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Executive Summary 
 

Food security includes four important dimensions: food availability, food access, food 
utilization, and food system stability. Food security strategies in the developing world 
often focus narrowly on agricultural production (i.e. availability) and markets (i.e. 
access) while neglecting other dimensions. The need to consider food system stability, 
in particular, is often an afterthought in policy processes. To fill this gap, the policy brief 
presented here demonstrates how the stability of food availability, access, and 
utilization depends on protecting and improving the resilience of food systems.  
 
Resilient food systems are better able to withstand economic and environmental shocks 
at various spatial levels and through time. Ecosystem services – or the benefits that 
humans get from nature - are key building blocks of resilience and should be 
systematically incorporated into food security planning. Agroecosystems that support 
multiple ecosystem services are more likely to be resilient, and thus more likely to 
support food security in the long-term. Integrating an ecosystem services framework 
into food security planning can help policy makers understand, measure and monitor 
the resilience of food systems, and to develop programs that support food availability, 
access, and utilization in the long-term.  
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Background 
Policy goals: 
This policy brief explores the relationship between food system resilience, ecosystem 
services, and long-term food security. The primary objective is to help build CIDA’s 
institutional capacity to address ecosystem services in food security policy, recognizing 
that ecosystem services are essential building blocks of resilient food systems and are 
often overlooked in food security policy making. The policy brief is aligned with CIDA’s 
broad priority of “increasing food security” and specifically addresses CIDA’s 
crosscutting theme of “increasing environmental sustainability”. 

Significance of the issue 
Ecosystem services are the benefits people get from nature, including food, clean 
water, nutrient regulation, pest control, and pollination. Our ability to grow food relies on 
ecosystem services provided by both natural and managed ecosystems, as well as on 
technology. At the same time, the methods that we use to produce food often 
undermine non-food ecosystem services. Now, a perfect storm is brewing: over the next 
few decades, the growing global population will require 50 percent more energy, 30 
percent more freshwater, and double the current level of food production (Ericksen et 
al., 2010; Foley et al., 2011). Global demand for food puts stress on ecosystem services 
and mounting pressures, such as climate change, already threaten food security (MA, 
2005; Lobell et al., 2011). Although it is clear that ecosystem services play a 
fundamental role in supporting food security, in practice, the design and implementation 
of food security projects that consider ecosystem services is limited. 

Canada’s interest in the issue 
The Government of Canada is committed to achieving the Millennium Development 
Goals by 2015, which include the eradication of extreme poverty and hunger by 2015 
(Goal 1) and the ongoing assurance of environmental sustainability (Goal 7). Increasing 
food security is also one of CIDA’s three priority themes. Through commitments to 
enhance food security and environmental sustainability both at home and abroad, 
policymakers are frequently called upon to design policies that simultaneously consider 
the economy, society, and the environment. However, when faced with the need to 
design and implement cost-effective agricultural development and food security 
strategies, environmental considerations are often pushed to the backburner. This has 
problematic implications for supporting food security in the future, especially in a world 
that will be characterized by increasing social and environmental complexity. 
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Policy recommendations 
1. In all policies, plans, and programs (PPPs) related to food security, shift from a 

dominant focus on efficient food production to a focus on resilient food systems. 
Resilient food systems are better able to withstand economic and environmental 
shocks at various spatial levels and through time. 
x Make the need to consider ecological resilience institutionally unavoidable by 

embedding ecological considerations in all project development. This could be 
accomplished by following the precedent set and lessons learned from the 
institutionalization of gender issues at CIDA. 

x Add a fourth focus area to CIDA’s Food Security Strategy titled “Resilient 
Ecosystems” that explicitly addresses ecological considerations above and 
beyond the current focus on ‘Sustainable Agricultural Development.’ This 
minimizes the risk that environmental considerations are subsumed under efforts 
to increase agricultural productivity.  

x Establish minimum funding benchmarks for PPPs related to food security, 
whereby a minimum percentage of funding is dedicated to the ‘Environment’ 
sector.  

2. Use the ecosystem services framework to understand, measure, and monitor the 
resilience of food systems and to develop programs that support food availability, 
access, and utilization in the long-term.  
x Consider provisioning, regulating, and cultural services above and beyond those 

necessary for food production. Integrate these services into the strategic 
environmental assessment process.  

x Pay special attention to regulating services that, although harder to measure, 
change slowly over time and fundamentally support food system resilience.  

x Be aware that decisions that aim to maximize provisioning services may lead to 
declines in regulating services and undercut the resilience of the food system in 
the long-term. PPPs should aim for no net decline in ecosystem services.  

3. In all PPPs related to food security, systematically consider issues of food 
availability, food access, food utilization, and food system stability and tie this to 
ecosystem services.  

a. If there is a decline in a given ecosystem service, be aware that there may be 
differential impacts on food security in terms of availability, access, and/or 
utilization. Moreover, the stability of the food system becomes more 
vulnerable as services decline. 
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Introduction 
More than one billion people are hungry and undernourished worldwide, meaning that 
one in every seven people on Earth is food insecure (UN, 2010). Food insecurity is a 
longstanding global issue, remains a significant problem today, and will be an 
increasingly complex challenge going forward. A growing population, rising incomes, the 
urban transition, and changing dietary preferences are putting pressure on food security 
from the demand side. From the supply side, it is estimated that food production must 
roughly double to satisfy societal wants and needs by 2050 (Foley et al., 2011). 
However, the world is now facing a new set of intersecting social, environmental, and 
economic challenges. Although food security is much more than a question of supply 
and demand (see Box 1), there is justifiable concern about the ability of food production 
to keep pace with growing demand. 

 

 

 

 

 

 

 

 

 

 

Food security depends fundamentally on ecosystems and their services (see Box 2). 
However, during the last 50 years, the physical and functional availability of ecosystem 
services has shrunk faster than at any time in history (IAASTD, 2009). Earth’s life 
support systems are in a state of critical decline (MA, 2005) and future human 
development will take place under conditions of increasing resource scarcity and the 
concurrence of water, climatic and energy insecurities. Within this context, declines in 
ecosystem services threaten to undermine food production. There is also concern that 
the technological innovations that have enabled huge gains in global food production 
will not be able to fully compensate for the degradation of ecosystem services.   

Box 1 – Food Security 
Food security exists when “all people, at all times, have physical and economic 
access to sufficient, safe, and nutritious food to meet their dietary needs and 
food preferences for an active and healthy life” (World Food Summit, 1996). Food 
security (or more correctly, food insecurity) is a complex phenomenon 
determined by the interaction of a range of socioeconomic, biological and 
environmental factors. Food security includes four important dimensions:  

AVAILABILITY ACCESS 

UTILIZATION STABILITY 

     (FAO, 2006) 
Food security requires that the availability of physical supplies of food is 
sufficient, that households have adequate economic and social access to those 
food supplies through the market or through other means, and that food 
utilization is sufficient to meet the specific dietary and nutritional needs of 
individuals. Moreover, these dimensions must be stable through time in order to 
support food security in the long term.  
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Development practitioners face a dual challenge: we must work toward food security 
and we must do so without further compromising environmental and social well-being. 
While the quickest way to meet growing food demand is to increase the efficiency of 
food production, this is known to undermine non-food ecosystem services and, in many 
cases, future provision of food (MA, 2005; UNEP-IWMI, 2011). Achieving food security 
therefore entails trying to maintain desirable ecosystem states and services in the face 
of mounting global environmental pressures (Folke et al. 2002; Gunderson & Holling, 
2002). It will require building resilient food systems, where resilience is the capacity of a 
system to experience disturbance while retaining the same core functions, identity, and 
feedbacks (Walker et al., 2006). Unfortunately, little is known about interactions among 
food security, resilience, and ecosystem services. Moreover, food security policies that 
fail to consider ecosystem services may fail to deliver intended benefits and may 
actually undermine long-term food security (Ericksen et al., 2008; UNEP-IWMI, 2011). 
 
