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Climate change and water management
Summary of baseline

Of all the climatic factors, the daily and inter-annual variation in precipitation are most crucial for rainfed and runoff for irrigated production. The day-to-day variability of rainfall associated with weather is the major risk factor for most forms of agriculture. Soil moisture deficits, crop damage and crop disease are all driven by rainfall and associated humidity. 
Agricultural water management permits concentration of inputs and provides stability of supply for many key agricultural products. While only responsible for some 40% of agricultural production, this stability of supply buffers the volatility of rainfed production and is therefore a key supply factor in local, regional and global agriculture markets, including markets in animal products. Without some form of water control across the world’s river basins, freshwater lakes and associated aquifers, local, regional and global foodsecurity would not be possible.
Irrigated agriculture is concentrated in the main alluvial fan/delta environments (Mekong, Yangtze, Yellow, Chao Prya, Godavari, Krishna, Indus, Narmarda, Brahmaputra/Ganges, Nile, Mississippi, Po). The altered hydraulic regimes, water quality changes and drainage impacts all affect the near-shore sea water quality and fisheries. Stress reduction on these systems is an environmental priority. Of particular importance is the groundwater depletion in key foodproducing areas such as the Mediterranean, Middle East, Punjab and the North China Plain where it has proved impossible to relax pressure on aquifers from agricultural production. Much of the groundwater in these sedimentary basins and alluvial fills results from pre-historic pluvial periods. Progressively deeper groundwater sources are exploited and the prospects for replenishment are small, even if extraction were reduced.

However, a continued rise in the expansion of irrigated agriculture appears to have happened in spite of World Bank lending into the irrigation and drainage sub-sector and a declining food price index.
Climate change impacts
There is consensus that socio-economic and environmental drivers will be dominant in shaping future water management policies. At the same time, climate change will superimpose itself by modifying and, in critical regions, by increasing future risk and vulnerability of crop production related to water supply and water availability. Two broad issues that need to be addressed for effective responses emerge:

· When and where will significant impacts to food production occur due to climate change; and

· What water management and production systems will face additional significant climate risk?
Improvements in the performance of irrigated areas at smallholder and scheme level are expected under baseline conditions but some marginal schemes will risk being taken out of production if anticipated regional impacts take effect.
The spatial distribution of the annual hydrological cycles and the inter-annual trends (persistence) will result in basin-to-basin variation. Hence groundwater recharge, precipitation intensity-duration-frequency relationships, extreme hydrological events and salinity related to evaporation and waterlogging are all expected to reach thresholds at which irrigated production is compromised.

By 2060, the broad trends in precipitation and evapotranspiration are expected to result in reduced runoff across

· Southwestern USA, the Mediterranean basin and the Near East

· Central America, northern Brazil and the western margin of the Sahara

· Western coastal margin of Chile, Southern Africa and Madagascar, south-western Australia

By 2060, this drying trend will be offset by patterns of increasing runoff across

· Canada/North America, northern Europe, Siberia Central Asia and northern China

· East Africa, southern Arabian peninsular, peninsular India, Myanmar to Papua New Guinea.
The large contiguous areas of irrigated land associated with river basin deltas are at risk from a combination of reduced inflows, salinity, annual flood cycles and sealevel rise and are impacted by urban and industrial pollution. These stresses on some of the prime productive land will continue to reduce agricultural (including fisheries) output, biodiversity and the natural ability to recover.

Many of the current centres of irrigated production in the western USA, the Mediterranean Basin and Near East, Southern Africa and Australia will experience additional stress. This may result in significant shifts of rural population.
In terms of hydrology and water resources, changes in pattern of rainfall in space and time (intensity-duration-frequency) will be the most important determinant of crop growth, crop damage and the status of aquatic environments. Hydrological processes can be expected to exhibit more variability, more extreme events and result in regional shifts in water balances.

Separating the impacts and responses to climate change from those related to other trends in agriculture and related economic sectors will not be straightforward, since autonomous adaptation will be driven by all of these factors at the same time. The challenge at hand is therefore to devise decision-support systems that include monitoring and forecasting and observations of ongoing socio-economic drivers. Such systems can indicate to decision makers the envelop of potential planned action, from timing of new infrastructure to governance and capacity building in the water management sector.
Relation to Food Security

Global food production and global food security are not directly linked. Although there are 830 million people worldwide who are undernourished, there is enough food produced to supply the calorie needs of a growing global population. In this respect, food security concerns are mostly related to local, not global, production, as well as to a number of critical factors not linked to climate change.
However, there is recent evidence that the global food production system is at an unprecedented level of risk from supply shocks, particularly with respect to cereals. This trend could be amplified by climate change.
The impact of these anticipated hydrological changes on food production will be felt primarily in terms of supply stability. 
The rural populations most at risk from anticipated climate change impacts are those subsisting in semi-arid and arid zones who have few options for adapting to yet more water scarcity other than migration. 
In addition, recent studies indicate that mitigation of climate change can help reduce negative climate impacts on food security but, due to lags in the climate system, the effects of such actions will be felt only after 2050. 
Possible technical and policy responses; National, Regional and International
Contiguous irrigated and rainfed food production systems are set in large river basins. They comprise several climatic regimes – the Nile is a case in point – and often cover several countries.

Under the expected conditions of higher evaporative losses, understanding the nature of rainfall events plus the scope for water management to buffer/store rainfall will be key. Runoff can be controlled to a degree, while rainfall and evapotranspiration cannot. Hence with respect to the bulk requirements for food production, there are three main questions to ask at national and regional level.

· First, how will climate change influence natural processes? Will more intense periods/clusters of rainfall events result in locally higher runoff volumes and shorter duration groundwater recharge events?

