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Executive Summary

Conservation agriculture (CA) is a farming approach that fosters natural ecological processes to
increase agricultural yields and sustainability by minimizing soil disturbance, maintaining permanent
soil cover, and diversifying crop rotations. Construed more broadly, CA also encompasses natural
resource management at the farm, village, and landscape scales to increase synergies between food
production and the conservation and use of ecosystem services. As a context-sensitive management
strategy, CA can include diverse practices such as livestock and fodder management, improved
fallows, agroforestry, watershed management, and community protected areas.

This study reviews evidence on the practice, outcomes, and future potential of CA in sub-Saharan
Africa as an approach to increasing food security, alleviating poverty, conserving biodiversity and
ecosystem services, and supporting climate change adaptation and mitigation at local to global scales.
The study was conducted by EcoAgriculture Partners in conjunction with CARE, WWF, and the
World Agroforestry Centre to assist CARE, WWF, and their Alliance in developing an Africa-wide
strategy for incorporating CA more effectively into their projects, programs, and policy advocacy
work. Research methods included an extensive literature review, interviews, field visits to four CA
projects in Tanzania and Mozambique, and critical analysis of these data to assess the most promising
opportunities for CA in sub-Saharan Africa.

We found that CA is a particularly timely strategy for rural development and conservation in Africa.
The continent currently faces multiple severe challenges associated with land degradation, rapid
population growth, and climate change. For a variety of reasons, conventional Green Revolution
agricultural development approaches have yielded disappointing results in many parts of Africa.
Continent-wide, yields of staple crops such as maize have increased little—and in some cases even
decreased—while land degradation, desertification, and climate change raise concerns that yields
could drop even further in vulnerable areas. In this context, CA offers the promise of a locally-
adapted, low-external-input agricultural strategy that can be adopted by the poorest and most
vulnerable farming communities, as well as by those that can afford varying levels of mechanization
and external inputs.

Despite its promise, however, CA adoption in Africa has been sparse. Continent-wide, CA is used on
less than one million hectares, accounting for less than 1% of the total global area under CA
management. Much of this total is attributable to commercial farmers and, outside of a few countries
where it has been somewhat widely promoted (e.g., Ghana and Zambia), CA uptake among small
farmers has been very limited.

In most places where it has been applied, CA has generated substantial benefits for farmers.
Agricultural yields generally increase in the long-term (after 3-7 years), and very often increase in the
short-term as well. Profitability typically increases, while labor demands usually decrease and become
more flexible and less arduous. These benefits can be particularly important for women and vulnerable
groups, such as those with HIV/AIDS. CA also helps to improve soil fertility and structure, capture
and retain rainwater, and reduce erosion. Through such mechanisms, CA can increase the ability of
smallholder farmers to adapt to climate change by reducing vulnerability to drought and enriching the
local natural resource base on which farm productivity depends. For these reasons, CA should be
considered to be a preferred approach to agricultural development for smallholder farmers in most
regions of Africa.

There are several important issues and constraints associated with the practice of CA in sub-Saharan
Africa. In many regions—especially those with high population density, low rainfall, or highly
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degraded land—farmers may find it difficult to allocate crop residues and other biomass to mulching
their fields, given competing demands for these materials for fuel, livestock fodder, and other
purposes. CA usually involves a sharp departure from conventional farming practices and, as such,
may require concerted training efforts and participatory engagement to overcome knowledge
constraints and entrenched customs. CA may also require different farming inputs and implements
than conventional agriculture, such as seeds for new cover crops and new hand tools or mechanical
attachments. Finally, the benefits and costs of CA relative to conventional agriculture are likely to be
different for men and women. Careful attention to gender dimensions—and to the heterogeneity of
household needs and constraints—is important for adapting CA to maximize benefits at the individual
and household levels.

Despite these potential challenges, CA for the most part increases synergies among food production,
resource conservation, and sustainable livelihoods. To realize its full potential, however, CA should be
implemented not just as a set of plot-scale agronomic practices, but as a more comprehensive approach
that works at multiple scales. Under this approach, the core agronomic practices are supported by a
variety of additional activities such as improved seed systems, micro-irrigation, post-harvest storage,
composting, tree planting or agroforestry, market linkages, financial education and services, and
establishment of farmers groups and participatory learning models. External inputs, such as fertilizers
and herbicides, may also be used; however, since these are seen as synergistic with the agroecological
approach of CA, smaller quantities are usually recommended. In this way, CA need not be
fundamentally antagonistic to Green Revolution agricultural development strategies, but can be seen
as a way of modifying such approaches to make them less input-intensive, more sustainable, and better
adapted to climate change and other environmental stressors.

In contrast to its success as an agricultural development strategy, CA has not generally tended to
produce substantial benefits for climate change mitigation (i.e., greenhouse gas emissions reductions
or carbon sequestration) or conservation of biodiversity and ecosystem services. However, it is likely
that these benefits could be achieved in the future, in many contexts, if the spatial scale and
management framework for conducting CA were broadened to the watershed or landscape level. At
the plot level, evidence indicates that CA can help sequester soil carbon, but at a relatively slow rate.
Incorporation of perennial woody biomass (e.g., fruit trees, nitrogen-fixing fertilizer trees, and live
fences) on farms can accelerate the rate of carbon sequestration. However, the greatest climate change
mitigation benefits are likely to be realized by linking CA as a sustainable livelihood strategy to the
reduction of deforestation and habitat degradation (e.g., through burning, logging, or shifting
cultivation) in the surrounding area. Such spatial landscape management often requires deeper
engagement in political, social, and governance issues, but can have significant payoffs in terms of co-
benefits for watershed protection, biodiversity conservation, and sustainable livelihoods. Carbon
finance projects based on this type of integrated landscape management may be financially viable in
some instances, while there is little evidence that carbon finance based solely on plot-scale CA
practices is financially viable at foreseeable carbon prices, without significant subsidies.

The design of CA projects to achieve benefits for climate change adaptation and mitigation, as well as
poverty alleviation and ecosystem conservation, may require some departures from conventional
project design. First, a longer project duration may be required because of the need for farmers and
communities to relinquish entrenched agricultural practices (such as tilling or plowing), adopt new
farming methods, and establish the knowledge base necessary to implement these new methods in a
sustainable, self-reliant way. Given typical CA adoption trajectories and the possibility of short-term
setbacks, the process of CA adoption in rural communities may take 3-5 years, while it may take even
longer to build the capacity and confidence of farmer and community groups to become self-sustaining
after the project ends. Increased project flexibility (e.g., in the design of logframes and indicators of
success) can be helpful for responding to climate change or other perturbations as they arise. An
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explicit focus on adaptation planning—as has been initiated recently by CARE—can facilitate
participatory appraisal, project design, monitoring, and staff training to support adaptation. Finally, as
noted above, larger scale perspectives are often critical, and should be designed to balance the
potential benefits of more comprehensive landscape management with the costs and challenges of such
management.

With some exceptions, policy contexts in sub-Saharan Africa are not very supportive of CA. In most
countries, there is little awareness of CA, and it has not been integrated into training curricula,
extension services, or agricultural research programs. To the extent that they exist at all, subsidies and
policies related to smallholder agriculture are more likely to discourage CA (e.g., by supporting tillage
or subsidizing monocultures of preferred crops) than to encourage it. Customary land tenure may
discourage long-term investment in soil fertility and ecosystem management. To address these
constraints, additional investment in smallholder agriculture will be required. Fortunately, given the
renewed interest in African food security in the past several years from both the African and
international communities, there is hope that such investments may be realized. CA may be well-
positioned to capture new funding sources since it can help meet multiple objectives, including climate
change adaptation and mitigation as well as poverty alleviation, biodiversity conservation, and
watershed management priorities. Advocacy and awareness-raising will also be critical to scale up
effective CA in sub-Saharan Africa.

Looking to the future of CA in Africa, it is instructive to consider the history of CA in South America.
Thirty years ago, CA was practically unheard of in South America. But, facing severe erosion
problems and declining soil fertility, farmers in Brazil and elsewhere slowly began to experiment with
CA. Grassroots innovation and knowledge sharing were gradually followed by the establishment of
supportive local institutions and, eventually, national policies and programs to scale-up CA. After its
slow beginnings, CA increased exponentially and now accounts for nearly 50 million hectares of
farmland in South America. Africa is different than South America in many ways. But the experience
of South America suggests that if CA can be demonstrated to be an effective and cost-efficient means
of solving the continent’s current challenges—as it already has begun to be—then it has the potential
to spread rapidly in the coming decades.
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Introduction

By the mid-1990s, food security experts working in Zambia had come to the conclusion that the
nation’s smallholder agriculture was in crisis. Even under good circumstances—in years with suitable
rainfall—many small-scale farmers could not produce enough food to sustain their families until the
next harvest. At the same time, conventional farming practices were leading to progressively worse
soil degradation, erosion, and deforestation. Poor nutrition, poor health, and land degradation
perpetuated one another in a downward vortex.

Zambia’s situation at that time was emblematic of much of sub-Saharan Africa then, and now.
Existing farming practices across much of the region are not only unsustainably depleting the
continent’s resource base; they have been demonstrably ineffective at alleviating rural poverty. Cereal
yields have remained nearly stagnant, averaging about 1.2 tons per hectare in Africa, compared to 3
tons per hectare in the developing world as a whole. Meanwhile, population has grown rapidly in
many parts of the continent. About 30% of Africa’s population—more than 200 million people—
suffer from chronic hunger and malnutrition. Rural households throughout sub-Saharan Africa live on
a razor’s edge of survival, highly vulnerable to droughts, pest outbreaks, and market fluctuations that
can spell disaster.

Efforts to introduce Green Revolution practices to Africa, following models that were successful
across much of Asia, have yielded disappointing results. With weak institutions, poor market
infrastructure, and limited access to capital throughout much of the continent, investment in Green
Revolution technologies such as improved seeds, fertilizer, and irrigation has been extremely limited.
Fertilizer use averages 8 kg/ha in sub-Saharan Africa compared to 190 kg/ha in the East Asia/Pacific
region and a global average of more than 100 kg/ha (AGRA, 2010). African farmers also pay 2-6 times
the global average price for fertilizer due to poor transport, low trade volumes, and lack of local fertilizer
production (AGRA, 2010). Irrigation is used on only 3% of agricultural land in sub-Saharan Africa
compared to more than 20% globally.

While most African nations and the global humanitarian community have not given up on bringing a
Green Revolution to Africa, there is now growing interest in alternative agricultural development
pathways that take an agroecological approach, invest in long-term soil health, require fewer external
inputs, and help realize higher yields from those inputs that are applied. Such models, their supporters
argue, are more often suitable for small farmers who cannot afford expensive external inputs or who
produce food on fragile or degraded lands that must be nourished back to health and productivity.

In 1995, in an attempt to address the severe challenges of Zambia’s small farmers, the Zambian
Conservation Farming Unit (CFU) was established with the hypothesis that conservation agriculture
(CA) could simultaneously help address problems of food insecurity and environmental degradation.
Initial uptake was slow. Farmers were skeptical of the new practices, and the necessary tools and
machinery were not readily available. The new approaches often required an initial investment of
labor, and did not always register positive results away. But as more and more farmers reaped the
fruits of higher yields and higher profits—especially in dry years—word spread and adoption
increased. The number of small farmers practicing CA in Zambia rose from 20,000 in 2001 to 180,000
in 2009 (Giller et al., 2009). By the end of 2011, the CFU aims to increase adoption to 250,000
families, or about 30% of Zambia’s small farmers. Most of these farmers have boosted grain yields,
while in many cases reducing farm labor demands and decreasing susceptibility to drought.

The recent experience of Zambia begs the question: can CA provide equally transformative benefits
across all of Africa? Many researchers and promoters have argued that it can, and major CA programs
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in a few other Africa countries (such as Ghana and Zimbabwe) have yielded very positive results. At
the same time, however, significant challenges inhibit the effectiveness and dissemination of CA
practice, even in some of the continent’s most acclaimed CA success stories. These include shortages
of capital and labor, strong adherence to traditional agricultural customs or practices, unclear or
weakly enforced land and resource tenure laws, poor market access, and unsupportive policy
frameworks. In addition, CA has not always been implemented in conjunction with the sorts of good
agronomic practices (e.g., high-yielding seeds appropriate to the local environment) that may be
necessarily to realize its true potential. Due to such limitations, some have argued that CA is
appropriate in certain places and at certain times, but not necessarily as a broadly-applied agricultural
development strategy. Others perceive CA as complicated and poorly tested in comparison to Green
Revolution approaches that promulgate easy-to-follow recipes of improved seeds, fertilizer, and
irrigation.

Study Background

As two organizations that work extensively in sub-Saharan Africa, CARE and WWF are both
committed to supporting the development of rural landscapes that are environmentally and socio-
economically sustainable. Historically, CARE approached this goal from the perspective of improving
human wellbeing and reducing hunger and poverty, while WWF focused on environmental
conservation, often in the context of human communities. However, through experience, both
organizations have become convinced of the closely inter-related nature of these objectives: in rural
areas where communities are dependent on natural resources for their livelihoods, lasting conservation
strategies rarely ignore the needs of local communities. Conversely, the wellbeing of rural peoples
depends heavily on the health of the local environment, including its biodiversity and ecosystem
services.

Reflecting this reality, CARE now supports CA in several countries of sub-Saharan Africa—including
Angola, Ghana, Lesotho, Liberia, Mali, Mozambique, Sierra Leone, Tanzania, Zambia, and
Zimbabwe—uwith the goal of increasing crop yields and farmer incomes, improving the lives of
vulnerable families and particularly women, and reversing the process of land degradation. More
broadly, CARE has recently launched a major new initiative focused on climate change adaptation to
help rural communities address the challenges to food security, human health, water availability, and
declining natural resources that climate change may trigger. This initiative is implementing specific
Community-Based Adaptation projects where vulnerability to climate change is a major threat to
human wellbeing. It is also integrating climate change adaptation into CARE’s work more widely, to
ensure that investments in rural development increase communities’ adaptability to climate change and
do not inadvertently introduce new vulnerabilities or risks (CARE, 2010a). CARE has also initiated
several agriculture, agroforestry, and REDD" projects that explore opportunities for farmers to receive
payments for carbon sequestration as part of the voluntary carbon offset markets that are beginning to
develop in Africa, while simultaneously conserving the natural resource base.

Meanwhile, WWF’s approach to integrating biodiversity and environmental conservation with human
wellbeing has been progressively evolving. Learning from the experiences of early Integrated
Conservation and Development Projects in the 1980s and 1990s, the organization now works with
rural communities in a variety of ways, often involving substantial local participation to develop
resource management solutions. Recognizing that many biodiversity hotspots are located in close
proximity to—or even in the midst of—cultivated areas, the organization now also works extensively
with farmers including both large agribusiness and smallholder famers and their communities.

! REDD stands for Reducing Emissions from Deforestation and Forest Degradation, and is one approach to
offsetting greenhouse gas emissions.
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Recognizing their shared objectives, CARE and WWF recently launched the CARE-WWF Alliance to
collaborate in supporting sustainable rural landscapes in places where livelihoods and environmental
conservation are mutually inter-dependent. In support of the Alliance, this study was commissioned to
evaluate the ways in which CA and similar approaches could be used more widely and more
effectively in the work of CARE and WWF to achieve multiple objectives, including:

e ensuring food security and adequate nutrition;
o reducing rural poverty;

e improving the resilience of agricultural systems and rural communities to climate change and
other environmental variability;

o reducing greenhouse gas emissions, increasing carbon sequestration, and possibly generating
marketable greenhouse gas offset credits; and

e conserving biodiversity and ecosystem services within agricultural areas and, by increasing
the sustainability of sedentary agriculture, in nearby natural habitats and protected areas.

