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Foreword

While efforts to mitigate climate change continues by reducing greenhouse gases (GHG), the impacts of climate
change has resulted in changes to the hydro-meteorological events of floods and droughts, translated in more
extreme case of events. Climate Change has also increase the melting of the polar ice and the water towers of the
Himalaya‘s Hindu Kush, and threaten coastal settlements with sea-level rise. All this will have significant impact on
developing countries of Asia and the Pacific region particularly of the least develop countries and small island states
in the Pacific and Indian Oceans.

More than 90% of impacts of climate change are related to water issues. These impacts are not only on water supply
for household, industries and agriculture, but also on disasters and hazards during heavy rainfall, with flooded areas
and landslides. During droughts, forest fires and haze have become the norm. The spread of poor quality water
during floods and concentration of toxic water during drier months are an added health hazards. As such water
security has become a truly global challenge.

ESCAP in its “Low Carbon Green Growth Roadmap for Asia Pacific” publication has articulated on, “Turning resource
constraints and the climate crisis into economic growth opportunities.” This current publication looks at the detail
challenges of water resources management from the perspective of green economy. It complemented the works in
managing the multitude of water challenges facing the vast Asia and the Pacific region as climate change impact is
expected to further exacerbate these challenges.

This publication is prepared to provide guidance in discussions for adaptation to climate change through integrated
water resources management and green growth to achieve green economy and sustainable development.

Rae Kwon Chung
Director, Environment Development Division
ESCAP
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

In the past decade, climate change has become the great equalizer, affecting the economies of both
developed and developing nations, and threatening the health and well being of millions across the
globe. The impacts of climate change are even more challenging for developing countries that are
struggling to address climate change issues with severely stretched natural and financial resources.

In particular, access to clean water will become a major concern as water is a necessity for all socio-
economic activities. Climate change has created multiple water hotspots or areas identified as having
significant water security issues, which refers to both secure access to water supply for personal and
economic activities, and protection from water-related disasters such as pollution of water bodies,
water borne disease, floods, cyclones, droughts, forest fires, and desertification. These issues need
to be addressed by governments as these will severely affect social, environmental, and economic
sustainability, particularly among poor and vulnerable communities in the Asia and the Pacific region.

The impacts of climate change and the need to strengthen sustainable development efforts highlight
the need for transition of national economies towards green growth and hence green economy.
These guidelines on Climate Change Adaptation for Water Management in a Green Economy are
designed to provide an understanding of climate change in relation to water and to relate and
connect the concept of green economy to mitigation and adaptation.

Climate change will primarily affect ecosystems and people through water-related issues. Clean fresh-
water, in particular, is becoming increasingly scarce, and this is a particular concern for Asia Pacific
where available water resources are unevenly distributed over time and space.

Climate change will also have varying impacts among the different areas and countries in the region,
which will affect availability of and/or access to water. To better communicate the expected impacts
of climate change the following water related topographical units were selected:

e Mountain valleys, where climate change has resulted in glacial meltdowns, less annual snow fall,
resulting in limited water availability, changes in water flows, increased occurrence of outburst
floods, and reduced hydropower potential. Higher temperatures have already affected biodiversity
in watersheds, water quality, and caused changes in rainfall and seasonal patterns.

e Communities along the river plains, where changes in rainfall patterns and seasons and variability
in river runoffs will affect irrigation, growing periods and crop vyields. Farmers face the risk of
losing crops during both the wet season, because of flooding from increased river runoffs, and
the dry season, due to water shortages. Many urban centres are located on flood plains and are
experiencing a dramatic increase of floods and flash floods

e Coastal cities in Asia Pacific, where development has led to the degradation of coastal habitats,
resource depletion and pollution. Because of climate change, both coastal communities and
industries face additional threats from sea level rise, flooding and storm surges, estuarine migration
and increased salinity.

e Small islands in the region, where the main threat will be sea level rise, which will lead to the
erosion of coastal zones, increased salinity in shallow waters, and saltwater intrusion. Increased
drought, rainfall intensities and increase occurrence of these events will add pressures on the
freshwater supply. Sea level rise may also lead to an increase in environmental refugees from areas
that can no longer adapt to climate change.
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Addressing these challenges require national development plans that mainstream climate change
mitigation and adaptation strategies to strengthen local level resilience to climate change. These
plans should also consider regional issues such as transboundary migration and competition over
natural resources, particularly since a number of countries share surface and underground water
resources. Encouraging countries to move towards green economy will also help foster economic
growth while addressing growing environmental pressures.

The green economy concept fosters low carbon, is a socially inclusive development, and is an ecology-
based approach to economic growth that requires an interdisciplinary approach and innovative
solutions, where the water sector is a key player. Water is not only essential for the maintenance of
ecosystems, ecosystem services and biodiversity, it is also central to the sanitation system, potable
water and industrial water supplies for social and economic activities. Moving towards a green
economy requires that governments, businesses and communities are fully aware of the value of
water, the need for sound water conservation and management measures, and institutionalization of
payment schemes to ensure that water resources continue to remain safe and accessible to all.

Green economy includes the development of sound water management practices to improve water
efficiency and water quality. The development of green businesses must also be supported, since
industries should move towards more resource-efficient practices that will allow both businesses to
maximize profits while reducing pressures on the environment.

Increasingly difficult access to water makes it imperative for governments to place a value on natural
resources and make industries and communities understand that water is no longer a cost-free
resource. Governments must work with businesses and communities to develop plans, systems
and infrastructure that will ensure that water is available for personal and economic needs. Various
economic instruments and strategies can be employed to reduce pressure on environmental and
water resources including water pricing; Payments for Ecosystem Services and Payment for Watershed
Services; demand management; and Sustainable Consumption and Production. A number of existing
water governance approaches, such as Integrated Water Resource Management, Integrated River
Basin Management, and Agricultural Water Management, can also be re-tooled to emphasize adap-
tation measures for climate change.

It must be emphasized that implementing climate change adaptation policies for water management
is urgent given the impacts of increasing climate variability and their effects on poor and vulnerable
communities. Risks from climate change will continue, and governments must mainstream medium
and long term climate change mitigation and adaptation measures in national plans. The magnitude
of the investment, system, infrastructure, and attitudinal and behavioural changes required in reducing
vulnerabilities to climate change require the cooperation of all stakeholders. Collaboration among
political leaders, decision makers, conservation organizations, scientists, academics and economists,
with media, and the general public, in all areas of planning will ensure the accessibility of safe water
resources and continued sustainable development of the countries in the ESCAP region.



PURPOSE and OVERVIEW

PURPOSE and OVERVIEW

The ESCAP region of Asia and the Pacific stretches from Turkey in the west to the Pacific island nation
of Kiribati in the east, and from the Russian Federation in the north to New Zealand in the south.
Home to two thirds of the world’s population, it is a region with diverse levels of development and
rapid urbanisation. Many countries in the region are experiencing new areas of economic growth,
riding on globalization resulting from a more interconnected world and benefiting from an export-
led growth model. The Intergovernmental Panel on Climate Change Fourth Assessment Report
(IPCC, 2007) indicated that the sub-regions of Asia and the Pacific are among the most vulnerable
to the impacts of climate change. Policy frameworks and actions are required for climate change
adaptation and to increase the sustainability of economic development, through transitioning
towards green growth.

As water underpins all socio-economic activities, the impact of climate change is anticipated to
further challenge sustainable development in Asia and the Pacific. This region is home to multiple
water hotspots, areas identified as having significant water security issues. Water security is not only
secure access to water supply for personal and economic activities, but also includes protection from
water-related disasters such as pollution of water bodies, floods, cyclones, droughts, forest fires, and
sand storms. Climate change is expected to dramatically impact the hydrological cycle in the region,
with changes such as increased sea levels, flooding, droughts and saline intrusion. These impacts will
have devastating environmental, social and economic effects across the region, particularly impacting
the most poor and vulnerable communities.

Adaptation to climate change and future development should strive to be not only economically
sustainable but also environmentally sustainable. Green growth, as defined by UNESCAP (2012)
“is an implementing strategy to achieve sustainable development that focuses on improving the
eco-efficiency of production and consumption and promoting a green economy, in which economic
prosperity materializes in tandem with ecological sustainability.” The concept of green growth is
ecologically based. Adopting ecology-based approaches in water resources management is an
approach that started with the United Nations Conference on Environment and Development
(UNCED) in Rio, 1992. Inclusion of such approaches will result in the design of eco-efficient water
infrastructures and in the process develop local resilience to the impacts of climate change in the
water sector. Such a non-structural and ecology-based approach helps address present and future
challenges of adaptation in the water sector in an integrated and socially inclusive manner.

These guidelines are designed to provide an understanding of climate change in relation to water
and to relate and connect the concept of green growth, to mitigation and adaptation. As such, the
target audience of these guidelines includes not only political leaders, decision makers, and thought
leaders but also the general public. The intention is to highlight that both green growth and building
climate resilience are not only necessities, but are a natural process for sustainable development.
Adaptation to climate change is urgent. A window of opportunity for ecology-based development,
managing both the environment and economy through green growth, presents itself as countries
continue to develop economically and build their resilience to climate change. Water management
must be addressed to ensure that other development progress, including the achievement of the
Millennium Development Goals, are not jeopardized by climate change.
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2.1 Introduction

In 1992 the United Nations Framework Convention on Climate Change (UNFCCC) defined climate
change as “a change of climate, which is attributed directly or indirectly to human activity that alters
the composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods” (UN, 1992). From the 1970s onward, scientists in the
meteorological and hydrological field experienced changes in hydro-meteorological patterns such
as air temperature and short-term rainfall, as well an increase of extreme weather events such as
droughts and floods.

The Stern Review on the Economics of Climate Change (2006/2007) highlighted the significant
economic implications of climate change. The report stated that “the overall costs and risks of climate
change will be equivalent to losing at least 5 per cent of global Gross Domestic Product (GDP) each
year, now and forever”, but could rise as high as 20 per cent. The report also stated that the scale
of the long-term economic effects of climate change were similar to those associated with the great
wars and the economic depression.

2.2 Carbon Dioxide levels (CO,) and other Green House Gases (GHG)

The main constituents of the earth’s atmosphere are nitrogen (78 per cent N,), oxygen (21 per cent
0,), and argon (0.9 per cent Ar).The major drivers of climate change are gaseous natural and anthro-
pogenic emissions, generally referred to as greenhouse gases (GHG). These are the constituents of
the atmosphere that absorb and re-emit infrared radiation. Generally, these are carbon dioxide (CO,),
methane (NH4), nitrous oxide (N,0), ozone (O,), water vapour and numerous other gases, which are
present in the air in very minor amounts (e.g. chemical compounds of fluoride, ethane, methane,
chloride and CO).

According to the current scientific evidence, CO, accounts for about 20 per cent of Earth’s greenhouse
effect, other long-lived greenhouse gases for about 5 per cent, and water vapour and clouds for
75 per cent. CO, is a very persistent constituent. It is removed from the air by natural geological-scale
processes, which take place over many years. Hence, CO, will stay in the atmosphere for decades or
even centuries.
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Scientists were interested to know the historical levels of CO, in the atmosphere. From 1993 to 1996
at the Vostok Station in Antarctica, a 3,623 m deep hole was drilled and the entire ice core, spanning
420,000 years of evolution was retrieved. In the ice core, bubbles of air are entrapped, which can be
used for analysis of the atmosphere at that time. Based on the ice-core data it can be shown that the
CO, concentrations for at least the last 400,000 years were fluctuating between 180 and 300 ppm
(parts-per-million = 10-).

The baseline for evaluation and predictions forms the pre-industrial (around 1750) level of CO, content
in the atmosphere, which was approximately 280 ppm. This value is expected to double within the next
100 years to 560 ppm. The annual average for 2011 was already approximately 392 ppm. By 2015 it
will reach or exceed a level of 400 ppm with a constant annual increase of approximately 1.7 ppm as
measured at Mauna Loa Observatory, Scripps Institution of Oceanography, Hawaii. By volume, the CO,
content accounts only for 0.039 per cent of the earth’s atmosphere and is considered to be a trace gas.
It has been shown that changes in these tiny amounts can have a significant influence on the earth’s
temperature. Critics often cite these small amounts and therefore doubt the importance of CO,,.

However, one can also consider the example of the proven ozone layer-depleting chlorofluorocarbons
that were present in the air in parts-per-trillion (ppt = 10-'2), which is six orders of magnitude less than
the CO, content in the ambient air. Their effect on the ozone layer is well documented and through the
Montreal Protocol the production of these compounds has been phased out since 1989.

Today the main sources of CO, are combustion of fossil fuels (such as coal, oil, and natural gas),
industrial processes, and the use of products, which lead to a constant increase in CO, levels.

2.2.1 Carbon Dioxide (CO,) and Green House Gases (GHG)
and their effect on surface temperature

In most literature on climate change, the increase of CO, concentrations is commonly translated into
an increase in temperature on the earth’s surface (land and water). Climatologists use energy balance
(Watts per square meter at the earth’s surface) to account for solar, greenhouse, aerosol, albedo, and
other effects using a single consistent set of numbers.

Simply following the well established radiation calculations and neglecting any other responses of
the climate system (such as changes in water vapour, albedo or clouds), a doubling of CO, to 560
ppm alone would result in an increase of approximately 3.7 W m-?, or around 1° C of warming.
Considering and combining all the other feedbacks in the climate system, the IPCC report (IPCC AR4,
2007) states that the average surface warming following a doubling of CO, is “likely to be in the
range 2°C to 4.5°C with a best estimate for about 3°C, and is very unlikely to be less than 1.5°C".
CO, emissions are very unevenly distributed throughout the world and also within the region. As
development increases so too do the CO, emissions and hence surface temperature.