The policy brief presented here begins by building a case for why increasing food 
security in the long term depends on protecting and improving the resilience of food 
systems. It then develops the case for why ecosystem services - as key building blocks 
of resilience - should be systematically incorporated into food security planning. It 
concludes with practical advice for development practitioners looking for entry points to 
better address ecosystem services and the concept of resilience in food security 
strategies.  

Box 2. What are ecosystem services? 
Ecosystem services are the benefits people obtain from ecosystems (MA, 2005) and 
are the backbone of human development. They include renewable goods and 
services from all types of ecosystems but not non-renewable fossil fuels and 
minerals. The Millennium Ecosystem Assessment (MA), the most comprehensive 
study of the world’s resources to date, classified ecosystem services as follows: 
 
Provisioning services, e.g. 
x Food  
x Freshwater 
x Wood and fiber 

Regulating services, e.g. 
x Pollination 
x Flood regulation 
x Water purification 

Cultural services, e.g. 
x Aesthetic 
x Spiritual 
x Recreational 

 
The concept of ecosystem services helps to broaden traditionally narrow 
interpretations of what could be of benefit to humans (e.g. provisioning services) to 
include the regulating and cultural services that contribute indirectly to human well-
being. However, while provisioning services are routinely included in policy 
assessments, regulating and cultural services are often overlooked because they are 
not traded in the market and thus lack ‘value’ as defined by traditional policy 
instruments. Other examples of ecosystem services are included in Appendix 1.    
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Food security and the need for resilience 
 
Achieving food security requires a combination of food availability, food access, and 
food utilization that is stable through time. However, food security strategies in the 
developing world often focus narrowly on agricultural production (i.e. availability) and 
markets (i.e. access) while neglecting other dimensions. The need to consider food 
system stability, in particular, is often an afterthought in policy processes (Ericksen et 
al., 2008). 
 
Stability is influenced by multiple socio-economic and ecological factors. Although 
factors such as political upheaval, unemployment, and volatile food prices all contribute 
to instability, the remainder of this brief will emphasize the ecological determinants of 
food system stability. Scientists have long recognized that ecosystems and the specific 
services they provide (e.g. pollination, water regulation, pest control) are necessary for 
long-term food provision (MA, 2005). Unfortunately, ample evidence demonstrates that 
human activities are degrading many ecosystem services and that agriculture is the key 
driver behind this decline (MA, 2005; Tilman et al., 2001).  

What is happening to global ecosystems? 
Our ability to grow food – and thus provide food reliably – is being undermined by the 
degradation of ecosystem services and global environmental change. The MA 
found that the majority of the world’s ecosystem services are in a state of decline (15 of 
24 assessed), while those services with increasing supplies were mostly provisioning 
services such as crops, livestock, and fish aquaculture. Most changes to ecosystems 
have been made to meet a rapid growth in the demand for food, water, timber, and fuel. 
Unfortunately, the regulating services that support food production (e.g. pollination, 
natural pest control, and flood control) have borne the brunt of human development 
activities and are now in a state of critical decline at the global scale (MA, 2005). 
Interestingly, while the Earth’s capacity to provide most of these services is decreasing, 
consumption of more than 80% of the assessed services was found to be increasing, 
indicating that future supplies of ecosystem services may not satisfy demands (MA, 
2005).  
Global environmental change, such as climate change, ocean acidification, and 
biodiversity loss, will also increasingly affect the stocks and flows of ecosystem services 
across the globe (Ingram et al., 2010). From a food security perspective, this matters 
because evidence has already emerged of reduced yield gains worldwide due to climate 
change (Lobell et al., 2011).  

What are resilient food systems? 
 
Many of the intensive agricultural systems that we support in the name of development 
are the very systems that are increasingly jeopardizing development goals in the long-
term (MA, 2005). While the broad policy goal is to increase food security, the challenge 
is to actively strengthen the capacity of ecosystems to support long-term food security 
goals while also increasing today’s food security. This will require a policy shift from a 
focus solely on efficient food production to a focus on resilient food systems. 
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To better understand resilience, we must start with the idea of a social-ecological 
system, i.e. an integrated system of ecosystems and human society with reciprocal 
feedbacks and interdependence (Berkes et al., 2003). In social-ecological systems, the 
fictional boundaries between ‘society’ and ‘nature’ are dissolved. For example, a 
smallholder-farming household is not just a nuclear family; the household is linked to the 
land that they farm, the watershed they inhabit, and to the broader regional 
environment. It follows that the food security of a household is tied to both social and 
environmental factors.  
 
Food systems are a type of social-ecological 
system that bridges the biological and 
socioeconomic processes involved in the 
production, distribution, marketing, preparation, 
and consumption of food. A resilient food system 
is able to withstand environmental and economic 
stresses at different temporal and spatial levels 
(Misselhorn et al., 2012). 
  
The stability of food security depends on food 
systems that are resilient, i.e. that tend to maintain their integrity when subject to 
disturbance (Holling, 1973). There are two types of resilience. Social resilience is the 
ability of human communities to withstand and recover from environmental, political, or 
socioeconomic stresses. Ecological resilience is the capacity of an ecosystem to 
withstand disturbance (like storms or pollutants) and to rebuild itself if damaged. The 
more resilient a system, the larger a disturbance it can absorb without shifting into an 
alternate state. Looked at jointly, maintaining the social-ecological resilience of food 
systems is desirable because resilient systems: 

a. Can undergo greater amounts of change and still maintain the same core 
identity, functions, and feedbacks; 

b. Are capable of a high degree of self-organization; and 
c. Can learn and adapt in the face of disturbance (Carpenter et al., 2001). 

 

What happens if we do not achieve resilience?  
If we do not manage for desirable and resilient food systems, we are more vulnerable to 
potential impacts associated with crossing ecological thresholds and consequent 
regime shifts. Although social-ecological systems sometimes respond smoothly to 
changing pressures, this will likely be the exception rather than the rule (Rockström et 
al., 2010). The Earth is made up of complex, interactive, and non-linear dynamic 
systems that are largely unpredictable (Carpenter and Folke, 2006; Dawson et al., 
2010). Many systems have thresholds, at different scales and in different domains, e.g. 
social, ecological, economic (Walker et al., 2006; Carpenter and Folke, 2006). 
Thresholds matter because they are social-ecological game-changers. They come as a 
surprise. Although a given ecosystem may seem stable over a long period of time, it 

A resilient food system is 

able to withstand economic 

and environmental shocks 

and stresses at different 

temporal and spatial levels.  
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may gradually be losing ecological resilience and may, suddenly, change to a very 
different state (Dawson et al., 2010). Science has found many examples of regime shifts 
in ecosystems including freshwater lakes, wetlands, coral reefs, forests, and 
grasslands, among others (Folke et al., 2004). 
The Millennium Assessment demonstrated that the most catastrophic changes in 
ecosystem services occurred as a result of abrupt shifts in state and the simultaneous 
failure of multiple regulating services (Carpenter and Folke, 2006). This is important 
because abrupt changes in ecological conditions can have ripple effects on the social 
conditions that make up human wellbeing – especially for poor people who are more 
directly reliant on ecosystem services. For example, when an ecological system shifts to 
a different state (or regime), it may not fulfill the role humans expect of it (Walker et al., 
2006). This carries enormous implications for food security and stability (see case study 
in Box 3). 
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The opportunity offered by ecosystem services 
There is targeted concern that the steady loss of regulating ecosystem services is 
eroding ecological resilience and endangering long-term food security (MA, 2005; 

Box 3 - Agriculture and Desertification in the Sahel 
The Maradi Region in south-central Niger is home to about 2 million people and is a regional 

“breadbasket”. Farmers mostly produce commercial crops such as millet, sorghum, and cowpeas. 