A Definition of CA for Sub-Saharan Africa

The term “conservation agriculture” is used differently by different practitioners, researchers, and
promoters of the concept. Most of the definitions differ mainly in their degree of inclusiveness or
specificity, such that the different conceptions of CA may be understood generally as a concentric set
of domains (see Figure 1). A brief review of the most widely used definitions is worthwhile for
formulating an appropriate definition for this study.

CA is conventionally and perhaps most commonly defined as a set of field-level agronomic practices
encompassed by three principles:

1) Minimizing soil disturbance through direct seeding, minimal or no tillage, and avoidance of
excessive compaction by machinery, draft animals, or humans;

2) Maintaining permanent soil cover through the use of cover crops, intercrops, and/or
mulching provided by crop residues or other organic matter sources; and

3) Diversifying crop rotations to plant context-appropriate sequences of crops—often including
nitrogen-fixing species—that help maintain soil health while reducing pest and disease
problems.

This basic definition continues to be used by many researchers and practitioners (e.g., ACT, 2009;
Kassam et al., 2009; Derpsch et al., 2010; FAO, 2010a), and has been adapted or applied to develop
context-appropriate agronomic practices for specific regions of the world. For instance, in Zambia
these principles have been expanded into six basic conservation farming “technologies” that include
retaining crop residues, concentrating tillage and fertilizer application in a permanent grid of planting
basins or series of planting rows, completing land preparation in the dry season, weeding aggressively
to reduce plant competition, and inter-cropping or rotating nitrogen fixing legumes on up to 30% of
the cultivated area (CFU, 2010). As practiced in the Protracted Relief Program in Zimbabwe, CA
involved carefully-timed weeding and application of both organic and inorganic fertilizers (Mazvimavi
and Twomlow, 2009). In dry regions of East Africa, the Regional Land Management Unit (RELMA,;
now defunct) developed an “African-style” CA approach that downplayed the importance of year-
round soil cover (which is sometimes infeasible in dry environments) and instead developed practices
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to increase water use efficiency and improve soil fertility through targeted fertilizer applications
(RELMA, 2007).

Underlying all of these CA principles and practices is the notion that agriculture should nourish and
enhance the natural biological processes that support soil fertility, nutrient cycling, and hydrological
cycling. These ecosystem services, in turn, benefit farmers by boosting crop yield, reducing the need
for external inputs, increasing farm profitability, and reversing land degradation. CA is thus closely
aligned with the concept of agroecology, in which farms are deliberately managed to foster beneficial
ecological processes and disrupt detrimental ones. However, CA does not exclude the use of external
inputs; in fact, as applied in the Americas CA tends to be relatively input-intensive. In Africa, CA used
in conjunction with modest levels of external inputs can help boost the yield response to the inputs
applied (see Box 1).

Box 1. CA and Good Agronomic Practice Go Hand-in-Hand

Conservation agriculture is often presented as an alternative to conventional Green Revolution-style
agricultural intensification. It is important, however, not to misunderstand the nature of this
distinction. First, CA does not represent the lack of agricultural intensification, but rather
intensification along a different pathway, based on agroecological management of soil, water,
nutrients, plants, and animals. Second, the success of both CA and conventional agricultural
intensification typically depend on a largely overlapping set of good agronomic practices, including:

o selection of context-appropriate, high-yielding seed varieties;
o optimal and accurately-applied seed spacing and seed density;

e precise and judicious application of fertilizers (whether organic or inorganic) in the optimal
locations and gquantities;

e context-appropriate crop rotations designed to break pest and disease cycles and prevent the
exhaustion of soil nutrients; and

¢ introduction of new agricultural technologies through culturally appropriate, participatory
means of communication, education, and training

Without the use of these standard good practices, neither CA nor Green Revolution-style agricultural
intensification is likely to realize its full potential for increased yield, profit, or human wellbeing.

Many of the more recent conceptions of CA move beyond soils and annual crops—and sometimes
beyond the plot scale—to include other farm elements that affect productivity and resource
sustainability. In Zambia, for instance, the Conservation Farming Unit is now using the term
“conservation farming” to refer strictly to the principles and practices stated above, while the term
“conservation agriculture” is used more broadly to include complementary perennial vegetation on
farms such as fruit trees, fertilizer trees (i.e., nitrogen fixing trees such as Faidherbia albida), and live
fences (CFU, 2010). The FAO (2010b) has found these types of agroforestry practices particularly
compatible with CA. Drawing on the experiences in Zambia and in maize agroforestry systems in
neighboring Malawi, the World Agroforestry Centre is now promoting a form of CA called
“Evergreen Agriculture” that combines the basic agronomic principles of CA with a progressive
introduction of diverse perennial vegetation, especially fertilizer shrubs and trees (ICRAF, 2009). One
important part of traditional CA systems—now much less common due to population pressures and
small farm sizes—is the use of rotational fallows, either for 1-2 years with nitrogen-fixing shrubs or
for a longer period with natural successional vegetation.
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agronomic practices : other components

landscape scale

farm scale

* Farm-scale water harvesting,
pumping, or management

* Mosaic of crops and non-cropped
areas (fallows, woodlots,
agroforests, etc.) within farm

* Holistic biomass management for
livestock and soil fertility

* Management of ecosystem
services such as pollination

* Conservation and use of wild and
domesticated agrobiodiversity

* Increase areas in perennial vegetation for
timber, fruit, fodder, and fuelwood

* Management of shifting and permanent
cultivation, fallows, and foreststo
maintain soil fertility and other values

+ Watershed protection and
management

+ Formal and informal protected
areas for conserving biodiversity
and ecosystem services

Figure 1. Alternative conceptions of conservation agriculture and their major foci and scale of
implementation. As traditionally defined, CA encompasses a set of resource-conserving plot-scale
agronomic practices (inner-most box). Recent implementation of CA in smallholder settings often
takes a more integrated approach to management across multiple plots, including perennial trees and
shrubs, livestock, fallows, and wooded areas (middle box). At a larger scale (outer-most box),
ecoagriculture, integrated watershed management, and other landscape scale approaches address
conservation, food security, and land regeneration in the context of land-use mosaics, wildlife habitat,
protected areas, and watershed functions. Even broader views that consider political, economic,
institutional, and market variables can also be valuable. Variables indicated at each scale are
illustrative examples, not a comprehensive list.

While the integration of perennial vegetation and other farm components is important for assessing
and managing resource use and conservation, many of the variables that are most critical for climate
change adaptation and mitigation are mediated at larger scales, beyond individual farms or even
clusters of farms. For instance, water availability on individual farms may depend on upstream land
uses. Conversely, the long-term fertility and viability of farm plots may determine whether farmers
feel compelled to abandon their plots open up new areas of natural habitat for agricultural production,
or to supplement their incomes through activities such as wildlife poaching or charcoal production.
These broader relationships are considered in the practice of “ecoagriculture,” which takes a
landscape-scale perspective to resource management and regeneration to maximize synergies between
food production, ecosystem conservation, and human livelihoods. There is no doubt that smaller scales
are sometimes both more relevant and more manageable for farmers and rural communities. However,
in the context of this study, a landscape perspective is important for assessing opportunities for climate
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change adaptation and mitigation as well as synergies and tradeoffs between these goals and those of
food security, increased crop yields, and ecosystem conservation.

For the purpose of this study, therefore, we consider CA to include relevant practices at multiple
scales, and their interactions (see Figure 1). These include:

o Plot or field scale management of soil and soil fertility, agricultural inputs, biomass, tillage
and planting practices, crop rotations, and cover crops;

e Farm scale management of diversified annual and perennial vegetation, and of water resources
including natural water bodies, wells, and water harvesting structures; and

¢ Community- to landscape-scale management of cultivated areas in relation to water resources
and associated non-cultivated land areas such as private or community forests, woodlots,
grazing areas, and protected areas.

As applied in practice (including in all of the CARE and WWF projects surveyed for this study), CA
projects implemented by NGOs tend to include not only farm and landscape management, but also a
supporting cluster of activities that are important for institutionalizing CA as a sustainable livelihood
strategy. (See Table Al-1 in Appendix 1 for a summary of the context, goals, and major activities in
some current and recent CARE and WWF CA projects in sub-Saharan Africa.) Most of these activities
are considered part of the rural development “toolbox,” and few are uniquely associated with CA.
Thus, although such activities are not generally considered to be part of the definition of CA, it is
helpful to understand them as an “expanding orbit” of supporting mechanisms that can help scale-up
the adoption of CA and ensure that initial project investments lead to long-term livelihood gains and
self-sufficient rural communities (see Figure 2).
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Figure 2. “Expanding orbits” of practices, activities, and institutions that can enhance the scale and
effectiveness of conservation agriculture as a sustainable livelihood strategy. Social factors (left side
of the diagram, shaded green) and technical factors (right side of the diagram, shaded orange)
associated with the practice of CA either provide direct support to field level activities (inner orbit) or
opportunities to scale-out CA throughout communities and landscapes (outer orbit).
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Project Scope and Approach

This research project had four key objectives: 1) to review current CA practices and their impacts; 2)
to evaluate the associated benefits of these practices for climate change adaptation and mitigation; 3)
to assess the effectiveness and benefits of CA in an illustrative sample of CARE and WWF projects;
and 4) to identify opportunities to enhance these benefits through future modifications in project,
program, and policy design.

Study Methodology

The study methodology included six components: 1) literature review; 2) desk review of CARE and
WWEF CA projects; 3) field visits to four CARE and WWF CA projects in sub-Saharan Africa; 4)
assessment of opportunities and constraints for participation in carbon markets; 5) project and program
design recommendations; and 6) policy recommendations. Each of these is components is described
briefly below.

Literature Review

The project team reviewed the existing peer-reviewed literature and grey literature to amass evidence
on the performance on CA and its potential for climate change adaptation and mitigation. The focus of
the review was on literature and case studies from sub-Saharan Africa. However, for certain topics
where the state of knowledge is much more advanced in other regions of the world (particularly South
America), the team reviewed this literature as well. Given the multifarious nature of CA and the
importance of understanding its various agronomic and socio-ecological dimensions, the review
spanned many topic areas, including:

o Review and synthesis of experience with CA, including its global and regional expansion and
key supporting institutions;

e Evidence on CA yields compared to yields of conventional systems;

e Specific dimensions of CA and their relation to system outcomes—including soil
management, water management, and crop rotation and management;

e Evidence on CA adoption and factors influencing adoption;

e Technical and economic potentials to sequester carbon and reduce greenhouse gas emissions
in agroecosystems;

e Carbon finance and carbon markets, particularly those involving African smallholders;
e Impact of CA on environmental conservation and biodiversity;

o Frameworks and methods for assessing agroecosystem resilience and adaptability;

e Economic and financial aspects of CA, including profitability and investment needs;

o Methods for monitoring and evaluating CA and its outcomes; and

e CA case studies and evidence from smallholder settings in sub-Saharan Africa.

Review of CARE and WWF CA Activities in Sub-Saharan Africa

The team conducted interviews and e-mail questionnaires to survey CARE and WWF activities
involving CA or sustainable agriculture in different parts of sub-Saharan Africa. The purpose of this
work was threefold: 1) to understand the current range and scope of CA activities conducted by these
organizations; 2) to characterize the types of practices and methods being promoted at the field level;
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and 3) to assess the climate change adaptation and mitigation outcomes of existing projects. The team
surveyed all eight of the CARE CA projects supported by the Howard G. Buffett Foundation
(including projects in Angola, Ghana, Liberia, Mali, Mozambique, Sierra Leone, and Tanzania) as
well as other CA activities in Zambia. E-mails to WWF staff in the US, UK, and several country
offices turned up relatively few CA or sustainable agriculture projects in sub-Saharan Africa.

Field Visits

In November 2010, lead author Jeffrey Milder visited four CARE and WWF CA projects in southern
Africa to understand in greater detail the scope and approach of each project; assess each project in
relation to a climate change adaptation and mitigation evaluation framework; review project data;
interview participating farmers, project managers, and extensionists; assess the political, institutional,
and market contexts in which each project operates; and identify opportunities for increasing project
benefits, scaling-up successes, and applying lessons learned to other contexts. The field sites included:

e Uluguru Mountains, Tanzania: Two projects in this area were visited. The Hillside
Conservation Agriculture Project (HICAP) supports 4,400 households to implement CA and
associated community development activities to support food security, while protecting
surrounding forests and watersheds. The Equitable Payment for Watershed Services (EPWS)
project promotes CA, agroforestry, and farm terracing to help increase food security, reduce
erosion, and encourage re-forestation in a critical sub-catchment that contributes to Dar Es
Salaam’s public water supply.

e Quirimbas National Park, Mozambique: This WWF project supports sustainable
agriculture in the communities pre-existing within the national park to help improve the
viability of sedentary agriculture and thereby minimize pressure to destroy or extract resources
from sensitive habitat areas while also reducing human-wildlife conflict.

¢ Inhambane, Mozambique: This CARE project seeks to raise crop yields and household
incomes in a drought-prone area by helping farmers improve soil fertility, seed systems, and
water management systems.

Analysis of Carbon Market Opportunities and Constraints

Based on the literature review and on EcoAgriculture Partners’ recent review of agricultural carbon
projects and opportunities in sub-Saharan Africa, the project team evaluated the feasibility of various
options and opportunities for engaging small farmers and rural communities in carbon finance projects
at CARE and WWEF project sites. The analysis considered the technical potential for carbon
sequestration and emission reduction in different agroecosystems, as well as the feasibility of
participation in carbon offset projects relative to economic considerations, household decision-making
factors, and the role of institutions and intermediaries.

Design, Programmatic, and Policy Recommendations

Program and policy options and recommendations were developed based on three main sources of
input: 1) interviews with CARE and WWF staff (including staff from African country and field
offices), public officials, and donors engaged in CA; 2) assessment of key policy and structural
opportunities, limitations, and barriers from field research and interviews; and 3) reviews of the
broader policy and investment contexts for climate change adaptation and mitigation, ecosystem
conservation, and food security.
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Study Questions

Using the previously-described methods, the study sought to address the following six key questions,
the answers to which are critical for designing future CA projects and programs that meet CARE’s and
WWEF’s objectives:

1. Are CA projects significantly increasing farmers’ ability to adapt to current climate variability
and future climate change?

2. Are CA projects as currently designed sequestering significant net amounts of carbon that may
provide opportunities for revenue generation through the sale of carbon offsets? What is the
order of magnitude contribution of different agroecosystem components to potential net
carbon sequestration?

3. How could CA projects be modified to enhance their value for climate change adaptation and
mitigation?

4. How could the design and implementation of CA be modified to enable it to generate eligible,
cost-effective carbon credits for the voluntary market in an equitable way without
compromising the other benefits that these projects can provide?

5. What are the key synergies and tradeoffs among different objectives of the CARE-WWF
Alliance, including climate change adaptation, climate change mitigation, food security,
poverty alleviation, and environmental protection?

6. What are key policy priorities for enhancing climate change adaptation and mitigation in CA
programs? Of these priorities, which ones is the CARE-WWF Alliance best positioned to
support?
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Literature Review: An Overview of CA in Africa

This chapter provides a synthesis of published research on CA in Africa, including its current scale,
adoption rates and dynamics, evidence on key outcomes and impacts, and principal constraints and
opportunities for scaling up. The overview presented here provides a context for the more detailed
examination of the six study questions in the next two chapters.

CA Adoption Worldwide and in Africa

According to multiple estimates, CA in 2009 was practiced on roughly 110 million ha worldwide, or
approximately 6-7% of the world’s total cropland. Derpsch and colleagues (2010) estimate that no-till
agriculture (which they equate with CA) was practiced on nearly 116 million ha in 2009, and is
increasing at a rate of six million ha per year (see Table 1). Kassam and colleagues (2009) distinguish
no-till agriculture from CA (which they define as involving no-till or minimal tillage plus permanent
soil cover and diversified crop rotations), and estimate that CA was used on 106 million ha worldwide
in 2009. Africa has by far the lowest portion of area under CA or no-till farming, accounting for only
about 0.3% of the world total (see Table 1).

