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The Economics of Land  
Degradation Neutrality in Asia
Foreword by Erik Solheim; Executive Director, UN Environment 

Unsustainable land use is scarring the Earth 
for generations. Every minute we lose land 
the size of 26 football fields. Land degradation 
and desertification are amongst the biggest 
environmental challenges we face. This study on 
land degradation neutrality in Asia finds however 
that there are enormous economic benefits 
of implementing a series of sustainable land 
management practices that protect our land and 
allow it to thrive. 

The study’s focus on Asia is timely because the 
region is home to almost 60 percent of the world’s 
population and a huge number of people live in 
rural areas, dependant on land and ecosystem 
services for their livelihoods. The continued and 
rapid destruction of our land, will severely hit the 
people of the Asia Pacific region and their access 
to food and water. Climate change and a lack of 
investment in sustainable land management 
will further compound the challenges facing the 
region. 

The Sustainable Development Goals recognize 
the importance of achieving land degradation 
neutrality. The good news is that not only is this 
achievable, it can be economically attractive as 
well. A few years ago Pongha, a woman farmer 
from a small village in the Indian state of Nagaland 
began adopting a series of simple soil and water 
conservation strategies on a small piece of land. 
The results have been astounding. She has raised 
her income by 60 percent and improved soil fertility 
on her land. Pongha’s experience demonstrate that 
when investments are made in preventing topsoil 
erosion and improving land quality, communities 
can immediately benefit through higher incomes, 
while ensuring that their most important asset i.e. 
land, remains intact for generations to come. 

This study analyses topsoil erosion and crop 
productivity on 480 million hectares of cropland 
in 44 Asian countries and 2 provinces of China. By 
introducing a series of measures to achieve land 
degradation neutrality, the region can benefit 
economically, more than three times the cost of 
implementation. While on average Asia has been 
producing close to 2.5 billion tons of crops each 
year, an additional 1.3 billion tons of crops can be 
produced from the same area of land simply by 
preventing topsoil loss. 

I hope the economic and social  benefits reflected 
in the study will encourage governments, 
businesses and communities to invest in and 
adopt  sustainable land management practices in 
Asia and elsewhere  in the world, resulting in many 
more inspiring  stories from the field.
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Executive summary

1. Land degradation and desertification are 
some of the world’s greatest environmental 
challenges in the light of a rapidly growing 
world population and increasing demand for 
food, fibre, and biomass energy. 

2. Asia is the largest and most populated continent 
in the world, with a total land area of 4.3 billion 
hectares. Degraded areas on the continent 
include expanding deserts in mainland China, 
India, Iran, Mongolia, and Pakistan, the sand 
dunes of Central Asia, the steeply eroded 
mountain slopes of Nepal, and the deforested 
and overgrazed highlands of the Lao People‘s 
Democratic Republic. 

3. Asia holds almost 60 per cent of the world’s 
population. Of this, nearly 70 per cent live in 
rural areas depending directly on land and 
land-based ecosystem services. As a result, Asia 
is the continent most severely affected by land 
degradation, desertification and drought in 
terms of the number of people affected.

4. Within the Sustainable Development Goals, the 
world set a target (Goal 15) to protect, restore, 
and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, 
combat desertification, and halt and reverse 
land degradation and halt biodiversity loss. 
Target 15.3 in particular states that “By 2030, 
combat desertification, restore degraded land and 
soil, including land affected by desertification, 
drought and floods, and strive to achieve a land 
degradation-neutral (LDN) world”. 

5. The United Nations Convention to Combat 
Desertification (UNCCD) defines land 
degradation neutrality “as a state whereby the 
amount and quality of land resources necessary 
to support ecosystem functions and services and 
enhance food security remain stable or increase 
within specified temporal and spatial scales 
and ecosystems”. Progress on the goal is to be 

measured by an indicator of “proportion of land 
that is degraded over total land area”, and several 
sub-indicators of land cover and land cover 
change, land productivity, and both above and 
below ground carbon stocks. 

6. Empirical studies integrating biophysical 
indicators with socioeconomic factors are 
limited, particularly at the national level. 
Generating empirical evidence based on 
biophysical and econometric modelling 
approaches is crucial to provide a framework 
in which the costs and benefits of interventions 
against land degradation can be assessed at 
different spatial and temporal scales. These 
types of results are essential tools for policy 
makers, practitioners, and other stakeholders 
as it allows for informed decisions to be made 
towards sustainable land management. 
Moreover, such studies highlight policy 
implications and the interdependent nature of 
achieving a specific Sustainable Development 
Goal with other goals and targets. 

7. The current report aims at assessing the 
policy implications of achieving sustainable 
development goal target 15.3, in particular 
agricultural land degradation neutrality, on 
achieving economic growth (target 8.1), rural 
employment (target 8.5), poverty reduction 
(target 1.1 and 1.2), food security (target 2.3 and 
2.4), and for integrating the value of land as a 
natural capital in social accounting matrices of 
nations. 

8. It provides a continental level empirical 
analysis, with data from 2002–2013 of arable 
and permanent cropland area of 487 million 
hectares cultivated with more than 127 crop 
types accounting for 87 per cent of Asia’s total 
arable and permanent cropland across 44 
countries and two provinces of China over 13 
years (2018–2030).
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9. The study conducted under this report finds 
that the aggregate annual soil nitrogen (N), 
phosphorous (P) and potassium (K) nutrient 
balance for Asia was -60 million tons, 
indicating an annual depletion of 52 million 
tons of nitrogen, phosphorous and potassium 
from soil nutrient reserves at a depletion rate 
of 108 kilograms per hectare per year. There 
is a considerable variation in this annual rate 
across sub-regions; the highest was in West 
Asia at 140 kilograms per hectare, and the 
lowest was in Southern Asia at 82 kilograms 
per hectare. Total nitrogen, phosphorous and 
potassium losses increased from 60 million 
tons in 2002 to 73 million tons in 2013. The 
average annual rate of nitrogen, phosphorous 
and potassium loss over the 12 years was 139 
kilograms per hectare. The rate of top soil loss 
from agricultural lands was 12 tons per hectare. 
From the total harvested area of the 487 million 
hectares, loss amounted to 5.8 billion tons. 
Topsoil loss induced soil nitrogen, phosphorous 
and potassium depletion amounted to about 
50 million tons (102 kilograms per hectare per 
year) with a replacement cost value of about 
30.1 billion United States dollars.

10. The estimated topsoil loss has induced nitrogen, 
phosphorous and potassium loss amounting to 
52 million tons (about 107 kilograms per hectare 
per year). The costs to replace this ecosystem 
service loss through commercially applied 
fertiliser at a weighted average price of 0.85 
United State dollars per kilogram of nutrients 
(2013 prices) are about 34.1 billion United States 
dollars. 

11. From 2002-2013, Asia produced close to 2.5 
billion tons of crops across the 487 million 
hectares in the study, with an average annual 
regional productivity of 5 tons per hectare. 
Over the same period, on average for every 
kilogram of soil nitrogen, phosphorous and 
potassium depletion caused by top soil loss, 
productivity was declining by 17 kilograms of 
crop outputs. For every kilogram of nitrogen, 
phosphorous and potassium loss caused by top 

soil loss, regional crop yield loss declined by 
0.32 kilograms. Total annual aggregate crop 
production loss due to top soil loss induced soil 
nitrogen, phosphorous and potassium depletion 
amounts to about 1.3 billion tons or close to 53 
per cent of annual total crop production. The 
corresponding value of this loss at the weighted 
average crop prices amounts to 733 billion 
United States dollars. This implies that avoiding 
topsoil induced soil nitrogen, phosphorous and 
potassium depletion in the agricultural lands of 
Asia would increase regional productivity from 
5 to almost 8 tons per hectare per year. 

12. The results of the cost benefit analysis indicate 
that if in the next 13 years (2018-2030) all Asian 
countries invest and develop sustainable land 
management technologies on the 487 million 
hectares of agricultural lands, the present value 
of the total costs of investing is estimated to 
be 1,214 billion United States dollars, a cost of 
2,494 United States dollars per hectare. The 
present value of the flows of total benefits from 
investing in sustainable land management is 
estimated at about 4,216 billion United States 
dollars, equal to 8,663 United States dollars per 
hectare.

13. Asian regions could create a net present value of 
about 3,008 billion United States dollars, equal 
to 6,169 United States dollars per hectare with a 
benefit-cost ratio of about 3.5. Seven countries 
(Mainland China, Saudi Arabia, Uzbekistan, 
Iran, Myanmar, Indonesia, and Japan) all 
together account for 88.34 per cent of the net 
present value, with the ratio ranging from 3.02 
in Japan to 6.75 in mainland China.

14. The study indicates that investing in 
sustainable land management technologies 
and achieving agricultural land degradation 
neutrality would enable countries to reduce 
the poverty gap to zero by 2030, increase the 
total per capita domestic food crop production 
to 858 kilograms across Asia by 2030 and result 
in economic growth as well as expansion in the 
agricultural sector.
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About the ELD Initiative

The Economics of Land Degradation (ELD) Initiative 
is an international collaboration initiated in 2012 
with the aim of increasing and strengthening 
awareness of the economics of land degradation 
and sustainable land management (SLM) in 
the scientific, political and public discourse. 
Through research, capacity development, and 
active knowledge exchange, the Initiative seeks 
to ensure that the economics of sustainable land 
management are comprehensibly mediated 
and appropriately implemented. Therefore, the 
Initiative highlights the value of land and its 
services to the society in reports and provides a 
global approach for the analysis of the economics 
of land degradation. The aim of ELD is to achieve 
that economic valuation of ecosystem services 
becomes an integral part of policy strategies and 
decision-making. To provide a scientifically robust, 
politically relevant, and socio-economically 
considerate approach that is economically viable 
and rewarding, the Initiative is working with an 
international team of scientists, practitioners, 
decision makers from public and private sectors, 
as well as all interested stakeholders.

Ensuring the implementation of more sustainable 
land management practices is of critical importance 
considering the vast environmental and socio-
economic challenges we are collectively facing, 
such as food, water, and energy security, climate 
change, a reduction in biodiversity, and the 
deterioration of ecosystems and their services. 
Understanding the cost of inaction and benefits 
of action in preserving ecosystem services are 
important for all stakeholders to be able to make 
sound, informed decisions about the amount and 
type of investments in land for sustainable use. Even 
though numerous techniques for SLM are known, 
many barriers remain and financial and economic 
aspects are often put forward as primary obstacles. 
If stakeholders do not realize the full value of land, 
it may not be managed sustainably, leaving future 
generations with diminished choices and options 
to secure human and environmental well-being. A 

better understanding of the economic value of land 
will therefore help in correcting the imbalance that 
can occur between the financial value of land and 
its economic value.

Economic values can provide a common language 
to help responsible entities decide between 
alternative land uses, set up new markets related 
to environmental quality and services, and devise a 
variety of land management options to reverse and 
halt land degradation. It should also be noted that 
the resulting economic incentives must take place 
within an enabling environment that includes the 
removal of cultural, environmental, legal, social, 
and technical barriers, and considers the need 
for equitable distribution of the benefits of land 
amongst all stakeholders.

Although there is a wide variety of appropriate 
methods, valuations, and approaches available, the 
ELD Initiative promotes the use of the total economic 
value achieved through cost-benefit analyses, as 
this approach provides comprehensive information 
and a broad and cohesive understanding of the 
economics of land degradation. This method is 
generally accepted by governments and decision 
making bodies as a decision-making instrument, 
and avoids the application of tools that may require 
a fundamental change of existing systems. To this 
end, the ELD Initiative operates under the following 
vision and mission:

Vision

The partners’ vision of the ELD Initiative is to 
transform global understanding of the value of 
land and create awareness of the economic case for 
sustainable land management that prevents loss 
of natural capital, secures livelihoods, preserves 
ecosystem services, combats climate change, and 
addresses food, energy, and water security, and 
to create capacity for the utilisation of economic 
information for sustainable land management.
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Mission Statement

The central purposes and role of the ELD Initiative 
is that through an open inter-disciplinary 
partnership:

❚	 We work on the basis of a holistic framework 
built upon a recognized methodology to 
include the economic benefits of sustainable 
land management in political decision-making;

❚	 We build a compelling economic case for 
the benefits derived from sustainable land 
management from the local to the global level 
while applying/using a multi-level approach;

❚	 We estimate the economic benefits derived 
from adopting sustainable land management 
practices and compare them to the costs of 
these practices;

❚	 We stimulate the development of land uses 
that provide fulfilling and secure livelihoods to 
all while growing natural capital, enhancing 
ecosystem services, boosting resilience and 
combating climate change;

❚	 We increase the awareness of the total value of 
land with its related ecosystem services;

Bilateral
Partners

NGOs

Development
Organisations

International
Organisations

Academic
Institutions

Other
Institutions

Capacity 
Development

Scientific
Research

Policy
Dialogue

ELD
Network

ELD Implementation Tools & Capacity Development

Key Partner Institutions 
in Country National LDN Support

ELD Valuation Tools 
for Impact Assessment

Stakeholder Consulting & 
Policy Advice

Learning & Collaboration

Scientific Coordination

Working Groups

Emerging Research and 
Knowledge Management

ELD Secretariat

Steering Group

Communication  & Outreach International Policy
Discussions

Economics of Land Degradation (ELD) Initative Governance Structure
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❚	 We develop the capacities of decision-makers 
and land users through innovative formats, 
and;

❚	 We mainstream the full benefits of land in 
international and national land use strategies 
by proposing effective solutions, tailored to 
country- or region-specific needs, including 
policies, and activities to reduce land 
degradation, mitigate climate change and the 
loss of biodiversity, and deliver food, energy, 
and water security worldwide

❚	 We will propose effective solutions, policies and 
activities to reduce land degradation, mitigate 
climate change and deliver food, energy, and 
water security worldwide
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Acronyms and abbreviations

BCR Cost Benefit Ratio

BMZ German Federal Ministry for Economic Cooperation and Development

CBA Cost Benefit Analysis

CBD Convention on Biological Diversity

DLDD Desertification, Land Degradation and Drought

ELD Economics of Land Degradation

FAO Food and Agriculture Organization of the United Nations

FAOSTAT Food and Agriculture Organization of the United Nations Statistics

GDP Gross Domestic Product

GIZ Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH

GLASOD Global assessment of human-induced soil degradation

GM Global Mechanism

ha Hectare

LDD Land Degradation and Desertification

LDN Land Degradation Neutrality

NPK Nitrogen, Phosphorous, Potassium

NPV Net Present Value

PPP Purchasing Power Parity

PV Present Value

SDG Sustainable Development Goal

SLM Sustainable Land Management

SRTP Social Rate of Time Preference

TEV Total Economic Value

TLU Tropical Livestock Units

UN United Nations

UNCCD United Nations Convention to Combat Desertification 

UNEP UN Environment (United Nations Environment Programme)

UNFCCC United Nations Framework Convention on Climate Change

USD United States Dollar

WOCAT World Overview on Conservation Approaches and Technologies
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Land Degradation in Asia

addresses the problems closely linked with land 
and land-based ecosystems in the world 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 (UNCCD, n.d. a).”

The importance of addressing desertification, land 
degradation and drought (DLDD), was highlighted 
again at the Rio 20+ conference in 2013, by 
underlining the economic and social significance 
of good land management practices striving for 
a land-degradation neutral world. Following the 
Rio 20+ conference and as a logical progression 
of the Millennium Development Goals, the SDGs 
(Sustainable Development Goals) were developed.

In the context of DLDD, SDG 15 “Life on Land” is 
of particular interest with regard to the work of 
the ELD Initiative as it aims to “protect, restore and 
promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, 
and halt and reverse land degradation and halt 
biodiversity loss (UN, n.d.).” 

More specifically, SDG 15.3 addresses the need to 
“combat desertification, restore degraded land and 
soil, including land affected by desertification, drought 
and floods, and strive to achieve a land degradation-
neutral world by 2030 (UN, n.d.)”. Achieving SDG 
15.3 is of great importance to realise food security, 
the eradication of poverty and climate change 
mitigation as it is closely linked to other SDGs. 
Therefore, the committed parties have to establish 
mechanisms for local and national actions and 
engage in regional and international cooperation 
as land degradation, desertification and droughts 
do not follow national borders.

The global impact of land degradation and 
desertification can be seen, among others, by the 
increasing number of sand and dust storms. These 
are occurring globally, particularly in dry areas 
and can have significant impacts on ecosystems 

1.1 Background and objectives

It is estimated that with a world population of 
nine billion people by 2050 it will be required to 
increase food production on agricultural land 
globally by 70 per cent or otherwise convert 
six million hectares (ha) of unused land into 
agricultural production each year (United Nations 
Convention to Combat Desertification [UNCCD], 
2014c). However, the most recent estimates predict 
that the world population will reach close to ten 
billion people by 2050 (United Nations [UN], 2017b). 
Consequently, food production has to be increased 
even more drastically while natural resources are 
on the decline. By 2014 around 60 per cent of all 
ecosystem services were already degraded and 
25 per cent of the world’s land area is already 
highly degraded or under threat (UNCCD, 2014c). 
Under this assumption the competition for natural 
resources will further increase in the future, which 
will have a negative impact on the livelihoods of 
billions of people as well as the environment if 
there is no change towards a more sustainable 
approach of economic activities.

The importance of a sustainable future with a 
green economy has already been acknowledged at 
the United Nations Conference on Environment and 
Development in Rio de Janeiro. On this occasion, 
the majority of the world leaders had agreed on a 
commitment to protect the world’s environmental 
resources while engaging in a sustainable 
economic development. One of the outcomes of 
the Rio Summit had been the enactment of three 
legally binding agreements, namely the United 
Nations Framework Convention on Climate Change 
(UNFCCC), the Convention on Biological Diversity 
(CBD) and the United Nations Convention to Combat 
Desertification (UNCCD).

As the solely legally binding international 
agreement linking environment and development 
to sustainable land management (SLM), the UNCCD 
is the third agreement that has been adopted 
in the context of the Rio Summit. The UNCCD 
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Definitions
Land
According to the UNCCD, land can be defined as 
“the terrestrial bio-productive system that 
comprises soil, vegetation, other biotica, and the 
ecological and hydrological processes that 
operate within the system (UNCCD, 2017)”. 
Alternatively it can be defined as: “a delineable 
area of the earth’s terrestrial surface, 
encompassing all attributes of the biosphere 
immediately above or below this surface including 
those of the near-surface climate, the soil and 
terrain forms, the surface hydrology (including 
shallow lakes, rivers, marshes, and swamps), the 
near-surface sedimentary layers and associated 
groundwater reserve, the plant and animal 
populations (biodiversity), the human settlement 
pattern and physical results of past and present 
human activity (terracing, water storage or 
drainage structures, roads, buildings, etc.) 
(Commission on Sustainable Development [CSD], 
1996)”. 

Land degradation
UNCCD defines land degradation as “any reduction 
or loss in the biological or economic productive 
capacity of the land resource base. It is generally 
caused by human activities, exacerbated by 
natural processes, and often magnified by and 
closely intertwined with climate change and 
biodiversity loss” or alternatively as “the reduction 
or loss of the biological or economic productivity 
and complexity of rainfed cropland, irrigated 
cropland, or range, pasture, forest, and woodlands 
resulting from land uses or from a process or 
combination of processes arising from human 
activities (UNCCD, 2017, UNCCD, 2014b).”

Sustainable Land Management (SLM)
Sustainable land management practices are the 
most promising tool to halt and reverse land 
degradation and desertification and thereby 
achieve LDN. It can shortly be defined as “people 
simply looking after the land – for the present and 
for the future (World Overview of Conservation 
Approaches and Technologies [WOCAT], n.d.b)”. A 
more detailed definition describes SLM as “the use 
of land resources, including soils, water, animals 
and plants, for the production of goods to meet 
changing human needs, while simultaneously 
ensuring the long-term productive potential of 
these resources and the maintenance of their 
environmental functions (Liniger, Studer, Hauert, 
& Gurtner, 2011).”

B O X  1

Soil nutrient loss and nutrient depletion
The term soil nutrient depletion refers to all 
nutrient losses from a soil through both natural 
and human-induced processes. It is the process  
by which the soil nutrient stock is shrinking 
because of continuous nutrient mining without 
sufficient replenishment of nutrients harvested in 
agricultural products, and of nutrient losses by 
soil erosion and leaching (Tan, Lal, & Wiebe, 2005). 
The quantity or rate of nutrient depletion is 
estimated as the difference between the amount 
of nutrients exported annually from cultivated 
fields and the amount added or imported annually 
in the form of fertilizers, manure, fixation, and  
the physical processes of deposition and 
sedimentation (Henao & Baanante, 1999). Nutrient 
loss is the difference between nutrient inputs plus 
nutrients depleted from the soil, and nutrient 
outputs in the crop. Nitrogen losses are mainly as 
leaching of nitrate, volatilization as ammonia, and 
gaseous loss following denitrif ication and 
potassium losses from the soil also result from 
leaching whereas Phosphorus losses occur by soil 
fixation and erosion (Sheldrick, Syers, & Lingard, 
2002).

Desertification
Desertification is land degradation that occurs in 
drylands. UNCCD defines it as “land degradation 
in arid, semi-arid and sub-humid areas resulting 
from various factors, including climatic variations 
and human activities. When land degradation 
happens in the world’s drylands, it often creates 
desert-like conditions (UNCCD, 2012a).” It may also 
refer to “the irreversible change of the land to 
such a state it can no longer be recovered for its 
original use (Food and Agriculture Organization of 
the United Nations [FAO], n.d.).”

Land degradation neutrality (LDN)
The concept of “zero net land degradation” was 
proposed at the 2012 UN Conference on 
Sustainable Development. The UNCCD defines 
land degradation neutrality (LDN) as “a state 
whereby the amount and quality of land resources 
necessary to support ecosystem functions and 
services and enhance food security stable or 
increase within specified temporal and spatial 
scales and ecosystems (Orr et al., 2017).”
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and their services in the originating country but 
also in neighbouring areas or even far-off regions. 
In mainland China, although desertification has 
only increased slightly in the last years, it has 
nevertheless created large areas of enhanced 
dust emissions resulting in up to half of the global 
production of dust. Dust from mainland China has 
travelled more than 20,000 km and can be found 
in the French Alps, but also in Korea, Japan, Hawaii 
and Alaska (United Nations Environment Program 
[UNEP], World Meterological Organisation [WMO] 
& UNCCD, 2016). This example illustrates that land 
degradation and desertification have to be seen as 
a global problem that needs a strong international 
commitment and collaboration within regions and 
between countries.

This is particularly true, when considering that 
land degradation, desertification and droughts 
can also pose a security threat to local, national 
and international level. Climate change and 
environmental changes have significant impact on 
peoples’ livelihoods, national economies and the 
availability of natural resources, which are likely 
to intensify in the future, leading to an increased 
competition for natural resources. In this context, 
under specific circumstances and in certain areas, 
environmental changes, such as land degradation 
or desertification, can increase the risk of violent 
conflicts.

An increasing number of conflicts over food, land 
and natural resources would consequently lead to 
an increasing number of temporally or permanently 
displaced people. However, even without further 
violent conflicts it is estimated that 135 million 
people are at risk of being permanently displaced 
due to desertification and land degradation. By 
2050 up to 200 million people could be already 
permanently displaced, with the majority coming 
from developing countries (UNCCD, 2014a).

Mainland China has seen an intensification 
of agricultural production and the expansion 
of agricultural land over the last decades. In 
combination with infrastructural projects and 
urbanization it is estimated that 50 million 
people were directly displaced (UNCCD, 2017). 
This migration has been further accelerated by 
degrading land, deforestation and a state controlled 
land use and household registration leading to 
active relocation of pastoralists and the urban 
population by the government (UNCCD, 2017).

Sustainable land management practices, such as 
land rehabilitation, reforestation, agroforestry or 
sustainable pasture management are solutions 
which can be applied in the context of land 
degradation and desertification. Thereby, in the 
overwhelming number of examples the benefits of 
action towards sustainable management outweigh 
the costs.

The aim of the ELD Initiative is to provide valid 
data to highlight the consequences of inaction 
and the benefits of action by investing in SLM 
practices. Together with UN Environment, the ELD 
Initiative already published a regional report titled 
“Economics of Land Degradation in Africa: Benefit 
of Action Outweigh the Costs” (Economics of Land 
Degradation Initiative [ELD] & UNEP, 2015), which 
provides evidence from 42 countries that benefits 
of action are on average seven times higher than 
the costs associated during the next 15 years (2015 
to 2030) in 42 African countries. 

Following the African report, UN Environment 
in partnership with the ELD Initiative, Deutsche 
Gesellschaft für Internationale Zusammenarbeit 
(GIZ) GmbH on behalf of the German Federal 
Ministry for Economic Cooperation and 
Development (BMZ), the European Commission and 
other partners pursues a similar approach for the 
Asian continent:

❚	 assess the economics of land degradation 
neutrality in Asian regions 

❚	 design response options for sustainable land 
management

❚	 attain selected Sustainable Development Goals

It is critical to assess the state of our knowledge 
about land degradation in Asia to provide a baseline 
for future assessments, which can be started 
through a synthesising review of the literature. 
Therefore, the objectives of this study are to: 

1.  Assess the extent and severity of land 
degradation in Asia;

2.  Estimate the economic efficiency of measures 
for the target of LDN in Asia;

3.  Suggest LDN options, assess financing options 
and develop scenarios for the benefits and 
investment gaps of achieving it by 2030;

4.  Map the impact of land degradation on food 
security, equity, youth unemployment and 
poverty, gender and health.
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1.2  Land degradation and land  
degradation neutrality

The global land surface covers an estimated 
13.3 billion ha and comprises of woodland and 
grassland (35 per cent), forest (28 per cent), and 
cropland (12 per cent) while the rest  is covered by 
barren land, settlements, infrastructure or water, 
whereby 29 per cent of the total land area is already 
degraded (UNCCD, 2016b). 78 per cent of the land 
degradation is occurring in humid areas. The other 
22 per cent of land degradation can be found in 
the worlds’ dry regions, covering nearly 34 per cent 
of the land mass (Gomiero, 2016). In the context of 
drylands, land degradation is mainly referred to as 
desertification.

Land degradation and desertification can 
manifest in various ways, generally grouped in 
three categories. Physical degradation includes 

the decline in soil structure through compaction, 
anoxia or crusting, but also the loss of top soil 
through erosion, mainly by wind and water. 
Salinization, alkalization, leaching, acidification 
and illuviation are elements of chemical 
degradation. Biological degradation leads to a 
decline in soil biodiversity and the reduction 
in humus quality and quantity (Eswaran, Lal, 
& Reich, 2001). In general, it is estimated that 
each year approximately 24 billion tons of soil 
are lost (UNCCD, 2017). Water erosion is the most 
widespread form of land degradation affecting 
approximately 1094 million ha worldwide, followed 
by wind erosion with 548 million ha (Bai, Dent, 
Olsson, & Schaepman, 2008).

All the processes leading to degradation and 
desertification can be caused by a variety of 
drivers, either of natural or anthropogenic origin. 
However, most of the degraded land can be traced 
back to human actions. According to a report 
by UNCCD the primary causes are overgrazing 

F I G U R E  1 . 1

Global assessment of the four main threats to soil by FAO regions  
(Montanarella et al., 2016)

Erosion Contamination

Organic Carbon Change Loss of Soil Biodiversity

Acidification	 Soil	Sealing	and	Land	Take

Nutrient	Imbalance	 Salinazion	and	Sodification
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(35 per cent), crop production and intensive 
pasture (28 per cent), deforestation (30 per cent), 
overexploitation to produce firewood (7 per cent) 
and industrialization (1 per cent) (UNCCD, 2016b).

The majority of data on land degradation is 
provided by site-specific studies. Specific studies of 
land degradation at the regional level are limited. 
The 1992 Global assessment of human-induced 
soil degradation (GLASOD) project produced a 
world map of human-induced soil degradation, 
the first of its kind that showed the severity of 
the problem of soil degradation at a global scale. 
However, in addition to biophysical assessments of 
land degradation, few studies have attempted to 
provide economic cost of land degradation. Table 
1.1 shows the costs of land degradation for various 
zones of the world (Mirzabaev, 2014).

It is estimated that there are currently over 1.3 
billion people living or depending on degraded 
land and for many more, their culture and values 
are closely linked to land, including religious, 

spiritual or recreational aspects. Although it is a 
global problem, occurring in almost all ecosystems 
of high, middle, and low-income countries, a 
disproportionate large number of the worlds’ 
poorest, depending heavily on natural resources, 
are severely affected. In addition, concurrent 
environmental shifts like climate change and 
biodiversity losses all interact in a feedback loop 
with land degradation. The implementation of 
SLM practices in the affected areas could result 
in economic benefits of up to USD 1.4 trillion and 
restoring natural ecosystems has been proven to 
be highly cost-effective with benefit/cost ratios 
ranging from 2 (coastal systems) to 35 (grassland) 
(ELD, 2015; UNCCD, 2016b). Therefore, it is important 
to consider the bigger picture to make an impact 
and achieve the successful implementation of 
more sustainable land management.

The most promising and in this context appropriate 
strategy is the concept of “land degradation 
neutrality” as proposed by the UNCCD and defined 
as:

T A B L E 	 1 . 1

The total economic value (TEV) cost of land degradation in the zones of the world 
(Mirzabaev, 2014)

Zone Cost of land 
degradation 
(2001 – 2009),  
USD billions

Cost of action 
(30 years) 

USD billions

Cost of 
inaction  

(30 years) 
USD billions

Ratio

Central Asia 216 53 277 5 

East Asia 164 508 2,594 5 

East Europe 52 777 4,813 6 

Latin America and the Caribbean (LAC) 473 754 2,977 4 

North America (NAM) 238 751 4,545 6 

Near East and North Africa (NENA) 94 80 504 6 

Oceania 125 407 2,442 6 

South Asia 87 210 646 3 

Southeast Asia 52 135 400 3 

Sub-Saharan Africa (SSA) 543 797 3,343 4 

West Europe 47 181 926 5 

Global 2,091 4,653 23,465 5 
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“a state whereby the amount and quality of land 
resources necessary to support ecosystem functions 
and services and enhance food security remain stable 
or increase within specified temporal and spatial 
scales and ecosystems (Orr et al., 2017).”

The focus of LDN lies on:

❚	 maintaining or improving the sustainable 
delivery of ecosystem services,

❚	 maintaining or improving productivity to 
enhance food security,

❚	 increasing resilience of the land and 
populations dependent on the land,

❚	 seeking synergies with other social, economic 
and environmental objectives,

❚	 reinforcing responsible and inclusive 
governance on land. (Orr et al., 2017)

The concept of land degradation neutrality 
acknowledges that the amount of arable land must 
be increased, or at least maintained, to ensure the 
delivery of goods and services provided by it and 
its interconnected ecosystems. With the vision, as 
proposed at the end of the 2012 UN Conference 
on Sustainable Development, to achieve a land 
degradation neutral world, the signing parties 
agreed to expedite policy and laws to avoid or 
reduce land degradation and desertification. 

F I G U R E  1 . 2

Conceptualizing LDN in a cause and effect model within the socio-ecological system.  
(Orr et al., 2017)
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Furthermore, measures will be taken to reverse 
already degraded land in order to achieve a net 
loss of healthy and productive land (Orr et al., 
2017). Each country will thereby develop its own 
national targets for land degradation neutrality 
based on baseline assessments as well as trends 
and drivers of land degradation in the respective 
region with assistance of the LDN Target Setting 
Programme.

To address the implemented targets, the LDN 
response hierarchy serves as a guideline for 
decision-makers in achieving LDN, following the 
principle of: avoid p reduce p reverse.

Parallel to the planning of LDN processes and 
setting the targets, UNCCD is establishing a 
monitoring scheme, which is crucial for the success 
of LDN. The scheme is based on three land-based 
indicators and associated metrics (Orr et al., 2017; 
Viek, Khamzina, & Tamene L., 2017), which are used 
to monitor the progress of SGD 15.3:

❚	 land cover (metric: land-cover change)
❚	 land productivity (metric: NPP)

❚	 carbon stocks above/below ground (metrics: 
organic carbon)

These indicators should be extended by additional 
national and sub-national indicators. Furthermore, 
UNCCD strives for synergies with the other 
conventions of the Rio Summit, namely the UNFCCC 
and CBD, and their respective commitments and 
initiatives. “So far, more than 100 countries have 
expressed interest in participating in the TSP, 
setting LDN targets, identifying strategies and 
measures to achieve these targets and establishing 
a corresponding monitoring scheme (Viek et al., 
2017).” The Global Mechanism (GM) of the UNCCD 
manages these national approaches. Several of 
these partner countries are located in Asia.

Therefore, it is critical to assess the state of our 
knowledge about land degradation and land 
degradation neutrality in Asia by an extensive 
review of the published literature, which could 
provide the baseline for future assessments.

F I G U R E  1 . 3

The LDN response hierarchy.  
(Orr et al., 2017)
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Avoid – Land degradation can be avoided 
by addressing drivers of degradation and 
through proactive measures to prevent 
adverse change in land quality of non-
degraded land and confer resilience, via 
appropriate regulation, planning and 
management practices.

Reduce – Land degradation can be 
reduced or mitigated on agricultural 
and forest land throug application 
of sustainable management practices
(sustainable land management, 
sustainable forest managment).

Reverse – Where feasible, (but rarely all)
of the producitve potential and ecological 
services of degraded land can be restored or 
rehabilitatd through actively assisting the 
recovery of ecosystem functions.
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1.3 Land degradation in Asia

1.3.1 Status and trends

Asia is the largest and most populated continent in 
the world, covering around 30 per cent of the global 
land. More than 4 billion people are currently 
living in Asia, which can be divided into five sub 
regions, namely Central Asia, East Asia, South Asia, 
Southeast Asia and Western Asia, often referred to 
as the Middle East. Due to the size of the continent, 
it encompasses various climatic conditions, from 
the arid climates of Western and Central Asia to the 
tropical, humid climates of the equatorial region. 
As a result, Asia shows a great biological and 
cultural diversity. Each region has seen a different 
social, economic and political development over 

the centuries. Consequently, each part of Asia faces 
different challenges regarding climate change, loss 
of biodiversity and land degradation as addressed 
by SDG 15.

For this report, we consider the following 
countries to be part of Asia: Armenia, Afghanistan, 
Azerbaijan, Bahrain, Bangladesh, Bhutan, Brunei, 
Myanmar, Cambodia, mainland China and two 
Special Administrative Regions (SARs), Cyprus, 
Democratic People’s Republic (DPR) of Korea, 
Georgia, India, Indonesia, Iran, Iraq, Israel, Japan, 
Jordan, Kazakhstan, Kuwait, Kyeargyzstan, Lao 
People’s Democratic Republic, Lebanon, Malaysia, 
Maldives, Mongolia, Nepal, Oman, Pakistan, 
State of Palestine, Philippines, Qatar, Republic 
of Korea, Saudi Arabia, Singapore, Sri Lanka, 

F I G U R E  1 . 4

Global assessment of human-induced soil degradation (GLASOD) – Asian section (International Soil Reference 
and Information Centre) 
(ISRIC, 1990)
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Syearia, Tajikistan, Thailand, Timor-Leste, Turkey, 
Turkmenistan, United Arab Emirates, Uzbekistan, 
Viet Nam and Yemen. They are grouped into 
following five regions1 in Table 1.2. 

Central Asia – The Tian Shan mountain range, 
deserts and vast steppes are characteristic for 
Central Asia. Most of the countries in the region 
gained independence after the collapse of the Soviet 
Union in 1991 leaving them with severe challenges 
for economic and social development. Of the total 
land area, around two-thirds are drylands with 
extreme biophysical constraints and only eight per 
cent arable land. It is estimated that 4-10 per cent of 
the cropland is already degraded, as well as 27-68 
per cent of pastureland and 1-8 per cent of forests 

(ELD, 2016). Soil degradation is thereby mainly 
caused by salinization, wind and water erosion 
and vegetation changes. The underlying causes are 
anthropogenic, including overgrazing of pasture 
lands due to increasing livestock, unsustainable 
cropping practices, deforestation, extensive use of 
water sources, and expansion of agricultural land 
onto marginal lands. Soil and land degradation in 
croplands over the last three decades is estimated 
to be presently decreasing annual agricultural 
profits in the region by about 27 per cent (Central 
Asian Countries Initiative on Land Management 
[CACILM], 2016). Central Asia has one of the most 
modified land cover under irrigation influence  
and related ecological problems (Mirzabaev et al., 
2016).

