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EXECUTIVE SUMMARY


There is a widespread consensus that the pressing issues of Desertification, Land Degradation
and Drought (DLDD) are inadequately addressed in today’s political agenda at the global,
regional and national levels. It is therefore of vital importance to raise awareness on the issues,
not only on the negative impacts of DLDD in terms of socio-economic development, but also on
the opportunities that they may create to help to guide current and future land management
practices to be more sustainable and resilient. Understanding and evaluating the economic and
social costs and benefits associated with DLDD is essential to developing cost-effective policies
and strategies for addressing DLDD and in raising this awareness.This paper discusses the
economic and social impacts of DLDD based on the overall framework provided by the Scientific
Advisory Committee (SAC).



Little research has been published in peer-reviewed academic journals on the economics of
desertification, or of land degradation in general. This severely constrains the scientific
knowledge which this working group can synthesize and evaluate for the Committee on Science
and Technology (CST). One reason for the gap is that formal economic modelling of land
degradation only began in the 1980s. Another is that the volume of economic research in this
field has not expanded greatly since the early 1990s.



Direct economic costs are incurred through reductions in income obtained by land users as a
result of the lower productivity of land resulting from desertification. These 'on-site' costs are
experienced either by the land user who degraded the land or another user who uses the site
subsequently. However, estimates vary widely and are very inaccurate. For example, four
estimates of direct costs as a proportion of Gross Domestic Product (GDP) in single countries in
the 1980s were: 0.4% of GDP in the USA; 2% of GDP in India; 9% of GDP in Burkina Faso; and 0.912.5% in Mali. Large differences are also found between the direct costs estimated in different
studies for the same country, e.g. India and China. Estimate variation and inaccuracy can be
linked to the lack of reliable biophysical measurements of the extent and rate of change of
desertification; the use of different economic estimation methods; the embryonic nature of
economic research in this field; and isolation from estimates of the benefits of actions that cause
degradation and are central to decision-making and its appraisal.



Indirect economic costs are incurred through off-site impacts that can be some distance from
the land use that is the source of degradation, and so are generally suffered by people other
than those who cause degradation. For example, the erosion of soil by water and wind leads to
the siltation of rivers, reservoirs and irrigation canals which reduces their effectiveness and
exacerbates flooding. Excessive or inappropriate use of water results in salinity and alkalinity.
Estimates of indirect costs are less common than those for direct costs, and most indirect costs
are still not estimated because of lack of data. The annual indirect costs of soil erosion in the
USA have been estimated as $17 billion, compared with direct costs of $27 billion, raising total
costs of soil erosion to 0.7% of GDP. In China, sand and dust storms linked to soil erosion have
resulted in indirect costs due to airline delays and impacts on human health. The range and
inaccuracy of estimates of indirect costs is explained in a similar way to those for direct costs,
with the additional complications that market prices are lacking for many of these impacts and
impact profiles vary from country to country.
xi

UNCCD 2nd Scientific Conference 2013

White Paper I



Social impacts, such as an increase in poverty, are important too, but their estimation is
hindered by lack of social and biophysical data and by synergies between these impacts and the
underlying social causes of desertification. Economic modelling shows how decisions by land
users that lead to land degradation can be affected by government policies in unexpected ways.
Improving estimates of the magnitudes of economic and social impacts will require better
measurements of the extent and rate of change of desertification, and the integration of
desertification into national statistics and planning methods.



While sustainable land management is an important measure for tackling desertification,
research into entitlements, environmental justice and vulnerability suggests that tackling
desertification is not just about adopting physical remedies, as social remedies are equally
important. This means that economic impacts and social impacts need to be tackled in an
integrated manner, rather than separately, if policies for addressing desertification are to be
effective.



It is crucial to understand the institutional settings in which land users make decisions that may
lead to, or avoid, desertification. Deciding to use land in a way that leads to desertification is not
necessarily abnormal or irrational, and governments may unintentionally exacerbate this, e.g.
when they subsidize fertilizer use; support food prices to benefit farmers and determine the
level of subsidy; or introduce large capital-intensive agricultural schemes that can have positive
local impacts but negative national impacts. So the rate of desertification could be reduced if:
government policies were evaluated beforehand to check for unintended consequences;
societal institutions were audited to check for constraints that lead to poor people degrading
land instead of managing it sustainably; and an integrated approach was taken to national landuse planning and government policies.



Analytical frameworks, methodologies and tools are available for the identification and
measurement of the costs of DLDD, including a methodology for prioritizing across geographic
areas based on an assessment of the costs of investing in effective prevention and mitigation of
land degradation compared to the costs of the loss in ecosystem services (i.e. the cost of action
versus inaction). A thorough assessment needs to identify important changes to ecosystem
services and ecosystem service delivery. Application of the Total Economic Value (TEV)
framework may assist in the identification of different types of economic values associated with
the range of ecosystem services that are affected by DLDD, including values associated with
direct use (fuelwood, animal fodder) or indirect use (soil fertility) option values based on
maintaining resources for future use or existence values (linked to the utility people derive from
knowing certain species, habitats, landscapes continue to exist).



The application of the TEV framework, economic valuation of changes to ecosystem services and
the integration of these values into social cost benefit analysis provide decision makers with a
sounder basis for making land use decisions relative to simply looking at the direct costs of DLDD.
Moreover, cost-benefit analysis should include the identification of how the costs associated
with DLDD and the benefits of sustainable land management are distributed across stakeholders,
focusing on those groups with a greater reliance on ecosystems and poor and vulnerable
households. Distributional analysis can inform decisions around land use to ensure policies and
land management practices selected are both equitable and efficient from the perspective of
xii
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society. If there are trade-offs to be made, as often is the case, decision makers will have
information available to help them to prioritize objectives in a transparent manner.


The elements that need to be considered for effective policies and strategies that guide the
implementation of the UNCCD at the national, regional and global levels include policies and
strategies for land, forest, water and other natural resources management, developed as part of
an overall national policy framework to improve land management and promote sustainable
development. These policies must be based on the best available knowledge and science
relevant to the local, national and regional conditions and circumstances. Thus, it is important
that there is greater investment in scientific research on DLDD in order to better develop and
formulate effective policies. In addition, attention needs to be paid to the science policy
interface and the structures and processes through which scientific knowledge reaches policy
makers.



The UNCCD National Action Programme (NAP) process should facilitate affected Parties to
present their strategies for DLDD prevention and mitigation and outline future action. At the
global level more resources are required to enable affected Parties, especially developing
countries, to implement their obligations under the UNCCD. Regional cooperation is an
important component for successful implementation and coordination mechanisms must
respond to existing and emerging needs, capacities and the specific issues of each region. At the
national and local levels decision makers should also have responsibility to ensure participation
and provide full ownership to local and primary affected communities, while mobilizing access to
resources from relevant institutions and organizations.



The approach to implement national policies and strategies to combat DLDD should include a
legal system that provides for the effective management of land, taking an ecosystem-based
approach. At the international level the UNCCD has many gaps and limitations for the protection
and sustainable use of land and it lacks key elements to provide the effective ways to protect and
manage the ecological aspects of land. The proposal for an international instrument for global
land and soil degradation, which has received significant attention recently by the UNCCD, is
regarded as essential as part of the national, regional and international framework to combat
DLDD.



Due to continuing land degradation, loss in biodiversity and changes in climatic patterns,
harnessing synergy between the three Rio Conventions (UNCCD, UNFCCC and CBD) is vital
when working on terrestrial ecosystems. The development of synergistic approaches together
with the creation of an enabling policy and institutional environment is important for the
strengthening of the Rio Conventions. In general, options for building synergies among the Rio
Conventions in specific cross-cutting areas includes capacity-building, technology transfer,
research and monitoring, information exchange and outreach, reporting and financial
resources. However, there are still shortcomings in the collaboration between the conventions,
which impede synergistic effects. Developing and practising synergies among the Rio
Conventions in a fully operationalized manner requires (i) improving interactions at regional,
national and local levels; (ii) reducing potential conflicts between independent activities; (iii)
reducing duplication of efforts through improved knowledge transfer; and (iv) sharing financial
resources in a more efficient and balanced way. Promoting synergies at regional, national and
local levels requires also stronger collaboration among the National Focal Points (NFPs) that
serve each of the Convention and play a key role in bridging the differences between involved
parties especially at the policy level. However, this still requires improvements in efficiency and
effectiveness.

xiii
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1. GENERAL INTRODUCTION
There is a widespread consensus that the pressing issues of Desertification, Land Degradation and
Drought (DLDD) are inadequately addressed in today’s political agenda at the global, regional and
national levels. It is therefore of vital importance to raise awareness on the issues, not only on the
negative impacts of DLDD in terms of socio-economic development, but also on the opportunities
that they may create to help to guide current land management practices to be more sustainable and
resilient.Understanding the economic and social costs and benefits associated with DLDD is essential
to developing cost-effective policies and strategies for addressing DLDD and in raising this awareness.

1.1

MANDATE

The 10-Year Strategic Plan and Framework to Enhance the Implementation of the Convention (2008–
2018) (Decision 3/COP.8) (hereafter referred to as The Strategy), was adopted by the UNCCD
Conference of the Parties (COP) in September 2007. In particular, Operational Objective 3 focuses on
science, technology and knowledge. Recognizing the need to enhance the efficiency and
effectiveness of the Committee on Science and Technology (CST), the Strategy calls for the reshaping
of the CST, and the strengthening of its capacity to process scientific, technical and socio-economic
information. The outcomes of Operational Objective 3 include (i) the support of national monitoring
and vulnerability assessment on biophysical and socioeconomic trends in affected countries; (ii)
development of a baseline based on the most robust data available on biophysical and
socioeconomic trends and gradually harmonization of relevant scientific approaches; and (3)
improvement of knowledge on biophysical and socio-economic factors and on their interactions in
affected areas to enable better decision-making, among others.”
In light of this need, by decision 16/COP.9, Parties to the UNCCD decided that the specific thematic
topic for the UNCCD Second Scientific Conference will be Economic assessment of desertification,
sustainable land management and resilience of arid, semi-arid and dry sub-humid areas, with a view
to providing an assessment of the state-of-the-art knowledge on the economics of desertification,
sustainable land management and resilience, and translating the scientific findings into
recommendations for use by policy makers. The theme is structured around two key topics:


Economic and social impacts of desertification, land degradation and drought;



Costs and benefits of policies and practices addressing desertification, land degradation and
drought.

The first theme focuses on the impacts of inaction for addressing DLDD, demonstrating how
continually ignoring the issue will inevitably cause further environmental, social and economic costs.
The second theme underlines the benefits of action directed towards combating DLDD and
emphasizes the environmental, social and economic gains of sustainable land management, the
maintenance of ecosystem services, and increased resilience. Their combined results should lead to
broader international recognition of the problems related to DLDD and call for focused investments
in sustainable land management, soil and ecosystem service conservation and increased resilience.
Two Working Groups nominated by the Scientific Advisory Committee (SAC) were established in
March 2012 and assigned to draft two White Papers, which will serve as scientific input papers to be
discussed during the UNCCD Second Scientific Conference. They will also build the foundation of the
state-of-the-art Report, one of the main outputs of the Conference. The two papers are
complementary to each other.
1
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This paper focuses on the Economic and social impacts of desertification, land degradation and
drought. It is prepared based on the overall framework provided by the SAC.

1.2

OBJECTIVES

The objectives of this paper are to:
1. Identify the different types of costs – economic, social and environmental – related to DLDD
and to evaluate various methods for measuring and addressing them, and inform decision
makers about how to develop cost-effective policies, based on methodologies suited to
national, regional and global scales;
2. Present state-of-the-art research findings and good practices in the field of economic and
social assessment;
3. Produce sound scientific outputs and policy-oriented recommendations based on the
analysis and compilation of state-of-the-art peer reviewed and published literature that
informs policy formulation and dialogue;
4. Ensure the flow of new ideas to the UNCCD Second Scientific Conference, enhancing the
knowledge-sharing process.

1.3

SCOPE

This paper is collectively prepared by a number of Working Group I members and non-Working
Group I members. The contributors to respective sections of this paper are listed. It is based on a
comprehensive and critical review and analysis of existing peer-reviewed literature and key non-peer
reviewed publications as appropriate, as well as case studies from different geographical regions. The
draft of this paper has been sent to the two Working Group members and the SAC members for
review before being finalized.
The paper is divided into six chapters. Chapter 1 provides the introduction, including the mandate,
objectives and the scope of the paper. Chapter 2 discusses the economic and social impact
assessment of DLDD, including the identification and measurement of direct and indirect costs of
desertification, and policy implications. It shows the importance of modelling economic and social
impacts, and of integrated national land use planning using appropriate monitoring tools and
indicators. Chapter 3 discusses the application of methodologies for measuring the direct and
indirect economic and social and economic impacts of DLDD. Chapter 4 presents a strategy for
decision makers to take national methodologies to regional and global levels. Chapter 5 discusses the
synergies between the United Nations Convention to Combat Desertification (UNCCD), United
Nations Framework Convention on Climate Change (UNFCCC) and Convention on Biological Diversity
(CBD), not only in joint activities and assessments that will benefit all conventions but also in sharing
and efficient use of resources. Chapter 6 provides the conclusions and policy recommendations for
further action.
Two case studies, the first on Methodologies of China Desertification Costs Estimation, and the
second on Economic Assessment of DLDD in Spain are also included to illustrate the methodologies
used to estimate the direct and indirect costs of desertification in China (Annex 1), and the
Desertification Mitigation Cost Effectiveness (DESMICE) model used to undertake spatially-explicit
cost-benefit analysis of land degradation mitigation strategies in Rambla de Torrealvilla catchment,
Murcia, Spain (Annex 2).
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2. ECONOMIC AND SOCIAL IMPACTS ASSESSMENT OF DLDD
2.1

INTRODUCTION

Evaluating the economic and social benefits and costs of major global environmental problems can
show governments how these problems relate to the economic development of their countries. For
example, the UK Government's "Stern Review" of the economics of climate change, which found that
"the benefits of strong, early action considerably outweigh the costs", had a huge impact on policymaking in the UK and worldwide (Stern, 2006). It is therefore understandable that the Parties to the
United Nations Convention to Combat Desertification (UNCCD) have given a high priority to studying
the economic and social impacts of desertification in its Second Scientific Conference.
The potential to replicate for desertification the Stern Review and its consequences is helped by two
differences between desertification and global climate change. First, the UNCCD has never been a
purely environmental convention, since economic and social aspects have always been central to the
concerns of Parties from developing countries (Ortiz and Tang, 2005). Developed country Parties, on
the other hand, have tended to emphasize environmental aspects, so they might show greater
commitment to tackling desertification if a stronger economic and social case is advanced for this.
Second, official assessments of the overall costs of desertification are not a recent innovation but
have been made since the early years of implementation of the UN Plan of Action to Combat
Desertification, agreed in Nairobi in 1977. For example, the UN Environment Programme (UNEP)
estimated that the global direct cost of desertification, owing to lost agricultural production, was $26
billion per annum (UNEP, 1980). Estimates have also been made for single countries. Yet while such
huge figures may raise awareness of the problem they are generally very inaccurate (Bojö, 1991) and
do not show policy makers how to tackle the problem. This requires detailed economic models.
However, three other factors will make it more difficult to replicate the Stern Review. First, only a
limited amount of research has been published in peer-reviewed academic journals on the
economics of desertification, or of land degradation in general. This gap in economics research has
severely constrained the amount of scientific knowledge which this working group can synthesize
and evaluate for the Committee on Science and Technology. One reason for the gap is that formal
economic modelling of land degradation only began in the 1980s (e.g. Burt, 1981). Another is that
economic knowledge in this field has only expanded slowly since Coxhead reviewed it in 1999.
Second, biophysical environmental information on the extent and rate of change of desertification is
very limited in quantity and quality, and this affects the availability and accuracy of estimates of the
economic and social impacts of desertification. Estimates for the same country and for different
countries can therefore differ greatly, because of differences in both the economic estimation
methods used and in the biophysical information on which the estimates are based.
Third, current economic and social assessments of desertification are rather 'detached' from
observable environmental features and human practices. So while the Stern Review had to integrate
economic methods with projections of future changes in the biosphere, assessments of the current
global and national economic and social impacts of desertification are removed from the land use
practices which degrade land and from the complex patterns of social causes and impacts.
3
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Detachments of this kind make it difficult to do 'reality checks': estimates of the economic costs of
desertification may seem impressive, but how do they relate to actual conditions on the ground and
to the livelihoods of individuals, communities and entire countries? Such constraints could be
reduced by the development and adoption of integrated planning methods which enable
environmental features, land use practices, land degradation and economic and social costs and
benefits to be analysed and compared within the same framework. However, as the UN Joint
Inspection Unit has pointed out, desertification is still to be integrated into mainstream planning
tools used in affected countries (Ortiz and Tang, 2005).
These qualifications have important consequences for how the Parties to the UNCCD may decide to
use available research findings or promote further research in this field. If information on economic
and social impacts is merely required to justify further action on desertification then estimates such
as those reviewed in this chapter may be used judiciously and with appropriate qualifications. If, on
the other hand, the intention is to use estimates of economic and social impacts for practical
purposes, e.g. for national statistics and land use planning, then far more rigour is needed in each
country in how economic, social and environmental data are collected and economic and social
impacts are estimated. This has important financial implications, of course. However, if estimates of
the impacts of desertification can be constructed so they are comparable with estimates of the costs
and benefits of other phenomena in each country, and not developed in isolation from them, then
the benefits to integrated national statistics and sustainable development planning should outweigh
the costs involved.
To help governments determine the potential for taking further action in this field this chapter
critically evaluates research on the economic and social impacts of land degradation, and
desertification in particular. It focuses on peer-reviewed publications but refers to key non-peerreviewed publications as appropriate. The remainder of the chapter is in four parts. Part two reviews
general estimates of direct and economic impacts, part three repeats this for social impacts, and part
four reviews detailed economic models of land degradation. Part five suggests how the economic
and social impacts of desertification can be incorporated into integrated national statistics and
planning methods. Policy recommendations are referred to throughout the chapter.
This chapter has six main findings. First, the direct on-site economic costs of desertification to land
users are important but estimates of their magnitude vary widely, typically from 2% to 20% of
Agricultural Gross Domestic Product (AGDP), and are very inaccurate. Second, this wide variation and
inaccuracy can be linked to four major constraints: lack of reliable biophysical measurements of the
extent and rate of change or desertification; the use of different economic estimation methods; the
embryonic nature of economic research in this field; and isolation from the benefits of actions that
cause degradation and are a necessary part of decision-making and its appraisal. Third, indirect offsite economic costs, e.g. relating to the sedimentation of water bodies and disruption of transport,
are also important but estimates of their magnitude vary even more widely, owing to the same three
constraints, plus the lack of market prices for many of these impacts and the variation in impact
profiles from country to country. Fourth, social impacts, such as exacerbating poverty, are important
too but their estimation is hindered by lack of social and biophysical data and by synergies between
them and the underlying social causes of desertification. Fifth, detailed economic modelling shows
how decisions by individual land users that lead to land degradation can be greatly affected by
government policies in unexpected ways. Sixth, estimates of the magnitudes of economic and social
4
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impacts will not improve until there are far more reliable measurements of the extent and rate of
change of desertification, and desertification is properly integrated into national statistics and
planning methods.

