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« implementation of seasonal climate forecasting;

+ adaptation of water allocation rules that reward high return on water;

« conjunctive use of surface water and groundwater; and

« adoption of structural and nonstructural measures to cope with floods and droughts.

Additional adaptation strategies may involve land-use changes that take advantage of modified agroclimatic
conditions. A few simulation studies show the importance of irrigation water as an adaptation technique to
reduce the impact of climate change. In general, however, projections suggest that the greatest relative benefit
of adaptation is to be gained under conditions of low-to-moderate warming, Indeed, adaptation practices that
involve increased irrigation water use willlikely place additional stress on water and environmental resources
as warming and evaporative demand increase (IPCC, 2007).

Changing irrigation practices may mitigate part of the impact of drought on crop yield, or even be useful
in combating heat stress. For instance, during the 2003 heat wave and during hot summer days in Europe,
farmers irrigated at midday simply to reduce canopy temperature and thus to minimize plant heat stress.

Planned adaptation solutions should focus on developing new infrastructure, policies and institutions,
including addressing climate change in development programmes; increasing investment in irrigation infra-
structure and precision water-use technologies; ensuring appropriate transport and storage infrastructure;
revising land tenure arrangements (including attention to well-defined property rights); and establishing
accessible, efficiently functioning markets for products and inputs (including water pricing schemes) and for
financial services (including insurance).

‘Policies that aim to reward improvements in irrigation, either through market mechanisms or increased regula-
tions and improved governance, are an important tool for enhancing adaptation capacity at a regional scale.
‘However, unintended consequences may be increased consumptive water use upstream, resulting in downstream
‘users being deprived of water that would otherwise have re-entered the stream as return flow (IPCC, 2008).
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Besides techniques already available to farmers and land managers today, new technical options need to be
‘made available through dedicated research and development efforts, to be planned and implemented now, to
augment overall capacity to respond to climate change in future decades. Technological options for enhanced
R&D include traditional breeding and biotechnology for improved resistance to climate stresses such as
drought and flooding in crop, forage, livestock, forest and fisheries species.
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2.2 Land and water management options for mitigation

Adaptation in agriculture and forestry should be concurrent with mitigation: reducing greenhouse gas emissions
and increasing carbon sequestration through sustainable agricultural and forestry practices including conserva-
tion of soil and ecosystems. Agriculture, and associated deforestation activities, i responsible for one-third of total
anthropogenic greenhouse gas emissions, or about 13-15 billion tonnes CO, per year. It emits about 25 percent of
total carbon dioxide (argely from deforestation), 50 percent of methane (rice, enteric fermentation, animal waste),
‘and 75 percent of N20 (fertilizer application, animal waste) emitted annually by anthropogenic activities.
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A number of mitigation strategies in the agriculture and forestry sectors have been identified as useful
in achieving the goal of stabilization of atmospheric concentrations between 450-550 ppm CO,, for which
global GHG reductions should total 15-25 billion tonnes/ CO,e/yr-1 by 2030 (Table 2). In the forestry sector,
‘mitigation strategies include reduced deforestation and degradation of tropical forests (REDD+), sustainable
forest management (SFM) and forest restoration (FR), including afforestation and reforestation (A/R). In
agriculture, they involve reduction of non-CO, gases through improved crop and livestock management and
agroforestry practices, enhanced soil carbon sequestration in agricultural soils through reduced tillage and
land restoration, and production of bio-energy from biomass.

‘Table 2 indicates that the mitigation potential achievable by a complex mix of actions in both the agriculture
and forestry sector is significant compared to the global GHG reductions needed in 2030. Importantly, the
total potentially achievable land-based mitigation is quite close to total emissions of the agriculture sector as
2 whole. If achieved, they would contribute to making this sector nearly carbon-neutral.
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Enhancing carbon sinks (reduced tillage, afforestation, etc.)

Conservation practices, no-tll farming, implementation of cover crops and agroforestry are likely to both
improve adaptive capacity through increasing the resilience of the agricultural system, as well increasing,
carbon storage in agricultural soil Increasing the organic matter and soil carbon content of degraded cropland
would also increase crop yields (Lal, 2004).

