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Executive Summary

Climate change will exacerbate existing vulnerabilities to land degradation, floods and drought in
Africa and will challenge farmers and communities to make changes to production systems and
protect natural assets. Sustainable land management (SLM) strategies and practices can enable farmers
and communities to become more resilient to climate change by increasing food production, conserving soil
and water, enhancing food security and restoring productive natural resources.

Proven land management practices that allow communities to better adapt to climate change will also
often contribute to mitigate climate change. The greenhouse gas (GHG) mitigation potential of SLM in
agricultural lands is large. Integrated land and water management can prevent land degradation, restore
degraded lands, and reduce the need for further conversion of natural forests and grasslands. Land users can
reduce GHG emissions, and maintain carbon stocks in soil and vegetation at relatively low cost, while also
improving food production and securing diverse livelihoods.

A wide variety of pressures have led to the adoption of unsustainable land management practices in
Sub-Saharan Africa, including continuous cropping, with reductions in fallow and rotations, repetitive tillage
and soil nutrient mining, continuous overstocking, overgrazing, frequent rangeland burning, and over-use or
clearance of woodlands and forest. The impacts of these practices include loss of soil and other natural
resources, changes in natural habitats and ecosystems, reduced ecosystem services such as water infiltration
and loss of agro-biodiversity and wild biodiversity as well as decreases in land productivity leading to poor
harvests and food shortages. Taken together, these impacts result in poorer living conditions and poverty than
could otherwise be the case. Climate change is now further exacerbating these problems.

The goal of this guide is to identify, review and highlight the evidence that demonstrates that SLM
practices can produce win-win-win outcomes in Sub-Saharan Africa. The guide is a tool under the umbrella of
the TerrAfrica Country Support Tool and will help in assisting government, civil society, land managers,
extension workers, local communities and land users alike in implementing strategies to increase the
resilience of their agricultural and natural resource management systems to the on-going and predicted
impacts of climate change.

Of immediate importance to people across Sub-Saharan Africa i from individual smallholders, agro-
pastoralists and pastoralists to national governments i are the opportunities that SLM practices offer in
adaptation to climate change. SLM practices can improve and restore the structure and functioning of often
degraded soil s, increasing the amount of rainfall
and nutrients, and protecting from temperature extremes.

Implementation of any of the crop-related SLM practices identified in this guide could help many
farmers to adapt to conditions with either higher, lower or more variable precipitation across Sub-Saharan
Africa. Similarly, the identified sustainable rangeland management practices will be equally appropriate in
the Sahel, Horn of Africa and the countries of Southern Africa. The choice of the most appropriate SLM
practice (or practices, as many work best in combinations) in a particular situation will be determined by the
local topographic, soil and vegetation conditions and socio-economic context, such as land tenure, farm size
and assets, which may make certain practices locally ill-advised or less feasible. The most beneficial strategy
in most areas of Sub-Saharan Africa is conservation agriculture, ensuring not only continuous soil cover
through direct seeding to protect and restore soil organic carbon (SOC) and promote biotillage, but also
maintenance of appropriate well-planned rotations to maintain and enhance soil fertility.

This guide also demonstrates that many SLM practices can contribute to mitigating climate change in Sub-
Saharan Africa, by sequestering carbon in soils and vegetation, reducing emissions of greenhouse gases
(carbon dioxide, methane and nitrous oxide) and reducing the use of fossil fuel and agrochemicals. SLM
practices identified in this review offer smallholders opportunities to reduce the need for labour-, capital- and
fuel-intensive land preparation and tillage.

Investments to promote wide-scale adoption of SLM practices across crop, pasture and forest lands
should be fine-tuned to the specific agro-e c o sy st e m. l nvest ment can bespo
which are highly degraded, or alternately on high potential production areas that could later experience
greater risks from land degradation. Investments should focus on scaling-up the numerous highly localised
examples of good practice in Sub-Saharan Africa. Successful results will be based on gaining incremental

whi

i 90 i
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improvements in as many of the component parts of the landscape as possible, from forested upland areas to

lowland crop systems, by working with land users on their farms. Taken together, the various natural assets in

a landscape could beseenas an Ainvestment portfoliod that needs t
and maximize sustainable returns.

Recent evidence demonstrates returns on SLM investments (forestry, soil and water conservation,
irrigation) ranging from 12 to 40 percent in East and West Africa (Reij and Steeds, 2003). However, the

incentive mechanisms for change are often poorly understood. It is a vital prerequisite for successful
adaptation and mitigation that land users have enhanced knowledge and understanding of climate change

and how SLM can assist them in coping with its impacts. Ultimately, land users in Sub-Saharan Africa will

make their own choices, based on expected net returns.
understanding of the likely impacts of climate change and existing agriculture and environmental policies.

A key bottleneck to realising the potential of many SLM practices is the availability of financing to catalyze
initial change. Whilst there is much synergy between the range SLM practices in providing co-benefits, the
rate of return may often mean individual small-scale subsistence farmers may not see the short term benefits,
particularly from mitigation. Therefore, public and private investments are vital prerequisites to encourage
farmers to contribute to mitigating climate change through SLM. Private sector investments might include
building small farming enterprises, carbon finance and other forms of payments for environmental services,
whilst public sector investment might cover farmer-to-farmer exchanges, strengthening of extension services
and providing seed funding for land conserving measures, especially those with long paybacks such as
agroforestry and reforestation. This guide accordingly identifies a range of existing public and private financing
mechanisms of varying scale (carbon finance, climate adaptation funds, domestic public spending, ODA, etc)
that can and must be more effectively deployed towards the effort to scale up SLM in Sub-Saharan Africa.

Small-scale subsistence farmers, agro-pastoralists and pastoralists of Sub-Saharan Africa must be
acknowledged as important custodians of the environment, who require the tools and knowledge to
manage their natural resources and agro-ecosystems in the face of climate change. External help and
encouragement is required immediately to assist them to adapt their traditional management practices and
learn new approaches to build resilience to increasing climate variability and climate change, using SLM
practices which can protect or restore ecosystem services, increase yields, and reduce climate risks.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE S
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Introduction

1.1 Background and Purpose of the Guide

Alt's much harder to farm now than when | was youn:
and tobacco to sell, and vegetables, but the rains are affecting everything. We

never had to apply fertilizer then, but now we do, and still we do not get as much

from our crops as we used to. We are learning to grow different crops and to

compost, but it''"s not enougho.

It is widely understood that land degradation is reducing the productive capacities of cropland, rangeland and
woodland during a time of rising demand for food, fibre, fuel, freshwater, fodder, household energy and
income. This is particularly alarming in Africa, where land is the key asset of the rural poor (FAO, 2009).
AWhet her the problem i s e xgiucedsater dvailabdity, ®rgpoot yieldsron tireml sod, st | 0 ¢
such impoverishment of the land is being driven by inefficient or unsustainable land management practices,
and inappropriate or competing land uses. Human activities are compromising natural processes and this
dynamic is being further amplified by increasing climate variability. Crop and livestock yields in sub-Saharan
Africa are already the lowest in the world, placing a 0.5 percent to 9 percent drag on agricultural gross
domestic product, while deforestation proceeds at the highest rate in the world. As pointed out by the
I ntergovernment al Panel on Climate Change (1 PCC), suctk
vul nerable areas to the adv@idse i mpacts of climate chai

The goal of this guide is to identify, review and highlight evidence demonstrating that sustainable land
management (SLM) practices not only contribute to restoring ecosystem functions, but can also contribute
significantly to adaptation to and mitigation of climate change in the context of Sub-Saharan Africa.

The guide is informed by reliable scientific studies, including results of field monitoring and long-term
experi ments. | twi fndc useecsh nond ofgwiers t hat dearvbenefitsunitarmsmpmfi e s h @
coping with climate change and restoring or maintaining ecosystem functions and services, including
productivity and, thereby, contributing to sustainable livelihoods and rural development.

At the national level, this guide will complement the TerrAfrica Country Support Tool (FAO, 2009) by helping
to identify the best-bet technologies (particularly agronomic practices and vegetative measures) for croplands
(3.1), pasture and rangelands (3.2), livestock management (3.3), forests (3.4), rainwater management (3.5)
and conservation and restoration of agro-biodiversity and habitats (3.6). The guide will be a practical tool for
use by national or local governments, civil society groups and private sector organisations assisting individual
land users and communities in Sub-Saharan Africa to increase the resilience of their agricultural and natural
resource management systems to the predicted impacts of climate change.

The guide outlines options that will reduce vulnerability to climate change through the adoption of relatively
inexpensive changes in crop, land and livestock management. It is self-evident that adaptation to climate
change is vital. To that end, the guide aims to direct agricultural and natural resource management advisors,
planners and decision-makers in helping land users and managers to adapt their practices to confront the
problems due to climate change, which are exacerbating existing challenges (inter alia land degradation,
biodiversity loss, food insecurity and poverty).

The guide also addresses the significant opportunities for climate mitigation within Sub-Saharan Africa. Whilst
the mitigation of climate change may seem less relevant to most regional land users, given that small holders,
agro-pastoralists and pastoralists contribute little to greenhouse gas emissions (GHGSs), this view does not
reflect the scale of the aggregated GHG footprint of the rural sector nor the significant opportunity that exists
for abatement and carbon sequestration within this sector. These combined effects are significant and
deserve due attention, as do the impacts of large mechanised farms, plantations and the growing number of
intensive livestock units, which contribute GHGs to the atmosphere through fuel emissions (from machinery
and to produce agrochemicals), methane from livestock and both methane and nitrous oxide from arable
systems and the draining of wetlands. Conversely, the adoption of SLM practices has the potential to

! The words of Denis James, a smallholder farmer with a family of 10, living in the village of Kholongo in central MalawanFrom
arti cl ey Mogemdee geopde will start eating wild roéts, UK6s Guar di an newspaper, Octobel
draft of the TerrAfrica Vision Paper.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE
CLIMATE CHANGE IN SUB-SAHARAN AFRICA



TERRAFRICA

REGIONAL SUSTAINABLE LAND MANAGEMENT

significantly reduce agricultural emissions and sequester carbon as an offset against emissions in other
sectors. This guide accordingly provides a review of current and potential financing mechanisms (such as the
Clean Development Mechanism and voluntary carbon markets) to catalyse the use of adaptive SLM practices.

The guide is an initiative of the TerrAfrica Partnership and was financed by the Development Grant Facility

2008 as part of the 2008 Terr Africa work program. Terr
Sub-Saharan Africa. Learning from past experiences, TerrAfrica endorses the principles of partnership,

knowledge management and harmonized, aligned and scaled-up investment at the country level. It directly

supports the land management related goals of Sub-Sahar an countri es, the New Pa
Deve |l opment ( NEPAD) 6s Comprehensive Africa Agricultural
NEPADO6s Environment Action Plan (EAP) Program Area 6.

This report is linked to the comprehensive Resource Guide on SLM Practice, a TerrAfrica partnership product
being prepared by FAO and WOCAT (WOCAT, in prep.). This guide is also part of a broader climate change
program, The Implications of Climate Change for Sustainable Land Management: An Operational Perspective
for Sub-Saharan Africa, and more specifically Pillar One of this program, which focuses on data collection and
analysis. The WOCAT report (ibid.) will provide additional technical guidance and quantitative information
(such as costs and benefits) on a broad range of SLM technologies and approaches as well as information on
promising upscaling strategies.

1.2 Methodology Used

The guide has been prepared by reviewing the comprehensive range of available information sources,
including the websites of key organisations (inter alia World Bank, IPCC, ICRAF, ILRI, ICRISAT, CIFOR, IIED,
FAO and AIACC). Recently published books and i where widely accessible i academic papers have also
been reviewed for relevant information. This work was completed in close collaboration with the FAO
TerrAfrica Manager and other professional staff of FAO, the World Bank and WOCAT. It has been validated
by FAO, WOCAT, the World Bank and the International Food Policy Research Institute (IFPRI).

The analysis has focused on information concerning SLM in its broadest sense, including a diverse range of
approaches to arable land management including home gardens, complex cropping/agroforestry systems,
rangeland, grasslands, forests/woodlands and wetlands. It has also covered the roles of improved genetic
complexity, rainwater/watershed management, integrated crop-livestock and livestock management. In
addition, the beneficial effects of judicious fertiliser management and limiting the use of fire in rangeland and
forest management are included, as these are realistic SLM goals for land users in Sub-Saharan Africa.

The analysis has additionally included a review of the available information on the contribution of SLM to
climate change mitigation and/or adaptation (inter alia soil organic carbon (SOC) sequestration, increasing
vegetation cover/crop yields and improving soil structure and function). This includes information from papers
and reports that reference a range of topics pertinent to climate change mitigation and adaptation but do not
specifically make this connection (inter alia reference to carbon sequestration, reduction in the range of
GHGs, integrated plant and pest management, reduction in the use of/alternatives to the use of
agrochemicals and practices that reduce on-farm use of fossil fuels).

Finally, a specific section has been devoted to outlining the financing mechanisms that are available to
catalyse scaling up of SLM practices.

Finding any reliable information on the costs of establishing SLM practices and of ongoing maintenance as
well as subsequent improvements in livelihoods and cash income has been very difficult. What data does
exist is also problematic. Figures have been found for establishment and maintenance of certain practices in a
number of countries, but these show a wide variation. This was predictable, given the huge range of agro-
ecosystems involved and the variation in the original condition of the land in each system. In some instances,
publications stated that establishment was at no-cost, which often actually meant that the cost was human
labour, perhaps at a time when not needed for other tasks. It is important to note that there are wide
differences in costs of labour and materials across individual countries. Despite this virtually all evidence
shows that land users find it profitable to adopt SLM practices.

Gaps in available information have been identified during the compilation of the results, which may be used in
identifying and prioritizing future research.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE 10
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Challenges of Sustainable Land Management
and Climate Change n Sub-Saharan Africa

2.1 Sustainable Land Management in Sub-Saharan Africa

2.1.1 Background and Definition

Sustainable land management, as defined by the TerrAfrica partnership (2005), is the adoption of land use
systems that, through appropriate management practices, enables land users to maximize the economic and
social benefits from the land while maintaining or enhancing the ecological support functions of the land
resources (FAO, 2009).

SLM is the key entry point for improving land resource resilience and productivity within the context of the
potentially devastating effects of climate change in Sub-Saharan Africa, bridging the needs of agriculture and
environment, with the twin objectives of:

1 Maintaining long term productivity and ecosystem functions (land, water, biodiversity); and

1 Increasing productivity (quality, quantity and diversity) of goods and services (including safe and
healthy food).

Land refers to cropland, range, pasture, forest and woodlands. Land is defined by the UN Convention to
Combat Desertification as the terrestrial biologically productive system that comprises soil, vegetation, other
biota and the ecological and hydrological processes that operate within the system.

Within the sphere of agriculture, SLM includes the maintenance over time of soil productivity. This requires
the combination of soil fertility treatment (perhaps including application of mineral and organic fertilizers) with
soil and water conservation measures (implementation of agronomic, soil management and physical
measures, such as contour ridging, terracing, tied ridges or providing ground cover through mulching, use of
plants and leaving crop residues).

SLM will prioritise different elements of this combination depending on the terrain, ecosystem, climate and
land use that determine the potential forms of degradation. It will always encompass all elements of farming i
small and large livestock, commercial and subsistence crops and agroforestry i which impact on the
ecosystem.

Within the sphere of natural resources management, SLM is the maintenance over time of the productivity
and ecological integrity of rural landscapes, including forest, water and wildlife resources. SLM practices aim
to deliver a range of public goods, which include the rehabilitation of degraded production landscapes,
protection of watershed functions, expansion of carbon pools, prevention of forest degradation and depletion,
systematic replanting of felled trees and biodiversity conservation in production landscapes. Measures to
ensure SLM of forests could include the creation of forest reserves with managed access, prevention of bush
fires, woodlots, logging and harvesting permits accompanied by replanting as well as forest management
regulations and legislation.

2.1.2 Status and Trends of Land Degradation

Land degradation is both a source and a result of climate change as well as a constraint to adapting
production to climate variability. A UNCCD definition refers to land degradation as the reduction or loss of the
biological or economic productivity and complexity of land, resulting from land uses or from a process or
combination of processes, including processes arising from human activities and habitation patterns. These
include long-term loss of natural vegetation, soil erosion caused by wind and/or water as well as the
deterioration of the physical, chemical, biological or economic properties of soil.

The GLASOD project (FAO, 2007c; Oldeman, 1994) was the first comprehensive effort to map land
degradation globally using standardized criteria and expert judgment. The effort revealed that by 1990 some
20 percent of Sub-Saharan Africa was affected by slight to extreme land degradation. The Land Degradation
Assessment in the Drylands (LADA) program of GEF/UNEP/FAO is currently preparing a map that
demonstrates degradation based on net primary productivity and rain use efficiency, which will provide more
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objective and monitored data related to land degradation. Preliminary results indicate land degradation affects
across 15 percent of Sub-Sahar an countries over the last 25 ye
those identified in the GLASOD approach. The UNCCD (2009) states that worldwide, 38 percent of cropland
and 73 percent of rangelands are degraded. A further statistic that clearly demonstrates the current
unsustainable condition of the land is the average annual rate of soil formation in Africa, South America and
Asia - just 1 t/ha yr'l'. This contrasts sharply with the average rate of soil loss through erosion - 30-40 t/ha yr'l
(ibid.).