CLIMATE CHANGE ADAPTATION for water management in a green economy
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Figure 2-1: Rise of Mean Monthly and Annual Surface Temperature Anomalies (Basis: 1951-1980)

Monthly and Annual Average Surface Temperature 1880-2011
Anomaly based on 30 year mean (1951-1980)

Anomaly in Degree Centigrad
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Source: NOAA and NASA data homepages (accessed 02/2012) CO, emissions and its regional distribution

2.2.2 Carbon Dioxide CO, emissions and its regional distribution

Of the world’s total CO, emissions of 32.1 billion tons (2008) the highest total is produced by China
with 7.03 billion tons, followed by the United States with 5.46 billion tons, and India and Russia with
1.74 billion tons and 1.71 billion tons respectively. However, in terms of the emission rate per capita,
the highest levels are reached in the Gulf States including Qatar, Kuwait and the United Arab Emirates
(UAE), as well as Brunei Darussalam, in Southeast Asia, with a range of 49.1 to 25 tons CO, per capita,
followed by Australia, the US and Canada, which are in the range of 18.6 to 16.3 tons CO, per capita.
China with 5.3 tons is close to the world average for 2008, which was 4.8 tons of CO, per capita
(World Bank, Databank of CO, emissions).

Asia Pacific holds about 61 per cent of the world’s population and produces about 45 per cent of
global CO, emissions. With rapid economic development across Asia Pacific, growing at a faster rate
than North America and Europe, it is likely that the increasing demand for energy will further drive
the CO, levels higher.

The CO, intensity in kg per unit of GDP (US$ using 2000 prices PPP) is a good measure for efficient use
of energy. The world average in 2009 was 0.45kg per unit of GDP (2000 US$). Countries with highly
developed industries, which are very energy efficient, have values for CO, intensity lower than 0.3 kg
CO, per unit of GDP (e.g. Germany and Japan with 0.33 and 0.32 respectively, while the US has 0.46).
China, the largest economy in Asia Pacific, reduced its CO, intensity from 1.20 kg in 1990 to 0.56 kg
CO, per unit of GDP in 2009 (IEA 2011). Shifting towards green growth will ensure that resources are
used more efficiently, reducing the CO, output with respect to GDP growth, and allowing countries
to reduce their CO, intensity.

2.2.3 Effects of climate change

Climate change has a wide and diverse range of effects on the earth’s environment. These effects
are spatially variable and will be experienced in different ways in each location. Global warming will
lead to warming in most regions of the earth. However, some regions will most likely experience a
cooling effect. The warming effect will be further manifested, for instance in the rise of the ocean’s
temperature. Furthermore, even if some average values, such as annual rainfall, might stay the same
in large parts of the world, the spatial and seasonal distribution and the intensity of single events will
change significantly. The vast majority of climate change effects are water related.
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2.3 Impact of Climate Change on Water

The primary impacts of climate change on ecosystems and the well being of societies will be water
related. Water resources, in particular freshwater, will significantly influence human development in
the future through socio-economic and environmental factors (Bates, et al., IPCC, 2008). The basis
for all considerations should be the water balance, from the global and continental scale, to basin and
sub-basin level. Less than 1 per cent of global freshwater resources are available and accessible for
human use, servicing society, industry and agriculture. However, the spatial and temporal distribution
of the available water varies drastically both seasonally and regionally. The following describes some
of the effects of climate change.

Climate change effects BOX 2

e \Warming of the oceans, in particular the top 700 m layer.

e The oceans' higher uptake of CO? leads to acidification and endangers the maritime environment, in
particular the coral reefs.

e Rise of sea levels will lead to a rise in the groundwater level, leading to more frequent flooding of
low lying lands.

e Higher sea levels will lead to more saline water intrusion in coastal and island aquifers.

e There will be an increase in atmospheric water vapour content, changing precipitation patterns, with
increased rainfall intensity and weather extremes.

e Regional increase in lightning activity and hailstorms.

e Changes in volumes and timing of runoff.

e Higher incidence rates of flooding and flash floods.

e Increase in the occurrence and length of droughts.

e More pronounced estuarine saline intrusion, degrading supplies for drinking and irrigation.

e Reduced snow cover, earlier snow melt, and melting of glaciers leading to reductions in inter-
seasonal water storage and lower flow rates.

e Change in soil moisture (increase of drier areas) and reduction of areas with permafrost.
e Increase of glacial lake outburst floods (GLOF) in areas above 4,500 m amsl| (above mean sea level).
® Increase in water temperature affecting water quality and exacerbating water pollution.

e Changes in availability, seasonality, temperature, salinity and quality of water will affect large areas
of riparian, estuarine and coastal ecosystems.

e Increase in water demand for irrigation due to lower soil moisture, change in precipitation and
higher temperatures.

e Issues of transboundary water use may lead to increased conflicts.

e Effects on flood defence structures, irrigation systems and hydro power due to necessary
re-evaluation of hydrological design parameters (low flows, floods, maximum rainfall, etc.).

e Impact on human health through malnutrition (due to insufficient harvests), decrease in hygiene
standards, more diarrheal disease, heat waves particularly in urban areas causing more death
among the elderly, increase of outbreaks of water-borne diseases after flood events and increase of
insect vectors spreading malaria and dengue.

CLIMATE CHANGE ADAPTATION for water management in a green economy 11
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Water is the main component in the climate system, from the hydrosphere, cryosphere, atmosphere,
to the biosphere. Therefore, climate change affects water through many different inter-linked mecha-
nisms. The vulnerability of communities to changes in the hydrological cycle, combined with the
effects of degradation of water resources through unsustainable development, varies depending on
the level of socio-economic development. A rather distressing reality is that the economic impact of
climate change due to flooding and droughts is disproportionately borne by the less economically
developed strata of society.

2.3.1 Global Water Balance

Of the world’s total available water resources of 1.39 billion km? (equivalent to a cube with a side length
of 1,115 km), only about 2.5 per cent is considered freshwater (with a salinity of less than 500 ppm of
dissolved salts). Of the approximately 35 million km? (this cube has a side length of 327 km) of fresh
water about 70 per cent is frozen water bound in the polar caps, Greenland, glaciers and permafrost.
Most of the remaining 10.6 million km? of liquid freshwater is stored in the form of groundwater,
capillary fringe and soil moisture. The amount of actually available freshwater is rather limited.

2.3.2 Available Freshwater Resources in the Region

The available freshwater resources are distributed very unevenly across the land surface and also vary
distinctively by season. This is particularly true for Asia Pacific where the available water resources are
unevenly distributed across the five sub-regions and often concentrated into only one season such as
the monsoon. In the following table, Table 2.1, the annually renewable water resources are summarized
for the five ESCAP regions. Only about 40 per cent of the world’s annually renewable water resources
are located in the ESCAP countries, which are home to 61 per cent of the world’s population.

Table 2.1 Average of annually internal renewable freshwater resources by region, person and land surface

Annual total Annual total
Ponulation Land internal renew- internal
Sub-Regions P surface able water renewable
(2010) e .3 i
in km resources inm water in
per person Liters per m?
The Pacific 35,821,600 8,508,100 47,300 199
East & North-East Asia*®) 1,704,317,900 28,835,100 4,530 268
North & Central Asia 77,592,800 4,180,500 3,630 67
South & South-West Asia 1,794,828,200 7,565,300 1,310 310
Southeast Asia 589,615,400 4,510,600 8,470 1,107
ESCAP 4,202,175,900 53,599,600 4,054 318
WORLD TOTAL 6,908,688,400 148,940,000 6,154 286

Source: FAO, ESCAP (2010/11); *Note: all of Russia is included in the East & North-East Asia region

The above table illustrates the uneven spatial distribution within the region, where e.g. annually only
about 1310 m3/person of total internal renewable water resource are available in South & South-
West Asia or only about 67 Litre/m? are available in North & Central Asia. These values clearly reflect
the dry conditions of North & Central Asia and the wet and humid climate of Southeast Asia (with
about 1107 Litres/m?.
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2.3.3 Rising Ocean Levels

The rise of the sea level is well documented by many research groups such as Rahmstorf (2007). The
data indicates that approximately half of the sea level rise is due to thermal expansion and the other
half due to the melting of the polar caps and continental glaciers. Global warming is heating the top
700 meters of the ocean, which leads to expansion thus increasing its volume.

In the following figure the steady rise of the sea level is documented with data from 1880 to 2010 by
using data from coastal and island sea-level measurements and additionally from 1993 onwards with
data from satellite measurements (Church et al. 2011). It can be derived that the global average sea
level rise between 1880 and 2009 was about 210 mm, which amounts to a trend of 1.7 £ 0.2 mm per
year. However, this trend has increased in the last decades and the data from 1993 till 2009 exhibit a
trend of 2.8 + 0.8 mm per year for the in situ data and 3.2 + 0.4 mm per year for the satellite data.

Figure 2-2 Rise of sea level based on satellite data (CSIRO, Church, J. A. and N.J. White, 2011)
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2.3.4 Food Security

Water is essential for the production of global food supplies. Water shortage leads to a decrease in
food production and hence significantly influences food security. In global food production, water
is the critical factor and depends either on seasonal rainfall or artificial irrigation from groundwater,
or surface water sources. Temperature, of course, also plays an important role in food production.
However, warming does not necessarily improve the production conditions. Warming will increase
growth, but shorten the growing periods and hence may lead to less yield per unit area.

The amount of productive land per inhabitant is reducing worldwide. Currently, the world average for
arable land is approximately 0.2 hectares per person with a range of less than 0.1 ha/person for many
Asia Pacific countries, particularly the islands, to a maximum of 2.5 ha/person in Australia. Constant
population growth and urbanization has brought down the arable land from 0.38 hectares in 1970
to current levels and will further decline to a projected level of 0.15 hectares per person by 2050.
The decline in arable land area per person was compensated by introducing efficient agricultural
practices, increasing cropping intensity, and the development of high yield crops. The world average
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grain yields doubled from 1.4 ton/ha in 1960 to 3 ton/ha in 2000. Today, yields in the range of 4 to
5 tons/ha are not uncommon. In many parts of the world, an expansion of arable land is feasible.
However, in Asia Pacific the utilization of arable land is already very close to the maximum available.

According to the Food and Agriculture Organization (FAO), the average minimum energy requirement
per person is about 1800 kcal per person per day. The threshold value of the food energy a person
must have to not be undernourished varies according to country depending on the age and sex
structure of the population, and is higher where there is a growing share of adults in the population
(FAO, 2003). Also, the composition of meals changes gradually as demand for food strengthens
and lifestyles change. This is particularly true for Asia Pacific, where the intake of meat protein is
continuously rising. According to the FAO (2010) Asia is experiencing the world’s highest growth rates
in production and consumption of livestock products such as meat, milk and eggs. However, for the
production of meat protein, significant amounts of grain and grass are required, which dramatically
increases a person’s water footprint.

Approximately 80 per cent of global crops are grown on predominantly rain-fed lands, which produce
about 60 per cent of the global food output (FAO, 2011). Many countries depend heavily on irrigated
agriculture. For example in Bangladesh, approximately 60 per cent of rice production comes from
irrigated land. Increasing demands from agriculture will exacerbate water stress in already water
stressed locations, driving the prices for water and food constantly higher.

In many Asia Pacific countries fish protein is the deciding dietary contributor, providing at least
50 per cent of total protein intake. Approximately one billion people (IRD, 2010) depend on freshwater
fish as their prime source of animal protein. Securing and preserving these fresh and brackish water
recourses is essential for the survival of many people.

24 Climate Change Mitigation

Mitigation refers to actions to reduce the intensity of climate change, generally through reducing the
emission of GHG. Mitigation measures are long term actions to reduce GHG emissions, and are not
an immediate cure for climate change (IPCC, 2007). One of the reasons is that the rate of change of
natural systems typically takes many years. However, mitigation is the only way to finally reduce and
contain the rate of climate change and therefore becomes mandatory for policymakers at all levels of
responsibility. Effects of mitigation will be beneficial on a global scale.

In principle, mitigation is the preferred measure over adaptation. However, as the impacts of climate
change are already being felt and due to the time delay to realize the positive effects of mitigation, short
to medium-term policies for adaptive measures are required. Mitigation is necessary because sole reliance
on adaptation could lead to magnified effects of climate change to which effective continued adaptation
becomes extremely costly and will lead to more rapid environmental degradation. While mitigation may
slow down climate change, it is unlikely to halt or reverse it, therefore adaptation is also essential.

25 Climate Change Adaptation

Climate change adaptation strategies specify direct actions and activities, which were either planned or
un-planned but result in adjustments to new conditions, risks, and/or hazards. Adjustments should be
‘no regrets’, improving people’s resilience to climate change while enhancing development. Adaptation
deals with the unavoidable impacts of climate change, which the world already faces or is most likely
to face in the near future. It offers the opportunity to adjust socioeconomic activities, in particular
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vulnerable sectors, and to support sustainable development. The nature and severity of the adverse
impacts of climate change depend not only on the impact, but also on the vulnerability of the community.
Adaptation, as a form of disaster risk management, focuses on reducing the vulnerability and level of
exposure of the population to these risks, which often can only be managed and not eliminated.

The array of potential adaptive responses range from purely technical (e.g. water infrastructure),
through managerial (e.g. farming practices) and policy oriented (e.g. planning codes) to behavioural

(e.g. choices of food to travel and recreation) (IPCC, 2007). Adaptation strategies generally follow s
bottom-up strategies (from village to provincial level), but also need to focus on top-down strategies BOX 3 \
to ensure that implementations are compatible, not counterproductive, and follow a coherent set \T’/

of rules and regulations. Adaptation planning will require L ; :
the integration of policy and economic instruments, infras- Prmcrples for Climate Change Adaptat/on

tructure and behavioural changes, and therefore com-
prise both tangibles and intangible components. Adap-
tation strategies can range from establishing a formalized
planning process, revision of water acts, better and
more consistent hydro-meteorological data acquisition,
including the creation of platforms to access these data,
enhanced capacity building to raise awareness for climate
change adaptation, and establishing inundation and vul-
nerability maps on a basin and/or local level. Significant
policy and investment changes are required for climate
change adaptation for a sustainable water future.

