slope 
0.1283*** 

(0 .0160) 

0.1900 *** 

(0.0282) 

Blanket Peat Share 
0 .9233*** 

(0.2131) 

1.4346*** 

(0.3511) 

X Coordinate 
-2.84e-06*** 

(9.10e-07) 

-4.47e-06 *** 

(1.62e-06 

Y Coordinate 
3.53e-06 *** 

(8.92e-07) 

4.15e-06 ** 

(1.64e-06) 

Agricultural Share   

Cereal Share of Land Use 
-0.5334173*** 

(0.1819) 

-0.2750(0.2641) 

Organic N Density -0.0027*** -0.0016 
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(0.0009) (0.0016) 

Year Interaction (Base 1991)   

Organic N Density x 2002 
-0.0002  

(0.0025) 

-0.0006 

(0.0013) 

Organic N Density x2011 
0.0025**  

(0.0011) 

0.0038* 

(0.0014) 

Forestry Share   

Forest Cover Share of Land Use 
4.2032*** 

(1.0327) 

6.0528*** 

(1.5834) 

Afforestation (sq) Share of Land Use  
-0.0232 

(0.0838) 

0.0203 

 (0.1003) 

Forest Cover  IQR 1 
0.2623*** 

(0.0724) 

0.2640 *** 

(0.0990) 

Forest Cover  IQR 2 
0.0882 

(0.0834) 

0.1212 

(0.1158) 

Forest Cover  IQR 3 
0.1054 

(0.0793) 

0.1694 

(0.1054) 

Forest Cover IQR 4 
0.0075 

(0.0975) 

0.0997 

(0.1391) 

Forest Cover IQR 1 x M. Slope 
-0. 0261 

(0.0187) 

-0.0160 

(0.0259) 

Forest Cover IQR 2 x M. Slope 
-0. 0247 

(0.0224) 

-0.0298 

(0.0319) 

Forest Cover IQR 3 x M. Slope 
-0. 0379** 

(0.0181) 

-0.0550** 

(0.0232) 

Forest Cover IQR 4 x M. Slope 
-0.0198 

(0. 0202) 

-0.0633** 

(0.0296) 

Forest Cover IQR 1 x Blanket Peat 
-0.6079 *** 

(0.2226) 

-0.95340*** 

(0.3047) 

Forest Cover  IQR 2 x Blanket Peat 
-0.0562  

(0.2535) 

0.0245 

(0.3556) 

Forest Cover IQR 3 x Blanket Peat 
-0.7329*** 

(0.2405) 

-0.9505*** 

(0.3090) 

Forest Cover IQR 4 x Blanket Peat 
-0.7331*** 

(0.2080) 

-0.9712 *** 

(0.2100) 

Pseudo R2 0.1023 - 

/sigma2_u 
- 0.9985) 

(0.0611 ) 

Prob > chi2 - 0.0000 

N 7497 7497 

*** denotes statistically significant at 1%, ** denotes statistically significant at 5%, and * denotes statistically significant at 

10%, standard errors in parenthesis.  
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Commercial & Residential Share 

Results from model 1 indicate a negative relationship between water quality and STS density. 

The year interaction is significant in model 1 and 2 indicating a positive outcome relative to 

the base year (1991). Previous research in Europe highlights the unsatisfactory condition of 

many of the sampled STS (Arnscheidt et al. 2007). In 2009, Ireland was found to be in breach 

of EU regulations on wastewater discharge (C188/08 2009). In 2010, the code of practice for 

wastewater treatment and disposal systems was published, establishing best practice and 

incorporating EU guidelines (EPA 2010). This may account for the more positive outcome in 

2011. In addition, findings from model 1 and 2 show a negative relationship between the 

proportion of workers per ED (commerce) and water quality.  

 Agriculture Share & Environmental Characteristics 

Variation in climate is accounted for by the inclusion of variables for rain and temperature. 

Rainfall did not prove to be significant in either model. However, increased temperature in 

2011 was negatively associated with water quality outcomes relative to 1991 in both models. 

Research has shown that water temperature increases can influence the distribution of many 

aquatic fauna and flora (Dallas 2008). 

The results of both models also indicate significant positive relationships with slope and 

elevation. Johnson et al. (2008) assert that water quality and drainage are influenced 

significantly by slope, soil type and geology. Lower anthropogenic pressures at upland sites 

result in improved water quality (Donohue et al. 2006). Furthermore, ED area (ha) is negatively 

associated with water quality outcomes, suggesting that larger EDs are more likely to have 

negative outcomes. In addition, the inclusion of x and y coordinates for the ED centroids 

highlighted a positive relationship with west and north regions, while south and east were 

negatively associated with water quality outcomes. This is likely to be due to a greater 

concentration of water quality pressures in the south and east relative to the north and west (see 

additional resources for shape files cereal share, organic N density and septic tank density).  

As hypothesised, model 1 indicates a significant negative association between agriculture and 

water quality. Livestock production (Organic N density) and cereal production (cereal share) 

is negative in both models, but the relationships is not significant in model 2 once individual 

specific effects have been accounted for.  Livestock production accounts for a much bigger 

proportion of agriculture than cereal. In 2013 there was 5 million ha of Utilisable Agriculture 

Area (UAA) reported in Ireland. Of this 3.7 million ha was utilised for grassland based 

ruminant production systems (beef, sheep, dairy production), and 308,000 for cereal production 

(CSO 2013). Diffuse sources of pollution are the primary origin of nutrients related to 

eutrophication (Magette et al. 2007). Agriculture in Ireland is the most significant factor 

influencing water quality outcomes for over half of all waterbodies in Ireland (EPA 2018).  

Results of the time interaction with organic N density make positive water quality outcomes 

more likely for the year 2011 relative to 1991. This positive outcome may be explained by the 

implementation of the EU Nitrates directive (Council Directive 1991/676/EEC). Though the 

year of inception was 1991, the programme of measures was not realised till 2006 (DAFM 

2018d). These measures were implemented uniformly across Ireland. Thus measures 

introduced under national regulation to address the management of potential point and diffuse 

sources of nutrient transfer from agriculture (Buckley 2012) potentially explain the reduction 

in effects of organic N. 
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Forest Cover and Afforestation 

Consistent with literature that highlights the potential of trees to reduce nutrient and sediment 

losses (van Dijk and Keenan 2007), both models show a positive relationship between forest 

cover and water quality. Analysis of the intensity of forest cover, utilising the interquartile 

range of forest cover (represented by Forest Cover per ha Quartile, 1-4), also yields a positive 

relationship across both models at lower density of forest cover.  

As expected, the interactions of forest cover with peat and slope produced a negative 

relationship with water quality across the models. Wetland areas are vulnerable to changes in 

hydrological conditions brought about by land use changes and climate (Holden et al. 2004). 

The establishment of conifer species on less fertile peaty sites often requires the application of 

additional nutrients (Carey 2006). In addition, slopes within catchments can influence the rate 

of nutrient export (Johnson et al. 2008; Kortelainen et al. 2006). 

Outcomes related to blanket peat and forest cover may be relevant in the wider European 

context considering the levels of peatland drainage (Paavilainen and Päivänen 1995), and 

related P transfer risk (Drinan et al. 2013; Rodgers et al. 2010). However, the Irish Forest 

Service has adapted its policies in recent years to minimise the possible impact of afforestation 

in sensitive areas. This has included regulation in areas of acid sensitivity and less productive 

sites. In combination with other policies, this has resulted in a decrease in the planting of lands 

(particularly peats) that require inputs of N and P at afforestation and/or major changes to 

drainage (Upton et al., 2014).  

The process of afforestation has potentially negative impacts on water quality resulting from 

site disturbance in the form of ground cultivation, drainage, fencing and planting. However, 

such intrusive events are relatively rare during the forest cycle compared to seasonal land use 

activities in traditional agriculture. Further, the application of nutrients to forest sites is 

typically less than agriculture (May et al. 2009). Neither model produces a significant 

relationship between afforestation and water quality.  

In summary, results indicate a negative relationship between agricultural activities and water 

quality over the time periods examined. The longitudinal nature of this study allows us to 

observe the temporal impacts of forest cover on water quality outcomes while taking into 

consideration other land uses and catchment characteristics. The initial impact of afforestation 

is negative, but the effect is not significant due to infrequent and low levels of disturbance over 

time. Further, the benefits of standing forest cover eclipse negative impacts associated with 

afforestation over time. The environmental co-benefits associated with long-periods of 

minimal disturbance outweigh the potential negative impacts of initial afforestation. The 

comparative frequency of management interventions associated with agricultural land uses 

make forest cover a less intrusive land use from a water quality perspective. However, a lack 

of activity data on forest harvesting and the significant gaps between time points results in a 

less than complete picture. Increased frequency of collection and the inclusion of additional 

harvest data would offer additional insight into the factors driving water quality outcomes in 

rural catchments. Despite this shortfall, the results give a better understanding of the factors 

that influence rural water quality outcomes. These results are relevant in both the Irish and 

European contexts. To provide further insight into the relationship between water quality and 

land use change, this study also simulates the impact of an increase in forestry and a 

corresponding decrease in agricultural area. 
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Results III: Land Use Change Simulation 

To estimate ex-post impacts of policy, the use of simulation models has become increasingly 

common (Morrissey et al. 2013). Table 6.4 reports the results of a simulation that increases 

afforestation and forest cover in each ED by 10 percent and reduces agriculture area by the 

equivalent area (typically much less than 10%). We assume the same livestock stocking rate 

per ha. As such, we estimate the impact of a smaller agricultural area and less animals than 

before.  

Table 6.4 Forestry Land Use Change Simulation   

Actual River Quality 

Sim River Quality  1 1.5 2 2.5 3 3.5 4 4.5 5 Total  

1 1 0 0 0 0 0 0 0 0 1 

1.5 0 1 0 0 0 0 0 0 0 1 

2 0 1 4 0 0 0 0 0 0 5 

2.5 0 0 1 35 0 0 0 0 0 36 

3 0 0 0 2 236 0 0 0 0 238 

3.5 0 0 0 0 11 407 0 0 0 418 

4 0 0 0 0 0 20 1036 0 0 1026 

4.5 0 0 0 0 0 0 18 373 0 391 

5 0 0 0 0 0 0 0 4 27 31 

 Total 1 2 5 37 247 427 1054 377 27 2177 

Note: Grey cells indicate points with no change, black cells indicate improved points. Results are presented for 2011 activity 

data.  

The model predicts the simulated water quality values in 2177 ED’s for the year 2011.Of the 

2177 values simulated, 2.62 percent of points showed enough improvement to move into 

another water quality category. The remaining points were unchanged. The majority of the 

modest improvement was seen in the ‘moderate’ (Q3) to ‘good’ (Q4) categories. Twenty-two 

monitoring points showed enough improvement to move into ‘high’ (Q4.5 – 5) categories.  

Figure 6.1 presents the results of a sensitivity analysis conducted on the averaged values of the 

EDs that improved in water quality status. The values for forest cover, afforestation and organic 

N density were increased up to 30 percent. Afforestation has a very slight negative impact, 

while organic N density increases have a more pronounced negative impact. However, the most 

significant impact is the positive effect of forest cover at increasing density. As such, though 

we see a positive impact from the substitution of livestock, the greatest impact results from the 

water quality benefits conferred by increased forest cover.   
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Figure 6.1 Parameter Sensitivity Analysis 
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Figure 6.2 Simulated Water Quality Trend, Organic N & Afforestation 

 

Source: Land Use Change Simulation  

Figure 6.2 shows the simulated change in water quality mapped to the respective monitoring 

points for 2011 and the change in organic N density in kg per hectare at the quartile level. The 

majority of water quality monitoring points experiencing a change are in proximity to those 

areas that have, in general, experienced the larger declines in organic N density.  

6.7 Conclusions 

The purpose of this paper was to examine the impact of private afforestation on water quality, 

using activity data on rural land use pressures. Previous research has highlighted the risk of 

sediment and nutrient disturbances associated with the process of afforestation and other 

specific forest management activities. Until now the impacts of forest cover and afforestation 

in an Irish context have not been analysed in relation to other land use pressures over a long 

time horizon.  

Our study models the impact of afforestation and forest cover, while accounting for specific 

land use pressures within catchments between 1991 and 2011. In addition, we simulate 10 

percent increase in afforestation and forest cover and a corresponding decrease in agricultural 

area. This holistic analysis enables a better understanding of the impact of forestry on water 

quality outcomes within the wider land use context. This greater insight informs the 

environmental sustainability of land use policy decisions targeted at climate mitigation.    

The management of seasonal agricultural land uses, such as livestock, constitutes an important 

driver of water quality outcomes (Schulte et al. 2006). Long standing forest cover requires little 

if any nutrient inputs, resulting in a reduced risk of nutrient and sediment transfer to water 

courses (May et al. 2009; van Dijk and Keenan 2007) and requires far fewer management 

interventions relative to seasonal agricultural land uses. This study offers additional insight by 

accounting for holistic catchment activity over an extended time period.    
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Analysis of activity data indicates a negative relationship with regards to water quality and 

agricultural activity and STS density. Though previous research has found a negative 

relationship between water quality and afforestation at a specific point in time, this study does 

not report a significant negative relationship over time, and finds forest cover is associated with 

significant positive water quality outcomes between 1991 and 2011. In addition, the results of 

the land use change simulation show that an increase in afforestation and forest cover by 10 

percent and a corresponding decrease in agricultural activity could yield a positive overall 

impact on water quality. A sensitivity analysis suggests that this is influenced to some degree 

by the substitution of livestock, but the effect of forest cover itself is greater.  
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Figure 6.3 WFD Rivers, Electoral Divisions & EPA Monitoring stations 

 

Source: Environmental Protection Agency & Central Statistics Office   
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Figure 6.4 Afforestation Share of Land use by years 1991, 2002, 2011 

 

Source: Aggregated from Forest Inventory Planning Systems & Irish Forest Soils Data   
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Figure 6.5 Forest Cover Share of Land use by years 1991, 2002, 2011  

 

Source: Aggregated from Forest Inventory Planning Systems & Irish Forest Soils Data   
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Figure 6.6 Cereal Share of Land Use by years 1991, 2002, 2011 

 

Source: Aggregated from Irish Census of Agriculture Data  
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Figure 6.7 Mean Organic N Density per ha (Kg) by years 1991, 2002, 2011 

 

Source: Aggregated from Irish Census of Agriculture Data  
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Figure 5.2 Mean Septic Tank Density by years 1991, 2002, 2011 

 

Source: Aggregated from National Population Census Data 
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Abstract 

Globally, agriculture accounts for up to 12 percent of greenhouse gas emissions. In Ireland, 

agriculture accounts for between 32 and 33 percent of national emissions. Ireland faces 

significant challenges in terms of emissions reduction and is well off course in terms of meeting 

binding European Union targets. Flexibility mechanisms will allow Ireland to offset 5.6 percent 

of its commitment via sequestration in biomass and soils and land use change. Agricultural 

emissions in Ireland are largely driven by livestock numbers, as such, the purpose of this 

research is to estimate the total carbon benefit resulting from a land use change with forest 

replacing livestock systems (dairy, cattle and sheep). We estimate the total carbon storage in 

biomass and harvested wood products, along with the total emissions avoided from each 

livestock system on a per hectare basis. In addition, the paper also compares social cost of 

carbon (SCC) to the average income value per hectare of each livestock system. Finally, a 

hypothetical national planting scenario is estimated using plausible planting rates.  

Results indicate greater carbon storage potential on better quality soils that are capable of 

producing higher forest yield classes.  Further, there is an 11 percent difference in total carbon 

stored over the forest rotation between unthinned and thinned forest stands. Though 

displacement of products by thinnings has not been accounted for in thinned stands. Ireland is 

one of the most efficient dairy producers in Europe, however, dairy emissions still dominate 

the emission profile of livestock systems. In addition, dairy systems are likely to occupy lands 

with the greatest forest yield potential. Significant differences exist between the SCC values of 

carbon based on soil group and livestock system.  

Estimation of a hypothetical national planting scenario of 100,000 hectares of forest replacing 

dairy, cattle and sheep livestock systems resulted in total emissions abatement of 13.91 Mt CO2 

e after 10 years. An additional 150.14 Mt CO2 e for unthinned plantations and 125.89 Mt CO2 

e for thinned plantations is possible over the course of the rotation. The inclusion of product 

displacement in future analysis would assist in determining a more complete carbon benefit. 
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The findings of this paper offer an insight into the abatement potential with regards to forest 

land use change at a critical time for Irish policy makers as they grapple with the urgent need 

to tackle Irelands rising agricultural emissions.  

