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A fundamental element of sustainable development is environmental sustain-
ability. Hence, this series was created in 2007 to cover current and emerging issues
in order to promote debate and broaden the understanding of environmental
challenges as integral to achieving equitable and sustained economic growth. The
series will draw on analysis and practical experience from across the World Bank
and from client countries. The manuscripts chosen for publication will be central
to the implementation of the World Bank’s Environment Strategy, and relevant
to the development community, policymakers, and academia. Topics addressed
in this series will include environmental health, natural resources management,
strategic environmental assessment, policy instruments, and environmental insti-
tutions, among others. 
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low-impact agriculture could be converted to more intensive agricultural use,
forcing poor farmers to open up ever more marginal lands. One study estimates
that climate change could lead to a 50 percent reduction in crop yields for rain-
fed agricultural crops by 2020. According to crop-climate models, in tropical
countries even moderate warming could reduce cereal yields significantly because
many crops are already at the limit of their heat tolerance. The areas most vulner-
able to climate change—centered in South Asia and Sub-Saharan Africa—also have
the largest number of rural poor and rural populations dependent on agriculture.



water. These billion have-nots are distributed unevenly across the globe: 
700 million city dwellers in Asia, 150 million in Africa, and 120 million in Latin
America and the Caribbean. In recent years, governments and city councils have























ecological changes of this magnitude will result in a loss of unique biodiver-
sity, as well as a loss of many of the ecosystem goods and services provided by
these mountains, especially water supply, basin regulation, and associated
hydropower potential. 

Climate change is expected to affect the supply of, and demand for, water
resources as well as environmental flows. All freshwater ecosystems will face
ecologically significant impacts by the middle of this century. There will be no
“untouched” ecosystems, and the key ecological characteristics of many water
bodies are likely to be profoundly transformed, including flow regime, patterns
of thermal stratification, and propensity 























































Prosopis spp. Mesquite North America Australia, Eastern Africa (Djibouti, Eritrea, Ethiopia, Sudan),
Southern Africa, India



many have potential social and environmental costs, including intensified compe-
tition for land and water and possibly deforestation. While biofuel plantations on
degraded or abandoned agricultural lands may prove beneficial, the expansion of
biofuels in the tropics is also leading to clearance and loss of natural ecosystems,
with consequent loss of biodiversity. The clearance of peat swamp forests for oil
palm production in Indonesia, for instance, is estimated to have been a major
contributor to Indonesia’s GHG emissions, making Indonesia the third largest
emitter of GHGs in 2006. 

Pilot biofuel projects of various scales are already under way or in the plan-
ning stages, particularly in Asia, Africa, and South America, to establish smallholder



















watershed forests and redesignating forests for their watershed and biodiversity
protection functions as well as for more sustainably managed production. 

The Bank has been a leader in piloting payments for ecosystem services (PES).
In Mexico, Bank projects have helped to establish PES systems to reduce logging













Belize, and Jamaica. Project data confirm the deteriorating state of coral reefs in
the Caribbean and the need to create marine protected areas. Similarly, the global
Coral Reef Targeted Research Project is providing the scientific underpinning for





■ Achieving up to a 20–30 percent increase in the diversity and average size of
fish in marine protected areas relative to unprotected areas 

■ Conserving fish populations and their habitats, thereby enhancing the marine
carbon sink

■ Reducing the need for engineered structural defenses, which neither provide
ecosystem services nor sequester carbon.
The Bank has invested in a diverse range of marine conservation and resource

management projects. Programs such as the Mesoamerican Barrier Reef Project
and the Coral Reef Rehabilitation and Management Project (COREMAP) in
Indonesia have recognized the important links between sources and sinks and are
helping to protect some of the world’s most biodiverse coral reefs through strength-
ened protection and community engagement in resource management (see box
3.8). Similarly, the Namibian Coast Conservation and Management Project aims
to mainstream biodiversity conservation into sectoral policies and programs by
providing defined incentives to stakeholders





through their impacts on the volume, pattern, and quality of flow (Hirji and Davis
2009). Instead, in Argentina and Ecuador, flood control projects use the natural
storage and recharge properties of critical forests and wetlands by integrating them













agriculture will lead to further habitat loss and fragmentation, drainage of wetlands,
and impacts on freshwater and marine ecosystems through sedimentation and
pollution. The Millennium Ecosystem Assessment confirmed that agriculture is
the dominant terrestrial influence on ecosystems and that, without major changes
in current farming practices and agricultural landscape management, the agricul-
tural frontier will likely expand and many important biological habitats will be
lost. By 2050, almost 40 percent of the land currently under low-impact forms of
agriculture could be converted to more intensive forms of agriculture, forcing poor
farmers to open up ever more marginal lands, with further loss of biodiversity and
ecosystem services (Sukhdev 2008).