Based on scientific evidence and considering the topics
above, an adaptation program for action has to be estab-
lished on a national level, which focuses on implemen-
ting community oriented participatory processes. Proper
funding for implementation should also be included in
the action plan. It is essential that water management be

Mainstream adaptations within the broader
development context.

Strengthen governance and improve water
management.

Improve and share knowledge and information on
climate and adaptation measures, and invest in data
collection.

Build long-term resilience through stronger
institutions, and invest in infrastructure and in well
functioning ecosystems.

Invest in cost-effective and adaptive water
management as well as technology transfer.
Leverage additional funds through both increased
national budgetary allocations and innovative funding
mechanisms for adaptation in water management.
(UNWater, 2010)

given proper attention in any national adaptation plan.

To ensure a countrywide coordinated and coherent approach it is recommended that the National
Adaptation Program for Action (NAPA) has a strong emphasis on short-term actions but also identifies
long-term strategies. Coordinated adaptation actions are introduced on a local to national scale and
can be effective immediately after implementation. However, transboundary aspects from ground-
water to pollution, to droughts and floods, should also be part of the plan.

There are of course limits to adaptation measures due to specific geographic and climate risk
factors, institutional, societal, behavioural, religious and political limitations, and certainly financial
constraints. It is important to realize that in many areas of the world, large groups of individuals
such as minorities, urban poor, subsistence farmers and women, do not have the means to adapt
to climate change. Adaptation strategies are particularly effective if the most vulnerable populations
and environments are targeted first.

Some of the most effective adaptation strategies will be outlined in the following chapters. The
chosen topics represent a selected cross-section of various issues and are therefore by no means
exhaustive. It has been recognized that Integrated Water Resources Management provides the main
tools for adaptation and will therefore be treated in some detail.

15



16

CLIMATE CHANGE: How it is Affecting the Region

CLIMATE CHANGE: How it is Affecting the Region

Climate change is often presented as a harbinger of multiple impacts on environment, societies, and
livelihoods in the coming decades. According to the Intergovernmental Panel on Climate Change
(IPCC) Assessment Report 4, the resilience of many systems — ecological, economic, and social — is
likely to be exceeded over the century by an unprecedented combination of effects linked to climate
change, including sea level rise, droughts, floods, and ocean acidification, among others. These effects
will be exacerbated by an increased depletion of resources, and threats to food security and health.

In addition, drivers of development in Asia and the Pacific will have to cope with the socio-economic
challenges in the region, especially the issue of urbanization. With 10 of the 20 most populated cities
of the world located in Asia and the highest urban growth rate in the world, the region is particularly
prone to the growth impediments associated with densely populated areas in urban settings. These
include unreliability of water supply in both quality and quantity, pollution, insalubrities, higher
vulnerability to external shocks (namely natural disasters), and subsequent health issues.

As the threat of irreversible changes looms increasingly on fragile ecosystems, hydrological cycles
and human activities, a general description of how climate change will affect populations and the
environment in the Asia Pacific is subsequently presented. The following analysis focuses on four distinct
sub-regions of Asia and the Pacific, chosen for their environmental and societal homogeneity reflecting
the natural flow of water. Reflecting the flow of water from the mountains to the valleys, then the
oceans, the mountainous communities in the Himalaya-Hindu-Kush ranges, riparian populations in Asia
to the populations in coastal areas in South, East and Southeast Asia, and small islands in the Pacific
and the Indian Ocean will be considered. In all of these sub-regions, growing urbanization is a recurrent
phenomenon, further stressing water supply and partially fuelling the mechanics of climate change.

3.1 Communities in Mountain Valleys

The Himalaya-Hindu-Kush region is of crucial importance for water cycles in Asia. The effects of
global warming and climate change on glaciers and snow packs will have cascading repercussions
on downstream communities, representing more than one billion people, who rely on seasonal
meltdowns for water supply. The Himalaya-Hindu-Kush region represents the third largest ice-mass
in the world, after the Arctic and Antarctic regions, with about 15,000 glaciers storing approximately
12,000 km? of freshwater (Barnett et a/, 2005 and IGSD, 2010).

3.1.1 Impacts of climate change on glaciers

For the past 50 years, global warming has been particularly affecting the Himalayas, with a rise in
temperature approximately three times higher than the global rate, at 0.3° C per decade. Eighty-two
per cent of the glaciers on the Tibetan plateau have experienced reduction since the 1960s, and in
the last decade 10 per cent of its permafrost suffered degradation (Qiu, 2008). The losses are expec-
ted to accelerate during this century, with two-thirds of the glaciers threatened with extinction by
2050 (Qiu, 2008).
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Figure 3-1 Variations in extreme temperature anomalies observed in Central Himalayas, 1988-2007
(Shekhar et al, 2010)
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The main consequences of glacial meltdowns are limited water availability and subsequently reduced
hydropower potential in the middle run, and changes in water flows in the plains downstream. The
IPCC estimates that runoffs will increase by 10 to 40 per cent in East and Southeast Asia by 2050,
and decrease by 10 to 30 per cent in some dry regions at mid-latitudes. For communities living in
mountains, increased meltdowns and more frequent thaws will put pressure on water security and
threaten existing infrastructures. Already, on the northern slopes of the Himalayas, scientists have
recorded 20 outburst floods since the 1960s (Qiu, 2008). However, as increased runoffs in parts
of the Himalayan range are synonymous with a regression of glaciers, stream-flows could abruptly
decrease in some years or decades following an inevitable shortage in water reserves. In Central Asia,
decreased runoffs have already been observed, along with an extension of drought-affected areas.

Table 3-1 Basin-wise loss in glacier area in Chenab, Parbati and Baspa basins (Kulkarni et al 2007)

g Volume (cubic km)

Basin 1962 2001-04 Loss (%) 1962 2001-04 Loss(%)
Chenab 1414 1110 21 157.6 105.03 333
Parbati 488 379 22 58.5 43.0 26.5
Baspa 173 140 19 19.1 14.7 23.0
Total 2077 1628 21 235.2 162.73 30.8

CLIMATE CHANGE ADAPTATION for water management in a green economy
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Higher temperatures will also affect the thermal and biological characteristics of watersheds in
the Himalayan range, with potential impacts on local biodiversity and global water quality. Global
warming will furthermore create a shift in rainfall patterns, with snowfalls and reserve meltdowns
occurring earlier, leading to peak river runoffs earlier in the spring while demand is higher in summer
and autumn. Barnett et al. (2005) noted a “regression of the maximum spring stream-flow period in
the annual cycle by about 30 days and an increase in glacier melt runoff by 33-38 per cent”.

Glacial meltdowns have also been observed in Central Asia, as pointed in the Tajikistan 2002 State of
the Environment Report (UNEP, 2002). Retreats of glaciers are also a reality in the Pamir and Kunlun
mountain ranges, disrupting the hydrological cycle and globally decreasing the quantity of freshwater
available downstream for agricultural purposes. In the Pamir range of Central Asia, Ososkova et al.
(2000) estimated that 20 per cent of the glaciers had melted between 1957 and 1980 alone, due to
changes in temperatures and precipitations.

67 /0 3.1.2 Socio-economic and environmental consequences

the proportion of ~ From an economic perspective, glacial meltdowns in the Himalayas constitute a direct threat for the

Himalayan glaciers ~ dams and levees involved in hydroelectric production and protection from outburst floods. Transport

that could disappear  infrastructures, such as the Qinghai-Tibet Railway, are also directly threatened by degradations of the
by 2050 (Qiu, 2008)  permafrost (Qiu, 2008).

P
L * w Why global warming in the Himalayas might accelerate
|

Temperature has increased at a significantly higher rate in the Himalayan
range over the past decades and this trend might accelerate in the years to come.
Scientists have provided several explanations for this particularity, one of them
being the effect of “black-carbon” emissions. This term refers to soot emissions
resulting from local human activities like cooking with traditional biofuels. Black
soot covers glaciers and snow, reducing their albedo (reflection coefficient)
and hence contributing to local heating of the soil and the air. Ramanathan
and Carmichael (2008) estimated that black carbon accounts for half of the
solar heating of the air and represents the second-largest cause of atmospheric

warming in this region after CO, emissions.
Another factor exacerbating global warming in the Himalayas is the potential

threat of a thaw of permafrost. These soils would then release significant

quantities of stored carbon, further intensifying the warming phenomenon.

18



CLIMATE CHANGE: How it is Affecting the Region

A Focus on Nepal rx
"

Although a small contributor to GHG emissions at a global level,
Nepal is among the first countries significantly affected by the effects of
climate change. Glacial meltdowns and increased runoffs are a major issue, with
glaciers in the Dhaulagiri region retreating by 10 meters per year, and a United
Nations Environment Programme/International Centre for Integrated Mountain
Development (UNEP/ICIMOD) study reporting 20 glacial lakes with high risks of
outburst flooding. Studies have observed higher temperature increases in the

mountains than in the lowland plains of the South (Regmi and Adhikari, 2007).

Higher runoffs and increased precipitation patterns will have deep repercussions
on agriculture, which engages more than 70 per cent of Nepalese women and
60 of men (UNDP, 2010). Erosion and sedimentation of riverbeds is expected

to increase in intensity, and exacerbated flood risks threaten the livelihoods

of poor communities. Observers notably predict a decrease in rice yields in
western regions, while in other areas like the Mustang region, climate warming
is welcomed for its beneficial impact on agricultural productivity and the
cultivation of new species. Water security will also be a major issue and with
shortages expected in the dry season, demand in Nepal will rise seven-fold over

the next 25 years.

Finally, preoccupations also rise concerning the development of climate-sensitive
vector-borne and water-borne infectious diseases, such as malaria, leishmaniasis

and Japanese Encephalitis in the subtropical regions of Nepal.

The freshwater supply for Himalayan communities and riparian populations downstream is also
affected in both quality and quantity, which might be a source of health issues and large-scale down-
stream migrations of populations in the long run. On the opposite end of the climatic spectrum,
drought-affected areas are projected to extend according to IPCC, and further reduce agricultural
capacities in the Tibetan Plateau, Xinjiang and by extension, Inner Mongolia.

Consequences for communities downstream will be proportional to their dependence on water
supplied by glacial meltdowns — the Himalaya-Hindu-Kush region is the source of most of the largest
rivers in Asia, including the Yangtze, Yellow, Mekong, Ganges and Indus rivers. More than one
billion people live in these basins, which contain seven megacities (IGSD, 2010). Seasonal meltdowns
from the Himalayas are crucial contributors to the stream-flows of these rivers, and Barnett et al.
(2005) estimate that the meltdowns can account for up to 70 per cent of the summer flow in
the Ganges, while the Institute for Governance and Sustainable Development (IGSD) evaluates this
contribution at 45 per cent in the case of the Indus and Brahmaputra rivers. For the Ganges, the
loss of such source would reduce July-September flows by two-thirds, affecting 500 million people
and 37 per cent of irrigated land in India (UN Report of the Secretary General, 2009). Consequently,
Himalayan meltdowns have important repercussions on plains in Asia, affecting agricultural activities
and subsequently the health and livelihoods of hundreds of millions.
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In Central Asia, the Pamir Mountains host the main sources of the two rivers flowing in the Aral
Sea, the Syr Darya and Amur Darya (although the latter has been diverted for irrigation purposes).
Glacial meltdowns upstream thus affect communities downstream, with serious impacts on the local
productions of cotton and wheat.

3.2 Riparian population

3.2.1 Effects of climate change in river plains

The impacts of climate change in river plains can be partially accounted for by the effects of global
warming in mountainous regions, and the subsequent changes in river runoffs. With more than a
billion people in Asia depending directly or indirectly on water resources supplied by the Himalaya-
Hindu-Kush range, disruption in seasonal cycles bear major repercussions on the livelihoods of farmers
living in river plains. Deep hydrological changes in the plains of Central Asia should also follow glacial
meltdowns in the Pamir and Kunlun mountain ranges. The expected increase in South and Southeast
Asian water flows in the short run is likely to be tempered by the increased variability of rainfalls in
the region, which will modify the magnitude of seasonal effects (IPCC, 2007). IPCC predicts that by
2050 the availability of freshwater in Asia should globally decrease, particularly in river basins.

The expected hydrological disruptions will be accompanied by a global rise in temperatures. Ericksen
et al. (2011) estimate that despite minor temperature increases in cold regions of South China that
might expand local crop sustainability, the rise in temperature will have an overall negative effect on
food productivity globally. According to their study, significant areas in North India, China, and the
Greater Mekong sub-region will experience a rise in average annual maximum temperature from
under to over 30° C during the primary growing season, this being the maximum tolerable temp-
erature for crops such as beans. These regions will, in addition, see a reduction of more than 5 per
cent in their Length of Growing Period (LGP), which is used as an indicator for the average number
of growing days per year.

3.2.2 Consequences for riparian societies

Modifications in hydrological cycles and a global elevation in temperature will have significant impacts
on agriculture in South and Southeast Asia. The Indus River, for instance, is the source of one of the
largest irrigation networks in the world, with approximately 90 per cent of Pakistan’s crop production
grown under irrigation coming from dams along the Indus (UN Report of the Secretary General,
2009). South Asia is particularly exposed to the effects of climate change, with high sensitivity and
low coping capacity (Figure 3-2).