Table 1. Area under no-till farming by continent, as of 2009. Source: Derpsch et al., 2010.

Portion of total

CrniimE e (i worldwide CA area (%)
South America 49,579,000 46.8

North America 40,074,000 37.8

Australia and New Zealand 17,162,000 115

Asia 2,530,000 2.3

Europe 1,150,000 1.1

Africa 368,000° 0.3

World total 115,863,000 100

® There are large variations in estimates of the scale of CA activity in Africa (see below). The area stated in the
Derpsch study cited here is likely a low estimate, as South Africa alone is reported by other sources to have
368,000 ha under CA.

CA adoption rates vary widely by country in Africa (see Table 2). CA is a growing movement in
eastern and southern Africa, with numerous activities and promotion programs by government
agencies and civil society alike. For example, FAO (2010c) reports that twelve countries have
identified CA Focal Points to promote and coordinate CA activities (Angola, Botswana, Lesotho,
Madagascar, Malawi, Mozambique, Namibia, South Africa, Swaziland, Tanzania, Zambia, and
Zimbabwe). Most of these countries have established multi-stakeholder task forces that include the CA
agenda. While CA is also practiced in other parts of Africa (e.g. Burkina Faso, Morocco, Niger, and
Tunisia), promotion and adoption tend to be limited. CA in Ghana is significant, but stagnated after
donor funding and promotion ended.

Estimates of the scale of CA activity in Africa—and the number of households practicing CA—vary
substantially. Part of the difficulty in estimating adoption has to do with defining criteria for what
constitutes adoption. There are many situations where the CA “package” is not implemented fully or
with sufficient intensity to be included in some CA statistics. In Zambia and Zimbabwe, for instance,
farmers who adopt CA tend to do so partially or incrementally, or adopt CA on some of their plots but
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not others (Haggblade and Tembo, 2003; Mazvimavi and Twonlow, 2009). For example,
approximately 30% of smallholders in Zambia have adopted elements of CA (CFU, 2010), but only
25% of farmers are reported to be following all three core CA principles (minimal soil disturbance,
continuous soil cover, and crop rotations) (Baudron et al., 2007). Even when all three CA principles
are adopted, they might not be implemented in a manner consistent with recommendations: for
instance, a farmer might maintain 10% soil cover (not 30%) or continue tilling his or her land, but with
reduced frequency. In Zambia, many farmers have started to use planting basins, but move the location
of these basins from year to year, thus negating much of the potential soil fertility benefit of this
practice (L. Gatere, Cornell University, pers. comm.). In some cases, partial adoption of CA is a step
toward full adoption, while in other cases it is an ongoing practice for farmers who mix and match
diverse farming techniques as they see fit. Figure 3 depicts four different pathways to CA adoption; in
Africa, pathways 2-4 (forms of partial adoption) are more common than pathway 1 (quick and
complete adoption).

Table 2. CA adoption in Africa, including total area under CA management and numbers of
smallholders adopting CA practices. Pairs of numbers separated by the “/” symbol indicate estimates
from different studies. Sources: RELMA, 2007; Kassam et al., 2009; Thiombiano and Meshack, 2009;
Derpsch et al., 2010.

Number of smallholders

Country Area under CA (ha) conducting CA
Ghana 30,000 / 300,000 Up to 400,000
Kenya 15,000/ 18,000 5,000

Malawi 47,000 5,400

Morocco 4,000 No data
Mozambique 9,000 No data

South Africa 368,000 No data

Sudan 10,000 No data
Tanzania 6,000 No data
Tunisia 7,000 No data
Zambia 40,000/ 110,000 70,000 / 100,000
Zimbabwe 7,500/ 15,000 No data

The rate of adoption varies according to farm size, with large commercial farms comprising most of
the area under CA globally and in parts of Africa. In eastern and southern Africa, CA has been
adopted by many large commercial operators, but the extent of adoption among smallholders is not
well documented in most countries and, with a few exceptions, is estimated to be very low. CA
adoption in Kenya is growing among large-scale operators, but growth is minimal among smallholders
(Kaumbutho and Kienzle, 2007). As mentioned in the Introduction, Zambia is one country that has
achieved high rates of smallholder adoption; the Zambian CFU predicts a 30% adoption rate among
smallholders nationwide by 2011.

CA adoption often relies on a donor project or combination of “push” and “pull” factors to motivate a
change from the status quo (Baudron et al., 2009). For instance, farmers may turn to CA when the
knowledge and resources to do so are adequate and appealing (“pull”) and when a crisis or set of
substantially new conditions requires a response (“push”). Push factors may include high food prices,
food insecurity, natural disasters, environmental regulation, rising input and energy costs, or climate
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change. Vulnerable smallholders in Africa are particularly unlikely to adopt CA spontaneously, but
there is some evidence that farmers who have lower risks have adopted CA without external
incentives, especially by learning from neighbors (Mazvimavi and Twomlow, 2009).
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Figure 3. Four pathways to CA adoption: 1) quick and complete adoption of CA as recommended; 2)
stepwise adoption of CA practices, which may or may not lead to complete adoption over time (RT =
reduced tillage, MT = minimum tillage); 3) CA practiced during some farming cycles but not others;
and 4) use of CA practices stops soon after the end of the project, perhaps because incentives are no
longer provided. Source: Baudron et al., 2007.

CA is promoted in Africa by various stakeholders, including governments, international donors,
NGOs, and the private sector. Key promoters of CA are described below.

Continent-wide institutions: Several major African regional partnerships and initiatives now
include CA as an integral part of their rural development strategies. The African Conservation
Tillage Network (ACT) is perhaps the foremost regional institution in this field. ACT is a pan-
African NGO whose voluntary membership aims to bring together stakeholders, share knowledge,
and foster collaboration to improve agricultural productivity through the sustainable use of land
and water resources in Africa’s farming systems. A more recent supporter of CA is the Alliance
for a Green Revolution in Africa (AGRA), which works to achieve food secure and prosperous
African communities through the promotion of rapid, sustainable agricultural growth based on
smallholder farmers. CA has also been incorporated into the regional agricultural policies of the
New Partnership for Africa’s Development (NEPAD).

International donors and organizations: Key donors and international organizations that have
promoted CA in Africa include the FAO, Swedish International Development Cooperation
Agency (SIDA), Centre de Coopération Internationale en Recherche Agronomique pour le
Développement (CIRAD), the World Agroforestry Centre (ICRAF), IITA, Deutsche Gesellschaft
fur Technische Zusammenarbeit (GTZ), Danish International Development Agency (DANIDA),
European Union, and the Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT).
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International NGOs conducting CA projects include CARE, WWF, Oxfam, and others. Appendix
1 summarizes some illustrative CARE and WWF CA projects in sub-Saharan Africa.

Evidence on Key Outcomes of CA in Africa

Overall there is significant agreement and empirical evidence that CA can deliver substantial benefits
to small farmers. This sub-section reviews the empirical evidence on the effects of CA management in
sub-Saharan Africa on five key outcome dimensions: crop yields, farm profitability, labor demand and
supply, gender dimensions, and conservation of biodiversity and ecosystem services. Please see Table
A2-1 (in Appendix 2) for specific examples of key outcomes of 13 illustrative African CA projects.
Together with the subsequent assessments of climate change adaptation and mitigation outcomes of
CA, the review of evidence presented here informs this study’s analyses of synergies, tradeoffs, and
promising options for future project and program development.

Yield

Numerous studies have been conducted to compare the yields of CA systems to those of conventional
farming systems. The general pattern from this research is that yields increase in both the short- and
long-term as a result of CA. Recent reviews of research in Latin America, Africa, and Asia have
concluded that CA yields are approximately 20-120% higher than those in conventional agriculture
(Kassam et al., 2009; Derpsch et al., 2010). In Africa, numerous studies have also documented yield
increases associated with a shift to CA practices across a range of geographies and crops. For instance:

e Kaumbutho and Kienzle (2007) found that in the Laikipia district in Kenya yields in maize,
wheat, potato, and bean were 50-200% higher in CA than in conventional systems.

e Boahen et al. (2007) reported that maize yields in Ghana were up to three times higher with
CA than in traditional slash-and-burn systems.

e According to Shetto et al. (2007), yields increased by 93-360% in maize and sunflower CA
systems in Tanzania following adoption of conservation tillage (ripping) and a mucuna cover
crop.

¢ In Uganda, conventional systems have a grain yield of about 2,500 kg/ha, but yields increase
to 3,000-3,100 kg/ha under different CA methods (Nyende et al., 2007).

e FAO (2010b) also found significant yield increases in Zimbabwe across several crops,
including maize, sorghum, millet, cowpea, and soybean.

e When examining CA yields in Malawi, Mloza-Banda and Nanthambwe (2010) found that
maize grain yields from CA were between 294% and 477% higher than yields in traditional
systems in 2000/2001 and 394% to 609% higher in 2001/2002 across six different
Agricultural Development Divisions.

e In Zambia, yields on farms using CA practices doubled in maize plots and were 60% higher
for cotton, as compared to conventional plowing systems (Haggblade and Tembo, 2003).

e Based on a meta-analysis of 94 peer-reviewed publications from all regions of sub-Saharan
Africa, Sileshi and colleagues (2008) determined that maize yields increased significantly
through the use of rotations or intercropping with woody or herbaceous legumes (which are
commonly a component of African CA). Yield increases averaged 1.6 t/ha for coppiced
woody legumes, 1.3 t/ha for non-coppiced woody legumes, and 0.8 t/ha for herbaceous green
manure legumes.
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While yield increases can be substantial, they depend on local conditions. There can also be
considerable year-to-year variation in the yield benefits provided by CA, depending on weather. For
example, in commercial maize systems in Zimbabwe, yield benefits were recorded in normal and dry
years, but not in wet years (Giller et al., 2009).

There are several mechanisms by which CA can improve yields in sub-Saharan Africa, and these often
work in synergy. Mulching and residue management can increase soil fertility and nutrient availability
to plants, which is one of the surest ways to boost production of nutrient-hungry crops such as maize.
Improved water availability throughout the cropping cycle is another key mechanism. Also important
in seasonally dry climates is the ability to seed crops immediately after the rains begin, thus
accelerating the crop growth cycle and maximizing utilization of rainfall during a short rainy season
(FAO 2010d). Complementary practices such as the use of context-appropriate high-yielding seeds,
appropriate seed spacing and densities, use of inorganic and/or organic fertilizers, and improved pest
management practices can increase the yield gains associated with improved soil, residue, and water
management (see Box 1).

There is some disagreement in the literature about the magnitude and consistency of the yield gains
associated with CA. Much of this disagreement, however, stems from mainly sematic distinctions
about the definition of CA and the baseline farming system again which it is compared (see Box 2).

Box 2. Conservation Agriculture and Its Discontents: Critigues and Responses

Several of the most commonly cited critiques of CA and the published literature on CA are described
in a 2009 paper by Giller and colleagues. These critiques include:

1. CA has not been critically analyzed to a sufficient degree. The empirical evidence for
increased yields, reduced labor needs, improved soil fertility, and reduced erosion is
inconclusive and/or unclear.

2. Because CA constitutes an integrated set of farming practices and can take many different
forms, it is difficult to determine which CA principles or practices actually contribute to the
desired effects.

3. Evidence of adoption has been exaggerated and what constitutes “true” adoption is unclear.
CA is often said to be applicable to almost any type of environmental conditions, but testing
of this assumption has been insufficient.

The paper by Giller and colleagues has generated extensive discussion among conservation agriculture
practitioners and promoters, some of which is compiled in the International Conservation Agriculture
blog (http://conservationag.wordpress.com/). Some of the main responses and counter-arguments to
the issues raised by Giller and colleagues are summarized below:

1. The evidence base on CA is extensive, especially for South America and North America, and
much of this evidence is applicable to other parts of the world. There is significant agreement
and empirical evidence that CA can deliver substantial benefits to small farmers, as detailed in
this report. Experts acknowledge that CA benefits and constraints depend on the context and
the timeframe for analysis. For example, there is little disagreement that CA usually improves
yields in the long-term, as attested to by its widespread voluntary adoption in places where it
has been supported by appropriate knowledge systems and access to inputs. However, short-
term effects on yield, labor demand, and other factors is context-dependent, although there
may be consistent patterns that tend to hold true within specific regions and cropping systems.
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2. The debate surrounding the criticism that it is difficult to determine the outcomes of different
CA principles and practices frequently boils down to a matter of differing definitions and
research designs. Since CA cannot be practiced in the absence of other agronomic practices
(e.g., selection of seed varieties, seed spacing, use or non-use of external inputs, etc.) it is
indeed sometimes difficult to tease apart the effects of the CA practices from the effects of
other management dimensions within a cropping system. The criticism presented by Giller
and colleagues (2009) is valid insofar as many of the published studies on CA compare
traditional smallholder farming practices involving many poor agronomic practices to CA
with good agronomic practices. The nature of these comparisons makes it difficult to de-
couple the yield gains attributable to good agronomic practices from those attributable
specifically to CA. A more scientifically valid comparison would be between two or more
alternative intensification pathways, including one through CA and one through conventional
agriculture based on standard tillage and the use of external inputs. However, given that input-
intensive development pathways may not be available to many African small farmers, the
comparison of traditional smallholder methods to CA that includes good agronomic practices
(see Box 1) is indeed a relevant analysis that sheds light on the efficacy of CA as a form of
investment in agricultural development.

3. There is general agreement about the rates of CA adoption around the world, but estimates
differ somewnhat because of differences in the definition of what constitutes adoption.
Particularly in Africa, there are many cases in which the CA package is not implemented
comprehensively or permanently. Some authors include such incomplete adoptions in their
statistics, while others do not. However, these differences do not materially change the nature
of the conclusions about the order-of-magnitude scale or trajectory of CA adoption in Africa
or elsewhere.

Most people within the international CA community agree that CA is not the only solution to poor
productivity, environmental degradation, and poverty, but it may be the most feasible and most
sustainable solution for many cropping systems, especially for smallholders within little ability to
intensify following a conventional Green Revolution trajectory. Debates such as the ones summarized
here have generated valuable dialogue and clarification within the CA community, but have not
significantly undermined interest in expanding and improving the science and practice of CA around
the world.

Profitability

The profitability of CA is almost always higher than that of conventional agriculture, based on the
several studies and cases from sub-Saharan Africa that we reviewed. For example:

e A FAO (2010a) budget analysis in Zambia and Zimbabwe demonstrated that returns under CA
are significantly higher than under conventional systems. In Zambia, annual returns were
US$104/ha under CA and US$19/ha under conventional tillage. In Zimbabwe, returns were
US$213/ha under CA and US$61/ha under a conventional system.

e According to Shetto and Owenya (2007), net benefits in Tanzania maize systems were found
to be 34,500 Tanzanian shillings (TZS) per ha on conventional farms versus 213,050 TZS/ha
on farms practicing CA. These figures were 89,350 TZS/ha versus 416,450 TZS/ha for
sunflower. This analysis took into account weeding, labor, fertilizer, and implement costs.

e Boahen and colleagues (2007) report that in Ghana, the net return for CA was 145% higher
than for slash-and-burn agriculture, taking into account yield differences as well as the costs of
land rent, seed, fertilizer, herbicide, labor, and transport.

Conservation Agriculture for Climate Change Adaptation and Mitigation page 23




e Thiombiano and Meshack (2009) report that in Kenya, input costs in CA were only 35% of
those on conventional farms, while the yield doubled.