2.2

ECONOMIC IMPACTS OF DESERTIFICATION

Economic impacts of desertification are divided in this chapter into three main categories: direct
impacts, which affect the land users that cause degradation; indirect impacts, which can affect
people far away from where the degradation occurs; and economy-wide impacts, in which the sum
of these initial costs is increased by the "multiplier effect" owing to complex links with other
economic sectors.

2.2.1

DIRECT ECONOMIC COSTS

Direct economic costs reduce the income obtained by land users as a result of the lower productivity
of land resulting from desertification. These 'on-site' costs are experienced either by the land user
who degrades the land, or by another user who uses the site subsequently.
The first estimate of the global direct cost of desertification was $26 billion per annum, made by
UNEP in 1980, shortly after the UN Plan of Action to Combat Desertification was agreed at the UN
Conference on Desertification (UNCOD) in 1977. It was based on reports by consultants, including
Dregne (1983), of yield declines on lands with differing degrees of severity of desertification. Dregne
produced the first world map of desertification status in 1977 for UNCOD; like Mabbutt (1984), who
also made global estimates of the extent of desertification for UNEP, he could therefore derive cost
estimates from a global biophysical database - albeit one based on subjective expert assessment.
However, the methods used to make this estimate have been criticized (Bojö, 1991). Lack of more
reliable global estimates of the extent of desertification over the last 20 years has limited the scope
to revise this global cost estimate.
Estimates of the direct costs of national land degradation as a proportion of national income have
also been made for single countries, many referring to conditions in the 1980s. Only a few have been
published in peer-reviewed academic journal papers, including 2% of Gross Domestic Product (GDP)
in India (Reddy, 2003) and 0.4% of GDP in the USA (Pimentel et al., 1995) (Table 2.1). Barbier and
Bishop (1995) referred to other non-peer-reviewed estimates including 9% of GDP in Burkina Faso
(Lallement, 1989) and 0.9-12.5% of GDP in Mali (Bishop and Allen, 1989), while Bojö and Castells
(1995) made an estimate of 2% of Agricultural GDP for Ethiopia, based on a peer-reviewed soil
erosion estimate by Hurni (1988). Other non-peer-reviewed estimates of direct costs are based on
simulations of possible future trends, e.g. 8% of GDP in Niger (Nkonya et al., 2011), or refer to only
one form of land degradation, e.g. 0.7% of GDP for the cost of overgrazing in Kenya (IMF, 2010).
These estimates clearly cover a wide range. The US estimate, for example, was $27 billion in
monetary terms, which only slightly exceeded UNEP’s (1980) estimate for the global direct cost of
desertification. When expressed as percentages of AGDP the direct costs range from 2% of AGDP for
Ethiopia and 4% of AGDP for India, to as much as 20% of AGDP for both Burkina Faso and the USA
and 2-30% for Mali. This validity of the higher costs does seem questionable, since they would surely
be expected to affect decisions by land users on the ground. Barbier and Bishop (1995) were cautious
too, stating that such estimates were "often more illustrative than definitive, due to the paucity of
5
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empirical data and measurement problems" and that they can involve "serious methodological
difficulties."
Recent research that has not been published in international peer-reviewed journals has produced
estimates of direct costs that fit within the range of estimates in Table 2.1. Thus, Liu (2006) estimated
the direct costs to agriculture of desertification in China in 1999 as RMB 40 billion, which was only
2.7% of AGDP but more than twice Zhang et al.'s (1996) estimate of RMB 17 billion for 1995 (1.4% of
AGDP in that year). The preliminary results of a study in fourteen Latin American countries suggest
that direct costs of land degradation are between 8% and 14% of AGDP in Argentina, Belize, Bolivia,
Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras, Nicaragua, Panama,
Paraguay and Peru, but vary markedly within each country (Morales et al., 2011).
Table 1: Estimates of national direct costs of land degradation in the 1980s as a proportion of Gross Domestic
Product (GDP)

Country

Magnitude

Per cent GDP

Per cent Agricultural Reference
GDP*

Burkina Faso

-

9

20

Lallement (1989)

Ethiopia

-

-

2

Bojö and Castells (1995),
based on Hurni (1988)

India

Rs 75 billion

2

4

Reddy (2003)

Mali

-

0.9-12.5

2-30

Bishop and Allen (1990)

USA

$27 billion

0.4

20

Pimentel et al. (1995)

* NB. Estimates made for this review.
The paucity of estimates of direct costs that have been published in peer-reviewed academic journals
indicates that the full range of data and methods used to estimate these costs have not been
rigorously evaluated. This is symptomatic of a field that lacks a consensus at a given time on
acceptable levels of rigour, and a structured evolution over time in the sophistication of its methods.
More specifically, in this case it means that the variety of available estimates are not directly
comparable or comprehensive, as they have been produced by applying different methods and
different standards of data quality to different agricultural production systems. In practice, estimates
also refer only to soil degradation, rather than also covering vegetation degradation and broader
aspects of land degradation, e.g. biodiversity (Lal, 1988), and they vary in the scope of soil
degradation processes which they cover.

2.2.2

EXPLAINING THE VARIATION IN DIRECT COSTS

This section looks in more detail at three key reasons for the wide variation in estimates of direct
costs: the resolution of information and data; the use of different kinds of estimation methods; and
variation within the same basic method.

6
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INFORMATION AND DATA RESOLUTION

The geographical resolution of the environmental and economic information on which estimates of
direct costs are based can vary a great deal and in unexpected ways. For example, the estimate of
direct US costs, despite appearing in one of the world's most prestigious scientific journals, was
based on a mean erosion rate of 17 tonnes per ha per annum extrapolated to the entire 160 million
hectares (ha) of cropland in the USA. In contrast, the estimate for India in Table 2.1 was based on
individual estimates for 442 districts in 14 regions of the country in 1988-89 by the National Remote
Sensing Agency (NRSA, 1995). Reddy (2003) compares this Indian estimate with other estimates by
the Agro-Climatic Regional Planning Unit (ARPU, 1989) for 241 districts within eight agro-climatic
zones in 1990; and by Sehgal and Abrol (1994), who applied the Global Assessment of Soil
Degradation (GLASOD) approach (Oldeman, 1988) used in the UNEP World Atlas of Desertification
(Middleton and Thomas, 1992) and relied on a national soil map, selected remote sensing data and
published information. While the NRSA and ARPU estimates of the total area affected by soil erosion
are at least comparable, i.e. 32 and 58 million ha, the 166 million ha estimate of Sehgal and Abrol for
1994 does raise questions as it represents half the entire area of India.
The accuracy of environmental information depends on the spatial resolution of measurements.
Basing estimates on measurements is better than the subjective expert assessment used in the
GLASOD approach. The NRSA (1995) estimate mapped: (a) water erosion by using 10 km x 10 km
grids of the Soil Resource Map of India; (b) wind erosion by field surveys at unspecified resolution;
and (c) salt-affected soils by visual interpretation of 1:250,000 scale photographic prints of images
collected by 36 m and 73 m resolution Indian satellite sensors supported by ground data. The ARPU
estimate combined NRSA data with data supplied by its regional centres.
Estimates also vary in their coverage of land degradation processes. Thus, NRSA (1995) and Sehgal
and Abrol (1994) both estimated areas affected by soil erosion, salinization and alkalinization, and
waterlogging, but the ARPU (1989) estimate was restricted to soil erosion (Table 2.2).
Finally, estimates of soil erosion rates vary in their empirical foundation. Many studies predict rates
using the Universal Soil Loss Equation (Wischmeier and Smith, 1978) - or equivalents - which employs
rainfall erosivity, soil erodibility, soil length and slope, land cover, and quality of management and
conservation as independent variables (Nkonya et al., 2011). The use of actual erosion rates
measured in the field is much less frequent.

2.2.2.2

DIFFERENCES IN ESTIMATION METHODS

The two leading methods used to estimate the national costs of land degradation are the
replacement cost method and the loss of production method.
The replacement cost method estimates the amount of soil nutrients lost each year by soil erosion
and the cost of buying fertilizers to replace these nutrients. Thus, Pimentel et al. (2003) estimated
that 4,000 million tonnes of soil are lost from the 160 million ha of cropland in the USA each year and
replacing the nutrients lost with this soil would cost $20 billion. The total direct cost of $27 billion
included a further $7 billion to pay to replace water lost by rapid runoff associated with soil erosion.
One limitation of this method is that it assumes that zero degradation can be used as a yardstick, but
this is never seen in practice (Barbier, 1998). Another is that lack of rainfall may constrain production
far more than nutrient loss (Bojö, 1996).
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The loss of production method estimates the amount of soil lost each year and converts this into a
reduction in crop production. Reddy (2003), for example, valued the loss of production in India as
Rupees 68 billion in 1988-89 using the NRSA dataset, and Rupees 124 billion in 1990 using the ARPU
dataset (Table 2.2). These were equivalent to $3.7 billion and $6.8 billion, respectively, at
contemporary exchange rates, but just a fraction of another estimate of Rupees 361 billion for 1994
by Sehgal and Abrol (1994). All these estimates referred solely to losses due to soil erosion. The NRSA
and ARPU estimates applied a mean annual topsoil erosion rate of 19.6 tonnes per ha, from the
National Bureau of Soil Survey and Land Use Planning, to all areas undergoing erosion, which is
slightly greater than the US rate used by Pimentel et al. (1995). Additional losses resulting from
salinization, alkalinization and waterlogging were estimated as Rupees 8 billion using the NRSA
dataset but as eleven times this by Sehgal and Abrol (1994). These were based on a mean 25%
reduction in yields estimated by the National Bureau of Soil Survey and Land Use Planning. The total
direct cost of land degradation estimated using the NRSA dataset was Rupees 75 billion (Table 2.1).
Differences between the various estimates of desertification costs in China reviewed in Case Study 1
in Annex 1 are partly explained by the use of different estimation methods. The study by Reddy
(2003) is valuable for using the same environmental information on soil erosion to produce estimates
by both the loss of production method and the replacement cost method, with the latter leading to
an estimate of Rupees 18 billion (Table 2.2). This was just over a quarter of the cost estimated using
the lost production method, even though Reddy (2003) explicitly allowed for the leaching of
fertilizers when making his estimate, by calculating the weight of required fertilizer as 3.01 times the
weight of NPK nutrients lost. It is not clear if Pimentel et al. (1995) made a similar allowance.
Table 2: Three estimates of the extent and annual direct cost of land degradation in India

NRSA
(1988-89)
Area affected by soil erosion (million ha)

ARPU
(1990)

Sehgal and
Abrol (1994)

31.5

58.0

166.1

Area affected by salinization, alkalinization and
waterlogging (million ha)

3.2

-

21.7

Total area affected by land degradation (million
ha)

34.7

58.0

187.8

Cost of soil erosion in lost nutrients (Rps billion)

18.0

33.3

98.3

Cost of soil erosion in lost production (Rps billion)

67.6

124.0

361.0

7.6

-

87.6

75.2

-

448.6

Cost of salinization, alkalinization and waterlogging
in lost production (Rps billion)
Total direct cost of land degradation (Rps billion)

Sources: Reddy (2003) (NRSA and APRU); Sehgal and Abrol (1994).
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DIFFERENCES IN IMPLEMENTING THE LOSS OF PRODUCTION METHOD

Insights into how direct cost estimates can vary according to how one of the leading estimation
methods is implemented can be gained by examining four successive studies in Ethiopia, reviewed in
more detail by Yesuf et al. (2007), that relied on the loss of production method (Table 2.3):
Table 3: Estimates of the direct costs of soil erosion on agricultural production in Ethiopia as a proportion of
Agricultural Gross Domestic Product (AGDP)

Study

Projection
Period (Years)

Discount Rate (%)

Direct Cost (%
AGDP)

Ethiopian Highlands Reclamation
Study (FAO, 1986)

25

9

2.2

Soil Conservation Research Project
(Hurni, 1988; Bojö and Castells 1995)

0

-

2.0

National Conservation Strategy
Secretariat (Sutcliffe, 1993)

25

Na

6.8

World Bank Reassessment (Bojö and
Castells, 1995)

100

10

3.0

Source: Yesuf et al. (2007).
(i)
The Ethiopian Highlands Reclamation Study (EHRS) evaluated both the soil and vegetation
components of land degradation but estimated economic costs only for the impacts of soil erosion
on cropland area, crop yield, rangeland area and grass yield, on the assumption that 80% of soil loss
was from cropland, with most of the rest coming from rangeland. Based on data for 1985 it projected
soil erosion over the period from 1985 to 2010. Annual erosion rates were estimated at 130 tonnes
per ha for cropland and 35 tonnes per ha for other land. Yields were expected to fall annually by 2.2%
for crops and 0.6% for grass, with a direct cost equivalent to 2.2% of AGDP. The present value of
degradation costs was calculated using a discount rate of 9% (FAO, 1986). The high rates of erosion
predicted by this study have been explained by its use of poor quality site-specific data and by
difficulties in using the Universal Soil Loss Equation to predict soil erosion rates (Yesuf et al., 2007).
(ii)
The Soil Conservation Research Project (SCRP) focused on soil erosion and forecast trends
over a limited period from 1981 to the mid-1990s. Unlike the other three studies considered here, it
only estimated immediate costs and so did not use discounting. Estimates of the annual rates of soil
loss were far lower than for the EHRS study, at just 12 tonnes per ha, having been better calibrated
using field data than estimates in the EHRS study (Hurni, 1988). Yet when Bojö and Castells (1995)
used these results they estimated that lost agricultural production was still equivalent to 2.0% of
AGDP.
(iii)
The National Conservation Strategy Secretariat (NCSS) built on the methods used in the
EHRS and SCRP and also forecast trends from 1985 to 2010. One of its crucial advances was to
assume that soil erosion does not affect crop productivity until a minimum soil depth of 90 cm is
reached. This reduced estimates of soil loss compared with earlier studies, with rates of decline in
crop production and cropland area for 1985 that were just 7% and 6%, respectively, of those in the
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EHRS study. Another advance was in accounting also for the nutrients lost when animal dung is burnt
as fuel instead of being incorporated into the soil, and this led to an overall cost equivalent to 6.8% of
AGDP (Sutcliffe, 1993). A subsequent evaluation explained the large size of the estimate by instances
of double counting and overestimates of the costs of dung burning (Bojö and Castells, 1995).
(iv)
A World Bank Reassessment exercise built on the NCSS study, but by using a 100 cm soil
depth threshold and an alternative procedure for dung substitution, and taking into account also the
effect of eroded soil redeposited elsewhere, it halved the NCSS estimate of erosion damage. Mean
annual soil loss rates were just 20 tonnes per ha and only affected the 30% of total cropland area
where soil depth was less than 100 cm. The loss of agricultural production in 1994 was equivalent to
3% of AGDP, which was more consistent with the 1986 and 1988 estimates (Bojö and Castells, 1995).
None of these studies was published in a peer-reviewed journal - though the 1988 estimate was
made by Bojö and Castells (1995) using environmental information in the peer-reviewed study by
Hurni (1988). Nevertheless, together they illustrate how accounting practices have evolved, and the
details which policy makers will need if they wish to compare the merits of alternative estimates.
A wider lesson to draw from the analysis in this section is the importance of validating estimates of
economic costs by comparing them to other information. The Ethiopian studies imply, for example,
that economic costs of soil erosion in Ethiopia in the 1980s and 1990s were close to 2-3% of AGDP
(Table 2.2). This is at the low end of the spectrum of national estimates in Table 2.1, and therefore
seems feasible. Nevertheless, it is not easy to find support in national statistics on cereal production,
yield per hectare and cropland area for either a fall in productivity or a loss of cropland because of
desertification. Validation is difficult in Ethiopia since there are two parallel statistical processes for
agriculture: one set of statistics is produced by the Ministry of Agriculture and Rural Development,
and used in international statistics compiled by the UN Food and Agriculture Organization (FAO),
while another set is issued by the Central Statistical Authority. Both sets of statistics show a 31% fall
in production in the 1970s, but this is explained by a 31% fall in cultivated area, following the
overthrow of Haile Selassie and subsequent land reform measures. In the 1980s production
stagnated, so again there was no noticeable effect that could be linked to land degradation.
Production began rising in the 1990s, mainly because cultivated area increased, and both sets of
statistics show increases in cultivated area and average yield per hectare since the year 2000. This
would not contradict estimates of land degradation if fertilizers had been applied to replace nutrients
lost by soil erosion, but it is known that the use of fertilizers, pesticides, improved varieties and
irrigation in Ethiopia has been generally limited for a long time (Taffesse et al., 2011). Consequently,
it is hard to independently validate claims about land degradation made in the studies in Table 2.3.