Figure 3-2 Vulnerability to climate change for tropical regions (Ericksen et al., 2011)
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The United Nations Development Programme (UNDP) estimated that the rise in temperatures and
additional pressures on water supplies could lead to a 30 per cent decrease in crop yields in Central
and South Asia by 2050 (UNDP, 2006). Furthermore, the Institute for Governance and Sustainable
Development (IGSD) associated a 1° C increase with a 6 to 10 per cent rise in agricultural water
demand, leading them to the conclusion that cereal production in South Asia would decrease by at
least 4 to 10 per cent by the end of the century, accounting for increased production capacities.

Farmers in Asia will therefore have to face flooding risks in the short run due to increased runoffs and
exacerbated rainfall patterns in the wet season, while the dry season will amplify the risks of water
shortages. In the longer run, reduction in stream-flows and higher demand for water due to global
increases in temperatures will increase current stresses on water supply.

Such consequences of climate change are particularly dire in a region where 70 per cent of South
Asians live in rural areas, which account for 75 per cent of the poor (World Bank, 2008). Communities
at the bottom of the social ladder will therefore be among the first to be affected by these changes,
particularly because of their low adaptive capacity and access to finance.

Vulnerability and adaptation to climate change in Bangladesh % w

Eighty per cent of land in Bangladesh consists of floodplains,
sustaining 75 per cent of the population relying on the Ganges, Brahmaputra
and Meghna rivers, among others, for their agrarian activities (Brouwer et al.,

2007). Floods regularly affect the country, inundating up to 60 per cent of the
territory and putting the livelihoods of millions at stake. It is anticipated that
there will be an increase in the magnitude and frequency of floods due to climate
change, therefore prevention and adaptation to these events is a crucial issue for
the population.

In a study led by Brouwer et al. in 2007, a large-scale household survey in
Southeast Bangladesh was carried out to assess the levels of preparation and
coping capacities of households without flood protection. They found out

that poorer dwellings face higher exposure to flooding risks, and that these
populations were “the least well prepared, both in terms of household-level ex

ante preparedness and community-level ex post flood relief”.

These findings raise the issue of adaptation and mitigation for countries directly
threatened by climate change. Since water and food security are also threatened,

the vulnerability of the less wealthy increases, in both urban and rural areas.
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3.3 Dwellers in coastal areas

3.3.1 Demographics and main characteristics

The Asia Pacific region is characterized by a high and growing urbanization rate, with many cities
lying on the coasts. Among the 20 largest cities in the world, half are in Asia, of which eight are in
‘J % ‘ coastal areas. While 52 per cent of the world’s population lives in cities and towns, according to the
L UN Habitat Annual Report, this rate reaches 60 per cent for Asia (Mimura, 2008).

Sea-level rise: projections for the 21st century With Asia and the Pacific being home to more
than half of the global population, and migra-
tion from the hinterland to the shore driving

Following the Special Report on Emissions rapid growth in coastal urban centres, coastal
Scenarios (SRES), the IPCC projected that the cities in the Asia Pacific region are expected
average sea-level rise for the next century to accommodate millions more dwellers in the
would comprise between 18 and 59 cm. years to come. This will place further stress on
Nevertheless, other studies draw a more water resources and food security. In China
pessimistic picture as they take into account alone, over 400 million people currently live
the contributions from ice sheets (mainly on the coast, and the expected increase of
Greenland and Antarctica), which could lead 125 per cent in urbanization rate over the
to a more consequent sea-level rise, reaching next 25 years poses a real challenge for coastal
1 or even 3 m (Dasgupta et al, 2007). megacities (UN Atlas of the Oceans, 2011).

Theissues faced by coastal cities are numerous.
As key economic platforms, industrial centres and major ports, coastal areas are victims of pollution,
resource depletion and degradation of natural habitats on the littoral zone. High populations also put
additional constraints on water supply and sanitation systems, which contribute to social inequalities.

3.3.2 Impacts of climate change on coastal areas

Climate change and its associated effects on the environment are likely to exacerbate the current
problems faced by coastal urban centres. Sea level rise of 0.5 to 1 meter in the next century would be
a direct threat to the territorial integrity of many urban centres in Asia and the Pacific, and could cause
coastal erosion in both urban and natural environments. Landward migration of estuaries of up to
10 meters per year (UN, 2011) is a direct consequence of sea level rise, affecting the numerous coastal
cities built on estuarine zones. Various coastal environments characterized by their fragile ecosystems
such as wetlands, mangroves and floodplains are already under pressure from urban extension and
pollution, and will most likely suffer from the additional threat of flooding risks, estuarine migration,
and increased salinity.

Sea-level rise will directly affect urban low-lying mega-deltas in South and Southeast Asia, including
the Pearl delta river in South China, the Mekong mega-delta in Viet Nam, and the Ganges delta
in India and Bangladesh. It is estimated that around 140 million people in low-lying coastal areas
will be directly affected by sea surges and the degradation of the coastal environment (UN Atlas
of the Oceans, 2011). Studies have shown that a sea level rise ranging between 1 and 5 meters
could impact 1.7 to 9 per cent of urban areas in East Asia and 0.3 to 2.1 per cent in South Asia,
affecting 0.5 to 5.6 per cent of the total population of these regions (Dasgupta, 2007). These figures
are, however, aggregated at a regional level, and impacts might be significantly superior for some
countries in particular, including Viet Nam, Bangladesh, Thailand and Myanmar.
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Table 3-2 Regional exposure for three different sea-level rise scenarios (Anthoff, 2006)

DO ) O 0 0 O 0 0 O O )
Threatened land area Posulation (milkre) GDP PPP
(10% sq.km) P (USD billions)
| 2
West Asia 16.3 B, SO & 1.1 2.6 1 12.9 26.6 43.8
| | |
Central Asia 314.4 658.2 1112.9 0.8 o lg3.8 58] 13.6 25,7
| | |
South Asia 404.1 603.6 812.4 59.5 102.6 ; 150.9 1755 281.8 404.4
%
East Asia 140.1 249.2 3571, 46.1 9272 @ 13513 3507 695.0 1004.0
| | ?
Australasia 135.4 197.9 267.4 2.7 2.9 3.8 \ 43.9 58.3 77.1
|

Table 3.2 shows that while Central Asia is among the most territorially threatened regions of Asia, the
impacted population lies at a significant lower level than South or East Asia, where coastal densities
are more important. In terms of costs and affected population, South and East Asia are particularly
vulnerable.

Figure 3-3 Country area impacted in Asia following different sea-level rise scenarios (Dasgupta et al., 2007)
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3.3.3 Socio-economic and environmental consequences

As demonstrated by the tragic aftermath of the 2004 Indian Ocean tsunami, the level of preparedness
of coastal countries to storm surges and related natural disasters is relatively low. Human development
and associated constraints exacerbate the increased impacts of storms and sea surges predicted by
the IPCC. This poses additional threats on the most vulnerable communities and economic activities
along the coast, which intricately depend on coastal resources for their livelihood and development.
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The main drivers of urbanization along coasts, including fisheries and tourism, will be among the
first activities affected by sea level rises and storm surges. Overall, protection and adaptation costs
will increase, and constitute an additional financial constraint for coastal cities. Negative impacts on
the survival of mangroves, marshes and other ecosystems will also affect resources and, in the
longer term, agricultural activities. Food security will also be in
peril due to extreme weather events such as droughts
and floods as well as changes in rainfall patterns and
pressures on freshwater supplies.

Exposed populations in Asia and the Pacific will also
have to be relocated, thus putting further pressure on
(] already constrained urban centres. While East Asia should

observe the greatest relative impacts within Asia in terms of

,\.‘ population affected, cities like Chennai, Dhaka, Karachi or

Z'Q Mumbai, are elevated a few meters above sea level and will
t

b
\ ‘E also be particularly vulnerable to climate change given their

-"’ high poverty rates and low adapti ity.
—— igh poverty rates and low adaptive capacity

Figure 3-4 Population exposed in South, East and Southeast Asia

for a 5m sea-level rise (Dasgupta et al, 2007)

3.4 An Islander’s Perspective

3.4.1 Demographics and main characteristics

The effects of climate change are particularly observable in islands of Asia and the Pacific, which are
among the first victims of sea level rise and increased frequency of extreme weather events. Direct or
indirect climatic impacts are all the more preoccupying as most small islands are characterized by low
diversification of economies and limited adaptive capacity (UNEP, 2007).

The following analysis will include members of the Alliance of Small Island States (AQSIS) in Asia
and the Pacific, along with French Polynesia, New Caledonia, Northern Mariana Islands and Timor-
Leste. Together, these states and territories constitute the group of Small Island Developing States
(SIDS) in the Asia Pacific region, recognized as a distinct group of developing nations at the United
Nations Conference on Environment and Development in 1992. Other islands such as the Philippines,
Indonesia or Sri Lanka, among others, are of high importance in terms of area and population but
typically share most of the characteristics presented below.

Small islands in the region are characterized by low populations, with a total population of only
16 million people approximately, compared to 4.2 billion in Asia and the Pacific. The aggregated
demographic growth rate is similar to the one in Asia (1.02 per cent per year, against 1.05 per cent for
Asia) with significant disparities, with values ranging from -2.6 per cent per year in Niue to 3.35 per
cent in Timor-Leste (UNESCAP Population statistics, 2010). A majority of the population live in coastal
areas with more than 50 per cent of Pacific islanders living within 1.5 kilometres of the shore.

3.4.2 Impacts of climate change on small islands

A major threat for small low-lying islands is associated with sea level rise. In addition to the exacerbated
erosion of coastal zones, a global rise in sea level, coupled with increased salinity in shallower tropical
and subtropical waters, will be likely to constrain inland freshwater supplies through infiltrations and
higher salinity. The elevated frequency of drought and heavy rainfall events will put further stress on



CLIMATE CHANGE: How it is Affecting the Region

freshwater supply, to the point that by 2050 the water resources of some small islands might not
meet predicted demand during low-rainfall seasons.

Below the surface of oceans, the acidification of shallow waters, coupled with oceanic thermal
increase, is not without consequences on marine ecosystems. In the next decade, scientists expect
significant loss of biodiversity in sites such as the Australian Great Barrier Reef where, according to the
IPCC, coral bleaching is a blatant illustration of this deterioration of marine biodiversity. Conversely,
warmer temperatures can favour the invasion of by non-native species of both marine and terrestrial
environments, exacerbating changes in local ecosystems.

With more than half of the capital cities of SIDS lying at one to three meters above the sea, the
situation is more than preoccupying for many small islands. In addition to the threats on populations,
sea level rise will affect transportation and energy infrastructures built on the coast. Storms and
associated floods also bear high damage potential, magnified by the low resilience and adaptive
capacities of small islands. The limited diversification of their economies makes them particularly
vulnerable, all the more as the tourism industry, on which many of them rely, might slow down
because of coastal erosion and coral bleaching.

3.4.3 Socio-economic consequences

The livelihoods of millions of island dwellers are directly threatened by coastal erosion, increased risks of
inundation, and saline intrusion in underground freshwater supplies. Health problems may also arise,
due to warmer temperatures, which encourage the survival of pathogen agents and their associated
vectors. Where coastal areas are threatened by sea surges, relocation is not always an option in small
islands because of the absence of hinterland, thus opening the problem of environmental migrants.

The Carteret Islanders: world’s first environmental refugees?

Hundreds of kilometers east from Papua New Guinea, the Carteret Islands
might be home to the first environmental migrants, forced to flee their original
habitat because of uninhabitable conditions. These low-lying islands are indeed
under progressive submersion as the level of the Pacific Ocean rises inexorably,
with total submersion expected by 2015. Despite arguments pinpointing the
misuse of coastal resources and their non-protection, it is believed that sea-
level rise is the main cause of this submersion. In 2003, the Papua New Guinean
government authorized the evacuation of the whole population. A total of
approximately 1,600 inhabitants are expected to leave the atoll before 2015,
and be relocated in neighboring Bougainville.

This case might happen again in the years to come, as many low-lying islands
such as the Maldives are particularly exposed to sea surges. This phenomenon
will also affect continental coasts and low-lying deltas. In Bangladesh, Viet Nam
and China, more than a hundred million people could be directly or indirectly
affected according to the UN Atlas of the Ocean (2011).
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3.4.4 Health and Security across the region

In the 2009 Report of the UN Secretary General to the General Assembly, climate change was reported
to have problematic repercussions on security in Asia and the Pacific. Global warming was reported to
exacerbate territorial tensions and international frictions over issues such as transboundary migration
and competition over natural resources. For instance, 30 per cent of underground water resources of
the Central Asian region of the Aral Sea are shared resources (Ososkova et al., 2000).

The effects of climate change on human health are also likely to be significant, with more frequent
heat waves and other extreme weather events encouraging higher prevalence of cardiovascular and
respiratory illnesses. El Nifio, a climate pattern regularly occurring through the tropical Pacific Ocean
and likely to be affected by climate change in terms of frequency and magnitude, has been recognized
as a significant determinant of dengue and cholera epidemics that respectively affected Thailand and
Bangladesh from 1986 to 1992 (Patz et al., 2005). Changes in air and water temperatures will also
alter the reproduction and survival conditions of pathogen agents and their vector organisms, such
as the Ross River virus in Australia (Patz et al., 2005).

Figure 3-5 World Health Organization estimated mortality (per million people) attributable to
climate change by the year 2000 (Patz, 2005)
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The same study estimated that for most of Asia and the Pacific, climate change attributable diseases
were responsible for nearly three million Disability Adjusted Life Years (DALYs) and 85,000 deaths
in 2000, almost all observed in South Asia. The main cause of these health issues is malnutrition,
linked to the absence of food and water security in areas where freshwater supply for irrigation and
household consumption became insufficient to meet basic needs of households.

