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Fresh water resources and their management
1. By mid-century, annual average river runoff and water availability are
projected to increase by 10-40% at high latitudes and in some wet
tropical areas, and decrease by 10-30% over some dry regions at midlatitudes and in the dry tropics, some of which are presently water
stressed areas. In some places and in particular seasons, changes
differ from these annual figures.
1. Drought-affected areas will likely increase in extent. Heavy
precipitation events, which are very likely to increase in frequency, will
augment flood risk.
1. Adaptation procedures and risk management practices for the water
sector are being developed in some countries and regions that have
recognised projected hydrological changes with related uncertainties.
2. In the course of the century, water supplies stored in glaciers and
snow cover are projected to decline, reducing water availability in
regions supplied by meltwater from major mountain ranges, where
more than one-sixth of the world population currently lives.

Coastal systems and low-lying areas
1. Coasts are projected to be exposed to increasing risks, including coastal
erosion, due to climate change and sea-level rise and the effect will be
exacerbated by increasing human-induced pressures on coastal areas.
2. Corals are vulnerable to thermal stress and have low adaptive capacity.
Increases in sea surface temperature of about 1 to 3°C are projected to result
in more frequent coral bleaching events and widespread mortality, unless
there is thermal adaptation or acclimatisation by corals.
3. Coastal wetlands including salt marshes and mangroves are projected to be
negatively affected by sea-level rise especially where they are constrained on
their landward side, or starved of sediment.
4. Many millions more people are projected to be flooded every year due to sealevel rise by the 2080s. Those densely-populated and low-lying areas where
adaptive capacity is relatively low, and which already face other challenges
such as tropical storms or local coastal subsidence, are especially at risk. The
numbers affected will be largest in the mega-deltas of Asia and Africa while
small islands are especially vulnerable.
5. Adaptation for coastal regions will be more challenging in developing
countries than developed countries due to constraints on adaptive capacity.

Illustrative examples of global impacts projected for climate changes (and sealevel and atmospheric carbon dioxide where relevant) associated with different
amounts of increase in global average surface temperature in the 21st century.
The black lines link impacts, dotted arrows indicate impacts continuing with
increasing temperature. Entries are placed so that the left hand side of text
indicates approximate onset of a given impact. Adaptation to climate change is
not included in these estimations.

Impacts due to altered frequencies and intensities of extreme
weather, climate, and sea level events are very likely to change

Executive Summary (Chapter 3-Fresh water resources)
The impacts of climate change on freshwater systems and their management are
mainly due to the observed and projected increases in temperature, sea level and
precipitation variability (very high confidence).
Semi-arid and arid areas are particularly exposed to the impacts of climate change
on freshwater (high confidence).
Many of these areas (e.g. Mediterranean basin, western USA, southern Africa and
north-eastern Brazil) will suffer a decrease of water resources due to climate
change. Efforts to offset declining surface water availability due to increasing
precipitation variability will be hampered by the fact that groundwater recharge
will decrease considerably in some already water-stressed regions
Higher water temperatures, increased precipitation intensity and longer periods of
low flows exacerbate many forms of water pollution, with impacts on ecosystems,
human health, and water system reliability and operating costs (high confidence).
Climate change affects the function and operation of existing water infrastructure
as well as water management practices (very high confidence).
Adverse effects of climate on freshwater systems aggravate the impacts of other
stresses, such as population growth, changing economic activity, land use
change and urbanisation (very high confidence)

Executive Summary (Chapter 3-Fresh water resources)
The impacts of climate change on freshwater systems and their management are
result of climate changes are likely (high confidence)
Current water management practices are very likely to be inadequate to reduce
negative impacts of climate change on water supply reliability, flood risk, health,
energy and aquatic ecosystems (very high confidence). Improved incorporation of
current climate variability into water-related management would make adaptation
to future climate change easier (very high confidence).
Adaptation procedures and risk management practices for the water sector are
being developed in some countries and regions (e.g. Caribbean, Canada,
Australia, Netherlands, UK,USA, Germany) that recognize the uncertainty of
projected hydrological changes (very high confidence).
The negative impacts of climate change on freshwater systems outweigh its
benefits (high confidence).

Figure 3.1: Impact of human activities on freshwater resources and their
management, with climate change being only one of multiple pressures
(modified after Oki (2005))

Figure 3.2: Examples of current vulnerabilities of freshwater resources and their
management; in the background, a water stress map based on the 2005 version of
WaterGAP (Alcamo et al., 2003a).

