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ABSTRACT  
With India’s large population, an increased pressure on forest and agricultural land indicate a 

growing demand for environmental services that is sustainable for the future. Fertile agricultural land 

is limited and with an increased demand for energy production the development expands to 

degraded lands, the wasteland. About one fifth of India’s total area is classified as wasteland with 

estimated biomass productivity of less than 20% of their overall potential. Re-vegetation of 

wasteland can be one way to reclaim the productivity and restore the carbon storage in the soils 

 

This thesis combines five separate papers and results in an improved understanding of the local, 

regional and global implications of different initiatives on land use change. It also analyses the 

environmental and socioeconomic effects of different efforts, both theoretical and practical. The 

research presented in this thesis was motivated by a perceived lack of local case studies exploring the 

contexts of climate policy.  

 

The results in this thesis confirm that the performance of individual forest-based project activities 

will depend on local conditions, for example land availability and local acceptance. In other words, 

successful implementation of forest-based project activities will require local participation and is 

likely to involve multiple forest products and environmental services that are prioritised by the local 

community. Further the results illustrate the environmental and socioeconomic benefits from a 

large-scale establishment of multi-functional biomass production systems on wasteland could be 

substantial, for example decreased erosion, increased infiltration and income generation. However, 

in many cases, the establishment of afforestation and reforestation activities is hindered by low land 

productivity, water scarcity and a lack of financial resources for investments. Compensatory systems 

may help to overcome the financial barrier; however, the price of carbon needs to be significantly 

increased if these measures are to have any large-scale impact. The land suitability analysis uses 

environmental thresholds in GIS analyses to create data layers showing the amount of wasteland 

available for plantations. Using tree different options for land use management the result shows that 

over 70% of the wasteland in the district of Tumkur can be planted with suggested six species.. The 

literature review shows that policymakers set the research agenda by declaration, which states the 

focus, while researchers feed the decision-making process until a decision is made. 

 

Keywords: Carbon sequestration, sustainable development, bioenergy, afforestation, CDM, rural development  
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Preface 
This thesis includes five papers: 

I. Palm M., Ostwald M., Berndes G. and Ravindranath NH. (2009) Application of Clean 
Development Mechanism to forest plantation projects and rural development in India.  
Applied Geography 2:2-11. 

II. Palm M., Ostwald M. and Reilly J. (2008) Land use and forestry based CDM in scientific 
peer-reviewed literature pre-and post-COP 9 in Milan. International Environmental 
Agreements: Politics, Law and Economics 8:249-274. 

III. Berndes G., Börjesson P., Ostwald M. and Palm M. (2008) Multifunctional biomass 
production systems – an overview with presentation of specific applications in India and 
Sweden. Biofuels, Bioproducts & Biorefining 2:16-25.  

IV. Palm M., Ostwald M., Murthy I., Chaturvedi R. and Ravindranath NH. (2009) Barriers for 
afforestation and reforestation activities in different agro-ecological zones of Southern 
India. Submitted to Regional Environmental Change. 

V. Palm M. (2009) Land suitability analysis and the establishment of land use options on 
wasteland in Tumkur district, India. Working paper. 

All of the above papers were written in close collaboration with colleagues. The fieldwork for Papers I 

and IV was conducted by Palm (the author of this thesis) in the state of Karnataka in collaboration 

with the Centre for Ecological Science and the Centre for Sustainable Technologies at the Indian 

Institution of Science under the supervision of Ravindranath. The literature review in Paper II was 

conducted in collaboration with Ostwald. Palm has actively contributed to the analysis in all the 

papers, has had major responsibility for the writing of all papers except Paper III, where the sections 

related to Sweden were prepared by Berndes and Börjesson. Chaturvedi was responsible for the 

GCOMAP modeling in Paper IV. Data for Paper V was partly provided by the research group at the 

Centre for Sustainable Technologies and collected by Palm. Finally, GIS modelling was carried out by 

Karlsson and analysed by Palm. 

Peer-reviewed scientific papers not included in the thesis  
• Mattsson E., Oswald M., Nissanka SP., Holmer B. and Palm M. (2009) Recovery of coastal 

ecosystems after tsunami event and potential for participatory forestry CDM – examples 
from Sri Lanka. Ocean and Coastal Management 52:1 1-9. 
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how Clean Development Mechanism projects assist in achieving sustainable development. 
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Conference proceedings 
• Ostwald M., Palm M., Berndes G. and Ravindranath NH. (2004) Clean Development 
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action. 
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All papers are reprinted with permission from the respective journals.  

 



v 
 

Abbreviations and Acronyms 
AEZ  Agro-ecological Zone  

A/R  Afforestation and Reforestation 

AWC  Available Water holding Capacity 

C  Carbon 

CCX  Chicago Climate Exchange 

CDM   Clean Development Mechanism 

CEC  Cation Exchange Capacity  

CERs (lCER & tCER)  Certified Emission Reduction (long-term CER & temporary CER) 

CO2   Carbon dioxide 

COP   Conference of Parties 

FAO  United Nations Food and Agricultural Organization 

GCOMAP  Generalized Comprehensive Mitigation Assessment Process 

GHG  Greenhouse Gas 

GIS  Geographical Information System 

Ha   Hectare 100x100 meters (0.01 km2) 