Although some natural habitats have been successfully converted to produc-
tive and sustainable agricultural lands (such as the conversion of temperate forests
in Europe to fertile farmland), other ecosystems have much less fertile soils and
cannot support long-term agriculture. Clearance of tropical forests on low-nutrient
soils, for instance, provides new land for short-term crops, but after a few years
such lands lose their productivity, forcing farmers to clear more forests to open
up new fields. Agricultural encroachment in such regions is likely to lead to further
cycles of land degradation and abandonment.

Although agriculture is the greatest threat to biodiversity, it is also highly
dependent on soil biodiversity, agrobiodiversity (crop varieties), and the ecosystem
services and benefits that natural habitats provide. Collectively, agriculture bene-
fits from the following ecosystem services: 
■ Regulation of water flow for downstream agriculture
■ Nutrient cycling, such as decomposition of organic matter
■ Nutrient sequestration and conversion, as in nitrogen-fixing bacteria
■ Regulation of soil organic matter and soil water retention
■ Regulation of pests and diseases
■ Maintenance of soil fertility and biota
■



















understanding of their impacts on natural ecosystems, ecosystem services, and
wider human livelihoods has improved. For example, exotic plants can come to
dominate freshwater bodies and waterways, affecting nutrient dynamics, oxygen
availability, food webs, and fisheries. Other invasives, from microbes to mammals,
pose a major threat to human health and livelihoods. Their economic impacts
are large, costing an estimated $140 billion annually in the United States. Water



factor limiting development in the Western Cape; where water is available, it is
already fully used for agricultural, industrial, and domestic use. The spread of
exotic trees in the mountain catchment areas surrounding Cape Town could
reduce water resources for this rapidly growing city by another 30 percent. These



























from deforestation; such credits would probably relate to national emissions and
not be linked to individual sites. Any such mechanisms could generate significant
additional funding for forest protection, perhaps as much as $1.2 billion a year.
This is considerably more than the estimated $695 million spent annually on all
protected areas (not only in forest ecosystems) in developing countries. In contrast,
forestry exports from the developing world were worth more than $3.9 billion in
2006. REDD could provide strong incentives for forest conservation but is unlikely
to benefit all forests equally. For REDD to contribute to combating climate change,
countries would need to target threatened forests with a high volume of carbon in
their biomass and soils. High-priority sites for tackling deforestation to reduce emis-
sions may not always reflect other forest values such as biodiversity conservation,
livelihood benefits, or water delivery (Miles and Kapos 2008). 

One obvious risk associated with REDD is the displacement of pressures
resulting from continuing demand for land for agriculture, timber, and even
biofuels to ecosystems with low carbon values, either less carbon-rich forests or
non-forest ecosystems such as savananas or wetlands. Another key issue is the
question of who owns carbon and who should benefit from any carbon credits:
national governments or the local communities and indigenous groups who
manage and protect those forests and are dependent on them for their livelihoods.
Assuring the equitable distribution of revenues gained from carbon credits to













Expected Environmental Benefits

■ Evidence should be given that the project benefits are additional to the base-
line or reference scenario, which represents the most likely or business-as-usual
scenario in the country.

Safeguard Policies of the World Bank Group

■ The Bank Group has a body of well-developed, mandatory safeguard policies
that apply to all World Bank operations as well as an extensive set of good prac-
tices. These are applied to operations of the Carbon Finance Unit to ensure
that they are environmentally and socially sound, whether baseline financing
is from the Bank Group or from a third-party project supplier. The project
must be consistent with these safeguard policies and the host country’s overall
sustainable development framework.

Contribution to Sustainable Development

■ Contribution to sustainable development will be defined by the host country.
For some end-of-pipe projects, contribution to sustainable development can
be achieved by reinvesting some revenues from carbon finance in the host
community.

Website
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