1 Not listed or  
shown is the Northern 

Asia – Russian 
Federation as it is not 

included in this report. 

T A B L E 	 1 . 2

Asia geographical regions, countries and administrative areas 

Central Asia  
(CA)

Eastern Asia  
(EA)

Southern Asia 
(SA)

South-East Asia 
(SE)

Western Asia 
(WA)

Kazakhstan China Hong Kong 
SAR

Afghanistan Brunei Darussalam Armenia

Kyeargyzstan China, Macao SAR Bangladesh Cambodia Azerbaijan

Tajikistan China, mainland Bhutan Indonesia Bahrain

Turkmenistan Taiwan Province of 
China

India Lao People's 
Democratic Republic

Cyprus

Uzbekistan Democratic People’s 
Republic Korea

Iran  
(Islamic Republic of)

Malaysia Georgia

Japan Maldives Myanmar Iraq

Mongolia Nepal Philippines Israel

Republic of Korea Pakistan Singapore Jordan

Sri Lanka Thailand Kuwait

Timor-Leste Lebanon

Viet Nam State of Palestine

Oman

Qatar
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One of the most well-known consequences of 
agricultural mismanagement and unsustainable 
water use in Central Asia is the desertification of 
the Aral Sea (Figure 1.5). 

By 2080, 17 per cent of the area in Central Asia will 
be unsuitable for agriculture due to unproductive 
soils. The governments of Central Asia have 
failed to improve the agricultural infrastructure 
and address the need for a more sustainable 
development in the past. Policies and laws holding 
back the transition, are still in place. A study of the 
ELD Initiative showed that the implementation of 
policies and laws supporting SLM practices can 
result in significant benefits for farmers, livestock 
breeders and the society. The study highlighted 
that a yield increase of 0.3 to 0.85 tons per ha is 
achievable in Turkmenistan, no-till technologies 
in Tajikistan could profit an additional net benefit 
of USD 483/ha and in Kyeargyzstan the net present 
value from SLM could go as high as USD 19.2 million 
in the Son Kol watershed (ELD, 2016). Similar 
findings were also obtained for Uzbekistan and 
Kazakhstan.

Other estimates show that the annual cost of 
land degradation in the region due to land use 
change is about USD 6 billion, mostly due to 
rangeland degradation (USD 4.6 billion), followed 
by desertification (USD 0.8 billion), deforestation 
(USD 0.3 billion) and abandonment of croplands 
(USD 0.1 billion) (Mirzabaev et al., 2016). Thereby, 
the costs of action against land degradation are 
significantly lower than the costs of inaction. It is 
estimated that for each dollar spent on addressing 
land degradation it is likely to have about 5 
dollars of returns. This is a very strong economic 
justification. In general, the costs of action equals 
around USD 53 billion over a 30-year horizon, 
whereby inaction may cost up to USD 288 billion 
over the same time period (Mirzabaev et al., 2016).

Eastern Asia: East Asia ranges from the sparsely 
populated high plains of Mongolia to the densely 
populated coastal lines of China and the islands of 
Japan and Taiwan Province of China. More than 1.5 
billion people or one fifth of the global population 
live in the countries of East Asia. In China alone the 
population almost doubled over the last 50 years 
leading to the expansion of cities and industrial 
zones and increasing pressure on ecosystems 
and its services. In this context, pollution is a 
severe challenge for Chinese land. However, also 

overgrazing, the expansion of agricultural land 
and deforestation have led to a decreasing soil 
quality and the expansion of degraded land.

It is estimated that already 27 per cent of the land 
in China is already desertified and each year 
2,460 additional km2 are lost (UNCCD, n.d. b). A 

The demise of the Aral Sea

B O X  2

The name “Aral Sea” comes from the Turkic word aral meaning island. 
The sea's name reflects that it is a vast basin existing as an island 
amongst waterless deserts. It was once the world's fourth largest inland 
sea, but problems began in the 1960s and 1970s with the diversion of 
rivers that fed it to provide for cotton cultivation in Central Asia. 
The surface of once measured 66,100 km², but by 1987, about 60 per cent 
of the volume had been lost, its depth had declined by 14 m, and salt 
concentration had doubled, killing the commercial fishing trade. Wind 
storms became toxic, carrying fine grains of clay and salts from the now 
exposed sea floor, and life expectancies in the districts near the sea 
became significantly lower than in the surrounding areas. 
The sea is now a quarter of the size it was 50 years ago and has broken 
into several smaller seas. Re-engineering along the Syear Darya River 
delta in the north has retained water in the North Aral Sea and has 
helped to partially restore the fishing industry.

Change of the surface of the Aral Sea from 1977-2014
(Schakirow, 2016; based on data from United States Geological  
Survey (USGS)/National Aeronautics and Space Administration (NASA))

F I G U R E  1 . 5
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large number of the Chinese population lives in 
the affected area, depending heavily on the land. 
According to UNCCD, the economic loss can be 
estimated at around USD 6.5 billion/year (UNCCD, 
n.d. b). Furthermore, due to degradation and 
desertification, sand and dust storms occur more 
regular in China resulting in economic losses and 
severe impacts on the livelihoods of people, mainly 
from the north and northeast. For the time period 
2010-2013 the total economic losses caused by sand 
and dust storms in China summed up at USD 964 
million (Deng & Li, 2016).

According to one study, the cost of grassland 
degradation is estimated to equal about USD 
0.49 billion due to losses in livestock productivity 
(Deng & Li, 2016). Moreover, the costs of cropland 
degradation for three crops: wheat, maize and 
rice, sums up to about USD 12 billion annually. For 
the year 2007 it was estimated that the total cost 
of land degradation in China was USD 37 billion 
or 1 per cent of China’s 2007 GDP. However, the 
study also shows that the costs of rehabilitating 
the degraded lands are significantly lower than 
the costs of inaction over a 30-year period. For 
each Yuan invested it is expected to get 4.7 Yuan of 
returns  (Deng & Li, 2016).

Mongolia faces similar problems in the region 
because of a significant livestock increase over the 
last decades comparable to the development in 
Central Asia. Desertification and land degradation 
through overgrazing are the consequences. 
Further causes are deforestation for the extension 

of agricultural land and firewood as well as 
unsustainable irrigation practices and water use 
for mining activities. Between 2006 and 2009, 
7 per cent of the total territory or 110,000 km2 of 
land were degraded annually (Khuldorj, Bum-
Ayush, Dagva, Myagmar, & Shombodon, 2012). 
However, the problem of deforestation has been 
acknowledged by the Mongolian government and 
is addressed through supportive laws and policies 
promoting reforestation and the protection of 
forest areas (Tsogtbaatar, 2004).

Also in North Korea, forest cover has been 
significantly reduced, from 8.2 million ha (1990) 
to 5.7 million (2010). A reduction in forest land of 
127,000 hectares per year over the past two decades 
(Lager, 2015).

Deforestation also had severe impacts on the 
Republic of Korea, resulting in the loss of half its 
forest cover. As a result, severe erosion, repetitive 
flood and drought damage could be observed 
as well as a decrease in agricultural production 
threatening national food security. Consequently, 
the government undertook an intensive forest 
rehabilitation effort. Two Ten-Year Forest 
Rehabilitation Plans in the 1970s and 1980s not only 
fully restored the country’s forest cover, but also 
improved the food security level and contributed to 
national economic development (FAO, 2016).

South Asia: South Asia is the most densely 
populated region in the world with over 1.749 
billion people living in eight different countries 

T A B L E 	 1 . 3

Provisional estimates of the cost of land degradation in the South Asia region
(Young, 1994)

Type of degradation Cost, USD  
billion / year

Notes

Water erosion 5.4 On-site effects only

Wind erosion 1.8 Assessed relative to water erosion

Fertility decline 0.6 – 1.2 Tentative estimate

Waterlogging 0.5

Salinization 1.5

Lowering of water table Not assessed

Total 9.8 – 10.4
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and 70 per cent of them in India. The region 
can roughly be divided into two climatic zones. 
Bangladesh, Bhutan, Nepal, Maldives and Sri 
Lanka have predominantly humid climate and 
arid climates are typical for Afghanistan, Pakistan 
and Iran, while India lies in between. High 
mountain ranges, vast alluvial plains and uplands 
are characteristic for the South Asian region. The 
most severely degraded countries in South Asia are 
Iran, Bangladesh and Pakistan. A study by the FAO 
revealed that land degradation and desertificaiton 
in all nations of South Asia could cost up to USD 
10 billion/year (Young, 1994). However, in this 
calculation only the on-site effects (erosion, fertility 
decline, salinization, waterlogging and ground 
water discharge) are included and it would be 
significantly higher if also off-site effects (e.g. river 
silting, floods, and landslides) were accounted for. 
The underlying causes identified are inappropriate 
land tenure systems, poverty, population growth 
in combination with land shortages, agricultural 
mismanagement, overgrazing, deforestation, but 
also surface mining and industrial development 
(Bhattacharyya et al., 2015; Young, 1994).

Altogether 140 million hectares, or 43 per cent of 
the region’s total agricultural land, suffers from 
one form of degradation or more. Of this, 31 million 
hectares were strongly degraded and 63 million 
hectares moderately degraded. The worst country 
affected was Iran, with 94 per cent of agricultural 
land degraded, followed by Bangladesh (75 per 
cent), Pakistan (61 per cent), Sri Lanka (44 per cent), 
Afghanistan (33 per cent), Nepal (26 per cent), India 
(25 per cent) and Bhutan (10 per cent) (Khor, 2011). 
More than 100 million hectares or 59 per cent of 
forest land in the region are understocked and 
unproductive and thus in need of some form of 
rehabilitation (Krishnapillay, Kleine, Rebugio, & 
Lee, 2007).

South-East Asia: Mainland and maritime South-
East Asia is, compared to the other parts of Asia, 
mainly characterized by tropical and humid 
climates with a strong monsoon season. South-East 
Asia is a hotspot of biodiversity. However, severe 
deforestation is threatening the ecosystems. The 
ongoing deforestation in almost all countries 
in the region has one of the highest rates in the 
world. Between 2000 and 2015, South-East Asia lost 
around 158,862 km2 of natural forest area (Squires, 
2009). Main causes for deforestation are thereby 
the export of tropical wood and agricultural 

expansion, often related to oil palm cultivation. 
Other unsustainable agricultural practices include 
the cultivation of slopes in the mountainous 
regions as well as the extreme overuse of chemical 
pesticides and fertilizers. Soil erosion by wind and 
water, nutrient leaching and loss of soil quality 
are some of the consequence. Soil infertility is a 
serious problem in the region. Already half of the 
agricultural land reached the yield maximum due 
to poor soil quality (United Nations Environment 
Assembly [UNEA], 2016).

Western Asia – Western Asia is dominated by arid 
and semi-arid regions, but also contains forests 
and fertile valleys. The dry areas are particularly 
susceptible to wind and water erosion, but also 
salinization. Agricultural mismanagement, an 
increasing number of livestock combined with 
population pressure and a changing climate have 
exacerbated the process of land degradation over 
the last decades. Several countries in the region also 
often lack the required governmental structures 
to address the issue appropriately due to political 
turmoil and ongoing security threats. As a result, 
food security in the region will be increasingly at 
risk, especially in the Mashriq countries and Yemen. 
Furthermore, overexploitation of groundwater 
resources has resulted in a deterioration of 
water quality, seawater intrusion, depletion and 
salinization of aquifers, and rising pumping costs. 
Water demand in West Asia has been increasing, 
resulting in a diminishing per-person availability 
of water. Only 4 out of 12 countries in West Asia 
are above the water scarcity limit of 1,000 m3 per 
person per year (Svensson, 2008).

1.3.2 Drivers and types of land degradation

Drivers of land degradation

Land degradation is a complex process that 
involves both the natural ecosystem and the 
socioeconomic system, among which climate and 
land use changes are the two predominant driving 
factors. There are several approaches to evaluate 
all the variables contributing to land degradation. 
Figure 1.6 illustrates a scheme that identifies six 
“root” or underlying causes of land degradation 
and four direct causes including agricultural 
activities, infrastructure, harvesting of wood and 
fires (European Environment Agency [EEA], 2016).
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According to the UN Environment Global 
Environmental Outlook GEO 6 Regional report: 
“Asia and Pacific”  main human induced drivers 
include (UNEP, 2016): 

A. Population: A key driver of environmental 
degradation is rapid population growth. Asia and 
the Pacific’s huge population drives significant 
environmental challenges. The region’s population, 
about 60 per cent of the world’s total, reached 
around 4 billion people in 2012, of which China 
with 1.36 billion and India with 1.25 billion people 
account for more than half of the total population 
of the region. The region’s 2014 mid-year population 
stands at 4.367 billion, and it is projected to rise to 
5.08 billion by 2050. By 2014, around 42 per cent of 
the region’s population was urban and 58 per cent 
rural, but by 2050 the urban population is projected 
to increase to about 63 per cent of the total. Out of 
28 mega-cities with more than 10 million people 
in the world, 15 are in Asia and the Pacific – Tokyo 
(37.8 million), Delhi (25 million) and Shanghai (23 
million) are the three most populous cities in the 
world. The demographic transition to urban areas 
and its environmental consequences will largely 
determine the sustainable development pathways 
of the region during the next 25 years and beyond.

B. Globalisation and regional integration: 
Asia and the Pacific have participated actively 
in globalisation, with many manufacturing and 
service sector activities moving to the rapidly 
developing Asia, providing immense economic 
opportunities for millions of people. In addition, 
regional integration has had a strong beginning 
in the last decade.

C. Economic growth: countries have introduced 
policies paving the way for rapid economic 
development and inclusion of populations in the 
economic growth of the region. Consequently, 
there was a significant growth in the proportion 
of the middle class in most developing Asian 
countries. 

D. Living standards: the region has witnessed 
poverty reduction, access to healthcare and 
education, reduction in hunger and malnutrition, 
better transport and communication facilities 
and improved access to water and sanitation 
facilities. Change in people’s dietary preferences 
has influenced the way that food is produced and 
consumed in the region.
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E. Changing migration pattern: Asia and the 
Pacific host more than 30 million migrant workers, 
amongst whom, in contrast with the past, women 
make up about half of the total. The regional 
population movements have local and global 
environmental consequences such as

❚	 Rural-rural migration produces direct 
household impacts on natural resources, often 
through agricultural expansion to critical and 
vulnerable ecosystems. 

❚	 Rural-urban migration and associated 
livelihood changes are often accompanied by 
changing patterns of consumption, energy 
use, and increased pressures on water supply 
and waste management, which can deteriorate 
urban environments and intensify land 
pressures in productive rural areas.

❚	 International migration, with remittances 
sent home, can have a direct impact through 
land-use investment or an indirect impact 

through increased meat, dairy and material 
consumption.

However, in many parts of Asia agriculture in all 
its forms, is often still the main driver for land 
degradation and desertification. In general, the 
three main causes are overgrazing (35 per cent), 
unsustainable crop production and intensive 
pasture (28 per cent) and deforestation (30 per cent) 
(UNCCD, n.d. b).

Overgrazing

In many Asian countries livestock production 
is a major part of the agricultural sector and 
therefore overgrazing is a main contributor to land 
degradation. According to Jarvis (1991) overgrazing 
“implies that the stocking rate on a given pasture 
is too high, i.e., economic resources are used 
inefficiently and the value of society’s output is less 
than it could be”. This means intensive livestock 
production leads to the extensive removal of 
vegetation, which in turn decreases soil cover 

F I G U R E  1 . 6

Causes of land degradation: drivers and pressures 
(Svensson, 2008)

Agricultural activities

3 Livestock production
 (nomadic/extensive
 grazing, intensive
 production)
3 Crop production
 (annuals, perennials)

Infrastructure extension

3 Watering/irrigation
 (hydrotechnical 
 installations, dams, 
 canals, boreholes, etc)
3 Transport (roads)
3 Human settlements
3 Public/private companies
 (oil, gas, mining, quarrying)

Wood extraction and 
related activities

3 Harvesting of fuelwood 
 or pole wood (from 
 woodlands/forests)
3 Digging for medicainal 
 herbs
3 Other collection of plant
 or animal products

Increased aridity

3 Indirect impact of 
 climate variability 
 (decreased rainfall)
3 Direct impact on land 
 cover (prolonged
 droughts, intense fires)

Demographic factors

3 Migration
 (in- and out-migration)
3 Crop production
 (annuals, perennials)
3 Population density
3 Life-cycle features

Economic factors

3 Market growth and
 commercialization
3 Urbanization and
 industrialization
3 Special variables
 (product price changes,
 indebtedness)

Technological factors

3 New introduction/
 innovation (watering 
 technology, earthmoving
 and transport technology)
3 Deficiencies of applications
 (poor drainage main-
 tanance, water losses, etc)

Policy and institutional factors

3 Format growth policies 
 (market liberalization, subsidies, 
 incentives, credits)
3 Property rights issues 
 (malfunctional traditional land 
 tenure regimes, land zoning)

Cultural factors

3 Public attitudes, values and beliefs
 (unconcern about dryland 
 ecosystems, perception of water as
 free good, frontier mentality
3 Individual and household behaviour
 (rent seeking, unconcern)

Climatic factors

3 Concomitantly with other
 drivers
3 In causal synergies
 with other drivers
3 Main driver without
 human impact
 (natural hazard)
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and leads to soil compaction. Therefore, land 
becomes particularly susceptible to wind and 
water erosion. In Central Asia, the ELD Initiative 
studied how unsustainable livestock farming 
contributes to land degradation and how a change 
towards sustainable management practices can 
benefit the population and entire ecosystems (ELD, 
2016). Figure 1.7 shows that large parts of highland 
pasture in Central Asia already faces severe land 
degradation, mainly due to livestock production.

Agricultural mismanagement

Agricultural mismanagement cannot be defined 
clearly, as it refers to the improper management 
of agricultural land and includes a wide 
variety of practices. In general, agricultural 
mismanagement fails to cultivate land sustainably 
such as conserving soil quality and protecting 
soil from erosion, pollution and overexploitation. 
Contributing factors are the excessive use of 
fertilizers and pesticides, poor irrigation and 
shortened fallow periods. 

Deforestation

Deforestation, which refers to  the “the long-
term or permanent loss of forest cover and 
implies transformation into another land use 
(Schoene, Killmann, Lüpke, & LoycheWilkie, 
2007)” can have different causes. It can be 
linked to the export of exotic wood, extension of 
agricultural land for large-scale cultivations, but 
also to small-scale farmers and their swidden 
cultivation practices or grazing livestock. The 
removal of forests significantly affects the water 
cycle and resources causing a drier climate, 
reducing flood/drought control and increasing 
water erosion. The impact on land can be severe 
once soil is exposed to sun, rain and wind 
(Chakravarty, K., P., N., & Shukl, 2012). South-East 
Asia is particularly affected by deforestation, 
often in the context of legal/illegal logging and 
agricultural extension for oil palm cultivation. 
Results show a drop of total forest cover from 268 
to 236 million ha in only 20 years (Stibig, Achard, 
Carboni, Raši, & Miettinen, 2014).

Types of land degradation

Degradation can be categorized into two main 
process of soil erosion and two minor processes. 
The displacement of soil by wind and water is 

Hot spots of land degradation in Central Asia  
(Mirzabaev et al., 2016)

Tree cover change in SEA between 1990-2000 & 2000-2010  
(Stibig et al., 2014)

F I G U R E  1 . 7

F I G U R E  1 . 8
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responsible of the largest share of degraded land 
in Asia and worldwide.

Sand and dust storms are one phenomenon caused 
by wind erosion responsible for severe problems 
on the environment and humans. Wind erosion 
mainly occurs in dryland zones where rainfall is 
below 600 mm, the dry season lasts more than 
six month and soils have a loose structure. Wind 
erosion accounts for 30 per cent of the degraded 
land and affects a total of 222 million ha, mainly in 
Western, South and Eastern Asia.

Water erosion is more likely to appear in humid 
zones. It can occur in various forms with different 
intensities and consequences. Typically, erosion 
refers to splash, sheet, rill, gully, or tunnel 

T A B L E 	 1 . 4

Wind and water erosion in Asia and the world 
(Oldeman, 1992)
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Chemical deterioration in Asia and the world 
(Oldeman, 1992)
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erosion. It can occur naturally but more likely is 
human-induced by deforestation or agricultural 
mismanagement, which removes the vegetation 
cover and therefore destabilises the land. Water 
erosion can be found all over Asia and is responsible 
for 59 per cent of the degraded soil on the continent 
(Oldeman, 1992).

Soil degradation by physical and chemical 
deterioration only accounts for a small part of  
the degraded land but can severely affect soil 
quality.

Only 10 per cent of the degraded soils in Asia 
are the result of chemical deterioration. This 
includes loss of nutrients, salinization, pollution 
and acidification. Salinization affects thereby 
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the largest are (53 million ha), followed by loss 
of nutrients (15 million ha). Salinization is often 
a result of poor irrigation practices causing a 
significant decline in soil quality and fertility of 
the land. The loss of nutrients is mainly linked 
to agricultural practices. Ongoing agricultural 
production withdraws a substantial part of the 
soil nutrients. On the one hand, those need to 
be replaced to maintain the soil quality, on the 
other hand, can the overuse of fertilizer cause 
acidification and pollution of soil and water.

The physical deterioration of soil can be caused 
by compaction, sealing, crusting, water-logging 
or the subsidence of organic soils. Only 2 per cent 
of the degraded area in Asia is a result of physical 
deterioration. Compaction, sealing and crusting 
are the main parts of physical degradation and are 
mainly caused by the use of heavy machinery in 
the agricultural sector and the expansion of urban 
areas and infrastructure. It affects a total area of 110 
million ha in Asia. 

1.3.3 Review of key datasets

A review of methods and key data sets in the 
context of land degradation was conducted by 
(Gibbs & Salmon, 2015). 

The major approaches used to quantify degraded 
lands can be grouped into four broad categories 
(Table 1.7):

1)  Expert opinion;
2)  Satellite- derived net primary productivity;
3)  Biophysical models; 

4)  Mapping abandoned cropland. 

Each offers a glimpse into the conditions on the 
ground but none capture the complete picture.

Expert opinion  

Assessment based on experts’ opinion remains 
one of the most common approaches for mapping 
and quantifying land degradation. This approach 
is rather subjective and difficult to verify 
nevertheless it continue to play and important 
role. GLASOD was the first attempt to map 
human-induced degradation around the world. 
Despite its limitations, GLASOD remains the only 
complete, globally consistent information source 
on land degradation and has been widely used 
and interpreted. The expert opinion approach 
will continue to dominate until satellite-based 
measurements can provide more comprehensive 
and detailed information for both vegetation and 
soils (Gibbs & Salmon, 2015). 

Satellite-based approach

Remotely-sensed data is major source of 
information to improve our knowledge about 
the locations and distribution of degraded 
lands in a consistent manner. However, satellite 
measurements provide an excellent measure of 
productivity over large areas it is difficult to capture 
different facets of land degradation as well as the 
process of degradation.  Thus, it is unlikely that 
remote sensing will be able to map all cases of land 
degradation unequivocally, but the approach does 
provide valuable information and identification 
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Physical deterioration in Asia and the world 
(Oldeman, 1992)
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of potential hotspots of ongoing degradation. 
Extensive ground truth data is  required to produce 
reliable estimates of degraded areas from remote 
sensing at broad scales (Gibbs & Salmon, 2015). 

Biophysical models

The biophysical modelling approach to assessing 
land degradation is a recent development. 
Generally speaking, biophysical models may 
indicate land degradation by combining their 
prediction of the cropping suitability of land 
with observation of their current productivity. 
The accuracy of the biophysical approach will 
be influenced by the quality of the data used 
for calibration and the suitability of the model 
selected, which can be especially challenging 
when trying to manage conditions that vary locally 
at the global scale (Gibbs & Salmon, 2015). 

Abandonment of agricultural lands 

One way to identify degraded lands is to identify 
areas that were once croplands but have since been 
abandoned because of decreased productivity, or 
due to political and economic reasons. A severe 
limitation of this approach is that it excludes 
degradation other than agricultural abandonment, 
so provides an extremely biased estimates of 
degradation.  Furthermore, estimates of historical 
land use on which the agricultural abandonment 
approach is based are themselves highly uncertain 
(Gibbs & Salmon, 2015). Hence this approach is of 
limited value for assessing land degradation

T A B L E 	 1 . 7

Benefits and limitations of major approaches used to map and quantify degraded lands
(Gibbs and Salmon, 2015)

Approach Benefits Limitations

Expert opinion Captures degradation in the past
Measures actual and potential 

degradation
Can consider both soil and 

vegetation degradation

Not globally consistent
Subjective and qualitative
Actual and potential degradation sometimes 

combined
The state and process of degradation often 

combined

Satellite-derived net  
primary productivity

Globally consistent
Quantitative
Readily repeatable
Measures actual rather than 

potential changes

Neglects soil degradation
Only captures the process of degradation 

occurring following 1980, rather than 
complete status of land

Can be confounded by other biophysical 
conditions

Biophysical models Globally consistent
Quantitative

Limited to current croplands
Does not include vegetation degradation
Measures potential, rather than actual 

degradation

Abandoned cropland Globally consistent
Quantitative
Captures changes 1700 onward

Neglects land and soil degradation outside of 
abandonment

Includes lands not necessarily degraded
Measures actual rather than potential changes
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02 Economics of Agricultural Land Degradation 
Neutrality: underlying assumptions  
and methodological approaches

2.1. Introduction

This chapter aims to estimate the nutrient balance 
in soil for agricultural ecosystems in the selected 
countries, using nutrient auditing and results from 
a biophysical modelling approach as an input into 
econometric modelling, alongside an estimation 
of soil nutrient depletion and total soil nutrient 
loss. It also aims to develop an econometric model 
of aggregate crop yield as a function of land 
degradation and factor inputs. 

Based on the empirical model results, the chapter 
also looks at an estimation and valuation of soil 
nutrient depletion, nutrient losses, and associated 
aggregate crop production losses. It discusses 
economic valuation approaches, conceptual 
frameworks, biophysical modelling of soil nutrient 

balances and trends of land degradation in Asia for 
the period 2002-2013.

2.2.  Total economic value and  
approaches for assessing the  
value of land

Economic valuation is an important tool that can 
aid decision makers in evaluating the trade-offs 
between losses due to land degradation and net 
gains of actions taken towards SLM. The concepts 
of total economic value and ecosystem services are 
important in the broader context of environmental 
valuation and the valuation of costs and benefits 
associated with measures against land degradation 
at different scales.

F I G U R E  2 . 1

Total economic value
(Adapted from Convention on Biological Diversity [CBD], n.d.; Millenium Ecosystem Assessment [MEA], 
2005; Pearce, 1993))

TEV of Land

Use value Non-use 
value

ExistenceOptionIndirectDirect

Provisioning Supporting Bequest

RegulatingCultural
Full range of land based

ecosystem service
underpinned by biodiversity

Qualitative review

Quantitative
assessment

Economic
Valuation
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Valuation methods

Market demand based approaches

1.  Direct market price: this involves the valuation 
of an ecosystem service using its market price. 
For some of the direct use value elements of 
forests like timber, fuel wood, and resins there 
are markets and the prices of these goods can 
be used directly to value them.

2.  Hedonic pricing: this is based on the consumer 
theory that every good provides a bundle of 
characteristics or attributes (Lancaster, 1966). 
The value of a real estate near a degraded 
landscape with a possible risk of flooding to 
another real estate with similar conditions but 
has a forest in the nearby will be different. The 
forest as a public good provides different 
amenities to the nearby real estate. Therefore, 
the difference in prices of the two real estates 
can be attributed to the services that the forest 
provides.

3.  Travel cost method: this method helps estimate 
the demand or marginal valuation curve for 
recreation sites. These cultural ecosystem 
services can be inferred from observing how 
the number of visits to the sites varies according 
to the prices of private goods (like transport 
costs) with the travel distance.

4.  Contingent valuation: this method first 
describes the ecosystem service to be valued 
and then asks how much respondents are 
willing to pay for the specified service. The 
conventional contingent valuation method 
values an ecosystem service in its entirety and 
nothing is revealed about the values of the 
different attributes of the service.

5. Choice experiments: in choice experiment 
valuation, the characteristics of the ecosystem 
service are explicitly defined; vary over choice 
cards along with a monetary metric. Then, 
individuals have to choose dif ferent 
combinations of characteristics of the 
ecosystem service over other combinations at 
various prices.

B O X  3

Non-market demand based approaches

6.  Dose-response and/or production function: first 
requires assessing the relationship between 
environmental quality variables (example: soil 
nutrient levels) and the output level of a 
marketed commodity (say crop output) and, 
then valuation of the loss or improvement in 
environmental quality is made in terms of the 
loss or gain in the commodity with market price 
(Garrod and Willis, 2001). This approach 
requires availability of scientific knowledge on 
the cause effect relationships between for 
example supporting ecosystem service and an 
economic activity that it supports (Barbier et 
al., 2009).

7. Preventive expenditure or aversive behavior 
approach: the value of the environment is 
inferred from what people are prepared to 
spend on preventing its degradation (Garrod 
and Willis, 2001). The value of an ecosystem 
service (say a forest near urban areas for 
example providing air purification service 
through absorbing dust particles and 
pollutants) can be inferred from the 
expenditure on technologies required to 
reduce the pollutants.  

8. The replacement cost approach: values an 
ecosystem service in terms of the cost required 
to restore the ecosystem service to its original 
state after it has been damaged. Example, 
nutrient depletion due to soil erosion can be 
valued in terms of the cost of commercial 
fertilizer required to replenish the depleted 
nutrient to its original state. 

9. Opportunity cost approach: this approach 
values the benefits of an ecosystem service (for 
example the benefits of assigning a forest area 
for nature conservation) in terms of the next 
best alternative forgone as to achieve it. For 
example a forest area assigned for nature 
conservation could have been used for 
agricultural crop production as second best 
alternative. Thus, the opportunity cost of 
conserving the forest is the forgone net income 
from crop production.
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The total economic value of environmental 
resources, as defined by economists and illustrated 
in Figure 2.1, is the sum of two main sources of value 
that human beings drive from the environment, 
namely the ‘non-use values’ and ‘use values’ 
(Pearce, 1993; Perman, Ma, Common, Maddison, 
& McGilvray, 2011). Non-use values refer to those 
unrelated to current, future, or potential uses of an 
environmental resource (Krutilla, 1967). It measures 
the value or satisfaction that people get from the 
knowledge of the existence of environmental assets 
per se (existence value), for the pleasure of others 
(altruistic value) or for future generations (bequest 
value) (Plottu & Plottu, 2007). The use values include 
direct use values and indirect use values. The first 
refers to the goods and services that directly accrue 
to the consumers and can be either market or 
non-market benefits. Whereas indirect use values 
are special functions of environmental resources 
that accrue indirectly to either users or non-users. 
This can include the benefits that forests provide 
as watershed functions like soil conservation, 
improved water supply and water quality, flood and 
storm protection, fisheries protection, and local 
amenity services. The third component of use value 
is the option value that refers to the potential future 
benefits of all use values (Weisbrod, 1964).

The typology of ecosystem services introduced by 
the Millennium Ecosystem Assessment provides a 
conceptual structure to identify a comprehensive 
list of the services that land and land based natural 
resources provide to society as provisioning, 
regulating, cultural, and supporting ecosystem 
services (MEA, 2005; Nkonya, Gerber, Braun, & 
Pinto, 2011; Noel & Soussan, 2010). Land provides 
society with provisioning services as direct use 
values, which include food, water, fibre, timber, 
fuel, minerals, building materials and shelter, and 
biodiversity and genetic resources. Education, 
research, aesthetic, and spiritual values that land 
provides to society are cultural ecosystem services 
which can fall in the categories of direct use value, 
indirect use values as well as existence value of 
the total economic value framework. Soils support 
almost all units of life forms, and land provides 
soil formation and nutrient cycling as supporting 
ecosystem services. This can be considered as 
elements of the indirect use values, option values 
as well as non-use values. Forest resources as land-
based ecosystem provide carbon sequestration and 
stock services as regulating services, which are 
part of the indirect use value (MEA, 2005).

In the valuation of ecosystem services, it is 
important to distinguish between values of asset 
or stock values and products or flow values to avoid 
double counting. A stock is a quantity existing at 
a point in time and a flow is a quantity per period. 
Stocks, flows, and their relationship are crucial 
to the operation of both natural and economic 
systems (Common & Stagl, 2005). It is important to 
note also that economic valuation can only capture 
part of the value of environmental resources and 
the services it provides. Therefore, it is necessary 
to complement the economic valuation with 
quantitative and qualitative assessments and 
reviews for the ecosystem services for which 
attaching monetary value is difficult or if possible, 
the monetary value may not provide the true value 
of the resource to human welfare. For example, it 
is difficult to attach monetary value to biodiversity 
but it is possible to describe quantitatively and 
qualitatively the importance of biodiversity to 
human welfare.

Assumptions and caveats  
of the ELD Asia Study

B O X  4

1.  Land degradation influences the society 
through its on-site and off-site impacts. We 
have considered only the on-site impact 

2.  Amongst the on-site impacts, flow of 
various ecosystem services are impaired. 
Due to unavailability of data at the 
appropriate scale for all countries of Asia, 
we have focused on only on nutrient loss 
and soil nutrient depletion.

3. Land degradation in arable and permanent 
croplands has been approximated with the 
loss of N, P, and K nutrients and soil N, P, 
and K depletion

4.  Change in productivity due to change in 
nutrients resulting from soil erosion has 
been captured

5. Water borne top soil loss remains the 
dominant form of land degradation

6. Data used in the analysis do not explicitly 
capture and explain spatial variability 
within a country.

Note that the estimates in this study are very 
conservative and would fall in the lower 
bound.
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2.3.  Conceptual framework and land 
degradation neutrality 

The ELD Asia study covers 44 countries and two 
provinces of China 2. The countries cover all the 
five geographical sub-regions, which are Central 
Asia (4 countries), East Asia (4 countries and two 

2 Central Asia 
(Kazakhstan, 
Kyeargyzstan, 
Tajikistan, Uzbekistan); 
East Asia (Mainland 
China, China Hong 
Kong SAR, 
Japan,Taiwan Province 
of China, Republic of 
Korea, Mongolia); 
South Asia 
(Afghanistan, 
Bangladesh, Bhutan, 
India, Islamic Republic 
of Iran, Japan, Nepal, 
Pakistan, Sri Lanka); 
South East Asia 
(Brunei Darussalam, 
Myanmar, Indonesia, 
Cambodia, Lao 
Peoples's Democratic 
Republic, Malaysia, 
Philippines, Timor-
Leste, Singapore, 
Thailand, Viet Nam); 
West Asia (Armenia, 
Azerbaijan, Bahrain, 
Cyprus, Georgia, Iraq, 
Israel, Jordan, Kuwait, 
Lebanon, Oman, Qatar, 
Saudi Arabia, Syearian 
Arab Republic, Turkey, 
United Arab Emirates, 
Yemen).

provinces of China), South Asia (8 countries), South 
East Asia (11 countries), and West Asia (17 countries). 
The countries are selected based on availability of 
data required for undertaking the study. The study 
is guided by the conceptual framework in Figure 
2.2 and based on the assumptions presented in Box 
4 beside.