Land degradation is clearly a cause for concern. It puts the productive potential and general well being of
communities at risk because it results in a significant reduction in economic, social and ecological benefits of
land for crop, livestock and tree production purposes. Land degradation also has important implications for
climate change mitigation and adaptation, given that the loss of biomass and soil organic matter releases
carbon into the atmosphere. The consequences of continuing land degradation are severe, with
repercussions not only for the welfare of individual rural households, but also at the community, district,
national, sub-regional, regional and global levels.

2.1.3 SLM Approach

Recognizing that there is no single fAmiracle sol
productivity, selection of the appropriate SLM technologies and approaches for a particular area will be
determined by the:

9 Qualities and characteristics of the local land resources;
1 SLM requirements of the land use to be pursued; and
9 Socio-economic context and priorities of the land users.

To achieve its twin objectivesz, SLM should be implemented across the wide production landscapes of Sub-
Saharan Africa. However, this can only realistically be achieved by gaining incremental improvements within
farming systems by applying SLM technologies and practices to the many components of production
landscapes (home gardens, arable fields, forests, woodlots, rangelands, irrigated lands) on the continent. This
will result in: (i) improved plant management; (ii) improved soil and nutrient management; (iii) improved
rainwater management; (iv) reduced GHG emissions; and (v) reduced vulnerability to storms, floods and
drought. There will be synergistic benefits from combining many of these, which can be expected to lead to
greater productivity and environmental benefits than could be achieved with each one on a purely incremental
basis.

Full details of the menu of potential SLM practices will be provided in the parallel study (WOCAT, in prep.).

2.2 Climate Change in Sub-Saharan Africa

2.2.1 Background and Definitions

Climate variability is defined by the |1 PCC ( 20({ssch
as standard deviations, the occurrence of extremes, etc) of the climate on all temporal and spatial scales
beyond that of individual weather events. Variability may be due to natural internal processes within the
climate system (internal variability), or to variations in natural or anthropogenic external forcing (external
variability).o

The United Nations Framework Convention on Climate Change (UNFCCC), in Article 1, defines climate

ar s

uti on

change as fia change of cl i mat e eothhtdo bumaniastivityathat altérd thet e d

composition of the global atmosphere and which is, in addition to natural climate variability, observed over
comparable time periods. o

2.2.2 Trends and Predictions: Current Scientific Understanding

The historical climate record for Africa shows warming of approximately 0.7°C over most of the continent
during the 20" century, a decrease in precipitation over large portions of the Sahel and an increase in

2 See twin objectives defined in section 2.1.1
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precipitation in east central Africa (Desanker, 2002). Droughts and floods have increased in frequency and
severity across all of Africa, but particularly in the south and east.

These warming trends and changes in precipitation patterns are expected to increase more rapidly and be
accompanied by a rise in sea level and an increase in the frequency of extreme weather events such as
droughts, floods (Desanker, 2002) and storms.

Predictions of the magnitude of changes in temperature and precipitation are subject to considerable
uncertainties, but scenarios for Africa indicate future warming across the continent ranging from 0.2°C per
decade to more than 0.5°C per decade (Hulme et al, 2001; Desanker and Magadza, 2001). This warming will
be greatest over the interior of semiarid margins of the Sahara and central southern Africa, with the median
projected additional increase in average annual temperature in comparison to present day conditions likely to
reach between 3°C to 4 °C by 2100 (Desanker and Magadza, 2001).

The existing precipitation gradient from the tropics to the subtropics will also increase. Predictions indicate
that humid ecosystems, which already receive substantial precipitation, will receive higher and more intense
precipitation, while arid, dry sub-humid and sub-humid ecosystems that receive only sparse precipitation
today are likely to experience even less rain over time (Washington, 2008 and Annex 1). It is vital that caution
is taken in considering the impacts of increased precipitation in some parts of Africa (e.g. parts of Kenya), as
this does not necessarily mean that more water will be available (for agriculture and wider ecosystem
functioning) given that enhanced evaporation rates due to increases in temperature are likely to offset
precipitation gains.

A study on the specific impacts of climate change on agriculture in developing countries showed that in
aggregate, African countries will be left worse-off. Indeed, the study noted that areas that are currently
marginal could find themselves unsuitable for agriculture in the future (FAO, 2007a).

2.2.3 Impacts, Vulnerability and Responses on the Land Resource, Economies and the Rural
Poor

Impacts

Sub-Saharan Africa is uniquely vulnerable to climate change because it already suffers from high
temperatures, less predictable precipitation and substantially greater environmental stresses than other
continents (IPCC, 2001b and 2007b). Africa also shares with other developing countries the fact of being
fespecially wvul ner abl ese ¢fdheircgeographit exposute alowgircombseandagreater
reliance on climate sensitive sectors such as agricult

The increased concentration of greenhouse gases in the atmosphere are causing disruptions in climate
systems and the broad impacts can be divided into two main groups (see Table 1).

Table 1 - The Impacts of Climate Change (from FAO, 2007a)

The Impacts of Climate Change
Biophysical Socio-economic

U Physiological effects on crops, pasture, forests and U Decline in yields and production (exacerbating

livestock (quantity, quality); food insecurity);
U Changes in land, soil and water resources (quantity, | 0 Reduced marginal GDP from agriculture;

quality); U Fluctuations in world market prices;
U Increased weed and pest challenges; U Changes in geographical distribution of trade
U  Shifts in spatial and temporal distribution of impacts; regimes;
U Sea level rise, changes to ocean salinity; and U Increased number of people at risk of hunger
U Seatemperature rise causing fish to inhabit different and food insecurity; and

geographical ranges. U Migration and civil unrest.

The degree to which a particular farm, locality, agro-ecosystem, country or region in Sub-Saharan Africa will
be affected by climate change depends on a range of local, regional and global scale factors (FAO, 2007a)
including the magnitude of the change, probability of the change, rate of change, duration of the change and
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tolerance and capacity characteristics of the system (ability to adapt). Owing to the multiplicity of
geographical, environmental, social and economic conditions across the continent, an effect may bring
positive consequences to one social group but negative to another.

Changes in plants

All plant species will experience metabolic and physiologic changes as a consequence of climate change,
although impacts will differ according to specific plant species. These changes will occur in both the short-
term (changes in productivity and evapotranspiration) and long-term (modifications of nutrient reservoirs and
new plant communities adapted to the new conditions).

Changes in soils

Climate change will have profound effects on soils. Overall, plant productivity is predicted to increase as a
consequence of rising carbon dioxide (CO, concentration and temperature® will lead to an increase in the
volume of residue available for incorporation into the soil. However, the increased availability of plant residues
will not necessarily increase SOC (see 2.3.1), as that is based on a balance between inputs and losses. The
increased temperatures will accelerate decomposition of the carbon already stored in soils through increased
mineralization of SOC (Kirschbaum, 1995, FAO, 2001, FAO, 2004). It is widely predicted that, without
concerted efforts, global warming will cause such soil stocks to decline overall.

Changes at the ecosystem level

The combination of mean precipitation and temperature significantly influences the type of ecosystem that can
develop in an area. A change in these variables will lead to changes in ecosystems, their composition (flora
and fauna) and ability to adapt to the new conditions. The changes will include:

>

Changes in the location of areas suitable for the growth of certain species (shift or disappearance of
some productive systems);

Increases or decreases in the production of timber and non-woody forest product;

Changes in the types and incidence of pests and diseases affecting tree and plant species;

Altered ecosystem functions (biochemical cycles);

Increased or decreased nutrient retention;

Changes in speciesd reproductive cycles; and
Changes in the value of a system as a tourist attraction.

> >y D >

Vulnerability

A number of Sub-Saharan countries already face climatic conditions that make agriculture challenging.
Climate change is likely to reduce the length of growing seasons, particularly in certain parts of the continent,
(Thornton, 2006) and at worst may force large regions of marginal agriculture out of production (IPCC,
2007b). Projected reductions in crop yields in some countries could be as much as 50 percent by 2020. Crop
net revenues could fall by as much as 90 percent by 2100, with small-scale farmers being the most affected.
This will inevitably adversely affect food security.

Responses

The main institutional response to the problem of climate change has been the establishment of the UNFCCC,
which has indentified two courses of action i mitigation and adaptation.

Mitigation refers to a human intervention to reduce the "sources" of GHGs or enhance the "sinks" that remove
carbon dioxide from the atmosphere.

Although the use of fossil fuels 1 largely blamed for driving human-induced climate change i is concentrated
in developed countries, developing countries are increasingly being recognized as able to contribute to the
mitigation of climate change, through changes to those agricultural systems that currently have large
environmental footprints. A recent report (Bryan et al, 2008) n o t petentiat for anttigatfon threugh
agriculture in the African region is estimated at 17 percent of the global total and the economic potential (i.e.
considering carbon prices) is estimated at 10 percent

Adaptation refers to adjustments in human and natural systems to respond to actual or expected climate
change impacts (IPCC, 2008).

3 |f water is no@ limiting factor.
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Most ecological and social systems have a measure of in-built adaptation capacity (which has become known

as flaut onomo us Hoaaler,pthe acurierd mapid rate of climate change is imposing new and
potentially overwhelming pressures on the existing adaptation capacity of Sub-Saharan Africa land users. In
contrast to autonomous adaptation, i p pobcy optods orespopse at i o n
strategies, often multi-sectoral in nature, aimed at altering the adaptive capacity of the agricultural system or

facilitating specific adaptations. This guide aims to support autonomous adaptation and guide planned
adaptation.

Climate change will not only have negative impacts. Indeed, in certain areas, growing seasons may lengthen
with better rains, while increasing temperatures could deliver increased crop, livestock and fishery yields
(Nkomo, 2006). Therefore, climate change adaptation strategies must both reduce the negative impacts and
capitalize on the positive aspects of changes.

One aspect of climate change that is of particular concern is not the shift in long-term average climate, but
rather the increased frequency and magnitude of climatic extremes. Isolated cases of drought have been
dealt with quite successfully in the past either at the household level or through well established social
networks. Climate change is eroding these coping mechanisms by causing climatic extremes with a frequency
and intensity that do not give the affected people enough time to recover.

Climate change in the 21°% century is bringing a new set of weather patterns and extremes that are well
beyond what Sub-Saharan communities are capable of dealing with, especially when coupled with the many
non-climate constraints that undermine the adaptive capacity of these communities. External help and advice
is necessary to rebuild or enhance the ecological resilience of rural communities.

2.3 SLM and Climate Change Linkages (the Scientific Background)

2.3.1 Carbon Stores in Land

Definition 7 to sequester means to isolate or hide away.

Carbon is sequestered when it moves from the atmosphere, where it is held mainly as the major greenhouse

gas CO,, to a more stable form. It can be sequestered both above and below ground i as vegetation, plant

litter and in soils (see Figure 1). Wi t hin these fAstocks, o carbon is held

l engths of time (fAresidence timeso). It can be held f ol
a longer term in perennials and trees above ground, small to large roots below ground, unstable to stable

forms of organic carbon, gases and inorganic forms in soil. Figure 1 shows how carbon cycles between the

various pools.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE 15
CLIMATE CHANGE IN SUB-SAHARAN AFRICA



REGIONAL SUSTAINABLE LAND MANAGEMENT

MTERRAFRICA

Figure 17 The Carbon Cycle (FAO, 2007¢)
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2.3.2. Plants

All types of plants absorb CO, from the atmosphere through photosynthesis and sequester it in their biomass
(see Figure 1). The amount of carbon stored is directly linked to the biomass, thus varies considerably
between annuals (including crops such as maize and sorghum) through perennials to trees. Particularly
because of their much greater biomass, forests are widely recognized as playing a critical role in protecting
the Earth from climate change and regulating climate patterns. Trees i their trunks, branches and leave and
needles i absorb and store enormous amounts of CO,. Thus, trees are generally considered better stores of

carbon than other types of vegetation as they hold car

il eakage. 0O

2.3.3 Soils

Soil is a living medium that houses a rich and vital micro-f auna and f 1l or a. I't is the | a

but it is also a finite and often fragile resource, which not only provides plants with nutrients and water, but
also plays a critical role as a filter and buffer mechanism in protecting water supplies and the food chain from
potential pollutants.

Mitigation
Soils are the | argest carbon reservoir of the ter
(see Figure 1). The total amount of carbon stored in soils is estimated to be within the range 1,100 to 1,600

billion tons (Sundquist, 1993), which is more than twice the carbon in living vegetation (560 billion tons) or in
the atmosphere (750 billion tons).

The amount of carbon stored in soils is not static but rather in dynamic equilibrium i a balance between the
input of plant material (from photosynthesis) and losses (due to decomposition, respiration and mineralization
processes). Conversion of natural systems to cultivated agriculture results in losses of between 20 and 50
percent of pre-cultivation SOC stocks in the first metre. In the context of Sub-Saharan Africa, this translate of

restr
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significant carbon storage capacity in agricultural land (FAO, 2007b) if SLM practices can contribute to
reversing this loss® .

A recently published review of the literature quantifying the impact of land use changes on SOC analysed the
data following land use changes from 74 publications (Table 2).

Table 21 Change in SOC Following Land Use Change (Guo and Gifford, 2002)

Land Use Percent change in SOC
Before After

pasture plantation -10
native forest plantation -13
native forest crop -42
pasture crop -59
native forest pasture +8

crop pasture +19
crop plantation +18
crop secondary forest +53

Wherever a land use change decreased SOC (see Table 2), for example native forest to crop (-42 percent),
the reverse will increase SOC by a comparable but not equal amount. The totals and rates of change in SOC
will depend on the soil type, texture and structure, precipitation, temperature, farming system, specific crops
and trees grown and land management. Rates range from 0 to 150 kg C/ha yr™ in dry and warm regions and
100 to 1000 kg C/ha yr™* in humid and cool climates (Lal, 2004a). Providing environmental conditions remain
similar, SOC content is likely to reach its maximum five to 20 years after adoption of beneficial SLM practices
and remain constant.

iThe most significant activity that can be i mpl eme]

mitigate climate change in Africais to increase the amount of biologically

seqguestered carbon in biomass and soil organi c mat f
Adaptation

Implementing SLM practices that increase carbon sequestration in soils will contribute to adaptation to climate
change. Increasing SOC is well known for its multiple benefits for the soil (Lal, 2004a), including: (i) enhancing
fertility through nutrient retention; (ii) increasing rainfall infiltration rates; (iii) increasing water holding capacity;
and (iv) improved conditions for soil fauna and related macro-pores such as earthworms, termites and root
channels to serve as drainage channels for excess water. Thus, stabilizing a much improved soil structure
increases fAithe resilience of the |l and. o

The surface mulch or plant cover established under several SLM practices will also protect the soil from
excess temperatures and evaporation losses. In addition, reducing crop water requirements by up to 30
percent could prove critical in many Sub-Saharan countries with climate change (FAO, 2007a).

4 See the recent global s@iirbongap mapvww.fao.org
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2.3.4 Greenhouse Gases

Carbon dioxide is not the only GHG that is affected by land management and should be taken into account
when considering the positive and negative impacts of SLM practices for mitigation. Land use change and
land management practices also affect the net emissions of the trace gases methane and nitrous oxide, which
substantially alter the overall GHG balance of the atmosphere (Smith and Conen, 2004). Below is a summary
of the key facts on each gas.

Carbon Dioxide (CO,)

0 The direct warming impact is highest for CO, simply because its concentration and the emitted quantities
are much higher than that of other gases;

U CO; has a variable atmospheric lifetime, which cannot be specified precisely; and

U CO, is defined to have a global warming potential i that is the measure of how much a given mass of
greenhouse gas is estimated to contribute to global warming i over all time periods as equivalent to 1.

Methane (CH,)

U CHy,is the second most important greenhouse gas;

U Once emitted, methane remains in the atmosphere for approximately 12 + 3 years;

i CH4has a GWP of 62 over 20 years, 23 over 100 years and seven over 500 years;

U Atmospheric concentrations of CH,; have increased by about 150 percent since pre-industrial times,
although the rate of increase has been declining recently;

U CH, is emitted from a variety of natural and human-influenced sources (landfill sites, natural gas and
petroleum systems, coal mining, stationary and mobile combustion, wastewater treatment, certain
industrial process and agricultural activities); and

U The IPCC has estimated that slightly more than half of the current CH,; flux to the atmosphere is
anthropogenic (IPCC, 2001b).