In Central North-eastern Asia, health impacts are more moderated but still significant, with 10,000
DALYs attributable to climate change in 2000 (Patz et al., 2005). While for South Asia the main cause
of diseases was found in extended malnutrition, for Central and North-eastern Asia diarrhea and
floods are the quasi-exclusive causes of disease.

As far as health is concerned, sea level rise will cause saline intrusion in freshwater aquifers, thus
reducing available freshwater supply, and limiting the optimal functioning of sewerage systems.
Water is a key determinant of human health, and deterioration of its quality due to changes in
hydrological cycles and mismanagement can be the direct cause of sickness and disease.

26  CLIMATE CHANGE ADAPTATION for water management in a green economy
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35 Asia Pacific Geographical Complexities

The diversity of the region highlights the complexity of the way changes in hydrological cycles and
climate changes will affect the entire region. Each ecosystem has its own unigueness in terms of
demographics, economics and environment that supports a distinct framework for the analysis of
climatic disruptions. Moreover, as stressed in this chapter, the issue of urbanization and demographic
growth represents an essential element of the equation, as its effects, which are exacerbated by
climate change and changing water security, would cause threats to water resources even without
the climatic problem. Consequently, future proposals associated with climate change should not
leave aside the problems associated with urbanization and constraints on water supply and disposal.
An appropriate array of solutions will have to incorporate guidelines for action towards greener
management of resources to reinforce climate change adaptation and reduce the global water
footprint. With more than one facet to the problem, these proposals will have to be context-specific
and adapted to the environmental and socio-economic characteristics of each ecosystem.
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GREEN GROWTH and ADAPTATION

a1 Introduction to Green Growth & the Ecological Based Approach

Green growth fosters economic growth but within the limiting ecological carrying capacity. As
economic growth across Asia Pacific is still required, however, the region must find innovative ways
to reduce the environmental impacts of growth. Green growth represents a strategy for making
economic growth and environmental sustainability compatible, protecting the environmental base of
future socio-economic activities.

The green growth concept is defined as “environmentally-sustainable economic progress that fosters low
carbon, socially inclusive development” (Crawford et al., 2010). Green growth, therefore, represents a
policy focus that contributes to sustainable development in Asia and the Pacific, focusing on economic
and ecological aspects of sustainable development. With this in mind, green growth is described as
an ecology-based approach to economic growth. Greening the economy requires an interdisciplinary
approach and innovative solutions, of which the water sector is a key player. Adaptation programs
should be ‘'no regret’ measures that deliver improvements in resilience while also having positive
development outcomes. Green growth strategies are an example of no regret measures, as they deliver
triple bottom line improvements to social, economic and environmental sustainability.

4.4.1 Green Growth and Water

As an ecology-based approach to economic growth, green growth also aims at achieving ecological
and economic sustainability in the water sector. Water is essential for the maintenance of ecosystems,
ecosystem services and biodiversity. At the same time, water services, such as sanitation, potable water
and industrial water supply, play a crucial role for most human and economic activities. Switching from
‘business as usual’ to a green economy means being aware of the full value that water has for the
environment, society and economy. A green growth approach aims at recognizing and quantifying the
real value of water so that people, businesses or the public sector can pay for it.

Improving water-efficiency and water quality is key to ensuring sustainability in the water sector.
Examples of how to increase water efficiency include reusing and recycling water, avoiding water
pollution, improving overall water resource use efficiency through better management processes,
technological improvements, more stakeholder participation and capacity building (UNEP, 2011). Rapid
economic growth has led to the contamination and exploitation of many water sources, through
pollution and the uncontrolled release of untreated waste. As part of a green growth strategy, waste
water treatment and disposal, for both the public and private sectors, needs to be tightly regulated.
The provision of water services depends on sound management of water resources to ensure availability
of fresh water. Ecological sustainability in the water sector is not only relevant for the future functioning
of ecosystems, but also for meeting the economic needs of future generations.
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o
Water and economic activities \\BOX 4/ J

In developing countries in Asia and the Pacific, with insufficient access to safe drinking water and
sanitation, improvements in the provision of water services enable people to participate more in economic
activities. When there is a lack of access to water, people have to spend significant parts of their income
and time securing water (UNEP, 2011). This reduces the time and money available for other economic
activities. Poor sanitation services often lead to water-borne diseases with high associated socio-economic
costs. For example, UNEP estimates that Cambodia, Indonesia, the Philippines and
Viet Nam lose approximately 2 per cent of their annual GDP due to inadequate sanitation (UNEP, 2011).

Regarding the provision of potable water and sanitation for basic human needs, further water services
are also indispensable for most economic sectors. For example, water plays a key role in industrial
production, agriculture, energy, forestry and fisheries. Of the total water resources dedicated to socio-
economic activities, approximately 70 per cent are used in agriculture, 20 per cent by industry and power
generation and 10 per cent for human consumption (UNEP, 2011).

Water is the major medium through which climate change affects are observed, through changes to the
hydrological cycle, increasing extreme events of rainfall, drought and cyclones and the impact of sea level
rise. Therefore, focusing on sustainable management of all the water sub-sectors through frameworks
such as integrated water resource management (IWRM) is recommended. IWRM is ecologically based
as it considers the various interactions within the river basins and sub-basins to come up with an over-
arching policy. IWRM, forms part of the implementation strategy for green growth and at the same
time provides strategies to adapt to the impacts of climate change on water. These chapters explore
some of the requirements within the water sector that will help in providing incentives and deterrents
for ensuring that water resources are managed appropriately for all users and services.

4.1.2 Natural Capital

Natural capital represents the stock of ecosystem services within an economy, which are of utmost
importance for environmental functioning, human well-being and economic activities. Such services
include the earth’s capacity to provide freshwater, timber and fuel; regulate flooding, air quality and
climate; and control pollution and erosion. Most of these environmental services, such as erosion
control and flood prevention, are relevant for adaptation to the impacts of climate change. For
example, mangroves and coral reefs provide services for flood prevention. Forests and vegetation
absorb precipitation, recharge groundwater and stabilize soil, and therefore are effective systems to
prevent soil erosion, reduce flood events and stabilize the water cycle. Further examples for different
ecosystem services are depicted in Figure 4.1.

Investment in natural capital can be described as any expenditure that leads to more sustainable manage-
ment of ecosystems and the services they provide. Investment in natural capital plays a crucial role for
maintaining the natural base of future human well-being and economic activities, as ecosystem services
are already under threat by human activities. According to the Millennium Ecosystem Assessment,
2 billion people living in dry regions already suffer from increased vulnerability due to losses of ecosystem
services leading to problems such as decreased water supply (MEAB, 2005). Further major problems
identified include degradation of the world’s fish stocks, nutrient pollution and the growing threat to
ecosystems brought on by climate change (MEAB, 2005). The overall conclusion of the Millennium
Ecosystem Assessment Board (MEAB) is that human activities are putting such a strain on the earth and
its ecosystems, that their capacity to maintain future generations are jeopardized (MEAB, 2005).
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Figure 4-1 Ecosystem Services (MEAB, 2005)
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Taking measures for maintenance and restoration of natural capital appears to be the logical next step.
Public policies on trade, investment, regulation, taxes and subsidies play a crucial role in establishing a
better framework to incentivise investment in natural capital and increase adaptive capacity to climate
change. The Millennium Ecosystem Assessment presents possible responses to enhance ecosystem
services, classifying them as effective, promising or problematic (MEA, 2005). Some examples of effec-
tive and promising measures for enhancing watershed services are given in the following box. It is
important to remember, however, that water plays a crucial role in almost all ecosystem services, such
as biodiversity, wood and forest products, nutrient cycling, disease regulation and cultural services.

4 N
LBOX 5/\ Responses to enhance watershed services (MEA, 2005a & b)

Fresh water
°
e Payments for ecosystem and watershed
services.

Determining water requirements from society
and ecosystems and increasing effectiveness
of public participation in decision-making to
represent all stakeholders.

e Regulatory responses based on market-based
incentives for pollution control, e.g. inducing
economic disincentives for exceeding pollution
standards.

e Water markets and water pricing.
e \Wetland restoration.

Flood and storm regulation

e Use of natural environment to reduce flood
and storm impacts.

¢ |nformation, institutions and education for
better disaster preparedness and management.

e Land use planning can help prevent land use
in hazard prone areas.

e River basin organizations for better
cooperation and lower transaction costs.

e Improved allocation of rights to freshwater
resources.
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4.2 Economic Instruments

Green businesses are enterprises that consider environmental protection as an essential component
of their long-term business objectives, both by using ecologically efficient business practices and
providing sustainable products and services (Green Growth, UN ESCAP, and SINGG, 2011). Many
business enterprises already have potential to reduce costs and maximize profits by improving
ecological efficiency and resource use from the “business as usual” scenario. With the introduction
of green growth policies, potential cost savings and profit maximization can be further increased and
thus provide a better enabling environment and stronger incentives for businesses to go green.

Government and policy-makers play an important role in greening businesses as they can introduce
adequate policies, legislation and incentives to encourage businesses to adopt green business
practices as part of their long-term objectives. While policy-makers initially set the framework for
greening the business sector, businesses have to respond to these new opportunities.

Current market prices do not capture the full environmental and social costs associated with produc-
tion and consumption. Environmental degradation and a decline in ecosystem services are not
reflected in GDP or other growth statistics. Green growth seeks to improve the quality of growth.
Green growth for water infrastructure means water-sensitive and low impact development, focusing
on securing water resources, building resilience to flooding and drought and restoring the ecosystem.
Governments must create enabling conditions for a green economy, to bridge the gap between short
term costs and long term benefits, reducing the uncertainty and risk for stakeholders.

Traditionally, water has been considered as a free resource. This has provided no incentive for efficient
use and has made water efficiency projects and infrastructure difficult to justify. Accurately pricing
water is critical. Ensuring full-cost recovery of water through appropriate pricing is essential for reaching
economic and ecological sustainability as desired under green growth, and is increasingly important
due to climate variability. Water should be priced to cover not only the full cost of supply, but also the
associated waste water treatment, infrastructure maintenance and environmental costs. This pricing
structure will provide an incentive for sustainable consumption and the development of water-efficient
infrastructure. However, water is a basic

- Potential Strategies for Water Pricing
human need and any pricing structure must

4 R
 BOX6 |

give this due consideration. The pricing of
water is a very difficult task and one which
is socially and politically sensitive. Regardless
of the pricing structure, reliable metering of
water consumption by the community and
industry needs to be established, to account
for water. This is an immense challenge,
but one that must be addressed in moving
towards sustainable water.

As suggested by UNESCAP (2012), a possible
option is to increase block tariffs, in which
the minimum basic water requirements are
provided to households at a very low rate,
while for subsequent consumption, the higher
the use the higher the rates. Subsidies may
be appropriate for low income households.
Excessive consumption may be reduced by
establishing a ladder of water prices, with

The extent to which market prices reflect the , . .
tariffs varying based on levels of consumption.

scarcity of water will determine the improve-

ments in efficiency and reductions in demand

in sectors such as industry, communities and agriculture. Additionally, if water is priced appropriately, it
will make eco-efficient investments that serve to improve efficiency and reduce environmental impact
more likely to have positive returns, and hence strengthen investments in green business ventures. From
an economic perspective climate change adaptation is value for money, as the long term implication
and damages caused by inaction, will far outweigh the upfront costs of adaptation.
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Payments for ecosystem services (PES) represent one of the main tools for establishing a market for
ecosystem services. It is based on payments to stakeholders whose actions can influence ecosystem
services. By providing economic incentives and compensation schemes, PES aims to foster actions
for increasing quantity and quality of ecosystem services. From an economic perspective, PES can
correct market failures by better expressing the complete environmental value of ecosystem services
in economic terms. PES and payment for watershed services (PWS) are paid voluntarily from the
beneficiaries to the providers of enhanced ecosystem services. These payments can either be directly
or indirectly through intermediation of responsible institutions (Defra, 2010). Opportunities for
implementation of PES and PWS are ideal if the economic impacts of ecosystem services degradation
are real, observable, immediate and local.

Public Policies for greening the businesses
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Economic incentives for adopting green business practices can be implemented through a green
tax, budget reform and changes in water pricing. With such reforms, adopting sustainable and
eco-efficient business practices has the potential to achieve cost savings and gain competitive
advantages, thus creating business opportunities. For instance, if the price for water services
increases, installing water saving devices or collection of water through rainwater harvesting,
provides higher potential savings. More examples for sustainable business practices are given in
the following box.

Regulation and legislation on production standards, business practices and water resources,
contributes to setting a framework for greening businesses. For instance, technology and
performance standards can be regulated to impose decisions on business operations (De Serres,
Murtin, and Nicoletti, 2010). For example, this can include tightening water pollution and
discharge standards, accompanied by a strategy for monitoring and enforcement. The social impact
and feasibility of requlatory and legislative changes must always be assessed carefully prior to
implementation.

Raising awareness on the possibility for enterprises to gain competitiveness by adopting ecologically
based business practices is one major task for governments. Enterprises need to be informed on how
to achieve greater ecological efficiency and sustainability, and the potential economic opportunities
this provides. As business is primarily driven by an economic bottom line, gaining support and
successful implementation will be determined by businesses understanding of the potential
economic benefits that exist.