Interestingly, the Maradi landscape shifted from a productive regime (A) to an unproductive 

regime (B) dominated by desertification in the 1980s. However, a farmer-led agroenvironmental 

transformation over the past two decades has restored productivity and improved livelihoods 

(C).  

 

(A and B) Productive and Unproductive regimes: In the early 1900s, scattered rural groups 

cultivated small fields amidst bush lands throughout much of the African Sahel. Although it was 

difficult to grow crops due to nutrient-poor soils and erratic rainfall, yields were sufficient and 

there were abundant supplies of forest products. Extended fallow periods were common to help 

boost soil fertility. However, by the 1930s, land-clearing and tree-felling became common. A 

colonial administration pushed farmers to grow cotton for export and declared full ownership of 

all trees. This was a disincentive for farmers to care for their lands and consequent poor 

management practices exposed soils to fierce winds, thus increasing soil erosion and decreasing 

soil fertility and productivity. Throughout the 1960s and 1970s, communities increased the 

intensity of land cultivation (often establishing monocultures) to compensate for declining soil 

fertility and to meet the demands of a growing population. Poor land management practices (e.g. 

eliminating fallow periods) and a series of devastating droughts compounded natural resource 

degradation and tipped the system into an unproductive regime through desertification. Declines 

in the ecosystem services needed to support food production (erosion control; soil fertility; 

timber) actually reduced yields per hectare and contributed to recurrent periods of massive 

hunger, malnutrition, and even death.  

 

(C) A new productive regime: Since the 1980s, an unprecedented, farmer-led re-greening 

movement has helped to reduce erosion, increase soil fertility, and increase crop production, 

incomes, and food security (Reij et al., 2009). Reforested landscapes provide multiple benefits: 

they reduce wind erosion and evaporation, they provide fodder for livestock, and they also 

provide firewood, fruit, and medicinal products for home consumption and sale. Nitrogen-fixing 

species have enhanced soil fertility and techniques for agricultural soil and water conservation 

(e.g. extended fallow periods) have led to gains in agricultural productivity.  Reij et al. (2009) 

estimated that this transformation has resulted in an average of at least 500,000 additional 

tonnes of food produced per year, which covers the requirements of 2.5 million people out of a 

total population of about 15 million (in the broader region) in 2009.  

 

Lesson: A combination of deforestation, agricultural intensification, and recurrent droughts 

slowly eroded the resilience of a productive agricultural regime and triggered a shift to an 

unproductive regime. This had devastating impacts on food security in the region. However, 

critical ecological interventions that diversified and boosted the ecosystem services provided by 

agricultural and forested ecosystems helped to shift vicious cycles to virtuous ones. Food 

security conditions have since improved (Sendzimir et al., 2011).  
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Bennett et al., 2009). In order to counteract this threat, there is a need to improve the 
ecological resilience of agricultural systems. 
Policy makers should recognize that ecosystem 
services are key building blocks of ecological 
resilience, and that our ability to support stable 
food security in the long term hinges on 
agricultural systems that provide multiple 
ecosystem services. The best indicators of 
resilience tend to be slowly changing variables, 
which may often be regulating services (Bennett 
et al., 2005).  
Although there is an immense portfolio of agricultural technologies that can help 
produce food more efficiently, technology is only able to partially buffer the negative 
impacts of losing regulating services in the short-term. Technological innovation will 
always play an important role in food production, however it is an imperfect substitute 
for many ecosystem services. A detailed discussion of the physical and economic 
limitations of substituting ecosystem services with technology is included in Appendix 2.  
 
The concept of ecosystem services is attracting widespread attention as a way to 
explore relationships between ecosystems and human well-being. The modern history 
of ecosystem services began in the late 1970s, a time when arguments for the ‘intrinsic 
value’ of nature were largely excluded from public decision-making. The non-
quantitative arguments used to support the protection of nature were seen as 
incompatible with economic and political processes dependent on formal cost-benefit 
analyses. To correct for this, a utilitarian conceptualization of nature was developed 
whereby complex ecosystem functions were deconstructed into beneficial ‘services’ 
(Gómez-Baggethun et al., 2010). This framing has since placed ecosystem services 
firmly on many policy agendas, especially following the seminal publication of the 
Millennium Ecosystem Assessment (MA, 2003). At present, the ecosystem services 
framework is gaining traction in political arenas and relies on the use of qualitative and 
quantitative methods to identify, assess, and evaluate services. Market-based 
instruments for conservation such as Markets for Ecosystem Services and Payments for 
Ecosystem Services schemes are also generating significant buzz (Gómez-Baggethun 
et al., 2010), although the implications of ‘commodifying’ nature through market 
valuation remains contentious (Kosoy and Corbera, 2010).  
Overall, the ecosystem services framework provides a starting point to begin 
systematically building our understanding of food system resilience and its role in stable 
food security. It is a promising tool for recasting production-oriented approaches to food 
security policymaking into approaches that can buffer against ecological risks and 
safeguard livelihoods. By bridging the fields of ecology, economics, and development, 
the ecosystem services framework can also strengthen the capacity of food security 
policymakers to adapt to food security challenges in a changing world. 

Ecosystem services are key 
building blocks of 
ecological resilience. 
Ecological resilience is vital to 

ensuring food system 

stability.   
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Why are ecosystem services important for food security? 

Agroecosystems 
The majority of the more than 1 billion people who are food insecure engage in small-
scale farming, and smallholder farmers remain the mainstay of food production in many 
developing countries (FAO, 2009a). Food availability in these countries hinges on small-
scale farming, which in turn depends on many non-food ecosystem services. 
Agroecosystems are more than just providers of food, they are multifunctional systems 
with capacities to support and provide a range of ecosystem services. It follows that 
managing ecosystems for multiple ecosystem services is critical to building resilience 
and achieving long-term food security. This can help future-proof food systems against 
social and ecological disturbances. 
There are three critical ways in which ecosystem services interact with agroecosystems: 
 

1. Agroecosystems have the capacity to support and provide a range of ecosystem 
services. Agroecosystems can provide provisioning services such as food and 
timber, regulating services such as pollination, pest control, and soil retention, 
and cultural services such as spiritual well-being. 

2. Agriculture depends on many ecosystem services as inputs to production. These 
include soil fertility, pollination, and pest control, among others. Agroecosystems 
often receive these services from non-agricultural ecosystems.  

3. Agriculture affects the quality and quantity of ecosystem services that other 
ecosystems, such as forests and estuaries, can provide (Dale & Polasky, 2007). 