7.1 Introduction  

Globally, agriculture contributes up to 12 percent of global greenhouse gas (GHG) emissions 

(Pachauri et al. 2014). Of this, 7.7 percent is accounted for by European Union (EU) member 

states. Agriculture accounts for 10 percent of EU emissions, with significant variation between 

member States (Fellmann et al. 2018). In the Irish context, agriculture generates between 32 

and 33 percent of national emissions (Lanigan et al. 2018). The agriculture sector, which is 

hugely important to the Irish economy, is based largely on grass fed livestock (DCCAE 2017). 

Increases in dairy livestock resulted in an emissions increase of 2.7 percent in 2016 relative to 

2015 (Lanigan et al. 2018). This increase reflects sectoral national plans to expand milk 

production coinciding with the removal of milk quotas (DAFM 2015a). Animal numbers, types 

and farm management practices are regarded as fundamental drivers of emissions within the 

sector (CCAC 2018).  

Governments and international governing bodies have increased their commitment to the 

mitigation of greenhouse gas (GHG) emissions and adaptation to the impacts of climate change 

(Eory et al. 2018; Pachauri et al. 2014). In 2015, 195 countries adopted the Paris Climate 

Agreement at the twenty-first Conference of Parties (COP-21) of the United Nations 

Framework Convention on Climate Change (UNFCCC), which called for countries to take 

mitigation actions (Grassi et al. 2017). The EU’s contribution to GHG emissions reduction 

aims to decrease emissions by 20 percent in 2020 and 40 percent in 2040 compared to 1990 

levels (Frank et al. 2016). Country specific contributions will be via the Nationally Determined 

Contributions (NDCs) proposed by the EU on behalf of member States (EU 2018). As an EU 

member State, Ireland faces a significant challenge in terms of its commitment to GHG 

emissions reductions. National targets for Ireland require a 20 percent reduction by 2020 and a 

30 percent reduction by 2030 relative to 2005. However, the use of flexibility mechanisms 

allow four percent of the 2030 target to be met utilising carbon credits and a further 5.6 percent 

may be achieved via sequestration of carbon in woody perennials and soils (afforestation, 

grasslands and croplands) (Lanigan et al. 2018).  

The practice of afforestation is well recognised as a cost effective climate mitigation strategy 

(Richards and Stokes 2004; Smith et al. 2014). With some of the greatest growth potential 

globally (Farrelly 2010), the Irish forest sector has significant potential to deliver emissions 

reductions via the sequestration of carbon that could otherwise contribute to GHG emissions 

(DAFM 2014). Managed forests, which make up the majority of the Irish forest estate (DAFM 

2018c) can potentially have negative environmental impacts (such as biodiversity loss), but are 

important carbons sinks (Shvidenko et al. 2005; Yosef et al. 2018). Afforestation, defined as - 

the man-made establishment of new forests on treeless lands that did not previously carry forest 

in contemporary history (DAFM 2018c), in Ireland since the 1980s has taken place largely on 

private land (Ryan 2016). Private planting is heavily subsidised by the State, with a key 

justification for State support being that planting takes place predominantly on former 

agricultural land, enhancing the mitigation potential of forestry (DAFM 2018b). 

Despite state support for private afforestation, the area of land afforested annually has been 

lower than expected for much of the last decade (DAFM 2018b). However, in relation to EU 

emissions targets, the flexible mechanisms available to countries have increased the importance 

of State investment in afforestation. For afforestation to contribute significantly in the 
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utilisation of flexibility mechanisms, annual planting rates must increase. Incentives for 

afforestation need to be attractive enough to motivate landowners to diversify land into 

forestry. The onset of carbon payments is expected to induce greater investment in afforestation 

and forest conservation (Crossman et al. 2011).    

In Ireland, fast growing even aged conifer forests are the dominant forest type, with Sitka 

spruce (Picea sitchensis (Bong.) Carr.) (SS) being the most common, species accounting for 

71.2 percent of forest area (DAFM 2018c). The establishment of fast-growing even aged forest 

plantations offers significant carbon benefits (Schoeneberger 2009), resulting in a much higher 

accumulation of carbon in the short term (Dhubháin et al. 2012).  

The purpose of this paper is to demonstrate the potential carbon benefit associated with a land 

use change from livestock to forestry, via the estimation of carbon sequestration in SS forest 

biomass and associated harvested wood products, and the estimation of emissions avoided from 

livestock systems. The study utilises forest yield models and Environmental Protection Agency 

(EPA) national inventory data to estimate forest sequestration and livestock emissions. The 

value of these carbon benefits to society are then estimated on a per hectare basis using social 

cost of carbon values from the current literature. Finally, based on plausible planting rates, the 

study implements a hypothetical national planting scenario over the short and long term in 

order to evaluate potential abatement and the potential value of that abatement to society.  

The following sections of the paper present the contextual and theoretical background. Section 

7.4 presents the methods used in the study, while section 7.5 presents the results and discussion 

of the analysis. Finally, the conclusions are presented in section 7.6.    

7.2 Contextual Background 

Agricultural Context 

From an economic and food security perspective, global livestock production is hugely 

important. In 2006, the global livestock sector generated livelihoods for over a billion people 

(Steinfeld et al. 2006). Increases in demand for livestock products has led to 150 percent 

increase in the sheep, cattle and goat populations globally between 1960 and 2010 (Godfray et 

al. 2010). From an Irish perspective, beef and dairy production made up over 72 percent of 

total agricultural output in 2016 (DAFM 2018a). Agricultural area accounts for 63 percent of 

total land area, of which over 90 percent is devoted to livestock production (CSO 2018).  

However, the production of livestock presents significant sustainability challenges. In terms of 

climate impact, milk and beef production contribute nine percent to global GHG emissions 

(Gerber et al. 2013). Steinfeld et al. (2006) reported that the global livestock sector accounted 

for 37 and 65 percent of anthropogenic methane (CH4) and nitrous oxide (N2O) respectively. 

Irish agriculture is responsible for approximately 32 percent (19.25 Mt carbon dioxide (CO2) 

equivalent) of national emissions (Duffy et al. 2018), and these emissions are largely related to 

livestock production (Garnett 2009).  Production of CH4 results from enteric fermentation and 

manure management and is determined by livestock numbers, and the age and type of livestock 

on farms, which is largely cattle in the Irish context (Duffy et al. 2018; Lanigan et al. 2018). 

Duffy et al (2018) also report that cattle largely determine nitrogen inputs to soils. Animal 

manure, combined with emissions from synthetic fertiliser application, largely dominate N2O 

emissions. Liming and urea application accounted for the remaining emissions in 2016 (Duffy 

et al. 2018; Lanigan et al. 2018). 
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Irish agricultural emissions increased by 11.5 percent between 2011 and 2016 (Duffy et al. 

2018) and are expected to increase yet further (EPA 2018). Increases in emissions are primarily 

driven by increased cattle numbers (Duffy et al. 2018; Lanigan et al. 2018).  Increased livestock 

numbers are linked with the implementation of Food Wise 2025, a national sectoral plan for 

expansion of the agri-food sector (DAFM 2015a). Food Wise 2025 seeks to leverage growth 

through sustainable intensification, which aims to increase productivity in a manner that 

protects natural resources (DAFM 2015a). The development strategy acknowledges the equal 

importance of environmental sustainability and protection, but envisages a significant increase 

in the dairy production and the arable, pig, poultry and forest sectors (DAFM 2015a; Lanigan 

et al. 2018).  

However, according to Mahon et al (2017), the concept of sustainable intensification has not 

been readily accepted by all, and is the subject of much debate and a source of significant 

confusion. Weak interpretation of the meaning can result in ‘green-washing’, with little 

departure from ‘business-as-usual’ within agricultural systems (Pretty and Bharucha 2014). 

Cook et al (2015) argue that sustainable intensification is too narrowly defined and too focused 

on increases in production. In addition, it fails to address farm systems holistically and lacks 

social and political dimensions (Cook et al. 2015). Other critics have argued that sustainable 

intensification values large farms over smaller family farms (Godfray 2015). In an Irish 

context, it has been observed that the current Food Wise 2025 development plan is likely to 

conflict with environmental policy objectives (Donnellan et al. 2018).  

Irish Forest Policy & Climate Mitigation  

National mitigation plans in Ireland aim to move the agriculture and forest land use sectors 

towards carbon neutrality, without compromising the ability of the sector to sustainably 

produce food (DCCAE 2017). Carbon neutrality for Irish agriculture is regarded as an 

aspirational ‘horizon point’, as there are significant challenges associated in obtaining full 

carbon neutrality (Schulte et al. 2013). Mitigation plans aspiring to carbon neutrality in the 

agriculture, forest and other land use (AFLOU) sector highlight five potential pathways for the 

sector that include: increased carbon sequestration, advanced mitigation, fossil fuel 

displacement, constrained production activity, and residual emissions (NESC 2012). Of these 

pathways, carbon sequestration offers significant scope to reduce national agriculture 

emissions by almost half, with forestry playing the most significant role (Schulte et al. 2013). 

The most cost effective mitigation options in relation to forestry are afforestation, sustainable 

forest management and a reduction of deforestation (IPCC 2014b). 

Afforestation is a key element of the carbon neutrality concept (DCCAE 2017; Schulte et al. 

2013). Current agriculture and forest policy in an Irish context are linked. As stated in the 

current forestry programme, for every hectare of afforested land there is one less hectare of 

agricultural land (DAFM 2018b). The state funded afforestation scheme provides grants to land 

holders covering 100 percent of forest establishment in conjunction with 15 annual forest 

premium payments as a compensation for loss of agricultural income on planted land. The key 

role of Irish forestry with regards to climate mitigation is one of the principal justifications for 

state funding for the current forestry programme (DAFM 2015b; DAFM 2018b). The Irish 

forest programme (2014 – 2020) states its contribution to climate mitigation as: sequestration 

- via the removal of GHGs from the atmosphere, increasing soil carbon and other carbon pools; 

abatement – through conversion of agricultural land, mostly used for livestock  rearing, from a 

source to a sink of GHGs; and substitution – by replacing imported fossil fuels with indigenous 

wood fuels in the production of heat and power and by replacing more energy intensive 

materials (DAFM 2015b). 
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Irish forest policy seeks to increase forest cover from 11 percent to 18 percent by 2046. In order 

to reach forest cover targets, annual afforestation, which has not exceeded 8,500 hectares in the 

last decade (DAFM 2017), must increase to 15,000 hectares per annum (DAFM 2014). 

Hendrick & Black (2009) estimated that the annual removal of CO2 from the atmosphere by 

forests in Ireland exceeded 6 million tonnes per annum, or 3.6 million tonnes net of CO2 

removed in roundwood harvests. In order to maintain these climate benefits, it was estimated 

that the national afforestation programme needs to plant at rates that exceed 10,000 hectares 

per annum (Hendrick and Black 2009). Based on recent National Forest Inventory (NFI) data, 

the forest estate contains 312 Mt of carbon dioxide equivalent (CO2e) and continues to remove 

an average of 3.8 Mt CO2e a year (DAFM 2018c). However, afforestation rates have often 

fallen short of planting targets. Statistics from the Forest Service payment databases (IFORIS) 

show the average private grant aided afforestation rate between 2006 and 2017 was 6,664 ha 

per annum (DAFM 2017). Planting reached 5,536 hectares in 2017, some 1,604 hectares short 

of the 7140 ha planting target for that year (DAFM 2018b).  

EU Climate Change and Energy Obligations to 2030  

Considering the dominance of Irish agriculture in terms of emissions generation, EU climate 

targets present a significant challenge and financial risk to Ireland (CCAC 2018; Lanigan et al. 

2018). The Emissions Trading Scheme (ETS), as per EU (2015) guidance, is the ‘cap and trade’ 

system, which caps overall GHG emissions of all participants in the system. Participants have 

a certain number of free allowances, with each allowance equivalent to the right to emit one 

tonne of CO2e. Participants who emit beyond the allotted free allowances must engage in 

‘trade’ in order to comply with the ‘cap’. The ETS covers sectors and gases that can be 

measured, reported and verified with a high degree of accuracy (EU 2015). As part of the 

climate energy package and the associated effort sharing decision (Decision No. 406/2009/EU), 

Ireland must achieve a 20 percent reduction in emissions from sectors not included in the ETS 

(agriculture, transport, residential, commercial, waste and non-energy intensive industry) 

sectors relative to 2005 levels, with yearly emissions limits, over the period of 2013 to 2020 

(CCAC 2018; Lanigan et al. 2018). 

The EU effort sharing regulation (Regulation (EU) 2018/842) was introduced in 2018 targeting 

a reduction in non-ETS of 30 percent by 2030 relative to 2005 levels. Ireland has both 

cumulative and annual targets for GHG reductions (CCAC 2018). The introduction of 

flexibility mechanisms has reduced the target to just over 20 percent to be achieved by 2030. 

Flexibility mechanisms include the use of banking/borrowing of EU ETS allowances (4%) and 

the offsetting of emissions via the sequestration of CO2 (5.6%) in biomass and soils (forest, 

grassland, wetland and cropland) and land-use change (example: forest substitution) (Lanigan 

et al. 2018). Ireland has exceeded its annual limit in 2016 for the first time (CCAC 2018; EPA 

2018). The EPA (2018) projects a potential overall increase of one percent in 2020 and up to 

four percent in 2030.  

7.3 Theoretical Background 

Carbon Sequestration 

Carbon sequestration describes the natural and anthropogenic process in which carbon is taken 

from, or otherwise prevented from reaching, the atmosphere and stored in ocean, terrestrial 

(vegetation & soil) and geological formations (Sundquist et al. 2008). Biological sequestration 

is usually as a result of forest or soil uptake. Carbon is stored due to the process of 

photosynthesis where it is fixed in plants and cycled through plant tissues (Ciais et al. 2014; 
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Karsenty et al. 2003). Several carbon pools make up the total carbon stock that exists in forests. 

The Marrakech accords, agreed in COP7 (2001) provide the rules on what and how these 

carbon pools should be accounted (Schlamadinger et al. 2007). These carbon pools are: 1) 

above ground biomass; 2) below ground biomass; 3) dead wood; 4) litter; 5) and soil organic 

matter (UN 2002). Harvested Wood Products (HWP), defined as - products in use where the 

wood has been derived from domestic harvest (IPCC 2014a), have also been included as an 

additional pool (IPCC 2006). The importance of these pools varies significantly. Globally, it is 

estimated that soils and vegetation make up 69 and 31 percent of forest carbon respectively 

(Dixon et al. 1994). The following sub-sections discuss the estimation of the carbon 

sequestered by these pools and the considerable variability in the literature in relation to how 

estimations are undertaken.  

Biomass Carbon Storage  

The assessment of the sequestration of carbon by forest biomass is typically calculated from 

national forest inventory data using biomass expansion factors (BEFs). These factors are used 

to convert readily available merchantable stem wood volumes to total biomass carbon values, 

which are used to estimate carbon budgets (Tobin and Nieuwenhuis 2007). Models are based 

on work undertaken by Dewar and Cannell (1992) in the evaluation of carbon sequestration in 

British forests (Dewar and Cannell 1992). These model are based on Forestry Commission 

yield models for British forests (Edwards and Christie 1981).  

Data from yield tables provide information on the merchantable volume of trees (but not the 

branchwood, roots etc.) for managed and unmanaged forest stands for each yield class (YC) 

(Bateman and Lovett 2000). where YC is defined by Mathews et al (2016) as – an index of 

potential productivity of even-aged stands of trees. The term ‘managed’ refers to stands that 

have been thinned, while ‘unmanged’ refers to forest that have not been thinned and have been 

left to grow naturally. Thinning is defined as – the removal of tress during various stages of the 

forest cycle to increase wood production, reduce the risk of fire, control stand structure and 

composition, and increase resistance and resilience to disturbance (Dore et al. 2010). The 

maximum sustainable intensity of thinning in the UK and Ireland is marginal thinning intensity 

(MTI), and, in terms of gross volume, is defined as – 70 percent of YC per hectare per thinning 

event (Ryan et al. 2016). The year of first thinning varies depending on YC (higher YC’s are 

thinned earlier than lower YC’s), with subsequent thinnings assumed to take place every 5 

years until final harvest (Edwards and Christie 1981; Ryan et al. 2016). However, rotation 

length of SS in Ireland are very short, Irelands maritime climate allows this versatile and 

productive species to excel, with rotation lengths ranging from 30 to 50 years depending on 

YC and management practices (Dhubháin et al. 2006).  