Most firms have the potential to adopt green business practices, enhance ecological efficiency and
make water resource use more sustainable (UNESCAP, 2011). The overall strategy for better water
resource efficiency is to reduce water and other resource use, recycle where possible and reduce
pollution and waste. The first step towards a greener business is identifying potential opportunities for
more sustainable resource use, in particular for reducing water resources consumption and preventing
the degradation of water quality. Some tools for improving water efficiency and conservation are
sector specific, however many green business practices can be modified and adopted by different
types of enterprises.
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Reduce, reuse, rethink — Sustainable Business Practices ‘\\BOX 8 J
T
One example to illustrate the success story of F?::;:;:L:esource i
a green business is the Chinese ‘landwasher’ S
company. By means of new technology, this : .
company developed an innovative water-free 7 Collectlhg Weter ML invater
flush system for portable toilets, which conserves heliesig
water resources and provides improved sanitation * Saving energy and material to
in areas where current sanitation infrastructure decrease water resource use
is insufficient (UNEP, 2011a). These toilets also * Turning off flows when not used
provide potential economic benefits to users due Reuse and recycle water
to reduced water resource use and lower volumes e |dentifying potential for reusing
of discharge requiring treatment. According to discharge streams
estimates in 2009, individual annual savings from o Recycling water, materials and products
reduced sewage management costs could be up o Implementing local and decentralized
to 46,000 RMB (US$7,000+) per toilet (Kang,
d Zhang, 2009). wastewater treatment
an Rethink water resource management
¢ Educating staff on water conservation

43 Demand Management e Marketing and labelling sustainable
Demand management is critical in securing a SIS TR
sustainable water future. It reduces the amount ‘\BOX 9/‘

of new infrastructure required to increase the

supply system, saving energy, carbon emissions Singapore’s Demand Management Success
and resources, and preventing land and eco- \
system degradation due activities such as con-

struction of unnecessary dams and land use Reduce water resource use
changes. Additionally, it reduces the volume of Singapore has used demand management to
waste water for treatment, saving energy and reduce per capita consumption from 172 I/day
other resources. Demand management has triple in 1995 in to 154 I/day in 2010.

bottom line benefits promoting green growth. In
a 2012 report, UN Water suggested that to move
towards a green economy, it is recommended to
implement policy reforms towards better water
demand management (UNWater-DPC, 2012).

Techniques used include:

e Reducing unaccounted for water loss
(UFW) to 5.4 per cent. Saving $$24 million
annually.

Full cost pricing.

To cope with declining water security and to Public education campaigns.

reduce resources used in the supply of water,
measures to reduce consumption should be
taken. Measures may include the following

Water efficient building codes.

Compulsory water audits for large
customers.

e |dentifying and recovering unaccounted for (Kiang 2008) (MEWR 2012)
loss due to leakage

e Demand management education, across all sectors of society

e Regulation of new design to encourage water efficiency in new infrastructure (e.g. low water
use toilets, water saving shower heads)

e Labelling on water efficient products.
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Reduction in demand saves tax payer funds and protects the environment from damage through
the unnecessary construction of water supply dams, water treatment and pumping works and water
reticulation networks. The prevention of the potential environmental impacts caused by the building of
unnecessary water supply infrastructures is an example of the triple win for the environment, savings
in government funds, and use of the saved funds for other productive economic activities. Demand
management should be part of a country’s overall integrated water resources management strategy.

4.4 Sustainable Consumption and Production (SCP)

Provision of services and production of goods require material inputs such as water, energy and
raw materials. During production, pollutants and emissions are released to the environment (Green
Growth, UN ESCAP, and SINGG, 2011). Also during consumption, emissions and pollutants are set
free, and parts of the product are used up while other parts may be discarded or recycled. Increasing
sustainable consumption and production patterns is necessary as the earth’s capacity to carry resource
extraction, pollution and emissions is limited. Sustainable consumption and production plays a key
role in a green economy as it will lead to reduced resource intensity and heightened environmental
awareness and expectations from consumers. It is an effective strategy for managing water demand
and security for a sustainable water future.

What is sustainable Consumption and Production?
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A widely accepted definition for SCP, given by the Norwegian Ministry of Environment in 1994,

is that it is “the production and use of goods and services that respond to basic needs and bring a
better quality of life, while minimizing the use of natural resources, toxic materials and emissions
of waste and pollutants over the life cycle, so as not to jeopardize the needs of future generations”
(Bentley, 2008). In other words, SCP refers to achieving more efficient and profitable production to
meet growing consumer needs, while decreasing material and resource use, pollution and waste
(Green Growth, UN ESCAP, and SINGG, 2011).

Developing more sustainable consumption and production patterns in Asia and the Pacific is crucial for
reducing environmental degradation and contributing to more sustainable water resource manage-
ment. So far, according to UNEP, even though some Asian countries already included SCP policies in
national policies and programmes, there is still a lack of implementation (UNEP, 2011b). Due to the
fast growth of economies, UNEP identifies more sustainable water management as one of the key
issues necessary to implement SCP (UNEP, 201 1b). Water plays a key role in many production processes
and is indispensable in most industries, including energy, textiles, manufacturing, food, beverage and
electronics. The conventional economic growth pattern has seen natural resources including water, oil,
air and soil being overexploited, degrading the ecosystem services that they provide.

Several examples of SCP policies illustrate their potential for Asia and the Pacific. For instance, the
Phitsanulok municipality in Thailand achieved an 80 per cent reduction in waste through the introduction of
public private partnerships for decentralized waste management, recycling and treatment (UNEP, 2011b).
Moreover, initiatives such as the China National Cleaner Production Centre and the Viet Nam Cleaner
Production Centre currently try to promote more sustainable production patterns in Asia by offering
consultancy services and training to government bodies and businesses (UNIDO and UNEP, 2009).
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Several regulatory instruments, especially when coupled with better price signals in line with a
green tax and budget reform, contribute to achieving these goals. Water efficiency regulations for
industry, including building and agriculture, can be developed, and if managed and monitored can
contribute to the move towards SCP. Life-cycle assessment, green public procurement and demand-
side management are some of the main tools for the public sector (Green Growth, UN ESCAP, and
SINGG, 2011).

Tools for sustainable consumption and production BOX 11

e Life-cycle assessment is a tool to assess the environmental impact of products or services,
covering all stages of their life cycle. This means that the environmental impact of products from
extraction of resources, production processing, packing and distribution, to consumption, disposal
and recycling are included in the evaluation. Consumer choices based on life-cycle assessments
represent a holistic environmental perspective.

e Green public procurement is the selection of products and services that mini—=mize environmental
impacts (UN, 2008). For this purpose, organizations and companies choose products according
to life-cycle assessment criteria. Public entities and companies are important consumers in
some markets. By choosing environmentally-friendly products they can make a difference in
environmental outcomes and influence the behaviour of consumers (UN, 2008).

e Demand-side management aims to manage and control demand for certain products and services,
and represents the opposite approach of focusing only on increasing water supply. Advantages of
reduced water demand includes reduced withdrawal from aquifers and streams, reduced costs of
water distribution and treatment systems, and energy saving for pumping, heating and treatment
(Dziegielewski, B., 1993). It often also results in a reduction of waste water requiring treatment.

e Regulation of technology and performance standards can assist in making more SCP practices
mandatory. For example, setting standards for SCP by introducing minimum water efficiency
standards for water appliances or fittings can prevent waste, misuse or undue consumption of
water supply (GWP, 2011).

e Voluntary approaches of the private sector such as certification and labelling schemes facilitate
the identification of sustainable products (UNEP, 2011b). For instance, enterprises can label
sustainable products to promote their consumption.

e Public-private cooperation between government and specific industrial sectors can negotiate
agreements on sustainable production to solve particular environmental issues.

CLIMATE CHANGE ADAPTATION for water management in a green economy 35
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—5 IMPROVED WATER GOVERNANCE to cope
with challenges from increasing uncertainties
arising from climate change

5.1 Adopting Principles of Integrated Water Resource Management (IWRM)

The introduction of Integrated Water Resources Management practices is important to maintain
and improve ecological and socio-economic sustainability along with economic growth. While many
countries have already adopted the principles of IWRM, adaptation with respect to climate change
should be urgently addressed. It had been already recognized by the IPCC (2007b) that an IWRM
approach to adaptation is essential. It is stated in the report that “it can be expected that the paradigm
of Integrated Water Resources Management will be increasingly followed around the world, which
will move water, as a resource and a habitat, into the centre of policy making. This is likely to decrease
the vulnerability of freshwater systems to climate change.”

Due to the continuous urbanization process of Asia Pacific with a forecast for 2020 that more than
50 per cent of the population will live in towns and cities, three water related topics have become a
major concern: water supply, storm and flood water management, and protection of water resources
from pollution and inadequate sanitation. The pressure on clean water resources is increasing as
the population and hence, demand increases. At the same time, more pollution is penetrating the
groundwater and surface water resources, making it even more difficult to maintain already stretched
resources. It has been estimated that the current daily amount of untreated sewage released into the
environment in urban areas is in the order of 150 to 200 million m? (Seebacher and LeHuu, 2012).

Due to urbanization the density of water bodies is rapidly decreasing. This is also true for stagnant
water bodies such as ponds, lakes and temporarily wet areas. The reduction and shortening of
water courses can lead to a significant and clearly noticeable increase in urban flooding and severe
hazards such as flash floods. Climate change with a tendency to more pronounced and intensified
precipitation events tends to worsen the situation. Shorter rivers and the absence of wetlands, ponds
and lakes, leads to a reduction of water storage capacity and hence an increase in flood water runoff.
Ecologically sensitive storm water management as an integral part of IWRM needs to become a part
of any urban planning exercise.

IWRM can be defined as ‘a process which promotes the coordinated development and management
of water, land and related resources in order to maximize the resultant economic and social welfare in
an equitable manner without compromising the sustainability of vital ecosystems and the environment.
Integrated Water Resources Management is a cross-sectoral policy approach, designed to replace the
traditional, fragmented sectoral approach to water resources and management that has led to poor
services and unsustainable resource use’ (GWP 2012). With the ever increasing competition for water, it
is essential that water policy recognizes all stakeholder needs and coordinates multiple water resources,
to ensure a fair and sustainable allocation of supply and disposal. IWRM is a participatory planning and
implementation process, which brings stakeholders together to determine the most environmentally
and economically sustainable way to meet society’s water needs, reflecting the principles of green
growth. IWRM mirrors the interconnected nature of hydrological resources and is generally considered
the most effective method for water management and is being adopted across the world. In summary
some of the principal components of IWRM, as defined by GWP (2012) are given below.
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¢ Managing water resources at the basin or watershed scale. This includes integrating land
and water, upstream and downstream, groundwater, surface water, and coastal resources.

e Optimizing supply. This involves conducting assessments of surface and groundwater sup-
plies, analyzing water balances, adopting wastewater reuse, and evaluating the environmental
impacts of distribution and use options.

¢ Managing demand. This includes adopting cost recovery policies, utilizing water-efficient
technologies, and establishing decentralized water management authorities.

¢ Providing equitable access to water resources. Done through participatory and trans-
parent governance and management, this may include support for effective water users’
associations, involvement of marginalized groups, and consideration of gender issues.

» Establishing improved and integrated policy, regulatory, and institutional frame-
works. Examples are implementation of the polluter-pays principle, water quality norms and
standards, and market-based regulatory mechanisms.

e Utilizing an inter-sectoral approach to decision-making. This leads to actions where
authority for managing water resources is employed responsibly and stakeholders have a
share in the process.

The Global Water Partnership (GWP) Policy Brief of 2004 outline the 13 key IWRM changed areas
under three core areas of enabling environment, institutional roles and management instruments, as
given below.

' N
The 13 Key IWRM Change Areas (GWP 2004) LBOX 12 /\
\
The enabling environment Management Instruments
1 Policies — setting goals for water use, 6 Water resources assessment —
protection and conservation. understanding resources and needs.
2 Legislative framework — the rules to 7 Plans for IWRM — combining development
follow to achieve policies and goals. options, resource use and human interaction.
3 Financing and incentive structures — 8 Demand management — using water more
allocating financial resources to meet efficiently.
water needs. 9 Social instruments — encouraging a

o water-oriented civil society.
Institutional roles y

10 Conflict resolutions — managing disputes

4 Creating an organizational framework — _ _
and ensuring sharing of water.

focusing on forms and functions.
11 Regulatory instruments — developing

5 Institutional capacity building — developing ' o
allocation and water use limits.

human resources.
12 Economic instruments — using value and

price efficiency and equity.

13 Information management and exchange
— improving knowledge for better water
management.
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IWRM consists of non-structural and structural measures that are executed to manage and control
natural and man-made water resources systems for beneficial and sustainable uses. Non-structural
measures are related to governance and policies, such as administrative advisories, legislations,
plan water pricing schedules, zoning laws, incentives, public relations, regulatory programs, and
insurance programs to cover crop loss or flood damages. Structural components are generally man-
made systems to control water flow and quality and include conveyance systems (channels, canals,
and pipes), diversion structures, dams and storage facilities, treatment plants, pumping stations and
hydroelectric plants, wells, and other water related infrastructure. Elements of natural water resources
systems include the atmosphere, river basins (drainage basins or watersheds), stream channels,
wetlands, floodplains, aquifers, lakes, estuaries, seas, and the ocean. Examples of non-structural
measures, which do not require constructed facilities, are pricing schedules, zoning, incentives, public
relations, regulatory programs, and insurance.

Across the world, water related planning and upgrade of existing or implementation of new water
infrastructures is continually taking place. Climate change adaptation measures should be included
in all new projects. These can include simple measures associated with new housing projects such
as water saving toilets, the use of grey water for flushing, and rainwater harvesting. In the case of
construction along rivers or coastal areas, the infrastructure should be designed to be resilient to
the impacts of climate change such as increased flooding or rising sea levels. Incorporating climate
change adaptation into the design for new infrastructure will prevent social and economic losses in
the long term. IWRM needs to ensure collaboration and inclusion of sectors which would traditionally
be considered to be outside of the water decision making sphere.

As the intensification of the global hydrological cycle continues to increase climate variability impacting
on regional water resources, IWRM has a major role in finding and providing adequate adaptation
measures and procedures. It is important to strengthen institutions for land and water management
on all governmental levels to effectively implement IWRM principles. IWRM reflects the principles of
green growth and through implementation can address climate change adaptation, while securing
economic and environmental sustainability.