 
Trade-offs in ecosystem services occur when the provision of one ecosystem service is 
reduced due to the increased use of another (Rodríguez et al., 2006). As shown in 
Figure 1, the bundles of ecosystem services associated with a natural ecosystem, 
intensive cropland, and a cropland with restored ecosystem services will differ 
depending whether we choose to maximize one service or optimize multiple services 
(Foley et al., 2005). Given that ecosystem service trade-offs are impacted by 
management choices made by humans, it is important to recognize that when we 
manage for a limited number of services, even technological solutions cannot 
compensate for services we have overlooked entirely. 
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Figure 1. Ecosystems and associated management regimes influence the type, quantity, 
and relative mix of ecosystem services. In this figure, the qualitative condition of each 
ecosystem service is indicated along each axis (Foley et al., 2005).  
 
Looking at agricultural production systems – even intensive ones – as multifunctional 
agroecosystems reveals opportunities to reduce losses, increase a range of ecosystem 
services, and work toward resilience. The agroecosystem approach can help 
policymakers co-manage food security and environmental goals. For example, some 
rice fields in Vietnam are used to grow rice (increase in food availability) and also 
incorporate fish and other aquatic animals in fields and small ponds (increase in food 
availability and utilization). The rice fields are managed to reduce erosion, regulate 
water quantities and retain nutrients (all regulatory services), and this likely helps to 
maintain the resilience of the agroecosystem. Similarly, planting trees in agricultural 
landscapes can help connect nearby forest habitats, bringing insects for pollination and 
beneficial soil organisms while also increasing water infiltration and reducing runoff and 
erosion (all regulatory services). The trees also provide fuelwood and timber in addition 
to fodder and fruit, which can increase both food availability (the fruit) and access to 
food by selling the goods (UNEP-IWMI, 2011).  
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Linking ecosystem services to food system stability 
 
The first step toward recognizing the 
importance of ecosystem services for 
food system stability is to recognize 
that ecosystem services underpin food 
availability, access and utilization in 
the short-term. For example, 
ecosystem services (1) directly 
support food production (food 
availability), (2) indirectly support 
smallholder livelihoods through income 
generation and cost savings (food 
access), and (3) contribute to the delivery of safe and nutritious food from healthy and 
diverse ecosystems (food utilization). These relationships are explored briefly below, 
and followed by a discussion of food system stability in the medium- and long-term.  
 
Ecosystem services and food availability: 
Ecosystem services provide the ecological conditions necessary to sustain food 
production and may come directly from the agricultural land or from the landscape 
matrix. Examples of agricultural ecosystem services that support food production 
include: 
 

x Pest control 
x Pollination 
x Nutrient re/cycling 

x Soil conservation, structure and fertility 
x Water provision, quality and quantity 
x Carbon sequestration 

 
Each of these services uniquely underscores food production in some way. In the case 
of pollination, approximately 75% of important food crops rely on animal pollination 
(Klein et al., 2007) and over 40% depend on wild pollinators. Globally, the ongoing loss 
of pollination services is troublesome because native bee species pollinate plants more 
effectively than their substitute, honeybees (Ricketts et al., 2004). The loss of pollinator 
diversity can threaten ecological resilience and food production (Ricketts et al., 2004; 
Power, 2010). Food production in the developing world is particularly pollinator-
dependent; for example, West African countries have a vulnerability to pollinator loss of 
90% because pollinators are needed for coffee, cacao, tea, nuts, fruits, and edible oil 
crops. Without diverse pollinator communities, pollinator-dependent crops could have 
difficulty growing and the diversity of foods produced could decline (Power, 2010).  
 
As another example, water availability for food production depends not only on direct 
rainfall and/or irrigation, but also on soil moisture retention. 80% of agricultural water 
use comes from rainfall stored in soil moisture (Molden, 2007). Plant cover, soil organic 
matter, and the soil biotic community regulate soil moisture retention. In turn, 
agricultural management practices influence whether or not soils can adequately 
provide the service of soil moisture retention (Power, 2010) and regulate the water 
supply needed for food production. 

.  
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How do ecosystem services underscore food access? 
Although ecosystem services directly support food availability, their relationship with 
economic and social food access is usually more indirect. Provisioning services (crops, 
timber, fiber) are crucial for income generation, however, it is less clear how regulating 
and cultural services factor in. This stems from the fact that regulating and cultural 
services are not explicitly valued in most economic and socio-political systems, i.e. 
through cost benefit analysis or other tools (Turner, 2010). This results in a situation 
where regulating services are invisible economic agents; nevertheless, they play a real 
role in smallholder livelihoods and access to food. For example: 

x Regulating services can provide indirect economic benefits. For example, the 
service of natural pest control saves farmers billions of dollars each year by 
reducing the need for pesticides (Naylor and Erlich, 1997; Dale et al., 2007). The 
wise use of multiple ecosystem services can reduce agricultural input costs and 
leave more money to spend on other needs.  

x Ecosystem services can influence local ways of life and social access to food. 
Development strategies that push a commodity or mode of agricultural 
production without cultural anchorage can change how a community relates to 
and distributes food. For example, the maize-bean polycultures of many Mayan 
groups in Guatemala provide a cultural service, and social patterns of food 
access are structured around this farming system.  

x Ecosystem services define the ecological potential for poverty alleviation. 
Although ecosystem services affect everyone, poor people are more reliant on 
ecosystem services owing to the importance of natural-resource-based 
livelihoods (TEEB, 2010) and because rich people can better afford substitutes 
(e.g. honeybees to replace natural pollinators). 

 
How do ecosystem services underscore food utilization? 
Utilization is commonly understood as the way the body makes the most of various 
nutrients in food. This dimension brings out the importance of many non-food 
determinants of food security, such clean water, sanitation and health. Interestingly, 
roughly 8% to 10% of malnutrition cases worldwide may be linked to land degradation 
(Smith, 1999). Examples of ecosystem services that influence food utilization include: 

x Water purification and disease regulation are vital in reducing child mortality, 
improving maternal health, and combating diseases. The prevalence of bacterial 
and parasitic diseases in water sources has been shown to contribute greatly to 
malnutrition in Africa (Muller et al., 2005; Conceição et al., 2011). Changes in 
ecosystems can influence the abundance of pathogens, resulting in outbreaks of 
diseases such as malaria and cholera, and the emergence of new diseases.  

x Agrobiodiversity: There is still debate about whether or not biodiversity is an 
ecosystem service or an ecosystem function supporting service delivery. In any 
case, higher agrobiodiversity can contribute to dietary diversity and help combat 
malnutrition (Johns and Eyzaguirre, 2006). Agrobiodiversity includes cultivated 
plants and animals, wild foods, and organisms such as pollinators and soil biota. 
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Evidence suggests that the degradation and simplification of ecosystems 
exposes people to new health challenges (thus affecting food utilization) and 
undermines the adaptive resilience inherent in diversity (undermining food 
system stability) (Johns and Eyzaguirre, 2006).  