Nitrous Oxide (N,O)

U NyO is present in the atmosphere in extremely small amounts but has a GWP of 296 over 100 years (i.e.,
it is 296 times more effective than carbon dioxide in trapping heat);

U N,O has a very long atmospheric lifetime (114 years);

U Nitrogen is essential to plant and animal life but only a limited number of processes, such as lightning or
fixation by Rhizobia (bacteria), can convert it into a reactive form for direct use by plants and animals
(Galloway, 2003); and

U The Haber-Bosch process has, since the 1930s, provided a solution to a global shortage of nitrogen.
Using extremely high pressures, plus a catalyst, it has become the primary procedure responsible for the
production of artificial soi l fertilizer. Rougshly 1
fertiliser - if this could be reduced by adopting SLM practices, it can bring enormous climate change
benefits (Smith et al, 2007).

2.3.5 SLM to Mitigate Climate Change

Human activities have increased the atmospheric concentration of CO, by 31 percent since 1750 (Lal, 2004b).
Of prime importance has been the conversion of natural systems to cultivated agriculture, which results in
losses of between 20 and 50 percent of pre-cultivation SOC stocks in the surface metre of soil (FAO, 2007b).
SOC stocks have then been further reduced by soil degradation through inappropriate practices (e.g. burning
rangeland and crop residues, repetitive tillage and use of fertilizers without restoring soil organic matter). Most
current mechanized agricultural practices use significant quantities of fossil fuels as a source of energy for on-
farm activities (see Table 3) and yet more in food processing, packaging and transportation.

Table 3 - Carbon Emissions from Tillage Operations (source Lal, 2004a)

Tillage Operation Carbon Emissions

Moldboard ploughing 0.015t C/ha

Chisel ploughing and heavy tandem disking | 0.008 t C/ha

Light tandem disking 0.006 t C/ha
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Subsoiling 0.011tC/ha
Cultivation 0.004 t C/ha
Rotary hoeing 0.002 t C/ha

The agriculture sector accounts for about 60 percent of all nitrous oxide (mainly from fertiliser use/misuse and
manure) and about 50 percent of methane (emitted mainly from natural and cultivated wetlands and enteric
fermentation). Alarmingly, methane and nitrous oxide emissions are projected to increase by a further 35 to 60
percent by 2030, driven by growing nitrogen fertilizer use and increased livestock production in response to
growing demand for food (FAO, 2008b).

The adoption of restorative land use systems through SLM practices has the potential to reduce the rate of
enrichment of atmospheric CO, and other GHGs and to increase the sequestration of carbon. The global
potential of SOC sequestration through adoption of SLM practices is 0.9+0.3 Pg C/year, which would offset a
guarter to one-third of the annual increase in atmospheric CO, due to human activities, estimated at 3.3 Pg
Clyr.

2.3.6 SLM to Adapt to Climate Change

AfAgricul ture contributes to devel opmeood as an
and as a provider of environmental services, making the sector a unique

econ

instrument for development. o6 (World Bank, 2007)

Agriculture can only fulfil its potential in the 21° century if it can adapt to predicted climate change and the
increasing frequency of extreme weather events.

Many SLM practices can contribute to making farming systems of the rural poor in Sub-Saharan countries
more resilient to the adverse impacts of climate change. Successful adaptation will involve:

A Increasing the environmental literacy of land users (including dispelling the many myths of the causes
of climate change);

A Helping people to understand the short, medium and long-term implications of climate change and
how they can alter or change their agricultural practices; and

A Traditional knowledge but also encouraging land users to embrace new SLM technologies, where the
traditional cannot encompass the required changes.

Many SLM practices can also contribute to making large scale commercial farming systems more sustainable
and resilient to climate change. This necessitates working with private sector suppliers to make available
adapted equipment and inputs, such as direct seeding equipment and drip irrigation technologies instead of
ploughs and sprinkler/furrow irrigation systems, or seeds/germplasm of drought resilient crop varieties and
cover crops. Training and cost-benefit analysis with large-scale farmers will also be required to encourage
them to shift to improved practices (inter alia conservation agriculture, reduced traffic, precision agriculture
and organic agriculture).
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The Potential of Sustainable Land
Management Practices for Climate Change
Mitigation and Adaptation

3.1 Crop Management and Climate Change

The SLM practices in this section can be used individually 7 or better yet in combination i to gain the benefits
of synergies in cropping systems.

3.1.1 Mulching and Crop Residues

Background and Description

Plant residues provide a renewable resource for incorporation into SOC. In a natural ecosystem at steady-
state or equilibrium, the production of plant residues will be balanced by the return of dead plant material to
the soil. In agricultural systems, however, as plants are harvested, only about 20 percent of production will be
accumulated into the soil as organic matter. In cool climates, below-ground carbon inputs from roots alone
can generally maintain SOC levels. In warmer or semi-arid regions, where residues decompose more swiftly
and especially when continuous cropping is practised in such areas, failure to return above-ground plant
residue will inevitably lead to a reduction in SOC.

Evidence of Role in Mitigation and Adaptation

Both the quality and quantity of plant residues are important factors that determine the amount of carbon
eventually stored in a soil (for mitigation and adaptation). The quantity is highly dependent on environmental
conditions and agricultural practices, but the differences between crops can be great. Cereals are better than
legumes at sequestering carbon (a cereal crop adds 2-3 times more carbon annually). Subsequently, the
chemical composition of the plant residues affects their rate of decomposition. (A high concentration of lignin
and other structural carbohydrates together with a high carbon to nitrogen ratio mean cereals have a lower
rate of decomposition than legumes, which have low carbon to nitrogen ratios). This means that the choice of
crop i in terms of species and variety i can have a major influence on how much SOC an agricultural system
can sequester.

Use of mulch and other crop residues contributes to adaptation in situations where precipitation is erratic and

of higher intensityi a s thefplant biomass absorbs the energy of falling raindrops allowing rainwater to gently

flow to the soil surface where it i nfiltr cetak 499l).Mnt o s oi
areas of erratic and low rain fall coupled with increasing temperatures, crop residues will protect the sail,

reducing the soil temperature and, hence, water loss due to evaporation, both important factors for optimum

for plant growth.

Other Environmental Benefits

Retaining crop residues will reduce the amount and speed of rainwater running off croplands (from between
plants during the growing season, also after harvest) reducing soil erosion and contributing to an improved
hydrological regime (see 3.5.3).

Wider Contribution to Rural Development
Soils with high organic carbon retain more plant nutrients (see 3.1.7), increasing crop yields and, thus, food
security.

Implementing Conditions

The thicker the mulch applied and more residues left on a field, the higher the rate of SOC accumulation.
However, only a small fraction of the residue is in contact with the soil surface, which means that when mulch
is very thick, decomposition will be slowed as oxygen availability is limited within this layer. This would
possibly reduce crop growth and yields.

Care must also be taken in timing the application of residues, as large losses of carbon can occur under wet
conditions. Residues should be stored and applied shortly before the onset of the rainy season.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE 20
CLIMATE CHANGE IN SUB-SAHARAN AFRICA



TERRAFRICA

REGIONAL SUSTAINABLE LAND MANAGEMENT

Concluding Remarks

Use of mulch does not yield uniform benefits. Rather, the extent of beneficial effects is dependent on the soil
type, agro-climatic factors, timing of application, nature of the residue (e.g. maize, millet, pigeon pea, cowpea)
and the depth of the residue layer.

Such techniques may not be possible in dryland areas, where residues are in limited supply and are required
for other purposes (e.g. forage, fodder and thatch), which will limit its effectiveness as a mitigation and
adaptation strategy in these areas. These areas are however where soils could most benefit from mulching,
due to the low productivity and alternative uses (fodder, forage, thatch). This practice is implemented in most
Sub-Saharan countries, including Kenya, Uganda, Niger and Swaziland.

Table 417 Summary of the Role of Mulch and Crop Residues

Mulching | High High Residues Increased | Higher or Sandy soils;
and crop not available | crop lower Low
residues for other yields and | rainfall; temperatures;

purposes yield Warm and | Very high

reliability | semi-arid temperatures

[Uganda areas;

trash line Multiple

maintenance cropping;

- $30/halyr] Degraded

soils

3.1.2 Crop Rotations

Background and Description

Farmers traditionally recognize that diverse crop rotations are effective in maintaining soil fertility and health in
arable systems. Economic and demographic pressures have reduced the practice of crop rotations in land
management, as farmers have developed management systems that obtain and sustain higher yields by
continuous cultivation, often of a single crop. This is at high financial and environmental cost, requiring
frequent tillage (with high labour or tractor and fossil fuel costs) and the application of large quantities of
agrochemicals (fertiliser, pesticides and herbicides) which are expensive to produce in terms of $s, energy
and GHG emissions (Table 5).

Table 5 - Carbon Requirements to Produce Agrochemicals (Lal, 2004a)

Carbon | Agrochemical

0.86kg | kgN

0.12 kg | kg K,O

0.36 kg | kg lime

® Cost figures are in US $, ca 2004, for establishment and/or maintenance (WOCAT, 2007).
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4.7 kg kg of herbicides

5.2 kg kg of fungicides

4.9 kg kg of insecticides

150 kg | ha for pumping groundwater for irrigation

Evidence of Role in Mitigation and Adaptation

Restoration of the practice of crop rotation can increase the rate of accumulation of SOC at various depths in
the soil profile, as different crop species have different rooting forms and depths, which in turn promote the
distribution of organic matter throughout the soil profile (contributing to mitigation). A study conducted to
guantify potential SOC sequestration rates for different crops found that enhancing rotation complexity can
sequester an average 20 £ 12 g C/m2/yr and SOC accumulation will continue over many years, reaching a
new equilibrium in approximately 40 to 60 years (West and Post, 2002) (see 2.3.1).

Numerous long-term field experiments have directly compared continuous maize cultivation with a legume-
based rotation (Gregorich et al, 2001). The difference between monoculture maize and the rotation was 20
tons C/ha after 35 years. In addition, the SOC present below the ploughed layer in the legume-based rotation
appeared to be more biologically resistant, demonstrating that these deep-rooting plants are especially useful
for increasing carbon storage at depth, where it is most secure, contributing to climate change mitigation.
Legumes also benefit in rotations as they biologically fix nitrogen, thus saving farmers the cost of buying
fertilisers (see 3.1.7).

The use of rotations is also beneficial as it reduces the build-up of pests and diseases in farming systems

given that most pests and diseases are crop specific. Change of crop breaks the lifecycle of the pest and
diseaseorganisms . Thi s reduces the need for Acarbon costlyodo pe
climate change mitigation.

Increasing rotation complexity also reduces the risk of the harvest being insufficient in subsistence farming
systems, as failure of one crop-type, for example due to a pest, is less likely to ruin the entire harvest,
contributing to adaptation.

Wider Contribution to Rural Development
Increasing rotation complexity in most situations will increase crop yields and in turn food security.

Concluding Remarks

The amount of carbon that accumulates in a system depends on the crop in the rotation. Some rotations may
lead to loss of carbon (e.g., rotatation of pasture and annual crop compared with continuous pasture
production). It is vital to consider each rotation system, ensuring that smallholders are discouraged from
practices that decrease SOC.

This SLM practice has proved successful in most Sub-Saharan countries, including Tanzania, Ethiopia and
Sudan.
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Table 67 Summary of the Role of Crop Rotations

Crop High High Highly Increased Higher or None
Rotations (e.g. 20 variable yield lower
tons c/ha depending | reliability; rainfall;
after 35 on local Reduced Pest/diseas
years) conditions | agrochemical | e prone
s areas;
Degraded
soils
3.1.3 Fallows

Background and Description

Fallows refer to when arable land is left for a period of time without being planted with a crop that is to be
harvested. It is done principally to restore fertility. In many densely populated areas of Sub-Saharan Africa,
fallow periods have become shorter and in many cases have been abandoned altogether due to pressure
caused by shortages of arable land.

Planted, bush and bare fallows should be distinguished. The former refer to a period when land is planted
(sometimes referred to as green manures) and the vegetation is incorporated into the soil after a short
growing period (adding SOC and replenishing nutrients). Bush fallows are when land is left for several years
without cultivation and cropping, during which time natural succession begins and the local natural vegetation
will start to invade, with multiple benefits to agro-ecosystems. Bare fallows are shorter periods when land is
left unplanted.

Evidence of Role in Mitigation and Adaptation

Bare fallows are increasingly recognised in most Sub-Saharan African agro-ecosystems as harmful, because

bare ground is exposed to intense heat from the sun, intense rainfall, erosion by wind and potential invasion

by weeds i all contributory factors in land degradation. The exception is in certain dryland situations, where a
period of bare fallow can increase soil moi sture sto
subsequent crop and reducing their variability (contributing to adaptation). Some preliminary estimates show

that the average yield of rain-fed cereals in drylands could be increased by 30i 60 percent by making

available an additional 257 35 mm of water to crops during critical growth periods through such a water
conservation measure. This approach has clear adaptation benefits where climate change predicts declining
precipitation (e.g. the Sahel, see Annex 1 and Washington, 2008).

Pl anted fall ows & vsuaflygegenesn(e.gn@rotalarise Mutuna, Macroptilium, Sesbania and
Tephrosia) i bring multiple benefits. Unlike synthetic fertilizers, green manures represent sources of
biologically fixed nitrogen that also add large amounts of organic matter to cropping systems (contributing to
mitigation and adaptation). Biological nitrogen fixation can contribute as much as 300 kg N/ha in a season.
The slow release of nitrogen from decomposing green manure residues also appears to be better
synchronized with plant uptake than sources of inorganic nitrogen, possibly increasing nitrogen-uptake
efficiency and crop yield while reducing nitrogen pollution downstream.

Wider Contribution to Rural Development
Using appropriate fallow periods in drylands to accumulate soil water content is less costly i in financial and
carbon terms i than irrigation. It also has greater water use efficiency.

Concluding Remarks
Where land scarcity is not a constraint, leaving land fallow allows for short and medium-term regeneration of
soils6é physical, chemical and bnd fertlity.iWhere lang cao he eavdted e s |, [
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to bush fallows, this provides fuel and non-woody forest products (e.g. gum arabica in the Sahel) offering
additional income sources for rural households. Even in areas of land scarcity fallows should be encouraged
through promotion of off-farm activities (Nkonya et al, 2008).

This was a traditional practice in Sub-Saharan Africa and has proved successful in many different agro-
ecosystems. Examples of countries where it is still practiced include Sudan, Tanzania and Burundi.

Table 71 Summary of the Role of Fallows

Fallows High High Highly Increased Higher or Where
(including variable yield lower arable land
iGreen (bush/ bare | reliability; rainfall; very
Manur e fallows nil, | Reduced Degraded scarce;
planted i agrochemicals | soils Bare
seed fallows in
costs) Biological semi-arid
nitrogen- areas
fixation of
300 kg N/ha in
a season i
but this will
depend on the
agro-
ecological
zone and soll
type / status

3.1.4 Crop Diversification/Inter-Cropping

Background and Description

Diversified cropping systems and inter-cropping systems were elements of many traditional Sub-Saharan
Africa farming systems, but have been less practiced in the latter part of the 20" century due to commercial
pressures.

Evidence of Role in Mitigation and Adaptation

The Chagga home gardens on the southern and eastern slopes of Kilimanjaro in Tanzania represent an
indigenous integrated SLM system that has been used for over 100 years in one of the most densely
populated parts of rural Africa. The system includes: (i) a diverse mixture of annual and perennial cash and
subsistence food crops; (ii) the planting and retention of a wide range of woody species for fruit, fodder, fuel,
soil fertility and medicines; (iii) poultry and stall-fed livestock, utilising feeds produced on-farm (crop residues,
fodder plants) and providing manure for fertilising crops (also sequestering carbon for climate change
mitigation); (iv) a diverse pattern of vertical and horizontal zoning of different tree and crop components to
exploit different micro-niche environments; (v) sequential cropping patterns to maximize continuity of
production (reducing the risk of crop failure, thus adaptation); and (vi) bees to provide honey and improve
crop pollination (FAO, 2007c).

Hi%her crop and livestock diversity is also highly beneficial in drier areas, although in the latter decades of the
20" century mono-crops seem to have been encouraged, with deleterious effects on food security and soils.
Examples include smallholders growing millet, sorghum and maize i or different varieties of on crops, such as
sorghum i to reduce the risk of crop failure.

Other Environmental Benefits
Diversified cropping systems will improve the function of hydrological systems (see 3.5.3).
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Wider Contribution to Rural Development

Crop failure due to drought, flood, pests or disease in a monoculture is disastrous. With diversification, if one
crop fails, there is still a chance that one or more of the other crops in the system will yield, thus, ensuring
greater food security.

Concluding Remarks

Chagga home gardens provide an example of a highly diversified cropping system that has survived
economic and other pressures and can act as a model of a highly resilient system. This is valuable for
replication to adapt to the impacts of climate change.

In general, diversification is across farms, with different crops being planted on different plots. However, in the
most vulnerable areas and/or where land is scarce, farmers should be advised to plant a number of crop
varieties and species on individual plots of land (inter-cropping) (FAO, 2007c). In addition to diversification at
the farm level, diversification is also important at the national level, for example, where a single export crop is
grown (e.g. cocoa).