5.2 Integrated River Basin Management (IRBM)

Integrated river basin management (IRBM) is a central part of IWRM, where river basins (otherwise
known as watersheds or drainage basins) constitute the management unit of the IWRM processes.
IRBM manages the human activities in the river basin, dealing with issues such as water allocation,
pollution and flood control. It is important to consider the complete basin using this integrated
framework, as activities and changes in one part of the basin can have a significant impact on
stakeholders in other locations of the basin. The river basin is a logical and appropriate physical unit
for the application of IWRM principles.

It is of utmost importance in dialogue and consensus building to recognize that people living in
different locations of the basin, with different economic activities, may be affected in different ways.
Climate change impacts, adaptations needs and building resilience, especially at local levels, are
a critical additional focus area in IRBM. These requirements of the different stakeholders, while
needing technical analysis, should be reflected by consensus in coordinating meetings for different
geographical zones, such as inundation and non-flooding areas, areas of groundwater recharge
and use, urbanized, peri-urban and agricultural areas, and environmental conservation, as well as
facilitating and including upstream and downstream concerns. This approach requires an under-
standing of the respective adaptation needs of each zone and related problems.
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Therefore recognizing the river basin as the fundamental geographical setting for IWRM and adaptation
planning provides a logical framework within which hydrologic and environmental processes are
guantified. River basins may be defined at many levels, from local watersheds to transboundary
basins extending over several countries or states, such as the Mekong and Indus Rivers. IWRM should
extend to the entire river basin, as one integrated unit, in order to achieve optimal operational
policies. For extremely large river basins, especially those draining from mainland Asia (many with
areas exceeding 100,000 kmz2), a practical and more doable size may need to be identified and
packaged within each river basin, into sub-basins or even smaller watersheds of tributaries and
distributaries. IRBM will require an overall basin management master plan, with cross sectoral and
boundary dialogues and engagement of all relevant local, national and transboundary stakeholders.

To enable proper planning, a comprehensive information base for effective IRBM needs to be developed,
including information on important hydrologic, hydraulic and environmental processes including river
discharge, snow and ice melt rates, precipitation, evapo-transpiration, infiltration, groundwater levels,
sediment, nutrient and heavy metal loads and terrain models. Improved hydrologic and hydro-climate
system modelling capabilities are required in order to provide this information, and to link river basin
planning and management processes to climate projections. Tools to downscale the outputs from the
large scale climate models to a more detailed river basin scale need to be provided, to ensure that ) N
climate change adaptation is incorporated into the IRBM. Within the river basin, IWRM bridges the ‘/ BOX 13 ‘
community/watershed level throughout the basin, across boundaries within and between countries. N

Examples of Climate Change Adaptation Actions as part of IRBM (APWF, 2010)

e Develop flood and eco-sensitive zoning plans.

e Strengthen water (use) rights systems for water scarce and drought prone areas.

e Develop accurate and transparent water use, accounting and monitoring systems.

e Increase focus on water demand management, including reuse, recycling and recharge.

e |ncrease storage capacity, including surface water, enhanced groundwater recharge and a multitude

of small scale interventions such as rainwater harvesting, while maintaining and utilizing the natural
storage capacity of ecosystems.

e Focus on watershed management as a resilience building approach to adaptation.

* Increase use of new and emerging technologies in water scarce and drought prone areas,
e.g. drip irrigation, wet/dry irrigation, drought resistant crops, or membrane filtration for water use.

e Introduce economic instruments and community participation, such as through water user
associations to regulate and control water consumption. For example, consider Payments for
Environmental Services (PES) in order to maintain healthy ecosystems that contribute to climate
change resilience.

5.3 Flood Management

Strategies for flood management need to not only consider knowledge of previous events and risks,
but also changes in weather patterns and risks caused by climate change. It is predicted that the
changing weather and rainfall patterns are likely to lead to increases in natural disasters, including
flooding and drought. Urbanisation and increasing slum populations across the region often lead to
increasing settlements on unsuitable land such as floodplains and river banks, making more people
increasingly vulnerable to floods. This situation is going to be further exacerbated by climate change.
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With increasing flood frequency and impact, there is a need to establish robust and integrated flood
management policies. Policies need to take into account climate variability and the long term impacts
of climate change, and hence need to be based on scientific models of future climate patterns.
Consideration should be given to the effect of increased frequency and intensity of rainfall on current
flood management plans, resilience and coping capacity.

An effective approach, based on the principles of IWRM, is moving away from a strategy of flood
control, towards flood management. This holistic approach includes not just structural measures but
also institutional frameworks and community involvement. Engaging communities in flood manage-
ment as part of an overall water management scheme can help to empower the community to
develop their own systems and management strategies, such as hazard maps, evacuation plans and
improved water retention methods that are suitable to the cultural context.

Development and urbanisation should take into consideration flood management. High density
urbanisation increases the risk of flooding by increasing runoff and is often exacerbated by poor
drainage systems. Rapid urbanisation in many of the developing countries across the region has led
to an increase in the size of highly vulnerable urban communities, exacerbated by poor land manage-
ment and increasing informal settlements. As populations increase and land becomes scarcer, the
tendency to settle on floodplains and high risk areas increases. Floodplains need to be recognised
as an important part of natural flood management and these ecosystems should be protected from
economic exploitation and development. Dam construction and management is also critical in flood
management. The down and upstream implications of dams need to be considered, as there have
been numerous cases of dams being built, with disastrous consequences for other river basin users.

. . Evaluation of dam construction and design
Thailand Flood Crisis should also consider the impacts of climate
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change, to ensure that the structure will be

In the second half of 2011, Thailand suffered suitable under future conditions.

devastating floods. Around 13.6 million _ .
people were affected, hundreds of lives were Integration of water management into

lost and economic damages amounted to urban design will encourage more resilient
around US$44 billion (UNESCAP 2012). development. Modelling tools can be used to

predict possible flooding locations to improve

urban design. As well as ensuring that future
development is resilient to flood, it is necessary to review existing risks and make efforts to reduce
disaster risks through activities such as changes to storm water runoff systems, improved sewerage and
drainage systems, increased water retention systems, and restoration of hinterlands and floodplains.

Reducing vulnerability and the level of exposure to flooding should be included in IWRM planning.
Improving flood management and increasing resilience, reduces economic, environmental and social
risk, reflecting the principles of green growth. Existing flood management and urban development
guidelines should be reviewed, and updated to reflect the changing risks associated with climate
variability. More information on policy options for improving flood resilience can be found in the
ESCAP publication Developing Innovative Strategies for Flood-Resilient Cities.

5.4 Agricultural Water Management (AWM)

Water for food is water for life (IWMI, 2007). Agricultural production utilises the largest share of
water use. Additionally, agriculture provides employment and economic activities for many of the
world's poor. Therefore, changes in water security threaten food production and livelihoods across
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the region. Water consumption in agricultural practices can significantly influence the global water
balance. Currently, a significant percentage of water used in agriculture is from non-renewable
water sources. Water withdrawals are already unsustainable in many regions. As all food sources are
provided and supplied through agricultural production, the sustainable use of water in agriculture
becomes a critical issue in the context of food security (FAO, 2011).

Climate change increases variability and intensity of rainfall in particular during the growing seasons.
Comparing world wide data on agricultural practices over the last 50 years (1960 - 2009) it can
be observed that the use of land for rain-fed grain production (rice, wheat, corn, and others) is
unchanged at 1200 million ha, whereas irrigated land increased within this period to about 300
million ha (FAO, 2011). Increased climatic variability and increased droughts exert enormous stress
on rain-fed agriculture and the current tendency is to find means for supplementary irrigation during
dry spells in the plant’s growth period.

Irrigated croplands have in general much higher yields than rain-fed croplands. Future increases in
irrigation to meet the growing demand on food, will have to compete for water needs of rapidly
growing cities. Eighty per cent of the world’s cropland that is rain-fed produces almost 65 per cent of
the global harvest, while the 20 per cent that is irrigated produces more than 35 per cent. Rain-fed
agriculture provides, depending on the soil conditions and the provision of fertilizers, about 1000 to
2500 kg grain per hectare, whereas high yield plants on mostly irrigated land can provide 4000 to
6000 kg per hectare. Rain-fed agriculture generates most of the food in the world and plays a key
role in poverty reduction, since rain-fed cropland is most often owned by small scale homesteads and
in many cases the range of farmland is significantly less than 5 ha per unit, but rather in the order of
1 ha. Groundwater is increasingly becoming the source for irrigation water supply. Already today 38 per
cent of the irrigated cropland is supplied with groundwater (Siebert et al., 2010; World Bank, 2010).

Based on existing data, models and scientific evidence, an amount of sustainable groundwater
withdrawal can be calculated. Farming communities and stakeholders can take the responsibility to
administer and share this amount efficiently. There are already many successful examples of commu-
nity run groundwater allocation programs. This approach assists in preparing farmers for possible
changing conditions associated with climate change, by having local governing bodies or institutions
in place, which can facilitate the transition for adaptation.

Satellite imageries from around the globe indicate significant land use change including converting
grazing lands to cropland, and cutting the world’s forests and jungles. In particular, these forest lands
are slowly disappearing to gain crop, cattle land and energy plants, such as oil palms, sugar-cane, and
corn for production of bio-fuels as clean alternative energy. This destruction of huge tracts of forests
creates susceptible monocultures in a once diverse environment, and the lands are susceptible to land-
slides and increased erosion, increasing sediments in rivers. The potential for the retention of water in
monoculture colonies is minimal compared to the original forest, which exacerbates flood risk.

In coastal areas rising sea levels will lead to a significant inland push of brackish groundwater. Salinity
will also be a problem as often increasing irrigation will lead to more seawater intrusion and a
higher salt concentration in the soils and runoff. Hence, effective and efficient integrated water
management will be the only way to fundamentally secure and maintain the necessary global food
production. High yield and more salt resistant varieties of crops are constantly explored and cultured
in many different countries to cope with these new environments. However, physiological limits exist
to developing stress resistant plants.
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In some areas seasonal groundwater storage is practiced by enhancing infiltration into the aquifers
during high flow periods to increase the availability of groundwater during the growing season. The
use of pre-treated sewage water for irrigation is also an increasingly used alternative. This not only
supplies the necessary moisture, but also a fair amount of nutrients, which are taken up by the plants
and will prevent eutrophication of rivers and lakes. However, using this waste stream without adequate
pre-treatment is associated with significant health risks, and therefore consideration must be given to

social and ecological impacts,
Adaptation Options for Drought Resilience such as public health and
ground water contamination,
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to ensure that there are no

o ; ; adverse impacts.
e Traditional rain and groundwater harvesting storage systems. &

Water demand management In many parts of the world,

Improved irrigation efficiency measures. energy for pumping irrigation
e Increasing use of drought resistant crop varieties. water is either completely free
or heavily subsidized. This
leads to a complete distortion
of the real value (or price) of
water. If resources are free or
cheaply available, a very high
percentage is underutilized or
even wasted. Water is becoming an increasingly limiting resource and should therefore be priced
accordingly. Options for improving the use of water in agriculture include selecting more water
efficient crop varieties, reducing water loss, improving water use efficiency, and water recycling,
as well as improving the quality of water released into the natural system, with minimal residuals
from fertilisers and pesticides. Agricultural water use should be managed as a component of an
overarching IWRM framework and should be considered in the overall national adaptation plan. It
is critical that other adaptation activities, such as producing crops for bio-fuels, do not emerge as a
mal-adaptation by reducing available water resources required for food production.

e Early warning systems, with drought projections and
improved communications.

Risk pooling at the regional or national level. (IPCC, 2012)

Adaptation in the agriculture sector is critical, in particular increasing the resilience of rural commu-
nities, including diversification into non-farm activities. Adaptation activities could include improving
irrigation efficiency, integrating supply and demand management systems (as per IWRM), increasing
storage capacity, demand management, and watershed development.

Today, a significant virtual water trade is already ongoing (Allan, 2009). It makes ecological and
economical sense to increase the virtual water trade for achieving global water security. Water inten-
sive production could be based in countries, which have no water shortages and are able to maintain
their renewable water resources although large amounts of virtual water are exported. There is
potential for semi-arid and arid countries to fulfil their growing future food demand, by importing
food instead of extending irrigated cropland, particularly in places where their own water resources
are very limited. The importation of food may however, have other complexities yet to be determined.
The necessity to look at the water-food-energy nexus complexities, and how best to manage these
resources together, has therefore emerged as the next focal area of discussions.



. IMPROVED WATER GOVERNANCE to cope with challenges from increasing uncertainties arising from climate change
Yoo Glie

55 \Water Supply and Sanitation

Climate change impacts the quantity and quality of water resources available to meet society’s needs.
According to the latest data from the Joint Monitoring Program, about 377 million people in Asia
Pacific still don't have access to water, while a staggering 1.74 billion do not have access to sanitation
(WHO/UNICEF 2010). This region represents about 50 per cent of the worlds’ population without
access to clean water and 70 per cent of the total number of people without access to sanitation.
Indeed, if the target is achieved in Asia Pacific, it is achieved in 2/3 of the world.

Already the region is struggling with sustainable access to water, which is going to be further exacer-
bated by climate change. As climate change brings about more climate variability, environmental
migration, and reduced food security, relocation of communities and increased poverty will further
increase the challenges of water and sanitation. It is the region’s poor that are most vulnerable to
these impacts, and without a continued focus on improving access, poverty eradication initiatives are
threatened to be undermined by climate change. Additionally, continued unsustainable growth is
leading to pollution and overexploitation of water resources, degrading the ecosystem services that
these water bodies provide to society. Proper sanitation measures can preserve water resources, and
prevent the waste of energy used to clean and purify contaminated water for later consumption.