Finally, Box 4 gives an example of how the degradation of agricultural ecosystem 
services can influence food utilization in a rural Guatemalan community.  
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In the medium-term, resilient and desirable ecosystems that are supported by multiple 
ecosystem services can also lessen the impacts of shocks (Bennett et al., 2009). 
Regulating services are important for controlling floods and protecting coastal 
communities from storms and hurricanes. Increasingly, people live in areas that are 
vulnerable to extreme events such as floods, severe storms, fires, and droughts (MA, 
2005). Human exposure to natural disasters is linked to the degradation of ecosystem 
services, and has increased globally since the 1950s (IPCC, 2007). However, despite 
higher human exposure, technological advances and better preparedness have 
buffered impacts. It follows that the impact that ecological change has on a system 
depends on both ecological resilience and social resilience. For example, in a poor 
coastal village reliant on mangroves for food and coastal protection, an informed food 
security strategy would aim to protect the mangrove ecosystem (build ecological 

Box 4 – Multidimensional food security in rural Guatemala 
 

The farming community of Chilascó (population ~7,000) is located the central Guatemalan 
province of Baja Verapaz. Approximately 75% of local households farm broccoli for export, 
relying on the heavy use of chicken manure to fertilize their fields. Interestingly, regional food 
security experts think of Chilascó as a ‘puzzle’ because, despite being surrounded by prime 
agricultural lands, the prevalence of malnutrition remains high.  

There are multiple hypotheses for why this might be, including (but not limited to):  

1) Local food availability is insufficient  
 -Broccoli production displaces staple crops needed for household  
 consumption 
2) Economic and/or social access to food is constrained 

  -Households cannot access food in sufficient quantities despite income from  
  commercial cropping 
  3) Food utilization is impeded by social and environmental health factors 

-Contaminated water and/or food, lack of hygiene, and environmental exposure 
may contribute to illness and malnutrition 

This research is ongoing as part of my Master of Science research. However, there is 
evidence that the chicken manure being used to enable continuous, intensive broccoli 
production is contaminating local food (via improper handling and large fly populations), 
leading to diarrhea in children and secondary malnutrition. The use of chicken manure as a 
substitute for the natural fertility of soils (which have been degraded through poor and 
intensive farming practices) is therefore indirectly associated with low local ‘food utilization’ 
and a breakdown in local food security conditions. In other words, the food security outcomes 
that one might expect from farming broccoli for export (i.e. gains in income and consequent 
gains in food security) are constrained by the degradation of a regulating service (soil fertility) 
and the imperfect substitution of this service with chicken manure.  
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resilience) and improve community coordination and management institutions in the 
face of climate change (build social resilience). 
 
Ecosystem services also critically support long-term food production and food security. 
Regulating services play a particularly important role in the stability of food systems 
because the loss of regulating services can negatively impact ecosystem resilience, 
even if they do not substantially reduce the levels of other ecosystem services in the 
short-term (Bennett et al., 2009). This means that even if the short-term prospects for 
food availability, access, and utilization look good – slow declines in regulating services 
could undermine long-term food security.  
Many of the ecosystem services that underpin food production are in decline (Table 1; 
MA, 2005). This is partially due to pressures to maximize production in the short-term at 
the expense of ecosystems’ long-term capacity for food production (WRI, 2008). The 
degradation of regulating services has undermined the production of food in the past - 
for example, by contributing to desertification during the Dust Bowl years in the United 
States, and in the Sahel during the 1980s and 1990s (MA, 2005). Recent research also 
suggests that declines in ecosystem services – leading to problems such as soil nutrient 
depletion, loss of biodiversity, soil erosion, and increased vulnerability to disease and 
pests - have already begun to adversely affect agricultural productivity and will continue 
to do so at an accelerating rate under climate change (UNEP-IWMI, 2011). As a result, 
crop yields could fall 5-25% short of demand by 2050 (Nellemann et al., 2009).  
 
Table 1. Global status and trends of ecosystem services that underpin food 
production (MA, 2005) 

DEGRADED MIXED ENHANCED 
Genetic resources 
Biochemicals 
Freshwater 
Regional and total climate 
regulation 
Erosion regulation 
Water purification 
Pollination 
Natural hazard regulation 

Water regulation 
(e.g. flood protection) 
Disease regulation 
(e.g. natural pest regulation) 

Carbon sequestration 

 
The slow and steady loss of regulating services may interfere with efforts for improving 
food security and alleviating poverty. In Ghana, agricultural soil loss through land 
degradation (loss of the service of ‘erosion regulation’) has contributed to losses in 
agricultural productivity and income and a slowing of poverty reduction over time. 
Multimarket models have predicted that land degradation will reduce agricultural income 
in Ghana by a total of US $4.2 billion over the period of 2006-2015 (Diao & Sarpong, 
2011). Poverty reduction efforts in the northern regions of the country, which currently 
have the highest poverty rates in Ghana, will be impeded, and the prognosis for 
achieving food security in the long-term is dim.   
Food system stability is also threatened by the potential for crossing ecological 
thresholds. Consider, for example, an agricultural community that grows cereal crops 
and also fishes in a small local lake. As part of a new poverty alleviation strategy, 
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phosphorus (P) fertilizers are applied heavily to a new export crop. Normally, the 
agricultural soils regulate P cycling by storing P for future plant use. However, while P 
acts as a fertilizer in agricultural fields, it acts as a pollutant in waterways. Over time, 
excessive or prolonged fertilizer use can reduce the soil’s capacity to regulate P loss by 
sorption (a regulating service), and P is instead, for example, transported to the local 
lake. As P enters the lake, a threshold is reached, and triggers a change in the state of 
the lake. What was once a clean lake that supported a large fish population transforms 
into a lake with few fish and frequent algal blooms (Heckrath et al., 1995; Bennett et al., 
2009). The new state of the lake reduces the quantity of fish and the quality of water 
that is available to the local population. Because the change was unforeseen, the 
community struggles to find replacement protein sources for the fish lost after the 
‘regime shift’. In this simplified example, the ability of the agricultural soil to regulate P 
was slowly eroded over time, and triggered a rapid change in a nearby lake ecosystem 
with consequent impacts to the food security status of the local population.  
 
Resilient agriculture is needed to ensure food production over the very long future – not 
only until 2050 when the human population will plateau around 9 billion people. Resilient 
agriculture supported by multiple ecosystem services is more likely to persist and 
absorb shocks (e.g. price fluctuations, invasive species, diseases, floods) compared to 
agricultural systems that attempt to maximize efficient food production, often at the 
expense of the provision of other ecosystem services (MA, 2005; Bennett et al., 2009). 
Stable food security is therefore a function of resilient food systems supported by 
multiple ecosystem services.  

Integrating ecosystem services with food security planning 
 

‘Managing for resilience’ should be a central objective for food security policy and 
planning, since it is expected to enhance the likelihood of sustaining desirable pathways 
for development in a changing world. According to the FAO, “the integration of activities 
geared towards the improvement of community resilience is of utmost priority” (FAO, 
2009b).  
 

Working toward desirable and resilient food systems is not, however, without challenge. 
First, there are conceptual challenges related to defining and framing resilience.  
There are also measurement challenges in that resilience is notoriously difficult to 
measure quantitatively (Schwarz et al., 2011) due to its context-specific and dynamic 
nature. The danger is therefore that ‘managing for resilience’ will become a buzzword, 
and not of great help to policymakers operationally. 
 