This traditional African SLM practice has proved effective not only in Tanzania but also in Kenya, Rwanda,
Ethiopia, Niger and Zambia.

Table 817 Summary of the Role of Crop Diversification/Inter-Cropping

Crop High Medium Highly Increased Higher or None
Diversification variable yield lower
/Inter- depending | reliability; rainfall;
Cropping on local Reduced Areas with
conditions | agrochemicals | shortages
of arable
land;
Degraded
soils

3.1.5 Conservation Tillage and Conservation Agriculture

Background and Description

Soil tillage aerates the soil, speeding microbial decomposition of organic matter and, therefore, leading to a
reduction in SOC and a release of carbon into the atmosphere. Machinery, human and livestock traffic also
lead to soil structural damage due to compaction, which particularly leads to poor drainage and also increased
surface erosion (Bellarby et al, 2008).

ifiConservation till ageigg system ia which at least 20 percera of dhe prop aesitiue

remains on the soil surface after planting, thus, reducing mechanical cultivation (e.g. zero/no-till, minimum

tillage, ridge-till, mulch-till, zone-till, non-inversion tillage and strip-till systems). These systems are often
adopted as steps towards the more strictly defined fco
and enhance agricultural production through the integrated management of soil, water, and biological

resources, combined as required with cost-effective use of external inputs (FAO, 2007c). It is a holistic

approach to agricultural production, based on enhancing natural soil biological regeneration processes

involving improved soil organic matter management for the efficient use of precipitation, soil moisture and

plant nutrients. Also it promotes the maintenance of soil physical properties through keeping mechanical

tillage to the absolute minimum required for direct planting/seeding.

Evidence of Role in Mitigation and Adaptation

In the absence of tillage in most soil types, the structure of the soil is maintained. Soil fauna particularly
benefit, maintaining a healthier soil ecosystem, with earthworms and termites performing biological tillage.
The root channels in the soil are not destroyed by ploughing and, thus, serve as drainage channels for excess
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water and airways for gas exchange. The surface mulch that develops protects the soil surface from the
impact of heavy raindrops, reducing the erosive power of the water (Derpsch et al, 1991) and wind whilst
protecting the surface from excessive heat. All of these measures can help land users in adapting to climate
change.

It is difficult to make definitive quantitative statements on the effects of reducing tillage on SOC, because the
effects are highly dependent on the individual site (inter alia soil type, climate, crops grown, previous intensity
of tillage, new regime). In general, SOC will increase (mitigating climate change) and soil properties
(physical, chemical and biological) will improve (adapting to climate change). Coarse-textured soils are
damaged more by tillage (loosing SOC) than are fine ones, therefore will show greater increase in SOC
following adoption of reduced tillage.

A change from conventional tillage to no-till can sequester 0.57 + 0.14 t C/ha yr* (West and Post, 2002) and
the accumulation of SOC will continue (provided the soil is not tilled). Levels can be expected to peak after
five to 10 years, with SOC reaching a new equilibrium in 15 to 20 years. Overall, rates of SOC are lower in
hotter climates. Nevertheless, a field monitoring site in western Nigeria recorded that no-tillage combined with
mulch application increased SOC from 15 to 32.3 t/ha in four years (Ringius, 2002). The IPCC (2000)
estimated that conservation tillage can sequester between 0.1 and 1.3 t C/ha yr™* globally and could feasibly
be adopted on up to 60 percent of arable lands®.

Other Environmental Benefits
When low tillage is used within an irrigation system, the improved water-use efficiency means that less water
is required and the energy (thus carbon) cost of irrigation is reduced.

Communities and the wider environment benefit from lower tillage and conservation agriculture systems
through the improved functioning of the hydrological cycle at the watershed level (see 3.5.3).

Wider Contribution to Rural Development

No-tillage systems favour multi-cropping. Harvesting can be followed immediately by planting, allowing for
continuous or near continuous plant growth. This maximi zes the | andbés capacity
consequently the potential to provide the greatest volume of organic mater for incorporation into the soail.
Baker et al (1996) concludedthatiino t echni que yet devised by ameffackve
in halting soil erosion and making food production truly sustainableasno-t i | | age. 0

Implementing Conditions

A radical change is required of farmers, technicians, extensionists and researchers to move away from soil
degrading tillage operations to sustainable low/no tillage and conservation agriculture systems, as they are
completely different from conventional tillage. Appropriate training is vital.

The biggest change that farmers must face in moving from conventional to any of these reduced tillage
systems is weed control. Ideally, weeding should be manual and chemical free, but this may not be feasible
depending on labour availability, costs and other resources. Thus, they may need to use herbicides. Farmers
must be educated in the correct use of these herbicides, to avoid the harmful effects to the environment of
improper use.

The only agro-ecosystems where conservation agriculture has not been successfully adapted are arid areas
with extreme water shortage and low production of organic matter, where humans and animals compete with
the soil for crop residues. Certain very heavy soil types are also unsuitable for conservation agriculture,
although reduced tillage is appropriate on most of these. In soils with a hardpan this can be broken by

MENT

nd ha

mec hani cal means (fArippingod) before conservation agricu

Concluding Remarks
At the farm level, introduction of conservation agriculture has been demonstrated to produce yield increases
within a single year and reduce inter-year variation in yields (FAO, 2008e).

Globally conservation agriculture could potentially sequester carbon equal the annual CO, production due to
human activities, thus widespread long-term adoption of conservation agriculture could make a major
contribution to climate change mitigation.

% The keynote paper by Pacala and Socolow (2004) on stabilizing atmospherin @@ next 50 year with current technologies

includes conservaih tillage as one of the51i pot ent i al wedgeso (along with the
vehicles, reduced use of vehicles and,C&pture from power plants)

mor e
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Table 91 Summary of the Role of Conservation Tillage and Conservation Agriculture

Conservation | High High For Increased yield | Higher or Heavy clay
Tillage and conservation | reliability, lower soils;
Conservation | Yields more | No-till can tillage, reduced rainfall; Poorly
Agriculture than 60 sequester initially agrochemicals: | Degraded drained
percent 0.57+0.14t | increased Reduced soils; sites;
higher than | C/ha yr'™ labour labour Multiple Compacted
under with the (weeding) requirements cropping; soils; Arid
conventional | accumulation | [Laikipia Labour areas
tillage (FAO, | of SOC District in shortages (insufficient
2007c¢) reaching a Kenya carbon)
new maintenance
equilibrium in | - $93/halyr;
15 to 20 yr. Morocco
(West and maintenance
Post, 2002). | - $600/ha/yr]
Farage et al
(2007)
quoted 0.04
t/ha yrt
using
modelling of
dryland
farming
systems

3.1.6 Organic Agriculture

Background and Description

Organic agriculture is a holistic production system that avoids the use of synthetic fertilizers, pesticides and
genetically modified organisms in order to minimise pollution of air, soil and water, while optimizing the health
and productivity of interdependent communities of
here is used in its broadest sense, including both certified and non-certified systems.

Evidence of Role in Mitigation and Adaptation

A life cycle analysis of the global warming potential of some certified food products in England and Wales
(Williams et al, 2006) found clear GHGs benefits for some products. Organic milk, eggs and poultry showed
no benefits in terms of GHGs, but organic wheat bread, oil seed rape and potatoes showed benefits (lower
global warming potential) than conventional ones. No comparable studies could be found for Sub-Saharan
Africa, where organic agriculture has not been as widely adopted by intent (although it is widespread by de
facto), but similar patterns can be expected.

"+ Cost figures in US $, ca 2004, for establishment and/ or maintenance (WOCAT, 2007)

pl ant
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Organic field crops and animal products can contribute to mitigating climate change as they consume less
primary energy than non-organic counterparts, owing particularly to the use of legumes to fix nitrogen rather
than fuel to make synthetic nitrogen fertilizers (Williams et al, 2006). Emissions related to crop production are
lower in organic farms than in conventional farms when measured per hectare, but this advantage is less clear
in units of crop yield, since yields are lower for some crops in organic farms.

Other studies in Europe showed that organic farming would lead to lower yield but to higher energy efficiency
(Méader et al, 2002). Long-term experiments have shown that cereal yield under organic farming achieves only
60 to 70 percent of the yield under conventional methods, but the energy used to produce a dry matter unit
was 20 to 56 percent lower. This energy use efficiency obviously reduces GHG emissions and contributes to
mitigation.

Organic systems usually have well-linked crops and livestock production systems, where animal manure is
used to augment crop residues to maintain SOC.

Other Environmental Benefits
Organic agriculture specifically forbids the use of agrochemicals, thus, eliminating the risk of water course
pollution. The SOC increases under organic farmer will further improve the function of hydrological systems.

Wider Contribution to Rural Development

Due to the premium paid in many markets for certified organic produce, these systems should theoretically be
more profitable, but transaction costs must be considered. Achieving certified organic status can be extremely
difficult for individual or groups of farmers in Sub-Saharan Africa, thus, benefits can take time to be realised
(FAO, 2008c).

Concluding Remarks

Organic systems clearly bring benefits in terms of mitigation and adaptation. However, the lower yields per
hectare compared to other systems mean that they are only appropriate in specific situations (i.e. where there
are no food shortages). Due to the current global economic climate, sales of organic produce have declined in
many developed countries, making this a risky option for Sub-Saharan farmers.

Organic systems are the de facto norm in most parts of Sub-Saharan countries. They are being specifically
adopted with certification for export crops in inter alia Ethiopia, Kenya and South Africa.

Table 10 7 Summary of the Role of Organic Agriculture

Organic High High High cost of | Reduced Adequate Food
Agriculture certification; | agrochemicals; | food for insecure
Reduced High-value local areas
yields products people
food

3.1.7 Integrated Plant Nutrient Management

Background and Description

Small-scale farmers have removed large quantities of nutrients from their soils, without using sufficient
volumes of organic (manure and/or compost) or inorganic fertiliser to replenish fertility. This is largely because
mineral fertilizers cost between two and six times as much in Africa as elsewhere in the world. There is
accordingly great pressure today to increase the availability and affordability of fertilisers for small-scale
subsistence farmers in Sub-Saharan Africa.

It should, however, be noted that while it is vital that soil fertility is improved across the continent to raise food
production towards that needed to meet the Millennium Development Goals (MDGSs), indiscriminate use of
fertilizers is not the solution. Indeed, it can be very costly and harmful to the environment.
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Evidence of Role in Mitigation and Adaptation

The widespread overuse of synthetic nitrogen-based fertilizers (at present mainly outside Sub-Saharan Africa)
is a major direct source of nitrous oxide (a potent GHG, see 2.3.2.3) from agricultural soils. This issue is not
currently widespread in smallholder farmland, due to the limited use of synthetic nitrogen-based fertilizers.
However, action must be taken to avoid it, as current efforts to increase fertiliser availability and commercial
pressures may encourage farmers who have no knowledge of the potential harm in using large quantities of
synthetic fertiliser.

Applying balanced fertiliser (including nitrogen, phosphorus and potassium) increases the efficiency of use of
all the nutrients. Experiments conducted in China, India and the US have shown a nitrogen recovery rate of
54 percent when N, P, and K were applied in balanced amounts (Fixen, 2005). The corresponding recovery
rate when nitrogen was applied alone was only 21 percent (ibid).

Farmers in Sub-Saharan Africa should focus on nutrient use efficiency (NUE). Practices that improve NUE
and that should be promoted (and mitigate climate change) include:

A Adjusting application rates based on assessments of actual crop needs (possibly including split
application);

A Using controlled-release forms of fertiliser or nitrification inhibitors (which slow the microbial
processes leading to N,O formation);

A Applying nitrogen when least susceptible to loss (i.e. just prior to plant uptake); and

A Placing the nitrogen more precisely into the-
dosing).

Over large parts of Africa, the addition of fertiliser will have a beneficial effect by increasing crop yields. It will
also encourage the accumulation of SOC in many currently extremely nutrient deficient regions (Sanchez,
2002). This usage would contribute to climate change mitigation and also adaptation, as a consequence of
increased food security. Although this is very much dependent on increased fertiliser availability and reduced
cost.

Fertilizer in its own right is a carbon sequestering practice (mitigating and contributing to adaptation).
Fertilizer use reduces or eliminates soil nutrient depletion, deforestation and cultivation of marginal and fragile
land. Borlaug (2000) estimated that if 1950s cereal yields had remained unchanged in 2000 (i.e. not
increased), a total of 1.8 billion hectares of land would have been converted to cropland to meet cereal
demand. Borlaug and Dowsell (2004) also estimate that 80 percent of the production needed to meet the
predicted increase in cereal demand can be met by intensification and only 20 percent need be from area
expansion.

A study modelling the impact of a combination including the use of fertilizer (also a ridge tillage system which
increased rainwater infiltration and residue management) on dryland soils in Mali calculated that this would
sequester 54kg C/ha yr"l (i.e. accumulating 1.35 t C/ha over 25 years) compared to the traditional system
(conventional tillage, minimal fertilizer and no residue management), which loses 1.1 to 1.7 t C/ha over 25
years (Doraiswamy et al, 2007).

Implementing Conditions

Soil testing is an important step in planning, as it helps to determine the type of nutrients required to
supplement natural soil fertility. However, soil testing services in developing countries are poor and blanket
fertilizer recommendations are common (Roberts, 2008). Better provision of simple soil testing through
extension services could help address this problem.

Wider Contribution to Rural Development

Judicious application of fertilizers will increase yields, particularly when applied to crops that have a strong
response to fertiliser application (unimproved crop varieties generally have a poor response to fertiliser). This,
in turn, will contribute to greater food security.

Where smallholders cannot afford to purchase fertilisers or they are not available, the use of legumes (crops
which biologically fix nitrogen) should be introduced or improved in cropping systems (see 3.1.2)

Concluding Remarks
Fertilisers are not always considered an SLM issue. However, in the context of climate change mitigation and
adaptation they have a profound and complex role, making them critically important. There are benefits and
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trade-offs relating to local soil types as well as wider environmental and economic factors to be considered
before any decision should be taken regarding fertilizer, including whether to use, when to use and how much
to use.

The more environmentally-friendly option is to obviate any reliance on synthetic fertilisers by adopting
cropping systems that maintain high yields, have high mitigation potential and are more appropriate for
smallholder systems in Sub-Saharan Africa®.

The main challenge for applying balanced nutrients is the high price of phosphorus and potassium and the
lack of emphasis on their importance by extension service providers.

Table 117 Summary of the Role of Fertiliser Management

Fertiliser Medium High Reduction | Reduced Higher or None
Management in costs agrochemicals | lower

depends rainfall;

on the Nutrient

amount poor soils

previously

spent on

fertilisers

3.1.8 Integrated Plant and Pest Management

Background and Description

Integrated plant and pest management (IPPM) combines solutions to various production related problems and
includes a variety of focus areas ranging from integrated pest management (IPM) to integrated plant nutrient
management (IPNM) (FAO, 2007c)9.

Evidence of Role in Mitigation and Adaptation

IPPM provides farmers with the skills required to grow healthy crops, which are vital as they mitigate
(increasing above and below ground carbon sequestration) and contribute to adaptation (healthier crops are
more likely to withstand the adverse effects of increased temperatures, droughts and unreliable or more
intense precipitation). A further major benefit of IPPM is that it reduces the need for agrochemicals, reducing
input costs hence avoiding their energy intensive production (see Table 5) which has globally important
mitigation benefits.

In a review of the need to develop technologies and practices that do not have adverse effects on
environmental goods and services while leading to improvements in food productivity, Pretty (2005) studied
286 recent interventions in 57 poor countries covering 37 million hectares (3 percent of the cultivated area in
developing countries). This showed an overall increase in productivity on 12.6 million farms while improving
the supply of critical environmental services. The average crop yield increase was 79 percent (geometric
mean 64 percent). Of projects with pesticide data, 77 percent showed a decline in pesticide use through IPPM
(by 71 percent) while yields grew by 42 percent.

8 See sections 2.3.3, 3.1.2, 3.1.3 and 3.1.6 for use of rotations and/or planted fallows including leguminous crops and/or

trees, which fix atmospheric nitrogen and reduce the need for purchased nitrogen inputs. See al so 3. 4. 3, wher
treesystems , 6 whi ch provide between 50 and 200 kg N/ ha to the ass
to result in yield increases of two to three times those obt

® For specific information on plant nutrients - IPNM, see 3.1.7.
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Other Environmental Benefits
Implementation of IPPM strategies reduces the risk of pesticide pollution of soil and waters.

Wider Contribution to Rural Development
Successful adoption of IPPM strategies will lead to increased crop yields thereby increasing food security.
| PPM also reduces farmersdéd input costs (on pesticides)

Concluding Remarks

| PPM is a necessary component of f aeguinss aspart oétheosd calipd c a |
inew green revolutiond (World Bank, 2007a) . I PPM is
throughout the continent.

Table 127 Summary of the Role of IPPM

IPPM High High None Increased Higher or None
available yield lower
reliability; rainfall;
Reduced Degraded

agrochemicals | soils

3.1.9 Crop Management Examples

Zai

Background and Description

Zais are planting pits (20-30 cm diameter, 20-25 cm deep, spaced 60 i 100 cm apart in each direction) to

which manure or compost is added to promote infiltration of rainfall and hence plant growth. They are
commonly used in the West-African Sahel to grow millet or sorghum (WOCAT, 2007).