Data on merchantable volume is correlated with basic wood density, defined as the ratio of 

oven dry weight of timber divided by its green volume (Porté et al. 2002). The carbon mass of 

living trees is the product of volume, density and carbon fraction (Dewar and Cannell 1992). 

Carbon mass per cubic metre in fresh wood is equivalent to about half of its basic density. 

However, there can be considerable variation in basic density between trees, sites, and stands. 

The average basic density (mass per unit of volume) for SS is 350 kg m-3 (Moore 2011). 

Omitting data from the youngest of trees, Black & Farrell (2006) used a basic density factor of 

370kg m-3 (Black and Farrell 2006). Other studies suggest that conifer species range between 

300 - 450 kg m-3 (Levy et al. 2004). Bateman & Lovett (2000) utilize a value of 330 kg m-3 

(Bateman and Lovett 2000). The proportion of dry weight that is carbon is less variable at about 

50 percent (Bateman and Lovett 2000; Black and Farrell 2006; Dewar and Cannell 1992; 

Matthews 1993). 
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In addition, yield models only account for merchantable tree volume, as such a significant 

fraction of plant biomass that is present in both the above and below ground parts of trees 

remains unaccounted for. In order to estimate this, a BEF is applied to merchantable growing 

stock volume to account for above ground biomass (IPCC 2006). In addition to BEF, the total 

root to timber biomass ratio is also included. Based on research conducted by Black et al 

(2009), recent National Inventory Reports (NIR) have used a root ratio of 0.2 (Duffy et al. 

2018; Duffy et al. 2015). Early assessments of forest carbon stocks in Ireland utilised a single 

BEF value of 1.3 (Tobin and Nieuwenhuis 2007), ignoring root ratio. However, Black et al 

(2004) claim that this underestimates carbon stocks by as much as 2 - 4 times (Black et al. 

2004). Based on this research, more recent NIR reports have used a dynamic BEF range 

between 1.68 to 4 to account for changes in the BEF over the forest rotation (Black et al. 2004; 

Duffy et al. 2018). 

Dead Organic Matter 

Dead organic matter, in the form of foliage and deadwood, accumulates in forest stands over 

time. Whether a forest is managed or unmanaged has an impact on the level of these stocks 

(Kurz et al. 1997). IPCC (2006) guidelines methodologies are categorised by tiers, these tiers 

represent the level of methodological complexity involved, with tier one representing the least 

and tier three the highest level of complexity.  Tier one methodology provides default values 

with regard to litter (but not deadwood due to uncertainty) carbon stocks, which is 

differentiated by climatic region. In addition, tier one methods assume that all preceding land 

use categories, (other than forested land), have dead organic matter stock values of zero. Values 

for carbon stocks increase linearly, reaching their maximum increment at year 20, in which 

they stabilise (IPCC 2006). 

Forest Soils 

Soils are an important store of carbon and are significantly influenced by land use change. 

Human activities and other factors such as forest type, forest productivity, rate of decay and 

frequency and type of disturbance (site preparation, thinning, fertilization, drainage, 

harvesting) can alter the carbon dynamics of forest soils (IPCC 2006). Soil organic carbon 

(SOC) is the primary component of organic matter in soils (FAO 2017). Some agricultural uses 

lead to depletion of SOC, while afforestation of agricultural land can reverse SOC depletion 

(Lal 2005). However, this is dependent on soil type and the agricultural activity in question, as 

pasture lands, for example, can contain significant carbon stocks (Groenendijk et al. 2002).  

Recent NIR by Duffy et al (2018) categorize soils into three major groupings based on soil 

carbon characteristics. All mineral soils are grouped together, while all organic soils with an 

organic layer greater than 30 cm are classified as Peat. Finally, organic soils with an organic 

layer less than 30 cm are classified as peaty/mineral (Duffy et al. 2018). Research with regard 

to mineral soils is site specific and difficult to apply more generally. Current knowledge 

remains inconclusive as to the direction and magnitude of carbon stock change in mineral soils 

(IPCC 2006). However, research has shown that conversion of grassland to forest can reduce 

soil carbon for a period of time following land use change (Groenendijk et al. 2002).  

Peat soils, on the other hand, are rich in organic matter (Rezanezhad et al. 2016), and 

afforestation of these soils can have a significant impact as a result of increased aeration once 

the water-table has been lowered, due to drainage to allow for planting. Increased 

evapotranspiration leads to increased aerobic decomposition, resulting in an increased rate of 

organic matter decay (Byrne and Farrell 2005a). Guidelines indicate that conversion of 
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wetlands will increase emissions (IPCC 2006). Recent NIR by Duffy et al (2018) utilise an 

emissions factor of 0.59 per hectare in relation to peat soils. This emissions factor is only 

applied for the first 50 years after afforestation, with no emissions factored thereafter. This is 

based on research by Byrne and Farrell (2005), who claim that organic soils are no longer a 

source of carbon following successive rotations (Byrne and Farrell 2005a). 

Harvested Wood Products  

The felling of trees releases the stored carbon back into the atmosphere over time as CO2 

(Bateman and Lovett 2000). The rate at which carbon is liberated is subject to considerable 

variation depending on the end uses of the wood (Green et al. 2006). Wood based products 

form part of the carbon cycle within managed forest ecosystems, forming a physical carbon 

pool, a substitute for energy intensive materials, and a material that can be utilised in energy 

production (Pingoud et al. 2003). There is considerable scope for the global Harvested Wood 

Products (HWP) carbon pool to increase, and the production of more durable products with 

longer life-cycles can potentially delay emissions significantly (Green et al. 2006). When 

accounting for carbon stored in HWP, IPCC (2014a) supplementary guidance for the Kyoto 

protocol, allows for the inclusion of three categories: paper, wood panels, and sawnwood. Only 

activity data that are transparent and verifiable may be included (IPCC 2014a).  

Figure 7.1 Wood Product Classification based on FAO product definitions 

 
FAO: Food and Agriculture Organisation if the United Nations 

Source: Adapted from the IPCC 2013 Revised Supplementary Methods and Good Practice Guidance Arising 

from the Kyoto Protocol (IPCC 2014a) 

Figure 7.1 presents a flow chart of feedstock categories for each of the three HWP categories. 

IPCC (2014a) guidance also highlights the inclusion of: planks, beams, joists, boards, rafters, 

scantlings, laths, boxboards and various types of lumber in the sawnwood (SW) category. 

Additionally, wood based panels (WBP) comprise: veneer sheets, plywood, particle board and 

fibreboard. Lastly, the paper and paperboard (PPB) category also includes: graphic papers; 

sanitary and household papers, packaging material and other paperboard. In addition, 

instantaneous oxidation is assumed for fractions of HWP resulting from deforestation, solid 

waste disposal sites (SWDS) and harvested wood used for energy purposes (IPCC 2014a). 

Ireland reports its HWP based on the domestic production approach outlined by the IPCC 

(Duffy et al. 2018). 
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Valuation of Carbon 

Valuing carbon is a difficult process due to the uncertainty, technical challenges and ethical 

issues associated with it (NESC 2018). However, as cost benefit analysis is often used by 

decision makers with regard to public policy, it is therefore essential that an analysis be able to 

incorporate estimates of the marginal value of changes in CO2 emissions. A valuation of the 

social cost of carbon (SCC), defined as - the monetised value of the world-wide damage caused 

by the incremental impact of an additional tonne of CO2 emitted at a particular time (Smith and 

Braathen 2015), has been extensively used in cost benefit analysis of climate policy (Tol 

2008b), particularly since the publication of the influential Stern review (Stern et al. 2007). 

The cost of additional CO2 varies depending on the level of GHG emissions in the atmosphere, 

as a result, Smith and Braathen (2015) highlight specific assumptions that need to be defined 

with regard to SCC and the current and future levels of GHG concentrations, against which its 

effects are to be measured. The SCC estimates the monetary value of the incremental impact 

of an additional tonne of emissions. Smith and Braathen (2015) further elucidate the elements 

that should be considered in SCC estimates:  

 Sea level rise: damage to infrastructure and habitats  

 Agriculture Impact: context specific impacts on crop yields and farmer adaptations  

 Public health: potential outcomes related to human health  

 Extreme events: the potential damage from increases in extreme events (fires, floods) 

and changing weather patterns.  

 Biodiversity: negative impacts on flora and fauna.  

 

There is significant variation within the literature with regard to the value of carbon (NESC 

2018). Stern (2007) valued carbon at $85 per tonne of CO2. A report from the Interagency 

Working Group on Social Cost of Greenhouse Gases estimated a carbon price of between $36 

and $42 in 2007 dollar prices per tonne of CO2, using a discount rate of three percent (IAWG 

2013). On the other hand, Moore and Diaz (2015) attribute a lower discount rate as a result of 

damages caused by climate change and report a SCC value of $220 per tonne of additional CO2 

(Moore and Diaz 2015). An examination of 232 studies on the SCC found that the average 

value per tonne of CO2 at discount rates of zero, one and three percent, was $148, $122, $50 

respectively (Tol 2008a).  

Discount Rate 

The physical process of carbon storage may take significant time and therefore requires that 

assumptions are made with regard to rate of storage and opportunity cost associated with 

carbon sequestration (Thamo et al. 2017). The use of a discount rate allows future welfare to 

be given a present day value (NESC 2018). The valuation of the SCC needs to take into account 

the extended time horizons associated with policy tackling climate impacts (Smith and 

Braathen 2015). As CO2 has a long lived half-life, damages resulting from emissions may occur 

over many decades, the chosen discount rate offers a value in the present for the damages in 

the year when an additional tonne of CO2 was released (Greenstone et al. 2013). The choice of 

discount rate has been a contentious and challenging issue (Smith and Braathen 2015) and is 

the largest source of variation in terms of estimating the social impacts of carbon (Greenstone 

et al. 2013; Tol 2018). There is little agreement in the literature on what the discount rate should 

be (Greenstone et al. 2013). Tol (2008a), in a summary of 211 studies on SCC, reported that 

some studies used a constant discount rate, while others used a declining discount rate, or no 

discount rate at all (Tol 2008a). 
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7.4 Methodology 

The aim of this paper is to firstly estimate and subsequently value the carbon sequestration 

potential of SS and the associated HWP on a per hectare basis. In addition, we seek to estimate 

and value the emissions from livestock systems (dairy, cattle and sheep) on a per hectare basis. 

This will allow for the estimation of the total abatement value (sequestration and avoided) of 

land use change from a specific livestock system to forestry, in this case, SS. Estimated 

abatement values are utilised in the modelling of a hypothetical national planting scenario of a 

100, 000 ha of SS replacing livestock systems over a single rotation. The following sections 

provide an overview of the elements contributing to the model and describes the methodology 

utilised in the production of each element in the study beginning with the carbon storage in SS 

and liberation from HWPs, followed by emissions from the various livestock systems included. 

The remainder of the section outlines how abatement was valued, followed by a detailed 

description of the hypothetical national planting scenario.  

Carbon Storage Elements 

A conceptual framework of the carbon storage elements is presented in Figure 7.2 outlining 

the elements in the model. The total carbon stock is made up of total biomass, which is driven 

by empirical yield data utilised in forest management. In addition, the contribution of litter to 

the dead organic matter (DOM) carbon pool is also estimated, as are the released emissions 

from grassland conversion. Further, the contribution and release of emissions from HWP are 

incorporated. The remaining total carbon stock then contributes to total CO2 abatement. 

Finally, the emissions from dairy, cattle and sheep systems contribute to emissions avoided, 

which in turn, contributes to total abatement.  

Figure 7.2 Schematic of the Carbon Storage Elements modelled in the Study 

 
A schematic of the elements contributing to total CO2 abatement and loss. Blue lines represent inflow of CO2 e 

while red dashed lines represent outflows. MV = Merchantable Volume, BEF = Biomass Expansion Factor, 

DOM = Dead Organic Matter, HWP = Harvested Wood Products.  
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Carbon Storage in Biomass 

This section describes the function of carbon storage in SS. Firstly, carbon storage in SS must 

be estimated on a per hectare per annum basis for each YC. Carbon storage in biomass is 

estimated for YC 14 – 24. The methods employed here follow the basic IPCC guidelines (IPCC 

2006), outlined earlier, for estimation of biomass carbon values.  In order to estimate the total 

carbon stock (denoted by C) over the forest rotation, we utilise the following equation:  

𝐶 = ∑ {𝑉𝑖 ∙  𝐷𝑖  ∙  𝐵𝐸𝐹𝑖  ∙  𝐶𝐹 ∙ (1 + 𝑅𝑖)}
𝑛
𝑖=1         [1] 

The merchantable volume (denoted by Vi) of trees per hectare is based on yield tables from the 

Forestry Commission yield models (Edwards and Christie 1981). Where possible, country 

specific parameters are utilised based on current NIR compiled by Duffy et al (2018). As such, 

a carbon fraction (denoted by CF) of 0.5 and a basic wood density (denoted by 𝐷𝑖) of 0.387 are 

utilised. Additionally, a BEF of 1.68 to 4 is utilised in the NIR, based on research conducted 

by Black et al (2004), the application of this dynamic expansion factor is dependent on age and 

tree species (Duffy et al. 2018). Due to uncertainty in application, a conservative approach was 

taken when applying expansion factors. A dynamic BEF was applied ranging from 1.68 to 2 

for lower YC’s (14 & 16), 1.68 to 3 for intermediate YCs (18 & 20) and reserving the highest 

range of 1.68 to 4 for the most productive YC’s (22 & 24). A constant BEF of 1.68 was utilised 

once stand volume has equal or greater than 200 m3 per hectare. The final parameter included 

is root ratio (denoted by Ri). Again, a country specific ratio, as per the NIR, of 0.02 is utilised 

based on research conducted by Black et al (2009).   The subscript i indicates the ith year 

i={1….n}. Total carbon stock per hectare is converted from t C ha-1 y-1 and reported as t CO2 

e ha-1 y-1 using IPCC conversion factors.  

Carbon Storage in Dead Organic Matter 

The detritus material that make up the DOM pool consists of dead wood and litter. IPCC (2006) 

tier 1 methodology is utilised to estimate carbon stocks for DOM. The methodology assumes 

a linear increase in stored carbon over 20 years post conversion to forest, and stabilisation 

thereafter. Further, for land converted to forest, any land use that is not forestry is assumed not 

to carryover DOM. IPCC (2006) guidelines provide default factor values for forest litter. Litter 

is defined by the IPCC (2006) as – all non-living biomass with a size greater than the limit for 

soil organic matter and less than the minimum diameter chosen for deadwood, lying dead, in 

various states of decomposition above or within the mineral or organic soil. Due to uncertainty, 

there are no values provided for the deadwood component of the DOM pool, as such, only the 

litter element has been utilised in this analysis. The estimate of litter contribution to total carbon 

stock utilises the IPCC (2006) guideline default value of 26 t C/ ha-1/y-1. The basic equation 

utilised is:  

𝐷𝑂𝑀𝑖 = 
𝐿 ∙𝐴

𝑇
           [2] 

Where the annual dead organic matter stock (denoted by 𝐷𝑂𝑀𝑖) for year i is determined by 

litter carbon stocks for mature forest (denoted by L) by area (A) divided by time (denoted by 

T). 𝐷𝑂𝑀𝑖 is expressed as CO2 e/ ha-1/y-1, based on IPCC equivalent values.  

Carbon Storage in Forest Soils 

Carbon storage in organic and mineral soils from land converted to forest are considered within 

IPCC (2006) reporting guidelines. Regarding organic soils, afforestation of organic soils can 
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lead to significant emissions (Byrne and Farrell 2005b). In Ireland, the Forest Service has 

introduced regulation that seeks to minimise afforestation in sensitive areas, including areas 

that less productive areas comprising organic soils requiring drainage (Upton et al. 2014). As 

such, the current analysis assumes no further afforestation on organic soil types.  

Land conversion to forest on mineral soil types results in similar levels of carbon storage (IPCC 

2006). However, under certain circumstances, conversion grassland can result in a slight carbon 

loss from mineral soils (Groenendijk et al. 2002). As this analysis is predicated on the 

substitution of livestock systems specifically, the IPCC (2006) tier 1 guidelines for conversion 

of grassland to forest land have been utilised.  

In order to employ IPCC methodologies, it was first necessary to establish the SOC reference 

level of grasslands. To establish a reference level, average EPA parameters for SOC percentage 

(4.75) and bulk density (1.05) for Irish grassland were utilised (Kiely et al. 2009) and the 

following equation was utilised:  

𝑆𝑂𝐶𝑟𝑒𝑓 = 𝑆𝑂𝐶𝑝  ∙ 𝐵𝐷 ∙ 𝑆𝐷         [3] 

The SOC reference (denoted by 𝑆𝑂𝐶𝑟𝑒𝑓) in t C/ ha-1 is equal to the percentage of SOC (denoted 

by 𝑆𝑂𝐶𝑝) by bulk density (BD) by soil depth (SD). A soil depth of 30 cm is utilised.  