F I G U R E  2 . 2

Conceptual Framework

Inputs
Fertilizer  
Nitrogen fixation  
Crop residues (recycled)  
Sedimentation 
 Sewage  
Animal residues (Manure)

Soil
NPK nutrient reserves

Soil
NPK nutrient reserves

Crop residues

Animal residues

Animals

Nutrient flows in mixed farming. Source (Sheldrick, Syers and Lingard, 2002)

Outputs
NPK in Arable crops and crop residues

Losses
Gaseous, Leaching, Erosion,  
 immobilization (fixation),  
crop residues  (not recycled),  
animal residues  (not recycled)

Outputs (animal)
NPK in animal products

1. Biophysical Modeling of National Level Nutrient Flows and Balances

2. Econometric Modeling of Land Degradation and Induced Losses of ESS

Nutrient losses
Biophysical factors (Soil erosion, forest cover …) 
and socioeconomic factors (Poverty, equity, 
gender, GDP per capita, GDP by sectoral 
composition, livestock population)

Crop yield 
(food and fibre)

Soil nutrient depletion 
and factor inputs

Cost of SLM

Socioeconomic factors

3. Estimation & Valuation of Benefits & Costs for Baseline & an LDN Scenario

Avoided Nutrient Loss and 
Nutrient Depletion

Gains in Crop Productivity and 
Production

Cost of SLM for LDN

4. Costs Benefit & Sensitivity Analysis of the LDN Scenario

NPV & BCR for achieving LDN  
by 2030 in Asia, sub regions and 
each country

Sensitivity of NPVs and BCRs to changes in real  
discount rate, prices, costs of SLM, efficiency in SLM  
interventions in achieving LDN

5. Policy Implications

SDG Other SDGs (1, 2, 8, …)
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2.4.  Biophysical modelling:  
National and regional level nutrient 
auditing in croplands

Depletion of soil nutrients is a major problem 
in soil degradation and jeopardises long-term 
resource production, like food and fibre, which are 
important commodities. National level nutrient 
balance accounting dates back to the late 19th 
century in the UK by Johnston and Cameron as 
referred to by Powlson (1997) and cited in Sheldrick 
et al. (2002). The first regional level accounting of 
soil nutrient balances was the study by Stoorvogel 
and Smaling (1990) which assessed the state of 
soil nutrient depletion in 35 sub-Saharan African 
countries in 1983 alongside expected balances 
for 2000. Earlier studies in Asia were in only a few 
countries with some focusing on specific sites and 
at farm levels. Such studies include Mutert (1996)
for 10 countries for major crops and rice only, and 
Dobermann, Santa Cruz, and Cassman (1995) who 
did site specific nutrient balances for rice farming 
systems in 10 sites covering some Asian countries. 
A study by Xianqing, Cunshan, and Dehai (1996)
reported nutrient balances in south China based 
on studies on 71 farms. 

The latest regional and global level study on soil 
nutrient balances available is the work of Sheldrick 
et al. (2002) that reported aggregated regional 
level nutrient balances for Africa, Asia (West 
Asia, South Asia, and East Asia), the former Soviet 
Union, Americas (North America, Central America, 
South America), and Oceania. Their study covered 
the years 1961-1996 and provided a conceptual 
framework for auditing national and regional level 
nutrient balances using mainly relevant national 
level data available in the FAO database. However, 
the study reported national level nutrient balances 
only for three countries as an example (Japan, 
Republic of Korea, and Kenya) and did not provide 
details on the rest of the countries covered in their 
study. Moreover, it has now been more than two 
decades since, and there has not been any study 
on nutrient balance at global or regional levels that 
covers as many countries as possible to have data 
for regional level economic analysis of the impact 
of soil nutrient depletion. Therefore, it is important 
to carry out national level soil nutrient accounting 
indicating the current state in Asian countries. 
Furthermore, such up-to-date information is 
important for making economic analysis and 
derive policy implications for the Sustainable 
Development Goals.



T H E  E C O N O M I C S  O F  L A N D  D E G R A D A T I O N  N E U T R A L I T Y  I N  A S I A

33

Therefore, based on the methods described in 
Sheldrick et al. (2002) and using mainly data from 
the FAOSTAT database, we conducted accounting 
of NPK nutrient balances and evaluated the trends 
in nutrient depletion in arable and permanent 
croplands of the 44 Asian countries and two 
provinces of China for the period 2002 to 2013. 
Interested readers on the details of the methodology 
are referred to Sheldrick et al. (2002). The scope of 
the study covers arable and permanent crop lands 
cultivated with 127 crop types of which 13 are 
cereals, 6 root and tuber crops, 10 pulses, 7 nuts, 20 
oil crops, 25 vegetables, 37 fruit types, and 9 fibre 
crops. According to the FAOSTAT database, the land 
area cultivated with these crops in total was about 
487 million hectares over the period 2002-2013 and 
it accounts for 87.43 per cent of the total arable and 
permanent cropland of all the countries covered 
in the study. Land cultivated with cereals accounts 

for the highest (59.06 per cent) of the 487 million 
hectares followed by oil crops with 18.22 per cent 
and pulses accounting for 6.7 per cent. The other 
crop categories all together cover the remaining 
16.03 per cent of the cultivated land.

2.4.1. Results of NPK auditing

NPK flows and balances in croplands

NPK inputs and outputs: Table 2.1 shows the 
annual flows of NPK inputs and outputs from 2002-
13 by sources, sub-regions, and the region of Asia. 
Country level flows are given in Table 2.2. These 
indicate the relative importance of NPK inputs and 
outputs in arable and permanent crop farming 
across these scales. In the case of input flows, the 
total regional level annual input was 174.8 million 
tons. Commercial fertiliser accounts for 47.8 per 

T A B L E 	 2 . 1

Average annual NPK nutrient flows and balances in millions of tons from 2002 – 2013  
by sub regions and across Asia
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NPK Inputs

Fertiliser 0.66 15.9 41.56 56.8 27.91 45.2 10.02 37.4 3.40 38.1 83.55 47.8

Crop residue 0.04 1.0 0.16 0.2 0.27 0.4 0.05 0.2 0.08 0.9 0.59 0.3

Manure 0.78 18.6 13.02 17.8 11.52 18.6 4.17 15.6 0.79 8.8 30.28 17.3

*N fixation 0.04 1.0 0.95 1.3 1.18 1.9 0.41 1.5 0.17 1.9 2.75 1.6

*N deposition 0.01 0.3 1.42 1.9 1.25 2.0 0.28 1.0 0.10 1.2 3.07 1.8

Sewage 0.01 0.3 0.40 0.6 1.65 2.7 0.13 0.5 0.01 0.1 2.21 1.3

From soil 2.63 63.0 15.61 21.3 17.98 29.1 11.74 43.8 4.38 49.0 52.34 29.9

Total NPK Inputs 4.18 100.0 73.11 100.0 61.77 100.0 26.80 100.0 8.92 100.0 174.78 100.0

NPK Outputs

Arable crops 2.51 60.1 37.98 51.9 33.05 53.5 18.20 67.9 4.60 51.6 96.34 55.1

Crop residues 0.67 16.1 3.55 4.9 4.50 7.3 0.77 2.9 1.26 14.2 10.75 6.2

Losses 1.00 23.8 31.59 43.2 24.22 39.2 7.83 29.2 3.06 34.3 67.69 38.7

Total NPK Outputs 4.18 100.0 73.11 100.0 61.77 100.0 26.80 100.0 8.92 100.0 174.78 100.0

*refers only to Nitrogen
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cent of the inflow followed by nutrients from 
soil reserves (29.9 per cent) and manure (17.3 per 
cent). Similar trends in the relative importance of 
commercial fertiliser, soil reserves, and manure 
as the first three most important sources were 
observed in East and Southern Asia sub-regions. In 
the other three sub-regions nutrient mining from 
soil reserves was the largest source (accounting 
for 43 to 63 per cent) with commercial fertiliser in 
Southeast and West Asia and manure in central 
Asia as the second NPK input source respectively.

In 13 countries3 and the two provinces of China, 
input flow from soil reserves was negative, 
indicating that these countries achieved 
surplus in their soil nutrient balances. In nine of 
these countries and Taiwan Province of China, 
commercial fertiliser was the major input source 
ranging from 57.5 per cent in Cyprus to 181.9 
per cent in Qatar. Manure was the largest input 
source in the China Hong Kong SAR (63 per cent), 
Singapore (81.6 per cent), Kuwait (96.8 per cent), 
Mongolia (157.7 per cent), and Brunei Darussalam 
(193 per cent).

In the remaining 31 countries, input flow from soil 
reserves was positive indicating nutrient mining 
that accounts from 1.7 per cent of the total input in 
Malaysia to about 81 per cent in Kazakhstan. NPK 
nutrient from soil reserves was the largest input 
in 22 of these countries4 whereas commercial 
fertiliser was the largest source in the other nine 5. 

NPK nutrient outputs in crops and crop residues: 
Out of the total nutrient outputs of 174.78 million 
tons at the regional level, close to 61.3 per cent is 
as NPK in crop products (crops and crop residues) 
with crops accounting for the largest share in total 
output. There was no difference in the relative 
contribution of NPK output in crops to total output 
between sub-regions. In each of the sub-regions, 
the share of NPK output in crops to total output was 
the largest contributor and accounts for between 
51.6 per cent in West Asia to 67.9 per cent in South 
East Asia. 

In 30 countries6 the proportion of NPK output in 
crops to total output ranges from 48.8 per cent in 
Iran to 81.7 per cent in Cambodia, whereas the share 
of NPK output in crop residues in these group of 
countries was from 0.5 per cent in Malaysia to 21.8 
per cent in Kazakhstan. In the other 14 countries7 

and two provinces of China, the proportion of NPK 

output in crops to total output was in the range 
of 1.6 per cent in Singapore to 45.8 per cent in 
Japan. In these countries, the highest output was 
in the form of nutrient losses. The contribution of 
output in crop residues ranged from almost zero in 
Singapore to 11.9 per cent in Saudi Arabia.

NPK nutrient losses: Nutrient losses account 
for the losses in the form of gaseous losses, 
volatilisation as ammonia, immobilisation or soil 
fixation, leaching, and erosion (Sheldrick et al., 
2002). Such losses cannot be estimated directly in 
the model. Instead, they are estimated indirectly 
from nutrient inputs from the different sources, 
nutrient depleted from soil, and nutrient outputs 
in crops and crop residues.

The annual NPK nutrient losses for the region were 
67.69 million tons for the study period, accounting 
for close to 39 per cent of the total nutrient input 
or output. At sub regional level, East Asia had the 
highest proportion of losses, accounting for 43.2 
per cent of total output in the sub-region. Central 
Asia was the lowest at 23.82 per cent. At the country 
level, the proportion of losses to total national 
level inputs or outputs ranges from 14.2 per cent in 
Cambodia to 98.4 per cent in Singapore. 

NPK soil balances: The aggregate annual soil 
nutrient balance for Asia during the study period 
was -60.42 million tons, indicating an annual 
depletion of 52.34 million tons of NPK from 
soil nutrient reserves of arable and permanent 
croplands, at an annual average depletion rate of 
107.5 kg/ha/year (Table 2.3). There was a considerable 
variation in the rate of nutrient depletion across 
sub-regions, with the highest depletion rate 139.7 
kg/ha in West Asia, and the lowest was 82.4 kg/ha 
in Southern Asia. 

There was also a substantial variation in the 
rate of nutrient depletion between countries, 
allowing them to be grouped into two categories. 
The first group comprises 31 countries 8 with 
negative annual soil nutrient balances. In this 
group, the highest depletion rate was 198.6 kg/
ha in Uzbekistan and the lowest was 6.3 kg/ha in 
Malaysia. The second group of countries 9 consists 
of 13 countries and the two provinces of China. 
This group showed surplus in annual soil balances, 
with the largest surplus of 7,119 kg/ha in Singapore 
and the lowest in Saudi Arabia with 1.27 kg/ha. 
However, these countries with surplus balances 

3 Qatar, Jordan, 
Bahrain, United Arab 

Emirates, Oman, 
Taiwan Province of 

China, Saudi Arabia, 
Republic of Korea, 

Japan, Cyprus, China 
(Hong Kong), Brunei 

Darussalam, Mongolia, 
Kuwait, Singapore

4 Indonesia, 
Bangladesh, Turkey, 

Georgia, Iran, 
Uzbekistan, Syearian 

Arab Republic, Iraq, 
Philippines, Armenia, 

Tajikistan, Kazachstan, 
Kyeargyzstan, Yemen, 

Azerbaijan, 
Afghanistan, Bhutan, 

Cambodia, Nepal, 
Myanmar, Timor-Leste, 

Lao PDR.

5 Malaysia, Sir Lanka, 
Israel, China 

(mainland), Pakistan, 
Lebanon, India, 

Thailand, Viet Nam

6 Iran, Republic of 
Korea, Yemen, Israel, 

Malaysia, 
China(mainland), 
Afghanistan, Iraq, 

Armenia, Syearian 
Arab Republic, Turkey, 

India, Georgia, 
Uzbekistan, 
Azerbaijan, 

Kazakhstan, 
Kyeargyzstan, Sir 
Lanka, Viet Nam, 

Thailand, Timor-Leste, 
Bhutan, Nepal, 

Indonesia, Bangladesh, 
Myanmar, Philippines, 

Lao PDR, Cambodia.
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7 Japan, Lebanon, 
Pakistan, Taiwan 
Province of China, 
Saudi Arabia, Cyprus, 
Oman, United Arab 
Emirates, Jordan, 
Kuwait, Mongolia, 
Bahrain, China  
(Hong Kong), Brunei 
Darussalam, Qatar, 
Singapore.

8 Uzbekistan, 
Azerbaijan, Lao PDR, 
Turkey, Kyeargyzstan, 
Indonesia, Viet Nam, 
Myanmar, Cambodia, 
Bangladesh, China 
(mainland), Tajikistan, 
Armenia, Philippines, 
Syearian Arab 
Republic, Nepal, 
Bhutan, Thailand, 
Afghanistan, Iraq, 
Georgia, India, Sri 
Lanka, Timor-Leste, 
Yemen, Israel, 
Pakistan, Lebanon, 
Malaysia, Bahrain, 
Iran, Kazachstan. 

9 Singapore, Qatar, 
China(Hong Kong), 
Kuwait, Brunei 
Darussalam, Jordan, 
Mongolia, Taiwan 
Province of China, 
Oman, United Arab 
Emirates, Japan, 
Republic of Korea, 
Cyprus, Saudi Arabia. 

T A B L E 	 2 . 2

Average annual NPK nutrient flows and balances in 1000s of tons from 2002 – 2013  
by country
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Afghanistan 333.39 26.90 329.86 690.16 482.77 207.39 690.16
Armenia 31.89 1.06 34.49 67.44 46.89 20.55 67.44
Azerbaijan 71.09 1.35 233.33 305.77 243.43 62.33 305.77
Bahrain 5.43 0.00 -2.52 2.91 0.32 2.59 2.91
Bangladesh 1398.94 74.76 1236.07 2709.76 2050.28 659.48 2709.76
Bhutan 9.12 0.95 10.65 20.72 14.84 5.88 20.72
Brunei Darussalam 8.09 0.01 -4.27 3.84 0.21 3.63 3.84
Cambodia 189.28 10.62 474.61 674.50 578.56 95.94 674.50
China, mainland 51504.29 1787.18 16084.27 69375.75 39758.86 29616.88 69375.75
China Hong Kong SAR 11.23 0.03 -5.25 6.01 0.36 5.65 6.01
Cyprus 27.72 0.18 -2.39 25.52 10.34 15.18 25.52
Georgia 44.14 0.61 39.66 84.41 54.30 30.11 84.41
India 30108.28 2443.94 13803.05 46355.27 28101.64 18253.64 46355.27
Indonesia 5322.21 140.45 4786.33 10248.99 7328.94 2920.04 10248.99
Iran 2143.15 130.93 1284.06 3558.14 2178.69 1379.45 3558.14
Iraq 239.97 5.53 314.27 559.77 392.17 167.60 559.77
Israel 124.60 2.49 18.40 145.49 81.86 63.63 145.49
Japan 2172.27 19.09 -155.00 2036.35 1003.22 1033.13 2036.35
Jordan 167.72 0.78 -73.36 95.14 24.51 70.63 95.14
Kazakhstan 374.96 16.18 1645.26 2036.41 1689.81 346.60 2036.41
Republic of Korea 1128.67 11.04 -50.26 1089.45 565.50 523.95 1089.45
Kuwait 30.86 0.05 -12.93 17.98 3.68 14.30 17.98
Kyeargyzstan 91.56 2.65 157.18 251.40 187.23 64.16 251.40
Lao PDR 92.63 3.82 221.44 317.89 271.70 46.19 317.89
Lebanon 69.83 1.52 11.56 82.90 42.42 40.48 82.90
Malaysia 1791.74 7.41 31.34 1830.49 959.77 870.72 1830.49
Mongolia 179.26 0.82 -73.81 106.27 26.77 79.50 106.27
Myanmar 649.70 140.16 1802.86 2592.71 2022.03 570.69 2592.71
Nepal 214.16 23.29 260.88 498.33 369.67 128.66 498.33
Oman 34.06 0.02 -12.49 21.59 7.86 13.74 21.59
Pakistan 6322.02 189.39 934.71 7446.12 4024.15 3421.97 7446.12
Philippines 1068.27 20.82 1248.32 2337.41 1826.14 511.27 2337.41
Qatar 59.06 0.01 -29.12 29.94 0.81 29.13 29.94
Saudi Arabia 543.44 0.85 -1.05 543.24 242.90 300.34 543.24
Singapore 11.05 0.00 -5.64 5.41 0.09 5.32 5.41
Sri Lanka 350.05 15.38 122.09 487.51 325.16 162.36 487.51
Syearian Arab Republic 419.75 13.14 503.94 936.83 630.04 306.79 936.83
Taiwan Province of China 686.15 5.27 -193.75 497.67 171.42 326.25 497.67
Tajikistan 129.60 2.19 108.45 240.24 167.06 73.18 240.24
Thailand 2946.77 48.52 1662.29 4657.58 3189.49 1468.09 4657.58
Timor-Leste 11.56 0.64 10.62 22.81 15.55 7.27 22.81
Turkey 2421.59 85.43 3302.76 5809.78 3964.73 1845.04 5809.78
United Arab Emirates 59.55 0.11 -21.46 38.20 12.19 26.01 38.20
Uzbekistan 926.00 3.80 719.84 1649.63 1138.45 511.18 1649.63
Viet Nam 2560.86 37.11 1513.09 4111.06 2780.77 1330.29 4111.06
Yemen 80.89 3.81 73.38 158.09 108.50 49.58 158.09
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T A B L E 	 2 . 3

Average and total soil NPK balances and rates of NPK losses from 2002 – 2013 by country, 
sub regions, and across Asia

 Country Area  
in 1000s ha

NPK soil 
balance  
in 1000s tons

NPK soil 
balance  
in kg ha

NPK losses  
in 1000s tons

NPK losses  
in kg/ha

Afghanistan 3305.2 -329.86 -99.80 207.39 62.75
Armenia 283.9 -34.49 -121.48 20.55 72.39
Azerbaijan 1256.9 -233.33 -185.64 62.33 49.59
Bahrain 3.3 2.52 766.40 2.59 786.84
Bangladesh 8646.4 -1236.07 -142.96 659.48 76.27
Bhutan 101.3 -10.65 -105.11 5.88 58.05
Brunei Darussalam 8.5 4.27 501.76 3.63 426.86
Cambodia 3255.2 -474.61 -145.80 95.94 29.47
China, mainland 123000.0 -16084.27 -130.77 29616.88 240.79
China Hong Kong SAR 2.0 5.25 2664.44 5.65 2867.32
Cyprus 94.7 2.39 25.22 15.18 160.27
Georgia 463.1 -39.66 -85.64 30.11 65.03
India 170000.0 -13803.05 -81.19 18253.64 107.37
Indonesia 29500.0 -4786.33 -162.25 2920.04 98.98
Iran 13000.0 -1284.06 -98.77 1379.45 106.11
Iraq 3304.5 -314.27 -95.10 167.60 50.72
Israel 289.4 -18.40 -63.57 63.63 219.86
Japan 2951.0 155.00 52.53 1033.13 350.09
Jordan 190.9 73.36 384.29 70.63 369.98
Kazakhstan 16600.0 -1645.26 -99.11 346.60 20.88
Republic of Korea 1746.0 50.26 28.79 523.95 300.08
Kuwait 12.0 12.93 1079.81 14.30 1194.01
Kyeargyzstan 919.1 -157.18 -171.01 64.16 69.81
Lao PDR 1198.3 -221.44 -184.80 46.19 38.55
Lebanon 245.3 -11.56 -47.11 40.48 165.05
Malaysia 4961.9 -31.34 -6.32 870.72 175.48
Mongolia 241.1 73.81 306.17 79.50 329.73
Myanmar 11600.0 -1802.86 -155.42 570.69 49.20
Nepal 2377.5 -260.88 -109.73 128.66 54.12
Oman 55.6 12.49 224.69 13.74 247.11
Pakistan 19500.0 -934.71 -47.93 3421.97 175.49
Philippines 10300.0 -1248.32 -121.20 511.27 49.64
Qatar 5.5 29.12 5341.41 29.13 5343.27
Saudi Arabia 827.4 1.05 1.27 300.34 362.98
Singapore 0.8 5.64 7219.26 5.32 6810.54
Sri Lanka 1700.5 -122.09 -71.79 162.36 95.47
Syearian Arab Republic 4518.6 -503.94 -111.52 306.79 67.90
Taiwan Province of China 636.7 193.75 304.28 326.25 512.37
Tajikistan 869.0 -108.45 -124.80 73.18 84.22
Thailand 16300.0 -1662.29 -101.98 1468.09 90.07
Timor-Leste 149.8 -10.62 -70.91 7.27 48.51
Turkey 18600.0 -3302.76 -177.57 1845.04 99.20
United Arab Emirates 163.6 21.46 131.18 26.01 159.00
Uzbekistan 3624.6 -719.84 -198.60 511.18 141.03
Viet Nam 9582.2 -1513.09 -157.91 1330.29 138.83
Yemen 1040.0 -73.38 -70.56 49.58 47.68
Central Asia 22083.3 -2630.73 -119.13 995.12 45.06
East Asia 128333.3 -15606.18 -121.61 31585.36 246.12
Southern Asia 218333.3 -17981.36 -82.36 24218.83 110.93
South East Asia 86666.7 -11740.98 -135.47 7829.45 90.34
West Asia 31333.3 -4376.44 -139.67 3058.04 97.60
ASIA 486666.7 -52335.69 -107.54 67686.81 139.08
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also have the high rates of nutrient losses (Table 
2.2 and 2.3). The annual rate of nutrient losses for 
these group of countries ranges from 6,811 kg/ha in 
Singapore to 159 kg/ha in the United Arab Emirates. 
Moreover, for countries with surplus balances, 
the rate of losses was at least about 85 per cent of 
the balance, and even more than double for all 
countries except Singapore, Jordan, and Brunei 
Darussalam. This indicates that even when NPK 
balances are positive, it does not imply that the 
surplus amounts are readily available in the soil 
for plant growth. Most or part of it could be lost 
through erosion, leaching, gaseous losses, etc.

Trends 

Regional and sub-regional level trends: Figure 
2.3 shows that total soil NPK nutrient balance 
was -46.3 million tons in 2002 and it reached -61.2 
million tons in 2013 across Asia; an increase in 
depletion. The rate of depletion was 98.9 kg/ha in 
2002, and it increased to 126.2 kg/ha by 2013 (Figure 
2.3B). Over the 12 year period, the average annual 
depletion rate was 107.5 kg/ha.

In Central Asia, the total balance was -2.68 million 
tons in 2002, and reached -2.76 million tons in 2013; 
a relatively small increase in depletion. The rate 
of depletion at the sub regional level was 133.2 kg/
ha in 2002, which decreased to 116.7 kg/ha in 2013 
(Figure 2.3B). Over the 12-year period, the average 
annual depletion rate was 119.1 kg/ha.

In East Asia, total balance was -14.7 million tons 
in 2002, and reached -18.2 million tons in 2013; an 
increase in depletion. The rate of depletion at the 
sub regional level was 112.9 kg/ha in 2002, which 
increased to 145.6 kg/ha in 2013 (Figure 2.3B). Over 
the 12-year period, the average annual depletion 
rate was 121.6 kg/ha. 

In Southern Asia, total balance was -14.9 million 
tons in 2002, and reached -21.9 million tons in 2013; 
an increase in depletion. Compared to the other 
sub-regions, Southern Asia had the lowest rate of 
soil nutrient mining per ha. The rate of depletion at 
the sub regional level was 70.4 kg/ha in 2002, which 
increased to 102.1 kg/ha by 2013 (Figure 2.3B). Over 
the 12-year period, the average annual depletion 
rate was 82.4 kg/ha. 

In South East Asia, total balance was -9.4 million 
tons in 2002, and reached -13.8 million tons in 2013; 

an increase in depletion The rate of depletion at the 
sub regional level was 120.4 kg/ha in 2002, which 
increased to 145.7 kg/ha by 2013 (Figure 2.3B). Over 
the 12-year period, the average annual depletion 
rate was 135.5 kg/ha.

In West Asia, total balance was -4.69 million tons 
in 2002, and reached -4.55 million tons in 2013; 
showing a very small decline in soil nutrient 
depletion. Compared to the other sub-regions, 
West Asia had the highest rate of soil nutrient 
mining per ha. The rate of depletion at the sub 
regional level was 139.4 kg/ha in 2002, which 
increased to 151.3 kg/ha by 2013 (Figure 2.3B). Over 
the 12-year period, the average annual depletion 
rate was 139.7 kg/ha.

Country level trends: Mainland China, India, and 
Indonesia had the highest total depletion. The sum 
of depletion in these three countries accounted for 
about 65.7 per cent of the total depletion in Asia in 
2002 and 68.2 per cent in 2013. In 2002, the total 
balance for mainland China was -15.1 million tons 
(or 32.6 per cent of total depletion in Asia) and 
reached -18.6 million tons in 2013 (30.3 per cent 
of total depletion in Asia). The rate of depletion in 
mainland China was 120.1 kg/ha in 2002, which 
increased to 152.5 kg/ha in 2013. In India, the total 
balance was -11.3 million tons (24.5 per cent of the 
total in Asia) in 2002, and it reached -17.5 million 
tons (28.62 per cent of the total in Asia) in 2013. 
The rate of depletion was 66.6 kg/ha in 2002, and 
it increased to 103.4 kg/ha by 2013. Indonesia had 
-4 million tons (8.6 per cent of the total balance in 
Asia) in 2002 and it reached -5.7 million tons (9.2 per 
cent of the total balance in Asia) by 2013. The rate of 
depletion was 155.7 kg/ha in 2002, which increased 
to 170.9 kg/ha in 2013. 

In 2002, these three countries as well as 31 more 
countries had negative balances (Figure 2.4A). The 
31 countries together accounted for 35.7 per cent 
of the total balance in Asia for this year. Amongst 
these, seven countries10 had balances between 
-3.2 million tons in Turkey and -1 million tons in 
Bangladesh. The other 24 countries 11 had balances 
between -0.9 million tons in the Philippines and 
about 0.003 million tons in Cyprus. Amongst these 
31 countries, there was a huge variation in the rate 
of depletion at the hectare level. Malaysia had the 
lowest depletion rate of 14.8 kg/ha and Uzbekistan 
had the highest rate at 240.6 kg/ha in 2002. 

10 Turkey, Myanmar, 
Bangladesh, Thailand, 
Kazakhstan, Viet Nam, 
Iran.

11 Philippines, 
Uzbekistan, Pakistan, 
Syearian Arab 
Republic, Iraq, Nepal, 
Afghanistan, 
Azerbaijan, Cambodia, 
Kyeargyzstan, Saudi 
Arabia, Lao PFR, 
Tajikistan, Malaysia, 
Sir Lanka, Yemen, 
Georgia, Republic of 
Korea, Armenia, Israel, 
Lebanon, Timor-Leste, 
Bhutan, Cyprus. 
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F I G U R E  2 . 3

Trends in soil NPK balance (panel A) and rates of soil NPK balance (panel B) for  
the sub-regions and Asia from 2002–2013.

A

B
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F I G U R E  2 . 4   ( P A N E L  A )

Trends in rate of soil NPK balance for countries with negative (panel A) and 
positive (panel B) balance from 2002 – 2013.

A
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In 2013, other than mainland China, India, and 
Indonesia, 27 countries had negative balances, 
four countries less than in 2002. Philippines and 
the seven countries 12 with negative balances 
greater than 1 million tons in 2002 also had 
negative balances in 2013. These were between 
-3.7 million tons in Turkey and -1.3 million tons 
in Iran. This is an increasing trend of depletion 
across all of these countries, with some changes 
in the order of magnitude of the contributions  of 
each country to the total balance of Asia. In the 
other 19 countries 13 the balance was between -0.7 
million tons in Cambodia and 0.01 million tons in 
Bhutan. Amongst the 30 countries with negative 
balances in 2013, there was a huge variation in 
the rate of depletion at the hectare level. Malaysia 

12 Turkey, Bangladesh, 
Myanmar, Philippines, 
Viet Nam, Kazakhstan 

Thailand, Iran.

13 Cambodia, 
Pakistan, Uzbekistan, 
Nepal, Iraq, Syearian 

Arab Republic, 
Afghanistan, Lao PFR, 
Azerbaijan, Sir Lanka 

Kyeargyzstan, 
Malaysia, Tajikistan, 

Yemen, Armenia, 
Israel, Georgia, 

Timor-Leste, Bhutan.

F I G U R E  2 . 4  ( P A N E L  B )

Trends in rate of soil NPK balance for countries with negative (panel A) and 
positive (panel B) balance from 2002 – 2013.

had the lowest depletion rate of 25 kg/ha and Lao 
PDR had the highest rate, which was 2200 kg/ha 
in 2013.

In 2002, 10 countries and two provinces of China 
had positive balances and this number increase to 
14 countries and two provinces of China 14 by 2013 
(Figure 2.4B). However, the sum of all the positive 
balances in these countries counterbalanced only 
1.45 per cent of the total deficit in the region in 
2002 and only 1.52 per cent of the deficit in 2013. 
Among the 16 countries, four of them (Saudi Arabia, 
Republic of Korea, Lebanon, and Cyprus) had 
negative balances in 2002. Among the 12 countries 
with positive balances in 2002, the highest surplus 
was 0.205 million tons in Japan and the lowest 

B



T H E  E C O N O M I C S  O F  L A N D  D E G R A D A T I O N  N E U T R A L I T Y  I N  A S I A

41

F I G U R E  2 . 5

Trends in total NPK loss (panel A) and rate of loss (panel B) for the sub regions and Asia 
from 2002 – 2013.

14 Saudi Arabia, 
Taiwan Province of 
China, Mongolia, 
Jordan, Japan, Qatar, 
Republic of Korea, 
United Arab Emirates, 
Oman, Kuwait, Brunei 
Darussalam, 
Singapore, China(Hong 
Kong), Cyprus, 
Bahrain, Lebanon.

A

B
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surplus was 0.001 million tons in Qatar. In 2013, 
the highest surplus was 0.34 million tons in Saudi 
Arabia and the lowest was 0.002 million tons in 
Lebanon. 

Trends in NPK losses from 2002 to 2013

Regional and sub-regional level trends: Figure 
2.5 shows that the total loss increased from 59.8 
million tons in 2002 to 72.74 million tons in 2013. 
Over this period, the per hectare rate of loss also 
increased from 128.9 kg/ha to 153.2 kg/ha (Figure 
2.5B). The average annual rate of loss over the 12 
years was 139.1 kg/ha. 

In Central Asia, total soil loss in 2002 was 0.6 
million tons and increased to 1.4 million tons by 
2013. Similarly, the annual per hectare level rate 
of loss increased from 27.8 kg/ha in 2002 to 57.5 kg/
ha in 2013. Central Asia had the lowest rate of loss 
compared to the other sub-regions. The average 
annual rate of loss over the 12 years was 45.1 kg/ha. 

East Asia had the largest total loss as well as the 
highest rate of loss per ha. Total loss for the sub-
region was 29.5 million tons in 2002 and increased 
to 33.1 million tons in 2013. The rate of loss also 
increased from 223.1 kg/ha in 2002 to 259.7 kg/ha 
in 2013. The average annual rate of loss over the 12 
years was 246.1 kg/ha. 

F I G U R E  2 . 6  ( P A N E L  A )

Trends in rate of NPK loss for countries with negative (panel A) and positive 
(panel B) average balance over the period 2002 – 2013.

A
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F I G U R E  2 . 6  ( P A N E L  B )

Trends in rate of NPK loss for countries with negative (panel A) and positive (panel B)  
average balance over the period 2002 – 2013.

In Southern Asia, total loss in 2002 was 20.8 million 
tons, and it increased to 25.5 million tons in 2013. 
The rate of loss in 2002 was 95.7 kg/ha and it 
increased to 114.9 kg/ha in 2013. The average annual 
rate of loss over the 12 years was 110.9 kg/ha. 

Total loss in South East Asia in 2002 was 6.1 million 
tons and it reached 9.2 million tons in 2013. The rate 
of the loss was 78.2 kg/ha in 2002 and increased to 
95.1 kg/ha in 2013. The average annual rate of loss 
over the 12 years was 90.3 kg/ha.

In West Asia, the total loss was 2.8 million tons in 
2002, and it increased to 3.6 million tons in 2013. 
The rate of the loss increased from 82.6 to 119.8 kg/

ha over the same period. The average annual rate 
of loss over the 12 years was 97.6 kg/ha.

Country level trends: Figure 2.6 shows country 
level trends in total losses and rates of losses over 
the study period. In 2002, out of the 59.8 million 
tons lost across the continent, losses in mainland 
China were 27.4 million tons, accounting for 45.9 
per cent of the total loss in Asia. The rate of loss in 
mainland China was 218.3 kg/ha. India accounted 
for the second largest share (26.1 per cent of the 
total loss in Asia) with a total loss of 15.6 million 
tons and a loss rate of 91.8 kg/ha. The sum of losses 
in these two countries plus losses in Pakistan (2.8 
million tons), Indonesia (2.1 million tons), and 

B
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Turkey (1.7 million tons) was 49.7 million tons 
and accounts for 83.1 per cent of the total loss in 
Asia. The rates of losses ranged from 156.5 kg/ha in 
Pakistan, 82.9 kg/ha in Indonesia, and 83.4 kg/ha in 
Turkey. The sum of losses in the other 39 countries 
and two provinces of China all together was 10.1 
million tons, equivalent to 17 per cent of the total 
loss in Asia in 2002. 

In 2013, total loss in mainland China was 31.3 
million tons and higher than 2002 by 3.9 million 
tons. Losses slightly decreased in its share compared 
to the total loss in Asia from 45.89 per cent in 2002 
to 43.04 per cent in 2013. Contrary to that, India’s 
share of the total loss across Asia increased slightly 
from 26.09 per cent in 2002 to 26.34 per cent in 
2013. The total loss in India for 2013 was 19.2 million 
tons. The two countries together accounted for 69.4 
per cent of the total 72.7 million tons of loss in Asia 
in 2013. Together with Pakistan (4 million tons), 
Indonesia (3.5 million tons), and Turkey (2.1 million 
tons) the five countries accounted for 82. 5 per cent 
of the total loss in Asia, whereas the remaining 17.6 
per cent (12.8 million tons) was accounted for by the 
sum of losses in the rest of the 39 countries and the 
two provinces of China.

2.5.  Econometric modelling  
of nutrient losses and soil nutrient 
depletion 

Results from the biophysical model show the 
level and trends of losses and depletions over 
the study period. Generating such information 
requires large amounts of data and very involved 
accounting exercise. Moreover, such information 
can only provide the level of nutrient flows and 
balances in soil for the period of time for which the 
accounting was done. Relating these biophysical 
indicators of land degradation with national 
socioeconomic and biophysical factors through 
econometric modelling allow for their inclusion 
in policy analyses. Moreover, econometric models 
of nutrient loss and soil nutrient balances could 
be used as an alternative to estimate and predict 
future levels using national level socioeconomic 
and biophysical data as predictor variables. 

The next section presents the data and econometric 
models developed and estimation results from the 
models.

F I G U R E  2 . 7

General digital map of the world's soils, using the international standard soil classification 
World Reference Base
(FAO, n.d.)
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2.5.1. Data

In order to develop econometric models, results 
from Chapter 2.4 were used as panel data for the 
study period. In addition, panel data on national 
level socioeconomic factors (GDP per capita, GDP, 
livestock population) and biophysical factors 
(forest cover, biomass carbon stock, arable and 
permanent crop land area, total land area, meadow 
and pasture land area) for the same period were 
obtained from FAOSTAT and World Bank databases 
(FAO, 2017; The World Bank, 2017). 