The increased profitability of CA tends to be a result of higher yields, lower expenditures on energy
and other inputs, and sometimes a reduction in labor costs (FAO, 2008; Derpsch et al., 2010). In
addition to labor, the major costs associated with CA are for equipment, seeds, and herbicides. In the
long-term, CA equipment tends to be less expensive than equipment for conventional agriculture
because it lasts longer, is less expensive to maintain and repair, and consumes less fuel (for power-
operated machinery) (Apina, 2009). Friedrich and colleagues (2009) estimate that CA can reduce the
cost of mechanization by 50% relative to conventional agriculture. Similarly, CA typically reduces the
cost of purchased fertilizer by substituting nitrogen-fixing plants and improved soil biological
processes as indigenous sources of soil fertility. In Malawi, for instance, nitrogen-fixing Faidherbia
albida trees have been found to reduce the need for inorganic nitrogen fertilizer by 75%, resulting in a
substantial reduction in input costs (Akinnifesi et al., 2010).

Labor

The availability of farm labor is a major constraint and decision factor in most smallholder production
systems. In many parts of Africa, labor demand tends to be greater than supply, at least seasonally.
Labor is often in short supply due to rural to urban migration (especially by young men), prevalence of
HIV/AIDS and other diseases, and under-nutrition and malnutrition. Disease and poor health increase
dependency ratios (i.e., the ratio of non-working persons to working persons), which are higher in sub-
Saharan Africa than in any other region of the world (Radeksz, 2010).

When analyzing the labor implications of CA, it is more helpful to disaggregate effects by task,
season, agroecological context, gender, and time since adoption than to try to make broad
generalizations. For instance, in many areas, CA requires deep-digging to penetrate soil crusts—a task
that is very arduous and may increase the initial labor requirement for land preparation. In other areas,
however, land preparation in CA requires less labor than in conventional agriculture since whole-field
plowing or tillage is not required. Soil type also affects the direction and magnitude of these
differences. Finally, even if total labor is less under CA, labor requirements for women may be
greater, or vice versa (see “Gender Dimensions” below).

In the long-term, CA very often reduces the labor required for farming, relative to conventional
practice, although this is not universally the case. In the short-term, it is quite common for CA to
require increased labor, especially for weeding and land preparation. Tillage is an efficient way to
control weeds, but with reduced tillage, weeding can require substantial initial increases in labor if
herbicides are not used. Unexpected labor peaks can also occur at harvest time due to increased yields
from CA.

Following are some recent findings on labor needs in CA compared to conventional systems in sub-
Saharan Africa. As these results indicate, the labor implications of CA are highly context-specific
depending on the crop, agroecological context, number of years since adoption, and the nature of the
farming system practiced previously. Thus, any efforts to extrapolate such findings to other contexts
should proceed cautiously.

e In Tanzania, the time required for land preparation, planting, and weeding was 50-75% lower
in CA than in conventional agriculture (Shetto and Owenya, 2007).

e In Zambia, CA using planting basins nearly doubled the required weeding effort compared to
the conventional method that included plowing (Baudron et al., 2007).
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o Examining CA cotton systems in Zambia, Haggblade and Tembo (2003; cited in Baudron et
al., 2007) found that the number of workdays required for weeding nearly doubled (from 45 to
80), while the number of days required for land preparation increased nearly tenfold (from 7 to
66) relative to conventional agriculture.

e Taking into account all land preparation, planting, weeding, and harvesting activities, Boahen
and colleagues (2007) found that CA required 48 work days per growing season, compared to
83 days required by slash-and-burn agriculture. The greatest labor savings in CA were those
associated with weeding and the collection and burning of slash.

Sustained and stable food production generated by CA systems can significantly improve the
nutritional status of vulnerable households and communities, thus reducing susceptibility to disease
and other threats and increasing the availability of productive farm labor. These benefits are especially
important for households affected by HIV/AIDS, malaria, hunger, war and conflict, or migration. For
example, in the Laikipia District in Kenya, households affected by HIVV/AIDS benefited from reduced
labor needs and increased nutrition following CA adoption (Kaumbutho and Kienzle, 2007). Similarly,
CA helped affected households in Siaya District, where HIVV/AIDS prevalence is over 38% and family
members spend significant time caring for the ill. In southern Sudan, returnees from war found CA to
be an attractive option because of its reduced labor requirements (Apina, 2009). CA not only tends to
reduce labor in the long-term; it also results in a more even distribution of labor throughout the
production cycle. As these examples illustrate, CA can increase labor supply (through better health)
while reducing demand, thus creating a labor situation that is much more manageable for rural
households and communities.

Gender Dimensions

The human effects of CA are not always gender-neutral in terms of labor requirements, empowerment,
or economic benefits and costs. There has not been a large amount of published research that
disaggregates labor effects of CA by gender, but based on available information, CA can either
increase or decrease the total time that women spend on agriculture. For example, CA reduces or
eliminates plowing, which is traditionally done by men, but may increase labor requirements for
women associated with land preparation (e.g., digging of planting basins) and weeding. These
increased labor requirements may discourage women from adopting CA, even when labor
requirements decrease in the long-term (Silisi, 2010).

In other contexts, CA may preferentially benefit women. In Ghana, for instance, the most time-
consuming activities in conventional slash-and-burn agriculture are uprooting grass and de-stumping.
As these tasks are mostly done by women and children, a transition to CA was found to increase the
time available for other household activities (Boahen et al., 2007). Similarly, in Zambia, a switch to
CA allowed women and children to carry out lighter and more diversified tasks (Baudron et al., 2007).
For female-headed households that have little or no access to plows or plowing services, CA may be a
more feasible option since land can be prepared through ripping, and seeding can be accomplished
with jab planters, which are portable and easy for women to operate (Shetto and Owenya, 2007;
Kaumbutho and Kienzle, 2007).

Where CA reduces the overall time required for farming, it may allow women to diversify their
activities by participating in off-farm income-generating activities (Baudron et al., 2007; FAO 2010d).
Because of rural-urban migration and HIV/AIDS, there is a dearth of young males and a high
proportion of female-headed households and throughout much of rural Africa. Lower labor
requirements can be a significant advantage for women who are both farmers and caretakers. Reduced
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work hours, less heavy farm work, and lower stress associated with CA are all valued highly by
women (Baudron et al., 2007).

In Africa, women often play a central role in the decision to adopt CA, in part because they tend to be
more actively involved in small-scale farming than men. In Malawi, the CA adoption rate for women
was found to be 14% higher than the rate for men (Mloza-Banda and Nanthmabwe, 2010),
emphasizing women’s important role in agricultural innovation. Because of their year-round presence
in villages, women may engage more actively than men in farmers’ groups or other social structures
(e.g., seed saving groups, village savings and loan groups, etc.) that help households adopt CA and
reap its benefits. Investment in CA may also provide opportunities for increased attention to gender
issues in agriculture. For example, CA practices may encourage more consultation within the family
on resource use and greater acceptance of women as leaders (Kaumbutho and Kienzle, 2007).

Despite these opportunities, in many parts of Africa there remain significant barriers to CA adoption
by women, stemming from customary gender roles. For instance, women in Africa often have less
access than men to resources such as land, inputs, credit, education, and extension services—all of
which may be important to support transitions to CA (Silisi, 2010). For these reasons, CA investment
programs should explicitly consider gender dimensions and, when necessary, provide incentives and
participatory education and training oriented specifically to women.

Land ownership systems may present more entrenched barriers to female-led CA adoption. Land
tenure systems in parts of Kenya, for example, require women that want to adopt CA to obtain
permission from male relatives (Kaumbutho and Kienzle, 2007). In Lesotho, women who make
improvements to land that they farm but are not allowed to own risk losing their fields to male
relatives (Silisi, 2010). Perversely, by making fields more productive through the investment of labor
and inputs as part of CA, women may increase the value of these fields and the risk of losing their
land. In parts of Ghana, women have access to less agricultural land than men, and may thus be less
willing or able to experiment with new farming techniques whose outcomes are unknown (Boahen et
al., 2007).

Biodiversity and Ecosystem Services

Conservation agriculture tends to have three broad categories of impacts on the conservation of
biodiversity and ecosystem services, all of which are generally positive. First, CA has direct impacts
on plot- and farm-scale ecosystem services, which are deliberately managed as part of CA practice.
Second, CA has indirect effects on additional ecosystem services as well as associated biodiversity
within and around cultivated areas at the farm and community scale. Third, CA has indirect effects on
biodiversity and ecosystem conservation at the community, landscape, and even larger scales.

An integral part of CA is the management of soil fertility and hydrological cycling, two key ecosystem
services that support agricultural productivity. Considerable research has been conducted on these
potential benefits in sub-Saharan Africa and elsewhere. In terms of soil fertility, the improved soil
structure resulting from CA enhances aeration and other conditions required for efficient nutrient
cycling. Soil organic matter has been found to increase significantly over time in CA systems, due
primarily to the introduction of additional organic matter as crop residues or mulch and to the
reduction or elimination of tillage, which tends to speed the oxidation of soil organic matter (Hobbs et
al., 2008; Kassam et al., 2009). Zero tillage systems are also associated with increased levels of
available phosphorus in the upper soil layer (e.g., 0-5 cm), apparently due largely to the role of
biological processes in phosphorus cycling (Verhulst et al., 2010).
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The evidence regarding the effects of CA on nitrogen availability is somewhat mixed. Nitrogen
availability may be lower due to initial immobilization caused by crop residues on the surface (Giller
et al., 2009; Verhulst et al., 2010) and higher leaching of inorganic nitrogen (Reicosky and Saxton,
2007). Thus, nitrogen fertilizers may be desirable in young CA systems. Over time, however, the need
for fertilizer inputs is generally reduced. In established CA systems, most nutrients are concentrated
and maintained in the top 10 cm of the soil, where they are readily accessible to plants (Kassam et al.,
2009). Soil fertility also benefits from reduced rates of erosion in CA systems (Reicosky and Saxton,
2007).

CA has also been found to have beneficial effects on water management and water use efficiency.
With an increase in soil organic matter and root density under CA, water infiltration and water holding
capacity are improved, making water more available throughout the farming cycle (Reicosky and
Saxton, 2007). For each percent increase in soil organic matter, an additional 150 m*ha of water can
be stored in the soil (Friedrich, 2008). Surface mulches and improved soil pore structure also increase
infiltration and absorption capacity, while reducing evaporation. These benefits help reduce the risk of
erosion and flooding during heavy rains, contribute to aquifer recharge, and make more water
available to crops (Hobbs, 2007; Derpsch, 2008; Verhulst et al., 2010). Taken together, these
characteristics increase crops’ resistance to drought and tend to reduce yield variations between dry
and wet years relate to conventional farming practice.

The indirect effects of CA on other ecosystem services in agricultural landscapes have not been well-
studied. There is a theoretical basis and limited empirical evidence to support the notion that CA can
help maintain and restore groundwater tables by increasing surface water infiltration. However, there
is not sufficient research to confirm this relationship as being broadly true. Diversification of
agricultural landscapes through the use of crop rotations, cover crops, intercropping, agroforestry, and
rotational fallows is likely to increase ecosystem services provided by non-domesticated species
(insects, birds, bats, etc.), including pollination and pest control. These relationships have not been
specifically studied in relation to CA management. However, based on research elsewhere in Africa,
Europe, and the Americas, it is reasonable to hypothesize that increased landscape diversity would
almost always improve pollination services, and frequently, but not always, help protect crops from
pests and predators.

The indirect effect of CA on broader biodiversity and ecosystem conservation is of particular interest
to the CARE-WWEF Alliance. From a conservation standpoint, CA has the potential to increase the
habitat value of agricultural mosaics by increasing vegetation diversity and connectivity through the
establishment of agroforestry plots, fallows, woodlots, and other vegetation elements. In addition, CA
has the potential to increase the sustainability and productivity of existing agricultural plots and rural
communities, thus reducing pressure to establish new plots in areas of natural habitat. Prosperous, self-
contained agricultural villages may also be less subject to human-wildlife conflict (e.g., elephants
raiding crops or predators feeding on livestock) and easier to defend against such adverse wildlife
interactions than more dispersed farms and settlements within a natural habitat matrix (M. Wright,
WWEF, pers. comm.).

However, experience from decades of integrated conservation and development projects suggests that
this sort of conservation benefit will not occur automatically because the desired conservation
outcome (e.g., reduced incursions into natural habitat) is not directly or conditionally linked to the
development interventions (e.g., conservation agriculture) (Ferraro 2001). In the Zambia’s Luwanga
Valley, for instance, the COMACO (Community Markets for Conservation) project supported by the
Wildlife Conservation Society is trying to protect forests and wildlife by promoting CA and other
strategies for improving the viability of sedentary agriculture. Yet, cultural traditions in the valley
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encourage farmers to control as much land as possible, as this is perceived to be related to an
individual’s wealth. Thus, even where farmers have adopted CA, they have also tended to maintain
other plots in conventional agriculture, and to continue expanding agricultural operations into new
land areas (L. Gatere, Cornell University, pers. comm.). While the CA portion of the project has
benefitted many thousands of small farmers, it has not compelling demonstrated a reduction of
pressure on nearby forest habitat. By contrast, the component of the COMACO project that assists
farmers with livelihood alternatives in exchange for relinquishing their metal wildlife snares (i.e., a
direct and condition link between livelihood investments and conservation outcomes) has effectively
reduced wildlife poaching in some areas. Thus, while CA does have the potential to support
biodiversity and ecosystem conservation beyond farms and farm communities, such relationships must
be deliberately planned and managed within projects, ideally through direct mechanisms that are based
on the salient household and community decision-making factors.

Principal Constraints and Opportunities for CA in Africa

This section summarizes the major constraints and opportunities for the adoption and scaling-up of CA
in sub-Saharan Africa. At a generic level, key constraints to CA adoption in Africa are well-known,
and include biophysical constraints (e.g., climate), knowledge constraints, input constraints, financial
constraints, and structural constraints (e.g., government policy, investment priorities, and land tenure
systems), in addition to the constraints related to labor and gender dynamics are discussed above. It is
difficult to generalize about the relative importance of these different constraints because such data
have not been standardized across diverse settings (Baudron et al., 2007). To understand how these
constraints interact and influence decision-making in specific contexts, it is helpful to read some of the
excellent case studies of African CA that have been prepared by ACT, FAO, and others in the past few
years. Several of these examples are summarized in Table A2-1 (in Appendix 2).

Agroecological and Climatic Suitability

CA is applicable across diverse geographic regions, agroecological zones, soil types, plot sizes, and
crops throughout Africa (Derpsch et al., 2010; FAO, 2010a). Thiombiano and Meshack (2009)
examined the biophysical conditions—particularly related to the availability of water and biomass—
that would allow for CA in different parts of Africa. Sub-humid zones were found to have the best
potential for CA, and deserts were the only type of ecosystem not suitable for CA due to insufficient
biomass production. In arid and semi-arid zones, reduced tillage and direct seeding are needed to
minimize water loss, promote timely planting, and make use of scarce rainfall.

Studies by the Regional Land Management Unit (RELMA, 2007) found that in conditions of limited
water availability CA should focus on water harvesting and water use efficiency. In these settings, less
emphasis should be placed on soil cover maintenance, and fertilizers should be used to counteract soil
nutrient depletion. Increases in biomass production over time can lead to greater soil cover, allowing
for more organic matter and improved water holding capacity in soils. In semi-arid zones, options for
cover crops and crop residues for soil cover increase with higher humidity levels. Cover crops are a
useful starting point in sub-humid zones as well, and can result in better mulch, higher yields, and
reduced weed pressure. Agroforestry systems, such as ICRAF’s Evergreen Agriculture, are examples
of systems that add soil cover in semi-arid and arid environments.

Knowledge Constraints

Adopting CA requires substantial changes not only in practices, but also in mindset (Derpsch, 2008b).
CA contradicts much of conventional farming knowledge and farming traditions. Many farmers are
accustomed to thinking of the plow or the hoe as an essential part of agriculture, and may find it
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difficult to overcome the idea that plowing is not required for successful planting. It can be
particularly difficult to convince farmers to adopt CA if they do not experience strong environmental
or economic pressures to change. Conventional agricultural practices may also be tightly woven into
local culture and ritual, making such practices even more entrenched.