In order to estimate the carbon stock for grassland, IPCC (2006) default factors for grassland 

management are utilised. The default factor utilised for managed grassland is 1.14. Grassland 

SOC is established using the following equation:  

 𝑆𝑂𝐶𝑔𝑟𝑎𝑠𝑠 = 𝑆𝑂𝐶𝑟𝑒𝑓  ∙  𝐺𝐿𝑓𝑎𝑐𝑡𝑜𝑟        [4] 

Where grassland carbon stock (𝑆𝑂𝐶𝑔𝑟𝑎𝑠𝑠) is equal to the SOC reference (𝑆𝑂𝐶𝑟𝑒𝑓) by the 

managed grassland factor (denoted by 𝐺𝐿𝑓𝑎𝑐𝑡𝑜𝑟).  

IPCC (2006) tier 1 methodology assumes that forested land will have the same carbon stock as 

the reference level, while acknowledging that management practices are likely to have an 

impact on carbon stocks. As such, the forest carbon stock is assumed to be equal to the SOC 

reference level. The carbon stock change is computed based on the carbon stock level after the 

land use change relative to the carbon prior to the land use change. The equation employed to 

establish the average annual stock change is as follows:  

∆𝑆𝑂𝐶 =  
𝑆𝑂𝐶𝑟𝑒𝑓− 𝑆𝑂𝐶𝑔𝑟𝑎𝑠𝑠

𝑇
         [5] 

The average stock change (denoted by ∆𝑆𝑂𝐶) is equal to the SOC reference stock (𝑆𝑂𝐶𝑟𝑒𝑓) 

minus the grassland SOC (denoted by 𝑆𝑂𝐶𝑔𝑟𝑎𝑠𝑠) and divided by the average length of the 

rotation (denoted by T) across YC’s, which is 43 years in this case. Emissions from grassland 

conversion are expressed as tCO2 e ha-1 based on IPCC conversion factors.  

Carbon Storage in Harvested Wood Products 

A significant amount of carbon is stored in the HWP after a forest stand is harvested, this 

carbon is stored for differing lengths of time depending on the product and other factors (IPCC 

2006). In order to estimate the total carbon per hectare per annum by YC in HWP, a reduced 

version of equation 1 utilised. The basic equation employed is:  
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𝐼𝑛𝑓𝑙𝑜𝑤 = ∑ {𝑉𝑖 ∙  𝐷𝑖 ∙ 𝐶𝐹}
𝑛
𝑖=1          [6] 

Carbon contained in HWP (inflow) is equal to the merchantable volume (denoted by 𝑉𝑖) for 

year i by density (denoted by 𝐷𝑖) by the carbon fraction (denoted by 𝐶𝐹𝑖). Total carbon stock 

allotted to HWP is expressed as t CO2 e/ ha-1/y-1 based on IPCC conversion factors. To account 

for post-harvest losses of wood, the derived inflow is multiplied by a factor of 0.93, based on 

a 10-year average (2000 to 2009) of accountable carbon inflow to the HWP pool (Rüter 2011). 

In order to estimate the fraction of HWP contained in the SW, WBP and PPB categories per 

hectare per annum, the reported proportions for the respective categories in the most recent 

NIR is utilised. As such, SW and WBP account for 52 and 48 percent of HWP respectively, 

while zero PPB stock is reported (Duffy et al. 2018). A certain amount of wood is lost in the 

milling process. Based on wood flow data reported by Knaggs and O’Driscoll (2017), milling 

losses of 50 percent and 41 percent are assumed for SW and WBP. To model the liberation of 

carbon from each HWP category, the tier two first order decay method outlined in the IPCC 

(2014a) guidelines is utilised. The basic equation is as follows:  

𝐶𝐻𝑊𝑃𝑗(𝑖 + 1) = 𝑒−𝑘 ∙  𝐶𝐻𝑊𝑃𝑗(𝑖) + [
(1− 𝑒−𝑘)

𝑘
]  ∙ 𝐼𝑛𝑓𝑙𝑜𝑤(𝑖)    [7] 

Where the carbon stock of HWP in category j is denoted 𝐶𝐻𝑊𝑃𝑗 and k is the decay constant of 

first order decay for HWP category j given in units per year. The decay rate (k) is equal to ln(2) 

divided by the associated half-life2 (HL) of HWP category j. The HL associated with SW and 

WBP is 35 and 25 years respectively. 𝐼𝑛𝑓𝑙𝑜𝑤𝑖 refers to the inflow of HWP for category j during 

year i. Total carbon storage in HWP is expressed as CO2 e/ ha-1/y-1, based on IPCC equivalent 

values. 

Livestock Emissions 

In order to estimate the total emissions abated per hectare, it is necessary to calculate the 

emissions avoided per hectare of each livestock system. The emissions estimates include CH4 

from enteric fermentation and manure management and N2O emissions from manure 

management and application to soils. Estimates generated here are limited to the afore 

mentioned emission sources. The inclusion of other sources of emissions such as feed, fuel and 

fertiliser manufacture, are not considered in this analysis, as such the figures reported do not 

represent a full life-cycle analysis. 

Data and emissions factors for each livestock systems were based on national inventory data 

(Duffy et al. 2018) and follow IPCC (2006) guidelines for the estimation of emissions from 

enteric fermentation, direct and indirect emissions from manure management for each livestock 

system. This enables the generation of an estimate of CH4 and N2O emissions per animal. In 

order to estimate the emissions per hectare, the average livestock density per hectare by soil 

group3 is calculated based on methodology consistent with the National Farm Survey (NFS). 

A single dairy cow is taken to be the basic grazing livestock unit (GLU), and all other grazing 

                                                           
2 Half-life is defined by the IPCC (2006) as – the number of years it takes to lose one-half of the material 

currently in the pool. 

3 There are six land use soil classes varying from wide, moderately wide, somewhat limited, limited, very limited 

and extremely limited (Gardiner and Radford 1980). Here, farms are classified into 3 major groups depending on 

their use range. Soil group 1 has the widest use range and soil group 3 contains farms with limited use range 

(Dillon et al. 2018). 
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livestock are given as equivalents (Dillon et al. 2018; Teagasc 2009). For the purposes of this 

analysis equivalent value utilised for cattle is 0.7 GLU, which represents cattle aged between 

one to two years, or heifer-in-calf. An equivalent value of 0.2 GLU is utilised for sheep, which 

represents ewes and rams. The average livestock density and emissions per soil group for dairy, 

cattle and sheep systems are given in table 7.1. Further, CH4 and N2O emissions have been 

converted to tCO2 e ha-1 based on IPCC global warming potential4 (GWP) equivalents. Total 

emissions per unit of livestock is the sum of CH4 and N2O. 

Table 7.1 Stock Density & Emissions per unit of Livestock  

Stock Density by Soil 

Group 

Dairy Cattle Sheep 

Soil Group 1 2.14 1.76 1.96 

Soil Group 2 1.87 1.47 1.56 

Soil Group 3 1.80 1.11 0.85 

Emissions per GLU    

CH4 (tCO2 e)  3.07 1.29 0.16 

N20 (tCO2 e)  0.85 0.42 0.04 

Total Emissions  3.92 1.71 0.19 

Source: Data provided by Teagasc (2015) National Farm Survey  

Valuation 

In order to estimate the SCC on the basis of the literature, we use a total of three values 

representing a zero, one and three percent discount rate. This is justified given the lack of 

consensus in the literature around the valuation of carbon to date. The values utilised are based 

on average values reported by Tol (2008a) of $148 (€129), $122 (€106), and $50 (€44) 

representing an average value of CC at zero, one and three percent discount rate respectively 

in 232 published estimates. Hence forth, these values are referred to as SCC1 (€129), SCC2 

(€106), SCC3 (€44).  

In addition, we also estimate the average value of each livestock system (dairy, cattle and 

sheep) per hectare. Livestock production value per hectare was determined via NFS results 

(Dillon et al. 2018). The nationally representative survey provides an average value of 

production per hectare for each livestock system. This allows for comparison with valuation of 

total abatement (emissions sequestered/avoided) per hectare. The average present value (PV) 

for each livestock system (dairy, cattle and sheep) is calculated at zero, one and three percent 

discount rates. The following formula is utilised to calculate PV for each system:  

𝑃𝑉 = ∑
𝐼𝑛𝑐𝑡

(1+𝑟)𝑡
𝑛
𝑡=0            [8] 

                                                           
4 The GWP has been defined by the IPCC (1990) as the ratio of the time-integrated radiative forcing from the 

instantaneous release of 1 kg of a trace substance relative to that of 1 kg of a reference gas. 
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Where present value (PV) is equal to income (𝑖𝑛𝑐𝑖) in year t, over one plus the discount rate  

(𝑟) to the power of t. 

Hypothetical National Scenario   

In order to elucidate the carbon sequestration and substitution potential of afforestation, a 

hypothetical national scenario (HNS) is estimated for illustrative purposes. The HNS assumes 

the afforestation of 100,000 hectares of formerly agricultural land (dairy, cattle or sheep 

farming systems). The results of a single rotation are reported. These results are subdivided 

into the short (10-year) and long-term (full rotation). 

The HNS is predicated on potential planting increases proposed by Lanigan et al. (2018) 

regarding LULUCF flexibility mechanism associated with EU effort sharing targets to 2030. 

The flexibility mechanism at Ireland’s disposal allows for the offset 26.8 million tonnes (Mt) 

of CO2 e over a 10-year period up to 2030. Lanigan et al. (2018) report that an increase in 

annual planting rates to 10,000 hectares per annum over 10 years to 2030 could contribute 

significantly to meeting flexibility mechanism allowances. For the purposes of the HNS, we 

estimate the carbon storage and the value of that carbon storage potential of 100,000 hectares 

at both early stage (10-years) and late stage (rotation length, 38 – 48, years depending on 

management and YC), relative to the potential livestock income forgone for the same time 

period.  

Soil quality impacts the productivity of forests and agricultural activity. This analysis uses 

research conducted by Farrelly et al (2011b), which indicates the forest YC production capacity 

of each soil class, to assign forest YCs to agricultural soil classes. Table 7.2 outlines the 

potential forest productivity that may be achieved on each agricultural soil class. 

Table 7.2 Soil Categories and Potential Yield Classes 

Soil 

Class  

SS Yield Class 

Potential 

Agricultural 

Use  

Soil Type 

6 
14 

Extremely 

limited use 

Predominant mountain-top areas with rocky shallow 

soils 

5 
18 Very limited 

High altitudes and steep mountainous slopes the 

predominate limitation 

4 
20 Limited use 

Poor drainage the dominant challenge; unsuitable for 

tillage 

3 
20 

Somewhat 

limited use 

Challenges similar to class 2, but a greater degree of 

intensity 

2 
24 

Moderately 

wide use 

Moderate limitations including: high altitude, less 

favorable climate and shallow depth 

1 
24 Wide use 

No limitations that cannot be over come through 

normal management 

Source adapted from Farrelly et al (2011b) and Gardiner and Radford (1980)  
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To determine the proportion of each YC within the HNS, research on the potential productive 

area of SS in Ireland, conducted by Farrelly et al (2011a), was utilized. This research quantifies 

the potential productive area of SS based on available land area. Specifically, it provides the 

proportion of each YC, of YC 14 and above, that can be achieved on land that could potentially 

be afforested.  These proportions are then assigned to the appropriate soil code meeting that 

potential productive capacity to determine the area of each soil group. Table 7.3 summarises 

the proportion of each YC within the HNS, along with the associated soil class, soil group and 

agricultural use.  

Table 7.3 NFS Agricultural Soil Classes and SS Yield Classes  

Soil 

Class  

Soil 

Group 

SS Yield 

Class 

Land 

Area % 

Agricultural 

Use  

Soil Type  

6 

3 

14 3% 
Extremely 

limited use 

Predominant mountain-top areas with 

rocky shallow soils 

5 
16 5% 

Very limited 
High altitudes and steep mountainous 

slopes the predominate limitation 

4 

2 

18 8% 
Limited use 

Poor drainage the dominant challenge; 

unsuitable for tillage 

3 
20 24% 

Somewhat 

limited use 

Challenges similar to class 2, but a greater 

degree of intensity 

2 

1 

22 
34% 

Moderately 

wide use 

Moderate limitations including: high 

altitude, less favorable climate and 

shallow depth 

1 
24 27% 

Wide use 
No limitations that cannot be over come 

through normal management 

Source adapted from Farrelly et al (2011b) and Gardiner and Radford (1980)  

The proportion of YC suitability was then applied to the HNS total area to determine the area 

of each YC. Thus the total area accounted for by each YC (denoted by YChai) is equal to the 

land area (denoted by A) by the proportion of suitable land for that YC (denoted by YCpj). The 

following equation is utilised to establish YC contribution: 

𝑌𝐶ℎ𝑎𝑖 =  𝐴 ∙  𝑌𝐶𝑝𝑗          [9] 

The subscript i indicates the ith YC i={1….n}, while the subscript j indicates the jth YC 

proportion j = {1…n}. 

The determination of area substituted in each livestock system is also based on soil group. The 

nationally representative statistics from the NFS (Dillon et al. 2018) are utilised to obtain the 

proportion of each livestock system in each soil group. The total area of each livestock system 

in the HNS is equal to the proportion of each livestock system present in each soil group.  The 

following equation is utilised to establish the contribution of each livestock system:  

𝐴𝑔ℎ𝑎𝑗 = (∑ 𝑆𝐺ℎ𝑎𝑖
𝑛
𝑖=1 )  ∙  𝐿𝑆𝑃𝑗                 [10] 
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The total area of livestock system j (denoted by 𝐴𝑔ℎ𝑎𝑗)  is equal to the sum of each soil group 

area i (denoted by) times the proportion of each livestock system j (denoted by 𝐿𝑆𝑃𝑗).Table 7.4 

presents the proportion of each livestock systems present in each soil group. As can be seen, 

soil group 1 is associated with higher proportion of dairy and beef, but less so with sheep 

enterprises. As the land quality reduces, the presence of sheep enterprises increases, while dairy 

and beef enterprises reduces.  

Table 7.4 Proportion of Livestock System by Soil Group 

Soil Class  Soil Group %  Dairy Farms  %  Cattle Farms    %  Sheep Farms  

6 

3 0.22 0.41 0.38 

5 

4 

2 0.35 0.49 0.16 

3 

2 

1 0.44 0.45 0.11 

1 

Proportion of livestock systems by soil group and corresponding soil classes 

Table 7.5 presents the per hectare breakdown of HNS area by soil group, YC and afforestation 

area. In addition, the breakdown of each livestock system area is also presented. 

Table 7.5 Afforestation and Livestock System Area Breakdown  

Soil 

Group 

Yield 

Class  

Afforestation  

Area ha 

Dairy Area 

ha 

Cattle Area 

ha 

Sheep Area 

ha 

Livestock 

total ha 

3 

14 2,796 

26,608 27,372 6,642 60,621 

16 4,625 

2 

18 8,401 

11,132 15,666 5,161 31,959 

20 23,557 

1 

22 33,543 1,621 

 

3,016 

 

2,783 

 

7,421 

 24 27,077 

Total 100,000 39,361 46,053 14,585 100,000 

Afforestation and livestock area breakdown by YC and soil group 

Finally, Figure 7.3 illustrates the linkages between YC, soil group and livestock systems in 

relation to the HNS. In summary, YC’s are translated in soil groups and assigned proportions 
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based on research produced by Farrelly et al (2009a). Livestock systems are then assigned 

proportions by soil group based on NFS data (Dillon et al. 2018).  

Figure 7.3 Schematic of HNS Components 

 
A schematic of the linkages between YC, soil group, and livestock systems and their contribution to the HNS. 

YC is determined by soil group. Soil group determines the proportion of livestock area for each system.  

7.5 Results & Discussion 

The following section presents the calculated sequestration values for SS per hectare on mineral 

soils for YC 20, 22 and 24 for both unthinned and thinned plantations. Further, the liberation 

of carbon from HWP is also presented. In addition, the breakdown of annual emissions per 

hectare by livestock system, soil group and livestock density are also presented. This is 

followed by a valuation of land use change per livestock system, management type and soil 

group using average annual increment in sequestration for each YC (YC 14 – 24) over a single 

rotation. Carbon storage in woody biomass and HWP over a 100-year period is then presented. 