Soil loss data for croplands of each country were 
generated using the methods described below in 
order to generate an understanding of topsoil loss/
ha/year based on various soil orders. The data was 
then used as one of the biophysical factors in the 
econometric models of loss and depletion. This 
input data includes:

1.  Soil data – The World Resource Base Map of World 
Soil Resources (FAO, n.d.)  

2.  Country boundaries (United Nations Geographic 
Information Working Group [UNGIWG], n.d.) 

3.  Cropland data (Global Land Cover Facility, 2017) 

F I G U R E  2 . 8

Analysis flow for generating Top Soil Loss Numbers

The following procedures to generating topsoil loss 
data for each country were used:

1.  Soils data (shapefile) merged into units that are 
closely correlated to USDA soil taxonomy classes.

FAO USDA
Acrisols, Alisols, Plinthosols Ultisols
Andosols Andisols
Arenosols Aridisols
Calcisols, Cambisols, Luvisols (CL) Aridisols
Calcisols, Regosols, Arenosols (CA) Aridisols
Cambisols (CM) Inceptisols
Durisols (DU) Aridisols
Ferralsols, Acrisols, Nitisols (FR) Oxisols
Fluvisols, Gleysols, Cambisols (FL) Entisols
Gleysols, Histosols, Fluvisols (GL) Inceptisols
Gypsisols, Calcisols (GY) Aridisols
Leptosols, Regosols (LP) Entisols
Lixisols (LX) Alfisols
Luvisols, Cambisols (LV) Alfisols
Nitisols (NT) 
Planosols (PL) Alfisols
Podzols, Histosols (PZ) Spodosols
Solonchaks, Solonetz (SC) Aridisols
Vertisols (VR) Vertisols

 2.  Spatial analysis performed on soils data using 
country boundaries to generate the area 
in hectares of each soil unit in the various 
countries.

3.  Multiplication of soil unit area and annual rate 
of erosion for that unit results in the mass (tons) 
of soil eroded from that unit annually.

SOILS 
(Soil types)

CROPLAND 
POLYGONS COUNTRY 

BOUNDARIES

CROPLAND 
SOILS

Cropland 
Soil Units 

per Country

Geometic 
Calculation

AREA 
(Hectares)

INTERSECTCLIP
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2.5.2.   The empirical models of nutrient loss 
and soil nutrient depletion

Following the econometric modelling approach 
undertaken by the ELD in Africa (ELD & UNEP, 2015) 
and literature on the drivers of land degradation 
(Lal & Stewart, 2013; Nkonya et al., 2013), an 
econometric model of nutrient loss and soil 
nutrient depletion for agricultural ecosystems in 
Asia can be specified as:

NPK it=a0+a1 it+a2X 2it+Σ5
j=la3jRji+uit       

Where:
NPKit represents the average soil nutrient 
loss (kg/ha/year) and depletion (1000 
tonne/year), as indicators of degradation of 
supporting agricultural ecosystem services, 
for county i over time period t where t = 2002, 
2003... 2013;

X1it is a vector of national level biophysical 
factors (top soil loss in ton per hectare per 
year, forest cover in per cent of total land area, 
biomass carbon stock in million tons, arable 
and permanent cropland as per cent of total 
land area, meadow and pasture land as per 
cent of total land area) for country i over time 
period t where t = 2002, 2003... 2013;

X2it is a vector of national level economic 
factors (income measured through GDP per 
capita in USD 1,000 units, size of the economy 
measured in terms of GDP in USD 100 billion 
units, and livestock density (in Tropical 
Livestock Units (TLU)* per hectare of arable 
and permanent croplands) for country i over 
time period I where I = 2002, 2003... 2013; 

Rji is a vector of sub-regional dummies for 
controlling sub-regional fixed effects (where 
j = 1, 2, …5 for the five sub-regions in Asia, 
which are Central, East, South, South East, 
and West Asia) for country i; 

a0 to a3 are parameters to be estimated from 
empirical data; and

Uit is the error or stochastic term that 
captures the effect of unobserved factors in 
country i over time period t where t = 2002, 
2003... 2013.

Our first hypothesis is that rate of top soil loss is 
positively and significantly correlated with both 
NPK loss and depletion. Secondly, large forest cover 
as well as biomass carbon stock are inversely related 
with both loss and balances and correlations are 
significant. This is based on the well-documented 
literature on the role forest ecosystems play in 
providing erosion control services to downstream 
and surrounding agricultural ecosystems as a 
supporting ecosystem service. Therefore, countries 
with relatively high forest cover and large biomass 
carbon stock would be likely to have lower losses 
and depletion relative to countries with less 
forest cover and smaller carbon stocks. Third, we 
anticipated that countries with relatively larger 
agricultural land covers in relation to the total land 
area (arable and permanent crop lands as per cent 
of total land as well as meadow and pasture lands 
as per cent of total land) are likely to have larger 
rates of loss as well as depletion and correlations 
are significant. Fourth, we anticipated significant 
correlations between the socioeconomic factors 
(GDP per capita, GDP, and livestock population) 
and loss as well as depletion, whereas we did not 
have a prior expectation about the direction of the 
relationship.

2.5.3. Empirical model results

Based on the above specification in equation 2.1, 
we did model specification tests for variants of 
econometric models (i.e. Ordinary Least Squares 
(OLS), Ordinary least squares with robust standard 
errors, Generalized Least Squares (GLS), Fixed 
Effect and Random Effect) for each of the NPK loss 
and soil NPK depletion as response variables. The 
model types range from simple OLS to panel data 
fixed and random effect regression models. The 
results for the NPK loss model are presented in 
Table 2.4 whereas the model for soil NPK depletion 
is presented in Table 2.5. 

The results in all the 5 different types of 
econometric models consistently indicate that 
the NPK loss as well as soil NPK depletion are 
significantly correlated with four of the five 
biophysical factors (top soil loss, forest cover, 
arable and permanent crop land area, meadow 
and pasture land area) and all of the three 
socioeconomic factors (GDP per capita, GDP, and 
Livestock population). In addition, unlike soil NPK 
depletion, NPK loss is significantly correlated with 
biomass carbon stock. Moreover, we have found 

* TLU (Tropical  
Livestock Unit) =  

250 kg tropical cow;  
a head of camel =  

1 TLU;  
a head of horse/mule = 

0.8 TLU;  
a head of cattle = 

0.7 TLU;  
a sheep or goat = 

0.1 TLU;  
donkey=0.5 TLU;  

a chicken = 0.01 TLU 
(Jahnke, 1982)
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that sub-regional fixed effects also affect both NPK 
loss and soil NPK depletion.

We reported results of the OLS model with robust 
standard errors, the fixed and random effect 
models. Our data set consists of a panel of all the 
response and right hand side variables of equation 
2.1 for the period 2002 to 2013. As a result, panel 
data econometric model specification that controls 
effects of each individual year in the panel is 
appropriate. In a panel model, the individual effect 
terms can be modelled as either random or fixed 
effects. If the individual effects are correlated with 
the other explanatory variables in the model, the 
fixed effect model is consistent and the random 
effects model is inconsistent. On the other hand, 
if the individual effects are not correlated with 
the other national level explanatory variables 
in the model, both random and fixed effects are 
consistent and random effects are efficient. The 
Haussmann test statistic for the NPK loss model 
(Table 2.4) is significant at p < 5 per cent indicating 
that the fixed effect model is efficient. Whereas the 
test for the soil NPK depletion model (Table 2.5) is 
insignificant, indicating the random effect model 
is efficient. We further dropped insignificant 
variables from the fixed effect model in the case of 
the NPK loss model and the random effect model 
in the case of the soil NPK depletion model and 
run Haussmann specification test for the fixed and 
random effect models with only significant national 
level explanatory variables. This consistently 
resulted in the restricted fixed effect model in case 
of NPK loss and the restricted random effect model 

in case of soil NPK depletion which are efficient 
for estimating the NPK loss and NPK depletions 
respectively. The R2 values in both models are 
reasonably high in both models. For example, in the 
case of the NPK loss model (Table 2.4), close to 76 per 
cent of the variations in log-transformed NPK loss 
(kg/ha/year) could be explained by the variations in 
the national level biophysical and socioeconomic 
factors and the sub regional fixed effects used in 
the right hand side of equation 2.1. Similarly, about 
68 per cent of variation in log-transformed soil NPK 
depletion (1000s ton/year) could be explained by 
the variations in these factor variables and sub-
regional fixed effects (Table 2.5). 

Biophysical factors and land degradation

The coefficients for top soil loss in the restricted 
fixed effect NPK loss model (Table 2.4) and the 
restricted random effect soil NPK depletion model 
(Table 2.5) are positive and significant at 5 per cent 
and 1 per cent level respectively. The direction of 
the effect is consistent with our hypothesis that 
rate of top soil loss is positively and significantly 
correlated with both NPK loss and soil NPK 
depletion. Figure 2.9 confirms the directional 
relationship between aggregate NPK loss and top 
soil erosion and the relationship between soil NPK 
depletion and top soil loss. Since in both models 
the dependent variables and top soil loss are in 
log forms, the coefficients for the log-transformed 
top soil loss in tons per hectare per year can be 
interpreted as follows. Keeping all other factors 
constant (ceteris paribus), each one-unit increase in 

F I G U R E  2 . 9

Relationship between NPK loss and top soil loss (panel A) and soil NPK depletion  
and top soil loss (Panel B)
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the log-transformed top soil loss in tons per hectare 
per year increases log-transformed NPK loss (kg/
ha/year) by 0.16 units whereas the log-transformed 
soil NPK depletion (1000s ton/year) by 0.317 units. 
In percentage terms, ceteris paribus, a 1 per cent 
increase in top soil loss (tons/ha/year) would cause 
NPK loss (kg/ha/year) to increase by about 0.16 per 
cent and a one percent increase in topsoil loss 
(billion tons/year) would  cause soil NPK depletion 
(1000s ton/year) to increase by about 0.317 per 
cent. Similarly, a 1 per cent decrease in top soil loss 
(tons/ha/year) would reduce NPK loss (kg/ha/year) 
by about 0.16 per cent and a 1 percent decrease in 
topsoil loss (in billion tons/year) would reduce soil 
NPK depletion (1000s ton/year) by about 0.317 per 
cent. 

F I G U R E  2 . 1 0

Relationship between NPK loss and forest cover (panel A) and soil NPK depletion  
and forest cover (Panel B)

The coefficients for forest cover in the restricted 
fixed effect NPK loss model (Table 2.4) and the 
restricted random effect soil NPK depletion model 
(Table 2.5) are negative and both are significant  
at p < 1 per cent. The direction of the effect is 
consistent with our expectation that large forest 
cover is associated with lower rates of NPK loss and 
soil NPK depletion. 

Figure 2.10 confirms the directional relationship 
between aggregate NPK loss and forest cover and 
the relationship between soil NPK depletion and 
forest cover. Since in restricted fixed effect NPK 
loss model the dependent variable and forest 
cover are in log forms, the coefficients for the log-
transformed forest cover (as percentage of total 

F I G U R E  2 . 1 1

Relationship between NPK loss and forest biomass carbon stock (panel A) and  
soil NPK depletion and forest biomass carbon stock (Panel B)
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T A B L E 	 2 . 4

Models for Agricultural Land Degradation in Asia  
(log transformed NPK Loss in kg/ha/year)

Variables OLS2 
(robust SE)

Fixed  
Effect

Random 
Effect

Restricted 
fixed effect

Biophysical factors
Top soil loss ton / ha / year  
(log-transformed)

0.165
(0.042)
[3.930]a

0.142
(0.063)
[2.270]b

0.165
(0.063)
[2.610]a

0.160
(0.062)
[2.580]b

Forest cover as % of total land  
(log-transformed)

-0.042
(0.018)

[-2.300]b

-0.040
(0.012)

[-3.430]a

-0.042
(0.012)

[-3.560]a

-0.036
(0.010)

[-3.430]a

Biomass carbon stock in million tons  
(log-transformed)

-0.032
(0.005)

[-6.660]a

-0.033
(0.007)

[-4.400]a

-0.032
(0.008)

[-4.260]a

-0.034
(0.006)

[-5.440]a

Arable & permanent crop land as % of total land 
(log-transformed)

0.153
(0.037)
[4.140]a

0.169
(0.035)

 [4.850]a

0.153
(0.035)
[4.400]a

0.156
(0.034)
[4.640]a

Meadow and pasture land as % of total land 0.007
(0.002)
[3.540]a

0.008
(0.002)
[4.650]a

0.007
(0.002)
[4.090]a

0.008
(0.002)
[4.920]a

Socioeconomic factors
GDP per capita in 1000 USD  
(log-transformed)

0.316
(0.028)

[11.420]a

0.348
(0.026)

[13.510]a

0.316
(0.025)

[12.860]a

0.353
(0.025)

[13.880]a

GDP in 100 Billions of current USD 0.006
(0.003)
[2.470]b

0.007
(0.003)
[2.010]b

0.006
(0.003)
[1.800]c

0.007
(0.003)
[2.640]a

Livestock in 1000s of TLU/ha of arable and  
permanent crop land (log-transformed)

0.598
(0.042)

[14.200]a

0.608
(0.037)

[16.430]a

0.598
(0.037)

[16.100]a

0.598
(0.036)

[16.430]a

Region 1 (1 = Central Asia, 0 = otherwise) -0.506
(0.123)

[-4.120]a

-0.456
(0.145)

[-3.150]a

-0.023
(0.106)

[-0.220]

-0.419
(0.110)

[-3.810]a

Region 2 (1 = East Asia, 0 = otherwise) (omitted) (omitted) 0.483
(0.125) 
[3.860]a

Region 3 (1 = Southern Asia, 0 = otherwise) -0.173
(0.110)

[-1.580]d

-0.097
(0.140)

[-0.690]

0.310
(0.095)
[3.280]a

Region 4 (1 = South East Asia, 0 = Otherwise) -0.042
(0.119)

[-0.350]

0.029
(0.138)
[0.210] 

0.442
(0.093)
[4.780]a

Region 5 (1 = West Asia, 0 = Otherwise) -0.483
(0.104)

[-4.640]a

-0.468
(0.125)

[-3.750]a

(omitted) -0.445
(0.077)

[-5.810]a

Constant -0.430
(0.403)

[-1.070]

-0.595
(0.396)

[-1.500]d

-0.914
(0.368) 

[-2.480]b

-0.557
(0.379)

[-1.470]d

N 540 540 540 540
F (df, N) 170.750a 139.500a 167.120a

R2 0.758 0.757 0.758 0.756
Adj. R2
Root MSE 0.587
Mean VIF 3.280
No. of groups (Year 2002 – 2013) 12 12 12
Wald chi2 1650.260a

Log_L
R2 within 0.764 0.764 0.763
R2 between 0.809 0.809 0.809
corr (u_i, Xb) -0.174 -0.176
F test u_i=0, F(df, N) 1.670c 1.730c

Hausman Test (Chi2) 16.25b 17.39a

Values in () are standard errors, Values in [] are t-statics for the OLS and fixed effect models and z-statistics for the other models.  
Significance levels: a < 1 %, b < 5 %, c < 10 %, d < 15 %.
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T A B L E 	 2 . 5

Models for Agricultural Land Degradation in Asia (log-transformed soil NPK depletion  
in 1000s tonne/year)

Variables OLS2 
(robust SE)

Fixed  
Effect

Random 
Effect

Restricted 
random effect

Biophysical factors
Top soil loss in billions of tons per year  
(log-transformed)

0.317
(0.023)

[14.020]a

0.319
(0.020)

[15.640]a

0.317
(0.020)

[15.660]a

0.317
(0.018)

[17.960]a

Forest cover as % of total land -0.009
(0.002)

[-5.400]a

-0.009
(0.002)

[-4.630]a

-0.009
(0.002)

[-4.630]a

-0.009
(0.002)

[-5.540]a

Biomass carbon stock in million tons  
(log-transformed)

0.001
(0.005)
[0.270]

0.002
(0.007)
[0.230]

0.001
(0.007)
[0.210]

Arable & permanent crop land as % of total land 
(log-transformed)

0.510
(0.041)

[12.480]a

0.516
(0.035)

[14.810]a

0.510
(0.034)

[14.800]a

0.505
(0.031)

[16.260]a

Meadow and pasture land as % of total land 
(log-transformed)

0.024
(0.007)
[3.350]a

0.024
(0.008)
[2.890]a

0.024
(0.008)
[2.860]a

0.025
(0.007)
[3.330]a

Socioeconomic factors
GDP per capita in 1000 USD -0.007

(0.003)
[-2.770]a

-0.006
(0.003)

[-2.400]b

-0.007
(0.003)

[-2.680]a

-0.007
(0.002)

[-3.160]a

GDP in 100 Billions of current USD 0.027
(0.004)
[6.810]a

0.028
(0.004)
[7.550]a

0.027
(0.004)
[7.500]a

0.028
(0.003)
[7.950]a

Livestock in 1000s of TLU/ha of arable and 
permanent crop land (log-transformed)

0.541
(0.057)
[9.580]a

0.548
(0.049)

[11.130]a 

0.541
(0.049)

[11.010]a

0.535
(0.042)

[12.650]a

Region 1 (1 = Central Asia, 0 = otherwise) (omitted) (omitted) 0.097
(0.102)
[0.950]

Region 2 (1 = East Asia, 0 = otherwise) -1.076
(0.147)

[-7.310]a

-1.095
(0.168)

[-6.520]a

-0.979
(0.150)

[-6.540]a

-0.984
(0.127)

[-7.770]a

Region 3 (1 = Southern Asia, 0 = otherwise) -0.108
(0.091)

[-1.190]

-0.114
(0.123)

[-0.930]

-0.011
(0.100)

[-0.110]
Region 4 (1 = South East Asia, 0 = otherwise) 0.454

(0.113)
[4.030]a

0.449
(0.145)
[3.100]a 

0.551
(0.124)
[4.440]a

0.557
(0.098)
[5.710]a

Region 5 (1 = West Asia, 0 = otherwise) -0.097
(0.088)

[-1.100]

-0.104
(0.102)

[-1.020]

(omitted)

Constant 2.288
(0.492)
[4.650]a

2.229
(0.404)
[5.520]a

2.191
(0.398)
[5.510]a

2.266
(0.359)
[6.310]a

N 540 540 540 540
F (df, N) 132.090a 92.800a

R2 0.681 0.681 0.681 0.680
Adj. R2
Root MSE 0.604
Mean VIF 3.340
No. of groups (Year 2002 – 2013) 12 12 12
Wald chi2 1123.260a 1126.200a

Log_L
R2 within 0.683 0.683 0.683
R2 between 0.122 0.123 0.123
corr (u_i, Xb) -0.054
F test u_i=0, F(df, N) 0.470
Hausman Test (Chi2) 3.92 3.77

Values in () are standard errors, Values in [] are t-statics for the OLS and fixed effect models and z-statistics for the other models.  
Significance levels: a < 1 %, b < 5 %, c < 10 %, d < 15 %. 
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land area) can be interpreted as follows. Keeping 
all other factors constant (ceteris paribus), each one-
unit increase in the log-transformed forest cover 
(as percentage of total land area) decreases log-
transformed NPK loss (kg/ha/year) by 0.036 units. 
Whereas in the case of the restricted random 
effect soil NPK depletion model, forest cover is in 
linear form and hence we have a log-linear model. 
In such a case, the interpretation is that a one-
unit increase in forest cover (as per cent of total 
land area) causes the log-transformed soil NPK 
depletion to decrease by 0.009 units. In percentage 
terms, ceteris paribus, a 1 per cent increase in forest 
cover (percentage of total land area) would cause 
NPK loss (kg/ha/year) to decrease by about 0.036 
per cent and soil NPK depletion (1000s ton/year) to 
decrease by about 0.9 per cent. Similarly, a 1 per 
cent decrease in forest cover (percentage of total 
land area) would increase NPK loss (kg/ha/year) by 
about 0.036 per cent and soil NPK depletion (1000s 
ton/year) by about 0.9 per cent. 

The coefficient for biomass carbon stock in the 
restricted fixed effect NPK loss model (Table 2.4) is 
negative and significant at p < 1 per cent whereas 
the coefficient for same variable is positive but 
insignificant in the case of the full OLS2, fixed 
and random effect models of soil NPK depletion. 
The direction of the effect in the case of the NPK 
loss model is consistent with our expectation that 
countries with higher biomass carbon stock are 
likely to have lower rates of NPK loss. Figure 2.11A 
confirms the directional relationship between 
aggregate NPK loss and forest biomass carbon.

Since in restricted fixed effect NPK loss model 
the dependent variable and biomass carbon 
stock are in log forms, the coefficients for the log-
transformed biomass carbon stock (million tons) 
can be interpreted as follows. Keeping all other 
factors constant (ceteris paribus), each one-unit 
increase in the log-transformed biomass carbon 
stock (million tons) decreases log-transformed 
NPK loss (kg/ha/year) by 0.034 units. In percentage 
terms, ceteris paribus, a 1 per cent increase in 
biomass carbon stock (million tons) would cause 
NPK loss (kg/ha/year) to decrease by about 0.034 
per cent. Similarly, a 1 per cent decrease in biomass 
carbon stock (million tons) would increase NPK loss 
(kg/ha/year) by about 0.034 per cent.

The coefficients for arable and permanent crop 
land area in the restricted fixed effect NPK loss 
model (Table 2.4) and the restricted random effect 
soil NPK depletion model (Table 2.5) are positive and 
both are significant p < 1 per cent. The direction 
of the effect is consistent with our hypothesis that 
countries with relatively larger agricultural land 
covers in relation to the total land area are likely 
to have larger rates of NPK loss as well as soil NPK 
depletion and the correlations are significant. 
Figure 2.12 confirms the directional relationship 
between aggregate NPK loss and arable and 
permanent cropland area and the relationship 
between soil NPK depletion and arable and 
permanent cropland area. Since in both models 
the dependent variables and arable and permanent 
crop land area are in log forms, the coefficients for 
the log-transformed arable and permanent crop 

F I G U R E  2 . 1 2

Relationship between NPK loss and arable & permanent cropland area (panel A) and  
soil NPK depletion and arable & permanent cropland area (Panel B)
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land area (as percentage of total land area) can be 
interpreted as follows. Keeping all other factors 
constant (ceteris paribus), each one-unit increase 
in the log-transformed arable and permanent 
cropland area (as percentage of total land area) 
increases log-transformed NPK loss (kg/ha/year) 
by 0.156 units whereas the log-transformed soil 
NPK depletion (1000s ton/year) by 0.505 units. 
In percentage terms, ceteris paribus, a 1 per cent 
increase in arable and permanent cropland area 
would cause NPK loss (kg/ha/year) to increase by 
about 0.156 per cent and soil NPK depletion (1000s 
ton/year) to increase by about 0.505 per cent and 
vice versa.

The coefficients for meadow and pasture land 
area in the restricted fixed effect NPK loss model 
(Table 2.4) and the restricted random effect soil NPK 
depletion model (Table 2.5) are also positive and 
both are significant at p < 1 per cent. The direction 
of the effect is consistent with our expectation 
that countries with relatively larger agricultural 
land covers, in this case meadow and pasture land 
area, in relation to the total land area are likely 
to have larger rates of NPK loss as well as soil NPK 
depletion and the correlations are significant. 
Figure 2.13 confirms the directional relationship 
between aggregate NPK loss and meadow and 
pastureland area and the relationship between 
soil NPK depletion and meadow and pastureland 
area. Since in restricted fixed effect the NPK loss 
model the dependent variable and meadow and 
pasture land area are in log-linear form, the 
coefficients for the meadow and pasture land 

F I G U R E  2 . 1 3

Relationship between NPK loss and meadow & pastureland area (panel A) and soil  
NPK depletion and meadow & pastureland area (Panel B)

area (as percentage of total land area) can be 
interpreted as follows. Keeping all other factors 
constant (ceteris paribus), each one-unit increase in 
meadow and pasture land area (as percentage of 
total land area) increases log-transformed NPK loss 
(kg/ha/year) by 0.008 units. Whereas in the case of 
the restricted random effect soil NPK depletion 
model, meadow and pasture land area is in log 
form and hence we have a log-log model. In such a 
case, the interpretation is that a one-unit increase 
in log-transformed meadow and pastureland area 
(as percentage of total land area) causes the log-
transformed soil NPK depletion to increase by 0.025 
units. In percentage terms, ceteris paribus, a 1 per 
cent increase in meadow and pasture land area (as 
percentage of total land area) would cause NPK loss 
(kg/ha/year) to increase by about 0.8 per cent and 
soil NPK depletion (1000s ton/year) to increase by 
about 0.025 per cent and vice versa.

Socio-economic factors and land degradation

The coefficients for GDP per capita in the restricted 
fixed effect NPK loss model (Table 2.4) and the 
restricted random effect soil NPK depletion model 
(Table 2.5) are significant at p < 1 per cent. The 
direction of the effect is positive in the cases of the 
first whereas it is negative in the case of the second 
model. We had no a priori expectation about the 
direction of the effects. Figure 2.14 confirms the 
directional relationship between aggregate NPK loss 
and GDP per capita and the relationship between 
soil NPK depletion and GDP per capita. Since in 
restricted fixed effect model the dependent variable 
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F I G U R E  2 . 1 4

Relationship between NPK loss and GDP per capita (panel A) and soil NPK depletion  
and GDP per capita (Panel B)

NPK loss and GDP per capita are in log forms, the 
coefficients for the log-transformed GDP per capita 
(in USD 100) can be interpreted as follows. Keeping 
all other factors constant (ceteris paribus), each one-
unit increase in the log-transformed GDP per capita 
(in USD 100) increases log-transformed NPK loss (kg/
ha/year) by 0.353 units. Whereas in the case of the 
restricted random effect soil NPK depletion model, 
GDP per capita in linear form and hence we have a 
log-linear model. In such a case, the interpretation 
is that a 1-unit increase in GDP per capita causes the 
log-transformed soil NPK depletion to decrease by 
0.007 units. In percentage terms, ceteris paribus, a 
1 per cent increase in GDP per capita (in USD 100) 
would cause NPK loss (kg/ha/year) to increase by 

about 0.353 per cent and soil NPK depletion (1000s 
ton/year) to decrease by about 0.7 per cent and vice 
versa.

The coefficients for GDP in the restricted fixed 
effect NPK loss model (Table 2.4) and the restricted 
random effect soil NPK depletion model (Table 
2.5) are positive and both are significant p < 1 
per cent. We had no a priori expectation on the 
directions of the effects. Figure 2.15 confirms the 
directional relationship between aggregate NPK 
loss and GDP and the relationship between soil 
NPK depletion and GDP. Since in both models the 
dependent variables are in log forms and GDP is 
in linear form, we have a log-linear function and 

F I G U R E  2 . 1 5

Relationship between NPK loss and GDP (panel A) and soil NPK depletion and GDP (Panel B)
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the coefficients for GDP (in 100 billions of UDS) can 
be interpreted as follows. Keeping all other factors 
constant (ceteris paribus), each one-unit increase in 
GDP (in 100 billions of UDS) would lead to increase 
the log-transformed NPK loss (kg/ha/year) by 0.007 
units and the log-transformed soil NPK depletion 
(1000s ton/year) by 0.028 units. In percentage 
terms, ceteris paribus, a 1 per cent increase in GDP 
(in 100 billions of UDS) would cause NPK loss (kg/
ha/year) to increase by about 0.7 per cent and 
soil NPK depletion (1000s ton/year) to increase 
by about 2.8 per cent and vice versa. In other 
words, ceteris paribus, every 1 per cent growth in 
GDP (in 100 billions of UDS) of countries in Asia 
is at the cost of 0.7 per cent increase in NPK loss 
and 2.8 per cent increase in soil NPK depletions, 
which indicate economic growth at the cost of 
degradation in the quality of agricultural lands 
in the region.

The coefficients for livestock density in the 
restricted fixed effect NPK loss model (Table 
2.4) and the restricted random effect soil NPK 
depletion model (Table 2.5) are positive and 
both are significant at 1 per cent level. Similar 
to the other socioeconomic factors, we had no 
priori expectation on the direction of the effects. 
Figure 2.16 confirms the directional relationship 
between aggregate NPK loss and livestock density 
and the relationship between soil NPK depletion 
and livestock density. Since in both models the 
dependent variables and livestock density are in 
log forms, the coefficients for the log-transformed 
livestock density (1000s TLU/ha of arable and 

F I G U R E  2 . 1 6

Relationship between NPK loss and livestock density (panel A) and soil NPK depletion  
and livestock density (Panel B)

permanent cropland) can be interpreted as follows. 
Keeping all other factors constant (ceteris paribus), 
each one-unit increase in the log-transformed 
livestock density increases log-transformed NPK 
loss (kg/ha/year) by 0.598 units whereas the log-
transformed soil NPK depletion (1000s ton/year) 
by 0.535 units. In percentage terms, ceteris paribus, 
a 1 per cent increase in top soil loss (tons/ha/year) 
would cause NPK loss (kg/ha/year) to increase by 
about 0.598 per cent and soil NPK depletion (1000s 
ton/year) to increase by about 0.535 per cent and 
vice versa.

Sub-regional fixed effects and  
land degradation

The coefficient for dummy of Region 5 (West Asia) 
in the restricted fixed effect NPK loss model is 
negatively correlated to log-transformed NPK loss 
(kg/ha/year) and the correlation is significant at 
1  per cent level of significance. We had no prior 
expectation on the direction of the effect but the 
result implies that the rate of NPK loss in West 
Asian countries are relatively lower than the rate 
of NPK loss in countries in the other regions of Asia. 
Since the dependent variable is in log form and 
the regional dummy is linear, the coefficients for 
Region 5 can be interpreted as follows. Each one-
unit increase in dummy for Region 5 from 0 to 1, 
which in other words mean the given other factors 
remain constant, the log-transformed NPK loss for 
a country located in West Asia is lower by 0.445 
units than any other country in other regions of 
Asia. 
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The coefficient for dummy of Region 2 (East Asia) 
in the restricted random effect soil NPK depletion 
model is negatively correlated to log-transformed 
soil NPK depletion (1000s ton/year) and the 
correlation is significant at 1 per cent level of 
significance. We had no prior expectation on the 
direction of the effect but the result implies that the 
annual soil NPK depletion in East Asian countries is 
relatively lower than the annual soil NPK depletion 
in countries in the other regions of Asia. Since the 
dependent variable is in log form and the regional 
dummy is linear, the coefficients for Region 2 can 
be interpreted as follows. Each one-unit increase 
in dummy for Region 2 from 0 to 1, which in other 
words mean given other factors remain constant 
the log-transformed soil NPK depletion for a 
country located in East Asia is lower by 0.984 units 
than any other country in other regions of Asia. 

The coefficient for dummy of Region 4 (Southeast 
Asia) in the restricted random effect soil NPK 
depletion model is negatively correlated to log-
transformed soil NPK depletion (1000s ton/year) 
and the correlation is significant at 1 per cent level 
of significance. We had no prior expectation on the 
direction of the effect but the result implies that 
the annual soil NPK depletion in South East Asian 
countries is relatively lower than the annual soil 
NPK depletion in countries in the other regions of 
Asia. Since the dependent variable is in log form 
and the regional dummy is linear, the coefficients 
for Region 4 can be interpreted as follows. Each 
one-unit increase in dummy for Region 4 from 0 
to 1, which in other words mean the given other 
factors remain constant, the log-transformed soil 
NPK depletion for a country located in South East 
Asia is higher by 0.557 units than any other country 
in other regions of Asia. 

2.6.  Econometric modelling of  
land degradation induced losses  
of agricultural production 

In Chapters 2.4 and 2.5 we have seen how NPK loss 
and soil NPK depletion can be estimated using 
the biophysical and econometric modelling 
approaches. One of the purposes of the above 
analyses is to generate national level NPK loss 
and soil NPK depletion data that can feed into the 
econometric modelling of regional crop production 
function with which we can assess the level of 

productivity loss associated with agricultural land 
degradation. 

Therefore, in the following sections we will 
describe the data, the regional agricultural 
production function, and results of the empirical 
model. 

2.6.1. Data

In order to develop econometric model of regional 
level crop production function panel data on 
aggregate crop yield was calculated based on 
FAOSTAT data on crop production and area 
harvested for the period 2002-2007. As discussed 
in Chapter 2.4 the production data covers about 127 
specific crop types. 

Data on factor variables are obtained both from 
this study and FAOSTAT database. The data from 
this study are results of the NPK loss and soil 
NPK depletion from Chapter 2.4 above for the 44 
countries and two provinces of China for the period 
2002–2013. The panel data for the same period from 
FAOSTAT are national level factor inputs (labour, 
arable and permanent cropland area, and national 
level consumption of commercial fertiliser in terms 
of NPK nutrients). We used total human population 
data as a proxy for labour. 

2.6.2.  The empirical model of agricultural 
production function: land degradation 
as factor 

Following the econometric modelling approach in 
the ELD Africa study (ELD & UNEP, 2015) which takes 
into account the effect of land degradation on crop 
production, and the economic theory of production 
as a function of factor inputs, the relationship 
between agricultural land degradation and crop 
production in agricultural ecosystems of Asia can 
be specified as in equation 2.2 below: 

Yit=β0+β1ALDit+β2FI it+Σ5
j=lβ3jRji+εit       

Where:
Yit represents actual aggregate crop yield 
(in kg/ha/year), as a provisioning agricultural 
ecosystem service, for country i over time 
period t where t= 2002, 2003….2013; 
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ALDit represents the vector of agricultural 
land degradation indicators (NPK loss in 
ton/ha/year and soil NPK depletion in 1000s 
of tons/year) for country i over time period t 
where t= 2002, 2003….2013; 

FIit is a vector of national level agricultural 
factor inputs (labour measured in terms 
of human populations in millions, arable 
and permanent cropland area in 1000s per 
hectare, and national level consumption of 
commercial fertiliser in terms of 1000s of 
tons of NPK nutrients) by country i over time 
period t where t= 2002, 2003….2013;

Rji is a vector of sub-regional dummies for 
controlling sub-regional fixed effects (where 
j = 1, 2, …5 for the five sub-regions in Asia, 
which are Central, East, South, South East, 
and West Asia) for country i

β represents the coefficients; 

εit is the error or stochastic term that captures 
the effect of unobserved factors in country i 
over time period t.

We set the following hypotheses on the relationship 
between each of the factors on the right hand 
side of equation 2.2 and the response variable 
aggregate crop yield. Our first hypothesis is both 
NPK loss and soil NPK depletion as indicators of 
agricultural land degradation are negatively 
and significantly correlated with aggregate crop 
yield. Secondly, we anticipated that national 
level human population as a proxy for labour 
and national level consumption of commercial 
fertiliser are positively and significantly correlated 
with aggregate crop yield. Third, we anticipated a 
significant correlation between land area (arable 
and permanent cropland area) and aggregate crop 
yield but we did not have a prior expectation about 
the direction of the relationship. This is because 
based on the theory of production, either positive 
or negative correlations could be anticipated. At 
early stage of production that starts with small land 
area increasing land size would lead to increasing 
in yield per hectare and then there will be a point 
at which the marginal effect of change land size 
would be zero beyond which increasing land size 
would lead to decline in productivity. 

2.6.3. Empirical model results

Based on the above specification in equation 2.2, 
we did model specification tests for variants of 
econometric models (i.e. Ordinary Least Squares 
(OLS), Ordinary least squares with robust standard 
errors, Generalized Least Squares (GLS), Fixed Effect 
and Random Effect) for aggregate yield as response 
variable. The model types range from simple OLS 
to panel data fixed and random effect regression 
models. The results are presented in Table 2.6.

The results in all the five different types of 
econometric models consistently indicate that 
aggregate yield is negatively and significantly 
correlated with NPK loss as well as soil NPK 
depletion indicating that land degradation reduces 
productivity in agriculture. In addition, unlike 
land area, which is negatively and significantly 
correlated with yield, both human population and 
commercial fertilizer consumption are positively 
and significantly correlated with aggregate yield. 
Moreover, we have found that sub-regional fixed 
effects also affect aggregate yield. 