· Second, what are macromanagement options? Specifically, what can be done with the management of existing surface and groundwater storages to optimize allocations and economic benefits? Will there be a need for more near real-time management of surface storage – particularly releases for downstream agriculture which also recharge alluvial fills – and will this require more storage? Will there be an incentive to bank groundwater through managed aquifer recharge and avoid evaporative losses? How should depletion of non-renewable groundwater be allocated/managed?

· Third, how significant will demand management (notably irrigation efficiencies) be in reducing stress? Will it be minor (marginal) in comparison to the management of supply?

Responses to climate change over would be best addressed at river-basin level.

Prospects for Adaptation

It is expected that a large component of climate change in the coming decades will be related to increased frequency of extreme events and will increase within and across season variability. A wealth of well-tested experience, information and technology is already available to water managers to begin implementing viable adaptation strategies in agriculture. 
Key questions need consideration.

· What is the ‘climatic coping’ range of currently available water management techniques?

· Given the anticipated climate projections, what room for manoeuvre exists, in terms increased efficiency, enhanced design of current systems and development of new solutions?

· Are current and future adaptive responses sufficient to meet the demands for increased regional and global food supply while maintaining beneficial environmental services?

· Are there synergies between adaptation in water management systems and mitigation measures and, given the delay between such measures their effect, are they relevant?
The combined effects of climate change and low adaptation capacity will increase vulnerability and local food insecurity in poor developing countries that depend on rainfed production. It is in these regions that specific efforts, such as adaptation techniques and capacity building, are most needed.
The large irrigated deltas in Asia are particularly at risk from upstream modifications. The projected changes in global runoff in irrigation areas will indicate where water scarcity can be expected and where increased precipitation will present expanded opportunities while taking into account concerns about flood damage and waterlogging. 
Effective adaptation will need a comprehensive and dynamic policy approach covering a range of levels and issues, from farmer understanding of change in risk profiles to establishment of efficient markets that positively facilitate response strategies. A crucial component of this approach is an adaptation assessment framework that is relevant, robust and easily operated by the various agricultural decision-makers.
Forests can play a major role in adaptation strategies by regulating water flows, maximizing water yield and ensuring water quality in watersheds. However, climate change will also alter forests’ role and these changes need to be better understood.

From a global overview of climate change projections and current irrigated areas, it can be concluded that in most developing country situations, except the humid tropics, both rainfed and irrigated areas that receive sufficient water will be reduced unless there are opportunities for additional adaptation.
Prospects for mitigation

Mitigation measures for agricultural water management are not necessarily straightforward. First, it is not sure if sufficient mitigation measures will be implemented. Second, even if they are, there will be a time lag between the implementation and effect in which time climate variability and extreme events will still have to be coped with.
Main findings and short - and medium-term recommendations

Today, agricultural uses more than 70% of all water withdrawals, but must adapt to a future in which water will be reallocated to other users.
The impacts of the different drivers are likely to include the following:

· reduction in crop yield and agricultural productivity where temperature constrains crop development (changes in diurnal fluctuation are as important as overall trends);

· reduced availability of water in regions affected by reduction in total precipitation (including Southern Africa and the Mediterranean Region);

· exacerbation of climate variability in places where it is already highest, reduced storage of precipitation as snow and earlier melting of winter snow, leading to shifts in peak runoff away from the summer season when demand is high;
· inundation and increased damage in low-lying coastal areas affected by sea-level rise, with storm surges and increased saline intrusion into vulnerable freshwater aquifers;

· increased overall evaporative demand from crops as a result of higher temperatures;

· further depletion of non-renewable groundwater resources.
These climate-driven pressures are on top of other existing drivers adversely affecting water availability for agriculture and it is expected that climate change will intensify competition.

Short term – until 2030: existing agricultural water management systems at national and basin level need to be analysed. Specifically this will entail:

· monitoring the relative contribution of rainfed and irrigated production to global food balances to determine the long-term sensitivity of food production systems to climate change;

· elaborating vulnerability mapping such as the joint FAO/IIASA initiative that includes the Food Insecurity, Poverty and Environmental Global GIS database;

· determining the operational room to manoeuvre across river basin systems on the basis of updated assessments of the partition between surface and groundwater sources of supply, with the aim to improve the data for carrying out meaningful sensitivity analyses;

· building in as much operational flexibility as possible into local/irrigation-scheme-level water management strategies in anticipation of both increased demand and the need to adjust operational supply.

FAO with key partner organizations, could play a key role in promoting, assisting and backstopping a broad programme of regional and national analysis to identify hot-spots and priority areas for coordinated national and regional response.
Medium term – until 2050: investment plans and operational adjustments will need to be prepared to address national and sub-regional and regional issues. These plans and adjustments will comprise:

· large surface irrigation systems fed by glaciers and snow melt (most notably northern India and China);

· groundwater systems in arid and semi-arid areas, where rainfall will decrease and become more variable;
· upstream watersheds, where a combination of irrigated agriculture, rainfed agriculture, pasture and forestry is practised; 

· large deltas, which may be partly submerged by sea-level rise, increasingly prone to flood and storm and cyclone damage or experience saline incursions and intrusion through surface and groundwater respectively;

· seasonal storage systems in the monsoon regions, where the proportion of storage yield will decline but peak flood flows are likely to increase;

· supplemental irrigation areas, where the consequences of irregular rainfall are mitigated by short-term interventions to capture and store more soil moisture or runoff.
FAO support to adaptive strategies

Upon request, FAO could assist member countries in understanding the implications of climate change on water resources and agriculture and in developing better regional and local projections of impacts in order to develop planned adaptive strategies, improve water governance and build specific capacity in water management. 
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