While farmers that practice CA tend to have a positive view of it (Friedrich and Kassam, 2009), a lack
of experiential knowledge hinders adoption. As with agriculture in general, CA is a knowledge
intensive process that requires substantial planning, intuition, and a willingness to experiment and
learn. However, the knowledge base for CA is substantially different from that for conventional
agriculture. For instance, the recommended approaches to remedying soil compaction differ
considerably between conventional agriculture and CA, as do methods for seeding, fertilization,
erosion control, residue management, and water management. When reliable information on CA is not
available from formal support systems (e.g., extension agents or NGOs), neighbors, or prior
experience, farmers may not be able or willing to adopt CA fully or optimally from the start, which
can lead to disappointing results and subsequent dis-adoption.

Knowledge of CA remains low across most of Africa, and the approach is rarely taught, even at
agricultural universities. Although some countries have incorporated CA into their extension
programs, others actively promote conventional farming techniques that are at odds with CA. Even
where CA is taught, this education is often not well integrated with land management systems at the
local level. For instance, CA may be demonstrated in plots at experiment stations, but not in farmers’
fields where it is more likely to lead to smallholder adoption (Baudron et al., 2009). Successful CA
extension models have been demonstrated in several countries (e.g. farmer field schools in Uganda;
Nyende et al., 2007), but, with a few exceptions, have not been brought to scale.

Input Constraints

Access to equipment, seeds, fertilizers, and herbicides is a significant constraint to scaling up CA in
Africa. CA does not necessarily require more equipment than conventional agriculture, but some of
the equipment is different and is not always available. The most significant differences tend to be in
land preparation and seeding. In silty or clayey soils, the soil surface is penetrated only in precisely-
targeted lines or pits that will be seeded. Seeds are then deposited into these areas or inserted directly
into the ground through the mulch or ground cover layer. Some conventional agriculture tools can also
be used for CA (e.g., certain weeding tools), while other can be modified for CA (e.g., hand hoes can
be made narrower to dig CA planting basins or rows). For non-mechanized CA involving simple hand
tools, equipment costs are relatively low (if the requisite equipment is available at all). Costs increase
significantly when using animal- or tractor-powered implements (IIRR, 2005).

Limited access to (or affordability of) inorganic fertilizers, pesticides, and herbicides may also
represent a constraint to practicing CA in a maximally productive manner. However, one of the chief
advantages of CA is that it can increase yields in contexts where agrochemicals are not available or not
affordable, by fostering biological processes and management practices that enhance soil fertility, pest
control, and weed control. Nitrogen-fixing plants are an integral part of most CA systems, and can
include shrubs, annual herbaceous plants, or trees such as Faidherbia albida. Intercropping with these
species improves yields, soil health, and soil chemical and biological properties while reducing weed
and pest problems (Akinnifesi et al., 2010). Despite these benefits, however, spontaneous adoption of
cover crops for soil fertility enhancement alone is uncommon; rather, the plants must offer some direct
benefit, such as human food or animal fodder (Baudron et al., 2009).
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Access to high-quality seeds is a constraint to CA, as it is for conventional agriculture, in much of
Africa. However, CA also requires seeds for cover crops or intercrops, which may be more difficult to
obtain if they are species that have not traditionally been grown locally.

A final input constraint that tends to be more severe in CA than in conventional agriculture is the
availability of biomass for mulches or organic fertilizer. Although soil nutrients and soil cover in CA
can often be provided mainly by cover crops or intercrops, some exogenous organic matter may be
needed to provide supplemental fertilizer and soil cover. Non-edible biomass in farm fields and the
surrounding field margins, fallows, and forests is often in high demand for livestock fodder, firewood,
building material, and other uses. CA places an additional demand on these resources. In places where
the population density is relatively low or rainfall is moderate to high, biomass is rarely a major
constraint. However, this constraint can become severe in semi-arid regions with high population
density.

Not surprisingly, CA adoption rates tend to be highest when donor-funded projects provide the
necessary machinery and inputs free or at a low cost. However, unless efficient and reliable input
supply chains are also established, input constraints will persist after a project ends, threatening to
undermine any gains.

Financial Constraints

As discussed in the previous section, CA is generally more profitable in the long-term than
conventional farming. However, achieving these long-term benefits may require initial investment,
which is often prohibitively expensive or risky for small farmers to undertake on their own.
Vulnerable farmers are especially risk averse due to household food security concerns, and there is
little room for error.

In addition, while many farmers reap benefits in the first year of practicing CA, others do not realize
increased yields or profitability for 3-7 years (Hobbs, 2007). During this time, farmers sometimes
choose to abandon CA,; thus, long-term adoption is more likely when CA provides significant benefits
in the first or second year (Reij et al., 2009). Such immediate benefit is more likely when CA is
promoted in conjunction with good agronomic practices, improved seeds, and sometimes inorganic
fertilizers (see Box 1).

Several approaches have been used to overcome the dual financial constraints of the initial investment
required for CA and the potential for negative returns for a period of up to several years. Donor-
funded projects can address both of these constraints by providing free or low-cost inputs, extending
credit to farmers (through direct loans or establishment of community financing operations), and
educating farmers about the benefits of CA and ways to improve its profitability. Other rural finance
mechanisms can also help farmers overcome the short-term investment hurdle to achieve CA systems
that are more profitable and sustainable in the longer term. Commercial banks and even microfinance
institutions are effectively absent throughout much of rural Africa. However, a variety of community
savings and lending models have been implemented successfully throughout the continent. These
include rotating savings and credit associations and village savings and loan groups. The latter has
been adopted widely within CARE projects in Africa. These groups pool household resources and
agricultural profits to create a structured collective mechanism for saving, short-term lending, and
investment in household economic activity. With or without these various forms of financial support,
farmers often hedge financial risks by adopting CA piecemeal, or on a fraction of their farm. Doing so
reduces short-term expenditures and allows the farmer to guard against the possibility that yields will
drop before they rise. Piecemeal adoption is a logical strategy at the household level, but makes it
difficult institutionalize CA rapidly over large areas.
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Policy, Investment, and Land Tenure Constraints

Structural constraints to CA include unsupportive policy environments, extension and education
systems, incentive structures, donor investment priorities, and land tenure systems. Conventional
farming methods are deeply entrenched in many African countries, from the local level (where the
farming cycle is commonly embedded in village tradition and ritual) to the national level (where
research, education, and training rarely have a strong CA component). Even in countries where many
farmers are practicing CA, there is often little awareness of CA among policy makers, and in some
cases existing policies work against CA (Thiombiano & Meshack, 2009).

Investment in CA in Africa has been very limited to date, but there are some promising signs that this
could change. After a dramatic decline in funding for agricultural development in Africa from both
domestic sources and foreign aid from the 1980s until very recently, the past few years have witnessed
renewed commitments to increase food production in Africa, both from donors and from many
African leaders. For instance, under the Comprehensive Africa Agriculture Development Program
(CAADP) of the New Partnership for Africa’s Development, several African governments have
committed to allocating at least 10% of national budgets to agriculture. Key donor-funded initiatives
for African food security (e.g., the United States’ Feed the Future initiative and the Alliance for a
Green Revolution in Africa) are focusing on Green Revolution strategies to a significant degree, but
also provide opportunities for supporting CA. For instance, AGRA states on its website that it seeks to
“promote conservation agriculture in all production systems” through an Integrated Soil Fertility
Management approach to “make the best possible use of fertilizer and organic inputs” (AGRA, 2010).
Under CAADP’s Land and Water Management pillar, conservation agriculture has been promoted
specifically through a Norwegian-funded initiative in southern Africa. The much larger TerrAfrica
Initiative has helped leverage funding for sustainable land management (which sometimes includes
CA) through the Global Environment Facility. In addition, important international organizations such
as FAO and the International Fund for Agricultural Development have begun promoting CA in some
of their programming.

In practice, CA is almost always promoted through a project approach. However, the short timeframe
typical of agricultural development projects is at odds with the type of longer-term engagement that is
usually needed to institutionalize CA and adapt it to the local context (FAO, 2008). Without ongoing
support from government policies, extension services, and market infrastructure, among other
elements, pilot projects become difficult to sustain or expand, and the benefits of CA remain limited.

CA can be adopted within either statutory or customary land tenure systems. Customary tenure
systems are typical in the small farmer-dominated rural areas of most African nations (ECA, 2003).
These tenure systems often combine individual and communal rights within a framework defined by
written or unwritten customs and governed by decision-making authorities at the family, clan, chief, or
village level. Given that customary tenure systems vary widely, it is helpful to identify some of the
characteristics of these systems that can impinge on the viability and effectiveness of CA. These
factors include:

Duration and security of individual rights to land: CA represents a long-term investment in the
fertility and sustainability of a farm plot. Clear, long-term individual (or household) rights to the
land can encourage such long-term investment, while the absence of such rights may discourage it
(Boahen et al., 2007; FAO, 2010c).

Governance and decision-making for communal plots: Since farming communities tend to be
risk averse, where land is communally owned, there may be social pressure to use well-tested
conventional practices as opposed to practices that are unfamiliar or perceived to be risky, such as
CA.
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Effects of shared grazing rights: In many customary tenure systems, farmers possess individual
rights to manage their fields during the planting season, but these fields revert to communal spaces
available for livestock grazing during the dry season. Such arrangements pose a major challenge to
farmers that wish to conserve crop residues or other biomass for CA. In principle, it is possible to
modify systems of communal grazing rights to allow farmers to exclude livestock and retain
biomass in their fields, but doing so tends to be politically challenging and there are few
documented instances of this occurring. The issue of livestock grazing is discussed further in the
section of this report on “Question 5: Synergies and Tradeoffs among Multiple Objectives.”

Conceptions of ownership based on active use: In many customary tenure systems, use rights
are claimed and retained through individuals’ active use of land. Planting of annual crops
demonstrates active use, whereas long fallows or natural regeneration, even if done deliberately,
may be perceived as the discontinuation of active use. The perceived lack of active use may make
the plot subject to claims by other potential users. Perennial systems including agroforestry may
help individual retain use rights without needing to plant annual crops each season.

Customary tenure as mechanism for adaptation: Although land tenure arrangements that are
ambiguous, informal, or overlapping can inhibit individual investment in sustainable soil and
water management (including CA), such arrangements may also function as a safety net or
adaptation mechanism by allowing land resources to be re-allocated quickly in the event of
changing circumstances, including natural disasters. This flexibility may be especially important
for the most vulnerable members of a community. While customary tenure systems do not always
provide such adaptation benefits, this issue highlights the value of assessing tenure systems in a
comprehensive and nuanced way before recommending changes to ‘improve’ existing
arrangements as part of an agriculture or rural development project.
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Results: Assessing Existing CA Practice and Approaches

This chapter devotes one section each to research questions 1, 2, 4, and 5, which focus on assessments
of existing CA practices. Questions 3 and 6—which pertain to opportunities for future project,
program, and policy changes—are addressed in the next chapter.

Question 1: CA and Climate Adaptation

This section addresses the question: “Are CA projects significantly increasing farmers’ ability to adapt
to current climate variability and future climate change?” To do so, it develops a framework for
evaluating the effect of CA on the adaptability of smallholder farming systems to climate change.

In the past few years, climate change adaption has been widely discussed and promoted as an
important goal for all human systems, particularly agriculture. Recent projections suggest that climate
change could significantly reduce crop yields and increase yield variability in many regions of the
world within a decade or two, including 20-35% decreases in maize yields in southern Africa by 2030
(Lobell et al., 2008). However, through advance preparation and careful management of agricultural
systems, these risks could be substantially reduced. Deliberate action is thus essential to minimize
disruptions to the food supply by establishing agroecosystems, institutions, and knowledge systems
that can respond nimbly to changing circumstances.

Box 3. Key Terms and Concepts Related to Climate Change Adaptation

“Adaptability,” “resilience,” and the related term “resistance” are three different descriptors of how a
system responds to change. Resistance is the tendency of a system to remain stable in the face of
external perturbations. For instance, an agroforest that continues to produce similar yields despite
fluctuating rainfall levels would be considered highly resistant. Resilience refers to the system’s
ability to recover quickly from damage or change—for example, a hurricane or pest outbreak. While
this term has its roots in ecology, its use has now broadened to include the concept of “socio-
ecological resilience” (Folke, 2006), which encompasses the role of humans in adaptively managing
systems to maintain them within a range of bounds that are conducive to human wellbeing (e.g.,
maintaining minimum crop yields, water availability, or profitability). This latter meaning is quite
similar to the term “adaptability,” which refers to the capacity of human actors to effect system
resilience. Characteristics of adaptive systems include high levels of capacity for learning,
experimentation, and cooperative action. Adaptability implies the use of long-term planning and
strategic action to address change both before and after it occurs. By comparison, “coping” is a
reactionary response to unanticipated change, often conducted in a crisis mode and oriented toward
short-term survival (CARE, 2009a).

A vulnerable system is one that has little resistance, resilience, or adaptability to external
perturbations. The Intergovernmental Panel on Climate Change defines vulnerability to climate
change as “[t]he degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive
capacity.”

Over the past few years, several helpful frameworks have been developed for evaluating the
adaptability of rural communities to climate change. Appendix 3 presents and discusses a few of the
frameworks that are most relevant for assessing CA and its linkage to the sustainability of rural
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livelihoods at multiple temporal scales and spatial levels (household, village, etc.). However, none of
the existing frameworks are designed specifically to assess the climate change adaptation benefits of
CA. Accordingly, this study provides a framework tool for evaluating the effects of CA, as broadly
defined, on climate change adaptation (see Table A3-1 in Appendix 3).

As indicated by this framework, all CA systems tend to provide at least some climate change
adaptation benefits relative to conventional farming systems—particularly related to soil fertility and
water conservation and use. The framework also recognizes, as noted earlier in this report, that some
of the most important adaptation benefits of CA projects and programs arise not from site-scale
agronomic practices but from associated investments to improve local knowledge, capacity, social
capital, market access, seeds, and financial services. This notion of contextualizing CA within a
broader development program is consistent with CARE’s approach to community-based adaptation.
Under this approach, CA techniques are used as part of a comprehensive strategy for improving the
sustainability and resilience of livelihoods within target communities.

Question 2: CA Impacts on Greenhouse Gas Balances

This section explores the extent to which current CA projects are reducing greenhouse gas (GHG)
emissions or sequestering significant net amounts of carbon. To do so, it reviews evidence from the
published literature on the contribution of different agroecosystem components to GHG mitigation. It
then evaluates the practice of CA in sub-Saharan Africa in light of these data.

According to the Intergovernmental Panel on Climate Change (IPCC), agriculture, deforestation, and
land-use change together account for about 31% of total global anthropogenic GHG emissions. In
Africa, land use change is a disproportionately important contributor to GHG emissions, accounting
for 48% of the continent’s emissions from 2000-2005 (Canadell et al., 2009). Put another way, Africa
accounted for just 2.5% of the world’s CO, emissions from fossil fuel combustion, but 17% of all
global CO, emissions from land use change. At the same time, carbon in African topsoils is being
released to the atmosphere as the many of the continent’s croplands, rangelands, and forests become
progressively more degraded (Shames and Scherr, forthcoming). Looking to the future, Africa is
projected to have the highest growth in agricultural GHG emissions, alongside the Middle East,
largely due to agricultural intensification and expansion (Smith et al., 2007).