Figure 3.4: Ensemble mean change in annual runoff, in percent, by 2050 under the
SRES A1B emissions scenario, based on an ensemble of 12 climate models (Milly
et al., 2005).

Figure 3.5: Simulated impact of climate change on long-term average annual diffuse groundwater
recharge. Percent changes of 30-year averages groundwater recharge between 1961-1990 and the 2050s
(2041-2070), as computed by the global hydrological model WGHM, applying four different climate change
scenarios (climate scenarios computed by the climate models ECHAM4 and HadCM3, each interpreting
the two IPCC greenhouse gas emissions scenarios A2 and B2 (Döll and Flörke, 2005).

change of annual runoff

Figure 3.8: Illustrative map of future climate change impacts on freshwater which are a threat to the
sustainable development of the affected regions. 1: Bobba et al. (2000), 2: Barnett et al. (2004), 3: Döll and
Flörke (2005), 4: Mirza et al. (2003) 5: Lehner et al. (2005a) 6: Kistemann et al. (2002). Background map:
Ensemble mean change of annual runoff, in percent, between present (1981-2000) and 2081-2100 for the
SRES A1B emissions scenario (Nohara et al., 2006).

Research needs into water-climate interface is required:
• to improve understanding and estimation, in quantitative terms, of climate change impacts
on freshwater resources and their management
• to fulfil pragmatic information needs of water managers who are responsible for
adaptation.
Among the research issues related to the climate-water interface, where developments are
needed, the following:
• improve understanding of sources of uncertainty in order to improve credibility of
projections,
• There is a scale mismatch between the large-scale climatic models and the catchment
scale,
• Impacts of change in climate variability need to be integrated into the impact modelling
• Climate change impacts on water quality are poorly understood.
• Relatively few results are available on economic aspects of climate change impacts and
adaptation options related to water resources,
• Impacts of climate change on aquatic ecosystems
• Detection and attribution of observed changes in freshwater resources,
• There are challenges and opportunities posed by the advent of probabilistic climate
changescenarios for water resource management.
• Despite its significance, groundwater has received little attention for climate change
impact
• Water resources management clearly impacts on many other policy areas
• Impacts of climate change on soil water and water availability to plants

Executive Summary (Chapter 6)
Coasts are experiencing the adverse consequences of hazards related to climate
and sea level (very high confidence).
Coasts will be exposed to increasing risks over coming decades due to many
compounding climate-change factors(very high confidence).
The impact of climate change on coasts is exacerbated by increasing humaninduced pressures (very high confidence).
Adaptation for the coasts of developing countries will be more challenging than
for coasts of developed countries, due to constraints on adaptive capacity(high
confidence).
Adaptation costs for vulnerable coasts are much less than the costs of inaction
(high confidence).
The unavoidability of sea-level rise even in the longer-term frequently conflicts
with present day human development patterns and trends (high confidence).

Figure 6.1: Climate change and the coastal system showing the major
climate change factors, including external marine and terrestrial
influences.

Figure 6.2: Maximum monthly mean sea surface temperature for 1998, 2002, and
2005 and locations of reported coral bleaching (data source, NOAA Coral Reef
Watch (coralreefwatch.noaa.gov) and Reefbase (www.reefbase.org)).

Relative vulnerability of coastal deltas

Figure 6.6: Relative vulnerability of coastal deltas as indicated by the indicative
population potentially displaced by current sea-level trends to 2050 (Extreme > 1
million; high =1 million - 50,000; medium 50,000 – 5000; following Ericson et al.
(2006)).

The following research initiatives would substantially reduce these uncertainties
and increase the effectiveness and science base of long-term coastal planning
and policy development:
• Establishing better baselines of actual coastal changes, including local factors
and sea-level rise, and the climate and non-climate drivers, through additional
observations and expanded monitoring.
• Improving predictive capacity for future coastal change due to climate and
other drivers, through field observations, experiments and model development.
• Developing a better understanding of the adaptation of the human systems in
the coastal zone.
• Improving impact and vulnerability assessments within an integrated
assessment framework that includes natural-human sub-system interactions.
• Developing methods for identification and prioritisation of coastal adaptation
options.
• Develop and expand networks to share knowledge and experience on climate
change and coastal management among coastal scientists and practitioners.