Lastly, the results of a HNS are presented, which simulates afforestation of 100,000 hectares 

of SS. The estimation and valuation of the emissions abated via land use change at early stage 

(10 –years) and late stage (entire forest rotation).  

Carbon Storage Estimation 

Figure 7.4 illustrates the carbon storage potential of afforested land at various YCs under both 

thinned and unthinned management practices. Total carbon storage includes carbon stored in 

living biomass and DOM. In addition, these estimates include losses from converted grassland. 

Annual carbon storage is expressed as CO2e ha-1 y-1. The curves have been plotted to clearfell 

age. Given the short rotation lengths experienced in the Irish context, we do not observe the 
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typical S shaped curve present in later years. Unthinned and thinned stands of the same YC 

follow the same growth trajectory until the point where thinning begins. The higher YCs 

sequester a greater total amount of CO2e in a shorter time than lower YCs.  

Table 7.6 highlights the greater average increment of CO2e ha-1 y-1 over the full rotation among 

higher YCs. In addition, there is a greater average increment of CO2e ha-1 y-1 observed in 

unthinned stands relative to thinned stands of the same YC. Previous research conducted by 

Bateman and Lovett (2000) also observed a decrease in carbon storage in thinned stands 

relative to unthinned stands. Thinned stands have, on average, 32 percent less carbon stored 

thirty years after the date of first thinning (Bateman and Lovett 2000). Research by Dewar and 

Cannell (1992) also report a carbon storage reduction of 15 percent in thinned stands of YC 14 

relative to unthinned stands. A review of forest carbon storage in the U.S. noted that thinning 

increases the size and growth rate of individual trees within stands, but in general reduced the 

overall carbon storage rates and carbon storage totals at the stand level (McKinley et al. 2011). 

Dore et al (2010) also reports thinning reduced the overall ecosystem carbon by 14 percent due 

to reductions in total biomass and roots. Dewar and Cannell (1992) suggest that biomass from 

dead trees in unthinned stands is transferred to the DOM carbon pool, which contributes to 

higher stores of carbon in unthinned stands. Thinned stands in this study stored on average 11 

percent less carbon than unthinned stands of the same age. This would likely be greater with 

the inclusion of dead wood in the DOM pool. 

However, research conducted by Thornley and Cannell (2000) suggest that regular thinning 

was the best management regime for carbon storage in terms of balancing volume yield and 

carbon storage outcomes. The study suggest that best results can be achieved from a thinning 

regime that removes no more than 25 percent of woody biomass is harvested every five years 

(Thornley and Cannell 2000). In addition, Matthews (1996) highlights that the direct and 

indirect substitution role played by thinnings from stands play a significant role in carbon 

sequestered and emissions avoided. The use of harvested thinnings in HWP or biomass fuel 

can increase the carbon benefit of thinned stands (Matthews 1996; Ryan et al. 2010). On the 

other hand, Ryan et al (2010) points out that even if a 100 percent of biomass from thinning is 

utilised, this may not fully compensate for the carbon benefit lost. The total carbon benefit 

gained from the utilisation of thinnings will largely depend on whether the end use is a long 

lived wood product or biomass fuel (Ryan et al. 2010). Research conducted by Smyth et al 

(2017) claims that a constant supply of biomass feedstock for energy substitution results in an 

average displacement factor of 0.45 tC/tC wood.  
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Figure 7.4 Total Carbon Storage by YC per hectare   

 

Total carbon storage curves for unthinned and thinned stands at YC 20, 22 and 24 expressed as t CO2.e per ha 

 

 



196 

 

Table 7.6 Average Annual Carbon Increment (expressed as CO2 e) by YC  

Average Increment Carbon (expressed as tCO2e) by Yield Class 

Yield Class No Thin Thin 

14 20.52 18.50 

16 22.86 20.25 

18 24.97 22.37 

20 28.42 24.28 

22 30.46 25.68 

24 32.43 26.56 

Average annual carbon increment, expressed as CO2e by YC for No thin and thinned management types 

HWP Liberation  

Figure 7.5 shows the liberation of carbon stored as HWP over successive rotations by YC and 

is expressed as tCO2 e ha-1 y-1. The carbon stock in the HWP pool is estimated using Edwards 

and Christie (1983) data on merchantable tree volume. Carbon is stored in two HWP categories 

(SW and WBP. PPB are not produced in Ireland), and is released overtime. The rate of release 

is determined by the HL of each HWP category. The proportion of each HWP category is 

determined by the proportions of each HWP category (52 and 48 percent for SW and WBP 

respectively) reported in the most recent NIR (Duffy et al. 2018) less post-harvest losses. Each 

category is then subject to further losses incurred during the milling process. Up to 50 percent 

of SW and 41 percent of WBP (Knaggs and O’Driscoll 2017) are lost. However, much of this 

residue is utilised as biomass fuel (with a displacement factor 0.45 tC per tC wood), though not 

reported here, has the potential to offer further carbon benefits (Sathre and O’Connor 2010; 

Smyth et al. 2017). In addition, Sathre and O’Connor (2010) claim that the average 

displacement factor is 2.1 tC for each tC in wood products substituting non-wood products. As 

such, the management of forests for HWP can create a carbon sink with significant emissions 

reduction benefits (Iordan et al. 2018). The mitigation potential of HWP can potentially be 

increased via policy promoting materials substitution such as: fossil fuel and construction 

materials (Kayo et al. 2015; Pilli et al. 2015). In addition, the management of forest stands can 

play a significant role in determining the volume of the SW that is produced, resulting in 

increased value and higher quality, longer lived end products (Phillips 2004). Cameron (2002) 

claims that the volume of lower quality logs produced in unthinned forests is much greater 

relative to thinned forests. Further, according to Chen et al (2017), the sustainable harvesting 

of managed forest to produce longer lived goods can produce significant carbon benefits.   
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Figure 7.5 Carbon Liberation from HWP by YC per hectare 

Liberation of carbon from HWP over 100 years by YC 20, 22 & 24, expressed as tCO2 e ha-1 

Model Validation 

To gain a degree of validation, the modelled CO2e was compared with the Carbon Budget 

Model of the Canadian Forest Sector (CBM – CFS3) (Kurz et al. 2009) and the Teagasc Carbon 

Navigator (Black 2019).  Figure 7.6 shows the comparison of CO2 e sequestration averages at 

five year increments for YC 24. As deadwood was not included in the current model, biomass 

only is compared. As can be seen, there is a large difference between values, especially in the 

early years. However, to the CBM – CFS3 utilises a tier 3 approach to model carbon dynamics 
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(Kurz et al. 2009), whereas the current model has been restricted to lower tier methodologies 

for some estimations. In addition, the conservative approach to the utilisation of BEF’s in 

current model likely account for lower values. It is also likely that regional differences 

accounted for in the CBM – CFS3 also contribute to the difference.  

Figure 7.7 compares the current model with Irish context specific estimates from the Teagasc 

carbon navigator (Black et al. 2009). Again, the carbon navigator estimates a higher 

sequestration rate in the early years relative to the current model. However, the average values 

are increasingly similar over time. As with the previous model, the more conservative use of 

BEF values in the early years likely accounts for some of the difference. In addition, the carbon 

navigator also assumes thinnings are utilised for energy production.  

Finally, figure 7.8 illustrates the total modelled CO2e sequestration in biomass over time and 

the storage and subsequent liberation of stored CO2e in HWP for YC 20, 22 and 24 unthinned 

and thinned. HWP represents the proportion of SW and WBP less harvesting and processing 

residue. Immediate oxidisation is assumed for all residues.  
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Figure 7.6 Comparison of YC 24 Sequestration relative to CBM 

 
Comparison of average CO2 e sequestration in five year increments between current model and the CBM model 

for per hectare of SS, YC 24 unthinned  

 

Figure 7.7 Comparison of YC 24 Sequestration relative to Teagasc Carbon Navigator 

 
Comparison of average CO2 e sequestration in five year increments between current model and the Teagasc 

carbon navigator for per hectare SS, YC 24 thinned 
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Figure 7.8 Carbon Accumulation and Liberation from Biomass and HWP 

 
 

 

Carbon accumulation and liberation (expressed as CO2e) in Biomass and HWP over 140 years by YC and management type



 
 

201 

 

Livestock Emissions Estimation 

Land quality is a factor in determining the livestock density per hectare. Better soils have a 

greater carrying capacity, as lower quality soils may be steep or poorly drained (Ryan 2016). 

As such, stocking density plays a role in determining the emissions associated with each 

hectare. Figure 7.9 highlights the total potential emissions avoided (presented as CO2e/ha-1/y-

1) by soil group per hectare based on stock density per hectare (table 7.1). Higher carrying 

capacity of better quality soil groups are associated with greater emissions for each livestock 

system. The data on livestock emission per animal, and methodology outlined in the most 

recent NIR (Duffy et al. 2018), described in detail in the IPCC (2006) guidelines, were utilised 

to scale emissions to the per hectare level. Dairy is associated with the highest emissions in 

each soil group, and substitution is estimated to result in 8.39, 7.34 and 7.06 CO2e ha-1 y-1 of 

emissions avoided in soil groups one, two and three respectively. This is followed by cattle 

with an avoidance potential of 4.3, 3.59 and 2.71 CO2e ha-1 y-1 in soil groups one, two and 

three. Lastly, sheep systems with a avoidance potential of 1.89, 1.50 and 0.85 CO2e ha-1 y-1 in 

soil groups one, two and three.  

Figure 7.9 Emissions Avoided & Livestock Units per ha by System 

 
Grazing Livestock Units (GLU) by livestock system and soil group, and emissions avoided by livestock system 

and soil group 

Though not directly comparable to this analysis due to differences in scale and boundaries 

(FAO 2010), an evaluation of the EU livestock sector by Leip et al (2010) provides insight into 

the efficiency of Irish agriculture relative to other European countries. The comprehensive 

report estimated total emissions per kg of beef and sheep meat to be 22.2 kg and 20.3 kg CO2e 

on EU average. According to the report, Ireland’s emissions per kg of beef is below the EU 

average at ~19 kg CO2e. The relatively low EU average masks significant variation in terms of 

production efficiency, with the most efficient country emitting 14.2 kg CO2e per kg of beef and 

the least efficient emitting 44kg CO2e. Emissions per kg of milk are much smaller for dairy, 

estimated to be 1.4 kg CO2e on EU average. Ireland, along with Austria, was found to have the 

lowest emissions at 1 kg CO2e per kg of milk, while the least efficient country produced 2.6kg 

CO2e (Leip et al. 2010).   
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In light of the fact that Ireland is one of the most efficient dairy and beef producers in Europe, 

Schultz et al (2013) argues that global food security goals and global GHG reduction goals can 

be met most effectively by focusing agricultural production in areas where it can be most 

effective. In short, by constraining Irish agricultural production and over emphasising Irish 

national GHG emissions reduction could result in the ‘worst-of-both-worlds’, increasing global 

emissions while having negative national economic impacts. Schultz et al (2013) argues that 

the additional future food demand would still have to be met, and reductions in efficient 

systems would result in increased production in inefficient systems. Godfray et al (2015) also 

claims that increasing the quantity of livestock produce obtained from the most efficient 

sources of production will play a significant role in terms of GHG reduction. Additionally, 

Styles et al (2018) conducted a consequential lifecycle assessment on the mitigation potential 

of spared grassland resulting from dairy intensification in the UK, reporting that leaving or 

afforesting spared grassland may not fully offset the ‘leaked’ emissions to less efficient 

systems. Though, there is significant uncertainty with regards to the magnitude of the leakage, 

which is highly dependent on the carbon footprint of the system that is experiencing the 

production increase (Styles et al. 2018).  

However, assertions by Schultz et al (2013) are predicated on increased demand for livestock 

products. Meeting the twin challenges of food security and climate change will require an 

increase in plant based protein and some reduction livestock systems (Godfray et al. 2010; 

Hallström et al. 2015; Kampers and Fresco 2017; Notarnicola et al. 2017). A long-term 

reduction in the demand for livestock products would result in less leaked carbon. Hallström 

et al (2015) reports that dietary shifts in affluent areas can potentially reduce land use demand 

and GHG emissions by up to 50 percent. 

Valuation of Abatement 

Table 7.7 presents a valuation of emissions avoided based on the average increment of total 

carbon storage of the forest stand and various livestock system emissions (expressed as tCO2 

e ha-1 y-1). The values are based on the social cost of carbon (SCC1,2&3) described earlier. 

Though dairy production and, to a lesser extent, cattle production are mainly associated with 

better land (relative to sheep systems) and therefore land associated with higher YC, a 

significant proportion of each livestock system is present in each soil group category. As such, 

a value has been estimated for each livestock system in each YC category for both unthinnned 

and thinned forest stands. The GLU associated with each livestock system have been varied 

according to average livestock density per soil group.  

Table 7.7 Average SCC Value by YC, Soil Group and Livestock System 

 

Livestock & Afforestation Land Use Change Valuation 

 Soil Group  SCC1  

(€/ha-1/y-1) 

SCC2  

(€/ha-1/y-1) 

SCC3  

(€/ha-1/y-1) 

Dairy Land Use Change      
Yield Class 24 (No Thin) 

1 

5266.82 4327.78 1796.44 

Yield Class 24 (Thin) 4509.23 3705.26 1538.03 

Yield Class 22 (No Thin) 5012.42 4118.74 1709.66 

Yield Class 22 (Thin) 4395.01 3611.40 1499.07 

Yield Class 20 (No Thin) 
2 

4612.83 3790.38 1573.37 

Yield Class 20 (Thin) 4078.56 3351.38 1391.14 
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Yield Class 18 (No Thin) 4167.13 3424.15 1421.35 

Yield Class 18 (Thin) 3831.32 3148.22 1306.81 

Yield Class 16 (No Thin) 

3 

 

3859.32 3171.22 1316.36 

Yield Class 16 (Thin) 3523.11 2894.96 1201.68 

Yield Class 14 (No Thin) 3557.82 2923.48 1213.52 

Yield Class 14 (Thin) 3296.93 2709.11 1124.54 

Cattle Land Use Change      

Yield Class 24 (No Thin) 

1 

4738.94 3894.01 1616.38 

Yield Class 24 (Thin) 3981.35 3271.50 1357.98 

Yield Class 22 (No Thin) 4484.54 3684.97 1529.61 

Yield Class 22 (Thin) 3867.12 3177.64 1319.02 

Yield Class 20 (No Thin) 

2 

4130.12 3393.74 1408.72 

Yield Class 20 (Thin) 3595.86 2954.74 1226.49 

Yield Class 18 (No Thin) 3684.42 3027.51 1256.70 

Yield Class 18 (Thin) 3348.62 2751.58 1142.16 

Yield Class 16 (No Thin) 

3 

3298.52 2710.41 1125.08 

Yield Class 16 (Thin) 2962.31 2434.15 1010.40 

Yield Class 14 (No Thin) 2997.02 2462.67 1022.24 

Yield Class 14 (Thin) 2736.13 2248.30 933.25 

Sheep Land Use Change      

Yield Class 24 (No Thin) 

1 

4427.74 3638.30 1510.24 

Yield Class 24 (Thin) 3670.15 3015.78 1251.84 

Yield Class 22 (No Thin) 4173.34 3429.26 1423.47 

Yield Class 22 (Thin) 3555.93 2921.92 1212.87 

Yield Class 20 (No Thin) 

2 

3860.62 3172.29 1316.80 

Yield Class 20 (Thin) 3326.36 2733.29 1134.57 

Yield Class 18 (No Thin) 3414.92 2806.06 1164.78 

Yield Class 18 (Thin) 3079.11 2530.12 1050.24 

Yield Class 16 (No Thin) 

3 

3054.23 2509.68 1041.75 

Yield Class 16 (Thin) 2718.03 2233.42 927.08 

Yield Class 14 (No Thin) 2752.73 2261.94 938.92 

Yield Class 14 (Thin) 2491.85 2047.56 849.93 

Average SCC over the entire rotation by forest YC, livestock system, soil group and management type 

As already mentioned, the SCC prices reflect the average SCC prices based on a review of SCC 

studies by Tol (2008a). SCC1, 2 and 3 represent the value of carbon at €129, €106, and €44 t 

CO2e ha-1 y-1 respectively. Forest biomass is impacted by management practices, as such, 

whether the stand is unthinned or thinned impacts the total value.  