2.2.3

INDIRECT ECONOMIC COSTS

Dryland degradation also leads to indirect economic costs through off-site impacts. These impacts
can be long distances from the land use that is the immediate source of degradation, and so are
generally suffered by people other than those who cause degradation in the first place.
The transport of soil by water erosion, for example, can lead to the siltation of rivers, reservoirs and
irrigation canals which reduces their effectiveness and exacerbates flooding (Kirby and Blyth, 1987),
though other lowland groups may benefit from soil transported from degraded hill slopes, e.g.
farmers on whose land the soil is redeposited (Clark, 1996). Wind erosion also leads to costs and
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benefits through siltation, but has its own particular costs linked to the distant impacts of dust
storms on human health, ecosystems, and transport infrastructure, the latter being seen, for
example, in car accidents and delays in airline flights caused by reduced visibility (Shi, 2012).
Salinization and alkalinization caused by excessive or inappropriate use of water also leads to indirect
costs, particularly in Australia (Kirby and Blyth, 1987; John et al., 2005), and in South and Central Asia
(Reddy, 2003; Atis, 2006) where large areas of previously productive land are now unproductive.
Estimates of the indirect costs of land degradation are less common than those of direct costs. The
annual indirect costs of soil erosion in the USA have been estimated as $17 billion, or 63% of direct
costs of $27 billion, and this raises the total costs of soil erosion to 0.7% of GDP (Pimentel et al.,
1995). Estimates of the indirect costs of desertification in China vary widely (see Case Study 1 in
Annex 1). Thus, Liu (2006) estimated the indirect cost to transportation alone in 1999 as RMB 35
million, but Zhang et al. (1996) estimated the same cost in 1995 as RMB 200 million.
Estimating the indirect costs of land degradation is constrained in four ways. First, reliable
biophysical information is lacking on land degradation and its many impacts. Second, although some
studies do estimate the costs of multiple off-site impacts (e.g. Clark et al., 1985; Pimentel et al., 1995;
and Hajkowicz and Young, 2002), many studies often focus on just one or a small number of impacts,
e.g. airline delay (Liu, 2006) or human health (Cheng et. al, 2012), and it may be impossible or
inappropriate to aggregate cost estimates for the same area, or to compare cost estimates for
different areas with different impact profiles. Third, many of the costs do not have market prices.
These 'external costs', so called because they are outside the market, are commonly divided by the
Total Economic Value Method into: (a) direct use values, which are generally related to using
ecosystem services; (b) indirect use values, in which benefits are gained from ecosystem services
indirectly, e.g. when forest on a river catchment stabilizes runoff and supplies of irrigation water and
minimizes flooding; (c) option values, which allow for future direct or indirect uses; and (d) existence
values, in which benefits are gained independently of any use, e.g., scenic beauty (Pearce and Turner,
1990). Fourth, as in the case of direct costs reviewed in the previous section, various methods are
used to estimate the values of indirect costs. They include:
(i)

Contingent valuation, measured by people's willingness to pay for or accept a phenomenon.

(ii)

Choice experiment, determined by choosing one option from a range of options.

(iii)

Avoided cost, estimated by avoiding the cost due to damage.

(iv)
Replacement cost, which is the cost of replacing a service by the least costly alternative
(Adhikari and Nadella, 2011; Nkonya et al., 2011; Requier-Desjardins et al., 2011).
As examples of the last two methods, the impact of soil erosion on the siltation of hydroelectric
reservoirs has been estimated by avoiding the cost of dredging reservoirs (Hansen and Hellerstrein,
2007), and by the cost of replacing hydro-electricity by electricity generated in another way, e.g.
from fossil fuels (Clark, 1996).

2.2.4

ECONOMY-WIDE COSTS

So far in this section, for convenience, national costs have been expressed as a proportion of GDP or
AGDP. However, this ignores the fact that both direct costs and indirect costs can, through a complex
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chain of influences, lead to a multitude of other costs throughout an economy. For example, soil
which is eroded by wind and reduces reservoir capacity can lead to electricity outages throughout a
country, which in turn can result in production losses in many industries and other commercial
enterprises, which eventually affects the size of government spending and the income of employees
who are put on short-time work (Nkonya et al., 2011). Even a reduction in agricultural production
and income caused by land degradation can have "knock-on" effects throughout an economy by
affecting the circulation of income and international trade flows.
Estimates of these two categories of economy-wide costs are infrequent because of the difficulties
involved. No studies of the first category of costs appear to have been undertaken, as tracing the
complex interlinkages is very challenging. However, there are examples of the second category,
anticipated by Coxhead (1999) who advised that "if the erosive sector is very small in relation to
GDP... then the costs of constructing a more general model are unlikely to be merited." These studies
typically involve simulating future scenarios and comparing a 'business as usual scenario' with a 'soil
erosion scenario'. Thus, when Alfsen et al. (1996) included the effects of soil erosion in a computable
general equilibrium model which divided the Nicaraguan economy into 26 sectors, of which 11 were
agricultural, their model projected that exports of agricultural commodities would decline between
1991 and 2000, and that demand for labour would fall by 7%, with the construction sector being hit
hardest. Diao and Sarpong (2007), in a non-peer reviewed study, predicted that a mean loss of 5% in
AGDP caused by soil erosion between 2006 and 2015 in Ghana would increase the national rural
poverty rate by 5.4% by 2015.

2.2.5

POLICY IMPLICATIONS

Policy makers wishing to use the findings of economic research into the direct and indirect costs of
land degradation will, according to the analysis in this section, face tremendous difficulties, as the
use of different methods and data sources in different studies, only some of which are peer-reviewed,
has led to a wide range of conflicting estimates. Policy makers wishing to assess the meaning of these
studies will need help from professional economists in tracing and evaluating the actual methods by
which their estimates were produced. The studies reviewed here also differ owing to decisions by
their authors on whether to estimate short-term versus long-term costs, annual versus cumulative
costs, and discounted versus non-discounted costs. Other studies might estimate net costs, to allow
for adjustments in farmer behaviour after degradation; or real costs, to allow for inflation (Bojö,
1996).
To underline the point made earlier, if policy makers intend to use economic estimates as part of
detailed planning methods, rather than merely to justify decisions, then a robust and comprehensive
method should be designed for each country. This will have financial implications, but it will ensure
that land degradation costs will be comparable with other costs and benefits in agriculture, and in
other economic sectors too, and this will help to validate estimates of land degradation costs.

2.3

SOCIAL IMPACTS OF DESERTIFICATION

Estimates of the total economic impacts of desertification do not shed much light on how these
impacts affect society and the many individuals within it. This section looks in more detail at these
social impacts. It begins by addressing gross social impacts, measured by the number of people
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affected, and then looks at how these impacts are distributed among a population, and are
influenced by and influence a community's poverty status, food security and human health.

2.3.1

POPULATIONS IN THE DRYLANDS

The first step in assessing the social impacts of desertification is to find out how many people live in
the drylands. By 1994 the total population of the drylands was 2,010 million (UNDP, 1997), or 40% of
all people on the planet. This was three times the size of the population in 1975, shortly before the
United Nations Conference on Desertification (UNCOD) in 1977 (Table 2.4), and it has continued to
rise in the intervening 19 years. The population of Niger, for example, may have more than doubled
from 7.8 million in 1990 to 17.2 million in 2013 (FAO, 2013), though a census has not been held there
since the year 2000.
Table 4: Population growth in the drylands 1975-1994 (millions)

Americas
Asia and Pacific
Sub-Saharan Africa

1975

1994

68.1 Americas

182.3

378.0 Asia and Pacific

1,356.6

75.5 Africa

326.1

Mediterranean Basin

106.8 Europe

144.6

Total

628.4 Total

2,009.7

Sources (with different regional classifications): Kates et al. (1977), UNDP (1997).

2.3.2

THE DISTRIBUTION OF IMPACTS

The next step is to identify the distribution of desertification impacts among the dryland population,
since not all those who live in dry areas will be affected by desertification. Unfortunately, the current
size of this affected population is unknown, owing to poor data on population and the extent and
rate of change of desertification. Mabbutt (1984) estimated that 44% of the total dryland population
in the 1970s - 280 million rural people - were affected by at least moderate desertification. These
figures were not updated in the UNEP World Atlas of Desertification (Middleton and Thomas, 1997),
but if the same proportion is affected as in the 1970s then the size of the affected population in the
1990s was 884 million people, and it could have risen to 1.8 billion people if the dryland population
has doubled since the 1990s.

2.3.3

THE DISTRIBUTION OF IMPACTS BY POVERTY STATUS

Individuals within the affected population vary greatly in their ability to bear the costs of
desertification. Those who live in poverty, and lack the income and other resources needed to obtain
the basic necessities of life, find it particularly difficult to cope. This is especially the case where
communities rely on ecosystems to meet their daily needs and for products that they may sell to
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augment other sources of income. However, loss of income as agricultural production declines due to
land degradation can impact on poverty levels at national scale too (Diao and Sarpong, 2007).
Poverty was defined by the World Bank (1990) as "the inability of people to rise to a minimum
standard of living", and is determined in two main ways. Absolute poverty is experienced by those
whose income is below a given threshold, or whose food intake is below minimum recommended
nutritional standards. The simplest measure of absolute poverty is the Head Count Ratio, i.e. the
proportion of a population identified as "poor". Relative poverty is experienced by those who receive
less than a certain share of national average income. Relative poverty is linked to income inequality,
determined by the distribution of income and wealth between different social groups. Income
inequality tends to rise in the course of development and only declines at high levels of mean annual
income. This trend is charted by the Kuznets Curve (Kuznets, 1955).
Economic measures of a country's level of economic development use both its mean income, i.e.
GDP per capita, and how equally this is distributed. National income equality can be measured using
the Gini Coefficient, which varies from 1 for perfect inequality to 0 for perfect equality (Hillerbrand,
2008). The Human Development Index measures the relative levels of economic development of
countries by per capita income, adjusted to ensure purchasing power parity, and by two direct
measures of human well-being: educational attainment, and life expectancy at birth (UNDP, 2011).

2.3.4

EVALUATING THE SOCIETAL DISTRIBUTION OF IMPACTS

The distribution of impacts within a society should be evaluated in a reflexive manner because
poverty, for example, can be both a cause and an effect of environmental degradation. Poor people
are likely to deplete natural resources if they have no prospects of gaining access to other resources,
and a degraded environment can accelerate impoverishment. Claims continue about a 'vicious circle'
linking poverty to population growth, drought and land degradation (Cleaver and Schreiber, 1994).
Yet whether the poor are major agents of desertification or not, they certainly suffer from its
consequences, as their livelihoods greatly depend on the productivity of land (Hazell et al., 2002;
Stringer, 2009).
Five concepts can be particularly helpful in evaluating the distribution of impacts in a society:
1.
The institutions, or rules and norms that structure a society and the activities of everyone
within it. Institutions can be defined as "enduring regularities of human action in situations
structured by rules, norms and shared strategies, as well as by the physical world" (Crawford and
Ostrom, 1995). Thirty years ago Sen (1983) made a major breakthrough in distancing drought from
famine, when he argued that some groups within a society are affected more than others because
they have insufficient entitlements to cope with social, economic or environmental hazards that arise.
Entitlements are "the set of alternative commodity bundles that a person can command in a society
using the totality of rights and obligations that he or she faces", and are influenced by the formal and
informal institutions that enable a society to function. Everyone has a set of endowments, comprising
all the resources they legally own, such as land and their own labour, with which they can obtain
goods and services, such as food, that constitute their entitlements. Entitlements generate human
capabilities, which influence an individual's ability to achieve their full potential and in turn their
welfare.
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2.
Environmental justice, which compares the distribution of environmental costs with the
distribution of income (Mitchell and Dorling, 2003). If poor people are indeed more affected by
environmental hazards then it should be possible to confirm this by comparing the spatial
distributions of poverty and hazards. Initial research seems to confirm the presence of such a link for
land degradation: one non-peer reviewed study proposes that globally 74% of people in the very
lowest income classes live on degraded land but only 15% of people in higher income classes do
(Nkonya et al., 2011). Droughts can exacerbate feelings of injustice and lead to conflicts and even
more: there is evidence to show that severe drought in China between 1638 and 1641 may have
influenced the peasant rebellions that hastened the demise of the Ming Dynasty in 1644 (Cook et al.,
2010).
3.
Risk, which is ignorance about a future hazard that can be assessed by probabilities (Knight,
1921). Physical geographers have long used mathematical models to predict the risk of areas
undergoing desertification based on their biophysical characteristics, and a global map of
desertification risk was prepared for the UN Conference on Desertification (FAO et al., 1977). Social
scientists, however, argue that such environmental determinism is misleading, and that risk is
influenced by society too (Beck, 2006).
4.
Vulnerability, which takes a more interdisciplinary approach to risk and can be defined as "a
function of the exposure and sensitivity of a system to hazardous conditions" and its ability "to cope,
adapt, or recover from the effects of these conditions" (Smit and Wandel, 2006). Research in Senegal
found that different communities vary in their vulnerabilities to drought and desertification, as they
differ in (a) entitlements; (b) coping capacities - how they respond to or avert harm from stresses;
and (c) resilience - their ability to return to their former mode when stresses end (Bradley and
Grainger, 2004). In the Sahel, for example, mobile pastoral communities are generally more resilient
to drought and desertification than settled cropping communities (Bollig and Schulte, 1999; Pamo,
1998). A consensus index of vulnerability would help to compare the vulnerabilities of different
groups and areas (Cutter, 2003), e.g., to desertification. Salvati et al. (2011) have proposed an "index
of land vulnerability to drought and desertification", but this merely extends mathematical models of
biophysical risk to incorporate human impacts on the environment. An index of the more allencompassing interdisciplinary concept of the vulnerability of communities living in a given
environment is still awaited.
5.
Migration. Desertification can have consequences far away from where land is degraded
since migration, especially to urban areas, is a common response to drought and desertification in
communities whose livelihoods lack resilience to the resulting low farm productivity (Bradley and
Grainger, 2004). Although migration generally reduces human impacts on the environment in places
that people leave, it can increase impacts - and social tensions - in their destinations (RequireDesjardins and Bied-Charreton, 2006). Many developing countries face huge urban problems and
people who migrate to urban areas to escape the impacts of desertification will exacerbate these
(Thirwall, 1999).

2.3.5

FOOD SECURITY AND HEALTH

Desertification threatens food security, which is of great concern throughout the developing world
but particularly in Africa where in 2003 alone, 19 million tonnes of cereals had to be purchased with
$3.8 billion of overseas aid to replenish food stocks (Ezeaku and Davidson, 2008). Desertification can
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therefore have 'secondary' social impacts in the form of malnutrition and disease that arise through
poor farm yields, poverty, and constraints on water quality and availability. About 850 million people
in the world are malnourished or starving, and the number of malnourished people in Sub-Saharan
Africa alone doubled from 88 million in 1970 to 200 million in 2001. Malnutrition contributes to 8
million infant deaths each year, together with preventable diseases whose transmission is promoted
by lack of access to clean drinking water (FAO, 2001).

2.3.6

POLICY IMPLICATIONS

With 40% of the world’s population living in the drylands, desertification is as much a human
problem as an environmental problem and has a major impact on the quality of life of the entire
human family. For this reason it is vital to obtain more accurate statistics on the number of people
who are directly affected by desertification and their ability to cope with its impacts. Integrating
desertification into mainstream development planning will ensure that improving the livelihoods of
affected populations can be given the attention it deserves. However, research into entitlements,
environmental justice and vulnerability suggests that tackling desertification is not just about
adopting physical remedies, such as more "sustainable land management", but requires social
remedies too. This means that economic impacts and social impacts need to be tackled collectively,
rather than separately.