We reported results of the OLS model with 
robust standard errors, the fixed and random 
effect models. Our data set consists a panel of 
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T A B L E 	 2 . 6

Models for yield of agricultural crops in Asia  
(log transformed yield in kg/ha/year)

Variables OLS2 
(robust SE)

Fixed  
Effect

Random 
Effect

Restricted 
random effect

Land degradation

NPK loss in tons/ha/year -0.055
(0.014)

[-4.010]a

-0.054
(0.017)

[-3.250]a

-0.055
(0.016)

[-3.320]a

-0.052
(0.016)

[-3.240]a

Soil NPK depletion in 1000s tons per year 
(log-transformed)

-0.150
(0.034)

[-4.460]a

-0.151
(0.027)

[-5.500]a 

-0.150
(0.027)

[-5.550]a

-0.146
(0.026)

[-5.680]a

Inputs

Labour: Human population in millions  
(log-transformed)

0.284
(0.036)
[7.960]a

0.283
(0.029)
[9.750]a

0.284
(0.029)
[9.880]a

0.276
(0.027)

[10.300]a

Land: Arable & permanent crop land in 1000s ha 
(log-transformed)

-0.324
(0.018)

[-17.870]a

-0.321
(0.017)

[-18.730]a

-0.324
(0.017)

[-19.080]a

-0.318
(0.016)

[-20.240]a

Fertilizer: NPK commercial fertilizer  
consumption in 1000s tons (log-transformed)

0.142
(0.018)
[7.760]a

0.141
(0.014)
[9.730]a

0.142
(0.014)
[9.990]a

0.141
(0.014)
[9.970]a

Region 1 (1 = Central Asia, 0 = otherwise) (omitted) (omitted) -0.070
(0.074)

[-0.940]

Region 2 (1 = East Asia, 0 = otherwise) -0.078
(0.083)

[-0.940]

-0.072
(0.093)

[-0.780]

-0.148
(0.066)

[-2.240]b

Region 3 (1 = Southern Asia, 0 = otherwise) -0.455
(0.057)

[-7.960]a

-0.452
(0.080)

[-5.640]a

-0.525
(0.059)

[-8.940]a

-0.409
(0.053)

[-7.790]a

Region 4 (1 = South East Asia, 0 = otherwise) -0.045
(0.066)

[-0.680]

-0.042
(0.075)

[-0.560] 

-0.115
(0.051)

[-2.240]b

Region 5 (1 = West Asia, 0 = otherwise) 0.070
(0.057)
[1.220]

0.073
(0.075)
[0.980]

(omitted) 0.116
(0.044)
[2.640]a

Constant 10.614
(0.186)

[57.180]a

10.607
(0.188)

[56.510]a

10.684
(0.162)

[65.800]a

10.526
(0.153)

[68.680]a

N 552 552 552 552

F (df, N) 162.170a 100.710a

R2 0.633 0.633 0.631 0.633

Adj. R2

Root MSE 0.429

Mean VIF 4.010

No. of groups (Year 2002 – 2013) 12 12 12

Wald chi2 935.990a 937.470a

Log_L

R2 within 0.631 0.631 0.630

R2 between 0.940 0.940 0.939

corr (u_i, Xb) 0.072

F test u_i=0, F(df, N) 0.240

Hausman Test (Chi2) 2.49 2.61

Values in () are standard errors, Values in [] are t-statics for the OLS and fixed effect models and z-statistics for the other models.  
Significance levels: a < 1 %, b < 5 %, c < 10 %, d < 15 %. 
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all the response and right hand side variables 
of equation 2.2 for the period 2002 to 2013. As a 
result, panel data econometric model specification 
that controls effects of each individual years in 
the panel is appropriate. The Haussmann test 
statistic in Table 2.6 is insignificant indicating that 
the random effect model is efficient. We further 
dropped insignificant variable from the random 
effect model and run Haussmann specification 
test with only significant factor variables. This 
consistently resulted in the restricted random 
effect model as efficient for estimating aggregate 
yield. The R2 values are reasonably high and close 
to 63 per cent of the variations in log-transformed 
aggregate yield (kg/ha/year) could be explained 
by the variations in the national land agricultural 
land degradation and factor input variables.

F I G U R E  2 . 1 7

Relationship between aggregate crop yield & NPK loss (Panel A) & soil NPK depletion 
(Panel B)

Land degradation and yield

The coefficients for NPK loss as well as soil NPK 
depletion are both negative and significant at 1 per 
cent level. The direction of the effect is consistent 
with our hypothesis that land degradation is 
negatively and significantly correlated with 
aggregate crop yield. Figure 2.17 shows the 
directional relationship between aggregate crop 
yield and agricultural land degradation indicator 
variables and the relations are consistent with our 
expectations. Since aggregate crop yield is in log 
form and the NPK loss is linear and soil NPK loss is 
in log form, the coefficients for the NPK loss (tons/
ha/year) and soil NPK depletion (1000s tons/year) 
can be interpreted as follows. Keeping all other 
factors constant (ceteris paribus), each one-unit 

F I G U R E  2 . 1 8

Relationship between aggregate crop yield and labour (Panel A), land (Panel B)  
and fertilizer (Panel C)
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increase in NPK loss (ton/ha/year) decreases the 
log-transformed aggregate crop yield (kg/ha/year) 
by 0.052 units whereas each one unit increase in 
the log-transformed soil NPK depletion (1000s tons/
year) reduces the log-transformed aggregate crop 
yield by 0.146 units. In percentage terms, ceteris 
paribus, a 1 per cent increase in NPK loss (tons/ha/
year) would cause aggregate crop yield (kg/ha/year) 
to decrease by about 5.2 per cent.  Whereas a 1 per 
cent increase in soil NPK depletion (1000s tons/year) 
would cause aggregate crop yield to decrease by 
about 0.146 per cent and vice versa.

Factor inputs and yield

The coefficients for labour and fertilizer are 
both positive and significant at 1 per cent level. 
The direction of the effect is consistent with 
our hypothesis that labour and fertilizer inputs 
are positively and significantly correlated with 
aggregate crop yield. Whereas though we had no 
prior expectation about the direction of the effect 
of land as factor input on aggregate crop yield, we 
found that the coefficient for land is negatively and 
significantly correlated with aggregate crop yield. 
Figure 2.18 confirms the directional relationship 
between aggregate crop yield and factor input 
variables. 

Since aggregate crop yield as well as each of 
the factor input variables are in log form, the 
coefficients of the factor input variables can be 
interpreted as follows. Keeping all other factors 
constant (ceteris paribus), each one-unit increase in 
log-transformed human population (in millions), 
log-transformed arable & permanent cropland 
area (in 1000s hectares), and log-transformed NPK 
commercial fertilizer consumption (in 1000s tons) 
would cause the log-transformed crop yield (kg/
ha/year) to increase by 0.276 units, decrease by 
0.318 units and increase by 0.141 units respectively. 
In percentage terms, ceteris paribus, a 1 per cent 
increase in log-transformed human population 
and log-transformed NPK commercial fertilizer 
consumption would cause aggregate crop yield 
to increase by about 0.276 per cent and 0.141 per 
cent respectively. Whereas a 1 per cent increase in 
log-transformed arable & permanent cropland area 
would cause aggregate crop yield to decrease by 
about 0.318 per cent and vice versa.

Sub-regional fixed effects and Yield

The coefficient for dummy of Region 3 (Souther 
Asia) and Region 5 (West Asia) in the restricted 
random effect model are statistically significant 
at 1 per cent and showed negative and positive 
correlations with aggregate crop yield respectively. 
We had no prior expectation on the direction of 
the effect but the result implies that, ceteris paribus, 
on average the aggregate crop yield in Southern 
Asian countries is relatively lower than the 
aggregate yield in countries in other sub-regions. 
Whereas keeping all other factors constant, the 
aggregate yield per hectare in countries of West 
Asia is relatively higher than the yield in other 
regions. These variations are due to unobserved 
sub-regional fixed effects. 

2.7.  Estimation and valuation of nutrient 
and crop production losses 

2.7.1. Assumptions and links to SDG targets

In preceding sections, we have developed the 
econometric modelling approaches for estimating 
indicators of agricultural land degradation as 
a function of biophysical and socioeconomic 
factors controlling for sub-regional fixed effects. 
Furthermore, we developed regional level aggregate 
crop yield econometric model as a function of the 
agricultural land degradation indicator variables 
(NPK loss and soil NPK depletion) and factor inputs 
controlling for sub-regional fixed effects.

In this section, we will apply the models for 
estimating national level nutrient losses and soil 
nutrient depletions induced by topsoil loss and 
hence the national level aggregate crop production 
losses due to top soil loss induced NPK losses and 
soil NPK depletion. The estimations of top soil 
loss induced national level NPK loss and soil NPK 
depletion as well as the associated aggregate crop 
production losses are based on the assumptions in 
Box 4. The assumptions are based on econometric 
model results in Chapter 2.6 above which allow us to 
make consistent application of the concept of land 
degradation neutrality (Figure 2.19) and linking 
our results to indicators and sub indicators of the 
Sustainable Development Goals 15.3, 15.2, 15.1, 2.4, 
and 2.3 (see Box 6 for SDG targets and indicators) 
and other targets.
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Based on the above assumptions, we estimate 
the baseline agricultural land degradation 
indicators used in this study (NPK loss and soil NPK 
depletion) and the associated baseline aggregate 
food production losses. Furthermore, we applied 
the replacement cost method for valuation of the 
nutrients and market price method for valuation 
of the crop production losses. In the subsequent 
chapters we will show how the conceptual 
framework of LDN is related in assessing the 
economic value of losses in the baseline scenario, 
the cost and benefits of avoiding future (new) 
degradation and cost-benefit analysis and 
socioeconomic implications of achieving LDN in 
agricultural ecosystems and its complementarity 
with other Sustainable Development Goals.

2.7.2.   Quantity and value of top soil loss 
induced NPK losses and soil NPK 
depletions 

The last three columns of Table 2.7 show the 
quantity and replacement cost value of top soil loss 
induced NPK loses for each country, sub-regions 
and Asia. The table also provides the replacement 
cost value of total NPK losses that we have seen in 
Table 2.3 of Chapter 2.4 so that we can see that the 
estimated quantity and replacement cost value 
for the top soil loss induced NPK losses are lower 
bound estimates. 

Regional and sub-regional level quantity and 
replacement cost of topsoil induced NPK losses 
and soil NPK depletions: The rate of top soil loss 
from agricultural lands in Asia was 11.91 tons 
per hectare and from the total harvested area of 

F I G U R E  2 . 1 9

The key elements of the scientific conceptual framework for Land Degradation Neutrality 
(LDN) and their interrelationships 
(Source: Orr et al., 2017)

The target at the top of the figure expresses 
the vision of LDN, emphasizing the link 
between human prosperity and the natural 
capital of land – the stock of natural 
resources that provides flows of valuable 
goods and services. The balance scale in the 
center illustrates the mechanism for 
achieving neutrality: ensuring that future 
land degradation (losses) is counterbalanced 
through planned positive actions elsewhere 
(gains) within the same land type (same 
ecosystem and land potential). The fulcrum 
of the scale depicts the hierarchy of 
responses: avoiding degradation is the 
highest priority, followed by reducing 
degradation and finally reversing past 
degradation. The arrow at the bottom of the 
diagram illustrates that neutrality is 
assessed by monitoring the LDN indicators 
relative to a fixed baseline. The arrow also 
shows that neutrality needs to be 
maintained over time, through land use 
planning that anticipates losses and plans 
gains. Adaptive management applies 
learning from interim monitoring to inform 
mid-course adjustments to help ensure 
neutrality is achieved, and maintained in 
the future.
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Rate of top soil loss is one of the national level 
biophysical factors in the NPK loss and soil NPK 
depletion econometric models (Table 2.4 and 2.5). 
In estimating the effect of this factor on national 
level NPK loss and soil NPK depletion and the 
associated aggregate crop production loss using 
the yield model in Table 2.6, we assumed:

1. The average annual changes that were 
happening over the period 2002–2013 as a 
baseline. The models allow us estimating the 
NPK loss and soil NPK depletions that were 
taking place in the past 12 years over the 
indicated period and unless measures are 
going to be taken, these estimated results are 
likely to happen in future. 

2. Business as usual versus avoiding top soil 
erosion. The business as usual assumption 
allow us to estimate the cost of doing nothing 
whereas the assumption of avoiding top soil 
erosion in its strictest sense imply the highest 
priority of LDN as well as the need for 
investment on sustainable land management. 

3. The other factor variables used in the model 
remain constant. The implication of this 
assumption is consistent with the principle of 
“one-out all-out”. For example among the 
biophysical factors in the models, we assume 
no change in forest cover, biomass carbon 
stock, arable and permanent cropland areas, as 
well as meadow and pasture land areas and all 
should remain at the 2013 state in each country. 

These indicators are also consistent with sub-
indicators of SDG 15.3.1 (Box 6).

4. The estimated top soil loss induced national 
level NPK loss and soil NPK depletion for the 
base year are considered as baseline indicators 
of national, sub-regional, and regional level of 
agricultural land and soil quality, which can be 
used as indicators for SDG 2.4 (Box 6). 

5. Based on the assumptions 1-4 and estimated 
results the level of factor inputs in the 
aggregate crop yield econometric model (Table 
2.6) remain constant in estimating the effect of 
the estimated top soil loss induced NPK loss 
and soil NPK depletion on aggregate crop 
production loss. Here, the estimated crop 
production loss for the base year is assumed as 
indicator of the level of agricultural productivity 
loss. Whereas, if actions for avoiding the top 
soil loss would be implemented in future, the 
loss could be converted into benefit and hence 
can be used as indicator of improvement in 
agricultural land productivity. In other words, 
the crop productivity loss/gain is an alternative 
sub-indicator of SDG 15.3 (Box 6).

6. Our models imply that efforts for example 
aimed at improving forest cover and biomass 
carbon would positively lead to reducing NPK 
loss and soil NPK depletion and hence 
increasing aggregate crop yield. Therefore, the 
estimations based on the assumptions 1-5 
provide lower bound results.

B O X  5

Assumptions for estimation of NPK losses, Soil NPK depletion and crop losses

the 487 million hectares, the total estimated top 
soil loss amounts to 5.8 billion tons of soil. The 
corresponding estimated topsoil loss induced 
NPK loss in the region amounts to 52.1 million tons 
(about 107.1 kg/ha/year) or close to 77 per cent of the 
annual NPK losses in the region. The value of this 
supporting ecosystem service at a replacement 
cost price of commercial fertilizer (weighted 
average price 0.85 USD/kg of NPK nutrients in the 
2013 prices) amounts to about USD 34.1 billion, or 
on average USD 90.94/ha (Table 2.7). 

Southern Asia accounts for 49 per cent of the 
annual top soil loss in Asia whereas the top soil 
loss induced NPK losses (52.1 million tons of NPK 

per year) and the replacement cost value of these 
losses (USD 34.1 billion) account for 35.78 and 36.01 
per cent of the Asia level respectively. East Asia 
accounts for 23.14 per cent of the topsoil loss, 46.66 
per cent of the top soil loss induced NPK loss and 
about 46 per cent of the replacement cost value of 
the loss in Asia. South East Asia is third in terms of 
total top soil loss accounting for 20.37 per cent as 
well as the top soil loss induced NPK losses and the 
replacement cost value, each accounting for 11.6 
and 11.9 per cent respectively. The remaining close 
to 7.4 per cent of the total top soil loss, 6 per cent of 
the top soil loss induced NPK loss and 6.1 per cent of 
the total replacement cost value of the loss in Asia 
are accounted for by West and Central Asia. 
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Goal 15.   Protect, restore and promote 
sustainable use of terrestrial 
ecosystems, sustainably manage 
forests, combat desertification, and 
halt and reverse land degradation and 
halt biodiversity loss

Target 15.3 By 2030, combat desertification, 
restore degraded land and soil, including land 
affected by desertification, drought and floods, 
and strive to achieve a land degradation-
neutral (LDN) world. LDN is a state whereby the 
amount and quality of land resources 
necessary to support ecosystem functions and 
services and enhance food security remain 
stable or increase within specified temporal 
and spatial scales and ecosystems.
Indicator 15.3.1 Proportion of land that is 
degraded over total land area. Sub-indicators 
include land cover and land cover change, land 
productivity, and carbon stocks above and 
below ground.
Data for global, regional and national 
monitoring: Following the 2006 IPCC Guidelines 
concerning estimation methods at three levels 
of detail, from tier 1 (the default method) to tier 
3 (the most detailed method), the following 
approach for indicator 15.3.1 are proposed: 

Tier	1:  Earth observation, geospatial 
information and modelling 

Tier	2:	 Statistics based on estimated data 
for administrative or natural 
boundaries 

Tier	3:  Surveys, assessments and ground 
measurements 

Each of the tiers may have a unique approach 
as to how driver (land management/use) and 
state (land resources) variables interact in a 
land degradation assessment, which depends 
primarily on the data and upscaling methods 
available. Therefore, it has been noted that the 
above three sub-indicators will never fully 
capture the complexity of land degradation 
processes; and there will always be a need for 
other relevant national or sub-national 
indicators, data and assessments to account 
for national circumstances and contexts

Target: 15.1 By 2020, ensure the conservation, 
restoration and sustainable use of terrestrial 
and inland freshwater ecosystems and their 
services, in particular forests, wetlands, 
mountains and drylands, in line with obligations 
under international agreements
Indicator 15.1.1 Forest area as a proportion of 
total land area 

Target 15.2 By 2020, promote the implementation 
of sustainable management of all types of 
forests, halt deforestation, restore degraded 
forests and substantially increase afforestation 
and reforestation globally
Indicator 15.2.1 Progress towards sustainable 
forest management

Goal 2.   End hunger, achieve food security and 
improved nutrition and promote 
sustainable agriculture

Target: 2.4 By 2030, ensure sustainable food 
production systems and implement resilient 
agricultural practices that increase productivity 
and production, that help maintain ecosystems, 
that strengthen capacity for adaptation to 
climate change, extreme weather, drought, 
f looding and other disasters and that 
progressively improve land and soil quality.
Indicator: 2.4.1 Proportion of agricultural area 
under productive and sustainable agriculture

Target 2.3 By 2030, double the agricultural 
productivity and incomes of small-scale food 
producers, in particular women, indigenous 
peoples, family farmers, pastoralists and 
fishers, including through secure and equal 
access to land, other productive resources and 
inputs, knowledge, financial services, markets 
and opportunities for value addition and non-
farm employment.
Indicators: 2.3.1 Volume of production per 
labour unit by classes of farming/pastoral/
forestry enterprise size
Indicator: 2.3.2 Average income of small-scale 
food producers, by sex and indigenous status 

B O X  6

SDG 15.3, 2.4, and 2.3 and their indicators 
(Source: UN, n.d., UN, 2017a)
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Top soil loss induced soil NPK depletion in the 
region amounts to about 49.5 million tons (101.7 
kg/ha/year) or close to 94.6 per cent of the total 
soil NPK balance in the Asia. The replacement 
cost value of this total top soil loss induced soil 
NPK depletion amounts to about USD 30.1 billion. 
Southern Asia accounts for 34.36 per cent of the 
quantity and 33.82 per cent of this value followed 
by East Asia (29.82 per cent of the quantity and 30.1 
per cent of the value), and southern East Asia (22.43 
per cent of the quantity and 23.3 per cent of the 
value). West and Central Asia together account for 
the remaining 13.4 per cent in quantity and 12.8 per 
cent in value of the top soil loss induced soil NPK 
depletion in Asia. 

Country level quantity and replacement cost of 
topsoil induced NPK losses soil NPK depletions: 
Out of the 44 countries and two provinces of China 
covered in this study, India, mainland China, and 
Indonesia all together account for close to 71.6 
per cent of the total annual 5.8 billion tons of top 
soil loss in Asia. India accounts for 42.38 per cent, 
followed by mainland China (22.21 per cent) and 
Indonesia (7 per cent). The remaining 28.4 per cent 
of the annual top soil loss from the 48.7 million ha 
of agricultural land in the region is accounted for 
by other 41 countries and two provinces of China. 

In terms of the top soil loss induced NPK loss 
and its replacement cost value, mainland China 
ranks first with 22.8 million tons of NPK loss and 
replacement cost value of about USD 14.7 billion, 
each accounting for 43.8 and 43.2 per cent of the 
corresponding Asia level values respectively. India 
ranks second with 14.05 million tons per annum of 
top soil induced NPK losses that has a replacement 
cost value of about USD 9.3 billion. This accounts 
for close to 27 per cent of the loss in quantity and 
27.4 per cent of the value of the corresponding Asia 
level figures. Therefore, the two countries account 
for close to 71 per cent of the quantity Asia level 
top soil induced NPK loss and 70.6 per cent of the 
value. Together with Indonesia, the three countries 
account for close to 75 per cent of both the quantity 
and monetary value of the top soil loss induced 
NPK loss in Asia with the rest of the countries all 
together accounting for the remaining 25 per cent. 

Seven countries (Mainland China, India, Indonesia, 
Turkey, Myanmar, Thailand, and Kazakhstan) all 
together account for 82.33 per cent of the total 
quantity and 82.24 per cent of the value of top 

soil loss induced quantity and value of soil NPK 
depletion in Asia. The first two countries account 
for 57.11 per cent of the Asia level estimated 49.5 
million tons of top soil loss induced soil NPK 
depletion and 56.88 per cent of it value of USD 30.1 
billion. The remaining less than 18 per cent of both 
in value and quantity is accounted for by the 37 
countries and two provinces of China.

2.7.3.   Quantity and value of estimated 
aggregate crop production losses

Table 2.9 shows the average annual crop production, 
yield in tons per hectare per year and the quantity 
and value of aggregate crop production losses due 
to top soil induced NPK losses as well as soil NPK 
depletion. 

Regional and sub-regional level quantity and 
value of crop production losses: Over the period 
2002-2013, Asia had been producing on average 
close to 2.47 billion tons of crop outputs on the 487 
million hectares of agricultural land area and the 
average productivity for the region was 5.07 tons/
ha/year. Over the same period on average for every 
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kilogram of NPK loss caused by top soil loss, crop 
productivity was declining by 0.32 kilogram of crop 
outputs. Whereas for every 1 kilogram of soil NPK 
depletion caused by top soil loss, the regional level 
crop yield loss was 17.05 kilograms. These values 
can be considered as ecosystem trade-off indices. 

From the total land area cultivated, the total annual 
production loss due to top soil loss induced NPK loss 
amounts to about 16.7 million tons of crops with a 
total value of about USD 9.9 billion at the weighted 
average price of crops produced in the region. In 
other words, avoiding top soil loss induced NPK 
loss in agricultural lands of Asia would increase 
productivity by about 0.68 per cent per year. 
Whereas the total annual production loss due to 
top soil loss induced soil NPK depletion amounts 
to about 1.31 billion tons or close to 53 per cent of 
the annual total crop production in the region. 
The corresponding value of this annual loss at the 
weighted average crop prices amounts to close to 
USD 732.7 billion. This implies that avoiding top soil 
induced soil NPK depletion in agricultural lands of 
Asia would increase the regional level productivity 
from the 5.07 to 7.76 tons per hectare per year. 

East Asia accounts for close to 43 per cent of Asia’s 
crop production, 63 per cent in quantity and 66.4 
per cent in the value of crop loss caused by top soil 
loss induced NPK losses, and about 43 per cent in 
quantity and 46.2 per cent in value of crop losses 
caused by top soil loss induced soil NPK depletions 
in Asia. Southern Asia accounts for close to 27 
per cent of Asia’s crop production, 17 per cent in 
quantity and 20.4 per cent in the value of crop loss 
caused by top soil loss induced NPK losses, and 
about 27 per cent in quantity and 32.2 per cent in 
value of crop losses caused by top soil loss induced 
soil NPK depletions in Asia.

Whereas South East Asia accounts for close to 23 
per cent of Asia’s crop production, 14.1 per cent in 
quantity and 7.3 per cent in the value of crop loss 
caused by top soil loss induced NPK losses, and 
about 22.5 per cent in quantity and 13.6 per cent in 
value of crop losses caused by top soil loss induced 
soil NPK depletions in Asia. West and Central Asia 
together account for the remaining 7.6 per cent of 
Asia’s crop production, 5.9 per cent in quantity and 
6.9 per cent in the value of crop loss caused by top 
soil loss induced NPK losses, and about 7.6 per cent in 
quantity and 8 per cent in value of crop losses caused 
by top soil loss induced soil NPK depletions in Asia.

Country level quantity and value of crop 
production losses: Six countries (Mainland China, 
India, Indonesia, Malaysia, Thailand, and Turkey) 
all together were producing 80 per cent of the 2.47 
billion tons of average annual crop production in 
Asia over the period 2002-2013, with mainland 
China and India accounting for 40.32 per cent and 
20.03 per cent respectively. The remaining 20 per 
cent were produced in the 38 countries and two 
provinces of China. The crop loss caused by top soil 
loss induced NPK loss in the six countries (Mainland 
China, India, Indonesia, Malaysia, Thailand, and 
Turkey) also accounts for close to 84.1 per cent in 
quantity and about 77.3 per cent in the value the 
corresponding loss in Asia. Whereas the crop loss 
caused by top soil loss induced soil NPK depletion 
in these six countries accounts for close to 79.8 per 
cent in quantity and 77 per cent in the value of 
corresponding crop loss in Asia. 

2.8. Conclusions

This study covers 44 Asian countries and two 
provinces of China, which all together have been 
cultivating more than 127 crop types on about 487 
million hectares per year over the period 2002-2013. 
These lands account for 87.43 per cent of the total 
arable and permanent cropland of all the countries 
covered in the study. Land cultivated with cereals 
covers the largest area (59.06 per cent) of the 487 
million hectares, followed by oil crops with 18.22 
per cent and pulses accounting for 6.7 per cent. 
The other crop categories all together cover the 
remaining 16.03 per cent of the cultivated land

Our study shows an increasing trend of 
agricultural land degradation. Total soil NPK 
nutrient balance was -46.27 million tons in 2002 
and it reached -61.17 million tons in 2013 at Asia 
level, indicating an increasing soil NPK depletion 
over the indicated period. The average annual 
soil NPK nutrient balance for Asia during the 
study period was -60.42 million tons indicating an 
annual depletion of 52.34 million tons of NPK from 
soil nutrient reserves of arable and permanent 
croplands of the region. 

There was also a substantial variation in the 
rate of nutrient depletion between countries. 
31 countries15 have negative soil NPK nutrient 
balances. In this group of countries the highest 

15 Uzbekistan, 
Azerbaijan, Lao PDR, 

Turkey, Kyeargyzstan, 
Indonesia, Viet Nam, 

Myanmar, Cambodia, 
Bangladesh, 

China(mainland), 
Tajikistan, Kazakhstan, 

Iran, Armenia, 
Philippines, Syearian 
Arab Republic, Nepal, 

Bhutan, Thailand, 
Afghanistan, Iraq, 
Georgia, India, Sir 

Lanka, Timor-Leste, 
Yemen, Israel, 

Pakistan, Lebanon, 
Malaysia. 

16 Singapore, Qatar, 
China(Hong Kong), 

Kuwait, Brunei 
Darussalam, Jordan, 

Mongolia, 
China(Taiwan), Oman, 
United Arab Emirates, 

Japan, Republic of 
Korea, Cyprus, Saudi 

Arabia.
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depletion rate was 198.6 kg/ha/year in Uzbekistan 
and the lowest was 6.3 kg/ha/year in Malaysia.

The remaining 13 countries16 and the two provinces 
of China showed surplus in NPK soil balances. 

Total NPK loss on the other hand increased from 
59.8 million tons in the year 2002 to 72.74 million 
tons in 2013 and the annual NPK nutrient losses 
for the region was 67.69 million tons for the study 
period and this accounts for close to 39 per cent 
of the total nutrient input or output. Mainland 
China, India, and Indonesia are the three countries 
with the highest total soil NPK nutrient depletion 
accounting for about 65.73 per cent of the total 
depletion in Asia in the year 2002 and 68.19 per cent 
in the year 2013. The three countries also account 
for about 75.54 per cent of the total NPK loss in Asia 
in 2002 and 74.16 per cent of the total NPK loss in 
2013.

The econometric models of land degradation 
consistently indicate that the NPK loss as well as 
soil NPK depletion are significantly correlated 
with biophysical factors (top soil loss, forest cover, 
arable and permanent crop land area, meadow and 
pasture land area) and socioeconomic factors (GDP 
per capita, GDP, and Livestock population). This 
indicates that the models can be used for estimation 
and prediction of the level of soil nutrient depletion 
and total soil nutrient losses in the region using 
national level statistic on the indicated biophysical 
and socioeconomic factors, which is simpler than 
using the biophysical approach of auditing soil 
nutrient balance. Moreover, the econometric 
modelling approach allows policy analysis 
showing the correlation with socioeconomic and 
biophysical factors and relating nutrient losses and 
soil nutrient depletions in agriculture with other 
land uses (forest cover, pasture and meadow lands). 

The econometric models of aggregate crop yield 
consistently indicate that aggregate crop yield 
is negatively and significantly correlated with 
NPK loss as well as soil NPK depletion indicating 
that land degradation reduces productivity in 
agriculture in Asia.

Using the econometric models and based on 
plausible assumptions consistent with the concept 
of land degradation neutrality, results of this study 
indicated that the annual rate of top soil loss over 
the period 2002-2013 from agricultural lands in 

Asia was 11.91 tons per hectare. From the total 
harvested area of the 487 million hectares, the total 
estimated top soil loss amounts to 5.8 billion tons. 

❚	 The corresponding estimated topsoil loss 
induced NPK loss in the region amounts to 52.1 
million tons or close to 77 per cent of the annual 
NPK losses in the region. The value of this 
supporting ecosystem service at a replacement 
cost price of commercial fertilizer amounts to 
about USD 34.1 billion.

❚	 Top soil loss induced soil NPK depletion in the 
region amounts about 49.5 million tons or close 
to 94.6 per cent of the total soil NPK balance 
in the Asia. The replacement cost value of this 
total top soil loss induced soil NPK depletion 
amounts to about USD 30.1 billion.

❚	 The total annual production loss due to top 
soil loss induced NPK loss amounts to about 
16.7 million tons of crops with a total value of 
about USD 9.9 billion at the weighted average 
price of crops produced in the region. In other 
words, avoiding top soil loss induced NPK loss 
in agricultural lands of Asia would increase 
productivity by about 0.68 per cent per year.

❚	  Whereas the total annual production loss 
due to top soil loss induced soil NPK depletion 
amounts to about 1.31 billion tons or close to 
53 per cent of the annual total crop production 
in the region. The corresponding value of this 
annual loss at the weighted average crop prices 
amounts to close to USD 732.7 billion. This 
implies, that avoiding top soil induced soil NPK 
depletion in agricultural lands of Asia would 
increase the regional level productivity from 
the 5.07 to 7.76 tons per hectare per year. 

Thus, Asian countries as well as regional and global 
stakeholders need to take action against top soil 
loss induced soil nutrient depletions and total 
nutrient losses that are aggravating agricultural 
land degradation in the region. This may require 
investment in SLM technologies on agricultural 
lands in Asia. To make such interventions, the first 
step is to assess the cost of investing in sutainable 
land management technologies. The next chapter 
will address this issue.
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03 Costs of Sustainable Land Management  
for Achieving Agricultural Land Degradation 
Neutrality in Asia

3.1. Introduction 

In the previous chapter, we have seen the level 
and trends of top soil loss induced nutrient losses 
and soil nutrient depletions in agricultural 
ecosystems of Asian countries and the level of 
associated aggregate crop production losses due 
to land degradation. Avoiding land degradation 
therefore would enable Asian countries to 
increase agricultural productivity without going 
to the extensive margin that may otherwise 
require conversion of other land uses. Therefore, 
in order to increase agricultural productivity 
investing in sustainable land management 
technologies is important. The objective of this 
chapter is to develop a meta-transfer function 
for costs of SLM technologies using econometric 
methods and based on available data from 
the WOCAT database on establishment and 
maintenance costs of SLM technologies in Asia 
(WOCAT, n.d.a). The chapter also aims to estimate 
national level costs of SLM technologies for the 
countries and provinces covered in this study 
based on the econometric model to be developed.

The next sections of the chapter provide 
descriptions on the WOCAT database on costs of SLM 
technologies, available data for Asian countries, 
econometric methods used to develop regional 
level meta-transfer functions for establishment 
and maintenance costs of SLM technologies in Asia, 
and estimated national level cost for each country 
covered in the study. 

3.2.  WOCAT data on costs of SLM  
technologies in Asia 

The WOCAT network encourages countries across 
the globe to fill-out a standard questionnaire 

that collects site-specific background biophysical 
and socioeconomic data on SLM technologies, 
and their perceived benefits and costs. Once the 
questionnaire for a specific SLM technology is 
reported, WOCAT organizes and publishes a brief 
summary of the technology. The main components 
of the information on specific SLM technologies 
compiled in the database includes background 
information on: 

Land use problems that triggered the need for 
the SLM technology at the site: These include 
information on land use before degradation, 
climate, and kind of land degradation experienced 
prior to the SLM intervention. It also provides 
information on the SLM conservation measure that 
was implemented, the stage of the intervention 
(was the SLM intervention designed to prevent, 
mitigate or rehabilitate land degradation?), 
who initiated the intervention (was it the land 
users, experimenters or researchers or externally 
imposed?), and the level of technical knowledge 
required to implement the SLM intervention. 
Furthermore, it highlights the main causes of 
land degradation at the site, and main technical 
functions of the SLM intervention.

The natural environment: This background 
information at the SLM site include average annual 
rainfall, altitude (meters above sea level), land 
form (plateau, plains, ridges, mountain slopes, hill 
slopes, foot slopes, valley floors), slope (flat, gentle, 
moderate, rolling, hilly, steep, very steep), soil 
depth, soil texture and biodiversity.

The human environment: This background 
information at the SLM site include forestland or 
woodlands per household, population density, 
land ownership patterns, land use rights, relative 
level of household wealth, importance of off-farm 
income, access to services and infrastructure, 
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market orientation, and the goods and services 
provided by forests or woodlands at the site.

Establishment cost (USD/ha): quantity and capital 
costs of labour, equipment and construction 
materials initially used to setup (construct/build) 
the SLM technology.

Maintenance or recurrent costs (USD/ha/year): 
quantity and recurrent costs of labour, equipment 
and construction materials required to maintain 
functionality of the SLM intervention on annual 
basis.

Other: the questionnaire and the database also 
provide additional information that can be used 
to qualitatively assess the onsite and offsite costs 
and benefits of the SLM intervention: production 
and socioeconomic, socio-cultural, ecological, 
off-site contributions to human wellbeing and 
livelihoods, and the land user perceived benefits 
and costs, and the extent of acceptance/adoption 
of the technology.

The WOCAT database (WOCAT, n.d.a) also classifies 
the SLM technologies into four broad classes, which 

are also described and reported in (Giger, Liniger, & 
Schwilch, 2015b) as: 

❚	 Agronomic measures: measures that improve 
soil cover (e.g. green cover, mulch), measures 
that enhance organic matter/soil fertility 
(e.g. manuring), soil surface treatment (e.g. 
conservation tillage), sub-surface treatment 
(e.g. deep ripping).

❚	 Structural measures: terraces (bench, forward/
backward slopping), bunds, banks (level, 
graded), dams, pans, ditches (level, graded), 
walls, barriers and palisades. 

❚	 Vegetative measures: plantation/reseeding 
of tree and shrub species (e.g. live fences, tree 
crows), grasses and perennial herbaceous 
plants (e.g. grass strips).

❚	 Management measures: change of land 
use types (e.g. area enclosure), change of 
management intensity level (e.g. from grazing 
to cut and carry), major change in timing of 
activities, and controlling/change of species 
composition.
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In the database, a specific technology may also 
include a combination of two or more of the above 
measures, for the purpose of this study such a 
technology is termed as mixed SLM technology. 

Until March 2017, the WOCAT database consists of 
about 830 SLM technologies, collected, documented, 
and assessed by the WOCAT network. The database 
covers SLM technologies from 79 countries and are 
classified into complete, incomplete, and draft 
based on the quality of information documented 
and assessed by the WOCAT network. Out of the 
total registered SLM technologies in the database, 
about 550 are classified as complete. Giger, Liniger, 
Sauter & Schwilch (2015a) used 363 of these SLM 
technologies of which 149 were from Asian 
countries and assessed what costs accrue to local 
stakeholders as well as the perceived short and 

long-term cost-benefit ratios. Giger and colleagues 
also argue that a wide range of the existing SLM 
practices generate considerable benefits not only 
for the land users but also for other stakeholders. 
High initial investment costs related with some of 
the technologies may constitute a barrier to the 
adoption by land users.