Further, a difference is observed between soil groups. This is likely due to the greater YC 

potential and increased emissions avoided per livestock system on better soil groups. The 

average difference between soil groups is 24 percent for unthinned stands and 20 percent for 
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thinned stands. A one-way ANOVA was utilised to determine if there was a significant 

difference between SCC values based on management type, livestock system and soil group. 

A significant difference was found between livestock system (p-value 0.009), soil groups (p-

value < 0.01) and management type (p-value 0.03).  

The average income per hectare of dairy, cattle and sheep livestock systems is €1529, €392 and 

€323 respectively (Dillon et al. 2018).  Table 7.8 presents the average income value over the 

average rotation length (43 years) per hectare at zero, one and three percent discount rate.  

Table 7.8 Average Income per hectare  

Average Discounted Income per hectare 

Livestock System 
0% Discount 

(€/ha-1/y-1) 

1% Discount 

(€/ha-1/y-1) 

3% Discount 

(€/ha-1/y-1) 

Dairy 1529 1232 843 

Cattle  392 316 216 

Sheep 323 260 178 

Average income per hectare by livestock system, discounted at zero, one and three percent level 

Figure 7.10 presents the marginal difference between average SCC value per hectare and the 

average discounted income per hectare. The SCC marginal difference is greater than production 

for unthinned and thinned stands with the exception of SCC3, where average dairy income per 

hectare is greater. There is also a difference in SCC value between unthinned and thinned stands 

of 16 percent for dairy and 14 percent for cattle and sheep livestock systems respectively.  

Figure 7.10 Marginal Difference (SCC less Income) 

 
Average SCC value less average income per hectare by livestock system and management type 
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Studies examining the agricultural opportunity cost of afforestation in Ireland by Ryan (2016), 

Breen et al (2010) and Upton et al (2013) utilise data derived from the NFS to calculate the 

opportunity cost for the main agricultural enterprises. The unit of measurement in most of the 

calculations are also on a per hectare basis (Breen et al. 2010; Ryan 2016; Upton et al. 2013). 

These studies highlight that some agricultural enterprises (cattle and sheep) are often less 

profitable when compared with commercial forest incomes. In terms of livestock, only dairy 

proved to be more profitable on a per hectare basis than forestry (Breen et al. 2010). Further, 

Upton et al (2013) claims that forestry is a viable option in terms of land use change regarding 

sheep and cattle systems specifically. These studies have assessed the agricultural opportunity 

cost of forestry without the inclusion of a carbon sequestered and emissions avoided. As such, 

it is likely that forest incomes have not had their full potential included in assessment at the 

farm level. A previous study using Irish forest data between 1986-2001, albeit for different 

relativity of farm, subsidy income and forest market, claim that in order to increase 

afforestation to 20,000 ha per annum, the forest profit ratio (to agriculture) would need to 

increase by 14% (Behan et al. 2006).  

Carbon trading and the associated carbon offset markets potentially make afforestation more 

attractive to stakeholders (Crossman et al. 2011). An examination of forest policy in Sweden 

by Gua and Gong (2017) claimed that, from a social economic perspective, payment of forest 

owners to sequester carbon was a cost effective climate mitigation option. However, 

implementation of such a policy would require large amounts of public funds (Guo and Gong 

2017). A review of the literature around policy design for forest carbon sequestration, 

conducted by Gren and Aklilu (2016) highlighted that the cost of carbon sequestration policy 

in meeting climate targets is potentially much lower than that of carbon reduction policy, such 

as fossil fuel reduction. van Kooten et al (2004) claims that it is generally accepted that land 

use, land use change and forestry projects can remove CO2 at a much lower cost than projects 

to reduce emissions. However, there are significant challenges associated with the 

implementation of effective carbon sequestration policy. Cost effective carbon sequestration 

policy designed to change behaviour, needs to account for variability between sinks and the 

permanence of sinks (Gren and Aklilu 2016), both of which are of particular importance in an 

Irish forest sector dominated by commercial forestry.  

Profitability of forestry is only one factor determining the level of afforestation in Ireland. Ryan 

et al (2016) highlights that forestry is already profitable relative to many agricultural 

enterprises, yet afforestation has remained relatively low. Subsidies, market income, soil type, 

agricultural opportunity cost and farming system are all important drivers of afforestation, but 

they are not the only drivers (Ryan 2016). Certain behavioural aspects and entrenched views 

can have a significant influence on afforestation outcomes (Duesberg et al. 2013; Duesberg et 

al. 2014). Profit maximisation alone does not govern farm enterprise decisions, but policy, 

tradition and utility maximisation also play a significant role (Duesberg et al. 2014; Ryan 

2016). 

HWP Valuation 

Table 7.9 presents the average value of carbon stored (expressed as tCO2 e ha-1 y-1) over a 

100-year period, by system, YC and soil group. This valuation includes emissions avoided by 

system and total carbon storage in biomass and HWP. The carbon stock in HWP is valued as 

zero for the first rotation as there is no inflow until first felling. As with table 7.7, values are 

based on SCC values (SCC1,2 & 3). Again, variation is observed between soil classes, and 

management type. The average difference between soil groups is 27 and 8 percent for 

unthinned and thinned stands respectively. A one-way ANOVA was utilised to determine if 
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there was a significant difference between average SCC values for biomass and HWP based on 

management type, livestock system and soil group. No significant difference was found 

between SCC values based on livestock systems. However, there was a significant difference 

based on soil group (p-value < 0.01) and management type (p – value 0.002). The proportion 

of value over the 100-year period accounted for by HWP is 19 and 18 percent for unthinned 

and thinned management respectively.  

Table 7.9 Average Biomass and HWP Carbon Stock over 100 years  

Average Value of Carbon Stock over 100 years 

 Soil Group  SCC1  

(€000/ha-1) 

SCC2  

(€000/ha-1) 

SCC3  

(€000/ha-1) 

Dairy Land Use Change      
Yield Class 24 (No Thin) 

1 

82.27 67.60 28.06 

Yield Class 24 (Thin) 60.41 49.64 20.60 

Yield Class 22 (No Thin) 80.96 66.52 27.61 

Yield Class 22 (Thin) 60.65 49.84 20.69 

Yield Class 20 (No Thin) 

2 

76.44 62.81 26.07 

Yield Class 20 (Thin) 59.05 48.52 20.14 

Yield Class 18 (No Thin) 56.70 46.59 19.34 

Yield Class 18 (Thin) 58.73 48.26 20.03 

Yield Class 16 (No Thin) 

3 

 

55.18 45.34 18.82 

Yield Class 16 (Thin) 53.65 44.09 18.30 

Yield Class 14 (No Thin) 53.95 44.33 18.40 

Yield Class 14 (Thin) 52.88 43.45 18.04 

Cattle Land Use Change      

Yield Class 24 (No Thin) 

1 

81.74 67.17 27.88 

Yield Class 24 (Thin) 59.88 49.20 20.42 

Yield Class 22 (No Thin) 80.43 66.09 27.43 

Yield Class 22 (Thin) 60.13 49.41 20.51 

Yield Class 20 (No Thin) 

2 

75.96 62.42 25.91 

Yield Class 20 (Thin) 58.56 48.12 19.98 

Yield Class 18 (No Thin) 56.21 46.19 19.17 

Yield Class 18 (Thin) 58.25 47.86 19.87 

Yield Class 16 (No Thin) 

3 

54.61 44.88 18.63 

Yield Class 16 (Thin) 53.09 43.63 18.11 

Yield Class 14 (No Thin) 53.39 43.87 18.21 

Yield Class 14 (Thin) 52.32 42.99 17.85 

Sheep Land Use Change      

Yield Class 24 (No Thin) 

1 

81.43 66.91 27.78 

Yield Class 24 (Thin) 59.57 48.95 20.32 

Yield Class 22 (No Thin) 80.12 65.84 27.33 

Yield Class 22 (Thin) 59.81 49.15 20.40 

Yield Class 20 (No Thin) 2 75.69 62.20 25.82 
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Yield Class 20 (Thin) 58.30 47.90 19.88 

Yield Class 18 (No Thin) 55.94 45.97 19.08 

Yield Class 18 (Thin) 57.98 47.64 19.78 

Yield Class 16 (No Thin) 

3 

54.37 44.68 18.54 

Yield Class 16 (Thin) 52.85 43.43 18.03 

Yield Class 14 (No Thin) 53.14 43.67 18.13 

Yield Class 14 (Thin) 52.08 42.79 17.76 

Average SCC of standing biomass and HWP over 100 years by YC, livestock system, soil group and 

management type 

 

Carbon stored in HWP is transitory and will return to the atmosphere over time, however as 

mentioned previously, HWP can potentially displace fossil fuel energy or construction 

materials (steel and cement), the benefits of which are considered permanent (Sathre and 

O’Connor 2010). Policy that promotes substitution of emissions intensive materials is key to 

enhancing the climate mitigation potential of HWP (Kayo et al. 2015; Pilli et al. 2015; Sathre 

and O’Connor 2010). Policy that promotes displacement of emissions intensive products can 

generate an average of 2.1 tonnes of carbon emissions avoided (Sathre and O’Connor 2010). 

In addition, Nabuurs et al (2017) introduce the concept of ‘Climate Smart Forestry’, which 

seeks to reduce/remove GHG emissions, adapt and build forest resilience to climate change, 

and sustainably increase forest productivity and incomes. From an EU perspective, with the 

right national incentives in place, EU mitigation potential could increase, by as much as 441 

Mt CO2e y-1, of which energy and material substitution is estimated to make up 42 percent 

(Nabuurs et al. 2017). However, Nabuurs et al (2017) acknowledges that increases in mitigation 

such as these need synergistic policy environment, where forest related goals are aligned with 

societal and climate related goals. 

Hypothetical National Scenario Estimation (HNS)  

Table 7.10 presents a HNS, which assumes the afforestation of 100,000 hectares of formerly 

agricultural land (replacing dairy, cattle or sheep systems) over a 10-year period. Species type 

is assumed to be SS. The total emissions abated at early stage (10 years) amounts to a total of 

to 13.91 Mt CO2 e. Afforestation (CO2 sequestered) and avoided dairy emissions account for 

63 and 23 percent of total abatement respectively. Though the area contribution of the cattle 

livestock system was somewhat larger than dairy, the higher emissions profile of dairy results 

in a greater substitution effect. 

In addition, table 7.10 also presents the marginal difference between SCC value and production 

value (based on average discounted value per hectare of each livestock system over 10 years). 

The marginal value of emissions avoided in dairy and sheep systems are less than the average 

value of income per hectare in those systems for SCC 1, 2 and 3. However, the marginal value 

of emissions avoided in cattle systems is greater than the average income value per hectare of 

that system for SCC 1 and 2. Once the value of sequestered CO2 has been added to SCC 

scenarios, the marginal value of abatement over the 10-year period is greater than 

corresponding average income per hectare for SCC 1 and 2, but not 3. Richards and Stokes 

(2004) observe that benefits from carbon sequestration are not as apparent in early stages. As 

such, the cost of carbon sequestration programs tend to occur early on (Richards and Stokes 
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2004). With little sequestration early in the forest rotation it is of no surprise that the marginal 

value of income is greater at higher discount rates. 

In valuation of early stage totals, there has been no delineation between unthinned and thinned 

management as first thinnings will not occur till after year 10. In addition, only estimates for 

mineral soils have been given (Duffy et al. 2018), as mentioned earlier, policies from the Forest 

Service have been adapted to minimise, as much as possible, afforestation in sensitive areas 

(Upton et al. 2014). It seems reasonable that any targeted increase in afforestation with the goal 

of increased carbon sequestration would seek to plant on land with the highest mitigation 

potential.  

Table 7.10 Carbon Storage and Marginal value difference, Early Stage (10 - year)  

     Marginal Difference (SCC less income 

per ha) 

 Soil 

Group 

1 

Soil 

Group 

2 

Soil 

Group 

3 

System 

Total  

SCC1  SCC2 SCC3 

 Mt CO2 Mt CO2 Mt CO2 Mt CO2 (€m) (€m) (€m) 

Dairy 2.23 0.82 0.11 3.16 -193.61 -266.40 -462.60 

Cattle 1.18 0.56 0.08 1.82 54.54 12.63 -100.35 

Sheep 0.13 0.08 0.02 0.23 -17.97 -23.16 -37.17 

Afforestation 6.15 2.16 0.38 8.69 1121.57 921.60 382.55 

 Total  9.69 3.62 0.60 13.91 964.53 644.67 -217.57 

Carbon storage potential (expressed as CO2e) and marginal difference between SCC and income per hectare 

over first 10 years of the rotation 

Table 7.11 presents the total emissions abated and the marginal difference between SCC and 

average income per hectare over the full rotation (43 to 44 years on average, for unthinned and 

thinned respectively). Thinning was not a factor in the early stage estimates, however, the 

inclusion unthinned and thinned management practices makes a difference over the course of 

the entire rotation. Total emissions abated in the unthinned and thinned scenarios were 150.14 

and 125.89 Mt CO2 e respectively, over the course of the rotation. In total, the sequestration in 

thinned stands is 16 percent lower than unthinned stands. However, this analysis does not 

include the displacement of products and fossil fuels by thinnings. As such, the sequestration 

gap is likely to be lower. Though this is somewhat mitigated by the fact that deadwood is also 

not included. 

In terms of livestock income, the marginal SCC value of emissions avoided in dairy and sheep 

systems are less than the average income per hectare for those systems at SCC 1, 2, and 3. This 

is true regardless of whether the stand is unthinned or thinned. The marginal SCC value is 

greater than the average value of cattle production at SCC 1 and 2, but not 3 in both thinned 

and unthinned stands. 
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Table 7.11 Carbon Storage and Marginal value difference, (late stage) 
     

Marginal Difference (SCC less income 

value per ha) 
 

Soil 

Group 

1 

Soil 

Group 

2 

Soil 

Group 

3  

System 

Total  

SCC1  SCC2 SCC3 

 Mt CO2 Mt CO2 Mt CO2 Mt CO2 (€m) (€m) (€m) 

 NO THIN (43 year rotation) 

Dairy 9.68 3.54 0.50 13.71 -838.99 -657.66 -851.13 

Cattle 5.10 2.44 0.35 7.90 236.34 203.72 -88.86 

Sheep 0.54 0.34 0.10 0.98 -77.86 -61.49 -70.78 

Afforestation 81.84 38.52 7.18 127.55 16454.03 13520.36 5612.23 

Soil Group 

Total  

97.17 44.84 8.13 150.14 15773.52 13004.93 4601.45 

 

THIN (44 year rotation) 

Dairy 9.86 3.61 0.51 13.98 -855.12 -670.31 -867.50 

Cattle 5.20 2.49 0.36 8.05 240.88 207.64 -90.57 

Sheep 0.55 0.34 0.10 1.00 -79.35 -62.67 -72.14 

Afforestation 62.64 33.24 6.99 102.87 13270.03 10904.06 4526.21 

Soil Group 

Total  

78.26 39.68 7.96 125.89 12576.44 10378.71 3496.00 

Carbon storage potential (expressed as CO2e) and marginal difference between SCC and income per hectare 

over the entire rotation for no thin and thinned management types 

Emissions avoided from livestock accounted for 22.59 and 23.02 Mt CO2e of the total carbon 

benefit for unthinned and thinned stands respectively, over the course of the entire rotation. 

This evaluates to 15 and 18 percent of total abatement for unthinned and thinned respectively. 

In either scenario, emissions avoided makes up a sizeable proportion of total abatement. A total 

of 61 percent of the total emissions benefit is accounted for by reduction in dairy livestock 

numbers for both unthinned and thinned. Though the cattle livestock system contributed the 

most area to the HNS, emissions avoided in dairy has the greatest impact on emissions 

reduction due to its higher emissions profile. Additionally, dairy production is likely to be 

located on more productive soils (Breen et al. 2010), meaning they will also have a higher 

stocking density relative to poorer soil groups. Furthermore, these soils also have the highest 

forest yield potential (Farrelly et al. 2011a) and as such, the greatest sequestration potential. 

However, dairy production is by far the most profitable systems (Dillon et al. 2018), making it 
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less likely that farmers would substitute these systems (Breen et al. 2010). The strategic 

development plan for Irish agriculture, Food Wise 2025, seeks to increase agricultural output 

in general, and dairy production in particular, taking advantage of milk quota removals (DAFM 

2015a). This will make any substitution of dairy more difficult. However, in terms of Ireland’s 

carbon neutrality ambitions by 2050 (CCAC 2018; DCCAE 2017; Schulte et al. 2013), and EU 

effort sharing commitments, some consideration of a potential reduction would seem 

unavoidable. In fact, a fundamental justification for financial support of the afforestation 

programme is based around substitution of agricultural land and emissions avoided (DAFM 

2018b).  