2.4

MODELLING ECONOMIC IMPACTS

Studying these fundamental relationships between economic impacts and social impacts requires
formal economic models, of the kind described in peer-reviewed economics journals. These are not
just of interest to academics, but offer important insights into the links between land degradation
and decision-making, the characteristics of production systems and government intervention in the
agricultural sector. This section reviews key findings of this research.

2.4.1

MODELLING OPTIMAL RATES OF LAND DEGRADATION

The earliest economic studies of land degradation date from the early 1980s, when Burt (1981) and
McConnell (1983) devised optimal control models to identify the optimal rate of land degradation.
The only fundamental economic model in the peer-reviewed academic literature which specifically
refers to desertification, apart from a review of valuation methods and policy instruments by
Requier-Desjardins et al. (2011), also dates from this time. Morey (1986) postulated that the optimal
rate of allocation of dryland resources over time depends on economic factors and the rate at which
soil can regenerate after biomass is harvested. If the actual rate exceeds the optimal rate then "soil
quality will deteriorate... [and] desertification will take place." Morey questioned an assumption that
desertification is non-optimal from the perspective of society and land users. He showed that
desertification is not necessarily sub-optimal for land users since they often discount the future. By
applying his model to three different institutional settings - privately owned farms, rented farms, and
common property land - he found that a positive rate of desertification on privately owned farms is
not necessarily sub-optimal and that a similar situation could prevail on rented farms. Meanwhile,
farmers using "common property" land - more accurately referred to these days as open access land
(Requier-Desjardins et al., 2011) - will "utilize soil quality until its marginal product is zero."
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Desertification will be non-optimal for land users and society if the land users' discount rate equals
the social discount rate, but views differ on how to set the latter. If the social discount rate is zero
but the land users' rate is higher than this then the market will fail and desertification will persist.
Morey also argued that even subsistence societies can adopt high discount rates, and in such cases
high desertification rates in "common property" settings "might be close to socially optimal" too.
A complementary agricultural economics analysis, by Kirby and Blyth (1987), criticized research that
focused purely on physical aspects and used the concept of 'maximum sustainable yield' as a
benchmark. It stated that: "a problem exists from the social viewpoint only if the actual rate of
degradation differs from the optimal rate." This study highlighted the constraints imposed by
institutional and policy influences in Australia, including the prevalence of leasehold tenure, and the
distortion of prices by government intervention. It also addressed the lack of markets for off-site
impacts of land decisions, noted in Section 2.2.2, finding that this can lead to differences between
private and social costs and benefits, and to significant externalities resulting from the deposition of
eroded soil, or from rising water tables and salinity. For Kirby and Blyth, "soil conservation and purely
technical aims have no intrinsic merit in themselves, but need to be related to a more fundamental
goal - the maximization of community welfare." So they questioned the utility of two popular policy
instruments - soil conservation subsidies and land-use regulations - and argued that while
government intervention is important it must be preceded by tests to show that is justified by
evidence for market failure, and that the social benefits of any intervention will exceed its costs.

2.4.2

INCORPORATING DIRECT COSTS OF LAND DEGRADATION IN FARM MODELS

Models can relate the direct costs of land degradation, discussed earlier in this section, to specific
production systems. Thus, Coxhead (2000) estimated the impact of nutrient reductions from soil
erosion on the productivity and profitability of agriculture on the sites where the erosion occurred.
When Holden and Shiferaw (2004) used a non-linear programming model to examine the complex
inter-relationships between land degradation and drought in Ethiopia they found that giving farmers
credit to buy fertilizer can reduce incentives to conserve land and increase erosion rates, though one
way to counter this is to make soil conservation a condition for providing fertilizer credit.

2.4.3

UNEXPECTED EFFECTS FROM POLICIES INTENDED TO REDUCE POVERTY

Generic insights into the relationship between poverty and the factors that cause and control land
degradation were gained by Coxhead (2000) when he used a general equilibrium model to study land
degradation by corn cultivation in the Philippines uplands. He found that government support for
food prices causes agricultural land "to be transferred from generally less erosive to more erosive
uses" and warned about "environmental surprises" when governments intervene in agriculture.
While such intervention can lead to a more equal distribution of agricultural income, thereby
reducing relative poverty, it can also lead to "a levelling down of all incomes" and so increase
absolute poverty.
Poverty also constrains the ability of farmers to avoid or mitigate land degradation. For poor
smallholder farmers with limited access to investment capital and alternative opportunities to
generate income, gaining short-term income by using land in a degrading manner can be an entirely
rational strategy (Barbier, 1997), as predicted in Section 2.4.1. Moreover, just as Sen (1983) proposed
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that poverty is indicative of wider institutional problems in society, so Barbier (1997) found that
imperfections in rural land markets also mean that the costs of soil erosion "may not be reflected
adequately... [in] the price of land in local markets". To promote more sustainable land management
it may therefore be necessary to address the price distortions resulting from government policies;
ensure that rural financial markets operate efficiently; and enforce property rights more effectively
(Coxhead, 1997). Finally, to guard against unexpected negative environmental impacts of
government policies, farmers may need to be given direct incentives to manage land more
sustainably too (Barbier, 1997).

2.4.4

ECONOMIC CONSTRAINTS ON REVERSING DESERTIFICATION

Attempts to control soil erosion through soil conservation projects can also run into trouble if the
projects do not allow for the considerable initial investment required and the long lead time before
farmers benefit financially from these projects (Barbier, 1997). In Malawi, for example, 45% of
smallholder farmers have less than one hectare of land, but households with less than two hectares
of land only received 17% of medium-term credit in the early 1990s (Barbier and Burgess, 1992).
Although agroforestry solutions to land degradation are well known (e.g. Grainger, 1990),
government policies may prevent them from being put into practice. For example, the nitrogen-fixing
tree Acacia senegal has long been used in some parts of Africa in fallowing and intercropping systems
that can control dryland degradation. The profitability of these systems is promoted by harvesting A.
senegal for gum arabic, but Barbier (1992) found that in the early 1990s farmers in Sudan preferred
to grow monocultures of annual crops, such as groundnut and millet, because government policies
had caused the gum arabic price to fluctuate and limited the rate of return to farmers. So sustaining
agroforestry systems that are vital to controlling desertification may depend on governments
maintaining the price of one of the crops harvested from such systems.

2.4.5

THE IMPORTANCE OF INTEGRATED NATIONAL LAND USE PLANNING

Large irrigation projects, which are often planned and implemented by governments with
international financial support, are frequently given credit for improving agricultural productivity and
reducing fluctuations in yields resulting from variability in rainfall. However, research has shown that
it is important to anticipate negative national impacts when planning such projects. These impacts
can be social in character, e.g., by displacing poorer farmers; environmental, e.g., due to
waterlogging and salinization (Singh and Singh, 1995); economic, e.g., by diverting water for
irrigation projects from floodplains crucial for cropping, pastoralism and fishing; and mixed, e.g. the
displacement of poorer farmers to more marginal lands can lead to degradation there (Grainger,
1992). Comparing the potential income from a proposed irrigation project in northeast Nigeria with
income foregone when water is diverted from a natural floodplain found that "the additional value of
production from large-scale irrigation schemes [did] not replace the lost production attributed to the
wetlands downstream." Indeed, the extra income generated by the irrigation project did not exceed
17% of the downstream losses in any of the scenarios simulated (Barbier and Thompson, 1998).
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2.4.6. POLICY IMPLICATIONS
Even the limited amount of fundamental economic research into land degradation that has been
undertaken so far has important policy implications. It shows, for example, that it is crucial to
understand the institutional settings in which land users make decisions that may lead to, or avoid,
desertification. Deciding to use land in a way that leads to desertification is not necessarily abnormal
or irrational, and governments may unintentionally exacerbate this, e.g. when they subsidize
fertilizer use; support food prices to benefit farmers and determine the level of subsidy; or introduce
large capital-intensive agricultural schemes that can have positive local impacts but negative national
impacts. So the rate of desertification could be reduced if: government policies were evaluated
beforehand to check for unintended consequences; societal institutions were audited to check for
constraints that lead to poor people degrading land instead of managing it sustainably; and an
integrated approach was taken to national land-use planning and government policies.

2.5

TOWARDS INTEGRATED PLANNING AND MONITORING TOOLS

The analysis in this chapter has shown that estimates of the economic and social impacts of
desertification are lacking in frequency, accuracy, scope and comparability. If the Parties to the
UNCCD wish to counter these limitations then one way to do this would be to devise enhanced
practical planning and monitoring tools that include these economic and social impacts. Demand for
information on these impacts by planners and policy makers would then ensure that estimates of
economic and social impacts are made frequently; cover all the impacts in a country and in the
drylands generally; are as accurate as possible; and are comparable with each other. They should
also be comparable with the benefits of activities leading to the impacts, which is crucial since costs
and benefits should be treated together in practical decision-making and formal cost-benefit analysis.
This approach would promote the incorporation of desertification in mainstream planning tools, as
recommended by the report of the UN Joint Inspection Unit (Ortiz and Tang, 2005). It would also fill
another major gap in this field - the lack of accurate and frequent estimates of the national and
global extent and rate of change of desertification, because without such biophysical estimates it is
impossible to make reliable estimates of economic and social impacts. If economists and other social
scientists were closely involved in this initiative then academic research in this field should expand
rapidly. This section suggests how the UNCCD could take this further, and focuses on identifying
possible conceptual frameworks which could be used to ensure that sets of statistics, and variables in
planning methods, are chosen in an integrated manner.

2.5.1

CURRENT UNCCD ACTIVITIES IN INDICATOR DEVELOPMENT

To put these proposals for new initiatives into perspective, it is worth noting at this point that six
years ago the Parties to the UNCCD requested that a set of 'impact indicators' be formulated to
measure progress in implementing strategic objectives 1, 2 and 3 of the Ten Year Strategic Plan and
Framework (COP, 2007). They subsequently adopted a provisional set of indicators (Table 2.5a) (COP,
2009; CST, 2009); and after this set was subjected to pilot testing and more detailed scientific
evaluation they adopted a refined set of indicators (Table 2.5b) (COP, 2012; CST, 2011), and
established an Ad Hoc Advisory Group of Technical Experts to continue refinement (COP, 2012).
This set of 'impact indicators' was not chosen to measure the impacts of desertification, as discussed
in this document, but the impacts on desertification of the implementation of the Convention.
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However, because desertification is understood in the Convention as both a biophysical
phenomenon and a social phenomenon the set includes both biophysical and social indicators.
One criticism of the provisional set of indicators was that it was not conceived within the structure of
a coherent conceptual framework (CST, 2011), and the same criticism applies to the refined set of
indicators too. Although the use of conceptual frameworks is recommended in scientific research on
indicators (Gudmundsson, 2003), they are often neglected when indicators are selected in political
processes. This results in long lists of indicators with no apparent connection between individual
indicators, and with no potential to synthesize them to estimate a meaningful index, because
individual indicators are generally selected to respond to the needs of particular groups or
information requirements. This is evident in criteria and indicator (C&I) schemes for sustainable
forest management (Grainger, 2012), for example, none of which is used operationally. The refined
set of 11 impact indicators is relatively small in comparison with the more than 60 indicators used in
some C&I schemes for sustainable forest management, but it shares their lack of coherency. If these
indicators had been selected within a conceptual framework then economic, social and biophysical
indicators would have been distinguished and the biophysical indicators could be integrated to
evaluate land degradation. For example, 'degree of land degradation' depends on the degradation of
soil and vegetation, and the degradation of vegetation can be measured by changes in 'plant
biodiversity' and 'carbon stocks' which in turn are influenced by the extent of each type of 'land
cover'. The presence of these three separate but overlapping indicators in this list also illustrates the
embryonic nature of desertification monitoring.
Table 5: UNCCD impact indicators

a. Provisional indicators

b. Refined indicators

1

Water availability per capita

Water availability per capita

2

Change in land use

Change in land use

3

Proportion of the population in affected
areas living above the poverty line

Proportion of the population in affected areas
living above the poverty line

4

Childhood malnutrition and/or food
consumption/calorie intake per capita in
affected areas

Food consumption per capita

5

The Human Development Index

Capacity of soils to sustain agro-pastoral use

6

Level of land degradation

Degree of land degradation

7

Plant and animal biodiversity

Plant and animal biodiversity

8

Aridity index

Drought index

9

Land cover status

Land cover status

10

Carbon stocks above and below ground

Carbon stocks above and below ground
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Land under sustainable land management

Land under sustainable land management

Source: Berry et al. (2009); CST (2011).
Operational sets of indicators should have one purpose and one purpose only: to convey meaningful
information to the body which intends to use them. Data collected for the provisional or refined set
of indicators could certainly be used to monitor both the extent and rate of change of desertification
and its social impacts (though not its economic impacts), but to convey meaningful information to
policy makers they would need the closer integration which a suitable conceptual framework could
provide.
The remainder of this section examines possible conceptual frameworks that could provide a
structure for integrating desertification and its economic and social impacts into mainstream national
statistics and planning methods.

2.5.2

USEFUL ECONOMIC CONCEPTUAL FRAMEWORKS

One simple but effective economic framework would divide the costs and benefits of all activities
into three orthogonal dimensions: economic, social and environmental. Based on neoclassical
microeconomics theory, which separates scarce resources into three main categories, Capital, Labour
and Land (or Environment), this would allow the income gained from using land to be compared with
the net social benefits of generating and distributing this income, e.g. on poverty, food security and
health, and with the net environmental benefits of using land. Actual income would reflect potential
income adjusted for the loss in yields resulting from the direct costs of land degradation on a
particular site, and for any effect on yields resulting from the indirect costs of land degradation
elsewhere.
Macroeconomics theory focuses on the circulation of income within an economy, and is the basis for
estimating indicators of economic activity, such as the Gross Domestic Product (GDP). However, just
as mean national income per person, or GDP Per Capita, is unrepresentative of the actual distribution
of income in a country, it is also unrepresentative of the environmental welfare of each person,
because income has not been corrected for the environmental impacts of generating this income. So
the Green Gross Domestic Product (GGDP) index deducts from GDP the value of depleted natural
resources stocks and the costs of environmental degradation. In one of the earliest estimations,
Indonesia’s GDP in 1984 of Rupiah 13,520 billion was corrected for the net depletion of oil reserves,
the depletion of timber reserves, and the amount of soil lost through erosion to give a Green GDP of
only Rupiah 11,186 billion. Although no correction was made for another form of environmental
degradation, pollution, because of lack of data, this still meant that the mean ‘Green GDP’ growth
rate for 1971 to 1984 was just 4% per annum, compared with 7% for the GDP growth rate (Repetto
et al, 1987). The reliability of estimates of the GGDP has long been limited by (a) partiality, as they
tend to concentrate on a few resources for which data are available; (b) the poor quality of estimates
of the physical magnitudes of environmental degradation, such as the soil erosion rate; (c) the
subjectivity of estimates of the economic values of resource depletion and environmental
degradation; and (d) the number of components of natural resource depletion and environmental
degradation which are deducted from GDP - the more components there are the lower the value of
GGDP is likely to be (Pearce and Barbier, 2000). Since the GGDP, like GDP, does not account for the
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equity with which national income is distributed, the Index of Sustainable Economic Welfare was
devised, in which GDP Per Capita is adjusted for both social and environmental costs, and then the
corrected total is multiplied by an index representing the inequality of income (Daly and Cobb, 1989).

2.5.3

USEFUL ENVIRONMENTAL CONCEPTUAL FRAMEWORKS

Since the year 2000 ecosystem services have become an increasingly important concept in both
environmental science and environmental policy. The services provided by ecosystems are divided
into a number of categories which differ according to the taxonomy used. The taxonomy employed
by the Millennium Ecosystem Assessment (2005) has proved very popular and includes:
1.

Provisioning services, which supply goods such as food, timber etc.

2.

Regulating services, which control hydrological processes, gaseous processes etc.

3.
Supporting services, which are processes within ecosystems, such as nutrient cycling, that
maintain provisioning and regulating services.
4.

Cultural services, such as recreation, which are provided directly to human beings.

Despite their conceptual popularity, ecosystem services are still to be converted into practical
planning tools (Turner and Daily, 2008). One constraint is that the concept had a purely
environmental origin and planning demands a more comprehensive coverage of human,
environmental and human-environmental processes, including poverty. Another is that biodiversity is
portrayed in the above taxonomy as outside the four main services but supportive of them, which
makes it difficult to represent trade-offs between biodiversity and the exploitation of provisioning
services.
Ecosystem services could be used as a conceptual framework in their own right, or they could form
the second tier of a conceptual framework whose first tier is provided by the microeconomic
framework described in the previous section. Thus, provisioning services correspond to the economic
dimension, and regulating services and supporting services to the environmental dimension, while
cultural services contribute to the social dimension.