Table 3.1 summarizes the total number of SLM 
technologies from 19 Asian countries registered 
in the WOCAT database over the period 1997 to 
2016. The databases contains a total of 240 SLM 
technologies of which 51 are agronomic measure, 
73 structural measures, 54 vegetative/biological 
measures, 28 management measures, and 34 
mixed types. Out of the 240 technologies, about 72 
per cent of the technologies include information 
on per hectare level establishment cost and 

T A B L E 	 3 . 1

Distribution of SLM technologies in Asia registered in the WOCAT database until March 2017 

Country Year Agronomic Structural Vegetative 
/Biological/

Management Mixed Total

Total With 
Cost 
info

Total With 
Cost 
info

Total With 
Cost 
info

Total With 
Cost 
info

Total With 
Cost 
info

Total With 
Cost 
info

Afghanistan 2011-2016 1 1 10 6 3 2 14 9

Bangladesh 2001-2013 3 1 1 1 5 1

China, mainland 1997-2011 3 1 9 4 5 1 1 18 6

Cyprus 2014-2015 1 1 2 2 3 3

India 2002-2007 1 1 12 11 2 1 1 1 17 13

Kazakhstan 2003-2013 3 3 1 1 5 5 9 9

Kyeargyzstan 2004-2013 5 5 1 1 1 7 6

Cambodia 2014 4 4 2 1 5 4 1 1 12 10

Nepal 2003-2013 8 5 5 1 8 6 11 2 3 2 35 17

Philippines 1999-2016 11 9 6 4 8 6 1 1 5 4 31 24

Tajikistan 2004-2014 8 7 15 13 13 11 10 5 20 18 66 54

Syearian Arab Republic 1999-2012 1 1 2 2 1 1 1 1 5 5

Turkmenistan 2011 1 1 2 2 3 3

Thailand 1997-2000 2 2 1 1 3 3

Turkey 2008-2011 2 2 2 2 1 1 5 5

Uzbekistan 2011 1 3 3 4 3

Yemen 2013 1 1 1 1

Indonesia 2003 1 1

Viet Nam 2015 1 1

Total 1997-2016 51 41 73 52 54 39 28 11 34 29 240 172

Source: Compiled from the WOCAT database
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about 55 per cent have information on the annual 
maintenance cost on per hectare level. Further 
details on the specific technologies with cost 
information reported from each country and the 
reported establishment and maintenance costs are 
available in Table A6 to A10.

A descriptive analysis of the technologies with 
cost information shows that the establishment 
cost ranges from zero, for Sweet Potato Relay 
Cropping as an agronomic measure reported from 
the Philippines (Table A6) in which the technology 
only requires recurrent labour costs, to USD 182,413/
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Afghanistan 2011-2016 9 1570.45 577.82 913.01 291.15 657.43 345.23

Bangladesh 2013 1 600.00 600.00

China, mainland 2001-2011 6 2900.88 1064.37 1751.50 954.60 1149.33 683.80

Cyprus 2014-2015 3 62646.00 59888.72 60931.33 60740.85 1714.67 1195.85

India 2002-2007 13 681.55 269.37 469.15 206.67 212.39 83.17

Kazakhstan 2003-2013 9 250.56 76.12 111.16 70.19 139.40 31.85

Kyeargyzstan 2004-2011 6 346.48 123.83 87.52 55.31 258.97 73.69

Cambodia 2014 10 379.18 257.60 14.38 5.79 364.80 259.31

Nepal 2003-2013 17 1089.07 393.71 408.32 132.87 680.75 334.69

Philippines 1999-2016 24 4430.13 3898.54 1849.06 1618.86 2602.31 2283.27

Tajikistan 2004-2012 54 1279.76 227.86 492.80 105.18 832.65 157.73

Syearian Arab Republic 1999-2012 5 1008.00 373.20 446.60 242.56 545.40 261.87

Turkmenistan 2011 3 2014.33 486.34 831.00 419.73 1216.67 65.24

Thailand 1997-2000 3 114.91 81.97 109.44 81.55 5.47 3.30

Turkey 2008-2011 5 917.60 380.87 224.33 164.34 783.00 349.72

Uzbekistan 2011 3 1895.94 830.76 107.50 54.73 1788.44 791.44

Yemen 2013 1 42530.00 42430.00 100.00

Total 1997-2016 172 2879.31 1209.66 2023.24 1154.21 941.51 325.84

Note: Detail description of the specific technologies including the costs are available in Appendix Table A6-A10 
Source: Compiled from the WOCAT database

T A B L E 	 3 . 2

Summary statistics of Establishment Costs of SLM technologies Registered in WOCAT 
database

ha for agricultural terraces with dry-stone walls as 
a structural measure reported from Cyprus (Table 
A7). 

The mean establishment cost for the 172 
technologies was about USD 2,880/ha (Table 3.2). 
The sum of the establishment costs of the 172 SLM 
technologies was USD 495,240, of which about 67 
per cent was as labour cost and close to 33 per cent 
was costs of materials. However, first calculating 
the ration of labour cost to total establishment cost 
for each technology and then taking the mean of 
the calculated ratios indicated that on average the 
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labour cost for a specific SLM technology accounts 
for about 44.41 per cent of its total establishment 
cost per hectare. Of the total 172 SLM technologies 
for which data of establishment cost is reported in 
the WOCAT database, only 130 of the technologies 
have corresponding data on annual maintenance 
costs.

The descriptive result of the annual maintenance 
cost of 132 SLM technologies reported from 17 Asian 
countries shows that the costs vary from USD 3/
ha in the case of living cashew fences reported 

from Cambodia as a vegetative measure (Table 
A6) to USD 4,625.5/ha reported from Tajikistan for 
mixed technology (Table A10). The mean annual 
establishment cost for the pooled data was 
about USD 356/ha (Table 3.3). First calculating the 
ratio of labour cost to total maintenance cost for 
each technology and then taking the mean of 
the calculated ratios indicated that on average 
the labour cost for a specific SLM technology 
accounts for about 75.68 per cent of its total annual 
maintenance cost per hectare.
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Afghanistan 2014-2016 2.00 58.50 23.50 32.50 2.50 26.00 26.00

Bangladesh 2013 1.00 100.00 100.00

China, mainland 2001-2011 6.00 172.82 57.32 131.98 41.61 40.83 38.27

Cyprus 2014-2015 2.00 1242.07 582.07 1028.57 795.57 213.50 213.50

India 2002-2006 8.00 30.68 14.32 18.66 7.13 12.01 8.96

Kazakhstan 2003-2012 5.00 60.15 22.07 41.39 17.28 18.76 6.47

Kyeargyzstan 2004-2011 6.00 69.97 25.93 25.42 5.90 44.55 25.50

Cambodia 2014 10.00 538.98 394.56 439.90 314.09 99.08 82.07

Nepal 2003-2013 9.00 267.00 132.75 127.11 49.94 139.89 90.08

Philippines 1999-2016 19.00 234.07 72.59 146.07 48.81 81.26 29.44

Tajikistan 2004-2012 46.00 501.89 138.28 451.97 137.42 51.02 15.96

Syearian Arab Republic 1999-2012 4.00 54.00 22.30 26.50 9.58 27.50 25.86

Turkmenistan 2011 3.00 174.00 24.68 130.33 20.50 43.67 43.67

Thailand 1997-2000 3.00 53.04 25.42 38.04 17.80 15.00 15.00

Turkey 2008-2011 4.00 417.75 265.79 136.25 56.10 281.50 210.83

Uzbekistan 2011 3.00 1321.35 542.72 1090.75 452.76 230.60 109.83

Yemen 2013 1.00 236.00 236.00

Total 1997-2016 132.00 355.84 63.21 282.55 58.37 71.49 13.81

Note: Detail description of the specific technologies including the costs are available in Appendix Table A6-A10  
Source: Compiled from the WOCAT database

T A B L E 	 3 . 3

Summary statistics of Annual maintenance Costs of SLM technologies Registered in 
WOCAT database
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3.3.  Econometric approach for  
estimating meta-analytical  
transfer function of the cost of  
SLM technologies

The WOCAT database provides important 
quantitative information on observed 
establishment and maintenance costs of the 
different measures of SLM technologies. However, 
it is not possible to apply theses observed costs 
directly for the purpose of this study for at least 
the following reasons, which need to be addressed.

National Representativeness: The cost 
information for each technology reported from 
each country are site specific and it is important to 
relate theses site specific information to national 
level socioeconomic data through modelling. 

Variation in time. The WOCAT data on cost 
information of the different SLM technologies 
is based on case studies conducted in different 
countries between 1990 and 2016. The data from 
the 19 Asian countries in Table 3.1 for example, 
contains such case studies conducted between 
1997 and 2016. The value of a currency unit – USD 
or any other currency – changes over time due to 
the economic changes that have been taking place 
at national, regional, and global scales. Therefore, 
a cost of specific SLM technology in 1997 may not 
remain the same as time changes. Therefore, 
adjustment of the costs reported is required to 
reflect the current situation. 

Missing data problem: The WOCAT database on 
SLM technologies does not yet cover all countries. 
Until March 2016, the database contains case 
studies reported from 79 countries. In the case 
of Asia, only from 19 countries. Therefore, for this 
study that aims to cover up to 44 Asian countries 
and two provinces of China it is important to 
develop a meta-analytical transfer function using 
econometric modelling approaches. 

In order to address the above issues, we 
developed variants of econometric models for 
the establishment and maintenance costs of 
the SLM technologies based on the following 
hypotheses that are guided by economic theory. 
First, we hypothesized that costs of SLM are 
negatively correlated with the size of national 
level human population and agricultural land 
area. We expected that wages and material costs in 

countries with relatively large population size are 
likely to be cheaper than in countries with smaller 
population sizes. In addition, we anticipated that 
costs of SLM are smaller in countries with relatively 
abundant agricultural lands than in countries with 
scarce agricultural land. 

Contrarily, we hypothesized that cost of SLM 
technologies is positively correlated with national 
agricultural output and national income. We 
anticipated that costs of SLM are relatively high 
in countries where agricultural production and 
national income per capita are high relative to 
countries with lower levels of agricultural output 
and national income per capita. In addition, 
we hypothesized that sub-regional unobserved 
factors and the variations in the time that the cost 
information are reported might have correlation 
with the reported costs of the SLM technologies. 
Furthermore, costs may also depend by the type of 
measures of the SLM technologies. 

Based on the above hypotheses, we developed 
variants of econometric models for the 
establishment and maintenance costs of SLM 
technologies based on the data in Appendices 
A6-A10 and national level data for the hypothesized 
explanatory variables from FAOSTAT and World 
Bank databases. The relationship between costs 
of the SLM technologies and the hypothesized 
national level explanatory variables can be 
specified as in equation 3.1 below: 

Cit=β0+β1Pit+β2Lit+β3Apit+β4Iji+β5Til+β6Rik+εit       

Where:
Cit = refers either the establishment 
or maintenance cost of a specific SLM 
technology measure in the WOCAT database 
reported by country i (i = 1, 2, …, 19) at time t 
(t = 1997, 1999, …,2016)

Pit is the total number of population in 
country i at time t

Lit is agricultural land area in 1000s ha in 
country i at time t

Apit is the agricultural production index for 
country i at time t
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Iit is the per capita GDP of country I at time t

Tik refers to the time invariant dummy to 
control for effect of variation in measures 
of the SLM technologies and assumes 
1 if k is mixed SLM technology and 0 
otherwise; where k = 1, 2, …, 5 representing 
the agronomic, structural, biological, 
management, and mixed SLM technologies 
reported by country i. 

Rij is the time invariant dummy used to 
control for unobservable sub-regional 
variations and assumes 1 if country i is 
geographically located in sub-region j or 0 
otherwise; where j= 1,2,…,5 representing the 
5 sub-regions(Central Asia, South Asia, South 
East Asia, East Asia, and West Asia. 

Based on the above specification in Equation 3.1, 
we modeled specification tests for variants of 
econometric models (i.e., Ordinary Least Squares 
(OLS), Ordinary least squares with robust standard 
errors, Generalized Least Squares (GLS), Fixed Effect 
and Random Effect) for each of the establishment 
and maintenance costs and the model types range 
from simple OLS to random effect regression 
models. The results for the establishment cost 
models are presented in Table 3.4 and model 
results for the maintenance cost are presented in 
Table 3.5. The results in all the 5 different types of 
econometric models consistently indicate that the 
establishment cost is significantly correlated with 
agricultural land area whereas maintenance cost is 
consistently correlated with agricultural land area 
and GDP per capita at p < 10 per cent significance 
level. Moreover, at significance levels between 1 
and 10 per cent, sub-regional fixed effects affect 
only establishment cost whereas the dummy for 
the technology type affects only maintenance 
costs.

We reported results of the OLS model with 
robust standard errors, the fixed and random 
effect models. Our data set consists of a panel of 
establishment and maintenance costs information 
for the period 1997 to 2016. As a result, panel data 
econometric model specification that controls 
effects of each individual years in the panel is 
appropriate. In a panel model, the individual effect 

terms can be modelled as either random or fixed 
effects. If the individual effects are correlated with 
the other explanatory variables in the model, the 
fixed effect model is consistent and the random 
effects model is inconsistent. On the other hand, 
if the individual effects are not correlated with 
the other national level explanatory variables 
in the model, both random and fixed effects are 
consistent and random effects are efficient. The 
Haussmann test statistics in both establishment 
and maintenance cost models (Tables 3.4 and 3.5) 
are not significant indicating that the random 
effect model is efficient. We further dropped 
insignificant variables from the random effect 
model and run Haussmann specification test for 
the fixed and random effect models with only 
significant national level explanatory variables. 
This consistently provided that the restricted 
random effect model is efficient for estimating 
both the establishment and maintenance costs. 

The coefficient for agricultural land area in 
both the restricted random effect models for 
establishment and maintenance costs indicate that 
agricultural land area is negatively correlated to 
both establishment and maintenance costs and the 
correlations are statistically significant at 5 per cent 
level of significance. The direction of the effect is 
consistent with our hypothesis that countries with 
relatively larger agricultural land area are likely to 
have relatively cheaper costs of both establishment 
and maintenance costs of SLM technologies per 
hectare of land. Since in both models the dependent 
variables and agricultural land area are in log 
forms, the coefficients for agricultural land area in 
1000s can be interpreted as follows. Each one unit 
increase in the log-transformed agricultural land 
area in 1000s hectares reduces log-transformed 
cost of establishment cost per hectare by 0.243 
whereas the log-transformed cost of maintenance 
cost by 0.242 units respectively. In percentage 
terms, a 1 per cent increase in the agricultural land 
area in 1000s of hectare reduces establishment cost 
per hectare by 0.105 per cent and maintenancecost 
per hectare by the same 0.105 per cent.

The coefficient for log-transformed GDP per capita 
in both the restricted random effect models for 
establishment and maintenance costs indicate 
that GDP per capita is positively correlated to both 
establishment and maintenance costs and the 
correlations are statistically significant at 1 per cent 
level of significance. The direction of the effect is 
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T A B L E 	 3 . 4

Models for Establishment Cost of SLM Technologies (log-transformed)

Factor variables OLS2  
(robust SE)

Fixed  
Effect

Random 
Effect  
full

Random 
Effect 
restricted

Human population in 1000s  
(log-transformed)

0.125
(0.211)
[0.590]

0.292
(0.334)
[0.870]

0.230
(0.294)
[0.780]

Agricultural land area in 1000s of ha  
(log-transformed)

-0.451
(0.206)

[-2.190]b

-0.463
(0.238)

[-1.940]c

-0.482
(0.217)

[-2.230]b

-0.243
(0.115)

[-2.120]b

Agricultural production index  
(log-transformed)

-0.559
(1.038)

[-0.540]

-2.117
(2.021)

[-1.050] 

-1.086
(1.271)

[-0.850]

GDP in USD per capita  
(log-transformed)

0.497
(0.268)
[1.850]c

0.230
(0.349)
[0.660]

0.348
(0.275)
[1.260]

0.395
(0.193)

[20.400]b

SLM technology dummy,  
1 = at least two or more SLM technology types,  
0 = One type SLM technology

0.784
(0.366)
[2.140]b

0.620
(0.401)
[1.550]d

0.622
(0.380)
[1.640]d

Region 1 (1 = Central Asia, 0 = otherwise) (omitted) (omitted) -0.335
(0.840)

[-0.400]

Region 2 (1 = East Asia, 0 = otherwise) 0.651
(0.631)
[1.030]

0.007
(1.169)
[0.010]

-0.068
(0.912)

[-0.080]

Region 3 (1 = Southern Asia, 0 = otherwise) 1.881
(0.940)
[2.000]b

1.406
(1.551)
[0.910]

1.243
(1.158)
[1.070]

Region 4 (1 = South East Asia, 0 = otherwise) -1.136
(0.577)

[-1.970]c

-1.273
(1.204)

[-1.060] 

-1.595
(0.802)

[-1.990]b

-1.562
(0.476)

[-3.280]a

Region 5 (1 = West Asia, 0 = otherwise) 0.385
(1.049)
[0.370]

0.273
(0.935)
[0.290]

(omitted)

Constant 8.156
(5.376)
[1.520]d

16.082
(10.207)
[1.580]d

11.463
(6.480)
[1.770]c

6.263
(1.451)
[4.310]a

N 130 129 129 129

F (df, N) 3.390a 2.710a

R2 0.211 0.161 0.201 0.120

Adj. R2

Root MSE 1.657

Mean VIF 3.070

No. of groups (Year as group variable) 18 18 18

Wald chi2 27.620a 15.420a

Log_L

R2 within 0.193 0.191 0.114

R2 between 0.096 0.157 0.089

corr (u_i, Xb) -0.161

F test u_i=0, F(df, N) 2.100b

Hausman Test (Chi2) 0.580 0.730

Prob Chi2 0.999 0.867

Values in () are standard errors, Values in [] are t-statics for the OLS and fixed effect models and z-statistics for the other models.  
Significance levels: a < 1 %, b < 5 %, c < 10 %, d < 15 %.
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T A B L E 	 3 . 5

Models for Annual Maintenance Cost of SLM Technologies (log-transformed)

Factor variables OLS2 
(robust SE)

Fixed  
Effect

Random 
Effect  
full

Random 
Effect 
restricted

Human population in 1000s  
(log-transformed)

-0.035
(0.212)

[-0.170]

-0.046
 (0.336)
[-0.140] 

-0.003
(0.264)

[-0.010]

Agricultural land area in 1000s of ha  
(log-transformed)

-0.342
(0.165)

[-2.080]b

-0.337
 (0.239)
[-1.410]

-0.351
(0.204)

[-1.720]c

-0.242
(0.106)

[-2.270]b

Agricultural production index  
(log-transformed)

0.708
(0.763)
[0.930]

1.568
 (2.038)
[0.770] 

0.950
(0.918)
[1.030]

GDP in USD per capita  
(log-transformed)

0.556
(0.165)
[3.370]a

0.662
 (0.352)
[1.880]c

0.585
(0.242)
[2.420]b

0.486
(0.178)
[2.730]a

SLM technology dummy,  
1 = at least two or more SLM technology types,  
0 = One type SLM technology

1.361
(0.387)
[3.520]a

1.406
 (0.402)
[3.500]a

1.414
(0.378)
[3.740]a

1.388
(0.363)
[3.820]a

Region 1 (1 = Central Asia, 0 = otherwise) -1.374
(0.968)

[-1.420]

(omitted) -0.039
(0.767)

[-0.050]

Region 2 (1 = East Asia, 0 = otherwise) -0.946
(0.698)

[-1.360]

0.941
 (1.174)
[0.800]

0.352
(0.867)
[0.410]

Region 3 (1 = Southern Asia, 0 = otherwise) (omitted) 1.646
 (1.561)
[1.050]

1.219
(1.110)
[1.100]

Region 4 (1 = South East Asia, 0 = otherwise) -1.521
(0.658)

[-2.310]b

-0.128
 (1.213)
[-0.110]

-0.366
(0.721)

[-0.510]

Region 5 (1 = West Asia, 0 = otherwise) -1.273
(0.850)

[-1.500]d

0.239
 (0.942)
[0.250]

(omitted)

Constant 1.795
(4.216)
[0.430]

-4.466
 (10.302)
[-0.430]

-0.976
(4.908)

[-0.200]

3.147
(1.383)
[2.280]b

N 132 131 131 131

F (df, N) 7.030a 2.360b

R2 0.213 0.209 0.222 0.191

Adj. R2

Root MSE 1.580

Mean VIF 5.43

No. of groups (Year as group variable) 18 18 18

Wald chi2 29.070a 24.320a

Log_L

R2 within 0.170 0.165 0.135

R2 between 0.255 0.324 0.251

corr (u_i, Xb) -0.138

F test u_i=0, F (df, N) 1.150

Hausman Test (Chi2) 0.880 1.720

Prob Chi2 0.999 0.632

Values in () are standard errors, Values in [] are t-statics for the OLS and fixed effect models and z-statistics for the other models.  
Significance levels: a < 1 %, b < 5 %, c < 10 %, d < 15 %. † Convergence not achieved.
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consistent with our hypothesis that countries with 
relatively larger per capita income are likely to have 
relatively expensive costs of both establishment 
and maintenance costs of SLM technologies per 
hectare of land. Since in both models the dependent 
variables and GDP per capita are in log forms, the 
coefficients for agricultural GDP per capita can 
be interpreted as follows. Each one-unit increase 
in the log-transformed GDP per capita increases 
log-transformed cost of establishment cost per 
hectare by 0.395 and the log-transformed cost of 
maintenance cost by 0.486 units respectively. In 
percentage terms, a 1 per cent increase in the GDP 
per capita increases establishment per hectare by 
0.171 per cent and maintenance cost per hectare by 
the same 0.21 per cent.

The coefficient for dummy of Region 4 (Southeast 
Asia) in the restricted random effect model for 
establishment cost is negatively correlated to log-
transformed establishment cost per hectare and 
the correlation is significant at 1 per cent level of 
significance. We had no prior expectation on the 
direction of the effect but the result implies that 
establishment cost in South East Asian countries are 
relatively lower than countries in the other regions 
of Asia. Since the dependent variable is in log form 
and the regional dummy is linear, the coefficients 
for Region 4 can be interpreted as follows. For each 
one-unit increase in dummy for Region 4 from 0 
to 1, which in other words mean the given other 
factors remain constant, the log-transformed 
establishment cost for a country located in South 
Asia is lower by -1.562 units than any other country 
in other regions of Asia. In percentage terms, the 
establishment cost in a country in Southeast Asia is 
by 79.03 per cent lower than the establishment cost 
per hectare for a country in other regions of Asia. 

The coefficient for dummy for the type of SLM 
technology in the restricted random effect model 
for the maintenance cost is positively correlated to 
log-transformed maintenance cost per hectare and 
the correlation is significant at 1 per cent level of 
significance. We had no prior expectation on the 
direction of the effect but the result implies that 
establishment costs for mixed SLM technologies are 
relatively higher than specific SLM technologies. 
Since the dependent variable is in log form and 
the dummy for SLM technology is linear, the 
coefficients for SLM technology can be interpreted 
as follows. For each one-unit increase in the dummy 
from 0 to 1, which in other words mean the given 

other factors remain constant, a change from using 
a single type of SLM technology (say agronomic) 
to a mixed SLM technology increases the log-
transformed maintenance cost by 1.388 units. 
In percentage terms, the maintenance cost per 
hectare for mixed SLM technologies is about 300 
per cent higher than maintenance cost per hectare 
of any of the other specific SLM technologies.

Finally, we used theses restricted models as meta-
transfer function and estimated the national 
level establishment and maintenance costs of 
SLM technologies for 44 Asian countries and two 
provinces of China for the year 2013 using the 
national level data on agricultural land area and 
GDP per capita for the 2013. Results are presented 
in Table 3.6 below.

Table 3.6 shows the estimated maintenance and 
establishment costs of SLM technologies for 44 
Asian countries and two provinces of China based 
on the restricted random effect models in Table 3.4 
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T A B L E 	 3 . 6

Establishment and maintenance costs of SLM technologies (2013 Prices)

Country/Region Establishment cost  
of SLM in USD/ha

Annual Maintenance cost 
of SLM in USD/ha 

Afghanistan 424.16 132.58
Armenia 1852.55 678.84
Azerbaijan 1686.21 648.19
Bahrain 15314.92 6705.49
Bangladesh 735.74 239.98
Bhutan 2138.18 757.00
Brunei Darussalam 3538.39 7710.62
Cambodia 176.77 275.08
China Hong Kong SAR 20152.39 9204.98
China, mainland 529.09 203.27
Cyprus 8887.39 4016.71
Georgia 1662.80 610.87
India 420.64 143.31
Indonesia 158.44 275.39
Iran 1030.09 401.48
Iraq 1536.43 592.92
Israel 6391.27 2902.16
Japan 4342.58 2043.73
Jordan 2372.59 891.78
Kazakhstan 865.21 352.06
Republic of Korea 4216.33 1869.70
Kuwait 9725.64 4532.38
Kyrgyzstan 744.91 246.27
Lao PDR 245.16 391.32
Lebanon 3548.26 1423.67
Malaysia 423.00 819.07
Mongolia 611.07 222.90
Myanmar 135.37 209.37
Nepal 774.42 244.29
Oman 4016.88 1738.14
Pakistan 605.99 204.39
Philippines 214.56 365.47
Qatar 14843.06 7268.50
Saudi Arabia 1275.70 559.58
Singapore 7566.95 16778.04
Sri Lanka 1568.58 567.23
Syrian Arab Republic 926.03 325.28
*Taiwan Province of China 3093.01 1864.32
Tajikistan 813.05 262.18
Thailand 258.81 474.98
Timor-Leste 353.14 552.86
Turkey 1371.17 561.67
United Arab Emirates 7568.79 3550.36
Uzbekistan 673.35 229.97
Viet Nam 182.99 298.75
Yemen 701.78 238.98
Central Asia 777.54 227.31
East Asia 6029.58 1567.43
South East Asia 591.07 1217.87
Southern Asia 2210.92 322.39
West Asia 6307.79 3719.77
ASIA 3675.79 1980.76

*The regional average is taken for the country because of lack of data for model variables used for estimation.
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and 3.5 and input data on the explanatory variables 
(Agricultural land area in 1000 ha and GDP per 
capita) from FAO and World Bank database for 
each of the 44 Asian countries and two provinces 
of China except for Taiwan Province of China. 
In the previous chapter, we used 2013 prices for 
valuation of top soil loss induced nutrient losses, 
and nutrient depletions and associated losses in 
crop production. Therefore, it is consistent with 
the used agricultural land area and GDP per 
capita of 2013 for estimating establishment and 
maintenance costs in 2013 prices. Accordingly, 
the estimated establishment costs in 2013 prices 
range from USD 135.37/ha in Myanmar to USD 
20,152.39 in China Hong Kong SAR. The average 
establishment cost is USD 3,675.79/ha. Sub-regional 
level aggregation of estimated results indicate the 
average in South East Asia is the lowest (USD 591.07/
ha) whereas the average East Asia is highest (USD 
6,029.58/ha). In the case of annual maintenance 
cost per hectare, estimated results ranges from 
132.58 USD/ha in Afghanistan to USD 167,78.04/ha 
in Singapore. The mean annual maintenance cost 
is USD 1,980.76/ha. Sub-region wise comparison of 
annual maintenance costs indicates the mean for 
Central Asia is the lowest (USD 227.31/ha) whereas 
West Asia (USD 3,719.77/ha) is the highest. 

3.4. Conclusions 

The results of this chapter indicate that the 
R2 values for the restricted establishment cost 
and maintenance cost models are 0.12 and 0.19 
respectively indicating that the variations in the 
explanatory variables could only explain 12 and 19 
per cent of the variations in the log-transformed 
establishment cost per hectare and log-
transformed maintenance cost per hectare. This 
is partly because of the fact that the data points 
and number of countries that reported such cost 
information in the WOCAT database are relatively 
small. As sample size (data points) increases, it is 
likely that the explanatory power of the models 
will also improve. In the future, as more data 
from more countries is available in the WOCAT 
database it is possible to update and improve the 
models by including more data points. Despite 
this, the coefficients of the explanatory variables 
are both consistent and efficient as indicated 
by the Haussmann specification test statistics. 
Moreover, the models require relatively few 

variables (particularly two variables: agricultural 
land area and GDP per capita, which are available 
from FAO and World Bank databases) as input data 
for estimation purposes. 

Thus, the estimated national level establishment 
and maintenance costs of SLM technologies could 
be used as an important input in further cost-
benefit analysis of possible actions for avoiding 
land degradation and the associated losses of 
provisioning ecosystem services of agricultural 
ecosystems in Asia.
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04 Cost Benefit Analysis and Benefit-Cost Ratios  
of Achieving Agricultural Land Degradation 
Neutrality in Asia

4.1. Introduction

The analyses in the previous chapters provide the 
insights on the extent of top soil erosion induced 
NPK loss and soil NPK depletion in agricultural 
lands and the associated crop production losses 
that 44 Asian countries and two provinces of 
China have been experiencing over the last 
decade. Moreover, we have also seen in Chapter 3 
the national average of initial and maintenance 
costs of SLM technologies. Based on the results of 
the previous chapters, the objective of this chapter 
is to make a cost benefit analysis of avoiding top 
soil loss and the associated NPK loss and soil NPK 
depletion through investing in SLM technologies. 
The chapter specifically aims to assess what will be 
happening in the future: 

❚	 How much will it cost each country, sub-region, 
and Asia as a whole to avoid top soil induced 
NPK loss and soil NPK depletion in the next 13 
years (2018-2030);

❚	 How much are the present values of the benefits 
of avoiding top soil loss induced NPK loss and 
soil NPK depletion; and,

❚	 Compare the benefits and costs of avoiding top 
soil loss induced NPK loss and soil NPK depletion 
at country, sub-regional, and Asia level. 

Thus, the next section of the chapter discusses 
how the net present value and benefit cost ratios 
are calculated. The section also provides the 
assumptions on the flows of future benefits and 
costs. We also present the results of the cost benefit 
analysis followed by the results of the sensitivity 
analysis and a summary. 

4.2.  The net present value and benefit 
cost ratio

We applied the net present value (NPV) as a main 
decision criterion to evaluate the economic 
profitability of avoiding top soil induced NPK loss 
and soil NPK depletion in agricultural lands of 
Asia. NPV sums up the discounted annual flows 
of net benefits, which in turn is the difference 
of discounted benefits and discounted costs of 
avoiding top soil loss induced NPK losses and soil 
NPK depletions, over the life of the project. The NPV 
of a project is the amount by which it increases 
net worth in present value terms. Therefore, the 
decision rule is to accept a project, in this case a 
SLM project aimed at avoiding top soil loss induced 
NPK losses and soil NPK depletions in agricultural 
lands, with non-negative NPV and reject otherwise: 

NPVi=
T
Σ
t=l

[ (Bit-Cit)(1+ri)
-1 ] 

Where:
NPVi is Net Present Value (in USD) of avoiding 
top soil loss induced NPK losses and soil NPK 
depletion in agricultural lands for country i

Bit is benefit (in USD) of avoiding top soil loss 
induced NPK loss and soil NPK depletion in 
agricultural lands of country i at time t,

Cit is the cost (in USD) of avoiding top soil loss 
induced NPK loss and soil NPK depletion in 
agricultural lands for country i at time t, 

r is real discount rate in country i

t is time in years (t = 1, 2, …T) where t=1 in 
year 2018, t=2 in year 2019, …, and T= 13 in 
year 2030

i is a subscript for country and/or province
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Calculating NPV requires decision on three 
important parameters that may necessitate making 
some plausible and policy relevant assumptions. 
These are the discounting period, the flows of 
costs and benefits over the discount period, and 
the discount rate. 

Discounting period: The first is to determine a 
reasonable period over which countries make 
proper planning, implantation, and monitoring 
and evaluation of investments in SLM technologies 
on agricultural lands that could enable to avoid top 
soil loss induced NPK loss and soil NPK depletion. 
In the determination of the discount period, 
taking national and global scale development 
goals and the time set to achieve such goals into 
consideration is an important factor so that the 
results of the study can be integrated into national, 
regional, and global development goals. In this 

Assumptions on the flows of costs and benefits

B O X  7

In addition to the assumptions 1-6 in Box 5 of the 
previous chapter and the results of the estimations 
in Chapter 2.7, we assumed the following in 
deriving the f lows of benefits and costs 
interventions for avoiding top soil loss and the 
associated losses of supporting and provisioning 
services of Agricultural lands in Asia.
1.  We assumed that each country would establish 

sustainable land management structures on 
10% of the cropland area (see column 1 of Table 
2.8 for the land area) and all the croplands will 
have these top soil loss controlling structures 
by the end of the first 10 years. 

2.  The per hectare investment costs for establish-
ment and annual maintenance of sustainable 
land management structures/technologies are 
based on the results in Chapter 3 (Table 3.6). In 
addition to these costs, we take into account 
additional operational costs amounting to 
25 per centof the sum of these investment 
costs for planning and implementation and 
another 15 per cent of the investment costs for 
monitoring and evaluations. The planning and 
implementation costs are for each year over 
the project period whereas the monitoring and 
evaluation costs are in 2020, 2025, and 2030. 

3. We assumed that maintenance costs start from 
the 2nd year on wards. 

4. In the case of flows of benefits of avoiding top 
soil loss induced NPK losses and soil NPK 
depletions of action, we assumed zero benefits 
at t = 1, and benefits start to flow from 2nd year 
onwards in terms of avoided NPK losses, 
avoided soil NPK depletions, and avoided crop 
production losses or in other words increasing 
productivity. These benefits are based on 
results in Chapter 2 (Tables 2.7, 2.8 and 2.9)

5. Sustainable land management technologies 
vary in their effectiveness in reducing soil ero-
sion owing to different factors. Bench-terraces 
for example are reported to have more than 
75 per cent effectiveness in reducing soil ero-
sion . In this study, considering avoiding degra-
dation as the highest priority in the LDN con-
cept, we assumed avoiding top soil loss to the 
maximum possible (100 per cent reduction in 
top soil loss). Moreover, results in Chapter 2 
show that avoiding top soil loss would result in 
reducing top soil loss induced NPK loss by 77 
per cent of the total annual NPK losses and 95 
per cent of the total soil NPK depletions esti-
mated for each country and regions.  

regard, we have selected a period of 13 years (2018 
to 2030), which is also a period for which the world 
has already launched the post-2015 Sustainable 
Development Goals (UN, 2017a) after taking lessons 
from the last 15 years of efforts for achieving the 
Millennium Development Goals. 

Flow of costs and benefits: Once the project 
period is determined, the next step is to estimate 
the flows of costs and benefits for each year of 
the discounting period. The following plausible 
assumptions were made in determining the flows 
of costs and benefits. The basic assumptions for 
determining flows of costs and benefits are given 
in Box 7.

Rate of discount: In the evaluation of public 
projects in the framework of cost-benefit analysis, 
the choice of discount rate has been a focus of 
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continuous debate in the economics literature. 
The two schools of thought in this regard are 
representing the descriptive and prescriptive 
approaches to choosing the social discount rate 
(Arrow et al., 1995). The descriptive approach 
relates social discount rates to financial market 
interest rates (Baum, 2009) and argues for a positive 
rate of discount based on the logic that consumers 
have positive time preference and they require an 
incentive, in the form of payment of interest, to save 
and hence postpone consumption. Based on the 
notion of consumer sovereignty and considering 
society as the summation of individual consumers, 
this school argues that positive social discount 
rate reflecting society’s positive time preference 
should be applied in making intertemporal choices 
(Perman et al., 2011). The prescriptive school argues 
that society should not adopt the preferences of 
individuals and hence the market rate of interest 
suggests the use of prescribed discount rates 
derived from fundamental ethical views. Such 
a view for example has to consider the issue of 
intergenerational equity in the analysis of projects 
and societal issues with long-term effects, for 
example, climate change (Dasgupta, 2008; Perman 
et al., 2011; Ramsey, 1928; Stern, 2008). 