Just as agriculture and land use change has significant potential to exacerbate GHG emissions and
climate change, it also holds major potential to mitigate these impacts. Worldwide, the “technical”
mitigation potential from agriculture (i.e., the biophysical capacity to mitigate GHG emissions) is
estimated to be 5,500-6,000 million tons of CO,-equivalent per year (Mt CO,-eq/yr) by 2030 (Smith et
al., 2007). The economically feasible mitigation potentials are estimated to be 1,500-1,600, 2,500-
2,700, and 4,000-4,300 Mt CO,-eq/yr at carbon prices of $20, $50 and $100/tCO,-eq, respectively.
About 70% of this mitigation potential lies in developing countries. Sub-Saharan Africa’s mitigation
potential from agriculture is relatively high, at about 924 Mt CO,-eq/yr by 2030, compared to 707 Mt
CO,-eqlyr for all of South America and 374 Mt CO,-eq/yr for North America (Smith et al., 2007).

Within agricultural systems, there are several options for mitigating climate change, including both the
reduction of existing or potential emissions and the net sequestration of CO, to offset emissions
elsewhere. The greatest potential mitigation opportunities include:

e reduction in CO, emissions associated with a wide variety of practices, including
deforestation for agriculture and oxidation of soil carbon;

e net sequestration of CO, in agroecosystems, including in soils and trees;
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e reduction in methane (CH,4) emissions, which are mostly associated with livestock raising,
manure management, and paddy rice production; and

e reduction in nitrous oxide (N,O) emissions, which are associated with nitrogen cycling and
microbial activity in soils of all types.

According to the IPCC, soil carbon sequestration offers by far the most important potential for
agricultural GHG mitigation, with an estimated 89% of the total technical potential worldwide (Smith
et al., 2007). Mitigation of CH,4 emissions and N,O emissions from soils account for 9% and 2%,
respectively, of the total mitigation potential (with all three gases normalized to units of CO,-eq).
These estimates, however, do not include the potential for carbon sequestration or emissions
reductions in trees and other aboveground biomass in agricultural landscapes and rural land-use
mosaics. With these components added, total mitigation potential from agricultural landscapes remains
much larger for CO, than for CH,4 or N,O. However, CH, is quite important in certain agricultural
sectors or components (especially livestock and rice production), while N,O is a contributing GHG
variable in all agricultural sectors, although its dynamics are less well understood.

Table 3 synthesizes generalized data (worldwide and for Africa) on the mitigation potential of various
categories of agricultural practices. Under the heading “Mitigating effects,” the signs indicate whether
the practice results in net GHG mitigation (+), net GHG emissions (-), or possibly either, depending on
the context (+/-). Under the heading “Data Confidence,” information is provided on the level of
agreement and evidence among peer-reviewed studies for each practice. The next pair of columns
provides estimates of the mean total mitigation (or emission) potential of several of the practices.
These estimates include the effects of CO,, CH,4, and N,O, which are all standardized and added into
the single measure of tCO,-eq. The values listed indicate low/medium/high estimates. Finally, the
right-most column indicates the total mitigation potential of each category of practice Africa-wide by
the year 2030.

Several relevant conclusions can be drawn from this table. First, understanding of CO, stocks and
fluxes is greater than that for CH, and especially for N,O. Second, cropland, grazing management, and
organic (wetland) soil management all offer roughly equal mitigation potential for Africa by the year
2030. Third, at the plot level, there is considerable variability and uncertainty in the mitigation
potential offered by key practices including agronomy, nutrient management, tillage and residue
management, and agroforestry. Finally, the potential for GHG mitigation is about twice as large in
warm-moist climates as in warm-dry climates. However, this finding is generalized worldwide and
thus should not be over-interpreted for specific African environments.
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Table 3. Synthesis of data on generalized (global and Africa-wide) impacts of agricultural management practices on GHG fluxes. See the text for

discussion. Data source: Smith et al., 2007.

Category Sub-category Mitigating Effects Data Confidence Mean mitigation potentials  Total mitigation
globally (tCO,-eq/halyr) potential in
CO, CH, N,O Agreement Evidence Warm-dry Warm-moist /\Ticaby 2/030
climate climate (Mt COzeqfyr at
$20/t CO»-eq)

Cropland Agronomy + +/- High Med 0.1/0.3/0.5 0.5/0.9/1.3
management Nutrient management + + High Med 0.2/0.3/0.7  0.0/0.6/1.1

Tillage/residue + +/- Med Med -0.7/0.3/1.4  -0.4/0.7/1.8

management

Water management +/- + Low Low

(irrigation and drainage)

Rice management +/- + +/- Med Med

Agroforestry + +/- High Low -0.7/0.3/1.4  -0.4/0.7/1.8

Set-aside, land-use change + + + High High

Total 69
Grazing land Grazing intensity -+ - Low Low
managementand  |ncreased productivity + +/- Med Low
pasture (e.g., fertilization)
improvement )

Nutrient management + +/- Med Med

Fire management + +/- Low Low

Species introduction + +/- Low Med

Total 65
Management of Avoiding drainage of + - +/- Med Med 61
organic soils wetlands
Restoration of Erosion control, organic + +/- High Med 33

degraded lands

amendments
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Review of Evidence on CA, GHG Emissions, and Carbon Sequestration

Similar to agriculture in general, CA can help mitigate atmospheric GHG by: 1) reducing existing
emissions sources, and 2) sequestering net carbon. Baker and colleagues (2007) estimate that the
conversion of all croplands to conservation tillage globally could sequester 25 Gt C over the next 50
years. This is equivalent to 1,833 Mt CO,-eqg/yr, making conservation tillage among the most
significant opportunities from all sectors (not just agriculture) for stabilizing global GHG
concentrations.

Scaling down these global estimates to the continental, landscape, or plot scale to estimate the
mitigation potential of CA in sub-Saharan Africa entails considerable challenges. Overall there is
insufficient information on the GHG impacts of CA practices, especially for developing countries in
the tropics and sub-tropics (Govaerts et al., 2009). Although many studies have examined GHG stocks
and fluxes associated with CA systems and various CA practices, these data span a wide range of
geographies, climates, and agroecological zones, and are generally not comparable or amenable to
meta-analysis (Nair et al., 2009). For some types of CA systems and practices in some geographies,
we can be reasonably certain about the direction (positive or negative) and order of magnitude of GHG
impacts; for others systems and practices, even this level of confidence is not yet possible.

Carbon sequestration potential of land management practices in Old Peanut Basin, Senegal
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Figure 4. Soil carbon sequestration potential (in tons of CO,-eq/ha/yr) of different combinations of
agricultural practices that may be used in CA. The graph reports results from the CENTURY model of
agricultural yield, soil, and carbon dynamics, run for the Old Peanut Basin of Senegal, a semi-arid
region (350-700 mm of annual rainfall) in which major crops include millet, groundnuts, sorghum, and
cowpea. Figure is drawn from data presented in FAQO, 2004.

Despite these challenges, it is helpful to provide some broad estimates—however rough—of the

magnitude of the C sequestration potential of CA practices to understand the degree to which C
finance is likely to be a feasible component of CA projects. Table A4-1 (in Appendix 4) presents
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illustrative data from about 40 studies on the GHG emissions reduction and belowground and/or
aboveground carbon sequestration benefits of various agricultural and landscape management
practices that might be associated with CA. Most of these studies report results for African land-use
systems. Figure 4 compares the estimated soil C sequestration potential of alternative plot-scale
management strategies (including some CA approaches) practiced in a single location (the Old Peanut
Basin in Senegal), based on modeling results. This figure also indicates the way in which the
incremental net carbon sequestration benefits of sustainable agriculture practices might diminish over
a period of decades as agroecosystem components begin to become carbon-saturated and approach an
equilibrium state. Figure 5 is a visual heuristic for comparing the order-of-magnitude C sequestration
potential of various CA components, including both site and landscape management practices and both
belowground and aboveground carbon pools. It is important to note that since the ranges of recorded
GHG mitigation values for many of these practices is quite wide, the relative size of these mitigation
benefits could shift considerably in specific situations.

Relative magnitude of potential C sequestration or
emissions reduction from different CA components
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Figure 5. Order-of-magnitude ranges for the relative carbon sequestration potential of different
components of a CA system (as broadly defined to include plot, farm, and landscape scale practices).
The range of values indicated by the error bars are based on data from the literature reviewed for this
study; actual ranges may be even wider. The relative size of bars on this graph are mid-range estimates
based on a synthesis of the literature on the GHG mitigation potential of each practice in semi-arid to
semi-humid environments in sub-Saharan Africa. The data for avoided deforestation assume that CA
provides a sustainable system for sedentary agriculture, thus eliminating slash-and-burn agriculture
and the conversion of native ecosystems to farm fields. Values for avoided deforestation are per year,
averaged over a 50 year analysis period. While this diagram is highly generalized, it does provide a
first-order approximation of the relative sizes of the GHG mitigation benefits that might be attained
from different CA practices.
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Monitoring, Reporting, and Verification

GHG fluxes from agriculture, forestry, and land use change tend to be more complex and difficult to
measure than those from other sectors, such as energy, industrial production, or transportation.
Accordingly, much effort has recently gone into improving the monitoring, reporting, and verification
(MRV) of agricultural greenhouse gases. Reliable MRV is important not only for improved
management of such GHG, but also for the inclusion of agriculture, forestry, and land use change
within climate regulation frameworks. Credible MRV can help address concerns of some climate
protection advocates that GHG emissions reductions or carbon sequestration from agriculture are too
uncertain, too context-dependent, or too ephemeral to be considered valid components of a global
GHG mitigation strategy.

Until very recently, MRV methodologies for agriculture tended to provide simplified averages, which
were not sufficiently accurate for site-specific estimations. Aboveground, the main challenge is
accurate estimation of tree biomass, which comprises the major portion of aboveground C stocks in
most ecosystems. Historically, remote sensing and modeling generally did not provide the necessary
detail required for further computations. Allometric equations are available for converting tree size
(e.g., diameter at breast height) to biomass for different species, but this method requires labor-
intensive field measurements, especially for mixed-species stands. Belowground measurements are
even more challenging, as carbon sequestration rates depend on site-specific biological, climatic, soil,
and management factors (Nair et al., 2009). Scientists disagree on the depth to which soil organic
carbon (SOC) sampling must be conducted: in the past, often only the top 20-30 cm of soil was
sampled to derive estimates of SOC and other properties (Baker et al., 2007). However, several recent
studies and reviews seem to agree that much deeper sampling is probably necessary for monitoring
soil carbon in CA systems, as CA practices have a tendency to increase SOC in the upper soil strata
but decrease it in the lower strata, sometimes resulting in little total net change.

Several recent scientific advancements and initiatives have rapidly improved the state of MRV for
GHG fluxes in agriculture and rural landscape mosaics. A number of working groups, consortia, and
research programs are focused on improving the reliability of agricultural GHG measurement
protocols for all three major greenhouse gases (CO,, CHy4, and N,O) in a wide range of agricultural
systems and sectors. The Technical Working Group on Agricultural Greenhouse Gases (T-AGG) is
now supporting protocol development for soil carbon management and N,O emissions reduction on
cropland, currently focused on the United States, but with interests in expanding internationally (e.g.,
Olander and Malin, 2010).

In Africa, the newly developed Africa Soil Information Service (AfSIS) is mapping soil properties as
well as aboveground land characteristics at almost 10,000 sampling plots continent-wide to define
relationships between biophysical context (elevation, climate, hydrology), on-the-ground management
practices, and remote sensing imagery. These relationships can then be applied in the future to conduct
lower-cost carbon monitoring of large landscape areas. The Carbon Benefits Project, a complementary
initiative involving WWF, the World Agroforestry Centre, and Michigan State University, is using
remote sensing, ground-based measurement, modeling, and statistical analysis to develop
methodologies to monitor carbon stocks and GHG emissions specifically within complex mosaic
landscapes that include agriculture, agroforestry, and other land uses. The hope is that tools such as
these will dramatically reduce MRV costs for terrestrial carbon while increasing the credibility (and
thus value) of such carbon credits, thereby allowing many more small farmers to benefit from carbon
finance. Such approaches are beginning to be operationalized by carbon project developers and
certifiers/verifiers through pilot carbon finance projects in Africa and elsewhere, as discussed further
in the next section.
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Question 4: Potential to Generate Marketable, Cost-Effective Carbon
Credits

This section addresses the question: “How could CA projects be designed and implemented to
generate eligible, cost-effective carbon credits for the voluntary market in an equitable way without
compromising the other benefits that these projects can provide?” To do so, we first review the current
status of carbon markets worldwide, and in Africa, to define the context within which carbon projects
might be developed from CA and other smallholder land management practices. Next, we review
lessons learned from other agricultural carbon projects on key issues such as aggregation of offsets
from smallholders, cost-competitiveness of CA-based carbon credits, monitoring protocols and costs,
verification or certification, buyer demand, and co-benefits. Options for modifying CARE and WWF
CA projects to generate marketable carbon credits are provided in the next chapter, in the section
focused on Question 3.

Current Status of Carbon Markets Globally, and in Africa

Carbon markets are in a state of rapid evolution. Not only are the prospects for global regulation of
greenhouse gases in flux; so, too, are dialogues regarding the feasibility and appropriateness of
including agricultural emissions and land uses within any such regulatory framework. At the same
time, technologies for reducing emissions, sequestering carbon, and monitoring GHG dynamics in
agricultural landscapes are rapidly improving, as discussed above. The view of carbon markets
presented here is current as of early 2011.

Carbon markets are the largest environmental market in the world, valued at $144 billion in 2009
(World Bank 2010). This market consists of two parts: the regulated market and the voluntary market.
The regulated market is driven by sub-national, national, regional, and global mandates to reduce
GHG emissions, including the Kyoto Protocol and the European Union’s Emissions Trading Scheme
(EU-ETS). While emissions offsetting is permitted under the Kyoto Protocol and EU-ETS, offsets
related to terrestrial carbon sequestration are only a small fraction of total offsets. Regulatory markets
have instead focused on emissions reductions and offsets from the industrial and energy sectors, in
which Africa has little comparative advantage in generating low-cost offsets. The Clean Development
Mechanism (CDM) of the Kyoto Protocol does not permit agricultural or soil carbon sequestration
projects, but it does permit offsets related to afforestation and reforestation, which can be related to the
restoration of degraded agricultural land and, in some cases, to agroforestry. In Africa, a few CDM
projects are under investigation related to restoration of degraded agricultural lands, agroforestry, and
reduction in sugarcane burning (Shames and Scherr, forthcoming). To date, only one such project has
been approved: a farmer-managed natural regeneration project in Ethiopia. Major obstacles to
implementation of CDM projects in Africa include the lack of financial and human resources, as well
as the complexity of the CDM’s governance of terrestrial carbon projects.

Most GHG offsets related to terrestrial carbon in agricultural systems have been transacted in the
voluntary carbon markets, which were valued at $728 million in 2008 but declined to $387 million in
2009 due to the global economic recession and wavering interest in the purchase of “pre-compliance”
offsets given doubts about the imminence of GHG regulations in the United States and elsewhere
(Hamilton et al., 2010). Within the voluntary markets, there is considerably more interest than in the
regulatory markets in land-based GHG offset projects. Because such projects have the potential to
generate substantial “co-benefits” such as increased food security or provision of other ecosystem
services, they have attracted interest both from donors and NGOs interested in pilot-testing new
models for conservation and rural development, and from buyers of carbon offsets who care about the
broader social and environmental ramifications of their carbon offset purchases. Terrestrial carbon
projects as a share of the total voluntary markets ramped up steeply in 2009, to 28% of the total, or
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about $108 million worldwide. Of this amount, about $12 million was related to agricultural soil
management, $15 million was related to livestock, and $4 million was related to agroforestry
(Hamilton et al., 2010). However, Africa’s contribution to the voluntary carbon markets remained very
small, at 2% of the global total, or 900,000 tCO,-eq, valued at about $8 million. Ninety percent of this
volume was related to forest carbon projects (REDD), with the remaining portions associated with
agroforestry, afforestation, and reforestation (Hamilton et al., 2010). As discussed further below, there
are some projects currently under development that will generate carbon offsets from agricultural soil
management in Africa. However, these projects were not yet sufficiently well developed to be
included in the inventories compiled by Hamilton and colleagues.