Climate change threatens to introduce greater uncertainty in water supply and sanitation. The majority
of existing water infrastructure was designed for different conditions and resource availability, based
on pre-climate change data, so is likely to come under significant pressure due temperature changes
and hydraulic loads. Both supply and waste or storm water infrastructure need to be expanded and
upgraded to facilitate adaptation. For example, the increased intensity of precipitation will lead to
greater runoff, further increasing stress on existing waste water treatment capacity. Infrastructure
must be upgraded to suit changing water quality, quantity and demand. These developments should
follow the principles of eco-efficient infrastructure and green growth, utilising low cost green techno-
logies, where possible. Continuing to work towards secure water and sanitation access for all, while
pursuing green economic development, should remain a focus area for all countries.

56 Options for increasing storage capacity

The significant reduction in seasonal and inter-seasonal long-term storage, such as snow and glacier
ice, has led to an increased vulnerability to droughts. Therefore, discussions and scientific research
has been investigating forms and mechanisms to enhance or increase storage of fresh water. In the
following sections the most viable options are discussed, specifically groundwater, artificial reservoirs,
and small lakes, ponds and wetlands. Natural infrastructure, such as wetlands, should be evaluated
as a first alternative, before considering built infrastructure such as dams and canals.

5.6.1 Groundwater and aquifer management

The largest potential for inter-seasonal and inter-annual storage is definitely associated with ground-
water and the availability of aquifer storage. Groundwater and soil moisture account for almost 99
per cent of all liquid freshwater resources. Due to its relatively easy accessibility, shallow groundwater
resources have been over-exhausted in many areas of the world resulting in severe drawdown of the
groundwater table and deterioration of water quality. In many locations, groundwater is the only
source of irrigation and drinking water. In fact, more than half of the world’s population relies on
groundwater for drinking (IWMI, 2007) and 38 per cent of irrigated cropland depends on ground-
water (Siebert et al., 2010).
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During the passage from surface water down to the aquifer, the percolating water undergoes a
purification process, which makes groundwater in many places a secure, clean and reliable water
source. Groundwater has to, if possible, replenish naturally to remain a significant water resource, but
infiltration areas are being reduced on a significant scale. Due to the enormous reduction of wetlands,
river training, urbanization, and many other negative measures, the infiltration capacity, and thus the
possibility of replenishing aquifers, has significantly decreased in the last decades. Urban develop-
ment planning should optimise the retention of infiltration areas, through good design and the use
of penetrable surfaces, where appropriate. There are however, a large array of artificial recharge
techniques, which are commonly referred to as Managed Aquifer Recharge (MAR) (www.igrac.net,
2011) to enhance this replenishment process.

5.6.2 Reservoirs

It has been frequently suggested that constructing more reservoirs can compensate for the loss of
storage due to glacier melting in the Himalayas. The Himalayan glaciers have an ice volume of about
3,700 km?* and show signs of retreat due to warming of the atmosphere, increase of dust and soot
particles, as well as an increase of debris covering the ice, which all leads to an increase of adsorption
of infrared light.

All existing artificial reservoirs worldwide hold, if completely full at maximum storage capacity,
approximately 8,000 km? (Lehner et al., 2011). This is only about 0.08 per cent of all liquid freshwater
resources. The largest artificial reservoir is Lake Kariba on the Zambesi River in Africa, which holds
at full capacity about 180 km?, and in Asia the Bratsk reservoir in Siberia with a maximum capacity
of 169 km?3. These values illustrate that even the largest reservoirs can not contribute significantly to
long-term storage or compensate for reduced storage due to snow and glacier melting.

Theoretically, there is still a significant potential to develop more freshwater storage in reservoirs.
However, the associated environmental damages, the problem of relocation of affected people,
the loss of arable land and biodiversity in the water course, just to name a few, will make further
development a less viable option. These risks must be carefully considered before undertaking any
such project. In cases where there will be transboundary implications, it is important to evaluate
the risks and collaborate with the transboundary stakeholders to find mutually beneficial solutions.
Potential to increase storage of groundwater in aquifers is the much more feasible option with a
much larger capacity.

5.6.3 Small lakes, ponds and wetlands

On a local and farmstead level, the creation of small lakes, community or individual ponds are alter-
natives for storage and conservation of water. These small water bodies help to overcome short-
term shortages and can supplement irrigation water for rain-fed agriculture during crucial growth
periods. The traditional irrigation system in Sri Lanka, parts of it hundreds of years old, consisting of a
network of thousands of interconnected manmade small lakes and ponds, is an excellent example of
a sophisticated small scale system with a very high degree of resilience to the effects of drought.

The importance of wetlands has been long ignored. Wetlands are one of the most valuable ecological
habitats and exhibit the largest number of species per hectare. Wetlands also form the interface
between surface and groundwater. In many places the main recharge areas for groundwater are
wetlands. The restoration and preservation of wetlands should be a high priority for all countries in
the region.
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POLICY OPTIONS

POLICY OPTIONS

The immediate to short term risks of climate change will continue, regardless of mitigation activities
undertaken, therefore adaptation is critical. Society must adapt its water infrastructure and services
to be more resilient to the changing climate and to reduce vulnerability to water hazards. As there
are so many stakeholders, decision makers from all sectors must be involved in adaptation planning
and implementation to ensure success. Sectors such as finance, energy, housing, agriculture, city
planning and manufacturing must be engaged, as they each play a pivotal role in adaptation. Climate
change adaptation requires investment, policy changes, governance shifts, and the inclusion of water
concerns in all areas of planning.

Due to the diversity of situations, management and culture across the region, there is no easy ‘one
size fits all’ solution. Country specific plans based on risk profiles need to be developed. As water
and climate change do not respect political boundaries, transboundary approaches to adaptation
are essential. The following is a list of possible policy options, for water related climate change
adaptation, focusing on green growth solutions.

c’/f K \

e Mainstream climate change adaptation into all policy development and management.
e Climate change adaptation should be included in national development plans.

e Water demand management strategies should be a key component of all national
adaptation plans.

e Sustainable water management requires a shift in policies from piecemeal and sectoral
to integrated water resource management (IWRM). The management and governance of
water resources must be strengthened.

e With increasing frequency and impact, there is a need to establish robust and integrated
flood management policies. Policy needs to take into account climate variability and the
long term impacts of climate change, and hence needs to be based on scientific models
of future climate patterns.

e \Water management strategies should include systematic assessments of climate change
resilience for water and sanitation systems in both rural and urban settings.

e Capacity building should be encouraged for all institutions and stakeholders on holistic,
integrated water management and the role of water based climate change adaptation.

e Establish and engage in national and international knowledge sharing, modelling and
hydraulic monitoring to build the knowledge base on the risks of climate variability.

* Invest in data collection and ensure this information is transparent and readily available
to relevant stakeholders.

e Invest in eco-efficient infrastructure to build long term supply and sanitation access and
security for all.

¢ |nvest in ecosystem restoration and maintenance, to build long term resilience.




POLICY OPTIONS

Implement ‘no regrets strategies’ that have positive development outcomes while
building resilience to climate change.

Document and disseminate effective (“best”) mitigation and adaptation practices
already developed and utilized within the region. Many of these examples will be locally
generated, and many of these will be cost-effective as community-level practitioners are
skilled in using locally available resources and innovations.

Water should be priced appropriately to encourage sustainable consumption and
promote the development of eco-efficient development. However, due consideration
must be given to water as a human right, ensuring that the water required for basic
human needs is easily accessible to all of society.

Regulations should exist for proper waste water treatment and disposal in both the
public and private sector. Institutional capacity to implement and monitor these
regulations should be built.

To promote green growth, guidelines and regulations should be developed for energy,
water, and resource efficiency.

The private sector should be engaged in the development and management of climate
change adaptation and green growth.

With the ever increasing competition for water, it is essential that water policy recognizes
all stakeholder needs, and coordinates multiple water resources, to ensure a fair and
sustainable allocation of supply and disposal of fresh water.

Water management should be based on physical units, such as river basins using IRBM.
Changes in one part of the basin can have a significant impact on stakeholders in other
locations of the basin.

Addressing climate change adaptation in the agriculture sector is critical. Governments
should invest in activities such as demand management, irrigation improvements and
agricultural developments to increase efficiency.

Invest in capacity building initiatives in vulnerable rural communities to improve
agriculture efficiencies and develop alternative, non-farming livelihoods.

Adaptation activities need to be robust and should aim to be mutually beneficial for all
stakeholders, ensuring they do not reduce long term resilience.

The restoration and preservation of wetlands should be a high priority for all countries

across the region.

47



ADAPTATION CASE STUDY: Communities in mountain Valleys

ADAPTATION CASE STUDY
Communities in mountain Valleys

“The preceding case study provide information on climate change impacts, tools and strategies in
addressing various climate change issues in communities in mountain valleys. This case study sample
adaptation strategy, highlight specific climate change issues in the area, adaptation measures that
are already in place, as well as other implementable options for water management. The strategies
emphasize ecology-based approaches in water resource management. The sample strategy focuses
on communities in mountain valleys, but can be adapted for communities in river plains, coastal
cities, and small island nations in the region.”

Water-related constraints impacting the region
Communities

e Accelerated glacial meltdown (2/3 of glaciers might disappear by 2050) in mountain
due to higher temperature rises in the mountains.

, o ZUER
e Snowfalls and reserve meltdowns occurring earlier in the year:

peak runoffs earlier,
e Average increase in runoffs (10 to 40 per cent by 2050) in East and Southeast
Asia; decrease in some dry regions.

characterized by
remote commu-
nities, high reliance

Higher risks of outburst floods.

on snowfalls and
river runoffs, growing
water demand, high
sensitivity and high
exposure to climate
change

Thermal and chemical characteristics of watersheds affected, possibly
encouraging the spread of diseases.

Less reliable hydropower production.

Extension of drought-affected areas.

e Exacerbated water scarcity problems in the dry season, especially as demand
for water soars.

e Agricultural productivity reduced in the Tibetan Plateau and Xinjiang province.

Water-related key adaptation measures currently implemented
Issue Ecologically-based measures

* Construction and reinforcement of dams and levees « Disaster prepared-
can reduce flooding risks. However, the capacity of artificial R
basins in the Himalayas and mountain ranges of Central Asia context where a large
are not sufficient to cope with increased glacial meltdowns. part of the population

¢ Restoration of natural trenches (vegetal buffers, ditches) especially the poorest,
improves water retention in sloping areas. is exposed to flash

* Terracing reduces inclination of slopes and helps limit surface flood risks. In the Terai
runoffs. This measure also increases exploitable surface for region of Nepal, boats
agriculture and improves soil moisture, and thus productivity. have been purchased

and stored to facilitate
the evacuation of
populations.

e Catchment conservation protects water sources from contami-
nation in case of flooding or water runoff. Saps and seedlings
planted around catchment areas improve water protection.
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Water-related key adaptation measures currently implemented

Issue

Ecologically-based measures Other measures

¢ Roof-water harvesting systems, conser-
vation ponds, surface or underground tanks
greatly improve storage capacities in regions with limited

supply. Such facilities can be built for limited cost and e Support for poverty
alleviate the water constraint for households and farmers. alleviation with
increased efforts to
e User-pay system can help reduce wasting by putting meet the MDG targets

a higher price on water. Progressive pricing allows
minimized impacts on poorer households.

on access to safe
water and sanitation,
especially when
resources are scarcer
and consequently
less available for the
poorest.

e Awareness-raising through media and government
campaigns helps spread the message about the
importance of water conservation, especially through
the voice of community associations.

e Community empowerment, especially among remote
regions, is crucial for the effectiveness and sustainability
of locally-based projects

e Drip irrigation and sprinkler irrigation are
two techniques for reducing water consumption
for agricultural use.

e Reliance on local
knowledge can help
improve economies of
scale by implementing

¢ Modified cropping patterns can limit water use
with the introduction of new cultivation techniques, for
example the System of Rice Intensification.

¢ Management of irrigation canals contributes to context-specific
a better allocation of water resources and contributes projects.
to limiting the depletion of underground reserves.
Well-managed canal networks can also buffer the
impact of floods.
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Further possibly implementable options

¢ Long-term research on climate
change impacts and associated risks
across sectors.

e Early warning system for flash
floods and related disasters.

e Post flood relief with prevention

* |ncreased protection for i g
P of diseases and basic needs.

hydropower facilities and other
infrastructures

¢ Leakage control at multiple levels.
¢ Extended research on disease

spread due to water scarcity and
higher temperatures, with subsequent
campaigns to limit epidemics.

¢ Taxes from downstream communities
to upstream users to limit
overconsumption and pollution.

e Local quotas on water consumption.

e Mulching helps reduce evaporation.

e Selection of low evapotranspiration
species.
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Climate change has varying impacts in the different areas of Asia and the Pacific
region. All will affect availability of and/or access to water. Some examples of such

areas in Asia and the Pacific region are as follows:

e Mountain valleys may experience glacial meltdowns, less annual snow fall,
resulting in limited water availability, changes in water flows, increased
occurrence of outburst floods, and reduced hydropower potential.

e Communities along the river plains may experience changes in rainfall pat-
terns. Variability in river runoffs will affect irrigation, growing periods and
crop yields. Urban centres located on flood plains may experience dramatic
impacts from floods.

e (oastal cities in Asia Pacific, where development has led to the degradation
of coastal habitats, resource depletion and pollution: with climate change,
both coastal communities and indu tes ay face additional threats from

sea level rise, flooding, storm surges and d salini

e Small islands in the region faces the main thre
lead to the erosion of coastal zones mcreas"
saltwater intrusion. Sea level nse may

mental refugees from areas that can no lo