In a perfectly competitive market where there is 
efficiency and optimal allocation of resources, 
the market interest rate is considered as the 
appropriate social discount rate. However, in 
the real world where markets are imperfect, 
there are four alternatives in the choice of social 
discount rate. These include the social rate of time 
preference (SRTP), marginal social opportunity 
cost of capital, the weighted average of the two, 
and the shadow price of capital. The SRTP is the 
rate at which a society is willing to postpone a unit 
of current consumption in exchange for higher 
consumption in future. Proponents of the use of 
SRTP as a social discount rate argue that public 
projects displace current consumption, and flows 
of costs and benefits to be discounted are flows of 
consumption goods either postponed or gained 
(Diamond, 1968; Kay, 1972; Marglin, 1963; Sen, 
1961). The SRTP is mostly approximated by after tax 
rate of return on government bonds. The second 
alternative is the marginal social opportunity 
cost of capital, which is based on the notion of 
resource scarcity. Proponents of this alternative 
(e.g., Diamond & Mirrlees, 1971) argue that because 
public and the private sector compete for the 
same pool of funds and hence public investment 

crowds out private investment, and public sector 
investment should yield at least the same return 
as the private investment. Otherwise, social 
welfare could be better increased by reallocation 
of resources to the private sector, which gives 
higher returns. Real pretax rate of return on 
top-rated corporate bonds is considered as good 
proxy of the marginal social opportunity cost of 
capital (Moore, Boardman, Vining, Weimer, & 
Greenberg, 2004).The third alternative is taking 
the weighted average of the SRTP and marginal 
social opportunity cost, however this approach 
suffers from lack of clear rule on how to set the 
weights. The fourth alternative is the shadow 
price of capital, based on the contributions by 
Feldstein (1972), Bradford (1975), and Lind (1982)
among others. This method tries to reconcile the 
other three alternatives. Further details on this and 
all the alternative approaches can be found in the 
review of (Zhuang, Liang, Lin, & Guzman, 2007).

The above review indicate that there is no a one-fit-
for all method or way of choosing the discount rate. 
Therefore, for our analysis we used real interest rate 
of each country for discounting as reported in the 
World Bank Database. We were able to get data on 
the real interest rates for the period 1990-2015 for 
36 countries and China Hong Kong SAR out of the 
44 countries and two provinces of China from the 
World Bank Database. Some countries have complete 
data for the indicated period and others do not. We 
took the geometric mean of the available data for 
each country to determine the real interest rate for 
a country. For countries with no data, we took the 
arithmetic mean of the real interest rates of the 36 
countries and China Hong Kong SAR.

Benefit cost ratios and annuity: As a second 
decision criterion, we also calculated the benefit 
cost ratio. Moreover, for each country the annuity 
values of the PV of costs, PV of benefits, and NPV 
were calculated and compared with the average 
GDP and agricultural GDPs of the respective 
countries. All values in USD are based on 2013 
prices. 

Sensitivity analysis: We conducted sensitivity 
analysis to observe the sensitivity of NPVs and BCR 
to changes in important parameters used in the 
cost benefit analysis. These include changes in the 
discount rates, weighted average prices of crops, 
capital and maintenance costs of SLM technologies, 
and their effectiveness in controlling top soil loss.
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4.3.  Present values of costs of achieving 
agricultural LDN in Asia

Regional and sub regional level PV of costs: Table 
4.1 shows the present value total cost of avoiding top 
soil loss through investments in the next 13 years 
(2018-2030) on SLM technologies on agricultural 
lands of each country. The present value of the 
total costs of investing in SLM technologies on 
a total of 486.7 million hectares of agricultural 
land in the region is estimated at about USD 1,214 
billion or USD 2,494 /ha. The share of establishment 
cost of SLM technologies accounts for close to 
18.8 per cent of the PV of the total cost whereas 
the PV of maintenance costs of the established 
structures account for close to 57.8 per cent of the 
PV of the total cost. The PV of the planning and 
implementation costs account for close to 20.5 per 
cent whereas PV of monitoring and evaluation 
account for the remaining 2.9 per cent of the PV 
of the total cost. The share of these different cost 
components to PV total cost vary across regions 
and between countries. 

The present value of the total cost of investing in 
SLM technologies on the 218.3 million hectares of 
agricultural land in Southern Asia is estimated at 
about USD 390.83 billion or USD 1,790/ha. These 
cost accounts for close to 32.2 per cent of the PV 
of total cost for Asia. In southern Asia, the share of 
establishment cost of SLM technologies accounts 
for close to 22.8 per cent of the PV of the total 
cost whereas the PV of maintenance costs of the 
established structures account for 53.6 per cent 
of the PV of the total cost. The PV of the planning 
and implementation costs for the region accounts 
for 20.69 per cent whereas PV of monitoring and 
evaluation account for the remaining 2.96 per cent.

The present value of the total cost of investing in 
SLM technologies on the 128.3 million hectares 
of agricultural land in East Asia is estimated at 
about USD 383 billion or USD 2,984 /ha. These 
costs account for close to 31.6 per cent of the PV 
of total cost for Asia. In East Asia, the share of 
establishment cost of SLM technologies is close to 
20.2 per cent of the PV of the total cost, whereas 
the PV of maintenance costs of the established 
structures is 56.3 per cent of the PV of the total 
cost. The PV of the planning and implementation 
costs for the region is 20.62 per cent whereas PV 
of monitoring and evaluation accounts for the 
remaining 2.96 per cent.

The present value of the total cost of investing in 
SLM technologies on the 86.7 million hectares of 
agricultural land in South East Asia is estimated at 
about USD 224.1 billion or USD 2,586/ha. These costs 
are close to 18.46 per cent of the PV of total cost for 
Asia. In South East Asia, the share of establishment 
cost of SLM technologies accounts for only 6.3 per 
cent of the PV of the total cost, whereas the PV of 
maintenance costs of the established structures 
is 70.9 per cent of the PV of the total cost. The PV 
of the planning and implementation costs for the 
region is 19.96 per cent whereas PV of monitoring 
and evaluation is the remaining 2.87 per cent.

The present value of the total cost of investing in 
SLM technologies on the 31.3 million hectares of 
agricultural land in West Asia is estimated at about 
USD 156.2 billion or USD 4,986 /ha. These costs are 
12.9 per cent of the PV of total cost for Asia. In 
West Asia, the share of establishment cost of SLM 
technologies accounts for 21.97 per cent of the PV 
of the total cost, whereas the PV of maintenance 
costs of the established structures is 54.6 per cent 
of the PV of the total cost. The PV of the planning 
and implementation costs for the region is 20.54 
per cent, whereas PV of monitoring and evaluation 
is the remaining 2.87 per cent.

The present value of the total cost of investing 
in SLM technologies on the close to 13.5 million 
hectares of agricultural land in Central Asia is 
estimated at about USD 59.8 billion or USD 2,706/
ha. These costs are only 4.92 per cent of the PV 
of total cost for Asia. In Central Asia, the share of 
establishment cost of SLM technologies is 22.57 per 
cent of the PV of the total cost whereas the PV of 
maintenance costs of the established structures is 
close to 54 per cent of the PV of the total cost. The PV 
of the planning and implementation costs for the 
region is 20.54 per cent whereas PV of monitoring 
and evaluation is the remaining 2.86 per cent.

Country level PV of costs: Ten countries (Mainland 
China, India, Iran, Turkey, Japan, Indonesia, 
Thailand, Kazakhstan, Pakistan, and Malaysia) all 
together are close to 85.2 per cent of the total 486.7 
million hectares of agricultural land. The PV of 
investing in SLM technology on this much of land 
in the ten countries is close to 80 per cent of the 
USD 1,214 billion present value of the total cost for 
the region. Mainland China alone is 25.3 per cent 
of the land and 23.3 per cent of the PV of the total 
cost whereas India is close to 35 per cent of the land 
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but about 17.5 per cent of the PV of the total cost. 
In case of the other 8 countries’ share to Asia level 
PV of total cost, Iran is 8.56 per cent, Turkey (7.2 per 
cent), Japan (5 per cent), Indonesia (4.7 per cent), 
Thailand (4.2 per cent), Kazakhstan (4 per cent), 
Pakistan (2.9 per cent), and Malaysia (2.6 per cent). 
The remaining 34 countries and two provinces of 
China are 14.8 per cent of the agricultural land 
and close to 20 per cent of the present value of the 
total cost. The PV of total costs per hectare varies 
from USD 755/ha in Mongolia to USD 116,250 /ha in 
Singapore. Further details on the different types of 
costs for each country and the per hectare level PV 
of total costs can be seen from Table 4.1. 

4.4.  Present values of benefits of  
achieving agricultural LDN in Asia

Table 4.2 shows the present value benefits of 
avoiding top soil loss induced NPK losses, soil NPK 
depletions, and the associated crop losses through 
investment in SLM technologies on agricultural 
lands in Asia. 

PV of avoided NPK losses and soil NPK depletions: 
The present value of avoided NPK losses induced 
by top soil loss through investment in SLM 
technologies in Asia is estimated at about USD 189.4 
billion or USD 389/ha whereas the PV of avoided 
soil NPK depletion is about USD 164.2 billion or USD 
337/ha. East Asia is close to 52 per cent of the PV 
of avoided NPK loss and 35.1 per cent of the PV of 
avoided soil NPK depletion in Asia. Southern Asia 
is the second in terms of the PV of both avoided 
NPK losses and soil NPK depletions and is 32 and 
31 per cent respectively. South East Asia accounts 
for 11.3 per cent of the PV of avoided NPK losses and 
close to 23.2 per cent of the PV of avoided soil NPK 
depletions in Asia. West and Central Asia together 
is 5.12 per cent of the PV of avoided NPK loss and 
about 10.7 per cent of the PV of avoided soil NPK 
depletion in Asia.

PV of total benefits as avoided crop production 
losses: The present value of the flows of total 
benefits as avoided crop production losses from 
investment of SLM technologies on the 486.7 
million hectares of agricultural land over the 
period 2018-2030, is estimated at about USD 4,216.2 
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billion or USD 8,663/ha. About 98.4 per cent of 
this benefit is accounted for by the PV of benefits 
of avoided crop production losses due to avoided 
soil NPK depletion whereas the PV of benefits of 
avoided crop production losses due to avoided NPK 
losses is only 1.6 per cent. In terms of share of sub-
regions to PV of the total benefits from avoided crop 
losses, East Asia is close to 51 per cent, followed by 
Southern Asia (29.7 per cent), and South East Asia 
(12.85 per cent). Whereas West Asia is 5.12 per cent 
and Central Asia is only 1.44 per cent of the PV of 
total benefits of avoided crop production losses in 
Asia.

At the country level, ten countries (Mainland China, 
India, Indonesia, Iran, Turkey, Myanmar, Pakistan, 
Viet Nam, Thailand, and Kazakhstan) all together 
account for 91.3 per cent of the PV of avoided NPK 
losses, 90.1 per cent of the PV of avoided soil NPK 
losses, and 87.2 per cent of the PV of total benefits 
of avoided crop production losses. Mainland China 
and India each account for 45.3 per cent and 19.8 
per cent of the PV of the total benefits of avoided 
crop losses in Asia. The remaining, less than 9 per 
cent of the PV of avoided NPK losses and avoided 
soil NPK depletions and about 11.8 per cent of the PV 
of total benefits of avoided crop production losses, 
are accounted for by the other 34 countries and two 
provinces.

4.5.  NPV and benefit cost ratios of 
achieving agricultural LDN in Asia

Table 4.3 shows the net present value and benefit 
cost ratios (BCR) of avoiding crop production 
losses through investment in SLM technologies for 
avoiding top soil loss induced soil NPK depletion 
and NPK losses from agricultural lands in Asia. 

Regional and sub-regional level NPV and BCR: 
The net present value at Asia level is estimated at 
about USD 3,002.4 billion or USD 6,169/ha whereas 
the BCR is about 3.47. Out of the continental level 
NPV, the NPV in East Asia is about 58.7 per cent, 
Southern Asia is 28.5 per cent, followed by South 
East Asia is 10.6 per cent. The remaining close to 
2 per cent of the NPV is accounted by West and 
Central Asia. Moreover, sub regional level BCR and 
per hectare level NPV are the highest in East Asia 
(BCR=5.61 and USD 13,766/ha) and the lowest in 
Western Asia (BCR=1.38 and USD 1,908/ha).

Country level NPV and BCR: Seven countries 
(Mainland China, Saudi Arabia, Uzbekistan, Iran, 
Myanmar, Indonesia, and Japan) together account 
for 88.34 per cent of the Asia level NPV and have 
BCR ranging from 3.02 in Japan to 6.75 in mainland 
China. Another 14 countries and one province of 
China (Viet Nam, Tajikistan, Iran, Afghanistan, 
Yemen, Pakistan, Cambodia, Oman, Kyeargyzstan, 
Syearian Arab Republic, Kuwait, Philippines, Israel, 
Taiwan Province of China, and Jordan) all together 
are 11.1 per cent of the total NPV for Asia and the BCR 
in these countries and Taiwan Province of China 
ranges from 1.52 in Jordan to 2.92 in Viet Nam. This 
implies that the 21 countries and Taiwan Province 
of China all together are 99.44 per cent of the Asia 
level NPV. The following ten countries (Lao PDR, 
Republic of Korea, Lebanon, Malaysia, Bangladesh, 
Nepal, Turkey, Iraq, and Azerbaijan) is about 1.8 per 
cent of the regional level NPV. The BCR in these 
countries ranges from 1.06 in Azerbaijan to 1.49 in 
Lao PDR. The remaining countries and China Hong 
Kong SAR have negative NPV and BCR ranging from 
0.07 in Brunei Darussalam to 0.98 in Thailand.

4.6. Sensitivity analysis 

Sensitivity analysis results indicate that for most 
countries 17 with base case positive NPVs, a given 
percentage change in the real discount rate causes 
a relatively less and opposite change in the NPV. 
Whereas for 4 countries (Azerbaijan, Armenia, 
Iraq and Kyeargyzstan), a given percentage 
change in the real discount rate of a ±25 per cent 
change , will cause NPV to change by a higher but 
opposite percentage change. Moreover, the BCR 
for the countries with the 31 countries and Taiwan 
Province of China, which have positive NPV value 
in the base case, would remain higher than 1 for a 
25 to 50 per cent increase in the real discount rates 
(Table 4.4). 

The NPV for 17 of the 32 countries with base 
case positive NPV, a given percentage change 
in the total costs of SLM technologies (all types 
of costs considered in this study which include 
establishment, maintenance, planning and 
implementation, as well as monitoring and 
evaluation costs) would cause a relatively higher 
percentage change in the NPV. Whereas for 
the remaining 15 countries 18 NPV changes in a 
relatively lower percentage to a given percentage 
change in total costs of SLM technologies (Table 4.5). 

17 Bangladesh, 
Afghanistan, Lao DRP, 
Turkey, Lebanon, 
Yemen, Taiwan, 
Jordan, Pakistan, 
Israel, India, 
Uzbekistan, Cambodia, 
Saudi Arabia, 
Philippines, Indonesia, 
Kuwait, Republic of 
Korea, Oman, 
Tajikistan, Malaysia, 
Viet Nam, Japan, 
Nepal, China 
(mainland), Syearian 
Arab Republic, 
Myanmar, Iran . 

18 Oman, Cambodia, 
Pakistan, Yemen, 
Afghanistan, Iran, 
Tajikistan, Viet Nam, 
Japan, Indonesia, 
Myanmar, India, 
Uzbekistan, Saudi 
Arabia, China 
(mainland).
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T A B L E 	 4 . 7

Sensitivity of NPV and BCR to changes in effectiveness of SLM technologies

Baseline 75 % decrease  
in effectiveness of SLM 
= 25% effective

50% decrease i 
n effectiveness of SLM 
= 50% effective

25% decrease  
in effectiveness of SLM 
= 75% effective

NPV BCR %Change 
in NPV

BCR %Change 
in NPV

BCR %Change 
in NPV

BCR

China, mainland 1625937 6,8 -88,0 1,7 -58,7 3,4 -29,3 5,1
India 621678 3,9 -100,7 0,98 -67,1 2,0 -33,6 2,9
Iran 178662 2,7 -118,6 0,7 -79,1 1,4 -39,5 2,0
Indonesia 160569 3,8 -101,4 0,95 -67,6 1,9 -33,8 2,9
Japan 121255 3,0 -112,2 0,8 -74,8 1,5 -37,4 2,3
Myanmar 80912 3,9 -101,0 0,97 -67,3 1,9 -33,7 2,9
Pakistan 50582 2,4 -127,5 0,6 -85,0 1,2 -42,5 1,8
Viet Nam 42980 2,9 -113,9 0,7 -75,9 1,5 -38,0 2,2
Uzbekistan 27525 4,7 -95,1 1,2 -63,4 2,4 -31,7 3,6
Saudi Arabia 19545 6,3 -89,6 1,6 -59,7 3,2 -29,9 4,7
Turkey 18463 1,2 -429,1 0,3 -286,0 0,6 -143,0 0,9
Syearian Arab Republic 15729 1,8 -163,4 0,5 -108,9 0,9 -54,5 1,4
Philippines 14810 1,6 -206,3 0,4 -137,5 0,8 -68,8 1,2
Republic of Korea 14546 1,5 -233,9 0,4 -155,9 0,7 -78,0 1,1
Malaysia 11280 1,4 -281,6 0,3 -187,8 0,7 -93,9 1,0
Cambodia 7291 2,1 -135,3 0,5 -90,2 1,1 -45,1 1,6
Afghanistan 5296 2,6 -122,9 0,6 -81,9 1,3 -41,0 1,9
Bangladesh 4875 1,3 -333,6 0,3 -222,4 0,6 -111,2 1,0
Taiwan Province of China 4746 1,5 -217,0 0,4 -144,7 0,8 -72,3 1,1
Tajikistan 4280 2,8 -116,9 0,7 -78,0 1,4 -39,0 2,1
Israel 3712 1,5 -218,4 0,4 -145,6 0,8 -72,8 1,1
Yemen 2980 2,5 -126,5 0,6 -84,3 1,2 -42,2 1,8
Nepal 1895 1,3 -352,3 0,3 -234,9 0,6 -117,4 1,0
Lao PDR 1302 1,5 -220,9 0,4 -147,2 0,7 -73,6 1,1
Lebanon 1074 1,4 -276,6 0,3 -184,4 0,7 -92,2 1,0
Oman 992 2,1 -144,3 0,5 -96,2 1,0 -48,1 1,6
Kyeargyzstan 903 2,0 -152,0 0,5 -101,4 1,0 -50,7 1,5
Jordan 782 1,5 -220,5 0,4 -147,0 0,8 -73,5 1,1
Iraq 650 1,1 -1905,2 0,3 -1270,1 0,5 -635,1 0,8
Azerbaijan 306 1,1 -1249,1 0,3 -832,8 0,5 -416,4 0,8
Kuwait 264 1,6 -214,7 0,4 -143,1 0,8 -71,6 1,2
Armenia 203 1,2 -378,6 0,3 -252,4 0,6 -126,2 0,9
Mongolia -6 0,9 2021,1 0,2 1347,4 0,5 673,7 0,7
Singapore -39 0,6 102,7 0,1 68,4 0,3 34,2 0,4
China Hong Kong SAR -41 0,7 217,5 0,2 145,0 0,4 72,5 0,6
Timor-Leste -53 0,9 498,6 0,2 332,4 0,4 166,2 0,7
Bhutan -62 0,9 625,3 0,2 416,9 0,5 208,4 0,7
Bahrain -74 0,6 106,7 0,1 71,1 0,3 35,6 0,4
Qatar -113 0,7 215,8 0,2 143,9 0,4 71,9 0,6
Georgia -354 0,7 223,9 0,2 149,3 0,4 74,6 0,6
Brunei Darussalam -533 0,1 6,1 0,0 4,0 0,0 2,0 0,1
Thailand -845 1,0 4430,7 0,2 2953,8 0,5 1476,9 0,7
United Arab Emirates -1712 0,7 129,7 0,2 86,5 0,3 43,2 0,5
Sri Lanka -2627 0,8 242,6 0,2 161,7 0,4 80,9 0,6
Cyprus -2652 0,3 27,2 0,1 18,1 0,1 9,1 0,2
Kazakhstan -31663 0,4 41,2 0,1 27,5 0,2 13,7 0,3
Central Asia 1045 1,0 -4364,2 0,3 -2909,5 0,5 -1454,7 0,8
East Asia 1766667 5,6 -91,3 1,4 -60,6 2,8 -30,3 4,2
Southern Asia 858333 3,2 -109,1 0,8 -72,7 1,6 -35,9 2,4
South East Asia 317675 2,4 -127,9 0,6 -85,3 1,2 -42,6 1,8
West Asia 59794 1,4 -271,0 0,3 -180,7 0,7 -90,3 1,0
Asia 3002425 3,5 -105,3 0,9 -70,2 1,7 -35,1 2,6
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Moreover, the BCR of 24 countries of the 32 with 
base case positive NPV remains greater than or 
equal to 1 for a 25 to 50 per cent increase in the 
total cost of SLM technologies. Whereas the other 
8 countries (Lebanon, Malaysia, Bangladesh, Nepal, 
Armenia, Turkey, Iraq, and Azerbaijan), which are 
among countries with base cases positive NPV, 
will have BCR less than 1 if the total cost of SLM 
technologies increase by 25 to 50 per cent. 

For all countries with base case positive NPV, a given 
percentage change in the weighted average prices 
of crops would cause a higher percentage change 
in the NPV. For example, a 25 per cent increase in 
weighted average crop prices would cause the NPVs 
of each of these countries to increase by greater 
than 25 per cent (Table 4.6). Moreover, for about 
half of the 32 countries a 50 per cent decrease in 
weighted average crop price would result in their 
BCR to decline to a value less than 1 whereas a 50 
per cent increases in the weighted average crop 
prices would almost double the BCR of all the 32 
countries with the base case positive NPVs. 

Finally, the net present value of all countries 
with base case positive NPV is highly sensitive to 
changes in the effectiveness of SLM technologies 
in controlling top soil loss. For example a 50 
per cent decrease in the effectiveness of SLM 
technologies in controlling top soil loss induced 
nutrient depletion and nutrient loss and hence 
the associated crop losses would lead the NPV 
to decline by a greater than 50 per cent change. 
Except for 4 of the 32 countries (Armenia, Turkey, 
Iraq, and Azerbaijan), which have base case 
positive NPV, a decline in the effectiveness of SLM 
to 75 per cent in controlling top soil loss and the 
associated nutrient and crop productivity losses, 
would still result in positive NPV and hence BCR 
higher than 1 (Table 4.7). A drop in the effectiveness 
of SLM to 50 per cent and 25 per cent in controlling 
top soil loss and the associated nutrient depletion 
and crop productivity loss would result the number 
of countries with positive NPV and BCR greater 
than 1 to drop to 16 and 3 respectively. The three 
countries, which will still have positive NPV and 
BCR greater than or equal to 1 at an effectiveness 
rate of 25 per cent of the SLM technologies, are 
mainland China, Saudi Arabia, and Uzbekistan.

4.7. Conclusions 

The present value of the total costs of investing in 
SLM technologies on a total of 487 million hectares 
of agricultural land in Asia is estimated at about USD 
1,214 billion or USD 2,494/ha. Of this cost, 18.8 per cent 
is as establishment cost, 57.8 per cent maintenance 
costs, 20.5 per cent planning and implementation 
costs, and the remaining 3 per cent is for monitoring 
and evaluation.  Whereas the present value of flows 
of total benefits of avoided crop production losses 
from investment of SLM technologies on the 487 
million hectares of agricultural land over the period 
2018-2030, is estimated at about USD 4,216.2 billion 
or USD 8,663/ha.

The NPV at Asia level is estimated at about USD 
3,002.4 billion or USD 6,169/ha whereas the BCR 
is about 3.47. Out of the continental level NPV, the 
NPV in East Asia is about 58.7 per cent, Southern 
Asia is 28.5 per cent, followed by South East Asia at 
10.6 per cent. The remaining close to 2 per cent of 
the NPV is accounted for by West and Central Asia. 
Moreover, sub regional level BCR and per ha level 
NPV are the highest in East Asia (BCR=5.61 and USD 
13,766/ha) and the lowest in Western Asia (BCR=1.38 
and USD 1,908/ha).

A total of 30 countries and one province of China 
have positive NPV and hence benefit cost ratio 
ranging from 1.06 in Azerbaijan to 6.75 in mainland 
China. Mainland China and six other countries 
with the top BCR (Saudi Arabia, Uzbekistan, Iran, 
Myanmar, Indonesia, and Japan) all together 
account for 88.34 per cent of the Asia level NPV. 
These countries have BCR ranging from 3.02 in 
Japan to 6.75 in mainland China.

The sensitivity analyses indicated that the results 
of the NPV and BCR are robust to changes in the 
different parameters used in the analysis. Thus, 
investing in SLM technologies on agricultural 
land for avoiding top soil loss induced soil nutrient 
depletion and nutrient losses will be a profitable 
intervention for most of the countries covered 
in this study. Moreover, such an investment 
not only enables countries to increase their 
agricultural productivity and achieve SDG 15.3 in 
achieving land degradation neutrality but it also 
has other spillover effects and implications for 
achieving other related targets of the Sustainable 
Development Goals. The next chapter will provide 
insights on this.
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05 Policy Implications of Achieving Agricultural 
Land Degradation Neutrality in Asia

5.1. Introduction 

In the last chapter we have looked at how investing 
in sustainable land management technologies 
for avoiding top soil loss from agricultural lands 
in Asia and hence achieving land degradation 
neutrality in agriculture would be profitable for 
most countries. The objective of this chapter is 
to assess further implications for achieving other 
Sustainable Development Goals.

Thus, the next sections of this chapter discuss 
the policy implications of investment in SLM 
technologies for achieving SDG 15.3 in Asian 
countries would contribute for achieving a number 
of related Sustainable Development Goals. 

5.2.  Implication to economic growth 
(SDG 8.1)

In order to assess the implication of achieving 
agricultural land degradation neutrality to SDG 8, 
which aims at “promoting sustained, inclusive and 
sustainable economic growth, full and productive 
employment and decent work for all (UN, n.d.)”, 
we developed an indicator, which measures the 
contribution of real annuity of the net present 
value to the growth of real GDP per capita, as 
described below. 

 1.  First, we estimated the annuity value of the NPV2 
in Table 4.3 for each country and sub region. 

2.  Based on World Bank database on GDP deflator, 
we deflated the annuity by the GDP deflator to 
convert it in to real prices.

3.  We calculated the real annuity as a percentage 
of real GDP of 2015 as well as real agricultural 
GDP of 2015. For countries with positive NPV, 
these results indicate by how much percent 
the real GDP and real agricultural GDP of each 
country on average would grow over the period 

2018-2030 if these countries invest in SLM 
technologies on their agricultural lands.

4. Furthermore, we calculated the annual 
geometric mean population growth for each 
country for the period 2018-2030 based on 
projected population data from FAO database. 
Economists estimate real GDP per capita growth 
as the difference between real GDP growth 
rate and human population growth rate. 
Accordingly, we estimated the contribution 
of real annuity of the NPV to real GDP per 
capita growth as the difference between real 
annuity as percentage of real GDP of 2015 and 
the estimated annual geometric mean of the 
population growth.

This indicator is consistent with indicator 8.1.1 
“Annual growth rate of real GDP per capita” set 
to measure target 8.1 of SDG 8. Target 8.1 states 
“Sustain per capita economic growth in accordance 
with national circumstances and, in particular, at 
least 7 per cent gross domestic product growth per 
annum in the least developed countries (UN, n.d.)”.

The results in Table 5.1 indicate that for 31 countries 
and Taiwan Province of China, which have a 
positive NPV, the real annuity as percentage of real 
GDP of 2015 ranges from 0.02 per cent in Kuwait 
to 9.27 per cent in Myanmar. The real annuity as 
percentage of agricultural GDP for countries with 
positive NPV ranges from 1.26 per cent in Azerbaijan 
to 34.67 per cent in Myanmar. This implies that 
investing of SLM technologies to avoid top soil loss 
induced NPK losses and soil NPK depletions and 
the associated losses in aggregate crop yield would 
result the economies of these countries and their 
agricultural sector to grow by the indicated rates.

Among these 31 countries and Taiwan Province 
of China with positive NPV, in 12 countries 
(Myanmar, Uzbekistan, Tajikistan, Cambodia, 
India, Kyeargyzstan, Iran, Afghanistan, Viet 
Nam, Lebanon, mainland China, and Indonesia) 
population grow over the next 13 years (2018-2030) 
is projected to growh at an annual rate of -1.01 per 
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T A B L E 	 5 . 1

Implications for economic growth (relative to 2015 GDP) for countries with positive NPV

Country/region

N
PV

2 

A
nn

ui
ty

 fa
ct

or

A
nn

ui
ty

 a
t 

 
cu

rr
en

t 
pr

ic
es

N
PV

2 
Re

al
 P

ri
ce

s

A
nn

ui
ty

 a
t 

co
n

st
an

t 
pr

ic
es

A
nn

ui
ty

 a
s 

%
  

Re
al

 A
gr

i  
G

D
P 

of
 2

01
3

A
nn

ui
ty

 a
s 

%
  

of
 R

ea
l G

D
P 

 
of

 2
01

5

A
ve

ra
ge

 A
nn

ua
l 

Po
pu

la
ti

on
 g

ro
w

th
 

(2
01

8-
30

)

Re
la

 G
D

P 
 

pe
r 

ca
pi

ta
 g

ro
w

th

Myanmar 80912 13.94 5805.47 62963 4517.63 34.67 9.27 0.73 8.54

Tajikistan 4280 10.24 417.77 486 47.47 21.32 5.32 1.75 3.57

*Uzbekistan 27525 9.03 3049.54 514 56.9 25.02 4.57 0.88 3.69

*Cambodia 7291 9.03 807.74 4271 473.16 15.84 4.48 1.29 3.19

Afghanistan 5296 7.88 672.33 2051 260.37 16.02 3.48 1.94 1.54

India 621678 8.95 69488.3 516311 57710.88 19.06 3.33 1 2.33

Syearian Arab Republic 15729 12.21 1288.35 8280 678.24 . 3.19 3.25 -0.06

Kyeargyzstan 903 4.85 186.12 85 17.61 17.76 2.83 1.14 1.69

Iran 178662 18.46 9677.51 33611 1820.57 24.37 2.28 0.69 1.59

Viet Nam 42980 10.3 4171.74 29480 2861.37 11.41 2.15 0.76 1.39

*Pakistan 50582 9.03 5604.1 20492 2270.36 8.24 2.07 1.7 0.37

Indonesia 160569 9.5 16898.52 124898 13144.41 14.5 1.96 0.88 1.08

Lao PDR 1302 7.85 165.96 593 75.58 4.9 1.34 1.45 -0.11

China, mainland 1625937 11.42 142332.2 1423404 124602.8 14.56 1.29 0.15 1.14

Yemen 2980 8.51 350.3 96 11.33 . 0.93 1.99 -1.06

Nepal 1895 11.44 165.69 679 59.38 2.37 0.78 0.97 -0.19

Philippines 14810 9.41 1573.78 8450 897.93 5.24 0.54 1.35 -0.81

Armenia 203 5.18 39.3 86 16.65 1.93 0.37 -0.1 0.47

Malaysia 11280 10.28 1097.61 10361 1008.14 4.38 0.37 1.14 -0.77

*Saudi Arabia 19545 9.03 2165.48 20338 2253.34 14.81 0.34 1.38 -1.04

Bangladesh 4875 8.3 587.64 2653 319.78 1.94 0.3 0.95 -0.65

*Turkey 18463 9.03 2045.52 1241 137.52 3.34 0.28 0.67 -0.39

Japan 121255 10.72 11307.01 120094 11198.69 23.18 0.26 -0.37 0.63

Lebanon 1074 8.91 120.58 941 105.57 5.32 0.26 -1.01 1.27

Jordan 782 9.31 83.96 335 35.97 5.36 0.22 1.12 -0.9

Oman 992 10.13 97.97 1019 100.58 8.92 0.14 0.77 -0.63

Israel 3712 9.33 398.07 3310 354.94 . 0.13 1.42 -1.29

Republic of Korea 14546 10.14 1434.19 13666 1347.37 4.51 0.1 0.27 -0.17

Taiwan Province of China 4746 9.03 525.8 4440 491.96 . 0.1 -0.1 0.2

Azerbaijan 306 6.72 45.53 119 17.74 1.26 0.09 0.56 -0.47

Iraq 650 8.68 74.94 553 63.68 . 0.04 2.62 -2.58

Kuwait 264 9.91 26.62 308 31.06 3.7 0.02 1.52 -1.5
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cent in Lebanon to 1.94 per cent in Afghanistan. 
Whereas the share of real annuity of the NPV to 
real GDP of these countries range between 0.26 per 
cent in Lebanon to 9.27 per cent in Myanmar. In 
other words, among the 12 countries, the smallest 
contribution of real annuity to the growth of real 
GDP per capita is 1.08 per cent in Indonesia in 
which the real annuity as percent of real GDP is 1.96 
per cent and population is projected to grow at an 
annual rate of 0.88 per cent. Whereas the highest 
contribution of real annuity to real GDP per capita 
growth is 8.54 per cent in Myanmar with 9.27 per 
cent of real annuity as percent of real GDP and 
population growth rate of 0.73 per cent. Mainland 
China and India are among this group of countries 
and the contribution of real annuity of the NPV to 
real GDP per capita growth is estimated at about 
1.14 per cent for mainland China and 2.33 per 
cent for India. This implies that investing in SLM 
technologies on agricultural lands of mainland 
China and India for avoiding top soil loss induced 
NPK losses and soil NPK depletions over the next 
13 year would on average contribute real GDP per 
capita to grow by about 1.14 per cent and 2.33 per 
cent respectively.

In another 3 countries (Japan, Armenia, Pakistan) 
and Taiwan Province of China which have positive 
NPV, the contribution of real annuity to real GDP 
per capita growth is 0.63 per cent for Japan, 0.47 per 
cent for Armenia, 0.37 per cent for Pakistan, and 
0.2 per cent for Taiwan Province of China. For the 
remaining 16 countries (Syearian Arab Republic, Lao 
PDR, Republic of  Korea, Nepal, Turkey, Azerbaijan, 
Oman, Bangladesh, Malaysia, Philippines, Jordan, 
Saudi Arabia, Yemen, Israel, Iraq, and Kuwait) real 
annuity as percentage of real GDP ranges from 
0.02 per cent in Kuwait (with population growth 
rate of 1.52 per cent) to 3.19 per cent in Syearian 
Arab Republic, which as a projected population 
growth rate of 3.25 per cent. In these countries, the 
projected population growth rate is higher than 
the real annuity as percentage of real GDP. 

5.3.  Implication to rural employment 
(SDG 8.5)

Target 8.5 of SDG number 8 states, “By 2030, achieve 
full and productive employment and decent work for 
all women and men, including for young people and 
persons with disabilities, and equal pay for work of 

equal value”. The corresponding indicator 8.5.1 
set is the average hourly earnings of female and 
male employees, by occupation, age and persons 
with disabilities (UN, n.d.). In order to assess the 
implication of achieving agricultural LDN to 
target 8.5, specifically “achieving full productive 
employment” we estimated the number of rural 
employment opportunities that investment 
in SLM technologies on agricultural lands of 
countries with positive NPV could generate over 
the remaining 13 years of the SDG time period as 
described below.

1. First, we estimated the annuity values of 
the present values of establishment and 
maintenance cost of SLM technologies (Table 
4.1).

2.  Based on the WOCAT data on establishment and 
maintenance costs that we used for developing 
econometric models of establishment and 
maintenance costs, labour cost on average is 
44.4 per cent of the establishment cost and 75.68 
per cent of the maintenance cost. We applied 
these ratios to calculate the annuity values of 
the PV of labour costs for establishment and 
maintenance of SLM technologies. 