These challenges are compounded when we attempt to link resilience with 
multidimensional food security. It follows that in order to tackle these challenges we 
should build a more systematic approach to social-ecological resilience and food 
security.  
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Existing policy processes 
Increasing food security is one of CIDA’s three priority themes and the agency has 
prepared a Food Security Strategy focused on food aid and nutrition, sustainable 
agricultural development, and research and development. Within this strategy, 
environmental concerns are addressed through statements like, “increased agricultural 
production and productivity cannot come at the expense of the environment” (p.4). In 
the name of sustainable agricultural development, CIDA supports agroecological 
approaches that preserve and promote biological diversity, minimize greenhouse gas 
emissions, and combat desertification, and also invests in research and development to 
support these areas. The expected results of these efforts are “increased sustainable 
agricultural production and productivity by rural small-scale farmers, especially women 
farmers” (p.5). 
 
While the focus on sustainable agricultural development is a step in the right direction, it 
falls short of acknowledging the importance of resilience and food system stability. 
Because food security is such a complex subject, the risk is that efforts aimed at 
boosting agricultural productivity will not adequately address short, medium, and long-
term links among ecosystems, their services, and multidimensional food security. 
Achieving desired results depends on establishing comprehensive and consistent 
procedures for including environmental considerations in all food security related PPPs. 
 
How does CIDA address ‘the environment’? 
The standard reference for agencies looking to better integrate environmental 
considerations into strategic decision making is a 2006 policy from the Organization for 
Economic Cooperation and Development (the OECD) titled “Applying Strategic 
Environmental Assessment (SEA); Good Practice for Development Cooperation”1. SEA 
is not a single prescriptive approach, but rather a family of tools that aim to evaluate 
linkages among environmental, economic, and social considerations.  
CIDA is already using SEA for some policies, plans, and programs (PPPs), however, 
there is room to better address the issues of resilience and food system stability in 
the SEA process. In order to do so, ecosystem services should be consistently 
included in the SEA process because many food security PPPs are related to 
ecosystem services in some way.2 
Specifically, the use of SEA for evaluating PPPs related to food security can be 
improved by (1) considering social-ecological resilience, (2) addressing all four 
dimensions of food security, and 3) identifying and prioritizing ecosystem services that 
contribute to ecological resilience. The following sections present a process for doing so 
that can be leveraged into existing SEA processes at CIDA. 

                                                        
1 Subsequent advisory notes were developed for special themes relating to (i) climate change responses, 
(ii) ecosystem services, and (iii) risk reduction and post conflict planning. 
2 Policymakers are encouraged to consult existing high-level guides for integrating ecosystem services in 
strategic decision-making, including: the World Resources Institute’s ‘Ecosystem Services: A Guide for 
Decision Makers’ (WRI, 2008) and the OECD Environet’s ‘Strategic Environmental Assessment and 
Ecosystem Services’ (OECD DAC, 2011). 

http://www.acdi-cida.gc.ca/acdi-cida/ACDI-CIDA.nsf/eng/NAD-31210472-LHX
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Operationalizing ecological resilience 
Policymakers are encouraged to work toward holistic social-ecological resilience using a 
360o integrated assessment map (Figure 2). The map is intended to help policymakers 
scan multiple dimensions of a social-ecological system and identify opportunities to 
promote resilience, as well as identify system vulnerabilities (Schwarz et al., 2011). Due 
to the complexity of defining and categorizing ‘resilience’, the map is only a starting 
point to identify contributing factors to resilience in a given project area.  
Policymakers are encouraged to identify the provisioning, regulating, and cultural 
services present in a project area for all policies, plans, and programs (PPPs). This will 
provide an indication of the state of the ecosystem prior to implementing a PPP that 
could change the type, quality, and relative mix of local and regional ecosystem 
services.  

 
Figure 2. Key building blocks of social resilience and ecological resilience (in gray and 
green, respectively). Four generic domains of resilience are included: (i) ecosystems, (ii) people 
and livelihoods, (iii) institutions and governance, and (iv), external drivers, that is, influential 
factors originating outside the project area (Adapted from Schwarz et al., 2011 to include 
ecosystem services).  
 

Operationalizing multidimensional food security 
After conducting the initial scan, policymakers should assess how specific provisioning, 
regulating and cultural services contribute to multidimensional food security. The figure 
below provides a simple example where four ecosystem services have been identified 
as important to project beneficiaries in a coastal community in East Africa: bivalves for 
consumption (a provisioning service), sea cucumber for export (a provisioning service), 
coral reefs for coastal protection (a regulating service) and tourism stemming from 
pristine white beaches (a cultural service). Interestingly, although bivalves and sea 
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cucumbers are both provisioning services, they contribute to the food security of the 
local population in entirely different ways (to food availability and food access, 
respectively). Without coral reefs protecting the shoreline from currents, waves, and 
storms, there would be loss of land due to erosion (including habitat for coastal 
organisms) (Moberg et al., 1999), which could increase the vulnerability of the local 
community to storms and possible loss of oceanic protein sources. Coastal protection 
thus contributes to food system stability. Finally, tourism enables food access through 
income (Daw et al., 2011). By disaggregating the environment into ‘ecosystem 
services’, it becomes possible to establish clear relationships between ecosystem 
services and food availability, food access, food utilization, and food system stability. It 
also provides a way to begin looking at long-term food security in the context of resilient 
social-ecological systems.  

 

Figure 3. Ecosystem services underscore food availability, food access, food utilization, 
and food system stability in different ways (Adapted from Daw et al., 2011 to include food 
security considerations).  

Integrating ecosystem services into SEA 
Policymakers should consider that PPPs not only impact ecosystem services but also 
depend on ecosystem services for operations. There is a bidirectional relationship 
between development activities and bundles of ecosystem services across a landscape, 
and this has important implications for food security both immediately and as conditions 
change in the future. Overall, the systematic inclusion of ecosystem services helps to 
‘future-proof’ development projects by considering the long-term ecological viability of a 
project alongside the implications for multidimensional food security going forward.  
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The critical levers that allow, specifically, for ecosystem services to support food 
security policymaking include: 
 
1. Ecosystem services are impacted by food security projects. Ecosystem 

services underpin food security, but may also be affected, intentionally or 
unintentionally, by food security PPPs. PPPs may affect ecosystem services directly 
through physical interventions, or indirectly by affecting the way in which a group 
consumes, depends on, or interacts with ecosystem services.  

2. Ecosystem services are inputs to food security projects. Policymakers often 
assess the environmental impacts of a given project (e.g. pollution, resource 
consumption) yet overlook the dependence of projects on ecosystem services 
supplied and generated by local and regional ecosystems, both in the short and 
long-term. 

3. Food availability, food access, food utilization and food system stability all 
depend, in whole or in part, on ecosystem services. Assessing the relative 
contribution of different ecosystem services (provisioning, regulating, and cultural) to 
multidimensional food security can help build resilient food systems that deliver food 
security in the long-term. 
 

4. The ecosystem service concept has considerable political and scientific 
traction. Recent scientific and policy initiatives have directly applied the ecosystem 
services framework to poverty alleviation. 3  

 
When thinking about ecosystem services, policymakers should pay special attention to 
regulating services because they tend to be excluded from decision-making processes 
despite being of fundamental importance to long-term food system stability.  
What follows is an assessment tool that can help this process, based on the MA 
conceptual framework and work by the World Resources Institute (WRI, 2008).

                                                        
3 For examples see: www.espa.ac.uk; TEEB (The Economics of Ecosystems and Biodiversity) 2010; WRI 
(World Resources Institute) et al., 2008.  

http://www.espa.ac.uk/
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Integrating ecosystem services in food security PPPs  
 
Long-term food security depends on managing for desirable and resilient food systems. Information on ecosystem 
services can strengthen a variety of decision-making processes at different levels, and ultimately improves our ability to 
work toward ensuring food availability, food access, food utilization, and food system stability.  
 