2.5.4

USEFUL HUMAN-ENVIRONMENTAL CONCEPTUAL FRAMEWORKS

Desertification is a very complex phenomenon comprising multiple interactions between human
systems and environmental systems, so it is understandable that its analysis has been limited by
disciplinary barriers and dominated initially by biophysical environmental disciplines such as soil
science and geomorphology. Interdisciplinary research is relatively recent, but early findings are
summed up in the five principles of the Drylands Development Paradigm (Reynolds et al., 2007):
1.
Human-environment systems are coupled, dynamic, and co-adapting, with no single target
equilibrium point, so their structure, function and interrelationships change over time.
2.
The critical dynamics of dryland systems are determined by a limited suite of both biophysical
and socio-economic "slow variables", such as soil fertility and household capital, which are influenced
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in turn by "fast variables", such as crop yields linked to strongly fluctuating precipitation, which may
lead to confusing conclusions about human-environment relationships.
3.
Slow variables possess thresholds which, if crossed, cause the human-environment system to
move into new states, which often have different controlling processes, and thresholds may change
over time.
4.
Coupled human-environment systems are hierarchical, nested and networked across multiple
scales, and involve multiple stakeholders, with highly differing objectives.
5.
Retaining co-adaptation of human-environment systems depends on maintaining a body of upto-date hybrid environmental knowledge that combines local and science-based knowledge, so
maintaining and drawing on local environmental knowledge is crucial.
Converting these principles into an operational model will be very challenging and therefore take
time, because it requires major advances in interdisciplinary theory.

2.5.5

OPTIONS FOR INTEGRATED STATISTICS AND PLANNING METHODS

The Parties to the UNCCD therefore have several options for designing new planning tools in which
desertification is incorporated and statistics based on measurable indicators of desertification and its
impacts are fully integrated, including:
1.
A simple three-dimensional micro-economic framework, comprising income from land use
that is corrected for the direct and indirect environmental impacts on yields of desertification; social
impacts, e.g. on poverty, food security and health; and environmental impacts other than those
affecting yields.
2.
A macro-economic framework, in which national income is corrected for resource depletion
and environmental degradation to give a Green Gross Domestic Product index. This could cover all
sectors of a national economy, or initially, to reduce the amount of data and computation required, it
could cover the agricultural sector to give a Green Agricultural Gross Domestic Product.
3.
An extended ecosystem services framework, in which the four categories of ecosystem
services are the second tier of a conceptual framework whose first tier is provided by the
microeconomic framework, so provisioning services correspond to the economic dimension, and
regulating services and supporting services to the environmental dimension, while cultural services
contribute to the social dimension which is enhanced to include poverty, health and other key social
attributes. Each of the four categories could have benefits and costs elements to represent the
balance of positive and negative impacts of land-use change on an annual basis.
This chapter has shown that there is huge potential to incorporate economic and social impacts of
desertification into sustainable development monitoring and planning. At the moment this potential
is largely unrealized, but there is a good foundation on which to build in the future.
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3. TOOL BOX OF PROBLEM-ORIENTED METHODOLOGIES
3.1

INTRODUCTION

This chapter proposes an analytical framework and reviews available methodologies for the
identification and measurement of the costs of DLDD. It discusses the potential role of economic
valuation tools to improve the information available for decision makers to better inform resource
management and land use decisions in the context of DLDD. The focus of this chapter is on land
degradation as a reduction in the capacity of land to provide ecosystem goods and services over time
(Global Land Degradation Information System – GLADIS).

3.2

DRIVERS OF DLDD

The causes or drivers of DLDD have been identified as being of two types: proximate and underlying
(Geist and Lambin, 2004). Proximate causes include biophysical factors (topography, climate
conditions and change, natural hazards) and unsustainable land management practices. Underlying
causes indirectly affect proximate causes, e.g., unsustainable land management practices are driven
by land shortage, poverty, migration and economic pressures, which, in turn, have their own drivers.
This chapter does not include tools and methodologies for identifying and analysing the drivers of
DLDD, but these should be kept in mind in when identifying and measuring the consequences of
DLDD which manifest themselves as costs (direct and indirect), in order to make more informed
decisions.

3.3

ANALYTICAL FRAMEWORK

In order to prioritize action against DLDD, it is essential to know the social and economic costs
associated with DLDD (Nkonya et al. 2011). Costs may be on-site or off-site and are related to the
location where the costs arise (on farm, within the watershed, globally) and whether they are
considered by the person making the land use decision. Direct and indirect costs relate to the
consequences of DLDD. A thorough assessment of the consequences of DLDD needs to look broadly
at changes in ecosystem services, and use of the Total Economic Value (TEV) framework helps to
formalize this. The TEV framework identifies the different types of values that are affected by DLDD,
be they values associated with direct (fuelwood, animal fodder) or indirect use (soil fertility, drinking
water) option values based on maintaining resources for future use or existence values (based on the
utility people derive from knowing that particular species, habitats, landscapes continue to exist).
Ecosystem services are the benefits that ecosystems provide to humans. Ecosystem services have
been categorized by the Millennium Ecosystem Assessment (2005) as provisioning, supporting,
regulating and cultural services (see also Section 2.5.3). The degradation of ecosystems reduces their
ability to provide benefits, thus negatively affecting human welfare in a number of ways. Figure 3.1
illustrates how the different types of ecosystem services affect human well-being, how different
types of value are affected and how economic valuation of ecosystem services can express the
economic significance of changes in the delivery of ecosystem services.
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Figure 1: Ecosystem services, human well-being and economic valuation

Comprehensive analysis of the costs of DLDD looks at the impacts of DLDD on a whole range of
ecosystem services and the welfare implications for people. Most work on the costs of DLDD focuses
on declines in the provisioning services of affected ecosystems, i.e., the direct costs of declining
productivity of crop or livestock production as discussed in Section 2.2.1. The cost to society of the
decline in productivity in the respective ecosystems can be measured using a combination of
production function models and market prices for agricultural output.
The full impact of DLDD on ecosystems, however, goes beyond provisioning services to affect
important regulating services (e.g. climate regulation through carbon storage and sequestration,
water purification and regulation) and cultural services (e.g. aesthetic and recreational services). As
these types of services are rarely traded in markets, the benefits associated with these services are
generally not recognized and are undervalued in decision-making. Regulating and cultural ecosystem
services are often public goods, which are non-rival and non-excludable in nature. This results in the
absence of, or incorrect, prices which in turn, leads to overconsumption of these services and the
degradation of the ecosystem. Degradation of these services results in indirect costs to society as a
whole, and these costs may be borne disproportionately across different scales. Methods and issues
related to the measurement of these indirect costs are discussed in Section 2.2.3, and in Case Study 1.
There are a number of methodologies to estimate the economic costs associated with DLDD.
Provisioning services of ecosystems are typically valued by measuring productivity changes
experienced by farmers on-site. The costs of land degradation are estimated using production
functions that link levels of land degradation with agricultural yields (see e.g. Alfsen et al., 1996;
Pimentel et al., 1995). Provisioning services can also be estimated using replacement costs or
avoided costs based on expenditures people make to ‘avert or replace’ losses associated with the
negative impacts of DLDD (see also Section 2.2.3). Regulating services such as soil nutrient retention
and soil carbon sequestration may be valued by estimating the quantity of carbon sequestered in a
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particular area or nutrients retained by soil and by multiplying it by the market price for carbon and
nutrients, provided that the analyst can estimate reliable biophysical cause-effects models (i.e. how
changes in land use management affects regulating services) (see Stringer et al., 2012).
Survey-based stated preference methods are increasingly being applied. Existence values and cultural
services such as tourism can be estimated by constructing a hypothetical market in a stated
preference study. Stated preference methods, such as choice experiments or contingent valuation,
attempt to elicit willingness to pay (WTP) for an environmental improvement or willingness to accept
(WTA) compensation for environmental degradation for a representative sample of the population
affected.
Methods for valuing the health effects from dust storms on malnutrition range from sophisticated
calculations of Disability-Adjusted Life Years (DALYs) and Value of Statistical Life (VSL) to calculations
of costs of illness, including costs of lost work days and medical expenses (WHO, 2009). Each of these
approaches has both benefits and drawbacks.
Table 3.1 presents a toolbox which provides a framework to link the drivers of DLDD with changes in
the condition of ecosystems and the services they deliver. An assessment of the nature of the impact
of DLDD, the scale (on site versus off site) and the associated costs (direct or indirect) are outlined.
Finally, some methodologies to estimate the cost associated with particular types of impacts are
presented. This tool-box is not meant to be comprehensive, but simply attempts to illustrate the
need to link drivers with impacts and, where appropriate, to express impacts in monetary terms in
order to more effectively inform decision-making.
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Table 6: Measuring costs of DLDD
Causes of DLDD
Underlying (U) /
Proximate (P)*

Topography (P)

Ecosystem service
affected

Scale

Impacts

direct (D)/
indirect costs
(I)

Valuation methodology

Productivity of
farming

On-site

Loss of agricultural yield

D

Production function based approaches

Soil nutrient depletion due to erosion

D/I

Replacement costs of inputs such as fertilizers

Malnutrition

D

Disability Adjusted Life Year (DALY)

Salinity

D

Avoided cost of desalination

Land Cover (P)
Climate (P)
Soil erodability (P)
Invasive alien species &
pests (P)
Unsustainable Land
Management (P)

Livestock farming
/ Pastoralism

On-site

Loss of milk, meat and hides

D

Productivity function based approaches

Water quantity &
water quality

On-site / off
site

Flash floods

D

Avoided damage costs

Declining fish populations

D/I

Production function

Health

D/I

Disability Adjusted Life Year
Health treatment expenditure

Infrastructure
development (P)

Siltation of rivers and reservoirs

D/I

Value of reduced hydropower production Value of
reduced irrigation

Population density (U)
Institutions and land
tenure (U)

Aquifer depletion

D

Dust storms

On-site /
offsite

Decentralization (U)
Non-farm employment
opportunities (U)

Replacement cost (increased pumping costs or drilling a
deeper replacement pump)
Embedded time (opportunity cost of additional time spent
to collect water)

Access to agricultural
extension services (U)
Poverty (U)

Replacement cost (Dredging cost of reservoirs)

Biodiversity

On-site

Health

I

Disability adjusted life year

Discomfort

D

Expenditure on averting behaviour / damage mitigation

Reduced labor productivity

D/I

Value of reduced output

Decrease in wild food availability

D

Opportunity cost of additional time spent ‘gathering,
hunting or fishing’

Loss of emblematic species

D

Health treatment expenditure

International policies (U)

Substitute goods values
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Loss of genetic resources

I

Stated preference methods

Carbon storage
and sequestration

On-site

Reduced climate mitigation

I

Market prices for CO2e

Eco-tourism and
recreation

On-site

Decrease in visitor numbers

D

Stated Preference
Travel Cost
Hedonic pricing (hotels)
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METHODOLOGIES

It is beyond the scope of this section to describe in detail economic valuation methodologies to
estimate the costs of DLDD, but a short summary of key features is shown in Table 3.2 (TEEB 2010).
Table 7: Comparison of valuation methods (TEEB, 2010)

Group

Methods

Summary

Statistical
analysis?

Which services
valued?

1. Direct market
prices
2. Market
alternative

Market prices

Observe market prices

Simple

Provisioning services

i. Replacement
costs

Finding a man-made solution as an
alternative to the ecosystem
service
How much spending was
avoided because of the
ecosystem service provided?

Simple

Pollination, water
purification

Simple

Damage mitigation,
carbon sequestration

iii. Production
function

How much is the value-added by
the ecosystem service based on its
input to production processes?

Complex

Water purification,
freshwater availability,
provisioning services

i. Hedonic Price
Method

Consider housing market and the
extra amount paid for higher
environmental quality

Very complex

Use values only,
recreation and leisure,
air quality

ii. Travel Cost
Method

Cost of visiting a site: travel costs
(fares, car use etc.) and also
value of leisure time expended

Complex

Use values only,
recreation and leisure

i. Contingent
valuation method

How much is the survey
respondent willing-to-pay to
have more of a particular
ecosystem service?

Complex

All services

ii. Choice
experiments

Given a ‘menu’ of options with
differing levels of ecosystem
services and differing costs,
which is preferred?

Very complex

All services

Benefits transfer
(mean value,
adjusted mean
value, benefit
function)

‘Borrowing’ or transferring a
value from an existing study to
provide a ballpark estimate for
current decision

Can be
simple,
can be
complex

Whatever services
were valued in the
original study

ii. Damage cost
avoided

3. Surrogate
markets

4. Stated
preference

5. Benefits
transfer

Source: TEEB (2010).
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COST-BENEFIT ANALYSIS FOR DECISION-MAKING

Estimating the costs of DLDD provides information to help decision makers better select actions and
policies to tackle either the drivers or the consequences of DLDD. The costs of DLDD at different
scales may be integrated into a cost benefit analysis framework to assess the net costs to society of
not taking action to halt DLDD or the net benefits to society of making investments to halt or slow
DLDD. Cost benefit analysis allows the systematic comparison of the cost and benefits of inaction
(baseline) compared to those associated with alternative land management regimes or practices.
For example, analysis of the full range of ecosystem services managed by pastoralists in dryland
systems has shown that drylands produce goods and services of many types. Some services support
livestock production (forage, water), some of which is consumed directly (milk, meat, hides), and
some of which is sold in markets for urban consumption. The value of these services has been
estimated at USD 9-80/ha. Other dryland goods and services include building material, medicines,
food and fuelwood with economic value of between USD 30-130/ha. There are also significant values
associated with carbon stored (USD700-4,200/ha) and sequestered (USD5-25/ha/yr) in these
drylands. Wildlife diversity and habitat may be of global economic importance and may allow the
development of local eco-tourism (Niemi et al., 2010). All of these ecosystem services should be
taken into account when making land use decisions.
The application of the TEV framework, economic valuation of changes to ecosystem services and the
integration of these values into social cost benefit analysis provides decision makers with a more
sound basis for making land use decisions relative to simply looking at the direct costs of DLDD.
Moreover, cost-benefit analysis should include the identification of how the costs associated with
DLDD and the benefits of sustainable land management are distributed across stakeholders, focusing
on those groups with a greater reliance on ecosystems and poor and vulnerable households.
Distributional analysis can inform decisions around land use to ensure policies and land
management practices selected are both equitable and efficient from the perspective of society. If
there are trade-offs to be made, as often is the case, decision makers will have information available
to help them to prioritize objectives in a transparent manner.
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4. POLICIES AND STRATEGIES
4.1

INTRODUCTION

Effective policies and strategies are essential to guide the implementation of the UNCCD, including
the mitigation of DLDD. The National Action Programmes (NAPs), developed by affected country
Parties as required under Article 10 of the UNCCD, largely perform this role. The NAPs, if properly
prepared based on the guidance of the UNCCD, can be a useful policy and strategic tool for
addressing DLDD in affected country Parties (Stringer et al., 2010). This section discusses the
elements that need to be considered for such effective policies and strategies at the national,
regional and global levels.

4.2

EFFECTIVE POLICIES THAT INCLUDE DIRECT AND INDIRECT COSTS

Effective policies are a pre-requisite for ensuring the implementation of the UNCCD, including the
mitigation of DLDD. These include policies for sustainable land, forest, water, and biodiversity
management, developed as part of an overall national policy framework to improve land
management and promote sustainable development. The policies must be based on the best
available scientific and economic knowledge relevant to the local, national and regional conditions
and circumstances. Thus, it is important for affected country Parties to invest more in scientific
research on DLDD in order to improve their capability to develop effective policies. In addition,
attention needs to be paid to the science-policy interface and the structures and processes through
which scientific knowledge reaches policy makers.
As a specific tool to implement the objectives of the UNCCD, NAPs have the advantage of reflecting
the cross-cutting nature of DLDD at the national level - across economic sectors, administrative
borders, and to identify local hotspots. NAPs can present the strategy for DLDD prevention and
mitigation and provide an outline of past and future actions, identified through a participatory
process (Stringer et al., 2007). A NAP should present the most appropriate strategic approach to its
implementation: sectoral versus integrated; top-down or bottom-up; driven at the national or
regional level, depending on the particular circumstances of the country. The NAP process should
also act as an integrated framework, conceptualized to promote the most cost-effective ways for
mitigating DLDD as a key priority, whilst facilitating integrated social development. The focus should
be on decision-making and ownership of the implementation process at a decentralized and local
level. In particular, the NAP must include an estimate of the direct and indirect social, economic, and,
to the extent possible, environmental costs of DLDD where appropriate based on scientifically robust
methodologies. It should facilitate the development of the most cost-effective measures for
mitigating DLDD, within the context of an individual country’s unique circumstances. Many
developing country Parties are in the process of updating and aligning their NAPs with The Strategy,
which provides an opportunity to incorporate the direct and indirect costs of social, economic and
environmental parameters into the costing equation. Some of these costs may be transboundary
(e.g., linked to mitigation and prevention of dust and sandstorms in North-East Asia). Transboundary
issues are better addressed in Regional Action Programmes (RAPs).
Effective policies for mitigating DLDD must discuss the synergies between the UNCCD, UNFCCC and
CBD, so as to maximize the cost-effectiveness of response measures for the three Rio Conventions
(see also Chapter 5). They must also be based on the best interests of the local communities who rely
on land, forest, water and other natural resources for ecosystem services and their livelihoods. A
community-based integrated ecosystem management approach, which takes into consideration the
31

UNCCD 2nd Scientific Conference 2013

White Paper I

impacts of climate change, will provide a sustainable pathway for mitigating DLDD and for enhancing
sustainable development and, importantly, poverty alleviation (Williamson et al., 2003)
The effectiveness of policies and strategies in the short, medium or long term has to be measured
through monitoring their progress, so it is vital to clearly define all parameters, quantitative
benchmarks and indicators, supported by commonly agreed methodologies and guidelines for
impact assessment (Briassoulis, 2005). Effective polices will then form the basis for developing
comprehensive strategies that provide a road map for the implementation of the UNCCD, including
the mitigation of DLDD within the context of the NAP aligned with The Strategy.