Of the roughly 150 billion tonnes of carbon that were lost in the last century because of land conversion
to agriculture and subsequent production, about two-thirds were s a result of deforestation and one-third,
roughly 50 GTC, was lost owing to reduction of soil organic matter from cultivation practices and exports in
food products. The latter figure therefore represents the maximum theoretical amount of carbon that could be
restored in agricultural soils. In practice, as long as 40-50 percent of total aboveground production is exported
as food or other agricultural product, the actual carbon that can be restored in agricultural soils is much lower,
‘perhaps no more than 20 percent (Rosenzweig and Tubiello, 2007).

Efforts to improve soil quality and raise carbon levels can be grouped into two sets of practices: crop
‘management and conservation tillage. Both practices evolved as means to enhance sustainability and resil-
ience of agricultural systems, rather than with carbon-sequestration in mind. They include “best practice’
agricultural techniques, such as use of cover crops and /or nitrogen fixers in rotation cycles; judicious use of
fertilizers and organic amendments; soil water management improvements to irrigation and drainage; and
improved varieties with high biomass production.

‘Table 2 shows that, over the next 20 years, best practice and conservation tillage alone could store up to 1.5
billion tonnes CO, annually in agricultural soils. Larger amounts can be sequestered via agroforestry practices,
especially if established on marginal lands, or through cropland conversion and conservation programmes.
An important caveat to the implementation of best practice and reduced tillage agriculture as a means to
enhance carbon sequestration is that CO, emitted from the manufacture and use of additional agricultural
inputs may negate all or part of the increased carbon sequestered in soils (Schlesinger, 1999)

Agriculture may help to mitigate anthropogenic greenhouse emissions through the production of
biofuels. If available marginal land were used for energy crops, the IPCC projects significant reduction of
GHG through displacement of fossil fuels by biofuels — globally up to 15 billion tonnes CO, annually by
2030. It has, however, been shown that factors such as input availability, especially water and fertilizer,
and indirect land-use changes may increase the energy and carbon costs of producing liquid biofuels to
inefficient levels; in addition competition of bio-energy with food over scarce land and water resources are
problematic.
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These questions need to be addressed before large-scale bio-energy efforts are implemented further.
Specifically, while current knowledge allows for some positive action, better understanding and more infor-
‘mation is needed to develop better regulations, guide investments and protect ecosystems and communi-
ties locally, nationally and internationally, i.e. across the entire spectrum of the bio-energy-land use and
‘production chain.

to methane and Nitrous oxide (N20) paddy, Livestock)
Methane and N20 represent the bulk of agricultural emissions, and therefore mitigation of these non-CO,
greenhouse gases is very important. In addition, the fact that both gases have a high global warming poten-
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tial (GWP)? makes their reduction quite effective from a climatic perspective, as well as attractive in a carbon
‘market regime, ie. given the higher GWP involved, 1 tonne reduction of CH or N20 commands several times
the price of a 1 tonne reduction of CO,.

Mitigation options for capturing methane include: development of more efficient rice cultivation systems,
including lower requirements for water use or shifts from transplanted rice to direct-seeded rice systems or
alternate wet-dry production system; changes in livestock production systems with different stocking rates,
‘nutrition patterns, etc; recovery of biogas in animal waste management systems and from organic waste, with
flaring for energy use (FAO, 2006b).

Inintensive agricultural systems with crops and livestock production, N20 emissions typically dominate, often
‘contributing more than half, 60 percent o total greenhouse gas emissions from farms. The N2 contribution arises
from substantial N emissions from fertlized fields and animal waste. Strategies for effective mitigation of N20
‘emissions are far more difficult than those focusing on CO, and methane, given the largely heterogeneous nature
of emissions in space and time and thus the difficulty of timing fertilizer applications and/or manure manage-
‘ment. Uncertainties in emission factors also complicate the assessment of efficient N20-reduction strategies.

Current techniques focus on reduction of absolute amounts of N-fertilizer applied to fields, as well as for
livestock feeding regimes that reduce animal excreta. An effective strategy for mitigating non-CO, gases in
intensive mixed crop-livestock farming systems, such as those in Europe and North America, might be a
change in human diet towards less meat consumption, thus reducing livestock numbers, as well as grain
‘production for feed (Rosenzweig and Tubiello, 2007).