Key steps towards incorporating ecosystem services in food security strategies at CIDA are listed with general examples 
below. For further help in the assessment process, policy analysts are encouraged to consult the World Resources 
Institute’s “Ecosystem Services: A Guide for Decision Makers” (2008).  

 
Step 1 Identify the multidimensional food security needs of the project area. 
x Key questions include: Is the major issue food availability, economic or social access, nutrition, or seasonal food 

insecurity due to recurrent ecological disruptions? Are all dimensions equally important to the project area at this point 
in time? How does the PPP address the different dimensions? 

 
Step 2 Identify the key ways that a PPP impacts ecosystem services and depends on ecosystem services. 
x Prioritize ecosystem services by systematically evaluating the dependence and impact of a PPP on each ecosystem 

service present. For example, a decision to increase the intensity of agricultural production in Southern India using 
agrochemicals and irrigation may depend on or impact: freshwater, pollination, water regulation, erosion regulation, 
pest regulation, and nutrient cycling, among others. The biggest impacts are expected to be on freshwater and nutrient 
cycling, and the availability of freshwater will be the ‘limiting ecosystem service’ to the PPP.  

 
Step 3 Assess how each service contributes, qualitatively and/or quantitatively, to multidimensional food security. 
x For example: food provision Æ increases food availability and/or food access through sales and income; pollination Æ 

increases food access by pollinating nearby fruit trees and increases food utilization by ensuring access to fruit in local 
diet; water regulation Æ contributes to food system stability because organic matter levels are maintained and retain 
moisture; erosion control Æ contributes to food availability in the long-term.  

 
Step 4 Analyze trends in each priority ecosystem service in the context of climate change, human management, and 
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other drivers of ecosystem change. 
x This step will help future-proof the PPP to changing conditions. For example, in Southern India: Freshwater Æ climate 

change will decrease rainfall, while increasing intensity of rain. Increased rain intensity will increase runoff and 
decrease groundwater recharge rates; agricultural demand for freshwater will outstrip supply in most areas of 
Southern India by 2020 and will limit water for irrigation; Pollination Æ high temperatures will stress pollinators and 
reduce yields of insect-pollinated crops. Food production Æ climate change will stress some crop types and favour 
others. Nutrient cycling Æ phosphorus runoff contributes to phosphorus loading of lake systems, potentially leading to 
fish kills and loss of a protein source if the lake threshold is reached. 

 
Step 5 Develop strategies for managing ecological risks and risks posed to food availability, access, utilization, and food 
system stability.  
x Freshwater Æ switch to crops that use less water and are more tolerant to extreme weather events, improve water 

efficiency and restore landscape to manage water flows; Pollination Æ reduce non-climate stresses on 
pollinators through the use of integrated pest management, plant wildflowers to increase habitat and switch to wind 
pollinated crops that are less sensitive to rising temperatures. Nutrient cycling Æ minimize the application of fertilizers 
through best management practices and farmer education. Food provision Æ diversify cultivated crops and animals.   
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Recommendations 
The 21st century is set to be a period of tremendous social and ecological 
transformation. Attempts to meet human development goals will take place against a 
backdrop of increasing global environmental change. Addressing the dual challenge of 
meeting food security needs and managing for ecological resilience will not be easy. It 
will require policy makers at all levels of society to prioritize ecosystem-based 
management and have long-term vision.  
Agricultural regions around the globe are quite heterogeneous, so managing for 
resilience is a place-based strategy. Building resilient food systems will require a mosaic 
of resilient regions, each one unique in some way. Overall, the basic tenets of food 
security policy that are more likely to build, sustain or enhance food security in periods 
of change include:  

 
1. In all PPPs related to food security, shift from a dominant focus on efficient food 

production to a focus on resilient food systems. Resilient food systems are better 
able to withstand economic and environmental shocks at various spatial levels and 
through time. 
x Make the need to consider ecological resilience institutionally unavoidable by 

embedding ecological considerations in all project development. This could be 
accomplished by following the precedent set and lessons learned from the 
institutionalization of gender issues at CIDA. 

x Add a fourth focus area to CIDA’s Food Security Strategy titled “Resilient 
Ecosystems” that explicitly addresses ecological considerations above and 
beyond the current focus on ‘Sustainable Agricultural Development.’ This 
minimizes the risk that environmental considerations are subsumed under efforts 
to increase agricultural productivity.  

x Establish minimum funding benchmarks for PPPs related to food security, 
whereby a minimum percentage of funding is dedicated to the ‘Environment’ 
sector.  

2. Use the ecosystem services framework to understand, measure, and monitor the 
resilience of food systems and to develop programs that support food availability, 
access, and utilization in the long-term.  
x Consider provisioning, regulating, and cultural services above and beyond those 

necessary for food production. Integrate these services into the strategic 
environmental assessment process.  

x Pay special attention to regulating services that, although harder to measure, 
change slowly over time and fundamentally support food system resilience.  
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x Be aware that decisions that aim to maximize provisioning services may lead to 
declines in regulating services and undercut the resilience of the food system in 
the long-term. PPPs should aim for no net decline in ecosystem services.  

3. In all PPPs related to food security, systematically consider issues of food 
availability, food access, food utilization, and food system stability; and tie this to 
ecosystem services.  

a. If there is a decline in a given ecosystem service, be aware that there may 
differential impacts on food security, in terms of availability, access, and/or 
utilization. Moreover, the stability of the food system becomes more 
vulnerable as services decline. 
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Appendix 1  
Table 1.  Definitions and examples of ecosystem services 
Note that although the MA included a fourth category for ‘supporting services’ – those processes necessary for the 
production of all services (e.g. soil formation) – this category is now typically lumped with regulating services (Table 
adapted from WRI, 2008). 
SERVICE SUBCATEGORY DEFINITION EXAMPLES 

PROVISIONING SERVICES  

Food 

Crop Cultivated plants or agricultural produce that are harvested by 
people for human or animal consumption as food 

Grains 
Fruits and vegetables 

Livestock Animals raised for domestic / commercial consumption Chicken, Pigs, Cattle 

Capture fisheries Wild fish captured through trawling and non-farming methods Cod, Crabs, Tuna 
 

Aquaculture Fish, shellfish, and/or plants that are harvested from freshwater/ 
saltwater enclosures 

Shrimp, Oysters, Salmon 
 

Wild foods Edible plant / animal species gathered or captured in the wild Fruits, Nuts, Fungi, Meat 

Fiber 

Timber / wood 
fiber 

Products made from trees from natural forest ecosystems, 
plantations, or non-forested lands Wood pulp and paper 

Fibers (e.g. 
cotton, hemp) 

Non-wood and nonfuel fibers extracted form the natural 
environment for a variety of uses 

Textiles (clothing, linen, 
accessories) 

Biomass fuel 
(Wood fuel) 

Biological material – both plant and animal – that serves as a 
source of energy 

Fuelwood and charcoal 
Grain for ethanol, Dung 

Freshwater Inland bodies of water, groundwater, rainwater, and surface 
waters for household, industrial, and agricultural uses All water uses 

Genetic resources Genes and genetic information used for animal breeding, plant 
improvement, and biotechnology 

Genes used to increase crop 
resistance 

Biochemicals, natural 
medicines 

Medicines, biocides, food additives, and other biological materials 
derived from ecosystems Echinacea, ginseng, garlic 