3. We estimated the number of rural job 
opportunities the annuity of the PV of labour 
cost estimated in step 2 above could generate 
at two alternative wage rates as lower-bound 
and upper-bound wage rates. We divided 
the annuity of the PV of total labour costs by 
the upper and lower bound wage rates to get 
the upper and lower bound number of job 
opportunities. We considered the international 
poverty line per capita daily income of USD 3.1 
at PPP USD from World Bank database as the 
lower bound wage rate. Here for each country 
we calculated the corresponding annual lower 
and upper bound wage rate at current USD 
using the following formula:

a. Lower bound wage rate in USD/person/year 
= (USD 3.10 in PPP/day * 365.25 Days/year)/
(Official Exchange Rate/ PPP conversion 
factor). We collected PPP conversion factor 
from Economy Watch (n.d.) 

b. Upper bound wage rate = Per capita GDP of 
2015
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T A B L E 	 5 . 2

Implications costs of SLM technologies for rural employment

Country
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Myanmar 119 1430 53 1082 1135 519 2188 1161 977.33

Tajikistan 57 121 25 92 117 571 205 926 126.47

Uzbekistan 202 423 90 320 410 593 690 2232 183.47

Cambodia 48 454 21 344 365 377 968 1159 314.75

Afghanistan 119 210 53 159 212 550 385 594 356.29

India 5917 12273 2628 9288 11916 504 23700 1593 7479.26

Syrian Arab Republic 326 831 145 629 774 2065 375 2184 354.36

Kyeargyzstan 63 85 28 64 92 609 151 1106 83.16

Iran 952 3320 423 2513 2935 1357 2162 5376 545.96

Viet Nam 142 1526 63 1155 1218 392 3108 2072 587.91

Pakistan 979 2022 435 1530 1965 380 5171 1435 1369.58

Indonesia 384 4208 170 3185 3355 711 4720 3346 1002.56

Lao PDR 25 224 11 170 181 353 512 1818 99.42

China, mainland 5125 13775 2276 10425 12701 592 21500 8041 1579.61

Yemen 61 123 27 93 120 404 298 1406 85.50

Nepal 145 321 65 243 308 521 591 743 414.08

Philippines 182 1945 81 1472 1553 490 3166 2904 534.60

Armenia 48 75 21 57 78 730 107 3489 22.33

Malaysia 170 2165 75 1638 1714 689 2487 9768 175.44

Saudi Arabia 87 235 39 178 216 555 390 20482 10.57

Bangladesh 535 1016 238 769 1007 371 2710 1212 830.90

Turkey 2110 5289 937 4003 4940 1084 4559 9126 541.33

Japan 1026 3262 456 2469 2925 2312 1265 34629 84.46

Lebanon 72 176 32 133 165 630 262 8048 20.55

Jordan 37 87 17 66 83 467 177 4940 16.74

Oman 18 51 8 39 47 565 83 15551 3.01

Israel 152 431 68 326 394 1356 291 37130 10.61

Republic of Kore 596 1731 265 1310 1574 891 1767 27397 57.47

Taiwan Province of China 163 602 72 455 528 614 860 22393 23.57

Azerbaijan 185 363 82 275 357 670 533 5439 65.59

Iraq 424 978 188 740 928 499 1861 4944 187.73

Kuwait 9 29 4 22 26 769 34 29301 0.88

Total countries with +Ve NPV 20480 59779 9095 45243 54338 748 87275 8772 18146
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The result in Table 5.2 shows that the sum of 
annuities of the PV of labour costs of establishment 
and maintenance cost of SLM for the 31 countries 
and Taiwan Province of China that have positive 
NPV amounts to USD 80.26 billion of which 59.78 
billion is in terms of labour cost for maintenance 
of SLM technologies. The lower bound average 
wage rate corresponding to the USD 3.1 PPP per 
day international poverty line for the 31 countries 
is estimated at USD 748 per person per year. At 
this level of wage, the USD 80.26 billion annuity 
of labour cost could generate about 87.26 million 
rural jobs per year in the 31 countries as an upper-
bound job opportunities. Whereas if we consider 
the upper bound wage, which is the per capita 2015 
GDP of each country, the average for the 31 countries 
was about USD 8,772 per person per year. At this 
wage rate, the USD 80.26 billion annuity of labour 
cost could generate about 18.15 million rural jobs 
per year in the 31 countries and Taiwan Province 
of China as a lower-bound job opportunities. The 
upper bound rural job opportunities range from 
34,530 jobs per year in Kuwait to 23.7 millionjobs 
per year in India. India and mainland China 
together is 51.8 per cent of the total upper-
bound job opportunities that investment in SLM 
technologies could generate. Fifteen out of the 
31 countries with positive NPV (India,mainland 
China, Pakistan, Indonesia, Turkey, Philippines, 
Viet Nam, Bangladesh, Malaysia, Myanmar, Iran, 
Iraq, Republic of Korea, Japan, and Cambodia) is 
about 94.2 per cent of the total upper-bound job 
opportunities. 

5.4.  Implications for poverty reduction 
(SDG 1.1 and SDG 1.2)

In order to assess the implication of achieving 
agricultural land degradation neutrality to SDG 
1, which aims at “Ending poverty in all its forms 
everywhere (UN, n.d.)”, we assessed how the annuity 
of the NPV would contribute to extreme poverty 
eradication and poverty reduction targets for 18 
countries with national level poverty gap data and 
positive NPV as described below.

1.  First we collected data on poverty gap index at 
USD 3.1 PPP of international poverty line from 
the World Bank database for 25 countries with 
poverty gap data reported for different years 
ranging from 2003 to 2014. Because such data 

is generated based on national level household 
consumption and income surveys, which are 
usually conducted every five years, we assumed 
these levels of national level poverty indicators 
as baseline. 

2.  We calculated annual poverty gap reduction 
rate by dividing the poverty gap by 12, where 12 
indicates the number of years from 2019 to 2030 
where flows of benefits from SLM intervention 
will realize. 

3.  We calculated the total cost of poverty gap 
reduction for each country and each year 
(2018 to 2030) as a product of the international 
poverty line per capita annual income, the 
cumulative annual poverty gap reduction rate, 
and projected total population of the year.

4.  We estimated the PV of this total cost of poverty 
reduction and annuity of the cost using the 
same real discount rate used for the NPV 
analysis in Chapter 4.

5.  We calculated the ratio of Annuity of the NPV 
in Chapter 4 to annuity of the cost of poverty 
reduction and used as indicator of how the 
annuity of the NPV of investing in SLM on 
agricultural lands would provide countries 
with national income that could be possibly 
used for reducing poverty and achieving SDG 
1.1 and 1.2.

SDG 1 indicates “By 2030, eradicate extreme poverty 
for all people everywhere, currently measured as 
people living on less than USD 1.25 a day” as target 1.1 
whereas target 1.2 aims “By 2030, reducing at least by 
half the proportion of men, women and children of all 
ages living in poverty in all its dimensions according to 
national definitions (UN, n.d.)”. The result in Table 5.3 
shows that in 2015, about 318.5 million people were 
living below the international poverty line (per 
capita daily income of USD 3.10 PPP or on average 
per capita income below USD 504 per year for the 
18 countries in 2013 prices. This is about 10.1 per 
cent of the total 3.78 billion people living in the 18 
countries as of the 2015 population data from the 
FAO database. Assuming same level of poverty gap, 
which implies no action against poverty reduction, 
the total number of people under this international 
poverty line in the 18 countries will grow to about 
442 million, indicating a cumulative 15.85 per cent 
increase than the number of people with income 
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Armenia 3.06 2014 92.34 91.58 0.26 625.38 123.38 39.30 23.84 1.65

Bangladesh 16.95 2010 27288.76 31604.95 0.25 372.24 46890.45 587.64 5651.89 0.10

China, mainland 2.52 2013 34676.43 35671.74 0.21 589.11 133190.00 142332.20 11659.26 12.21

Azerbaijan 0.60 2008 58.52 64.36 0.05 512.82 100.13 45.53 14.91 3.05

India 18.46 2011 242019.90 282005.70 1.54 460.24 571872.80 69488.30 63921.30 1.09

Indonesia 9.58 2014 24674.61 28307.16 0.80 555.38 75580.59 16898.52 7954.21 2.12

Iran 0.12 2013 94.93 106.23 0.01 861.61 1046.53 9677.51 56.69 170.72

Kyeargyzstan 2.98 2014 8.81 10.04 0.25 457.38 176.73 186.12 36.43 5.11

*Cambodia 4.05 2012 630.90 769.13 0.34 372.94 1264.36 807.74 140.08 5.77

Lao PDR 14.72 2012 1001.26 1249.65 1.23 340.60 1536.12 165.96 195.74 0.85

Malaysia 0.49 2009 148.62 176.92 0.04 555.90 519.59 1097.61 50.56 21.71

Nepal 14.68 2010 4185.81 4859.71 1.22 473.30 14107.80 165.69 1233.34 0.13

*Pakistan 8.55 2013 16153.08 20940.29 0.71 375.78 34105.91 5604.10 3778.69 1.48

Philippines 11.68 2012 11761.69 14433.62 0.97 457.39 30670.03 1573.78 3259.11 0.48

Tajikistan 17.42 2014 1477.54 1933.97 1.45 441.63 4395.47 417.77 429.05 0.97

*Turkey 0.54 2013 424.80 473.67 0.05 758.36 1620.65 2045.52 179.56 11.39

*Uzbekistan 46.39 2003 13867.59 15956.71 3.87 484.13 34742.29 3049.54 3849.19 0.79

Viet Nam 3.09 2014 2887.53 3251.31 0.26 378.04 6628.44 4171.74 643.37 6.48

Sum 381453 441907   958571 258355 103160 2.50
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below this poverty line in 2015. The present value 
of the cost of reducing the poverty gap in the 18 
countries by an average of 0.78 percentage points 
per year over the period 2018 to 2030, is estimated 
at about USD 958.6 billion with annuity of USD 
103.2 billion. Whereas the sum annuity of NPV 
of investing in SLM technologies for avoiding 
top soil loss induced losses of NPK and soil NPK 
depletion and hence avoiding the corresponding 
crop production losses is about USD 258.4 billion, 
which in other words is 2.5 times the annuity of 
the PV of cost of poverty reduction. This implies 
that investing in SLM technologies and achieving 
agricultural land degradation neutrality would 
enable countries to have economic resources, 
which can enable them to reduce poverty gap 
to zero by 2030. For 12 countries (Armenia, Iran, 
Malaysia, mainland China, Turkey, Viet Nam, 
Cambodia, Kyeargyzstan, Azerbaijan, Indonesia, 
Pakistan, and India), the annuity of the NPV of 
investing in SLM is higher than the annuity of 
the PV of the cost of poverty reduction and the 
ratio of the two ranges from 1.1 in India to about 
171 in Iran. For this countries the annuity of the 

NPV of investing in SLM would provide more than 
sufficient economic resource for reducing the 
poverty gap to zero by 2030. For the remaining 
6 countries, the annuity of the NPV amounts to 
about 10 per cent of the annuity of the PV of cost of 
reducing poverty, which is for Bangladesh, to about 
97 per cent in Tajikistan.

5.5.  Implications on food security  
(SDG 2.3 and SDG 2.4)

In order to assess the implication of achieving 
agricultural land degradation neutrality to SDG 2, 
which aims at “Ending hunger, achieve food security 
and improved nutrition and promote sustainable 
agriculture (UN, n.d.)”, we developed an indicator, 
which is the domestic per capita food crop 
production with and without investment in SLM 
technologies in the next 13 year as described below. 

1.  Based on the results in Table 2.9 of Chapter 2 and 
the proportion of food crops to total aggregate 
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crop production data from FAOSATA, we 
estimated the baseline aggregate food crop 
production for each country based for the 
year 2002-2013. We assumed the average of 
the 12 years as baseline in the case of business 
as usual, where there will not be investment 
in SLM technologies and the same food crop 
production levels will continue over the period 
2019 to 2030.

2. We calculated the per capita food crop 
production for each country for the period 2018 
to 2030 by dividing the aggregate domestic 
food crop production data from step 1 above by 
the projected human population data for 2019-
2030 from FAOSTAT database.

3.  We also calculated the food gains due to 
avoided crop production losses form avoiding 
top soil loss induced NPK losses and soil NPK 
depletion by multiplying with the proportion of 
food crops to total aggregate crop production. 

4.  The gains in food crop per capita due to avoided 
production losses from avoiding top soil loss 
induced NPK losses and soil NPK depletions is 
calculated by dividing the result in step 3 with 
projected human population of 2019-2030.

The result in Table 5.4 shows that the baseline per 
capita domestic food crop production at Asia level 
was 713 kg and this will decline to 639 kg by 2019. 
The figure will drop to 605 kg by 2025 and to 587 
by 2030 under the business as usual case, which 
assumes no investment in SLM to avoid top soil loss 
induced NPK losses and the associated crop losses. 
Whereas if countries invest in SLM technologies 
on their agricultural lands the gain in per capita 
domestic food crop production will be about 293 
kg by 2019, 280 kg by 2025 and 271 kg by 2030. This 
implies that investment in SLM to avoid topsoil 
loss induced production losses will increase the 
total per capita domestic food crop production to 
858 kg at Asia level by 2030, which is 20.4 per cent 
higher than the baseline per capita domestic food 
production. 

At country level, the baseline per capita domestic 
food crop production ranges from 4.2 kg in 
Singapore to 3193 kg in Malaysia. In fifteen countries 
and the two provinces of China (Georgia, Japan, 
Taiwan Province of China, Armenia, Thailand, 
China Hong Kong SAR, Republic of Korea, Sir Lanka, 

mainland China, Azerbaijan, Iran, Cyprus, Turkey, 
Indonesia, Kazakhstan, Lebanon, and Uzbekistan) 
investment in SLM technologies would result in 
increasing per capita domestic food production by 
rates higher than the average for Asia. In the above 
countries such an investment by 2030 would result 
in increased per capita domestic food production 
by about 21 per cent in Uzbekistan to close to 73.6 
per cent in Georgia compared to the baseline per 
capita domestic food crop production. 

By 2030, the per capita domestic food crop 
production in another 9 countries (Viet Nam, 
Bhutan, India, Myanmar, Mongolia, Malaysia, 
Kyeargyzstan, Cambodia, and Singapore) will 
increase by 12.86 per cent in Singapore to 18.36 per 
cent in Viet Nam compared to the baseline. Whereas 
in 11 countries (Lao PDR, Brunei Darussalam, Israel, 
Bangladesh, Philippines, Saudi Arabia, Pakistan, 
Syearian Arab Republic, Jordan, Nepal, and 
Tajikistan) it increases between 0.75 per cent in 
Tajikistan to 9.52 per cent in Lao PDR in comparison 
to the baseline. In the remaining 9 countries 
(Bahrain, Timor-Leste, Yemen, Afghanistan, 
Kuwait, Oman, Iraq, United Arab Emirates, and 
Qatar) even if this countries will go for investing 
in SLM technologies, per capita domestic food 
crop production will continue to decline. By 2030 
the per capita food crop production level in these 
countries will be lower by at least 0.9 per cent in 
Bahrain to 30.1 per cent in Qatar than the baseline. 

The above analysis imply that for almost 35 
countries and the two provinces of China, 
investment in SLM technologies for achieving 
LDN in agriculture or SDG targets 15.3 can also 
increase per capita domestic food production 
and agricultural productivity and hence 
simultaneously achieve some of the elements 
of SDG 2.3 and 2.4. Target 2.3 requires countries 
to achieve “by 2030, double the agricultural 
productivity and incomes of small-scale food 
producers, in particular women, indigenous 
peoples, family farmers, pastoralists and fishers, 
including through secure and equal access to land, 
other productive resources and inputs, knowledge, 
financial services, markets and opportunities 
for value addition and non-farm employment”. 
Whereas SDG 2.4 states “by 2030 ensuring 
sustainable food production systems and implement 
resilient agricultural practices that increase 
productivity and production, that help maintain 
ecosystems, that strengthen capacity for adaptation 
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to climate change, extreme weather, drought, 
flooding and other disasters and that progressively 
improve land and soil quality (UN, n.d.)”.

5.6.  Implication for natural capital 
accounting

Earlier studies indicate that soils form very 
slowly and it takes between 200 and 1000 years 
to form 2.5 cm or 1 inch of topsoil under cropland 
conditions, and even longer under pasture and 
forest land conditions (Hudson, 1982; Lal, 1984; 
Pimentel et al., 1995) Integrating the value of soil 
and other interrelated natural resources, in the 
social accounting system requires an integrated 
valuation method. The overall study in general 
has a number of implications, both in terms of 
the methods applied and the results found, in 
contributing to efforts that aim at integrating 
natural capital accounting in the system of 
social accounting matrices. For example, the 
parameter estimates for the econometric 
models of land for soil nutrient loss and soil 
nutrient depletion as a function of national 
level biophysical and socio-economic factors 
can be used for estimating the effect of changes 
in forests and their biomass carbon stock as a 
natural capital on the level of soil nutrient and 
productivity of agricultural ecosystems. It can 
also be used to estimate how changes in size of 
economy and per capita GDP affect soil quality 
(nutrients) and hence estimate further the GDP of 
a country that is adjusted for land degradation. 
In other words if GDP growth leads to soil 
nutrient depletion, it implies in the conventional 
economic term that there is depreciation of the 
natural capital. That amount of depreciations 
has to be deducted from the GDP and hence land 
degradation adjusted GDP can be estimated. 
Thus, we can assess the implicit value of soil and 
the nutrients it contains and integrate the value 
in the social accounting system.

5.7. Conclusions

The above sections of this chapter highlighted 
that investment in SLM technologies for 
achieving SDG 15.3 in Asian countries would 
contribute to achieving a number of related 
Sustainable Development Goals. 

Economics Growth (SDG 8.1): Investing on SLM 
technologies to avoid top soil loss induced NPK 
losses and soil NPK depletions and the associated 
losses in aggregate crop yield would result the 
economies of 31 Asian countries with positive 
NPV to grow by an average rate of 0.02 to 9.27 per 
cent per year over until 2030.

Rural Employment (SDG 8.5): Close to 80.3 
billion USD per year in present value is required 
as labor cost to establish and maintain SLM 
technologies on agricultural lands of 31 Asian 
countries with positive NPV. At a lower bound 
average wage rate of USD 748 per person per 
year, which corresponds to PPP USD 3.1 per day 
international poverty line for the 31 countries, 
the USD 80.26 billion annuity of labor cost could 
generate about 87.26 million rural jobs annually 
in the 31 countries over the next 13 years. 

Poverty reduction (Sustainable Development 
Goals 1.1 and 1.2): The sum annuity of NPV of 
investing in SLM technologies for avoiding top 
soil loss induced losses of NPK and soil NPK 
depletion and hence avoiding the corresponding 
crop production losses in 18 countries is about 
USD 258.4 billion. This NPV is 2.5 times the 
annuity of the PV of cost of  reducing poverty gap 
in this countries to zero by 2030 and lifting close 
to 442 million people up to a daily income level 
of the 3.10 PPP USD.

Food Security (Sustainable Development 
Goals 2.3 and 2.4): Investment in SLM to avoid 
topsoil loss induced crop production losses will 
increase the total per capita domestic food crop 
production from 713 to 858 kg at Asia level by 2030. 
This implies that with the growing population it 
is still possible to increase per capita domestic 
food production and agricultural productivity 
and hence simultaneously achieve some of the 
elements SDG 2.3 and 2.4.

Natural Capital Accounting: The methods 
applied in this study highlighted soil and its 
nutrients as natural capital could be accounted 
in the national accounting system of nations 
and depreciations in such natural capital can be 
estimated and deducted from the conventional 
GDP and hence land degradation adjusted GDP 
can be estimated.
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Achieving Sustainable Development Goal 
15.3 through investments in sustainable land 
management on the 487 million hectares of 
land in Asia over the next 13 years would allow a 
considerable number of Asian countries to achieve 
a number of other related Sustainable Development 
Goals. These include:

SDG 8.1 states: “Sustain per capita economic 
growth in accordance with national circumstances 
and, in particular, at least 7 per cent gross domestic 
product growth per annum in the least developed 
countries (UN, 2017a)” with the corresponding 
indictaor 8.1.1 “Annual growth rate of real GDP per 
capita”.

❚	 For 31 Asian countries and Taiwan Province of 
China that have positive NPV, the real annuity 
of the NPV as percentage of real GDP of 
2015 ranges from 0.02 per cent in Kuwait to 
9.27 per cent in Myanmar. Whereas the real 
annuity as percentage of agricultural GDP for 
countries with positive NPV ranges from 1.26 
per cent in Azerbaijan to 34.67 per cent in 
Myanmar. This implies that investing in SLM 
technologies to avoid top soil loss induced 
NPK losses and soil NPK depletions and the 
associated losses in aggregate crop yield would 
result the economies of these countries and 
their agricultural sector to grow by the above 
indicated rates. 

❚	 In 12 countries (Myanmar, Uzbekistan, 
Tajikistan, Cambodia, India, Kyeargyzstan, Iran, 
Afghanistan, Viet Nam, Lebanon, mainland 
China, and Indonesia) with positive NPV, the 
smallest contribution of real annuity to the 
growth of real GDP per capita is 1.08 per cent. 
This is in Indonesia in which the real annuity 
as percent of real GDP is 1.96 per cent and 
population is projected to grow at an annual 
rate of 0.88 per cent. Whereas the highest 
contribution of real annuity to real GDP per 
capita growth is 8.54 per cent in Myanmar 
that has 9.27 per cent of real annuity as 
percent of real GDP and population growth 

rate of 0.73 per cent. Mainland China and 
India are among this group of countries and the 
contribution of real annuity of the NPV to real 
GDP per capita growth is estimated at about 1.14 
per cent for mainland China and 2.33 per cent 
for India. This implies that investing in SLM 
technologies on agricultural lands of China 
mainland and India for avoiding top soil loss 
induced NPK losses and soil NPK depletions over 
the next 13 year would on average contribute 
real GDP per capita to grow by about 1.14 per 
cent and 2.33 per cent respectively.

SDG 8.5 states, “By 2030, achieve full and 
productive employment and decent work for all 
women and men, including for young people and 
persons with disabilities, and equal pay for work of 
equal value”. The corresponding indicator 8.5.1 set 
is the average hourly earnings of female and male 
employees, by occupation, age and persons with 
disabilities (UN, 2017a).

❚	 The sum of annuities of the PV of labour 
costs of establishment and maintenance 
cost of SLM for the 31 countries with positive 
NPV amounts to USD 80.26 billion of which 
59.78 billion is in terms of labour cost for 
maintenance of SLM technologies. The lower 
bound average wage rate corresponding to 
the 3.1 PPP USD/day international poverty line 
for the 31 countries is estimated at 748 USD 
per person per year. At this level of wage, the 
USD 80.26 billion annuity of labour cost could 
generate about 87.26 million rural jobs per 
year in the 31 countries as upper-bound job 
opportunities. The upper bound rural job 
opportunities range from 34,530 jobs per 
year in Kuwait to 23.7 million jobs per year 
in India. India and mainland China together 
account for 51.8 per cent of the total upper-
bound job opportunities that investment in 
SLM technologies could generate. Fifteen out 
of the 31 countries with positive NPV (India, 
mainland China, Pakistan, Indonesia, Turkey, 
Philippines, Viet Nam, Bangladesh, Malaysia, 
Myanmar, Iran, Iraq, Republic of Korea, Japan, 
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and Cambodia) account for about 94.2 per cent 
of the total upper-bound job opportunities. 

SDG 1.1 indicates “By 2030, eradicate extreme 
poverty for all people everywhere, currently 
measured as people living on less than USD 1.25 
a day” whereas SDG 1.2 aims “By 2030, reducing 
at least by half the proportion of men, women 
and children of all ages living in poverty in all its 
dimensions according to national definitions (UN, 
2017a).”

❚	 The present value of the cost of reducing the 
poverty gap by an average of 0.78 percentage 
points per year in the 18 countries over the period 
2018 to 2030 is estimated at about USD 959 billion 
with annuity of 103 billion. These countries 
include Armenia, Bangladesh, mainland China, 
Azerbaijan, India, Indonesia, Iran, Kyeargyzstan, 
Cambodia, Lao PDR, Malaysia, Nepal, Pakistan, 
Philippines, Tajikistan, Turkey, Uzbekistan, and 
Viet Nam. Whereas the sum annuity of NPV 
of investing in SLM technologies is about 
258.4 billion USD, which in other words is 2.5 
times the annuity of the PV of cost of poverty 
reduction. This implies that by 2030, investing 
in SLM technologies and achieving agricultural 
land degradation neutrality would enable 
countries to have economic resources, which 
can enable them to reduce the poverty gap to 
zero by 2030.

SDG 2 aims to “Ending hunger, achieve food 
security and improved nutrition and promote 
sustainable agriculture (UN, 2017a).” Moreover, SDG 
2.3 requires countries to achieve “by 2030, double 
the agricultural productivity and incomes of 
small-scale food producers, in particular women, 
indigenous peoples, family farmers, pastoralists 
and fishers, including through secure and equal 
access to land, other productive resources and 
inputs, knowledge, financial services, markets 
and opportunities for value addition and non-farm 
employment”. Whereas SDG 2.4 states “by 2030 
ensuring sustainable food production systems 
and implement resilient agricultural practices that 
increase productivity and production, that help 
maintain ecosystems, that strengthen capacity for 
adaptation to climate change, extreme weather, 
drought, flooding and other disasters and that 
progressively improve land and soil quality (UN, 
2017a).” 

❚	 The baseline per capita domestic food crop 
production at Asia level was 713 kg and will 
decline to 639 kg by 2019. The figure will 
further drop to 605 kg by 2025 and to 587 by 
2030 under the business as usual case, which 
assumes no investment in SLM to avoid top 
soil loss induced NPK losses and the associated 
crop losses. Whereas if countries invest in 
SLM technologies on their agricultural lands 
the gain in per capita domestic food crop 
production will be about 293 kg by 2019, 280 
kg by 2025 and 271 kg by 2030. This implies that 
investment in SLM to avoid topsoil loss induced 
production losses will increase the total per 
capita domestic food crop production to 858 
kg at Asia level by 2030, which is 20.4 per cent 
higher than the baseline per capita domestic 
food production. At country level, the baseline 
per capita domestic food crop production 
ranges from 4.2 kg in Singapore to 3,193 kg in 
Malaysia.

❚	 For almost 35 countries and the two provinces 
of China, investment in SLM technologies 
for achieving LDN in agriculture or SDG 15.3, 
it is also possible to increase per capita 
domestic food production and agricultural 
productivity and hence simultaneously 
achieve some of the elements of SDG 2.3 and 
2.4.

In conclusion, this study clearly indicates 
that in addition to achieving Sustainable 
Development Goal 15.3, which aims at achieving 
a land degradation neutral world, investment in 
sustainable land management on agricultural 
lands in the next decade (2018-2030) would enable 
most Asian countries covered in this study to 
achieve a number of other related Sustainable 
Development Goals. These include economic 
growth and employment creation (SDG 8.1 and 
8.5), eradicating extreme poverty and reduction of 
poverty (SDG 1.1 and 1.2), achieving food security 
through doubling agricultural productivity and 
income as well as ensuring sustainable food 
production systems (SDG 2.3 and 2.4). Moreover, the 
results of this study are an important contribution 
in providing the methods and results for 
integrating particularly the value of soil as natural 
capital in the nations’ social accounting matrices 
of nations.
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T A B L E 	 A 4

Change in number of cattle and buffaloes/ha of agricultural land by country, 2000 – 2011
Re

gi
on

Country 2000 2011 Change

CA Kazakhstan 0.02 0.03 0.01
CA Turkmenistan 0.04 0.07 0.03
CA Kyeargyzstan 0.09 0.13 0.04
CA Uzbekistan 0.19 0.34 0.15
CA Tajikistan 0.23 0.42 0.19
EA China Hong Kong SAR na na na
EA China, Macao SAR na na na
EA China, mainland na na na
EA Taiwan Province China na na na
EA China 0.24 0.2 -0.04
EA Mongolia 0.03 0.02 -0.01
EA Democratic People's Republic of Korea 0.23 0.23 0
EA Japan 0.87 0.93 0.06
EA Republic of Korea 1.08 1.91 0.83
SA Maldives na na na
SA Bhutan 0.67 0.6 -0.07
SA Sri Lanka 0.62 0.61 -0.01
SA Iran (Islamic Republic of) 0.14 0.18 0.04
SA Afghanistan 0.08 0.15 0.07
SA Bangladesh 2.47 2.69 0.22
SA India 1.57 1.8 0.23
SA Nepal 2.5 2.87 0.37
SA Pakistan 1.66 2.53 0.87
SE Brunei Darussalam 0.69 0.44 -0.25
SE Lao People's Democratic Republic 1.19 1.14 -0.05
SE Viet Nam 0.8 0.75 -0.05
SE Cambodia 0.77 0.73 -0.04
SE Philippines 0.49 0.46 -0.03
SE Indonesia 0.29 0.3 0.01
SE Malaysia 0.11 0.13 0.02
SE Myanmar 1.24 1.32 0.08
SE Thailand 0.32 0.4 0.08
SE Timor-Leste  0.65 0.73 0.08
SE Singapore 0.17 0.27 0.1
WA Oman 0.28 0.19 -0.09
WA Qatar 0.22 0.15 -0.07
WA Armenia 0.36 0.33 -0.03
WA United Arab Emirates 0.17 0.16 -0.01
WA Bahrain 1.2 1.2 0
WA Saudi Arabia 0 0 0
WA Jordan 0.06 0.07 0.01
WA Syearian Arab Republic 0.07 0.08 0.01
WA Turkey 0.28 0.3 0.02
WA Yemen 0.05 0.07 0.02
WA Iraq 0.18 0.23 0.05
WA Georgia 0.39 0.45 0.06
WA Occupied Palestinian Territory 0.06 0.12 0.06
WA Kuwait 0.14 0.23 0.09
WA Cyprus 0.38 0.48 0.1
WA Azerbaijan 0.41 0.56 0.15
WA Israel 0.7 0.86 0.16

Source: FAOSTAT
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T A B L E 	 A 5

Changes in carbon stock in living forest biomass (million tons) by country, 2000 – 2013

Re
gi

on

Country 2000 2013 Change

CA Kazakhstan 136.61 136.79 0.18
CA Kyeargyzstan 33.7 17.3 -16.4
CA Tajikistan 2.8 2.8 0
CA Turkmenistan 11.3 11.7 0.4
CA Uzbekistan 14 32.74 18.74
EA China Hong Kong SAR
EA China, Macao SAR
EA China, mainland 5,351.90 6,615.58 1,263.68
EA Taiwan Province of China
EA Democratic People's Republic of Korea 206 159.6 -46.4
EA Japan 1,381 1,647.68 266.68
EA Mongolia 626 569.95 -56.05
EA Republic of Korea 240 397.4 157.4
SA Afghanistan 38.3 38.3 0
SA Bangladesh 81.63 98.07 16.44
SA Bhutan 278 291.12 13.12
SA India 2,377 2,708.20 331.2
SA Iran (Islamic Republic of) 249.1 203.15 -45.95
SA Maldives 0.04 0.04 0
SA Nepal 520 485 -35
SA Pakistan 271 189.6 -81.4
SA Sri Lanka 79.86 72.88 -6.98
SE Brunei Darussalam 76 72 -4
SE Cambodia 537 445.4 -91.6
SE Indonesia 16,151 13,032.40 -3,118.6
SE Lao People's Democratic Republic 1,129.88 1,072.45 -57.43
SE Malaysia 2,600 2,687.40 87.4
SE Myanmar 1,814 1,592.36 -221.64
SE Philippines 649.3 643.08 -6.22
SE Singapore 1.84 1.66 -0.18
SE Thailand 881 869.8 -11.2
SE Timor-Leste 96.09 71.77 -24.32
SE Viet Nam 927 1,009.40 82.4
WA Armenia 15.68 15.47 -0.21
WA Azerbaijan 47.85 66.26 18.41
WA Bahrain 0.02 0.03 0.01
WA Cyprus 2.73 3.67 0.94
WA Georgia 202.64 212.25 9.61
WA Iraq 44.9 50.21 5.31
WA Israel 4.2 4.36 0.16
WA Jordan 2.36 2.36 0
WA Kuwait 0.27 0.38 0.11
WA Lebanon 1.59 1.74 0.15
WA Occupied Palestinian Territory 0.5 0.56 0.06
WA Oman 0.11 0.12 0.01
WA Qatar 0 0 0
WA Saudi Arabia 5.93 5.93 0
WA Syearian Arab Republic 23.71 29.88 6.17
WA Turkey 604.1 772.87 168.77
WA United Arab Emirates 15.49 16.02 0.53
WA Yemen 5.16 5.16 0
ASIA TOTAL 39,738.59 38,375.89 -1,362.7

Source: FAOSTAT
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Poverty Indices

Country/region Poverty-
Head 
Count 
Ratio 3 
USD

Poverty-
Head 
Count 
Ratio 2 
USD

Poverty-
gap 3 
USD

Poverty-
gap 2 
USD

Year

Armenia 14.62 2.31 3.06 0.41 2014
Afghanistan
Bahrain
Bangladesh 56.8 18.52 16.95 3.31 2010
Bhutan 13.33 2.17 2.99 0.41 2012
Brunei Darussalam
Myanmar
Sri Lanka 14.59 1.92 3.03 0.29 2012
China, mainland 11.09 1.85 2.52 0.35 2013
Cyprus
Azerbaijan 2.51 0.49 0.6 0.16 2008
Georgia 25.27 9.77 8.5 2.89 2014
China Hong Kong SAR
India 57.96 21.23 18.46 4.27 2011
Indonesia 36.44 8.25 9.58 1.25 2014
Iran 0.66 0.08 0.12 0.03 2013
Iraq
Israel
*Kazakhstan 0.26 0.04 0.05 0.01 2013
Japan
Jordan
Kyeargyzstan 17.47 1.29 2.98 0.23 2014
*Cambodia 21.58 2.17 4.05 0.28 2012
Republic of Korea
Kuwait
Lao PDR 46.86 16.72 14.72 3.61 2012
Lebanon
Malaysia 2.71 0.28 0.49 0.04 2009
Mongolia 2.7 0.22 0.46 0.03 2014
Nepal 48.44 14.99 14.68 3.05 2010
*Pakistan 36.88 6.07 8.55 0.87 2013
Philippines 37.61 13.11 11.68 2.74 2012
Timor-Leste 80.01 46.76 32.86 12.09 2007
Qatar
*Saudi Arabia
Singapore
Tajikistan 56.67 19.51 17.42 4.06 2014
Syearian Arab Republic
Taiwan Province of China
Thailand 0.92 0.04 0.12 0 2013
Oman
*Turkey 2.62 0.33 0.54 0.06 2013
*United Arab Emirates
*Uzbekistan 87.82 66.79 46.39 25.32 2003
Viet Nam 12.02 3.06 3.09 0.62 2014
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Poverty Indices

Weighted 
prices 2013 
in USD  
per ton

Nutrient price in USD/ton

Crops N P2O5 K2O

Armenia 426 618 645 512
Afghanistan 585 618 645 512
Bahrain 1188 618 645 512
Bangladesh 272 618 645 512
Bhutan 734 618 645 512
Brunei Darussalam 688 618 645 512
Myanmar 769 618 645 512
Sri Lanka 332 618 645 512
China, mainland 563 618 645 512
Cyprus 597 618 645 512
Azerbaijan 559 618 645 512
Georgia 520 618 645 512
China Hong Kong SAR 927 618 645 512
India 700 618 645 512
Indonesia 363 618 645 512
Iran 782 618 645 512
Iraq 763 618 645 512
Israel 1042 618 645 512
Kazakhstan 300 618 645 512
Japan 1850 618 645 512
Jordan 432 618 645 512
Kyeargyzstan 448 618 645 512
Cambodia 449 618 645 512
Republic of Korea 729 618 645 512
Kuwait 757 618 645 512
Lao PDR 353 618 645 512
Lebanon 666 618 645 512
Malaysia 167 618 645 512
Mongolia 452 618 645 512
Nepal 355 618 645 512
Pakistan 631 618 645 512
Philippines 322 618 645 512
Timor-Leste 610 618 645 512
Qatar 1171 618 645 512
Saudi Arabia 1461 618 645 512
Singapore 1009 618 645 512
Tajikistan 612 618 645 512
Syearian Arab Republic 758 618 645 512
Taiwan Province of China 744 618 645 512
Thailand 235 618 645 512
Oman 1124 618 645 512
Turkey 512 618 645 512
United Arab Emirates 1223 618 645 512
Uzbekistan 709 618 645 512
Viet Nam 384 618 645 512
Yemen 817 618 645 512
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