Although voluntary carbon offsets can be transacted in simple bi-lateral deals between a willing buyer
and a willing seller, increasingly the voluntary market is moving toward the use of standards to
provide increased credibility for buyers and increased accountability from sellers (Hamilton et al.,
2009). Supporting these standards are a handful of methodologies (with many more currently under
development) for GHG MRV within agricultural landscapes (see Table 4). These voluntary standards
and methodologies are serving as important laboratories for demonstrating the design and feasibility of
agricultural carbon projects. Market observers predict that the various standards and methodologies
will eventually “shake out” into a smaller number of preferred ones, which may eventually serve as a
template for the structure of agricultural GHG offsets within future regulated carbon markets.

Within the voluntary markets, there is interest from some buyers in purchasing “premium?” carbon
credits that also provide social and environmental co-benefits such as reducing poverty and protecting
biodiversity. This segment of buyer demand is particularly relevant for agricultural carbon projects
involving smallholders, which often provide a range of co-benefits. At least two carbon standards
support the development of agricultural carbon projects with co-benefits: Plan Vivo and the Voluntary
Carbon Standard (VCS) (see Table 4). The Climate, Community, and Biodiversity Alliance (CCBA)
offers an additional module that can be voluntary added on to carbon standards such as the VCS and
CDM that sets additional criteria for a project’s impacts on climate, community, and biodiversity
(CCBA, 2008). CARE is a member of the CCBA and has been involved in the development of this
standard.

A recent study by Shames and Scherr (forthcoming) surveyed agricultural carbon projects in Africa
and provides many insights into the emergence of this nascent market sector, the range of approaches
that are being attempted, and key opportunities and constraints to scaling-up. Nearly all terrestrial
carbon projects in Africa with an agricultural component have been initiated in the past five years, and
nearly all can be considered to be pilot projects, or in some way experimental. The study surveyed 81
GHG mitigation projects in 24 Africa countries in which farmers are sellers of carbon offsets. Some of
the projects were already operational while others were still being planned or developed. The projects
included four categories of practices: 1) off-farm land rehabilitation; 2) on-farm tree-planting,
agroforestry, or agricultural soil management; 3) REDD; and 4) miscellaneous emission reductions
(see Table 5).
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Table 4. Frameworks relevant to carbon market transactions involving agriculture and land use in

Africa.
Market Entity under which Methodologies for MRV of greenhouse  Additional
segment emission reduction, gases in agricultural landscapes standards for co-
offset, or compliance benefits
units are issued
Voluntary  Voluntary Carbon Demonstration of additionality for Climate,
Standard (VCS) AFOLU? activities Community, and
s oion)
e Adoption of sustainable P
agricultural land management
e Biochar
e Afforestation/reforestation of
agricultural lands
e Several others
Plan Vivo Developed specifically for each Plan Vivo includes
project, to include baseline assessment,  environmental and
management system, monitoring social co-benefit
indicators, assessment of leakage and requirements
permanence, and other indicators
Several other standards N/A
(Gold Standard, Social
Carbon, etc.) do not yet
apply to agricultural
carbon in Africa
Regulated  Clean Development Various methodologies, some of which

Mechanism

include forest regeneration and certain
types of agroforestry

Table 5. GHG mitigation activities in African carbon projects involving farmers (n = 74). Source:
Shames and Scherr, forthcoming.

Mitigation activity

% of projects
implementing this

% of projects
implementing solely

activity this activity
Off-farm land rehabilitation, with benefits to farmers 53 30
On-farm practices, including tree planting, 51 28

agroforestry, and agricultural soil management
REDD, with benefits to farmers

Miscellaneous emission reductions (biodigesters, 9
green charcoal, reducing N,O emissions from

fertilizers)

16

2 AFOLU stands for Agriculture, Forestry, and Other Land Use.
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Early agricultural GHG mitigation projects in Africa often involved simple tree planting, but some of
the more recent projects are combining aboveground and belowground carbon sequestration through
production practices such as agroforestry and conservation agriculture. This trend is supported by the
development of new, more sophisticated methodologies for assessing agricultural carbon, conducting
MRV, and linking carbon sequestration to landscape planning and to larger conservation and rural
development initiatives. At the same time, as the voluntary carbon markets mature, buyers are
demanding more credible verification and assurance of the legitimacy and permanence of carbon
credits. Two case studies in Box 4 illustrate some of these trends.

Box 4: Two Contrasting Examples of African Agricultural Carbon Projects

The Sofala Community Carbon Project in Mozambique and the Western Kenya Smallholder
Agricultural Carbon Finance Project are two agricultural carbon projects engaging smallholder
farmers in a variety of sustainable land management activities. The former was among the first such
projects, while the latter is just now beginning.

Sofala Community Carbon Project, Mozambique

The Sofala project works with smallholders in Mozambique to promote sustainable land management
by generating and selling verifiable emission reductions (VERs). Participating smallholders can
choose from a suite of agroforestry, avoided deforestation, and forest conservation practices. For each
agroforestry or forestry mitigation activity that a producer decides to adopt, a contract is established
with the project developer, Envirotrade. To date, over 1,700 producers have signed nearly 4,500
agroforestry contracts. In addition, the forestry system was adopted on nearly 9,800 ha. These
activities are projected to sequester 2,132,715 tCO,-eq over the project’s calculation period of 99
years. From 2002-2009, the project produced 476,210 tCO,-eq, of which 168,740 tCO,-eq has already
been sold.

The remaining 307,470 tCO,-eq, which are now held by the project developer, and all new VERs
generated after the baseline was established in January 2007, are subject to the Climate, Community,
and Biodiversity Alliance validation by auditor/certifier Rainforest Alliance. Environtrade markets the
carbon offsets generated by the projects, negotiates the sale of the carbon offsets, raises additional
finance where necessary, pays taxes on carbon offset sales, carries out research, and administers and
develops new projects.

The carbon credits themselves are issued through Plan Vivo. One advantage of Plan Vivo for farmers
is that they receive up-front payment for implementation of practices in the first seven years, based on
the anticipated stream of carbon sequestration for the entire 99 year calculation period. This
sequencing of payments helps farmers overcome the up-front investment hurdle of transitioning to
new management practices. The assumption is that the new practices, once implemented, will be more
profitable for farmers and thus economically sustainable for the indefinite future without the need for
continued payments. However, this and other characteristics raise concerns about the legitimacy and
permanence of the credits, and have the potential to negatively affect the marketability of the credits
and the price that they can command.

Western Kenya Smallholder Agricultural Carbon Finance Project

The Western Kenya project also aims to sequester carbon through the adoption of sustainable
agricultural land management (SALM) practices, during the period from 2009-2029. Farmers can
select from six specific land management practices (e.g. tillage, manure additions, agroforestry) in
three cropping systems (coffee, maize, and Napier grass) based on results of successful demonstration
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projects. By adopting these practices, participants can increase yields, earn additional income from
participation in the carbon market, and enhance their resilience to climate change. The project
developer, Swedish Cooperative Center-Vi Agroforestry (SCC-ViA), is promoting adoption on
approximately 45,000 ha. In 2009, over 16,500 households were sensitized and over 8,100 committed
to adopting practices. In 2009, SALM practices were implemented on about 7,000 ha, sequestering
about 10,500 tCO,-eq in the first year. By, 2029 the project is expected to have sequestered 1,236,373
tCO,-eq equivalent, or an average of about 60,000 tCO,-eq per year and about 1.4 tCO,-eq per ha per
year. To increase the assurance for buyers that the credits will remain legitimate and permanent, 60%
of the sequestered volume will be held in reserve by the project developer to act as a contingency
buffer.

The World Bank BioCarbon Fund (BioCF) is both the project investor and the carbon buyer, while
SCC-ViA extension staff provide advice and training on sustainable agricultural production and
marketing. The BioCF will sign Emission Reductions Purchase Agreements with ViA to purchase
carbon credits resulting from the project, and, in turn, seek to sell these credits to various secondary
buyers. The World Bank also facilitates meetings between SCC-ViA, BioCF investors, and carbon
buyers and disseminates project information globally in international forums. One of the challenges of
the project, and other similar ones, is the high cost of MRV (see the next sub-section on financial
viability). The project submitted a SALM methodology and is currently undergoing validation from
the Voluntary Carbon Standard.

The review of agricultural projects in Africa also assessed the role of different actors in these projects.
A key role is that of the project developer or investor—the entity that initiates the project and provides
the initial capital to get it started. As shown in Table 6, a wide range of organizations can play this
role.

Table 6. Project developer/investor types in African carbon projects involving farmers (n = 59).
Source: Shames and Scherr, forthcoming.

Institutional types % of projects developed % of projects in which this
by this type of actor type of actor played a
alone development role

Private carbon developer 20 28

Multi-lateral/bi-lateral donor 19 41

Private business, not primarily carbon 10 15

International environmental NGO 8 24

International development NGO 8 10

Private foundation 0 3

Research institution 0 8

Local/national government 0 2

Local/national company 0 2

The review by Shames and Scherr (forthcoming) and a feasibility study of an African agricultural
carbon facility by Forest Trends and other collaborating organizations (2010) identified several
additional key challenges and trends in the development of African carbon markets that reach
smallholders. Specifically:
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e Such projects can help build institutional capacity for sustainable land management; however,
significant capacity is also a pre-requisite for successful project development, as smallholder
carbon projects almost always require collaboration among farmers and groups of farmers at
multiple scales.

o Similarly, the feasibility of aggregating and marketing carbon credits can be greatly improved
if carbon can be integrated into existing value chains (e.g., for coffee) and supported by
existing extension systems. Developing this infrastructure anew is likely to make carbon
projects prohibitively expensive.

e Distributing carbon finance payments to individual farmers is often a challenge. However, a
variety of innovative approaches have been attempted or proposed to distribute benefits
equitably while minimizing transaction costs. One approach is to use carbon finance revenues
for community-scale projects, such as health care, education, or infrastructure. An alternative
approach is to distribute payments to individuals, but through lower-cost means such as credits
that are issued and redeemed electronically through cell phone infrastructure or other means.

e Asin most payment for ecosystem services projects, one important question is the way in
which payments are allocated. Typically, in smallholder carbon projects in Africa, farmers are
compensated on the basis of practices implemented (e.g., number of trees planted or land
management changes adopted), not on the ex-post measurement of the actual amount of
carbon sequestered on the farm. This approach tends to reduce transaction costs; however, to
be legitimate, the practices must be closely linked to actual carbon sequestration outcomes,
and these outcomes must be measurable through reliable proxies.

Financial Viability of Smallholder Agricultural Carbon Projects in Africa

Even as numerous pilot projects are underway to demonstrate the potential of carbon finance to
support smallholder farmers and other low-income land stewards, questions remain about the financial
viability of such approaches. In reality, the financial viability of many projects to date is difficult to
assess because such projects have tended to be subsidized through donor, government, or NGO
support for initial financing, technical assistance, MRV, research, and other functions. In some cases
(e.g., the World Bank BioCarbon Fund), secondary buyers for carbon credits are sought, but not
always found.

Several studies have assessed the economic potential of CA and related practices for carbon finance. A
recent report by Forest Trends and others (2010) evaluated the economic viability of two agricultural
carbon projects in Kenya: the Western Kenya Smallholder Agriculture Carbon Project (profiled above)
and the Kenya Smallholder Coffee Carbon Project. The study evaluated each project’s transaction and
implementation costs in relation to projected carbon revenues under different price scenarios.
Estimated project implementation costs (including costs for extension workers, project managers, and
MRV) were estimated at $2.39 per hectare per year, based on a project covering 200,000 ha. However,
these estimates may be low because they exclude costs such as vehicles and office costs. The estimates
also assume that MRV will be relatively inexpensive (only $0.50 per hectare per year) because crop
yields will be used as a proxy for soil carbon sequestration. Based on these relatively ambitious
assumptions, the authors estimated a minimum efficient agricultural carbon project size of about
62,500 ha, equivalent to about 100,000 tCO,-eq/yr, and generating about $500,000 per year at a lower-
end price of $5/tCO,-eq and $3 million per year at a higher-end price of $30/tCO,-eq. However, it is
important to note individual sustainable land management initiatives that reduce GHG emissions and
sequester carbon would not need to be this large; it is only the management of the carbon components
of the project that would need to be aggregated at this scale.
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The authors of the Forest Trends report summarize the prospects for agricultural carbon finance in
Africa as follows: “Overall, under present conditions, our assessment suggests that carbon finance
alone will be inadequate to defray the risks and costs of interventions affecting agricultural carbon
stocks at a regional or landscape-scale. The low carbon yields over long periods and the lack of
widely-approved methodologies for appropriate activities, implies that the risks will be high and
returns low initially.” These conclusions about the prospects for agricultural carbon finance are echoed
by Graff-Zivin and Lipper (2008), who found that returns from the sale of carbon credits associated
with soil carbon sequestration on their own are unlikely to increase CA adoption, due to low prices of
emission reduction credits and low annual rates of soil carbon sequestration. Some reasons for the low
carbon revenues accruing to farmers include high transaction costs, long value chains, low carbon
prices, modest sequestration rates per farmer, and the disadvantaged negotiating position of farmers
relative to other supply chain actors.

Perhaps the most notable conclusion from both empirical and modeling work on smallholder
agricultural carbon projects is that the principal benefit of such projects to small farmers is not likely
to be the carbon payments themselves, but rather the implementation of new agricultural practices that
provide higher and more stable yields, as well as increased institutional support and social capital for
community-based adaptation and innovation. In this context, one option is to pool revenues from
agricultural carbon projects to support other adaption-building strategies, such as crop insurance
schemes and local agricultural credit facilities. Many initiatives (including COMESA/TerrAfrica, the
Convention to Combat Desertification, and the BioCarbon Fund Phase 3) have thus begun to
characterize agricultural carbon finance as “sustainable land management + carbon”—in other words,
adding a carbon finance component to existing rural development programs that are effective and
well-targeted in their own right. In such cases, proponents are clear that carbon finance should not
become the “tail that wags the dog.”

This relatively pessimistic assessment of the economic viability of smallholder agriculture carbon
projects may need to be modified, however, if such projects are re-cast as integrated landscape
initiatives in which agricultural plots are managed in concert with other lands that are not under
cultivation in any given year. The carbon stocks represented by such non-cultivated lands—and their
potential for enhancement—is often much greater than the stocks within farm plots themselves. As
illustrated in Figure 5, for example, the sequestration potential associated with avoided deforestation
and degradation (burning) is more than twice that of all of the evaluated plot-scale practices combined.
Soil and residue management (i.e., CA as it is sometimes more narrowly construed) constitute an even
smaller sliver of the total mitigation potential of agricultural landscapes. To move from agricultural
carbon to agricultural landscape management as the biophysical basis for carbon finance projects
requires a broader landscape perspective that formally links sustainable agriculture at the household
and village scale to improved natural resource management (specifically, ecosystem restoration and
reduced degradation) outside of cropped areas. Some mechanisms for doing so are presented below, in
the discussion on Question 3.

Question 5: Synergies and Tradeoffs among Multiple Objectives

This section addresses the question: “What are the key synergies and tradeoffs among climate change
adaptation, climate change mitigation, food security, poverty alleviation, and ecosystem protection?”
Information on the various outcomes of CA and the interactions among these outcomes is provided
above, in the literature review. Given the diversity of CA practices and the range of different
outcomes, there are a multitude of possible synergies and tradeoffs between and among the various
food security, ecosystem conservation, climate change adaptation, and climate change mitigation
objectives. However, in our literature review and interviews, some tradeoffs and synergies emerged
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repeatedly in relation to CA in sub-Saharan Africa. These turn out to be some of the key
considerations for designing effective CA projects, and are discussed further below.