Evidence of Role in Mitigation and Adaptation

Zai improve rainwater infiltration in encrusted soils and increase plant nutrient availability, as the compost
conserves water and supplies nutrients. This helps cereals to become better established and reach maturity
before the end of the rains, thus contributing to adaptation in drylands, which are expected to get less
reliable, shorter and more intermittent precipitation due to climate change.

This method of planting also ensures that crop plants gain maximum benefit from the limited supply of
compost (increasing soil carbon and mitigating climate change), whilst any weeds between the pits do not
benefit. Farmers have brought back into production some 100,000 hectares of abandoned and degraded
lands in Kenya, Burkina Faso and Niger by further adapting the system, combining it with stone bunds for
synergetic benefits (FAO, 2007c and WOCAT, 2007). This has raised yields from an average of 150-300kg/ha
to 400 kg in a poor rainfall year and 700-1000kg/ha in a good rain year. In this example, adoption of these
technologies enabled the average farm family to shift from an annual cereal deficit of 644kg (equivalent to 6.5
months of food shortage) to a surplus of 153kg per year.

Other Environmental Benefits

Zai contribute more broadly to the rehabilitation of degraded dryland landscapes by increasing rainfall
infiltration and reducing soil erosion. This in turn improves water quality and supply, promoting regeneration of
natural vegetation, particularly tree cover (Reij and Waters-Bayer, 2001).

Concluding Remarks

Knowledge of the benefits of zai is already encouraging more dryland dwellers to keep some livestock to
provide manure for composting in the pits, thus improving integration of crop-livestock systems and increasing
food security.

Countries where zai are notable features of dryland farming systems include Niger and Burkina Faso.
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Table 1317 Summary of the Role of Zai

Zai High Medium Very variable | Increased Higher or Poorly
(the * Burkina yield lower drained
increased Faso reliability rainfall; sites; Land
SOC is establishment | (e.g. from an | drylands; prone to
only - $12 halyr, average of Some flooding;
around maintenance 150- livestock Sandy soils
individual $30/halyr, 300kg/hato | available
pits) Niger $245/ha | 400 kg in a (for manure

establishment | poor rainfall | supply);
and $35/yr year and Encrusted
maintenance. | 700- soils with
Reij and 1000kg/ha low SOC
Smaling in a good

(2008) quote rain year)

$250/ha for

establishment;

$65/halyr

maintenance

Management of Rice

Background and Description

Rice production is a major source of atmospheric methane (between 50 and 100 million tons CH,/y) and is
probably the largest of the man-made sources of this potent GHG (see 2.3.2.2) (FAO, 2007b). The warm,
waterlogged soil of rice paddies provide ideal conditions for methane production and, though some of the
methane produced is usually oxidized by bacteria in the shallow overlying water, the vast majority is released
into the atmosphere.

Evidence of Role in Mitigation and Adaptation
Opportunities exist to reduce methane emissions from rice production by altering management of rice growing
systems and varietal selection.

A monitoring study of the mean CH, fluxes under different treatments showed that winter wheat or dry fallow

are more preferable land uses than alfalfa or flooded fallow in the winter season (Xu, 2000). A further study

has reported on the CH, production of five different rice cultivars in a paddy soil under anaerobic conditions
(Aukakh, 2001). The i mpact of root fi e x 4, d¢dldcteds fiom fiva riceneuttiiara,mas ( CH
specifically looked at. The resulting observations demonstrated that the use of high-yielding cultivars with low
exudation rates could reduce CH, production (mitigating climate change), greatly influencing regional and

global CH, emissions.

The fAsystem of rice intensificationdo (SRI) evol ved i
conditions. Very young seedlings (15 and 30-days old) were transplanted using a fairly wide spacing (25-25

cm) in a square pattern (local farmers routinely use older seedlings of even up to 60 days) (Stoop et al, 2002).

The rice was not grown in flooded paddies, but rather in moist soil, with intermittent irrigation. The results
surpassed all expectations and in subsequent years reliable yields, ranging from 7 to 15 t/ha, were obtained

by small farmers cultivating soils with low inherent fertility, using much reduced irrigation rates and no mineral
fertilizers or other agricultural chemicals™.

19 The average national yields remained about 2 t/ha.
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Use of the SRI reduces irrigation needs, which is clearly beneficial for farmers in their attempts to adapt to
climate change. It also reduces the use of fuel in pumped irrigation systems which is in turn has a mitigation
benefit.

Wider Contribution to Rural Development
SRI has proved to be a successful method of increasing yields, thus, food security, with wider benefits to the
rural economy.

Concluding Remarks

A major potential benefit of using improved varieties of rice is that they produce a much larger crop per area of
rice paddy and so could allow for a reduction in the area of rice paddies, without any reduction in rice
production.

Upland rice cultivation under slash-and-burn shifting cultivation, especially in Sub-Saharan Africa, has
resulted in destruction of forest vegetation, contributing to climate change. The development of wetland rice
following the SRI patterns could reduce deforestation in the region, with major mitigation benefits.

Table 147 Summary of the Role of Irrigation Management for Rice

Irrigation High High Variable Increased Limited None
Management depending | yield reliability | irrigation
for Rice on local (in some water;
situation cases Food
doubling); demand
Reduced greater
agrochemicals | then supply

Biochar

Background and Description

Research shows that carbonized materials (biochar) obtained from the chemical decomposition of organic
matter by heating in the absence of oxygen (pyrolysis) are responsible for maintaining high levels of soil
organic matter and available nutrients in anthropogenic soils (Terra Preta, or dark soils, in Portuguese) of the
Brazilian Amazon basin (Glaser et al, 2002; Lehmann, 2007 and FAO 2008h). Pyrolysis can convert sewage
wastes, trees, grasses, straw, corn stover, peanut, coconut and chestnut shells, olive pits, bark, sorghum, rice
husk and other crop residues into biochar.

Evidence of Role in Mitigation and Adaptation
Biochar could sequester large amounts of organic carbon deep into soil profiles, contributing to climate
change mitigation.

Biochar in soils will eventually contribute to adaptation by:
91 Improving the structure and fertility resulting in higher productivity of degraded lands;
1 Increasing water retention, stimulating symbiotic nitrogen fixation in legumes and creating a
favourable environment for the bacteria, microorganisms, fungi and nutrients required by plants;
1 Reducing nitrous oxide emissions and leaching of nitrates into water;
1 Decreasing the need for chemical fertilizers and water irrigation; and
91 Increasing land's productivity and food production.

Concluding Remarks

Biochar technology appears promising, as it connects improving degraded soils, increasing crop Yyields,
energy provision, climate change mitigation and rural development. It is appropriate in a range of contexts,
from households, farms or villages that could produce biochar for their own use (some are already doing it) to
larger-scale plants (e.g. connected to paper mills) for use in local areas. There is a need for further research
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to determine the potential and the length of time it will take for additions of biochar to soil to contribute to
adaptation. By definition, biochar is considered highly valuable for mitigation as it is inert. Consequently, it
may have little short-term benefit in terms of improving soil structure for climate change adaptation.

Table 1517 Summary of the Role of Biochar

Biochar Uncertain / High Low Increased Degraded None
controversial crop yields; soils
Reduced

agrochemicals

3.2 Pasture & Rangeland Management and Climate Change

This section presents a number of SLM practices that can be used individually or combined in a number of
ways in pasture, rangeland and livestock management systems.

3.2.1 Sustainable Grazing Management

Background and Description

Rangelands are estimated to cover between 31 and 51 percent of the global land surface (FAO, 2005a; WRI,
2000), while grasslands make up 70 percent of global agricultural lands (FAO, 2005a; Neely and Bunning,
2008). These drylands are characterized as experiencing high temperatures, low and erratic precipitation,
minimal cloud cover and small amounts of plant residues to act as surface cover to minimize radiation impact.
As a consequence, soils in the drylands are low in organic matter and nutrients, with SOC of less than 1
percent and in many cases less than 0.5 percent (Lal, 2004 a&b).

It is predicted that climate change will double the frequency of droughts in the drylands of Sub-Saharan Africa
by the end of the century (by between 25 and 50 percent) and drought periods are likely to last for longer.
Without adaptation, this will have a deleterious affect on the sustainability, viability and resilience of livestock
and cropping systems and thus livelihoods in drylands.

Evidence of Role in Mitigation and Adaptation

SLM practices in pasture and rangelands aim to maximise the capture, infiltration and storage of rainwater
into soils, thus promoting conditions that increase vegetation cover, SOC and conserve above and below
ground biodiversity. These practices contribute to both climate change adaptation and mitigation.

The most promising SLM practice to restore degraded
grazing is considered to be a management tool that can enhance the vigour of mature perennial grasses.
Sustainable grazing management requires:

A An understanding of how to use grazing to stimulate grasses to grow vigorously and develop healthy
root systems;

A Usage of the grazing process to feed both livestock and soil biota, ideally maintaining 100 percent
cover (plants and litter), 100 percent of the time;

A Revitalisation of natural soil forming processes; and

A Provision of adequate rest from grazing without over resting areas of land.

Based on these principles, extensionists and advisors should help land users to develop grazing plans
tailored to specific local conditions (inter alia the pattern of local rainfall, area of land available, location of
water supplies, numbers and types of livestock) in the different parts of Sub-Saharan Africa. These should be
developed using participative approaches with entire communities developing, for example, new systems and
regulations involving communities gathering their livestock into a group, then moving from one portion of their
grazing lands to another during the year (possibly requiring short term fencing of enclosures and/or
exclosures).
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More sustainable grazing will increase the longevity of perennial grasses, promoting fragmentation of
decadent, over mature plants by encouraging basal bud activation, new vegetative and reproductive tiller
formation as well as seed production and seedlings. This higher rate of biomass production (above and below
ground) will raise SOC levels, with highly beneficial effects on the local ecosystem. This will make a highly
significant contribution to climate change mitigation, as dryland soils are better longer term sinks for carbon
than soils in more humid environments - they are less likely to loose carbon than wet soils, given that the lack
of water limits soil mineralization and hence the flux of carbon to the atmosphere.

Other Environmental Benefits
Improved grazing management will improve the functioning of the hydrological systems in drylands up to the
river basin level and will also contribute to the protection and restoration of biodiversity.

Wider Contribution to Rural Development
Improved grazing conditions will increase livestock productivity in rangelands, in turn increasing food security.

Concluding Remarks

There is a great but as yet not widely appreciated potential for carbon sequestration in drylands, given that
globally pasture is the largest anthropogenic land use and because substantial historic carbon losses mean
that dryland soils are now far from saturation. Preventing further degradation and rehabilitating the vast
degraded rangelands in Sub-Saharan Africa are a low-cost means to mitigate climate change while adding
significant benefits in terms of productivity and pastoralists livelihoods (adaptation). Carbon sequestration in
rangeland soils is not currently eligible for payments under the Clean Development Mechanism (CDM) (see
4.2), however, the scope is enormous, if problems regarding permanence and verification can be overcome.

A reduction in the numbers of livestock held by all land users (rangelands and also in smallholder farming

systems) would contribute to increasing the sustainability of pasture and rangelands, but will require major

changes in the traditional importance o f Il ivestock as a measure of an indi
could be achieved through increased off-take and would in the long-term improve the productivity of the stock,

thus the economic returns from livestock systems.

Sustainable grazing management (often termed fAholistico) is already
Northern Rangelands of Kenya and Ethiopia.

Table 16 i1 Summary of the Role of Sustainable Grazing Management

Sustainable | High High * Ethiopia 1 Increased Higher or None
Grazing improved livestock lower
Management grazing land off-take and | rainfall; Poor
management | productivity; | vegetation
- $1035/yr Increased cover;
establishment | biomass Overgrazing;
and $126/yr and SOC Degraded
maintenance; soils
Range
closure for
rehabilitation
$390/ha
establishment
and $90/yr
maintenance
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3.2.2 Silvopastoral Systems

Background and Description

Trees were common elements in many rangelands and savannas in the past, but tree cover has declined,
principally due to continuous overgrazing by domestic livestock but also because of over harvesting for fuel
wood, charcoal and building materials.

Evidence of Role in Mitigation and Adaptation

Various indigenous and exotic tree species are well-adapted to grassland ecosystems where many currently
vulnerable people live. Encouragement to grow trees i either as scattered individual trees or in managed
woodlots i would provide a vital source of fuel, food, medicine and fodder, while also restoring ecosystem
functioning; increasing SOC content, improving soil nutrient cycling, improving pasture quality, increasing total
biomass, retaining rain water in soils and eliminating the need for continued cutting of natural stands of trees
and shrubs (FAO, 2007b).

Since the 1980s, flassisted natur al eegenerationod has b
Districts of Niger (an area of dryland farming, also used by pastoralists). Systematic protection of trees has

allowed the creation of silvopastoral parks, creating more complex production systems with better integration

of agriculture, livestock and trees (with increased above and below ground biomass) which contributes in turn

to both the adaptation to and mitigation of climate change (Reij and Steeds, 2003). In the past decade in

Tigray, Ethiopia, where local people have excluded livestock from thousands of hectares of rangeland (local

people can only cut and carry wood), natural regeneraton of trees (from seed hel d in
occurring (C. Reij, pers. comm. 2009).

The miombo is the largest continuous dry deciduous forest in the world extending across much of central,
eastern and sout hern Af r i biaivessitydotspats (Akisnifesi etal, 2008). @ver&0 wor | d
miombo tree species bear edible fruits, which are important sources of vital nutrients and income to rural
households. Several studies have confirmed that wild fruits from the miombo are the major sources of coping

with seasonal food shortages in Zimbabwe and Malawi (valuable for climate change adaptation). However,

the rate of deforestation in the miombo woodlands is one of the highest in the world and miombo fruit trees

have come under severe pressure, as the number of people who depend upon them to meet their basic

livelihood needs increases. As these fruits are collected from the wild, their continued availability is highly

dependent on the existence of conservation practices and good management of the miombo (ibid).

Other Environmental Benefits
Improved dryland vegetation and soil management will improve the functioning of hydrological systems (see
3.5.3).

Wider Contribution to Rural Development

An increase in the number of trees in rangelands will increase the availability of wood for fuel and building as
well as non-wood forest products for local use or as alternative sources of income. Particular work is being
done regarding tree domestication in the Sahel (Kalinganire et al, 2008) and in the miombo woodlands of
southern Africa (World Bank, 2006)

Concluding Remarks

Silvopastoral systems are common but depleted (in tree numbers and species diversity) throughout the Sub-
Saharan drylands, both in the Sahel (e.g. Mali, Niger and Burkina Faso) and in Southern Africa (Botswana
and Namibia). It is very challenging to re-create these through wide-scale planting of seedlings, but assisted
natural regeneration and temporary closures appear to be relatively low -costs and effective restoration
strategies.

Efforts to increase woody vegetation cover in dryland systems (silvopastoralism, agroforestry) will be in vain
unless a significant reduction can be achieved in dependence on wood and charcoal. This reduction can be
achieved by using fuel efficient stoves, which can reduce wood use by 80 percent, and by encouraging
alternative fuels - solar power (solar cookers or locally generated electricity using photo-voltaic power),
electricity wind power or generators fueled by biodiesel from local crops (e.g. jatropha). It is very important
that appropriate alternatives are made available to avoid situations such as quoted in Niger, where there is a
trend towards importing and trying to use coal from Nigeria as an alternative to wood-fuel (Woodfine, 2009) i
a practice at odds with global efforts to reduce reliance on fossil fuels.
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Table 171 Summary of the Role of Silvopastoral Systems

Silvopastoral | High High (*Ethiopia Increased Higher or None
Systems establishment | livestock lower

- off-take and | rainfall; Poor
$1035/halyr, productivity; | vegetation
maintenance | Increased cover
$126/halyr] biomass (spatial or
and SOC temporal);
Overgrazing;
declining
tree cover;
Degraded
soils

3.2.3 Integrated Crop-Livestock Systems

Background and Description

Integrated crop-livestock farming systems are promoted as they have been shown to improve cycling of

nutrients between rangelands, crop lands and stall-f ed (zero grazing/ ficut and ca
ruminants and soils).

Evidence of Role in Mitigation and Adaptation
The farmyard has long been treated as a valuable source of organic matter to enhance soil fertility, as manure
promotes the formation and stabilization of soil macro-aggregates and particulate organic matter in integrated
crop-livestock systems (see 2.3.1). Manure is also more resistant to microbial decomposition than plant
residues are. Consequently, for the same carbon input, carbon storage (climate change mitigation) is higher
with manure application than plant residues?.