4.3

STRATEGY FOR DECISION MAKERS TO TAKE NATIONAL APPROACHES TO
REGIONAL AND GLOBAL LEVELS

After a decade of implementation, it is recognized that limiting factors have prevented optimal
deployment of the UNCCD. Chief among these factors have been insufficient financing (both in
general, and in comparison with its two Rio sister conventions), a weak scientific basis, insufficient
advocacy and awareness among various constituencies, inadequate legal basis at national level,
institutional weaknesses and difficulties in reaching consensus among Parties (Bauer and Stringer,
2009; Grainger, 2009). The UNCCD operates today in an environment that has evolved considerably
since the time it was first negotiated. It faces different opportunities and constraints which affect its
ability to achieve its objectives. These factors have influenced the national approaches developed to
solve local and national problems and to take national issues to the regional and global levels (Berry
et al., 2003). They are shaped by the ultimate aim to forge a global partnership to reverse and
prevent desertification/land degradation and to mitigate the effects of drought and to achieve
environmental, social and economic sustainability. The development and implementation of costeffective national and regional policies, programmes and strategies, is to prevent, control and
reverse desertification/land degradation and mitigate the effects of drought through scientific and
technological expertise, public awareness, standard setting, advocacy and resource mobilization, and
thereby contribute to sustainable development and poverty reduction (Nkonya et al., 2011).

4.4

CURRENT POLICY AND STRATEGIC ENVIRONMENT

The global policy environment has progressed considerably since the UNCED Conference of 1992,
and countries have access to a range of guideline materials to prepare their methodological
approach to prevent, control and reverse desertification/land degradation and mitigate the effects
of drought. These include the Millennium Development Goals, the outcomes of the World Summit
on Sustainable Development 2002, and climate change mitigation and adaptation measures
(Beddington et al, 2012). The scientific environment has produced new guidelines from the work of
the Millennium Assessment (MA) on dryland ecosystems, which has contributed to an improved
understanding of the biophysical and socio-economic trends relating to land degradation in global
drylands, and their impacts on human and ecosystem well-being. The Millennium Ecosystem
Assessment (MEA) (2005) has significantly contributed to mapping out gaps in data and knowledge
on dryland ecosystems and people. The financing environment has also changed significantly in the
last decade (Akhtar-Schuster et al., 2011). In addition to the UNCCD’s own resourcing subsidiary
body, the Global Mechanism (GM), the Global Environment Facility (GEF) has become a financial
mechanism of the UNCCD. However, financial resources need to be drastically increased through the
GM and the GEF processes as well as through other innovative instruments such as payments for
environmental services in order to address DLDD.
Currently, country Parties can draw on the opportunities and frameworks provided by the current
policy and strategic environment to address some of the UNCCD’s key challenges, and to capitalize
32

UNCCD 2nd Scientific Conference 2013

White Paper I

on its strengths. In doing so, there is a need to actively seize opportunities provided by the new
policy and financing environment, and to create a new, revitalized common ground for all UNCCD
stakeholders (MEA, 2005; UNCCD, 2011).

4.5

GLOBAL, REGIONAL AND NATIONAL STRATEGIC ENVIRONMENT

There is a need to identify the major aspects of desertification/land degradation arising in the
different eco-geographical zones and to measure their severity in order to find appropriate solutions
to protecting threatened ecosystems and eradicating poverty. To achieve this goal, countries have
been urged to develop an enabling environment for sustainable land management and integrated
water management. This process should include economic measures, be in accordance with
international law, and coordinate sectoral policies consistent with national policies. The funding
support provided by the GM should be increased to play a more active role in mobilizing resources
and maintaining a geographical balance so that countries with less capacity are able to benefit from
the resources.1 Individual countries should focus on their NAPs and in this regard The Strategy is
advocated as a guideline for decision makers to develop national methodologies and approaches to
prevent, control and reverse desertification/land degradation and mitigate the effects of drought.2
Global level: Effort should be increased in the implementation of The Strategy and more resources
are required to enable affected country Parties, especially developing countries, to implement their
obligations under the UNCCD. National decision makers have the primary responsibility to deliver
the objectives of the UNCCD and its implementing strategies, according to national priorities and in a
spirit of international solidarity and partnership. If increased financial and non-financial resources
can be provided, they can align their NAPs and other relevant implementation activities relating to
the UNCCD with The Strategy and mainstream its five operational objectives into national planning
considerations. The GM promotes actions that lead to the mobilization of international and national
resources needed by affected country Parties to enhance the implementation of the UNCCD through
The Strategy, while also maintaining a geographical balance so that countries with less capacity can
benefit from new and emerging international and national resources.
Regional cooperation: This is an important component as successful implementation and
coordination mechanisms must respond to existing and emerging needs, capacities and the specific
issues of each region. It is the responsibility of each region to develop mechanisms to facilitate
regional coordination of the implementation of the UNCCD, taking into account existing regional
coordination activities, tools, funding and institutional arrangements, as well as financial and nonfinancial resources required. The functions, output and reporting arrangements of regional
cooperation should be clearly defined in terms of implementing the UNCCD and delivering The
Strategy. In this regard, the Parties and the Regional Implementation Annexes should develop
nationally and regionally relevant indicators. For decision makers to take their national approaches
to regional and global levels, sound investment in sustainable agricultural practices, including
strengthening of national policies and measures, as well as human and institutional capacity at all
levels, will be required. National frameworks that promote access to food and water for affected
populations should be assisted by international support (UNCCD, 2008).
National and local levels: Decision makers have the responsibility to ensure participation and
provide full ownership to local and primary affected communities, while mobilizing access to
resources from relevant institutions and organizations. The focus should be on both financial and
non-financial resources, including payment for ecosystem services, and ensuring full rights and
1

UNCCD ICCD/COP(8)/16/Add.1, 23 October 2007, Decision 1/COP.8 Strengthening the implementation of the Convention
in all regions.
2

UNCCD ICC/COP(8)/16/Add.1, 23 October 2007, Decision 3/COP.8
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benefits from traditional knowledge, and providing effective conflict resolution procedures
concerning access to resources. The implementation procedure for the UNCCD should provide for
the ongoing assessment of the progress of implementation using monitoring and reporting
techniques which employ quantitative benchmarks and indicators (Huber et al., 2001).

4.6

STRATEGIC AND OPERATIONAL OBJECTIVES

The “strategic objectives” of The Strategy provide a guide for the actions of all UNCCD stakeholders
and partners over the period 2008–2018. By building these strategic objectives into national
methodologies, individual countries can improve the living conditions of affected populations,
improve the condition of affected ecosystems, and thus generate global benefits through more
effective implementation of the UNCCD. They also provide a means to mobilize resources to support
implementation of the UNCCD through building effective partnerships between national and
international actors. The “operational objectives” of The Strategy provide a comprehensive guideline
for UNCCD stakeholders to achieve the strategic objectives of The Strategy.
Raising awareness and education: National methodologies should influence international, national
and local processes to adequately understand and address the DLDD issues. The national
methodologies should provide the mechanism to monitor, assess and communicate DLDD issues and
the synergies to address climate change adaptation/mitigation and biodiversity conservation.
Provision must be made to address DLDD issues relevant to international forums, including those
pertaining to agricultural trade, climate change mitigation and adaptation, biodiversity conservation
and sustainable use, rural development, sustainable development and poverty reduction. Raising
awareness and education should have particular inputs at local community level, in terms of
improved and innovative use of natural resources as subjects/recipients of technology transfer, as
well as providing the space for local and indigenous techniques that address DLDD to be evaluated
and up-scaled. Civil society organizations and the scientific community must be increasingly engaged
as stakeholders in the UNCCD processes. Part of solving DLDD problems is planning effectively
through joint effort -understanding each other’s problems, generating options for response,
evaluating those options meaningfully, and choosing a roadmap through the NAP process for action.
Over the past few decades a wide array of trends has expanded the scope, participation
requirements, and potential of planning (Martin and Verbeek, 2006).
Policy framework: National methodologies must provide the policy framework to support the
creation of enabling environments for promoting solutions to combat DLDD. This should include
policies to assess the institutional, financial and socio-economic drivers of desertification/land
degradation and the barriers to sustainable land management, and measures to remove these
barriers (Akhtar-Schuster et al., 2011). Within the policy framework, affected country Parties can
revise their NAPs into strategic documents supported by biophysical and socio-economic baseline
information and include them in an integrated investment framework. The implementation of an
integrated investment framework for Sustainable Land Management (SLM) – as called for by The
Strategy – is to allocate adequate and predictable resource flows from traditional and emerging
sources based on the common understanding of the importance of SLM for development and in
poverty reduction. An integrated investment framework will build on the country’s UNCCD NAP and
other relevant domestic programmes, which delineate the measures to be taken to combat DLDD.
Anchored in the national institutional setting and relevant programme and budgetary cycles, the
integrated investment framework will strive to overcome potential obstacles to resource
identification, allocation and disbursement. NAPs can be either integrated with SLM and land
degradation issues into development planning or based on relevant sectoral and investment plans
and policies. For developed country Parties, they should mainstream UNCCD objectives and SLM
interventions into their development cooperation programmes/projects in line with their support to
national sectoral and investment plans. Mutually reinforcing measures such as improving vegetation
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management to control land degradation and to increase soil carbon sequestration, and synergies
among DLDD action programmes and biodiversity and climate change mitigation/adaptation should
be introduced or strengthened to enhance the impact of interventions.
Science, technology and knowledge: National methodologies must provide for monitoring and
assessment of biophysical and socio-economic trends, as well as an understanding of the drivers for
prevention, control and restoration of DLDD (Nkonya et al., 2011). A baseline of the most suitable
data/indicators available on biophysical and socio-economic trends should be developed, based on
commonly agreed and robust scientifically methodology and UNCCD reporting, and employing
relevant scientific approaches. Indicators should be first of all country specific (for historical reasons),
then harmonized regionally and globally as much as possible, possibly under agreed convergence
plans. Acquiring knowledge on biophysical (i.e., soil, vegetation and land information) and socioeconomic (i.e., costs and benefits) factors and on their interactions will enable better understanding
of the drivers of effective decision-making, including knowledge of the interactions between climate
change adaptation, drought mitigation and restoration of degraded land. An important aspect of the
national methodologies should be effective knowledge-sharing systems, including traditional
knowledge, and to support policy makers, by including the identification and sharing of best
practices. These knowledge sharing systems would comprise a range of strategies and practices used
in a natural resource management organization to identify, create, represent, distribute, and enable
adoption of insights and experiences in different aspects of DLDD management. Such insights and
experiences comprise knowledge, either embodied in individuals or embedded in respective
organizations as DLDD management processes or practices.
Capacity-building: National methodologies should identify capacity-building needs to prevent,
control and reverse desertification/land degradation and mitigate the effects of drought. A
continuous national capacity self-assessment framework would help with the development of action
plans with the capacity at the individual, institutional and systemic levels to tackle DLDD issues at
the national and local levels. This should particularly focus on the creation of time bound, result
oriented structures, which in turn are based on dynamic and flexible institutional networks that have
the advantage of high effectiveness, furnishing the resources needed and being inclusive of key
stakeholders.
Resources, including financing and technology transfer: National methodologies should provide for
coordination of national, bilateral and multilateral financial and technological resources in order to
increase their impact and effectiveness. Any possible impact on the rights and conservation of a local
community’s traditional knowledge has to be the subject of transparent assessment and awareness.
This should include development of an integrated investment framework to leverage national,
bilateral and multilateral financial and non-financial resources for the purpose of increasing the
effectiveness and impact of interventions, as well as financial mechanisms to support domestic
initiatives to reverse and prevent desertification/land degradation and mitigate the effects of
drought and to promote the UNCCD/SLM agenda. Other considerations include innovative sources
of finance and financing mechanisms including: the private sector, market-based mechanisms, trade,
foundations and civil society organizations, financing mechanisms for climate change adaptation and
mitigation, biodiversity conservation and sustainable use and for hunger and poverty reduction.

4.7

LEGAL FRAMEWORK

The approach to implement national policies and strategies to combat desertification/land
degradation and mitigate the effects of drought should include a legal system that provides for the
effective management of land, taking an ecosystem-based approach. The strategy can include either
regulatory or non-regulatory elements or a combination of these. The preference in approach will
vary between States according to the physical, sociological and economic characteristics but in
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general should include elements concerning education, research, monitoring, financial support and
public-private partnership mechanisms, community participation, development of ecologically
sustainable land use standards and related good practice guidelines, incentive-based programmes,
development of statutory plans, and land use agreements between the State and individuals
(Hannam and Boer, 2002; RECIEL, 2003).
At this stage, at the national level, only a few Parties have satisfactory legislation to address DLDD
and substantial reform is needed (Du Qun and Hannam, 2011). The list of bottlenecks includes the
preferred traditional sectoral approach to DLDD, including easier manipulation of individual issues
(e.g. soil) and a lack of ability to implement synergetic actions at the decentralized level.
At the international level the UNCCD has many gaps and limitations for the protection and
sustainable use of land and it lacks key elements to provide the effective ways to protect and
manage the ecological aspects of land (e.g., ecologically-based guidelines to States for the
preparation or revision of national legislation) (Hannam and Boer, 2004). The proposal for an
international instrument for global land and soil degradation has received significant attention
recently by the UNCCD Secretariat and is regarded as essential as part of the national, regional and
international framework to combat desertification/land degradation and mitigate the effects of
drought (Berlin, 2011; UNCCD Secretariat, 2008; UNCCD Secretariat, 2011; UNCCD Secretariat, 2012).
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5. SYNERGIES BETWEEN UNCCD, UNFCCC AND CBD
5.1

INTRODUCTION

The topics of the three Rio Conventions, UNCCD, UNFCCC and CBD, have become an integral part of
the international environmental, developmental and political agenda. Countless initiatives have
been launched and people all over the world have become conscious of global sustainability needs
which address the ecological, economic and social significance of land, particularly its contribution to
growth, food security and poverty eradication. The UNCCD came into force in 1994 and along with
the UNFCCC and CBD it is one of the principal legally binding international agreements that links
environment and development to sustainable land management (SLM). The UNCCD addresses
specifically the arid, semi-arid and dry sub-humid areas of drylands, whose ecosystems are highly
vulnerable to land degradation and societies susceptible to poverty. Twenty years on from the Earth
Summit, in June 2012, the world gathered in Rio again for the United Nations Conference on
Sustainable Development (UNCSD), also known as Rio+20. The Rio+20 outcome document “The
Future We Want” recognizes “the importance of the three Rio Conventions to advancing sustainable
development” and “urges all Parties to fully implement their commitments” under the Conventions
“in accordance with their respective principles and provisions, as well as to take effective and
concrete actions and measures at all levels, and to enhance international cooperation”.
In The Strategy, Parties to the UNCCD provided specific goals, i.e., "to forge a global partnership to
reverse and prevent desertification/land degradation and to mitigate the effects of drought in
affected areas in order to support poverty reduction and environmental sustainability". The
development of synergistic approaches together with the creation of an enabling policy and
institutional environment is decisive for the strengthening of multilateral environmental agreements
(MEAs), in particular if addressed issues are highly intertwined, as is the case with the three Rio
Conventions (Akhtar-Schuster et al., 2011; Chasek et al., 2011). It is of utmost importance, however,
that the developmental goals take the coupled human-environmental interactions, pressures and
challenges into consideration, as they continue to expand and become more difficult to resolve.
Continuing land degradation directly contributes to the ongoing loss in biodiversity and interacts
with climate change in a complex manner (MEA, 2005; Thomas, 2008), which presents numerous
potential areas for interactions in the implementation approaches of the three Conventions and
their main environmental goals (Cowie et al., 2007; Cowie et al., 2011; Mouat et al., 2006; UNEMG,
2011). Synergy between the three Conventions is therefore vital when working on terrestrial
ecosystems.