Livestock Management and Competition for Biomass

In many African ecosystems, biomass is a critical limiting resource. Limited water availability and
natural soil fertility constrain primary productivity in native ecosystems, and the extraction of biomass
as a result of crop harvests, firewood collection, or other uses can easily create a situation where
annual biomass removal exceeds replenishment. Management of biomass—particularly crop residues
and mulches—is a critical component of CA and a major constraint to its adoption in many places.
Competing uses of biomass include fodder, cooking fuel, and materials for fencing, roofing, and
handicrafts. In some places, termites consume much of the biomass that humans or livestock do not.
Additionally, residue is perceived as harboring pests and diseases. Farm families burn crop residues
for this reason, or to facilitate land clearing or the hunting of small mammals.

Livestock is an important part of most smallholder farming systems, but the management of grazing
livestock may severely hinder CA adoption in Africa. Crop residues are often an important source of
livestock feed during the dry season, and farmers may not feel that they can afford to leave residues in
the field while their animals go hungry. Where communal land tenure is in place (as it is in many
smallholder regions of Africa), fields often become available for communal grazing following the
harvest. In this instance, farmers cannot choose unilaterally to exclude livestock for the sake of
implementing CA. This decision must be made at the community level, and it is often difficult to
change long-standing laws and customs. Regardless of the tenure system, community-level spatial
management of land and natural resources can help improve compatibility between CA and other
resource uses, including livestock production. Education and support for such community processes
can therefore help support CA.

Derpsch (2008) suggested that one possible solution to the perceived tradeoffs between livestock
raising and the adoption of CA is to plant unpalatable cover crops that livestock will not consume.
However, many farmers have little interest in investing in crops that have no human or livestock
consumption value, but do have tangible costs in terms of seeds and labor (L. Gatere, Cornell
University, pers. comm.). Another solution is to plant fodder trees and shrubs within fields or as part
of CA rotations. Integration of fodder trees to farming systems in Tanzania and Malawi has been
successful, and has improved dairy cattle health. As a result, farming households have improved
family nutrition and are able to generate additional income from selling milk (Chakeredza et al.,
2007). Similarly, ICRAF’s Evergreen Agriculture program is promoting CA that includes nitrogen-
fixing trees and shrubs that will eventually become permanent features on farms, supplying plant
nutrients, mulch, and fodder every year while remaining out of reach of the grazing mouths of free-
range livestock (ICRAF, 2009).

Yield vs. Adaptation: Tradeoff or Straw Man?

There is both theoretical and empirical support for the notion that maximal crop yields are inconsistent
with high levels of system resilience (Darnhofer et al., 2010). The highest-yielding cropping systems
of the United States and Europe are perilously dependent on fossil fuel-derived inputs, banking and
financial systems, global markets, crop subsidies, and other supports, and in many places are
continually depleting the natural capital of topsoils and groundwater aquifers. Conversely, biologically
diverse traditional agroforests and extractive reserves of the tropics are likely to be quite resilient, but
are generally not very productive or profitable (Palm et al., 2005).
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Between these two extremes, however, there is much evidence that both yields and adaptive capacity
can be increased simultaneously. Intercropping, crop rotations, and crop diversification can foster
complementarity of resource use (of soil nutrients, water, labor, etc.), thus boosting aggregate
productivity while decreasing the chance that all will be lost in any given growing season. On poor
soils, agroforestry or tree-based farming systems that produce crops in a park-like setting under the
canopy of high-value trees may actually be more profitable and more resilient than systems focused on
solely on annual crops (Verchot et al., 2007). Maintaining diverse crop species and varieties in rural
communities may entail a small yield penalty—not all varieties will do as well as the top-yielding
variety in a given year—but may provide valuable protection against crop pests, diseases, or climate
change in the future. This protection may ensure that household income never dips below a critical
poverty threshold, although income in the good years may be lower than in a less diversified system.

The message emerging from these examples is not necessarily to avoid the adoption of technologies
such as high-yielding seeds or inorganic fertilizers, but to adopt only those technologies that are
context-appropriate and to do so in conjunction with resource conserving strategies that build natural
capital, which can then be relied upon in the event that the technologies become ineffective or
unaffordable.

Ecosystem Service Markets and Carbon Finance: Co-Benefits or Co-Harms?

As discussed above, carbon sequestration and GHG emissions reductions in agroecosystems are often
fully complementary with a shift toward more productive, resilient, and conservation-friendly
agricultural systems. However, the sale of carbon credits in most cases constitutes a legal agreement to
implement—or refrain from conducting—certain practices or activities, often for an extended period
of time. For example, farmers may agree to plant a certain number of trees and avoid cutting those
trees for a period of years or decades; or they may commit to particular agronomic, livestock
management, or cropping practices. Even if these practices are generally supportive of rural
livelihoods, the contractual nature of the carbon finance arrangement in and of itself limits farmers’
future options. Rural communities in many parts of the world have developed finely-tuned systems for
identifying environmental signals and responding by changing agricultural practices, expanding or
culling livestock herds, migrating, and so forth. It is important that carbon finance projects do not
undermine such traditional and indigenous adaptation strategies.

Thus, where possible, carbon finance arrangements and contracts should be designed with contingency
arrangements or options for farmers in the event that the prescribed practices become untenable due to
future environmental change. Insurance schemes or carbon offsets held in reserve can be used to
ensure that the credits themselves are permanent and legitimate, without locking farmers or
communities into arrangements that may undermine their future livelihoods.

CARE has developed a pro-poor approach to carbon finance that already embodies some of these
concepts, and others that are intended to ensure that any payment for ecosystem services (PES) project
contributes livelihood co-benefits (CARE, 2009b). This approach includes the following principles:

o Poverty reduction benefits of carbon finance should reach poorer households, women, and
other marginalized groups within poor communities.

e Carbon finance schemes should have no negative social impacts, or, where such impacts are
unavoidable, provide effective mitigation measures that achieve a net “do no harm” outcome.

o Benefits should be equitably shared between local, national and international levels.

e Human rights must be respected, protected and secured.
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Timing of Synergies and Tradeoffs

When examining synergies and tradeoffs, the time frame of analysis is all-important: many practices
that would generate synergies in the long term result in short-term tradeoffs. This is true for a wide
range of farm and household decisions, including CA. Without an ability or willingness to invest up-
front capital or labor to overcome short-term tradeoffs, farmers are never able to achieve long-term
synergies, and remain mired in poverty traps. As discussed above, CA is very often an example of this
phenomenon. To implement CA, farmers must initially invest in new machinery, seeds, and possibly
herbicides, and may experience increased initial labor demand. In some cases, benefits may be realized
in the first year, but in other cases, it may take years for synergies to be achieved.

PES (including carbon finance) has been proposed as one way of helping farmers to overcome
investment hurdles to achieve long-term synergies associated with highly-functioning, carbon-rich
agroecosystems. However, it is not always the best strategy to overcome particular sets of short-term
tradeoffs. If major capital investments are required for equipment, infrastructure, seeds, seedings, and
so forth, loans (or donor-funded contributions of these inputs) are often more effective than the smaller
capital streams that PES is likely to generate. If knowledge and human capital are the limiting factors
to adoption of new practices, then these constraints should be specifically targeted through training,
extension, farmer field schools, or similar methods. These points are all fully intuitive, but,
surprisingly, have often been overlooked in recent dialogues about the potential of PES as a
mechanism for supporting poverty alleviation.

Conservation Agriculture for Climate Change Adaptation and Mitigation page 49



Results: Options for Future Program and Policy Action

This chapter addresses Question 3 (opportunities to increase climate change adaptation and mitigation
benefits through CA) and Question 6 (policy options and priorities for supporting CA). These
questions address the three levels at which CARE and WWF may influence the design, effectiveness,
and scale of CA activities in sub-Saharan Africa: 1) through individual projects; 2) through country- or
continent-wide programs or portfolios of activities; and 3) through policy advocacy to influence other
actors within national governments, international organizations or conventions, or donor agencies.

Question 3: Opportunities to Increase Climate Adaptation and
Mitigation Value

This section addresses the question: “How could CARE and WWF modify existing CA approaches
and practices to enhance their value for climate change adaptation and mitigation?” Generalized
principles and recommendations for “climate friendly” agriculture are already available, but offer
limited guidance for project development within specific contexts. This section provides more specific
options and recommendations for the design of CARE and WWF projects and programs involving CA
for climate change adaptation and mitigation. The section begins by reviewing opportunities and
challenges of the existing projects visited in Tanzania and Mozambique. It then integrates this
empirical evidence and lessons learned with other considerations (e.g., funding constraints and
opportunities, political and institutional contexts, carbon market characteristics, etc.) to identify
promising opportunities for project design for to enhance adaptation and mitigation benefits. The final
sub-section presents options for the design of CA programs or portfolios to achieve such benefits over
a larger scale.

Analysis of Existing Projects

The four projects visited for this study reveal many of the key challenges and opportunities for
increasing climate change adaptation and mitigation benefits through CA, in conjunction with long-
term livelihood security and ecosystem conservation. These highlights, challenges, and opportunities
are analyzed below.

HICAP Project (Tanzania): Highlights, Challenges, and Opportunities

The CARE-led Hillside Conservation Agriculture Project (HICAP) seeks to support 4,400 households
in Tanzania’s Uluguru Mountain region to implement CA and associated community development
activities to increase food security while protecting surrounding forests and watersheds. The project
has made substantial progress toward these goals, but local communities remain challenged by
resource governance issues and weak law enforcement.

Project highlights:

e Dramatically higher crop yields (+100-300%) and farmer profits (up to +500%)

o Village savings and loan (VSL) groups support investment in household and small business
development (e.g., water pumps, bicycles, metal roofs, livestock)

e Construction of the Center for Sustainable Living, a regional training and demonstration
facility

o Extension model that combines CARE employees with seconded government extension
workers

e Multi-pronged technology diffusion model through CARE demonstration plots, contact
farmers, and ongoing experimentation by farmer field schools (FFS)

e Increased cooperation between genders due to collaborative structure of VSL and FFS groups
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e Promotion of ripping with “double-digging” for soil preparation increases soil moisture and
reduces weeding labor; the required farm implements are locally manufactured

Key challenges:

Many farmers rent their land, which may inhibit long-term investment

e Burning of the forest understory and other uncultivated areas is rampant, contributing to loss
of carbon stocks and possibly an impairment hydrological functions (e.g., water courses have
dried up, but this link has not been verified by formal study)

o Insufficient social and political capital to enforce laws and address external impacts,
particularly burning

e Annual precipitation is reportedly declining, and the onset of the rainy season is becoming
more erratic
Communities are distant from markets, limiting access to inputs and buyers

e Without a strong institutional partner, it is unclear who will provide continued backstopping
after the project ends

Future opportunities for enhancing project benefits:
e Incorporate small livestock for improved diet and manure production
e Plant fruit trees on steep slopes
e Implement small-scale water harvesting and irrigation
o Further develop the incipient relationship with the local seed company Tanseed to assist
farmers as both producers and consumers of quality seed
Improve market linkages by fostering relationships with nearby input suppliers and buyers
e Support communities to advocate for their interests at the village and district levels, including
for law enforcement to reduce burning and resource extraction from outside pastoralists
e Link CA to reduced degradation of non-cultivated areas (including forest) to generate greater
carbon sequestration benefits

EPWS Project (Tanzania): Highlights, Challenges, and Opportunities

The CARE-led Equitable Payment for Watershed Services (EPWS) project promotes CA,
agroforestry, and farm terracing to help increase food security, reduce erosion, and encourage re-
forestation in a critical sub-catchment in the Uluguru Mountains that contributes to Dar Es Salaam’s
public water supply. Although population density in the valley is relatively low, shifting cultivation of
very steep slopes in recent years had led to severe erosion, sedimentation, and land degradation.
Market linkages were weak, and communities had few opportunities to earn cash income. The project
is promoting the use of CA, farm terracing, agroforestry, and reforestation of very steep slopes to
reduce erosion and focus agriculture in the more suitable and less sensitive lower reaches of the sub-
catchment. Composting, small livestock raising, and other practices are being used to increase soil
fertility and eliminate burning as the standard means of field preparation.

Project highlights:

o Dramatically increased yields following adoption of recommended practices

e Increased water flows in the local tributary as measured by a gauging station

o Local tree nursery is producing seedlings for fertilizer trees and timber trees

o Demonstration of a pilot-scale payment for watershed services (PWS) model in which water
users in the Dar Es Salaam area compensate local land stewards for practices that reduce
erosion and sedimentation

e Introduction and initial adoption of terracing to reduce erosion

o Small livestock enclosures and composting to create organic fertilizers
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o Education of para-professionals to provide training, outreach, and backstopping after the
project formally ends

Key challenges:
Terrace construction exposes mineral soil and may reduce soil fertility in the short term
e Continued ability to monetize ecosystem service values, following the conclusion of the pilot
PWS project, is uncertain
o Annual precipitation is reportedly declining, and the onset of the rainy season is becoming
more erratic
o Market linkages are weak, due in part to poor road access

Future opportunities for enhancing project benefits:

e Incorporate additional CA practices into farming systems, e.g., continuous soil cover and
intercropping

e Scale up successful agronomic practices to further intensify agriculture on permanent plots in
the lower reaches of the watershed

e Promote agroforestry and forest regeneration in the upper half to two-thirds of the catchment
to generate substantial long-term benefits for watershed protection and carbon sequestration
that are easier to measure and market than piecemeal benefits under a shifting cultivation
system

Quirimbas National Park CA Project (Mozambique): Highlights, Challenges, and Opportunities

This WWF project supports sustainable agriculture within Quirimbas National Park to help improve
the viability of sedentary agriculture and thereby minimize pressure to destroy or extract resources
from sensitive habitat areas while also reducing human-wildlife conflict. Overall, 130,000 people live
within the National Park, mostly in villages that were present at the time the park was established,
several years ago. The spatial integration of wildlife habitat, villages, and farm plots has created
problems with human-wildlife conflict that have proven to be quite intractable.

Project highlights:
e Increased production in previously food-insecure communities means that many families now
have enough to eat throughout the year
Successful promotion of mulching and crop residue retention instead of burning fields
Successful promotion of contouring, trenches, and dikes to retain moisture and lessen erosion
Construction of improved post-harvest storage facilities using local materials
Initial success toward efforts to consolidate agriculture into community blocks, as opposed to
dispersed fields that are more vulnerable to wildlife damage
e The project cooperates closely with a local NGO called Kulima, which functions as a strong
field partner
e Implementation of a tiered extension model that includes a strong presence of local extension
agents, demonstration farmers, and contact farmers

Key challenges:
e Protecting crops from wildlife (especially elephants) remains a stubborn problem despite
considerable investment in cultural and technological practices to minimize conflict
e Within the past decade, warmer climate has increased the disease burden, while increasingly
erratic rainfall patterns have led to more frequent crop failures
o Availability of quality seeds is a major constraint, and there is no private sector seed business
in the area
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The initial project was too short to implement the full CA package and supporting practices
Indiscriminate burning of woodlands exacerbates human-wildlife conflict and reduces habitat
value and carbon stocks of uncultivated areas within the National Park

Future opportunities for enhancing project benefits:

Foster local seed multiplication businesses or other sources of certified seeds

Rejuvenation of the local cashew industry for cash income

Compost animal manure for fertilizer

Increase coordination among the several donor-funded projects and the agricultural
demonstration and training center within the National Park

Take advantage of proximity and access to Pemba and Ibo Island to increase market linkages
for agricultural crops, based on an integrated value chain analysis and strategy

Link CA and sustainable livelihoods to REDD to improve the effectiveness of existing REDD
initiatives in the park and support local communities through these initiatives

Re-design the National Park to reduce human-wildlife conflict, improve biodiversity
conservation, and facilitate law enforcement by creating a new spatial plan that designates
separate areas for total protection, resource conservation and use, and agricultural and
community development

Inhambane CA Project (Mozambique): Highlights, Challenges, and Opportunities

This CARE project seeks to raise cr