There is general agreement that afforestation is the most cost effective mitigation strategy for 

Irish agriculture (Lanigan et al. 2018; Schulte et al. 2013), but an incoherent policy 

environment may curtail potential. Additionally, arguments by Schultz et al (2013) and 

Godfray (2015) that global livestock production should be reduced, but increased where it can 

be undertaken with the greatest efficiency, have merit in terms of reducing global emissions 

and maintaining food security given the potential leakage of emissions as a result of land 

sparing (Styles et al. 2018). On the other hand, Ireland is particularly suited to the production 

of SS (Ryan 2016), with YC 14 (minimum commercially viable YC) potentially suitable for 

growth on over 90 percent of available land, and YC 20 suitable on over 60 percent (Farrelly 

et al. 2011a). Furthermore, the targeting of higher productivity soils offers the potential to 

reduce rotation length and shorten payback on investment (Farrelly et al. 2009). Ireland has 

reported some of the highest production rates in SS plantations anywhere in the world (Farrelly 

2010). As such, from a global emissions reduction perspective, it could be argued GHG 

mitigation action would be better served in areas where it is the most effective. Utilisation of 

areas with the highest carbon sequestration potential for land uses with the highest emissions 

profile runs counter to both the narrative of global and national emissions reductions.  

Limitations & Future Research  

Estimations of biological sequestration potential of SS are, through necessity, based on yield 

tables produced by Edwards & Christie (1983). Though growth patterns between in the UK 

and Ireland are very similar (Ryan et al. 2016), there are some differences in terms of 

productivity. In addition, due to limitation in available data, the estimation of biomass did not 

include deadwood in the DOM. This was a sizeable part of the DOM pool in other models, 

such as the CBM – CFS3. Furthermore, the estimation of carbon storage was based on a 

hypothetical hectare of SS, afforestation of mineral soils was assumed given that any 

afforestation specifically aimed at sequestration was unlikely to have planted on peat soils, 

however, in reality soils on farms are likely to vary and further analysis would require a more 

nuanced approach to determine the impact of soil type.  

The estimation of income value for each livestock system was estimated using averages based 

on a nationally representative sample from the NFS, future analysis will require more nuanced 

analysis of income per hectare for each livestock system. 

Lastly, the estimation of HWP was limited for several reasons. A percentage of thinning’s and 

residue from HWP are burned as fuel, potentially displacing up to 0.45 tC per tonne of wood. 

In addition, the higher value logs produced in thinned stands are likely to result in a greater 

proportion of the harvest in longer lived HWP. Due to data limitations this additional carbon 

benefit was not captured.  
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7.6 Conclusions 

The objective of this research was to demonstrate the total carbon benefit of a land use change 

from livestock to forestry, via the estimation of carbon sequestration in SS forest biomass and 

HWP and the estimation of emissions avoided from dairy, cattle and sheep livestock systems 

at the per hectare level. The total carbon benefits to society were then valued using the SCC 

per hectare. In turn, this was compared to the average income per hectare of each livestock 

system. Finally, based on the above, and plausible planting rates, a HNS was presented.  

Estimation of total carbon storage identifies greater carbon storage potential at higher YC’s. 

There is a greater potential for carbon storage in unthinned relative to thinned stands. However, 

as immediate oxidisation was assumed, the displacement of products and fossil fuel emissions 

resulting from thinning’s have not been accounted for. Though Ireland is one of the most 

efficient dairy producers in the EU, dairy emissions per hectare still dominate the emissions 

profile of the livestock systems considered in this analysis (dairy, cattle and sheep). 

Furthermore, dairy systems are likely to occupy areas with the greatest forest yield potential. 

Using SCC values, as reported in the literature, the estimated average value of abatement per 

hectare by livestock system, YC and soil group was reported. As with studies on the 

profitability of afforestation (Breen et al. 2010; Ryan 2016; Upton et al. 2013), soil group made 

a significant difference in terms of value due to its greater yield potential. In addition, there 

was also a statistically significant difference between SCC value and livestock system, and 

SCC value and management type. This is due to the higher emissions values of dairy and the 

greater sequestration values associated with unthinned stands. Analysis of forest versus 

agricultural incomes in the afore mentioned studies had highlighted the greater economic 

returns of forestry versus cattle and sheep enterprises, but not dairy. The inclusion of carbon 

sequestration value in future opportunity cost analysis studies may enhance the marginal 

returns from forestry beyond the level of dairy. Although increasing financial incentives with 

regards to forestry can be an effective method of increasing afforestation, policy aimed at 

behavioural change must be more nuanced in order to factor in the complexity of afforestation 

adoption decisions by the land holder. In addition, current national policy seeking to increase 

agricultural output will make substitution difficult.  

Estimates from a HNS of 100,000 hectares of SS, replacing dairy, cattle and sheep livestock 

systems revealed that the total emissions abatement of 13.91 Mt CO2 e after 10 years. Livestock 

emissions avoided accounted for 37 percent abatement, with dairy emissions accounting for 

the vast majority of this (23 percent of total abatement). Emissions abated over the entire 

rotation rose to 150.14 Mt CO2 e assuming no thinning and 125.89 Mt CO2 e hectare assuming 

thinned management.  Sequestration makes up the majority of abatement accounting for 85 and 

82 percent for unthinned and thinned management, resulting in a slightly higher carbon benefit 

for unthinned stands. However, it must also be noted that fuel and product displacement from 

thinnings has not been included. Though, from an unthinned stand perspective, deadwood was 

also not included. Estimation of the marginal difference between the SCC of carbon 

stored/avoided and average income per hectare found that the SCC was greater than average 

income per hectare in all but SCC 3 of the early stage model. 

Emissions reduction commitments to 2030 have increased the need for Ireland to take 

immediate action in terms of mitigation efforts. Ireland is currently well off course in terms of 

meeting these objectives (CCAC 2018). Flexibility mechanisms will allow Ireland to offset 5.6 

percent of its commitment via sequestration in biomass and soils and land use change. It is 

generally agreed that afforestation is the most cost effective mitigation measure available to 
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Ireland. However, it is potentially most effective in areas that are the most profitable for 

agricultural enterprises. Agricultural development plans aim to increase output from dairy and 

other enterprises. This could potentially conflict with mitigation efforts, or at least ensure that 

mitigation efforts are less effective than they could potentially be.  

On the other hand, Ireland happens to have some of the most environmentally efficient 

livestock systems in EU. Irelands climate favours grass growth, which has underpinned the 

development of dairy and beef enterprises. Adhering to the argument that livestock should 

reduce globally, but should be concentrated in areas where it can be produced the most 

efficiently, Ireland can potentially justify intentions to increase output from emissions intensive 

agricultural enterprises by arguing that not doing so would actually raise global GHG emissions 

as a result of carbon leakage. However, Ireland has some of the highest forest growth rates in 

the world. Areas that have the most significant potential for agricultural production are also 

areas with the greatest carbon storage potential. By the same logic that applies to ‘production 

where production makes sense’, there is potentially equal merit in ’mitigation where mitigation 

makes sense’. It can be argued that utilisation of these areas for land uses with extremely high 

emissions profiles runs contrary to the narrative of national or global emissions reduction.  

In addition, the development of synergistic policy that enhances the carbon benefit potential of 

forest stands is necessary. For example, the implementation of management practices that 

increase the value of timber and the proportion of forest harvest that ends up in longer-lived 

wood products. In addition, policy that puts a greater emphasis on the displacement potential 

of wood products can also enhance the carbon benefits of forest stands. However, further 

research is required with regards to analysis of wood-flows.  
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Chapter 8 

8.1  Summary & Conclusions  

This thesis has attempted to develop the understanding of the broad concept that is CSA and 

utilise its framework in the exploration and analysis of: 1) CSA planning and development, 2) 

adaptation, and 3) mitigation. Insights and examples drew from a wide range of geographic 

contexts, mainly Indonesia, Vietnam, Malawi and Ireland. The purpose of this chapter is to 

summarise the key findings in the context of the research questions as outlined earlier. 

Furthermore, this chapter will also outline limitations and areas for future research. 

Key Findings 

CSA Planning and Development  

As Lipper et al (2014) outlines, the CSA concept seeks to ensure that sufficient human and 

financial resources are dedicated to the development of sustainable climate resilient pathways 

for agriculture, via the integration of climate into policy and planning response. Though CSA 

offers a framework for the assessment of context specific trade-offs (Lipper et al. 2017), 

depending on the level of contextual awareness, adaptation and mitigation measures can 

potentially fail to meet the needs of the poorest, or have a negative outcome for certain groups 

(Anderson 2014; Chinsinga et al. 2012; Howard et al. 2015). Emphasis on technology transfer, 

support of conventional agriculture practices, reduction of biodiversity, the potential exclusion 

of smallholders from decision making, and concern with regards to carbon markets and land 

grabs are some of the issues that have been raised (Karlsson et al. 2018; Meinzen-Dick et al. 

2012). In addition, research conducted by Schaafsma and Bell (2018) has highlighted that CSA 

interventions failed to assist those most in need across a variety of geographic and agricultural 

contexts due to differences in education, access to resources and restrictions with regards to 

available time resulting from engagement in off-farm employment. Neudfeldt et al (2011) 

highlights that it is difficult for poor farmers to innovate when they are focused on survival. 

Further, the establishment costs necessary for many CSA interventions are often beyond poor 

farmers, and market access further limits innovation potential (Neufeldt et al. 2011).  

Research in chapter two attempts to synthesise the impact of a “triple win” CSA technology 

(agroforestry) and its impact on food security in the climate vulnerable region of Indonesia. 

Given the challenges faced by Indonesia with regards to crop production and climate impacts, 

the significant potential of agroforestry with regards to food security, adaptation and mitigation 

make it a highly relevant CSA technology given Indonesia’s contextual circumstances. The 

research highlights the potential positive contribution of both traditional and commercial 

agroforestry regarding food security. The former increasing incomes, while the latter tends to 

increase dietary diversity. However, studies are limited, and most do not have a specific food 

security focus. In addition, they rarely consider future climate impacts, are few in number and 

are often geographically limited. Significantly more context specific research is needed in order 

to fully assess the potential of agroforestry to enhance food security in the region.  

Chapter three attempts to increase understanding of the potential impacts on different societal 

groups with regards to CSA planning and implementation. It has become increasingly apparent 

that CSA interventions cannot reach their potential without understanding of these constraints 

(Bernier et al. 2015; Beuchelt and Badstue 2013; World Bank et al. 2015). CSA has been 

criticised for paying little attention to challenges beyond that of increasing production, a focus 

that can lead to those in most need unable to access the potential benefits (Schaafsma and Bell 
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2018; Taylor 2018). As such, understanding the socioeconomic context in which CSA 

adaptation is implemented is as important and understanding the agronomic context.  

To increase the focus on efficacy and fairness in the scale up and out of CSA, chapter three 

attempts to identify a set of existing indicators that can be usefully repurposed for inclusion 

into the world banks’ climate smart country profiles (a tool developed by the world bank to 

facilitate CSA investment decision making at the national level (CIAT et al. 2016) as a starting 

point for increased responsiveness in planning and programming. This tool is intended to 

provide evidence to decision makers regarding ongoing CSA activities, the demand for 

increased CSA activities and the likely result of additional impacts (Corner-Dolloff et al. 2014). 

The selected indicators relating to gender, livelihoods and food security, nutrition and health 

serve to highlight socioeconomic considerations that may impact CSA intervention outcomes. 

For example, indicators regarding poverty, land ownership and energy can assist in the 

developing an understanding of how populations live and their consequent ability to adapt, the 

access of different societal groups to land resources, or the usage of modern energy sources as 

a proxy for infrastructural development in a region. In addition, indicators related to literacy of 

males and females can provide an indication of the limitation in terms of human capital that 

pose challenges regarding the implementation of knowledge intensive interventions. Overall, 

consideration of these indicators at the planning and programming level can enhance 

understanding of a population, or population subgroups, adaptive capacity. As such, 

interventions can be better managed to reduce trade-offs, increasing the potential for positive 

change. 

However, though these indicators can be potentially useful in terms of planning, especially 

when supplemented by project or household level data, there are limitations. Firstly, the 

inclusion of a small number of indicators serves as a starting point, but by no means provides 

a complete socioeconomic picture. Further, data is often collected at the household level, 

analysis based on household head often masks the input of those that reside within the 

household, as such the circumstances of women and others within the household is often 

hidden. In addition, even with only a limited number of indicators included, there are still 

challenges with regards to data availability. Much greater effort is needed in developing context 

specific understanding of the socioeconomic circumstances of potential stakeholders if CSA 

interventions are to effectively increase the adaptive capacity of participating stakeholders, and 

reduce potential trade-offs. 

Adaptation & Adaptive Capacity  

Two of the underlying principles that define the achievement of CSA objectives of adaptation 

and mitigation are increased efficiency in the use of resources and enhancement of the adaptive 

capacity of agricultural systems and individual and groups within those systems (FAO 2013; 

Lipper et al. 2017). The ability of individuals and groups to adapt to the challenges wrought by 

climate change is defined by their adaptive capacity. As such, adaptive capacity is the 

flexibility for evolution, which creates the opportunity to minimise, recover from, or take 

advantage of, the impacts of climate change (Adger 2006; Cinner et al. 2018; Smit and Wandel 

2006). Chapter four and chapter five focus on adaptation and adaptive capacity. Specifically, 

chapter four focuses on the drivers of household adaptation in Vietnam, a particularly important 

region with regards to global food security, but also a region that is highly vulnerable to the 

impacts of climate change. The research finds that climate stress and the availability of 

government support at the household level are important determinants of planned agricultural 

and household response adaptation.  
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Previous research in the region by Le Dang et al (2014), utilising data gathered from focus 

group discussions, found that perceived climate stress resulted in increased intention to adapt.  

Research by Stock et al (2019) found that adaptation takes place with or without the presence 

and influence of formal institutions. However, this unstructured reactive adaptation may not 

increase long-term resilience, potentially having negative long-term impacts. The type of 

adaptation undertaken can be influenced by institutions via the provision of resources, 

knowledge and information (Jones et al. 2019). Exactly how effective this dissemination is can 

often be dependent on the sensitivity of the institutions operating in a given context (Rodima-

Taylor et al. 2012). The consistent provision of supports assists in the reduction of sociological 

and geographic factors that can limit adaptation potential (Toth et al. 2017). As such, the 

institutional context has a large role in shaping the adaptive capacity of individuals, groups and 

communities. Christopolos et al (2017) and Garschagen et al (2012) highlight the limited 

subsidies and often patchy extension available in Vietnam. Despite this fact, supports provided 

by government institutions were the main driver of household adaptation. However, it was not 

possible to determine the efficacy of government led adaptations. Even still, it is evident that 

households will rely on the supports offered by institutions that exist within their operational 

context. A dynamic and responsive institutional environment is key to the building long-term 

adaptive capacity. Without development of the institutional frameworks for CSA, scale up and 

scale out of CSA technologies in a manner that benefits those that are most in need of 

transformative adaptation will be impossible.  

However, facilitating access to appropriate technologies and practices may not be enough to 

ensure that adaptation is feasible for all stakeholders. Research in chapter five focused on 

gender disparities in agroforestry knowledge acquisition from CSA extension approaches. The 

findings indicated that male farmers were likely to perceive greater knowledge increases from 

formal extension services than their female counterparts. Women farmers on the other hand 

were also likely to gain from formal extension, but also perceive greater knowledge increases 

as a result of farmer-to-farmer extension techniques. This could be potentially due to unequal 

access to education and other resources, reducing their abilty to engage fully in a formal 

extension environment where the knowledge prerequisites are higher than a more social 

environment. Furthermore, other sociological pressures and demands on women’s time may 

also reduce women farmer’s ability to effectively take part in formal extension training settings 

(Duffy et al. 2017; Quisumbing et al. 2014). Women often gain from being in a less formal 

training environment as they feel like they can ask questions (Mudege et al. 2016), and suffer 

less from a lack of knowledge prerequisites that may hamper their participation in more formal 

environments (Peterman et al. 2014). Recent research by Franzel et al (2019) highlights that 

farmer-to-farmer extension can increase the number of farmers reached and enhance the 

promotion of CSA. Though this must be supported by adequately trained and resourced 

extension staff in order to be effective. If CSA interventions are to promote practices and 

technologies in an equitable manner, it is essential that women are targeted in a manner that is 

appropriate, in other words, in a manner that acknowledges their circumstances within 

households and the community at large (Doss 2001).  