REGULATING SERVICES 

Air quality regulation The ability of an ecosystem to act as a ‘source’ or ‘sink’ for 
airborne chemicals / contaminants 

Lakes (sink for industrial sulfur)  
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Climate 
regulation 

Global Influence ecosystems have on global climate by acting as 
sources or sinks for greenhouse gases or aerosols 

Forests (capture CO2), rice 
paddies emit CH4 

Regional 
and local 

Influence ecosystems have on local or regional temperature, 
precipitation, and other climatic factors 

Cloud forests  
  

Carbon sequestration The extraction of carbon dioxide from the atmosphere serving as 
a sink 

Boreal forests sequester carbon 
Deforestation releases carbon  

Water regulation 
Influence ecosystems have on the timing and magnitude of water 
runoff, flooding, aquifer recharge, and water storage of the 
landscape 

Floodplains and wetlands retain 
water – which can decrease 
flooding from peak runoff 

Erosion regulation Role vegetative cover plays in soil retention Vegetation prevents soil loss  

Water purification and waste 
treatment 

Role ecosystems play in the filtration and decomposition of 
organic wastes and pollutants in water; assimilation and 
detoxification of compounds through soil and subsoil processes 

Wetlands remove pollutants from 
water by trapping metals and 
organic materials 

Disease regulation Influence that ecosystems have on the incidence and abundance 
of human pathogens 

Forests can reduce the 
occurrence of standing water – 
breeding areas for mosquitoes – 
which lowers malaria prevalence 

Pest regulation 
 

Influence ecosystems have on the prevalence of crop and 
livestock pests and diseases 

Predators – e.g. bats, toads, and 
snakes – consume crop pests 

Pollination Role ecosystems play in transferring pollen from male to female 
flower parts 

Bees from nearby forests 
pollinate crops 

Natural hazard regulation 
Capacity for ecosystems to reduce the damage caused by 
natural disasters such as hurricanes and to maintain natural fire 
frequency and intensity 

Mangrove forests and coral reefs 
protect coastlines from storms 

Nutrient cycling 
Role ecosystems play in the flow and recycling of nutrients, (e.g., 
nitrogen, sulfur, phosphorus, carbon) through processes such as 
decomposition and/or absorption 

Decomposition of organic matter 
contributes to soil fertility 

CULTURAL SERVICES 

Recreation and ecotourism Recreational pleasure people derive from natural or cultivated 
ecosystems Hiking, camping, bird watching 

Spiritual, religious and ethical 
values 

Spiritual, religious, aesthetic, intrinsic, ‘existence’ or other values 
people attach to ecosystems, landscapes or species 

Spiritual fulfillment derived from 
sacred lands and rivers 

Aesthetic values The beauty and aesthetic values of nature in all its appearances Beauty of nature 
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Appendix 2 
Why are ecosystem services important for human well-being? 
 
Ecosystem services influence all dimensions of human well-being, including the basic 
material needs for a good life, health, security, good social relations, and the freedom of 
choice and action (MA, 2005). However, while we generally assume that improving or 
safeguarding ecosystem services is necessary for human well-being, the relationship is 
not always straightforward (Butler & Oluoch-Kosura, 2009; Raudsepp-Hearne et al., 
2010). For example, while most ecosystem services are in a state of critical decline, 
human well-being is steadily increasing at the global scale (MA, 2005). This seems like 
a contradiction. How has human well-being increased as ecosystem services degrade? 
Moreover, can we expect human well-being to steadily increase despite continued 
declines in ecosystem services? 
 
Are there substitutes for ecosystem services? 
Technological innovation has allowed people to substitute engineered services for 
ecosystem services in the past. The Green Revolution was driven by agricultural 
innovations (artificial fertilizers, pesticides, infrastructure for irrigation and flood control) 
that increased the benefits people were able to extract from agriculture. Similarly, 
improved sanitation has compensated for widespread deterioration in water quality and 
has greatly reduced child mortality (Cohen, 1995). There is an immense portfolio of 
agricultural technologies that can help produce food more efficiently. However, while 
technology and innovation may be able to partially buffer the negative impacts of losing 
regulating services in the short-term, the next sections will show that technological 
innovation is an imperfect substitute for ecosystem services.  
 
Are there limitations to substituting ecosystem services? 
There are physical limitations to technology’s ability to replace ecosystem services. 
First, using technology (e.g. dams to replace natural flood control; fertilizers to replace 
natural soil fertility) as a substitute for ecosystem services tends to reduce the total 
number of services provided by multifunctional ecosystems – it leads to ecosystem 
simplification. Managed ecosystems (e.g. intensive agriculture) and the limited set of 
services they provide are often vulnerable to diseases, invasive species, and climatic 
extremes – they are less resilient (Foley et al., 2005). For example, Barbier et al., 
(2008) showed how the conversion of mangroves to shrimp farming changes the supply 
of multiple ecosystem services. Mangroves provide many ecosystem services, including 
coastal protection, wood for collection, and habitat for offshore fisheries. As more and 
more coastal mangroves are converted to shrimp farming, these services are gradually 
lost to make room for shrimp production. Overall, dozens of services provided by the 
mangroves (including coastal protection) are replaced in order to maximize shrimp 
production. In this case, it is clear that increasing food production is desirable, but it is 
less clear how the loss of coastal protection and other services may factor in long-term 
food system stability.  
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There are also economic limitations to technological substitution in that substitutes 
are not cheap. Substituting artificial services for ecosystem services can be expensive, 
both in terms of the substitutes’ development and maintenance costs, and of the 
forgone benefits of alternative uses of ecosystems (MA, 2005). This has implications for 
both poverty alleviation and food security. When food systems are designed to 
streamline efficient food production, we often substitute ecosystem services with more 
expensive technological fixes – without being able to ensure access to these 
technologies in the future. A clear example is the increasing use of pesticides in 
agriculture. We use pesticides to control pests, but most ecosystems already provide 
the service of natural pest control. Pesticides have helped many farmers deal with pest 
problems, but they also degrade the natural pest control service by killing predators 
(MA, 2005). If the costs of agricultural inputs continue to rise, farmers are confronted 
with a problem whereby the costs of the technological substitute for natural pest control 
become increasingly unaffordable. A large number of the world’s small-scale farmers, 
particularly in central Asia and Africa, are already constrained by the high price of inputs 
such as fertilizers and seed. Policies that encourage the wise use of ecosystem 
services can therefore help reduce farmers’ economic vulnerability to volatile prices.  
 
Ecosystem services and an uncertain future 
The fact that human well-being has increased at the global scale does not mean we do 
not have to worry about declines in ecosystem services and find ways to better manage 
them. There may be a time lag between the steady decline of ecosystem services and 
the global consequences of this degradation for human well-being. Furthermore, food 
security is extremely context dependent. Accumulating evidence at the sub-global scale 
demonstrates the links among ecosystem service degradation, the simplification of 
ecosystems, system thresholds, and impact on human well-being (Folke et al., 2004).  
From a food security perspective, climate change, the simplification of food webs, and 
ocean acidification are projected to combine to cause the collapse of most of the world’s 
coral reefs (Hoegh Guldberg, 2007). The livelihoods of tens of millions of people are 
jeopardized in the same way that collapses of regional fisheries around the world have 
been linked to the loss of an important source of food and income. 
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