The Rodale Institute Regenerative Agriculture Research Centre in Senegal has worked closely with 2,000
farmers in 59 groups to improve soil quality, integrate stall-fed livestock into crop systems, add legumes and
green manures, improve the use of manures and rock phosphate, incorporate water harvesting systems and
develop effective composting systems (FAO, 2007c). The result has been a 75-195 percent improvement in
millet yields, from 330 to 600-1000 kg/ha, and in groundnut yields from 340 to 600-900 kg/ha. Yields are also
less variable year to year, with consequent improvements in household food security, clearly contributing to
climate change adaptation.

The composition and therefore decomposition of manure varies between the species from which it originates
and also within species according to their diet.

Wider Contribution to Rural Development
Addition of animal manure to soils generally increases fertility. Hence, crop yields also increase, thus
improving food security without the need to purchase synthetic fertilisers (see 3.1.7).

Implementing Conditions

Depending on the system, the application of even relatively high amounts of manure does not guarantee an
increase in SOC. The amount required to increase SOC will vary between agro-ecological zones and,
therefore, should be assessed locally.

1 cost figures in US $, ca 2004, for establishment and/or maintenance (WOCAT, 2007).

12 Following five years of application, soil receiving manure had 1.18 tonnes/ha more carbon present than soil receiésigip&mt r
(FAO, 2007c).
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Care must be taken in drylands, as fiburningdo of the
when there is insufficient moisture available. To avoid this, farmers should wait until the rains have come

before applying manure to crops in fields.

Concluding Remarks

Manure is a valuable but often neglected commodity in livestock and mixed farming systems. Its careful use
improves soils, thus contributing to increasing crop yields with climate change adaptation benefits. It also
provides a more stable form of carbon for long term storage in soil, contributing to climate change mitigation.

Examples of well integrated crop-livestock systems are found across the continent, in the wide range of agro-
ecosystems (inter alia Burkina Faso, Ethiopia, Kenya, Rwanda and South Africa).

Table 181 Summary of the Role of Integrated Crop-Livestock Systems

Increased

Integrated

High High Highly Higher or Large

Crop-
Livestock

Systems

variable
depending
on local
conditions

livestock
off-take and
productivity;
Increased

lower
rainfall;
Degraded
soils

guantities
can "burn
crops in
drylands

availability
of manure;
Increased

soil fertility

3.2.4 Limiting Use of Fire in Range Management

Background and Description

Fire is a widely used management practice for vegetation clearance, growth stimulation and pest control on
grass and rangelands in Sub-Saharan Africa. The annual burning of tropical grasslands plays a significant
role in the global carbon cycle (Steinfeld et al, 2006).

Evidence of Role in Mitigation and Adaptation

Savannah burning is not considered to result in net CO, emissions, as equivalent amounts of CO, released in
burning are recaptured through photosynthesis (vegetation re-growth). Even in savannah systems that contain
woody species, it has been shown that carbon lost through combustion can be replaced during the following
growing season. In practice, however, grasslands that are burned often may not recover, resulting in
permanent loss of protective vegetation cover (Neely and Bunning, 2008).

The damaging impact of fire arises not from the loss of carbon from vegetation. Rather, rangeland burning
significantly reduces SOC (releasing carbon) and nutrient levels in the upper few centimetres of soil. This loss
of SOC has other negative effects on ecosystem function and resilience. It reduces soil water retention
capacity, kills micro-organisms in the surface soil and reduces their food substrate. It also exposes the soil to
erosion (rain and wind). In some soils, burning causes capped soil surfaces to form, which further exacerbates
the damage, inhibiting rainwater infiltration, reducing soil moisture availability, soil biological activity and
consequently plant growth.

Burning also releases other GHGs (NO, and CH,) as well as photochemical smog and hydrocarbons. These
damaging aerosols dominate the atmospheric aerosols over Africa (Steinfeld et al, 2006).

The management of savannahs to mitigate the damaging impacts of burning on the climate should involve
one or both of:

A Reduction in the frequency and extent of fires through more effective fire suppression; and/or
A Reduction in the fuel load by vegetation management and burning at a time of year when less CH,
and N,O are emitted.
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This will contribute to helping savannah land users (pastoralist and agro-pastoralists) adapt to climate
change, as the quality and quantity of grazing and browse for their livestock will improve.

Other Environmental Benefits
Reduction in the frequency and extent of rangeland burning will improve hydrological functioning.

Concluding Remarks

Reductions in the frequency and/or intensity of fires in rangelands typically leads to increased tree and shrub
cover, resulting in an increase in above and below ground carbon sequestration, contributing to climate
change mitigation. (Tree and shrub cover may eventually need to be controlled manually to maintain pasture,
but with economic benefits, from food, fodder, firewood and charcoal.)

Table 197 Summary of the Role of Limiting Use of Fire in Range Management

Limiting Use | High High Possible pest | Increased Higher or Where
of Firein problems; livestock lower particular
Range Bush off-take and | rainfall; All pest
Management encroachment | productivity; | rangelands | problems
T no $ figures | Increased (e.g.
found biomass snakes)
and SOC

3.3 Livestock Management and Climate Change

3.3.1 Management of Domestic Animals

Background and Description

Land use by the livestock sector, including grazing land and cropland dedicated to the production of feed,
represents approximately 70 percent of all agricultural land in the world. The livestock sector affects the global
carbon balance and, thus, contributes to the release of large amounts of carbon into the atmosphere. In
addition, GHGs are emitted from fossil fuels used in the production process (from feed production to
processing and marketing of livestock products).

Direct emissions from livestock come from the respiratory process of all animals in the form of carbon dioxide.
Of more concern regarding climate change, ruminants and to a lesser extent monogastrics, emit the more
potent GHG methane as part of their digestive process. Methane emissions by ruminants are wasteful as they
are a loss of productivity, since methane represents a loss of carbon from the rumen and, therefore, an
unproductive use of dietary energy (US-EPA, 2005). Emissions per animal and per unit of product are higher
when the diet is poor.

In total, livestock production is estimated to be responsible for 37 percent of global methane (CH,) emissions
and 65 percent of nitrous oxide emissions (FAO, 2005a; Steinfeld et al, 2006; Neely and Bunning, 2008) (see
2.3.2). While developing countries account for only 36 percent of CO, emissions, they produce more than half
of N,O and nearly two-thirds of CHj,.

The share of energy consumption (and GHG emissions) accounted for by the different stages of livestock
production varies widely, depending on the intensity of livestock production.

A In modern production systems the bulk of the energy is spent on production of feed, whether forage
for ruminants or concentrate feed for poultry or pigs. Large amounts of fossil fuel energy are
consumed in the production of agrochemicals (fertilisers, herbicides and pesticides), diesel for
machinery (for land preparation, applying agrochemicals, harvesting and transportation) and
electricity (irrigation pumps, drying, heating, etc).

A In the traditional, pastoral and agro-pastoral systems of Sub-Saharan Africa, the poor diets, high calf
mortality and low off-take from herds are very inefficient in terms of feed inputs.

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE
CLIMATE CHANGE IN SUB-SAHARAN AFRICA

39



TERRAFRICA

REGIONAL SUSTAINABLE LAND MANAGEMENT

Evidence of Role in Mitigation and Adaptation

The livestock sector has deep and wide-ranging environmental impacts. Therefore, it should be ranked as one
of the leading foci in mitigating climate change, as efforts here will have large and multiple pay-offs (Steinfeld
et al, 2006).

At every step in the livestock production process, substances contributing to climate change are emitted or
sequestration is hampered. Improving the resource use efficiency of livestock production through increased
use of SLM practices can reduce these deleterious environmental impacts hence mitigating climate change.
The IPCC (2007) notes that pasture quality improvement can be important in reducing methane, particularly in
less developed regions and that this will result in improved animal productivity and reduce the proportion of
energy lost as CH, (see 3.2.2.2, 3.2 and 3.3), with further mitigation benefits.

Better grazing management (e.g. holistic grazing management) has been identified (along with dietary
supplementation) as the most effective way to improve efficiency and reduce emissions from this sector
(contributing directly to mitigation) because they improve animal nutrition and reproductive efficiency. Most
ruminants in developing countries, particularly in Africa and South Asia, live on a very fibrous diet. Technically,
the improvements of these diets are relatively easy to achieve through the use of feed additives or
supplements. However, at present such techniques are often out of reach for smallholder livestock producers
who lack the capital and often knowledge to implement such changes (Steinfeld et al, 2006). For zero grazed
animals, providing a more balanced diet that is not too high in roughage can simultaneously improve
productivity and reduce emissions of methane from each animal

Livestock fed on improved diets will produce more milk and meat per animal. This increase in production
efficiency reduces the amount of methane emitted per unit of production and also leads to a reduction in the
size of the herd required to produce a given level of product.

Altering the composition of livestock holdings (increasing the number of non-ruminants) will reduce methane
emissions from enteric fermentation (mitigating climate change) and also reduce the risk of whole herds
dying (e.g. due to drought), contributing to adaptation.

Wider Contribution to Rural Development
Practices that increase the productivity of livestock will increase food security and potentially provide extra
income from milk and/or meat.

Concluding Remarks

Smallholder livestock keepers in Sub-Saharan Africa would benefit directly at the individual and household
level (climate change adaptation) and also contribute at the global level (climate change mitigation), if they
could access the knowledge and capital required to implement such changes i a clear win-win investment
opportunity.

Table 207 Summary of the Role of Management of Domestic Animals

Management | Medium High Very Increased Higher or None
of Domestic variable, livestock lower
Animals depending | off-take rainfall; All
on local and rangelands,
conditions | productivity | also
smallholder
livestock
and zero
grazing
systems

USING SUSTAINABLE LAND MANAGEMENT PRACTICES TO ADAPT TO AND MITIGATE
CLIMATE CHANGE IN SUB-SAHARAN AFRICA

40



TERRAFRICA

REGIONAL SUSTAINABLE LAND MANAGEMENT

3.3.2 Manure Management

Background and Description

Manure is the residue from an animalés digestive
important amounts of valuable soil nutrients such as nitrogen, phosphates and potassium. Poor manure
management can result in increased losses of pollutants to the environment. Nitrogen in manures can be lost
as nitrates, nitrous oxide (a GHG) or ammonia (a constituent of acid rain and a cause of terrestrial
eutrophication). Phosphorus-rich manure particles can raise phosphorus in soil to levels where leaching of
phosphorus begins. Also, if manure is managed as a liquid substance, it decays and forms the GHG methane.

Evidence of Role in Mitigation and Adaptation

In the wild, animal manure is spread over a wide area and decomposes aerobically in the presence of oxygen
in the natural environment. However, intensive livestock rearing methods mean high concentrations of manure
build up in relatively small areas. Such conditions lead to a predominance of anaerobic (oxygen-free)
decomposition of the manure, which exacerbates the production of methane.

The balance of feed that an animal consumes influences the properties of its gaseous emissions (see 3.3.1)
and manure. Manure with high nitrogen content will emit greater levels of methane than manure with lower
nitrogen contents, thus increasing the C:N ratio in grazing materials/feeds will reduce nitrogen emissions from
cattle in all types of management systems which has a mitigation benefit.

Handling manures in solid form (e.g. composting), which is more common in small zero grazing systems in
Sub-Saharan Africa, rather than liquid form (e.g. in large peri-urban systems) can suppress CH, emissions.
Preliminary evidence suggests that covering manure heaps can reduce N,O emissions, but the effect of this
practice on CH, emissions is variable (Steinfeld et al, 2006) and should be assessed locally.

Rapid incorporation of manure into cropland and shallow injection methods reduce loss of nitrogen to the
atmosphere (thus maximise benefit to the soils) by at least 50 percent and deep injection into the soll
essentially eliminates this loss.

Other Environmental Benefits

Biogas is produced by controlled anaerobic digestion i the bacterial fermentation of organic material under
controlled conditions in a closed vessel. This capture and subsequent use of methane released from animal
wastes is becoming an increasingly common method of energy generation alongside intensive animal rearing
units and is also the basis for a number of carbon reduction and trading projects in other parts of the world.

Wider Contribution to Rural Development
Improved manure management will restore soil fertility, increasing crop yields and food security.

Table 217 Summary of the Role of Manure Management

Manure Medium High N/A Improved Hot Rangeland
Management Figure soil fertility; climates systems

modelled Reduced (high

for dryland land methane

farming degradation; | production)

systems in Increased

Nigeria yields;

and Sudan Biogas may

is be a by-

0.09 t/ha product

yrt

(Farage et

al, 2007)

proce
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3.4 Forest Management and Climate Change

3.4.1 Avoided Deforestation

Background and Description

A forest contains more above ground carbon per hectare than any field of annual crops or pasture. Therefore,
when forests are cleared (for agriculture), harvested (e.g. for fuel wood/charcoal or timber), or worse, burned,
large amounts of carbon are released from the vegetation and soil to the atmosphere. The net reduction in
carbon stocks is not simply equal to the net CO, flux from the cleared area. The reality is more complex:
Forest clearing can produce a complex pattern of net fluxes that change direction over time (IPCC guidelines).

The sustainable management of forests in the Sub-Saharan region is of particular concern given the projected
long-term impacts of climate change on forests, which include die-back. Changes in temperature ranges and
precipitation attributable to climate change are likely to particularly damage forests, with the impacts
compounded by predicted increases in frequency of droughts and forest fires.

Evidence of Role in Mitigation and Adaptation

It is accepted that the most important carbon mitigation mechanism in the short-term is to avoid deforestation
(IPCC WGIII Ch.8, 2007 and Bellarby, 2008). A recent IFPRI report (Bryan, 2008) noted that the potential for
mitigation through avoided-deforestation in Africa accounts for 29 percent of the global total.

Forests need to be kept healthy so that they can maintain their biodiversity and the environmental services
they provide, including carbon storage (for climate change mitigation). The following SLM practices will boost
forests' resilience and resistance to climate change (adaptation): (i) avoiding forest fragmentation; (ii)
improving forest connectivity; (iii) preventing conversion to high-intensity forestry; (iv) encouraging sustainable
use; (v) maintaining natural disturbance regimes such as fires; and (vi) actively controlling alien invasive
species (AIPs) (FAO, 2005b).

In addition to the importance of protecting forests for their important role in carbon storage, it is vital to
consider the functions that forests perform in other ecosystem processes affecting climate. Marland et al
(2003) particularly point out that focpbratenthet eBectsndf thésey at i o n
(land cover) changes in the |l and surface on the surfac
atmosphere and the distribution of energy within the climate system. Changes in these components of the
surfaceenergy budget can affect the | ocal, regional, and gl o

Changes in |l and surface can change the radiation bal an
changes in | and surface can alter the ogphetecand tlwug thesensi b
distribution of energy within the climate system. In so doing, it can alter climate at the local, regional and even
gl obal scal e. Marl and et al (2003) note that fAmitigatdi
pux of CO, to the atmosphere but do not simultaneously acknowledge the importance of changes in the

al bedo or in the flow of ener gy wintamgementdedsiors that lométs sy s |
produce the intended climatic results. o
lthasbeenk nown f or decades that c¢changes in forest cover in

the atmosphere, regional convection and regional rainfall. However, more recent work shows that these
changes in forest cover have consequences far beyond the Amazon Basin (Werth and Avir, 2002; Gedney
and Valdes, 2000). Of most relevance for Sub-Saharan Africa is the work by Xue (1997), Pielke et al (2002)
and others, who contend that drought in Sahelian Africa has been an important positive feedback from the
destruction of regional vegetation. Semazzi and Yi Song (2001) undertook a modelling study to investigate the
potential climate change that would result from totally clearing the tropical rain forests in Africa. In the control
simulation normal vegetation was prescribed. The model results show that replacement of tropical rain forest
vegetation with savannah grassland vegetation produces the following climate changes over Africa:

1 Over the deforested region, the model results indicate a significant reduction in area- average rainfall
throughout the year. The decrease ranges between 2 to 3 mm d'? during the northern hemispheric
summer months, when the region experiences the driest conditions (July to September), and less
than 1 mmd'* during the wettest months (autumn and spring).

1 Over southern Africa, deforestation results in substantial rainfall reduction over Mozambique and
rainfall increase over Botswana, Zambia, the southern region of the Democratic Republic of the
Congo and parts of South Africa.
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1 Over Eastern and Western Africa the impact of deforestation is primarily characterized by a reduction
in rainfall (the adopted GCM T42 resolution may not have been adequate to resolve the large
contrasts in terrain and vegetation types).

1 Over the rest of Africa, the response is relatively weak.

Other Environmental Benefits
Maintenance of bio-diverse forests helps to maintain the functioning of hydrological systems (see 3.5.3).

Concluding Remarks

Controlling expansion of agriculture (for cultivation or grazing), particularly into tropical rainforests, can make
an important contribution to mitigation of climate change. But in many instances the sole option to preserve
forested area is to intensify agricultural production on other land. This raises complexities as where
intensification involves increased fertilizer inputs, there will be increased emissions related to the fertilizer
(production and use, see 2.3.2 and 3.1.7).

As noted in 3.2.2, pressure on wood resources would be reduced if more fuel efficient stoves or sustainable
alterative fuels could be made available and affordable (e.g. solar cookers or electricity produced from PV,
wind or locally produced biodiesel).