Other options: integrated food energy systems and Biochar
‘The concept of Integrated Food Energy Systems (IFES) indicates a farming system model designed to integrate,
intensify, and thus increase the simultaneous production of food and energy in two ways:

* by combining energy and food crops on the same plot (e.g. intercropping or agroforestry systems); and
« through closed loop/zero waste’ systems where the by-product of one type of product

is used to produce the other (e.g. bagasse for energy as a by-product of sugar production,
animal feed as a by-product of corn-ethanol production).
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Such systems may lead to GHG mitigation through efficient production of food and bic-energy on farms.
‘They do not, however, entirely solve the problem of competition for land or water: in conditions of scarcity,
there will always be competition for biomass production that such systems can only address to a certain
extent. In particular, the competition for organic matter from crop residues between energy and soil manage-
‘ment will always be acute in semi-arid environments.

Recently biochar, which is pyrolyzed biomass (charcoal) has been proposed as a mitigation option to
improve soil conditions. When applied to soil it sequesters carbon and improves soil conditions (Lehmann,
2007). However, a number of uestions related to the sustainable application of biochar do remain. There
are many gaps in current knowledge associated with biochar properties, the long-term effects of biochar
application on soil functions and threats, and its behaviour and fate in different ol types (e.g. disintegration,
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‘mobility, recalcitrance, interaction with soil organic matter), as well as sensitivity to management practices,
which all require further scientific research.

Small-scale biochar systems that lead to a reduction of net GHG emissions have been suggested as part of
carbon offset mechanisms and may contribute to soil carbon storage in Africa (Whitman and Lehmann, 2009).
‘However, given the extensive burning of biomass for energy in Africa, one of the problems may relate to the
willingness of farmers to forego an energy source (biochar) once it has been created. The use of biochar requires
transparent certification and monitoring schemes if it is to be used in carbon credit trading schemes.
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2.1 Land and water management options for adaptation

Crop and soil management

An essential feature of agriculture is the ability to adapt to natural variability to ensure long:term sustainabil-
ity of food production. To this end, a large number of existing farm-level management practices are already
available as a basis for devising climate change response strategies needed in coming decades. These include
growing new varieties and species that are more adapted to altered thermal and hydrological conditions;
rescheduling of farm management practices such as irrigation and nutrient application to better match altered
‘phenological cycles; implementation of technologies that conserve water and soil, etc.

Despite the existence of a considerable ‘bag of tricks’ already available to farmers today, successful imple-
‘mentation of adaptation responses in coming decades requires key additional challenges: i) from the farmer’s
side, and somewhat autonomously, the ability to implement new o previously known technologies in real
time, ie. as the climate changes; ii) from the policy-maker's side, in a planned and forward-looking fashion,
the ability to enable farmers to make changes when needed, through development of economic incentives
and delivery of necessary infrastructure; and iii) from the public and private sectors’ side, the ability to put
in place observing and monitoring systems capable of informing and supporting decision-making for both
autonomous and planned adaptation (Tubiello and Rosenzweig, 2008).

Autonomous adaptation actions are defined as responses that will be implemented by individual farmers,
rural communities and farmers’ organizations, depending on perceived or real climate change in the coming
decades, and without intervention or coordination by regional and national governments and international
agreements. To this end, maladaptation, e.g. pressure to cultivate marginal land, or to adopt unsustainable
cultivation practices as yields fall, may increase land degradation and endanger the biodiversity of both wild
and domestic species, possibly jeopardizing future ability to respond to increasing climate risk later in the
century. Planned adaptation, therefore, including changes in policies, institutions and dedicated infrastructure,
will be needed to facilitate and maximize the long-term benefits of adaptation responses to climate change.

Several simulation studies suggest the possibility of relative benefits of adaptation with low-to-moderate
warming, although several response strategies may place extra stress on water and other environmental
resources as warming increases. In general, increasing the resilience of agricultural systems requires better
reconciliation of biodiversity and agricultural production needs (Butler et al, 2007). From the technical
‘perspective of needed solutions, many management-level adaptation options are largely extensions or inten-
sifications of existing climate risk management, or of known production enhancement activities, developed
over past decades in response to climate variability across a range of plant-growth environments. Ways to
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alter management of production systems to deal with projected climatic changes include:

« altering inputs, varieties and species for increased resistance to heat shock and drought,
flooding and salinization;

« altering fertilizer rates to maintain grain o fruit quality;
« altering amounts and timing of irrigation;
« altering the timing or location of cropping activities;

* diversifying towards rotation systems, including adding cover crops and shelter belts
for improved soil-water retention and reduced erosion;