5.2

PRACTISING SYNERGY

The importance of achieving synergy at international to local levels was generally recognized and
already noted in various articles of the three Rio Conventions. There is no doubt that a concerted
effort is required by all stakeholders to ensure these synergistic relationships are fully
operationalized and that sharing of expertise and resources is needed. There is broad consensus
among the Parties that the range of linkages between the interrelated environmental issues of
climate change, biodiversity loss and land degradation require an integrated approach of stronger
collaboration in order to (i) strengthen activities in a synergistic manner; (ii) reduce potential
conflicts between independent activities of the Rio Conventions; (iii) avoid duplication of efforts;
and (iv) use available resources more efficiently (UNFCCC Secretariat, 2004a). In addressing this
necessity, a major development was the formation of the Joint Liaison Group (JLG) by the
secretariats of the UNFCCC, CBD and UNCCD in 2001. This informal forum aimed at enhancing
inter-conventional cooperation at national and international levels, exchanging information and
identifying new opportunities for joint activities (CBD, undated; UNFCCC Secretariat, 2004a).
Priority in concerted action was given to the issues of adaptation, capacity-building and
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technology transfer as agreed on the JLG’s fifth meeting in Bonn in 2004 (UNFCCC Secretariat,
2004b).
In general, options for building synergies among the three Rio Conventions in specific cross-cutting
areas include capacity-building, technology transfer, research and monitoring (e.g., terrestrial
features), information exchange and outreach, reporting, and financial resources (UNEMG, 2011;
UNFCCC Secretariat, 2004a). In this respect, there are numerous collaborative efforts between the
UNCCD and the other conventions aiming at achieving and implementing synergy for the benefit of
the MEAs goals, including joint work programmes, country-driven initiatives and workshops (see also
Chasek et al., 2011; UNEMG, 2011). The Subsidiary Bodies of the three Conventions, responsible for
scientific and technological advice, such as Subsidiary Body for Scientific and Technical Advice (SBSTA)
of the UNFCCC, Committee on Science and Technology (CST) of the UNCCD and Subsidiary Body for
Scientific, Technical and Technological Advice (SBSTTA) of the CBD through their specific COPs, in
cooperation with the JLG, will need to help with the implementation of the challenges mentioned in
a synergistic way and ensure that they are based on good scientific and technological results and
outputs. The Parties to the Conventions have agreed that synergy has to be promoted where it is
most promising, i.e. at the national and local levels, and identified the ‘ecosystem approach’ (as
defined in COP 5 decision V/6) as an important instrument to achieve an integrated and successful
partnership between all stakeholders (UNFCCC Secretariat, 2003).
The articulated need by country Parties for better integration and enhanced linking will be promoted
by the National Action Programmes (NAPs) under the UNCCD and the National Adaptation
Programmes of Action (NAPAs) under the UNFCCC (UNFCCC Secretariat, 2003). Indeed, research by
Stringer et al. (2009) which examined NAPs and NAPAs in southern African countries observed that
there were notable overlaps in these policies at the national level. NAPs and NAPAs will also provide
an opportunity to establish comprehensive policy instruments and to develop overarching strategies
for sustainable development by affected country Parties (UNFCCC Secretariat, 2004a). This issue of
practising synergies at the national level formed the central topic of a regional workshop for NFPs in
Africa organized by the CBD in close collaboration with the UNCCD and the Global Environment
Facility (GEF) (CBD, 2004). More recently, The Strategy for the UNCCD called for partnership building
in order to further the implementation of the convention (UNCCD, 2012). In this respect, the
secretariats of the UNCCD and CBD agreed on a joint work plan 2011-2012 supporting the
implementation of the new Strategic Plan for Biodiversity 2011-2020 and The Strategy for the
UNCCD (CBD, 2011b). The latter includes aspects such as to improve the conditions of affected
populations and ecosystems, address advocacy, awareness and education through science,
technology and knowledge transfer and address capacity building needs. Thus, the CST and CRIC
(Committee for the Review and Implementation of the Convention) of the UNCCD have a clear
mandate to promote synergy at all levels, and should therefore play an active role in the
implementation using an integrative approach between all Parties. Financing and socio-economic
development are also main factors of the joint work plan. In collaboration with relevant
international organizations, knowledge gaps would be identified, analyses refined and outcomes
disseminated among the secretariats of the three Rio Conventions, as well as made openly available.
Focal issues should include the links between biodiversity conservation and sustainable use,
conservation and restoration of organic carbon stocks as well as ecosystem management measures.
The joint work plan also envisages a cross-conventional collaboration via the JLG (CBD, 2011b).
The UNCCD’s submission to the Preparatory Process for the Rio+20 Conference states, “If we do
not take bold actions to protect, restore and manage land and soils sustainably, we will miss
climate change adaptation and mitigation, biodiversity, forests and MDGs targets ... This will lead
to consequences including more political conflicts over scarce resources and continued forced
migrations.” (UNCCD Secretariat, 2012b). One of the key ways proposed to achieve this goal is
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through achieving Zero Net Land Degradation (ZNLD), meaning the rate of land degradation is
equal to the rate of land restoration (www.unccd.int, 2012). It recognizes that to achieve the
objective of ZNLD will require a cooperative effort between the Rio Conventions. Although the
Rio+20 meeting did not make a commitment to a specific ZNLD target, broad support was gained
for the concept of ZNLD, with clear recognition of the benefits of the objectives and goal of ZNLD3.
Following Rio+20, the UNCCD Secretariat is also promoting the benefits of a new legal instrument
(such as a Protocol on ZNLD) to the Parties, and will assist with the implementation at regional and
national levels. There was some support for this at Rio+20, but the UNCCD would now have to work
with various partners (e.g. United Nations Educational, Scientific and Cultural Organisation (UNESCO),
International Union for Conservation of Nature (IUCN) and Food and Agriculture Organisation (FAO))
in the promotion of the role and benefits of SLM for all stakeholders and areas. Multi-stakeholder
and cross-sectoral well designed partnerships will recognize the potential in bringing diverse actors
together and address complex social and environmental issues focusing on shared goals or purposes
(Dyer et al, 2012).
The UNCCD promotes a systemic shift towards a green economy, which is committed to set another
milestone for the implementation of sustainable development, especially for the rural poor in
affected countries. According to UNEP’s Green Economy Initiative (GEI) (UNEP, 2011), a green
economy will contribute to improved human well-being and social equity, while significantly
reducing environmental risks and ecological scarcities. The green economy strives to reduce carbon
emissions and pollution, enhance energy and resource efficiency, and prevent the loss of
biodiversity and ecosystem services through socially inclusive programmes. The GEI will be a joint
effort by numerous experts from UN organizations, academic institutes, think tanks, businesses and
environmental groups, as well as the private sector and other key financial institutions to ensure
that more funds are spent to support projects, programmes, policies and other activities by the
Conventions. Another resource promoting synergistic activities is the Green Climate Fund (GCF),
established under the Cancun Agreements at COP 16 of the UNFCCC in 2010, and officially launched
at COP 17. It aims at supporting projects, programmes, policies and other activities in developing
countries related to mitigation, including REDD-plus (Reducing Emissions from Deforestation and
Forest Degradation; and the role of conservation, sustainable management of forests and
enhancement of forest carbon stocks in developing countries), adaptation, capacity-building,
technology development and transfer. The projects developed for GCF may also be linked to the
mitigation of DLDD (Low and Kim, 2012).
The newly established Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES)
on 21 April 2012 will also enhance the collaboration between the three Rio Conventions. IPBES will
strengthen the science-policy interface by bridging the gap between researchers and decision
makers. A key principle of IPBES is to address the challenge of creating synergies between existing
MEAs through a clear statement of avoiding duplication and by building upon their constitutions and
already achieved results. Thus, IPBES is expected to support the implementation of strategic plans of
the three Rio Conventions (UNEMG, 2011; IPBES, 2012; UNCCD, 2012). IPBES, however, do not
3

Within Working Group I, the Chair Professor Pak Sum Low has initiated the discussion on the limits of ZNLD among
some members. He is of the view that if only ZNLD is to be achieved, then at best it will only maintain “a land degradation
neutral world”, and it will be impossible “to secure the continuing availability of productive land for present and future
generations”. He proposes a more positive and proactive concept of Net Restoration of Degraded Land (NRDL) (i.e. the rate
of land restoration is greater than the rate of land degradation), which provides a more progressive outlook and a more
practical measure to combat land degradation and desertification. Indeed, in China, targets have been set to restore a total of
100×104 km2 degraded land by 2050 (Wang et al., 2012), and thus NRDL rather than ZNLD will be a better indicator to
measure China’s achievements in combating land degradation and desertification.
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generally correspond to gaps in research on DLDD, especially over the short- and medium term, as
IPBES mainly focuses on biodiversity and ecosystem services. It is important to integrate and
enhance the exchange of knowledge without duplication between the IPBES of the CBD, the IPCC of
the UNFCCC, and scientific outputs regarding DLDD of the UNCCD.

5.3

FINANCIAL RESOURCES

At COP 10 of the UNCCD, the Sustainable Land Management Business Forum was launched which
emphasizes that effective partnerships both at national and international levels need to be
mobilized to provide more financial resources. The SLM Business Forum will encourage the active
involvement of the private sector in the protection of the land. The UNCCD Secretariat and the
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, on behalf of the German
Federal Ministry for Economic Cooperation and Development (BMZ), have also commenced
discussions and established Partnership Meetings on the Assessment of the Economics of
Desertification, Land Degradation and Drought (E-DLDD)4. Economic assessments will help to
facilitate policy priorities, raise investment and mobilize broad-based actions. Strong business
foundations and networks should be established, especially with the private sector. These require a
good communication strategy with specific targets and products.
Financial institutions and the GEF are invited to provide ongoing technical and financial support for
joint capacity-building initiatives (UNCCD, 2012). The GEF is a financial mechanism of the UNCCD,
but it also provides financial resources to UNFCCC and CBD. For example, it funds the countries’
National Capacity Self Assessments (NCSAs), intended to assist countries in assessing capacitybuilding needs for the three Rio Conventions, and by this promote synergy in the implementation of
these Conventions (UNFCCC Secretariat, undated).
The funding provided by the GEF to SLM activities is far less than that provided to climate change
and biodiversity activities. Of the US$4.25 billion available for GEF-5 (1 July 2010-30 June 2014),
US$1.36 billion (or about 32%) is for climate change, US$1.21 billion (or about 28.47%) for
biodiversity, and US$405 million (or about 9.53%) for land degradation. As 20% of the above
allocations will be focal area set-asides, which include contributions to enabling activities, global and
regional activities, and sustainable forest management (SFM), the resultant amounts available for
national allocations under the System for a Transparent Allocation of Resources (STAR) are US$1,088
million for climate change, US$968 million for biodiversity, and US$324 million for land degradation
(GEF, 2010a). Hence, compared with the actual needs of eligible countries, the amount of the above
resources that need to be shared among 143 eligible counties is limited, especially for land
degradation (GEF, 2010a; 2010b). One way to overcome this uneven distribution of the GEF
resources is to maximize the synergies of climate change, biodiversity and land degradation by
integrating the land degradation issues into the climate change and biodiversity projects (Low and
Kim, 2012).

5.4

SHORTCOMINGS AND LESSONS LEARNED

By holding national and local-level workshops treating the topic on practising synergy, various
options and opportunities have been identified but also key problems highlighted (for an overview
please refer to Mouat et al., 2006). Although the mission is to create relevant linkages to crosscutting thematic areas and activities under the three Rio Conventions, (e.g. technology transfer,
4

At an E-DLDD workshop in December 2010 in Bonn, the valuation of land and land-based ecosystem services, and the
potential use of such valuation in supporting decision-making towards economically, environmentally and socially
sustainable development was discussed. It is clear that DLDD should focus on food security and rural development at
different scales and that new approaches including economic measurement, the costs of action versus inaction and the
assessment of implementation strategies by different institutional arrangements should be considered.
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education and outreach, research and systematic observation, capacity-building, reporting, impacts
and adaptation), there are still many shortcomings concerning the collaboration between the
conventions, which impede synergistic effects. Mouat et al. (2006) state that “the complexities and
challenges associated with the effective implementation of the various multilateral environmental
agreements threaten to overwhelm the administrative structures and capacities of many countries”.
Although it is widely recognized that efforts to further land issues like sustainable land management
are of direct benefit for other Conventions, e.g. through mitigation of climate change (Cowie et al.,
2007; Thomas, 2008) and ecosystem-based adaptation, the mainstreaming of environmental goals
into national cross-sectoral policies and international negotiations is still highly unbalanced with land
issues being less well considered (Akhtar-Schuster et al., 2011). According to Chasek et al. (2011),
interactions between the MEAs are insufficient, especially between the UNCCD and the wider UN
system. However, in its recent publication the United Nations Environment Management Group
(UNEMG, 2011) presents a structured approach for mainstreaming the dryland issues in the context
of The Strategy of the UNCCD through: “(i) strengthening the science-policy interface; (ii) advancing
interlinkages and synergies in the implementation of the drylands agenda; (iii) identifying
opportunities for integrated dryland targets into national development cooperation; and (iv)
reviewing the effectiveness of achieving these targets”. In one of the priority settings of this UN-wide
collaboration on drylands, the diversification of income and livelihoods could be promoted through
synergies built between, among others, the UNCCD, UNFCCC and the CBD.
Due to the close linkages between the issues tackled by the three Rio Conventions, measures of one
party do not always benefit the others. Besides the potentials for synergies, there are likewise tradeoffs, a circumstance that becomes occasionally a challenging task (Cowie et al., 2007; Cowie et al.
2011). In order to avoid conflicts among parties and involved stakeholders operating at different
levels, an enabling institutional environment is needed to harmonize differences and meet the
necessity of synergy (Akhtar-Schuster et al., 2011; Mouat et al., 2006). The JLG and joint financial
initiatives may contribute to such an enabling environment assuring that joint activities and defined
goals are realized. Guiding principles of the JLG include that activities will be country-driven and
needs-based (CBD, undated), thus promoting in the first instance national and local level synergies.
This requires a stronger collaboration among the NFPs that serve each of the Convention and play a
key role in bridging differences of involved parties especially at the policy level, but this still requires
improvements in their efficiency and effectiveness (Akhtar-Schuster et al., 2011; Mouat et al., 2006).
In contrast to the international level, many joint activities fail in having a synergistic impact at the
regional, national and local levels (UNEMG, 2011), which may arise from the fact that mostly
representatives from the Secretariats are involved (Chasek et al., 2011) or that positive interactions
are constrained by misconstruing synergy (Mouat et al., 2006). At least at the national level, the
establishment of technical committees for the identification and implementation of synergies among
the MEAs could contribute to increased efficiency and effectiveness (UNEMG, 2011).
Another problem is that of a weak knowledge transfer between the MEAs, general inaccessibility of
reports and related duplicative outputs. The overall effectiveness can be enhanced if the scientific
bodies of the MEAs would have a central depository or less restricted channels for scientific
knowledge sharing (Chasek et al., 2011; Mouat et al., 2006; UNEMG, 2011). An improvement of
synergies in reporting could be realized by formalizing information-sharing processes and building
institutional linkages, as noted by the COP 10 (UNCCD, 2012). The Joint Working Plan 2011-2012
between the CBD and UNCCD addresses this issue by employing a “clearinghouse mechanism” and
making results available to Parties (CBD, 2011b). In general, the JLG could take a leading role as an
information sharing clearing house across the Rio Conventions (UNFCCC Secretariat, 2006). Not least,
harnessing such synergies could yield economic savings for Parties to all three agreements.
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6. CONCLUSIONS AND POLICY RECOMMENDATIONS
6.1

CONCLUSIONS

(i)
Estimates of the economic costs of DLDD are most useful in supporting the decisions of
individual land users who incur them. Aggregated national or global values merely show
governments the costs which society as a whole has to bear.
(ii) Estimates of the direct economic costs of desertification vary greatly as a proportion of
agricultural GDP. The accuracy of estimates will not improve until there is far better biophysical
monitoring of the extent and rate of change of desertification.
(iii) Estimating the indirect environmental costs of desertification has received much less attention.
One study in the USA indicates that indirect costs are two thirds of direct costs, but this could be an
underestimate, since valuation of ecosystem services is still embryonic, and indirect costs vary with
the different circumstances of different countries.
(iv) The most important use of the economic and social costs of desertification, both for
academics and policy makers, appears to be as part of well-structured models which can test
alternative policy options. Integrating desertification far more into national statistics and planning
methods could help to increase the accuracy of estimates of the economic and social costs of
desertification because it would raise demand for these estimates.
(v)
Remarkably little research has been published in peer-reviewed academic journals on the
economics of desertification, or of land degradation in general, and economic models are still
embryonic. Economists could do a great service to policy makers by devoting more attention to
constructing and testing such models.
(vi)
Research into entitlements, environmental justice and vulnerability suggests that tackling
desertification is not just about adopting physical remedies, such as more "sustainable land
management", even though the latter is important. Social remedies are required too, and this means
that economic impacts and social impacts need to be tackled collectively in an integrated manner,
rather than separately.
(vii)
It is crucial to understand the institutional settings in which land users make decisions that
may lead to, or avoid, desertification. Government policies, e.g. on subsidizing fertilizer use and food
prices, may unintentionally exacerbate land users’ decisions. The rate of desertification could be
reduced if: government policies were evaluated beforehand to check for unintended consequences;
societal institutions were audited to check for constraints that lead to poor people degrading land
instead of managing it sustainably; and an integrated approach was taken to national land-use
planning and government policies.
(viii)
Existing methodologies and tools need to be further improved for the identification and
measurement of the costs of DLDD, including the cost of action versus inaction. A thorough
assessment needs to capture all changes in ecosystem services and ecosystem service delivery, and
knowledge gaps exist. The measurement of the social costs of DLDD is not a simple process, as it
requires information about the physical, social and economic effects and their distribution across
society and over time. The application of the TEV framework, economic valuation of changes to
ecosystem services and the integration of these values into social cost benefit analysis provide

43

UNCCD 2nd Scientific Conference 2013

White Paper I

decision makers with a sounder basis for making land use decisions relative to simply looking at the
direct costs of DLDD.
(ix)
Effective policies and strategies are needed for land, forest, water and other natural
resources management, developed as part of an overall national policy framework to improve land
management and promote sustainable development. These policies must be based on the best
available knowledge and science relevant to the local, national and regional conditions and
circumstances.
(x)
More investment in scientific research on DLDD is needed in order to formulate more
effective policies. This would be facilitated by improving the science-policy interface, and the
structures and processes through which scientific knowledge - and particularly in this case the
findings of economics research - reaches policy makers.
(xi)
Regional cooperation is an important component for successful implementation and
coordination mechanisms must respond to existing and emerging needs, capacities and the specific
issues of each region. At the national and local levels, decision makers should also have responsibility
to ensure participation and provide full ownership to local and primary affected communities, while
mobilizing access to resources from relevant institutions and organizations.
(xii)
Due to the interlinkages between land degradation, climate change and biodiversity, the
development of synergistic approaches together with the creation of an enabling policy and
institutional environment is important for the strengthening of the three Rio Conventions (UNCCD,
UNFCCC and CBD). Areas for building synergies include capacity-building, technology transfer,
research and monitoring, information exchange and outreach, reporting and financial resources.
However, many shortcomings remain concerning the collaboration between the conventions. At the
country level, the National Focal Point (NFP) of each of the Convention should play a more active,
efficient and effective role in bringing synergies and bridging differences of involved parties at both
technical and policy levels.
(xiii)
Adequate financial resources are required to develop and implement effective policies for
addressing DLDD, and thus more financial resources should be provided by the financial mechanisms
of the UNCCD (GM and the GEF) to assist developing country Parties. However, compared to the
funding provided for climate change and biodiversity, which accounts 32% and 28.47% of the GEF-5
resources (1 July 2010-30 June 2014) respectively, the funding provided for SLM focal area accounts
for about 9.53%.