Table 227 Summary of the Role of Avoided Deforestation

Avoid Medium High Negligible | Sustainable | Higher or None
Deforestation wood lower
production; rainfall
NWFPs;
Reduced
land
degradation;
Biodiversity
protected

3.4.2 Reforestation / Afforestation

Background and Description

Reforestation is planting new trees in previously forested areas (where old tress have been recently cut or
burned). Afforestation involves planting stands of trees on land that is not currently classified as forest. Both
reforestation and afforestation can include shelterbelts, windbreaks and woodlots.

Evidence of Role in Mitigation and Adaptation

Tree planting has been recognized for its capacity to sequester carbon, while conserving soil and water
quality and quantity (mitigating and adapting to climate change). For example, one of the foci of the Green
Belt Movement in Kenya is on planting indigenous trees in forest catchment areas and riparian reserves to
preserve local biological diversity. Programs such as Farm Africa in Tanzania and Ethiopia promote local
community-based forest management for conserving and enhancing forest resources, while reducing forest
losses and illegal logging. Such tree planning activities will contribute to adaptation, notably in areas
predicted to experience increased intensity of rainfall, as trees will intercept raindrops and increase infiltration
into soils, while riparian woodlands also protect riverbanks from land degradation.

Genuinely sustainable forestry requires that a new tree be planted for every one that is cut down by logging,
fuel wood gathering or land clearing activities. At the global level, however, meaningful carbon sequestration
to mitigate climate change through reforestation and afforestation requires that the number of new trees
planted each year exceed the number lost to deforestation in the previous year.
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Other Environmental Benefits
Increased tree cover will improve the functioning of the hydrological system and protect wild biodiversity (see
3.5.3).

Wider Contribution to Rural Development

Reforestation and afforestation will increase the amount of sustainably sourced wood for fuel and timber and
non-woody forest products (medicinal plants, wild food, fodder etc), which would bring economic benefits to
local people.

Concluding Remarks

Many existing forests and most newly established stands will, in their lifetimes, experience climatic conditions
that deviate from conditions today. Compared to agriculture, decisions taken today for managed forests (e.g.
tree species choice) remain irreversible for decades or even centuries, thus should be made based on a
sound understanding of the most reliable local predictions for climate change.

Reforestation and afforestation activities are common across the continent, ranging in scale from on-farm
planting of woodlots for fuel (e.g. in Kenya) to ambitious re-greening projects (e.g. Senegal, Nigeria and

potentially around the whole of tGreatGgamal dthe Sahara tind e

the Sahel Initiative). In dryland areas, purposeful planting of trees is difficult due to lack of water for nurseries
in the dry season and absence of labour for protecting the trees (see also 3.2.2).

As noted in section 3.2.2, pressure on wood resources would be reduced if more fuel efficient stoves or
sustainable alterative fuels could be made available and more affordable (e.g. solar cookers or electricity
produced from PV, wind or locally produced biodiesel).

Table 2317 Summary of the Role of Re/Afforestation

Reforestation/ | High High Variable, Sustainable | Higher or Poorly
Afforestation [Farage et | depending | wood lower drained
al (2007) on local production; | rainfall sites, land
modelled conditions | NWFPs; prone to
0.15 t/ha Reduced flooding
yrt] land
degradation;
Biodiversity
protected
3.4.3 Agroforestry

Background and Description

Agroforestry is the set of land-use practices involving the deliberate combination of trees, agricultural crops
and/or animals on the same land management unit in some form of spatial arrangement or temporal
sequence (FAO, 2005c). Cultivating trees in combination with crops and livestock is an ancient practice.
However, several factors have contributed to a rising interest in agroforestry since the 1970s, including: (i) the
deteriorating economic situation in many parts of the developing world; (ii) increased tropical deforestation; (iii)
degradation and scarcity of land because of population pressures; and (iv) growing interest in farming
systems, intercropping and the environment.

Main agroforestry practices include improved fallows, taungya (growing annual agricultural crops during the
establishment of a forestry plantation), home gardens, alley cropping, growing multipurpose trees and shrubs
on farmland, boundary planting, farm woodlots, orchards or tree gardens, plantation/crop combinations,
shelterbelts, windbreaks, conservation hedges, fodder banks, live fences, trees on pasture and apiculture with
trees (FAO, 2005c).

In southern Nigeria, yams, maize, pumpkins and beans were typically grown together under a cover of
scattered trees. In Zambia, in addition to the main crop in the homestead, there were traditionally numerous
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subsidiary crops grown in mixture with tree species. Indeed, the Yoruba of western Nigeria, who have long
practiced an intensive system of mixed herbaceous, shrub and tree cropping, explain that the system as a
means of conserving human energy by making full use of the limited space laboriously won from the dense
forest. They compare the method to a multi-storied building in a congested area in which expansion must
perforce be vertical rather than horizontal. They also claim that it is an inexpensive means of combating
erosion and leaching and of maintaining soil fertility.

Evidence of Role in Mitigation and Adaptation

The evidence presented in this guide (3.1 to 3.3) demonstrates that agricultural lands are significant potential
carbon sinks which could absorb large quantities of carbon (in above ground vegetation, roots and SOC).
Trees and shrubs in farming systems can play a significant role in climate change mitigation and adaptation
as they have a higher biomass per unit area than, for example, annual crops or grasslands. The magnitude of
carbon sequestration above and below ground in agroforestry systems depends on the species, soil type,
management system, climate and duration of practice of the system.

In a review of a paper analyzing data from tropical agroforestry systems, a wide range of results were shown.
The carbon sequestration potential in plant biomass and in long-lasting wood products of agroforestry
systems was found to range between 12 and 228 Mg ha' ' with a median value of 95 Mg ha'* (Albrecht and
Kandji, 2003) [Note 1Mg = 1 Megagram = 1 ton = 1,000kg]. The results clearly show the importance of
agroforestry systems as carbon sinks in mitigating climate change and given the acknowledged link between
SOC and soil nutrient holding capacity (CEC), AF systems also contribute to increasing soil fertility. The
extent of this, however, depends on the initial land condition/use and the management methodology (Bellarby
et al, 2008). The greatest benefits will be obtained by reclaiming degraded soils.

Leguminous tree species further improve soil physical properties through tree root activities (microbial activity
in root nodules characteristic to legumes, which improve soil aggregation) in addition to the biomass
incorporated into the soil (Ajayi et al, 2007) and nitrogen fixed.

AFertilizer tree systemso are one type @fronasing mathway estr y
for smallholders to use that will increase on-farm food production (Garrity, 2004), and adaption to climate

change. After years of experimentation with a wide range of soil fertility replenishment practices, three types

of simple, practical fertilizer tree systems have been developed that are now being scaled-up but have not yet

achieved widespread adoption in Sub-Saharan Africa. These are:

9 Improved fallows using trees and shrubs such as sesbania (Sesbania sesban) or tephrosia
(Tephrosia vogelii);

1 Mixed intercropping with gliricidia (Gliricida sepium) or Faidherbia albida®®; and
1 Biomass transfer with species such as wild sunflower (Tithonia diversifolia) or gliricidia.

AFertilizer tree systemso provide between 50 and 200 Kk
reported to result in yield increases of two to three
The Malawi Agroforestry Extension Project is using participatory planning approaches to encourage some

20,000 farmers on 4,200 hectares to adopt various agroforestry practices in their fields (FAO, 2007c). A report

of the results describes the range of practices as: (i) under sowing maize with Tephrosia vogelii, pigeon pea

and/or Sesbania sesban to improve soil fertility; (i) widely dispersed inter-planting of trees (e.g. Faidherbia,

Acacia polycantha. A. galpinii); and (iii) adoption of other soil and water conservation practices, especially

vetiver contour hedgerows. The results showed that maize yields improved on average from 700 kg/ha to
1500-2000 kg/ha, farmers became less dependent on fertilizers and more households became both food and

wood fuel secure.

In addition to benefits such as the provision of wood and NWFPs, restoration of soil fertility and the
conservation of biological diversity, trees and forests improve the microclimate by buffering winds, acting as a
barrier against extreme weather events (wind, heavy rain / hail), regulating the water table and providing
shade to crops and animals. They are, therefore, part of sustainable agricultural production systems,
contributing to both climate change adaptation and mitigation.

13 This is a traditional parkland species across much of the .Shteske is an ongoing national programstle it up in Zambia, as
part of a conservation agriculture system
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Other Environmental Benefits
Agroforestry systems bring hydrological benefits from the field to watershed level.

Introduction of trees into arable farming systems requires careful management to maximise synergies and
minimise trade-offs. For example, if densely planted, the excessive shade will reduce under-storey crop
yields.

Wider Contribution to Rural Development

Increased yields of food crops, including tree crops, will increase food security. Other non-woody forest
products (medicinal plants, fruits, fodder, wood for fuel and timber) will have wider household benefits and
may generate additional income, stimulating rural economies.

The central role of agroforestry was highlighted on July 24, 2009, when the World Agroforestry Centre
(I CRAF) and the

UNEP called for the widespread uptake

multiple benefitstothe wor | dés rapidly growing populations, from
poverty to boosting food production and providing sustainable sources of timber.
Concluding Remarks
There are a number of particular issues which need to be considered when AF systems are being
planned/advocated by advisers. This is because decisions on tree planting require having longer time
horizons than is the case for traditional arable crops. The uncertainties particularly relate to future shifts in
global climate, land-use and land cover, the likely poor performance of trees on degraded soils and in dry
environments; and existing and potential future pests and diseases.
Examples of successful agroforestry systems are found in Kenya, Ethiopia, Sudan, Malawi and Zambia.
Table 247 Summary of the Role of Agroforestry
Agroforestry | High High This varies Sustainable | Degraded None

widely wood soils;

depending on | production; Higher or

the system NWFPs; lower

and pre- Reduced rainfall

existing land

conditions. degradation;

*Kenya Biodiversity

Grevillea protected

robusta

system

establishment

- $160/halyr,

maintenance

- $90/halyr
3.4.4 Fire Reduction in Forest Management
Background and Description
Cyclical deforestation and reforestation are natural processes catalysed by natural fires ignited by lightening.
Natural fires maintain forest health by clearing away dense brush, dead wood and pests and allowing new
growth to emerge. They are essential in the lifecycles of some tree species.
% Cost figures in US $, ca 2004, for establishment and / or maintenance (WOCAT, 2007).
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The natural burning of trees and other organic matter in forests releases carbon dioxide into the atmosphere
and the decay of dead plants produces methane. However, the emission of GHGs by burning and decay of
plant matter is normally compensated by the process of photosynthesis in living plants, especially the new
vegetation that springs up on cleared land.

In recent decades, a still largely uncontrolled process of deforestation by burning as a result of human activity
has been altering the natural balance of GHGs (FAO, 2007b). These fires range in scale from small plot
clearance for smallholder agriculture to large-scale slash burning after forest harvesting, which is common in
the large scale plantations of southern Africa (FAO, 2007g). Climate change itself is further increasing the
area burned, as prolonged unseasonable periods of drought are increasing the likelihood of fires igniting and
widening their spread.

Evidence of Role in Mitigation and Adaptation

Forest fires release a wide range of gases, including the important GHGs: CO,, CH, and N,O. The amount
released depends on the specific type of forest concerned, other properties of the fire (amount of smouldering
and the duration and temperature of the fire) and the total area burnt.

Any reduction in the area burnt and/or the frequency of burning will reduce emissions of all these GHGs, with
major benefits for climate change mitigation, while also assisting forest dwellers in adapting to climate
change, through supplying NWFPs.

Other Environmental Benefits

Fire ravaged forests are prone to high levels of degradation, particularly erosion of soil, which subsequently
pollutes rivers and causes sediment build up in lakes, reservoirs and along coastlines. Any success in
reducing the area and frequency of human-lit forest fires will improve the functioning of hydrological systems
and protect wild biodiversity.

Wider Contribution to Rural Development

Reduction in the frequency and extent of forest fires will increase the amount of locally available wood for fuel
and timber (from sustainable sources) and non-woody forest products (inter alia medicinal plants, wild fruit,
nuts, fodder, etc).

Concluding Remarks
Limitations on forest burning have enormous potential to protect sequestered carbon and reduce GHGs
emissions, mitigating climate change.

Table 257 Summary of the Role of Fire Reduction

Fire Medium High N/A Sustainable | Degraded None
Reduction wood sails;

production; Higher or

NWFPs; lower

Reduced rainfall

land

degradation;

Biodiversity

protected

3.5 Improved Rainwater Management and Climate Change

Under present conditions, much rainwater is lost to agro-ecosystems as, for a variety of reasons, it does not
infiltrate the soil but rapidly runs-off overland, limiting water availability for plant/crop growth, removing topsoil
and deleteriously affecting hydrological regimes. Possibly the most vital concern for SLM in the face of the
predicted changes in precipitation patterns and increased temperatures is to ensure that rainwater is used to
maximum beneficial effect for rain-fed and irrigated agricultural production, as well as more widely for
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ecosystem function and water supplies.
3.5.1 Rainwater Harvesting and Improved Drainage

Background and Description
Raised productivity achieved by improving rain-fed agricultural water management through SLM practices can
contribute to ensuring local and global food supplies, food security and restoration of agro-ecosystems.

Evidence of Role in Mitigation and Adaptation
A broad range of agricultural water management practices and technologies can contribute to mitigation and
adaptation.

Many of the practices already detailed in this guide (mulching, green manures, conservation tillage and
conservation agriculture), will help land users adapt in areas predicted to receive lower precipitation
(increasing infiltration, reducing evaporation and increasing storage of rainwater in soils). These same SLM
practices will also help land users adapt where precipitation is expected to increase in total and/or intensity,
which would otherwise increase the rate of soil erosion.

Water harvesting systems to enhance precipitation capture (e.g. v-shaped micro-catchments and zai) are
increasingly being promoted within Sub-Saharan Africa. The mitigation and adaptation benefits are clear
when water harvesting is combined with integrated nutrient management. For example, in Burkina Faso,
yields have been shown to increase by 1.5 to 2 times (Rockstrom et al, 2003 and FAO, 2007c).

Improved land drainage systems are also vital components of SLM in areas that are predicted to receive
either increased total precipitation, or an increase in frequency of higher intensity precipitation (e.g. Central
and parts of East Africa i refer to Annex 1 and Washington, 2008). This will be key to adaptation.

Wider Contribution to Rural Development
Improved rainwater management should contribute to households having access to sufficient, safe supplies of
water for domestic use.

Table 26 1 Summary of the Role of Rainwater Harvesting and Improved Drainage

Rainwater | High Medium Dependent | Improved Lower or None
Harvesting on local rainwater higher

and conditions | management | rainfall

Improved

Drainage

3.5.2 Irrigation Systems

Background and Description
The inter-annual storage of excess precipitation and the use of resource efficient irrigation are critical to
maintaining cropping intensities in many parts of Sub-Saharan Africa.

Evidence of Role in Mitigation and Adaptation

Small-scale irrigation systems i involving the combination of new and indigenous technologies (e.g. buried
porous ceramic pots, pipe drip irrigation and sunken streambed structures) 1 are already increasingly being
promoted, as reliance on irregular and unreliable rainfall for agricultural production is a major constraint on
crop productivity. Such systems are a mitigation measure in the face of climate change. These practices are
also particularly important as many new higher-yielding crop varieties are unable to achieve their full
production potential under increasingly unreliable rain-fed conditions, thus, contributing to adaptation.

Concluding Remarks
A transition toward more precision irrigated agriculture in water stressed areas needs to be planned for, as
reliable water supplies are a vital prerequisite to sustainable livelihoods.
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Small- High High Dependent | Increased Lower None
scale on local rice yields rainfall
Irrigation conditions per unit of
Systems irrigation
water and
area

3.5.3 Watershed Management

Background and Description

Watershed management has evolved and passed through several developmental stages. In the initial

stages, it was a subject of forestry and forestry-related hydrology. The involvement of people was not an

issue. Instead, it was solely an affair of government forest departments. During the second stage, it

became land resources management-related, including activities with a focus on economic benefits.
Originally, the focus was on benefi ci ar i madicipatonyoawk v e r ,
integratedo watershed management approach, with invol v

Aln the formulation of (watershed management)
land and water resources and the socio-economic factors which affect the

development of the human beings in the area in general, and land-use practices

in particular, should be taken into account. Moreover, there should be provision

for perpetual operational support. Without adequate social control of the use

of t he worl dbés l and and water resources,
overdevelopment can lead in the long run to regional or national

underdevelopment. Furthermore, there must be an awareness of the total soil and

water resources system, both upstream and downstream and of the interrelated
benefits that can be obtained by the wise applicat]

pl an:

t hei

K. King, Director of FAO Forestry Department, 1977

Evidence of Role in Mitigation and Adaptation

Inland water resources are generally under pressure from existing demand regimes. These are predicted to
be further challenged with increasing populations, urbanization, greater demands for irrigation and the
impacts of climate change on river systems. Given that even at current levels of demand it is not always
possible to protect the environment fully, an appraisal process across entire river basins must be carried out
S0 as to balance priorities and apply mitigation measures.