Facilitation of potentially marginalised societal groups in terms of access without consideration 

of differing challenges, circumstances and abilities of those groups will likely result in uneven 

outcomes between groups within communities. Equal access to extension and training does not 

always result in equal outcomes. In order to increase adaptive capacity of stakeholder groups, 

facilitation of interaction with supports must be tailored to account for differences in current 

capacity, and recognise the roles of individuals and groups within community. Without such 



 

225 

 

consideration it will be difficult to move beyond nominal or passive participation in 

interventions that are designed to increase adaptive capacity.  

In summary, chapters two, three, four and five have highlighted the importance of taking into 

account contextual differences with regards to CSA research, planning and development in 

order to better develop an understanding of how differing CSA interventions may impact 

societal groups. A review of the literature in Indonesia has highlighted the potential impact of 

agroforestry on food security, and the limitations and significant gaps in the existing literature.  

Research in Vietnam has highlighted the importance of a dynamic and responsive institutional 

framework in shaping adaptation to climate change. Research in Malawi has highlighted that 

not only does the institutional framework need to be responsive with regards to the context in 

which it is operating, but the institution delivering extension and training also needs to 

responsive in terms of accounting for the differing capacities and roles of those within the 

community that are the participating in interventions. 

Mitigation 

Given the crosscutting nature of climate change, policy coherence when implementing climate 

policy is essential (Russel et al. 2018). Implementation of climate change policies may have 

wider environmental and societal benefits that are not always taken into account (Stern et al. 

2007). Berry et al (2015) found that the co-benefits resulting from adaptation and mitigation 

policy implementation were not frequently mentioned. Conflicts in terms of objectives and 

bureaucratic divisions are just some of the potential reasons as to why development of 

synergies between local, regional or national bodies can be difficult (Russel et al. 2018; 

Spencer et al. 2017; Stern et al. 2007). However, identifying potential synergies and developing 

well designed policies can systematically cut across multiple sectors, enhancing the 

achievement multiple policy goals, while focusing on a single goal can fail to account for 

unintended negative impacts (Longva et al. 2017). In terms of potential environmental co-

benefits/co-harms of afforestation for carbon sequestration, chapter six of this thesis examined 

the impact of afforestation on water quality outcomes over a 20-year period. While chapter 

seven analysed the potential carbon sequestration benefits of afforestation replacing rural 

livestock systems (dairy, beef and sheep systems).  

Ireland’s objectives to 2020, as part of the climate energy package and the associated effort 

sharing decision (Decision No. 406/2009/EU) are to achieve a 20 percent reduction in 

emissions from sectors not included in the Emissions Trading Scheme (ETS) relative to 2005 

levels, with yearly emissions limits, over the period of 2013 to 2020 (CCAC 2018; Lanigan et 

al. 2018). In addition, Ireland must also achieve a 30 percent reduction relative to 2005 levels 

as part of the EU climate and energy framework (CCAC 2018). The introduction of flexibility 

mechanisms through the purchase of EU ETS allowances and the offset of emissions via 

sequestration (Lanigan et al. 2018), have increased the importance of afforestation as a climate 

mitigation option for Ireland (Schulte et al. 2013).  

Analysis by Lanigan et al (2018) reports that the increasing afforestation and rewetting of 

organic soils could yield up to 1.4 MtCO2e of sequestration annually. However, the potential 

environmental trade-offs related to afforestation and its impacts on water quality could 

potentially have implications in terms of meeting WFD requirements, which currently requires 

EU Member States (MS) to achieve ‘good ecological status’ and ‘good surface water chemical 

status’ in all surface waters by 2015 (or subsequent cycles) (Council Directive 2000/60/EC).  

The use of Ireland as a case study provided a unique opportunity to analyse the impacts of 
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increased afforestation on water quality, while considering other rural land uses, over 

meaningful timeframe (20 years).  

Findings from previous studies indicate that afforestation, as a one off intervention, was 

associated with negative water quality outcomes. However, results from this study indicate that 

the low levels of afforestation over a longer time horizon were not significantly negative. The 

impacts of standing forest on water quality were associated with positive water quality 

outcomes. The environmental co-benefits associated with standing forest cover, due to long 

periods of minimal disturbance, outweigh the negative impacts of initial afforestation. 

Conversion of agricultural land to forest cover results in an avoidance of annual disturbance 

associated with seasonal land management, which can increase water quality outcomes. The 

implementation of a land use change simulation examined the impact of a 10 percent increase 

in afforestation and forest cover and an equivalent reduction in agricultural area. Results 

indicated a modest improvement for water quality outcomes.  

In relation to the development of CSA, this case study elucidates the importance of developing 

mitigation strategies that take advantage of potential environmental co-benefits, that can assist 

in the achievement of multiple policy objectives. In this case, increasing afforestation can 

potentially make significant contribution to the achievement of EU emissions reduction targets 

and can make a positive contribution to the achievement of WFD objectives. This would seem 

to underline the need for a more integrated cross-sectoral approach with regards to policy 

design and implementation to ensure that benefits are fully realised and potential negative 

impacts are avoided (Berry et al. 2015; Longva et al. 2017; Stern et al. 2007). However, a lack 

of coherence, institutional fragmentation and sectorization can result in policy silos (Adelle 

and Russel 2013).  

Research in chapter seven examines the dynamics of land use change in the context of climate 

change, through the lens of carbon sequestration via land conversion from livestock to forest 

(Sitka Spruce). Previous research regarding forest versus agriculture incomes has highlighted 

that forestry can provide greater economic returns when compared to cattle and sheep 

production systems (Breen et al. 2010; Ryan 2016; Upton et al. 2013). Soil type was a 

significant indicator of profitability, and better soils are associated with more profitable farm 

enterprises. From a carbon sequestration perspective, this research highlights that the greatest 

mitigation benefits can also be found on the soils that are associated with the most profitable 

farm enterprises. Current Irish agricultural development plans aim to increase intensification 

of production, which may potentially conflict with mitigation policy, leading to a reduction in 

mitigation potential.  

However, considering the fact that Ireland is among the most efficient beef and milk producers 

in Europe (Leip et al. 2010), it is important to acknowledge that a reduction in efficient 

livestock production could result in leaked emissions to a less efficient system. Godfray et al 

(2015) argues that rather than a reduction in production from these systems, an increase in 

livestock produce from the most efficient sources will play a significant role in global GHG 

reduction. However, this global reduction would result in increases at the national level. On 

the other hand, Ireland has some of the highest forest growth rates in the world, whose potential 

is greatest in areas dominated by intensive dairy farming. It can be argued that soils with the 

greatest potential for mitigation should be contributing to the removal of GHG emissions rather 

than being reserved for the rural land uses with the largest GHG emissions potential. As such, 

policy which increases mitigation in Ireland is in direct conflict with policy seeking to increase 

agricultural intensity, and both claim to reduce over-all GHG emissions. These directly 

competing policy interests can potentially undermine the achievement of Irelands 2020 and 
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2030 emissions reduction targets. In 2016, Ireland exceeded its annual target for the first time 

(CCAC 2018). Further, EPA (2018) projections have forecast a potential overall increase in 

agricultural emissions of up to four percent in 2020 and up to seven percent by 2030.   

8.2 Research Contribution 

This research has made a number of contributions to the development of CSA in terms of 

planning and development, adaptation and adaptive capacity, mitigation and policy. These 

contributions are summarised below under the headings of: CSA Theory Development and 

Utilisation, CSA Analysis, and CSA Policy Coordination.  

CSA Theory Development and Utilisation 

This thesis has both contributed to, and benefited from, the CSA framework. In terms of 

developing the framework, efforts to increase socioeconomic considerations in the 

programming and planning phases of CSA development are an important contribution. These 

efforts create only a partial picture of context specific socioeconomic challenges, but 

consideration at an early stage of CSA development offers a useful starting point for discussion, 

which in turn can increase the prominence throughout the proposed project. CSA is still young 

as a concept, and has been embraced and criticised in equal measure. Some of that criticism 

has been centred around the perception that it is too production focused. Focusing on climate 

resilient pathways for agriculture at the macro scale can perhaps reduce the emphasis on the 

stakeholders at the farm and household level. Stakeholder communities, their roles within those 

communities, their voice and their knowledge should be a key aspect in defining the context in 

which they operate, and as such, are an important consideration with regards to CSA 

intervention. This thesis has made a contribution to increasing that focus, and in that sense, this 

thesis has made a direct contribution to the development of CSA as a concept.  

CSA has been described by Lipper et al (2014) as a guide to support efforts at all levels and all 

scales for sustainably using agricultural systems to achieve food and nutrition security for all 

people at all times, while integrating necessary adaptation and capturing mitigation potential. 

This very broad interpretation has led to criticism of CSA such as: there are no specific actions 

prescribed, and the criteria for CSA branding is so broad that it has become divisive; CSA is 

overly concerned with food production, but not with distribution of consumption patterns; 

ethical concerns with regards to carbon colonialism; and doubts regarding the environmental 

impacts of sustainable intensification. Neudfeldt et al (2013) summarises by saying that CSA 

offers no specific direction, no prioritization of conflicting or opposing agendas, which leads 

to limited motivation to shift investment towards CSA.  

Despite these criticisms of CSA, its lack of rigidity and its flexibility are necessary. It offers an 

evolving framework through which challenges, on a variety of scales and levels, to food 

production systems can be considered and addressed in the context of climate change. In the 

context of this thesis, the framework of CSA has been a useful construct in the consideration 

of food security in Indonesia and adaptation and adaptive capacity in Vietnam and Malawi. 

Despite the vastly different contexts in which challenges associated with climate change were 

being considered, CSA offered a unifying framework for their consideration. The same is true 

of the consideration of mitigation potential in Ireland. CSA will likely evolve further, and its 

mutable nature is necessary when dealing with changeable contextual situations of such 

complexity and high degrees of uncertainty. CSA may not provide all the answers to the 

challenges associated with the transformation of food systems, however, it is a useful tool that 

enables the consideration of, and coherent response to, present and future challenges in the 
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context of climate change. As such it potentially allows for more rapid development of 

solutions that fit the context. However, the resulting solutions are highly dependent on the 

motives, contextual knowledge, and subjective opinion of actors that implement the framework 

within a given context.  

CSA Analysis 

This research has contributed to the knowledge and understanding of adaptation and adaptive 

capacity. Firstly, analysis of the literature related to agroforestry and food security in Indonesia 

highlighted the potential of agroforestry with regards to income generation and dietary 

diversity, while also highlighting the limitations in the current research. Secondly, the provision 

of local level analysis of household data in the climate vulnerable regions of the Mekong and 

Red River deltas in Vietnam. This analysis developed the understanding of local drivers of 

climate change adaptation, with implications for future policy formation and implementation. 

Thirdly, analysis of household level data in Malawi as part of the agroforestry food security 

programme developed a deeper understanding of the potential for unequal outcomes in the 

dissemination of CSA knowledge. Consideration of the differing roles within the community 

held by males and females must be acknowledged and considered within knowledge extension 

if transformative CSA is to become a reality for those that are in most need of it.  

Finally, research in the Irish context focused on afforestation. This research examined the 

impact of afforestation, a widely recognised climate mitigation practice, on water quality 

within the wider rural landscape. A unique combination of datasets was utilised to produce 

analysis that considered afforestation and forest cover, in conjunction with other rural land 

uses, over a meaningful time period. Up to this point, to the best of the authors knowledge, no 

such analysis has considered forestry, agriculture, and waste water disposal over time. This 

analysis offered unique insight into the impacts of afforestation and rural land uses on water 

quality, as such it offers an important perspective in relation to the potential environmental co-

benefits of afforestation as a CSA technology. In addition to water quality impacts, this 

research has also contributed to the development and understanding of carbon sequestration 

potential at the farm level. The estimation and valuation of carbon sequestered by Sitka Spruce 

and the potential emissions avoided from livestock systems as Ireland struggles to meet its 

emissions reduction commitments offers timely insight into the potential trade-offs between 

land uses.  

CSA Policy Coordination 

Consideration of afforestation in the Irish context has highlighted the need for greater policy 

coordination. On the one hand, there are gains to be made in relation to the potential for 

environmental, and potentially health, co-benefits in relation to water quality. Increased 

consideration of these and other potential co-benefits can increase the value of afforestation 

and other CSA practices. Furthermore, consideration of the policy context in relation to carbon 

sequestration reveals the importance of coordination and coherence in relation to the 

management of competing interests, which can reduce potential for mitigation.   

8.3 Limitations of the Research 

Due to constraints with regards to time and resources, this research suffers from some 

limitations. Chapter specific limitations have been acknowledged within those chapters. 

However, limitations in relation to scope and context are listed below.  
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Scope  

This thesis has attempted to both develop and analyse CSA in a variety of geographical 

contexts. Though this has been accomplished to a certain degree, the broad nature of the 

analysis offers a snap shot of CSA, and the associated challenges with its implementation in 

varying contexts. The themes that have been discussed within this thesis were the themes 

considered to be the most important, relevant, and feasibly possible to explore. This thesis may 

contribute to the further development of CSA, but it is not a comprehensive exploration of all 

aspects of CSA, and does not attempt to be. Given the broad mutable nature of CSA, the 

boundaries for this research were focused on certain aspects of planning and development, 

adaptation and mitigation. Each snapshot gives insight into related challenges and highlights 

opportunity for further development.  

Context   

The topics of planning and development, adaptation and adaptive capacity, and mitigation are 

relevant in many settings, but the relatively brief encounters with the settings within this thesis 

make it difficult to conceptualise the entire context. This is perhaps both a criticism and a 

strength, as has been noted already, the CSA framework needs to be flexible enough to be 

utilised in any given context. However, it does not allow for the full exploration of the context 

in which a particular aspect of CSA is being considered.  

8.4 Potential Future Research  

Understanding and developing CSA with regards to planning, adaptation and mitigation have 

been explored within this thesis. However, future research could make specific contributions 

to the areas outlined below.  

Planning & Development 

The repurposing of indicators to better incorporate gender, livelihoods, food security, nutrition 

and health is a starting point for integration into the CSA framework. In reality, this integration 

has only scratched the surface of what is necessary in order to fully consider vulnerability 

within food systems and identify potential trade-offs. In fact, this has also been acknowledged 

in recent research conducted by Tomich et al (2019), who also highlights that a more nuanced 

understanding of poverty and its implications for adaptive capacity of vulnerable groups 

(including: women farmers, landless labourers and others) is necessary in order to enhance 

opportunities and reduce constraints. In order to reduce vulnerability within systems in the 

context of climate change and the associated uncertainty, it is necessary to develop as clear a 

picture of the specific context as possible. If CSA is to be flexible enough to meet local needs, 

then a clear, nuanced understanding of not just poverty is necessary, but the cultural norms and 

roles within the particular social context is also necessary. As such, information pathways with 

regards to the potential outcomes for vulnerable groups need further development.  

Adaptation  

This thesis explored adaptation and adaptive capacity with regards to the drivers of adaptation 

in Vietnam and the disparities in knowledge acquisition in Malawi. In terms of future research 

with regards to the drivers of adaptation in Vietnam, after revealing the central role played by 

institutional support with regards to adaptation, it would be useful to analyse how that 

adaptation has manifest and its efficacy in a given context.  
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The examination of gender disparities in knowledge acquisition in Malawi highlighted the 

importance of consideration of cultural norms and the facilitation of access does not necessarily 

reap equal reward for all groups. In other words, barriers to participation are not limited to 

access. Future research should focus on enhancing farmer-to-farmer learning, where 

appropriate, as pointed out by Franzel et al (2019). In particular, women farmers benefit from 

informal farmer led training, and feel more comfortable being trained by other females. In 

addition, increased focus on the cultural training and awareness of trainers themselves is 

another important aspect. A greater focus needs to be put on the efficacy of knowledge transfer 

techniques if CSA scale up is to be more broadly successful.  

Mitigation 

The efficacy and potential of policy aimed at increasing adaptation and mitigation potential can 

be enhanced by fully considering the potential co-benefits and co-harms. However, policy 

implementation may be undermined by a lack of coherence and competing interests. Future 

research could be usefully aimed at reducing the incidence of policy silos and increasing the 

potential for cross pollination in terms of co-benefits. The development of synergies is not 

limited to synergistic potential within the food system. In addition to increasing synergies, 

future research needs to focus on mechanisms to increase coordination of policy at all levels. 

The implementation of conflicting policy, or policy that is competing for the same space is 

hugely limiting in terms of intended outcomes. Given the complexity of the climate related 

present and future challenges, further research into increased CSA policy integration with 

regard to overlapping policy areas to enhance coherence is essential.   
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