6.2

POLICY RECOMMENDATIONS

(i)
Governments would benefit from integrating the economic, social and environmental costs of
DLDD in national environmental accounts with the benefits from land use that generate these costs.
This could support integrated land-use planning and monitoring of the sustainability of national
development.
(ii) It is not possible to make accurate estimates of the economic, social and environmental costs
of DLDD without reliable spatial information on the extent and degree of desertification and its rate
of change. Better national and global monitoring of desertification is essential to improve the
accuracy of estimates of these costs.
(iii)
Economic impacts and social impacts need to be tackled collectively in an integrated manner,
rather than separately, if policies for addressing DLDD are to be effective.
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(iv)
Governments should check their policies for unintended consequences; societal
institutions need to be audited to check for constraints that lead to poor people degrading land
instead of managing it sustainably; and an integrated approach should be adopted to national landuse planning and government policies.
(v)
The CST, supported by the UNCCD Secretariat, could sponsor a workshop organized by the
Economics of Land Degradation initiative that would enable a group of leading economists to
catalyse the development of a new family of economic models of DLDD with policy applications. This
will benefit governments and could have a snowball effect on economics research in this neglected
area.
(vi)
The approach to implement national policies and strategies to combat DLDD should include a
legal system that provides for the effective management of land, taking an ecosystem-based
approach. At the international level the UNCCD has many gaps and limitations for the protection and
sustainable use of land and it lacks key elements to provide the effective ways to protect and manage
the ecological aspects of land. The proposal for an international instrument for global land and soil
degradation, which has received significant attention recently by the UNCCD, is essential as part of
the national, regional and international framework for addressing DLDD.
(vii)
The Parties may wish to request both the GM and the GEF to raise their levels of technical
and financial support for eligible developing country Parties for the implementation of the UNCCD
and for addressing DLDD, including the estimation of social and economic impacts of DLDD where
appropriate.
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ANNEX 1
Case Study 1: Methodologies for Valuating Desertification Costs in China (by CHENG
Leilei, CUI Xianghui, GONG Liyan and LU Qi)
1. Introduction
In the 1990s, Dregne and his collaborators (e.g. Dregne et al., 1991; Dregne & Chou, 1992) estimated
the costs of desertification at the global level. During the same period, Chinese scholars began to
estimate the costs of desertification in China. Published studies in Chinese were searched in two
electronic databases, i.e. the China Academic Journal Network Publishing Database (CAJD) and the
China Doctoral Dissertations Full-text Database (CDFD), from 1990 to the present. Six studies in
Chinese are selected (see Table 1). Published studies in English were searched by using the Science
Direct database. Related studies in English have not been found. Three published studies that
estimate the costs of desertification in China, i.e. Zhang et al. (1996), Lu & Wu (2002) and Liu (2006)
have been frequently cited. This review will focus on the three studies.
Table 8: Studies selected for review

Authors
Zhang et al.
Lu & Wu
Liu
Ma et al.
Zhang
Dong

Publication year
1996
2002
2006
2008
2006
1997

Publication journal
CPRE
CPRE
JDR
JDR
Postdoctoral research report
JDR

Times being cited
71
49
27
14
0
29

Study area
National level
National level
National level
Northern China
Northern China
Tibet

Note: CPRE- China Population, Resources and Environment, JDR- Journal of Desert Research.

In the following, we will provide a brief summary of the methodologies used in the selected studies
to estimate the costs of desertification in China. First, the various costs of Chinese desertification
estimated are examined. This is followed by an illustration of the valuation methods applied to
estimate desertification costs. Finally, we will give some brief comments on the existing studies.
2. Costs of desertification in China
2.1 Total costs of desertification
Zhang et al. (1996) was the first study to evaluate the costs of desertification in China by using the
results from previous studies. Its estimate of desertification costs was 54.1 billion RMB annually.
Because the price level was not given in the study, it seems reasonable to take the year before its
publication (i.e. 1995) as the base year. Lu & Wu (2002) and Liu (2006) then evaluated desertification
costs based on the result of the Second Round of National Desertification and Sandification
Monitoring (1995-1999). Lu and Wu estimated that the annual costs of desertification were 64.2
billion RMB (at 1999 price level), which was only half of that of Liu’s study (128.1 billion RMB). On
average, the total annual costs of desertification in China was 89.28 billion RMB (at 1999 price level),
or about 1% of GDP.
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Table 9: Total costs of desertification in China

Zhang et al.
Lu & Wu
Liu
Average

Total costs
(billion RMB)
54.1
64.2
128.1
89.28a

Base year
1995
1999
1999
1999

Nominal GDPb
(billion RMB)
6079.37
8967.71
8967.71
8967.71

GDP deflatorb
(1978=100%)
502.3%
700.9%
700.9%
700.9%

% of GDP
0.89%
0.72%
1.43%
1.00%

a. Steps for calculating average desertification costs are as follows. First, adjust the total costs of
desertification in Zhang et al. (1996) to 1999 price level using GDP deflators. Then, calculate the arithmetic
mean of the constant- price costs of desertification in the three studies.
b. GDP data and GDP deflator data are both from China Statistical Yearbook 2012.

2.2 Various costs estimated
Agricultural loss is one of the most important on-site costs resulting from desertification. Soil
nutrients loss (including the loss of nitrogen, phosphorous, potassium and organic matter) and
animal husbandry loss were estimated to be 0.27-32.03 billion RMB and 0.16-8.02 billion RMB per
year respectively (see Table 3). According to Liu’s study, crop production loss amounted to 18.68
billion RMB annually. It is necessary to point out that there was some double counting in the studies.
For example, crop production loss and animal husbandry loss were both partly due to soil nutrients
loss.
Table 10: Agricultural loss resulting from desertification in China

Zhang et al.
Lu & Wu
Liu

Soil nutrient loss
(billion RMB)
17
0.27
32.03

Animal husbandry loss
(billion RMB)
0.16
1.6
8.02

Base year
1995
1999
1999

Subtotal
(billion RMB)
17.16
1.87
40.05

% of AGDP
1.41%
0.13%
2.71%

Note: Nominal agricultural gross domestic product (AGDP) in 1995 and 1999 were 1213.58 billion RMB and
1477 billion RMB respectively. AGDP data are from China Statistical Yearbook 2012.

Siltation of rivers, reservoirs, and irrigation canals is one of the off-site impacts of desertification.
The annual costs of siltation resulting from desertification was 0.032-1.639 billion RMB for river
courses, 0.09-0.5 billion RMB for reservoirs, and 0.201 billion RMB for irrigation canals (see Table 4).
Table 11: Costs of siltation of rivers, reservoirs and irrigation canals resulting from desertification in China
(billion RMB)

River course siltation
Zhang et al.
0.032
Lu & Wu
0.032
Liu
1.639
NA -- not estimated.

Reservoir capacity
loss
NA
0.5
0.09

Irrigation canal
siltation
NA
NA
0.201

Subtotal
0.032
0.532
1.930

Base
year
1995
1999
1999

Transportation loss is another type of off-site costs of desertification. According to Zhang et al. (1996)
and Lu & Wu (2002), the cost of railway facility loss and highway facility loss by sand-blown disasters
was about 200 million RMB. However, Liu’s estimate of transportation loss resulting from
desertification, of which airline delay loss accounted for the most, was relatively small.
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Table 12: Transportation loss resulting from desertification in China (million RMB)

Zhang et al.
Lu & Wu
Liu

Railway facility loss
NA
NA
5.9

Highway facility loss
NA
NA
7

Airline delay
NA
NA
22

Subtotal
200
200
34.9

Base year
1995
1999
1999

NA -- not estimated.

In addition, annual housing facility loss by sand-blown disaster and adverse health effects by
dust/sand storms were estimated at about 3.541 billion RMB and 365.4 million RMB respectively (Liu,
2006).
3. Valuation methods used
Four valuation methods, i.e. the Dose-Response Approach (DRA), Change in Productivity Approach
(CPA), Replacement Cost Approach (RCA), and Illness Cost Approach (ICA), are commonly used to
estimate the costs of desertification in China.
DRA is adopted to estimate soil nutrients loss due to soil erosion by wind and airline delay loss due
to dust/sand storms. This approach makes physical links between desertification (“dose”) and soil
nutrients loss (“response”), and values the nutrients loss at a shadow price (the market price of
fertilizer). For example, Zhang (2006) calculated soil nutrients loss in four kinds of desertified lands
(i.e. light, moderate, severe, and extreme desertified lands), and then converted the soil nutrients
loss to chemical fertilizer loss. Finally, the cost of soil nutrients loss was estimated by multiplying
fertilizer loss by fertilizer prices.
Agriculture loss resulting from desertification can be estimated by CPA. Steps for applying this
approach are similar to those of DRA, i.e. determine the physical impacts of desertification on
agricultural productivity, and then turn these into monetary costs. For instance, in order to estimate
agriculture loss resulting from desertification, Liu (2006) assumed that damage by desertification
was equal to 10.85% of crop production and 7,600 RMB (at 1999 price level) per km2 of rangeland.
Replacement costs refer to potential expenditures incurred in replacing or restoring the function
that is lost. The costs of river and irrigation canals siltation, and the loss in reservoir capacity,
transportation and housing facilities, can be valued by using RCA. For example, in order to evaluate
the cost of river course siltation loss by wind-blown sand, Zhang et al. (1996) and Lu and Wu (2002)
both assumed that the unit cost of clearing river course siltation was 10,000 RMB per km.
ICA is used to estimate human health loss by dust-sand storms. This approach estimates the impact
of the change in air quality on human health. All costs incurred by the diseases that are caused by air
pollution due to desertification, such as medical expenses and income loss, can be estimated by
using ICA. Based on the result of existing medical studies, Liu (2006) assumed that during each
dust/sand storm more than 0.9 million people suffered from respiratory diseases and that the
medical expense of each person was 100 RMB.
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Table 13: Valuation Methods of Desertification Costs in China

Various Costs of Desertification
Soil nutrients loss
Airline delay by dust-sand storms
Agricultural production loss
River course siltation, reservoir capacity loss, irrigation canal loss
Railway facility loss, highway facility loss
Housing facility loss
Adverse health effect by dust-sand storms

Valuation Methods
DRA
DRA
CPA
RCA
RCA
RCA
ICA

DRA -- Dose-Response Approach, CPA -- Change in Productivity Approach,
RCA -- Replacement Cost Approach, ICA -- Illness Cost Approach.

4. Brief Comments
Constraints on estimates of the costs of desertification in China include double counting among
different costs, lack of necessary adjustment of price parameters, and confusion between annual
costs and total present value costs. Thus, it is necessary to take measures to achieve a more accurate
estimation of desertification costs in China. These measures include but are not limited to: (1)
calculating the double-counted costs only once if possible; (2) choosing the more appropriate price
parameters and adjusting them to the base year level by using price indexes (CPI or GDP deflator)
and exchange ratios; and (3) not calculating the total present value costs by discounting while
estimating the annual costs of desertification.
References
China Statistical Yearbook 2012. http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm.
Dong Y. (1997) Preliminary Study on Evaluation of the Economic Loss of Sandy Desertification: A
Case Study in Xizang [J]. Journal of Desert Research 17(4): 383-388. (In Chinese).
Dregne H., Kassas M., and Rozanov B. (1991) A New Assessment of the World Status of
Desertification. Desertification Control Bulletin 20: 6-18.
Dregne H. and Chou N. (1992) Global Desertification Dimensions and Costs. In Degradation and
Restoration of Arid Lands. Lubbock: Texas Technical University.
Liu T. (2006) Desertification Economic Loss Assessment in China [J]. Journal of Desert Research 26(1):
40-46 (in Chinese)
Lu Q., and Wu B. (2002) Disaster Assessment and Economic Loss Budget of Desertification in China [J].
China Population, Resources and Environment 12(2): 29-33 (in Chinese).
Ma G., Shi M., Zhao X., and Wang T. (2008) Monetary Accounting of Economic Loss of Sandy
Desertification in North China [J]. Journal of Desert Research 28(4): 627-633(in Chinese).
Zhang F. (2006) Value Accounting of Sandy Desertification Losses. Postdoctoral Research Report,
Chinese Academy of Forestry (in Chinese).
Zhang Y., Ning D., and Smil V. (1996) An Estimate of Economic Loss for Desertification in China [J].
China Population, Resources and Environment 6(1): 45-49 (in Chinese).
60

UNCCD 2nd Scientific Conference 2013

White Paper I

ANNEX 2
Case Study 2: Economic assessment of DLDD in Spain(by Luuk Fleskens, Doan
Nainggolan and Lindsay Stringer)
The EU FP6 DESIRE project developed a Desertification Mitigation Cost Effectiveness (DESMICE)
model to undertake spatially-explicit cost-benefit analysis of land degradation mitigation strategies.
DESMICE was applied to the Rambla de Torrealvilla catchment, Murcia, Spain, where rainfed cereals,
almond and olive orchards, irrigated vegetables, grapes, livestock, shrubs and forests dominate, and
where soil erosion and water scarcity present key challenges (Nainggolan et al., 2012). DESMICE ran
5 different scenarios to establish how the investment costs of mitigation strategies change based on
environmental conditions.
Baseline: Soil erosion risk was shown as low or moderate. Biomass production followed the rainfall
gradient towards the east and was also influenced by land use. The dryland central area showed low
biomass production in arable areas (0–2000 kg/ha), but surpassed 10,000 kg/ha for >50% of the area,
where land was forested.
Technology scenario-reduced tillageapplied to cereal plots: Total operational costs (including
equipment rental) were €75/ha under traditional tillage compared with €45/ha under reduced
tillage. Such savings, even in the absence of a positive yield effect,could make the technology
profitable. Results showed slight increases in crop yield in ~60% of the applicable area, with
reductions in the remaining 40%. The technology was profitable in only 33% of the applicable area,
indicating that cereal farming is a marginal economic activity. Savings on operations were
confirmed in field experiments. No significant yield change was observed between minimal tillage
and control.
Policy scenario: subsidised reduced tillage: Due to low productivity in much of the study area,
without external financial incentives, widespread adoption of SLM technology is very unlikely. In this
scenario we explored the effects of a subsidy on profitability of the technology and the potential for
mitigating land degradation. The introduction of subsidy equal to 50 % of the operational costs did
not have a significant impact in a large proportion of the study area. Negative economic gain largely
remained the same before and after the subsidy, so it would be inappropriate to stimulate adoption
of this technology through a subsidy.
Global scenario a): food production: This selects the technology with the highest agricultural
productivity (biomass) for each cell with higher productivity than in the baseline scenario.
Implementation costs for the total study area were calculated and cost-productivity relations
assessed. Implementation of reduced tillage suggests yield increases in 58 % of the applicable area,
but with a small average absolute yield change of 3.8 kg/ha. Aggregate indicators showed a saving of
€75,000 across the study site.
Global scenario b): minimize land degradation: This selects the technology with the highest
mitigating effect on land degradation (or none if the baseline demonstrates the lowest rate of
degradation). Implementation costs for the total study area were calculated and cost-productivity
relations assessed. Erosion was reduced in 99% of the applicable area and aggregate indicators
suggest a saving of €129,000 across the study site.
Global scenarios show minimum tillage is beneficial through cost-saving relative to conventional
tillage and soil and water conservation are collateral environmental benefits. Although the
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technology is not beneficial across the entire area, the aggregate study site result is still positive. The
technology is both cost-saving and easy to implement, though margins are small and dryland cereal
farmers may struggle to generate a profit. Little risk is involved in adopting minimum tillage.
DESMICE has also been tested in many of the other DESIRE project study sites (Fleskens et al., 2012).
Such scenario studies provide a useful way to assess the costs and benefits associated with
alternative land management options.
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