Robust environmental appraisal processes must be carried out to properly balance resource priorities, guide
decisions on allocation and on any mitigation measures that may be necessary. The key problem to be
addressed is the promotion of sustainable use of water resources at an optimal level of exploitation,
acceptable to all users whilst maintaining freshwater ecosystems and the potential to meet future needs and
expectations.

| mproved/ holistic management at the | evel o f river C i
hydrological systems and other ecosystem services and also reduce the frequency and damaging impacts of

flash floods and droughts (adapting to and mitigating the impacts of climate change). This should include: (i)

protecting upper-catchments from erosion; (ii) retaining natural forest cover or if necessary re-planting trees;

(iif) ensuring arable agricultural practices include protection of the soil surface and high levels of rainfall

infiltration (see 3.1); (iv) sound management of pasture and rangeland to avoid rapid run-off of rainfall (see

3.2); (v) promoting infiltration into groundwater; and (vi) promoting rainwater harvesting.
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Wider Contribution to Rural Development

Partnerships between watershed management programs and other institutions working on livelihoods, poverty
alleviation, land reform and education and health issues make it easier to effectively address environmental
and socio-economic issues (FAO, 2006). So far, such embedded watershed management has taken place in
affluent countries, where infrastructure, social welfare services and public subsidies are available and
environmental conservation is a public concern. For instance, watershed management interventions in de-
populated mountain areas of Western Europe are integrated with socio-economic development through
activities that strengthen local capacities to manage forest, land and water. These interventions also
promote conservation-b a s e d l'iveli hood alternatives 1T such as
and handi cinknf wasershed mmanagenhent interventions to existing public sector incentives for
natural resource conservation and other subsidy systems (ibid.).

There is little embedding of watershed management in developing countries, which tend not to have an
effective public sector in rural areas or subsidies and incentives (FAO, 2006). However, over the last decade,
poverty reduction and sustainable livelihood initiatives, administrative decentralization, public private
partnerships and expansion of the market for environmental services have started to offer watershed
management programs new opportunities for partnership with local development processes in many areas of
Africa, Asia and Latin America.

Concluding Remarks

Watershed management programs are shifting from a participatory to a collaborative approach. The term
ficoll aborativeo refers to participation in natur al
learning, exchange and negotiation among actors with diverse interests and concerns, including
technical experts and policy-makers.

Table 281 Summary of the Role of Protection of Watershed Management

Watershed High Variable Variable Lower All agro- None
Management rates of ecosystems,
run-off; higher or
Reduced lower

soll rainfall
erosion;
Increased
infiltration,
reducing
the
impacts of
droughts
and
flooding;
Improved
water
quality
(reduced
sediment
load)
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3.6 Conserving/Restoring Agro-biodiversity and Habitats

3.6.1 Protection of Agro-biodiversity

Background and Description
Agro-biodiversity (AgBD) - the genetic resources for food and agriculture - includes:

1 Harvested crop varieties, livestock breeds, fish species and non-domesticated (wild) resources within
field, forest, rangeland and aquatic ecosystems i this includes tree products and wild animals hunted
for food (e.g. wild fish);

1 Non-harvested species in production ecosystems that support food provision, including soil micro-
biota, pollinators and other insects such as bees, butterflies, earthworms and greenflies; and

1 Non-harvested species in the wider environment that support food production ecosystems
(agricultural, pastoral, forest and aquatic ecosystems).

AgBD is the result of natural selection processes and the careful selection and inventive developments of

farmer s, herders and fishers over millennia. Many pec
sustained management of various biological resources that are important for food and agriculture (FAO,
2008f).

Evidence of Role in Mitigation and Adaptation

Small-scale subsistence farmers have selected and planted crop varieties resistant to floods, drought or saline

conditions, traditionally from seeds saved after previous harvests, as these traits helped them adapt to

variable weather patterns. Farmers and agro-pastoralists also use the genetic diversity of livestock and wild

foods. This is becoming ever more important, as the diverse genetic base is key to providing varieties for

indi vidual f ar mesitsfiég eunsee baanndk sadl sfor oifth whi ch such charact e
commercial use to adapt to climate change.

AgBD is, thus, crucial for local adaptation and resilience to the changing environmental conditions and
stresses due to climate change, including: (i) conserving diversity; (i) adapting varieties to diverse and
marginal conditions; (iii) broadening the genetic base of crops; and (iv) promoting locally adapted crops and
underutilized species.

Wider Contribution to Rural Development
The increased reliability of crop yields achievable by using more diverse, locally adapted species and varieties
will increase food security.

Concluding Remarks
Protection and valorising AgBD is a vital SLM strategy at local, national and global level.

Table 2917 Summary of the Role of Protection of Agro-biodiversity

Protection of High Medium N/A Increased Higher or None
Agro- crop yields | lower
biodiversity and yield rainfall
reliability
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3.6.2 Restoration of Natural/Near-Natural Vegetation

Background and Description

Croplands contain the lowest concentration of carbon (apart from deserts and semi-deserts) compared to any
other land use'®. Therefore, the reversion of cropland to another land cover, ideally the local natural
vegetation, is one of the most effective methods of increasing carbon sequestration and reducing emissions of
GHGs.

Evidence of Role in Mitigation and Adaptation

The conversion of arable cropland to grassland or forest produces a carbon sink (mitigation), due to the
combined effects of reduced soil disturbance (tillage), reduced carbon removal (harvesting) and increased
carbon sequestration (plant growth). Uncultivated grasslands and forests will also usually emit less N,O
compared to the previous (perhaps fertilised) cropland, although there may be higher rates of CH, production.

Converting former wetlands, which have been drained for crop-growing back into wetlands, can result in an
even greater carbon sink. This must be done with care, however, as it could stimulate CH, emissions given
that water logging creates anaerobic conditions.

Restoration of mangroves, for example, helps with adaptation to the impacts of rising sea levels and

increasing storms, vitally important for many coastal communities in Sub-Saharan Africa (after Tomlinson,

1986). Mangroves are coastal buffers, reducing the strength of waves before they reach the shore and

protecting against cyclone damaget o coasts and seaside communities. Ma
cleared for agriculture and aquaculture, as in past decades they were deemed economically unimportant.

Other Environmental Benefits
Restoration of complex, near-natural vegetation brings benefits in terms of the functioning of the wider agro-
ecosystem, including the hydrological system and wider biodiversity (see 3.5.3).

Restoration of arable land to near natural vegetation along riparian areas is particularly beneficial, as it will
increase the above and below ground biomass and act as a filter to prevent sediment (topsoil) being washed
into watercourses.

Wider Contribution to Rural Development
Restoration of woodland systems will bring benefits in terms of biodiversity and NWFPs.

Concluding Remarks

When assessing the GHG benefits of restoring a natural vegetation system, it is important to calculate the
balance between the benefits (e.g. in terms of carbon sequestration) and release of other emissions (CH,),
particularly for wetlands.

Table 307 Summary of the Role of Restoration of Natural / Near-Natural Vegetation

Restoration | Medium High Reduced Multiple Higher or Food

of Natural/ arable crop lower insecure
Near- yields rainfall areas
Natural

Vegetation

15 See Table 3, also Bellarley al (2008)
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Discussion, Gaps and Recommendations

3.7 Discussion

3.7.1 SLM for Climate Change Mitigation

The introduction to this guide noted that Aithe mitigat
land users in Sub-Saharan Africa, given that small holders, agro-pastoralists and pastoralists contribute little
to GHGs. 0

The combined effects of the agricultural activities of smallholders, agro-pastoralists and pastoralists remain
small when looked at on a global scale, because they use few mechanized equipment and their use of
agrochemicals (which consume energy in production and often emit GHGs if misapplied) is also limited.
However, as discussions take place over the coming years to develop a post-Kyoto Treaty, it should be
remembered that these often poor rural land users of Sub-Saharan Africa can still contribute significantly to
global efforts to mitigate climate change, particularly by adopting SLM practices that sequester atmospheric
carbon (inter alia conservation tillage or conservation agriculture, agroforestry, sustainable grazing
management, silvopastoral systems and improved forest management).

The case is different for the numerically small but growing number of large mechanized farms, plantations and
intensive livestock units that make more significant contributions to GHG emissions and, thus, deserve close
attention. As in developed countries, these farming activities contribute considerably to GHG emissions
including through:

I The loss of sequestered carbon due to land management practices;
1 Methane from livestock; and

1 Methane and nitrous oxide from draining of wetlands and emissions from fossil fuels (from farm
machinery and in producing agrochemicals).

All these agriculture practices should be targeted, as they contribute significantly to climate change as well as
to degradation of soil, water and biological resources and loss of biodiversity.

3.7.2 SLM for Climate Change Adaptation

Of high priority to people across Sub-Saharan Africa i from individual land users to national governments 1
are the opportunities that SLM practices offer to help them to adapt to climate change. The SLM practices
described in this guide that increase carbon sequestration and/or reduce emissions, contribute to adaptation
to increased climate variability and longer term climate change. This is principally through improving the
ecosystem services provided by the soil T leading to increased biomass production, hence, more reliable crop
yields (notably through diversification of crops, mixing of crops, livestock and trees) 7 and in turn building
resilience in agricultural livelihoods. This will also benefit rural people who are not directly involved in
agriculture but eat locally grown produce, those involved in agro-processing or agribusinesses and ultimately
urban dwellers who depend on rural areas for their food supplies.

Changes in the variability of prevailing weather conditions (see 2.2) are, for example, shortening the time
windows available for field work, including land preparation, weeding, pest management and/or harvest in
Sub-Saharan Africa. This is resulting in increased demand for human labour, animal traction or mechanized
farm power to carry out respective farm activities in a shorter period of time. However, additional labour and
animal traction are often not available and mechanisation, even if affordable, will simply exacerbate climate
change. The SLM practices identified in this guide therefore offer smallholders opportunities to reduce the
need for labour, capital, fuel-intensive land preparation and tillage (conservation/low/zero tillage or
conservation agrwicud tluemregfi tws t h Awin

Quite profound changes are required in approaches to livestock management, reverting to regimes more akin
to those which prevail in wild animal populations. These systems, carefully devised to suit local conditions, will
enable agro-pastoralists and pastoralists to maintain herds of cattle, sheep and goats, while also restoring
rangeland habitats.
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3.7.3 Synergies and Trade-offs

A synergy is where the whole is greater than the sum of the individual parts. In the context of this guide,
synergies occur when several SLM practices are used in combination, generating greater environmental
benefits. Trade-offs would be necessary where a SLM practice to generate one climate change benefit
(adaptation or mitigation) negatively affects or poses a potential risk to the achievement of the other.

Most of the practices outlined in this guide can and if possible should be thoughtfully combined in the
production system (cropland, pasture and range, forest) of Sub-Saharan Africa, leading to co-benefits.
Notably, virtually all of the SLM practices identified contribute both to mitigation and adaptation, as for
example, reducing tillage through use of conservation tillage practices, or conservation agriculture which will
reduce on-farm energy required in ploughing and reduce soil disturbance and thus the rate of decomposition
of SOC. These impacts will combine to promote accumulation of SOC. However, if mismanaged the carbon
sequestration achieved by adopting no-till systems, risks being negated by associated increases in N,O
emission from the soil profile i a trade-off.

3.8 Overview of Financing Mechanisms to Catalyse SLM to Adapt to and/or Mitigate Climate
Changel6

A diverse and growing range of instruments outside the traditional forms of public sector and donor finance
are becoming potentially available to fund SLM. Four main types of funding sources have been identified
(4.2.17 4.2.4, with examples, below).

3.8.1  Approaches to Financing Focused on Addressing Externalities

Compensation for Environmental Services and Payment for Environmental Services

Rural dwellers face choices as to the way they manage their land (agricultural practices, pasture and range
management, NWFPs and management of forest resources). Through SLM, farmers may also produce
environmental services (protection of watersheds, scenic landscapes, biodiversity and carbon related services
and prevention of soil erosion). These environmental services usually do not pass through markets and are
often described as externalities.

Compensation for environmental services (CES) and payment for environmental services (PES) programs
attempt to change the market signals rural dwellers face, so that they reflect the real social, environmental
and economic benefits that their activities deliver. Compensation can include cash payments (in which case
schemes may be referred to as PES) or payment in kind, possibly at community level, for example,
infrastructure development, or access to resources (e.g. land use rights). A service provider is either
compensated directly by the service beneficiary or by government, donors or NGOs on behalf of the service
beneficiaries. The three main sectors where CES schemes have been tried in Africa are watershed services,
biodiversity management and eco-tourism, all of which encompass SLM (Borrini-Feyerabend et al, 2004;
FAO, 2007e; Thomson et al,2009.

Climate Change Financing

As described in this guide a wide range of SLM practices contribute to climate change mitigation, as they
reduce the production of carbon and other GHGs. These include carbon sequestration activities (such as
afforestation and reforestation), carbon conservation through conservation of biomass, carbon substitution
through improved use of biomass, substitution of renewable materials for energy-intensive materials and GHG
reduction. Many of these activities should be able to generate carbon credits, thus, provide incentives for
participation among the rural poor.

Carbon financing aims to reward financially sustainable business activities that reduce their overall carbon
footprint. Through carbon markets, environmentally sustainable businesses trade/sell their accrued carbon
credits globally. This carbon finance (CF) model, therefore, directly provides financial reward for
environmentally friendly business models.

16 Adapted from Thomsoat al, 2009
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Projects implemented under CF funds have the potential to contribute to the overall aims and goals of SLM,
the UNCCD and UNFCCC. Themes under which CF projects are organised overlap directly with SLM and
climate change adaptation agendas:

1 Forestry (afforestation/reforestation, avoided deforestation, sustainable forest/land management);
1 Energy (energy-efficiency at household or community level, biofuels, and bio-energy);

9 Agricultural and rural sectors (cropland and grazing land management, methane-focussed interventions in
the agricultural sector); and

1 Biodiversity (watershed and soil management, biodiversity conservation).

There are currently two principal options for project-based mitigation of GHGs. Both options may offer a
financial return for the reduction of emissions: The Clean Development Mechanism (CDM) under the Kyoto
Protocol and voluntary projects that are outside the Kyoto framework. This includes projects such as
Integrated Forest Management (IFM) and Reducing Emissions from Deforestation and Forest Degradation
(REDD).

The CDM is one of three flexible mechanisms created by the Kyoto Protocol to enable the trading of credits
for carbon emissions reductions. It allows emission reduction (or emission removal) projects in developing
countries to earn certified emission reduction (CER) credits, each of which is equivalent to a ton of carbon
dioxide. These CERs can be traded and sold and then used by industrialized countries to meet a part of their
emission reduction targets under the Kyoto Protocol. The CDM stimulates sustainable development and
emission reductions through a range of projects focused on forestry management, agricultural methods,
hydroelectric power and landfill management.

CDM is currently the only mechanism available to countries such as South Africa, which have no formal
commitments to reduce emissions under Kyoto. The emissions reductions credits generated through CDM
projects cannot currently be traded by organizations in African countries, but they can be sold on to
organizations in developed countries. They in turn either trade them or use them to offset their own emissions.

The accreditation phase for projects to qualify for the CDM is a rigorous and public registration and issuance
process designed to ensure real, measurable and verifiable emission reductions that are additional to what
would have occurred without the project. Key initiatives of the CDM aimed at improving the capacity of African
countries to take part in the mechanism include the Nairobi Framework and the Africa Carbon Forum.

Voluntary projects are outside the Kyoto framework and are not required to comply with the strict, universally
recognized and policed regulatory framework. The voluntary approach may, therefore, be applicable for
projects that do not meet the different regulatory requirements set out by the CDM. Emission reductions from
voluntary projects are typically purchased by actors in the private or public sector that are not regulated but
wcl)yld like to take action on climate change or prepare for future emission targets that they may be subjected
to™.

REDD initiatives are an attempt to address the gap of UNFCCC and Kyoto Protocol mechanisms by
rewarding efforts aimed at avoiding deforestation and land degradation in developing countries.

Two institutions have taken the lead in establishing GHG mitigation mechanisms i the CDM and the World
Bankés Carbon Finance Unit (CFU) . A third set of
analysis is by no means a complete list, as the number of funds under both the CDM, CFU and private-sector
voluntary markets has been growing rapidly.

The World Bankdés LULUCF program is the main |ink
The BioCarbon Fund has emerged as a leader in developing credible protocols and methodologies for
LULUCF projects (World Bank, 2007b). It is based on a public/private partnership model, focusing on
biodiversity and conservation projects. The Fund was designed to provide the countries borrowing from the
World Bank with an opportunity to benefit from carbon finance in the areas of forestry, agriculture and land
management.

Governments and companies in developed countries have set up CF under the management of the CFU to
purchase project-based GHG reductions in developing countries and countries with economies in transition.

me c h

bet we

17 The voluntarymarket is burgeoning in the United States and the European Union, mostly stimulated by demand for Verified

Emission Reductions (VERS) from organizations and companies that want to limit their GHG footprint on the environment.
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