- making wider use of integrated pest and pathogen management, developing and using varieties
‘and species resistant to pests and diseases; improving quarantine capabilities
‘and monitoring programmes;

« increasing use of climate forecasting to reduce production risk;

« matching livestock stocking rates and grazing to pasture production, altered pasture rotation,
alteration of forage and animal species breeds, reassessing fertilizer use and supplementary feeds
and concentrates;

+ changing forest management, including hardwood or softwood species mix,
timber growth and rotation periods; shifting to more productive areas
under new climate conditions, adjusting fire and pest control management systems;

« introducing forest conservation, agroforestry and forest-based activities
for diversification of rural incomes;

« altering fisheries catch size and effort; improving the environment where breeding occurs;
reduce fishing rates to sustain yields of fish stocks; and

* developing integrated food-energy systems (IFES—see section 2.2).
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Broadly speaking, adapting to changes in the mean climate will require farmers to: ) adapt management; i)
choose other more robust crop varieties; i) select other crops; and iv) modify water-management practices.
Such changes will come as a result of scientific knowledge and field experience. If widely adopted, these
adaptations singly, o in combination, have the potential to offset negative climate change impacts and take
‘advantage of the positive. It has been stressed that most farm-level adaptation responses may counterbalance
impacts at low-to-medium temperature increases, allowing for coping with up to 1-2 °C local temperature
increases, an effect that can be seen as ‘buying time’ (Howden et al, 2007). Adapting to increased frequency
of extreme events, on the other hand, will be much harder, especially since such new regimes may not have
historical analogues.
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Benefits of adaptation will vary with the type of crop and with changes in temperature and rainfall (IPCC,
2007). For wheat, the potential benefits of management adaptations are similar in temperate and tropical
systems (17.9 percent versus 18.6 percent). The benefits for rice and maize are smaller than those for wheat,
with a 10 percent yield benefit when compared with yields when no adaptation is used. The benefits of
‘adaptation for rice, wheat and maize crops translate to damage avoidance of up to 1-2 °C in temperate regions
and up to 15-3 °C in tropical regions. Another way of viewing the benefits of adaptation is that damage
avoidance of 1-3 °C translates to potentially delaying negative impacts by up to several decades, providing
valuable time for mitigation efforts and adaptation planning.

Several significant caveats need to be applied on the above positive results on impacts and adaptation.
Changes in pest and disease incidence, increased air pollution, the actual strength of CO, responses in real
field situations, increased climate variability and the frequency of extremes may lessen farmers’ ability to
adapt. Furthermore, capacity to implement needed adaptations may not be available, particularly in develop-
ing regions where subsistence agriculture is predominant. On the other hand, inclusion of a broader range of
adaptations including more significant and systemic change in resource allocations would presumably increase
the benefits, particularly if those adaptations included alternative land-use and alternative livelihood options.

Genetically modified crops

‘The contribution genetically modified crops can make in adaptation to climate change s controversial. Neverthe-
less, recent examples such as the identification of the gene responsible for rapid stem elongation in deepwater rice
(‘snorkel rice’, Hattori et al,, 2009) may contribute to rice breeding in lowland areas and ultimately lead to reducing.
the devastation of rice crops caused by monsoon flooding in Asia and boost rice production in flood-prone areas.

Water management

Water management s a critical component of adaptation to both climate and socio-economic pressures in
‘coming decades. These pressures will be driven by changes in water availability, in water demand for agricul-
ture and other competing sectors. Practices that increase the productivity of irrigation water use - defined
as crop output per unit of water use - may provide significant adaptation potential for all land production
systems under future climate change. At the same time, improvements in irrigation performance and water
‘management are critical to ensure the availability of water both for food production and for competing human
and environmental needs (FAO, 2007; FAO, in press). A number of farm, irrigation system and basin level
adaptation techniques and approaches are specific to water management for agriculture. They include:
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« adoption of varieties or species with increased resistance to heat shock and drought;
+ modification of irrigation techniques, including amount, timing or technology;
+ adoption of supplementary irrigation in rainfed cropping;

+ adoption of water-efficient technologies to “harvest’ water and conserve soil moisture
(e retention of crop residue, mulching, etc.);

« improved water management to prevent waterlogging, erosion and leaching;

+ modification of crop calendars, i.e. timing or location of cropping activities;