India: 328 Million hectare (Mha) total land area 

Sweden: 45 Mha total land area 

IPCC  Intergovernmental Panel on Climate Change 

LULUCF   Land Use, Land Use Change and Forestry 

N  Nitrogen    

NRSA  National Remote Sensing Agency 

P  Phosphorous 

PES   Payment for Environmental Services 

REDD  Reducing Emissions from Deforestation and Forest Degradation 

SBSTA  Subsidiary Body for Scientific and Technological Advice  

t  Metric tone 

UNEP  United Nations Environmental Programme 

UNCBD  United Nations Convention on Biological Diversity 

UNFCCC  United Nations Framework Convention on Climate Change 

UNCCD  United Nations Convention on Combating Desertification 

USDA  lit. United States Department of Agriculture 

  In this thesis: The USDA vegetation and erosion assessment  
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Introduction 
In recent years, global climate change has become a seriously acknowledged issue in the 

international research community and in political arenas. Actions to mitigate an accelerating climate 

change are increasing and new, innovative concepts, including both emission reductions and 

sequestrations of greenhouse gases (GHGs), have been proposed. Among GHGs, carbon dioxide (CO2) 

is the most important (IPCC 2007). The rate of build-up of CO2 in the atmosphere can be reduced by 

taking advantage of the fact that carbon can accumulate in vegetation and soils in terrestrial 

ecosystems acting as “sinks”. The United Nation Framework Convention on Climate Change 

(UNFCCC) (1992) defined a sink as "any process, activity or mechanism which removes a greenhouse 

gas, an aerosol, or a precursor of a greenhouse gas from the atmosphere."  Actions to mitigate 

climate change require the collaborative efforts of countries all over the globe. At present, and as 

stated in the UNFCCC, the developed countries are to lead the way with these actions (UNFCCC 

1992). However, large, densely populated developing countries such as China and India also need to 

take an active part in the mitigation of GHGs in order to restrain this rapid negative development.  

 

India, with its large and still growing population, needs to maintain the delicate balance between the 

interrelated factors of production and consumption of food, clean water and energy in a way that is 

sustainable for the future. The demand for water for use in industries, as well as for human needs 

and environmental services is increasing; at the same time, an increase in food production requires 

higher amounts of energy for use in irrigation and the production and distribution of fertilizers. Since 

fertile agricultural land is limited and the demand for sustainable energy production is increasing the 

expansion into degraded lands or the wasteland, sustainable water conservation strategies may be 

an option. Almost 20% of the total land area in India, 64 million hectares (Mha), is classified as 

wasteland (NRSA 2005). Soil degradation processes on wasteland have severely reduced the soil 

organic carbon. This is primarily due to a combination of low biomass productivity and excessive crop 

residue removals, which have left wasteland lying almost barren for decades. For environmental and 

socioeconomic reasons, the land needs to be rehabilitated through different land management 

strategies.  

 

Outlined in this thesis, Papers I, III and IV present the environmental and socioeconomic benefits that 

can be obtained from establishing multifunctional plantation systems by contributing to the 

rehabilitation of wasteland. Papers I and IV analyse the Clean Development Mechanism (CDM) and 

other financial systems that can potentially influence the development of plantation systems in the 

state of Karnataka, India. Paper IV also investigates the incentives and barriers for forest plantations 

on wasteland in different agro-ecological zones of Karnataka and the requirements to overcome 

these barriers. Paper II analyses the science-policy interaction between peer-reviewed literature and 

decisions and declarations on Land Use Land Use Change and Forestry (LULUCF) projects in the CDM 

taken at the Conference of Parties (COP). Finally, Paper V investigates the best usage of wasteland in 

an area that is characterised by natural hardship.  
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Background   

Land use and forest 

“Land use is characterized by the arrangements, activities and inputs people undertake in a certain 
land cover type to produce, change or maintain it. Definition of land use in this way establishes a 

direct link between land cover and the actions of people in their environment.” (FAO 2000) 

This thesis looks at several different classes of land primarily at degraded land, including forests, 

grassland, agricultural land and village common land. Land use change, together with the usage of 

fossil fuels, is the major anthropogenic source of CO2 emissions but constitutes both a sink and a 

source of atmospheric CO2 (IPCC 2007, Oreskes 2004). Forest ecosystems absorb carbon through 

photosynthesis, store carbon in the biomass and add to the pool of soil organic matter, but also emit 

carbon through respiration, the decomposition of organic matter and combustion due to 

anthropogenic and natural causes. The global forest cover is 3 952 Mha, about 30% of the world’s 

total land area (FAO 2006). The IPCC (2007) reports the total terrestrial sink for 1993-2003 to be  

3 300 MtCO2/yr, excluding emissions from land use changes. In the context of climate change, land 

use, land use change and forestry (LULUCF) activities can provide a relatively cost-effective way to 

mitigate climate change, either by increasing the sequestration of greenhouse gases from the 

atmosphere (e.g. by planting trees or managing forests), or by reducing emissions (e.g. by curbing 

deforestation) (Sathaye et al., 2001, Nabuurs et al. 2007, Sathaye et al. 2007). The carbon mitigation 

potential from reducing deforestation, forest management, afforestation, reforestation and agro-

forestry differs greatly from region to region. In the short term, the mitigation benefits from reducing 

deforestation will likely exceed the benefits from afforestation activities. In the longer term, 

however, a sustainable forest management strategy aimed at maintaining carbon stocks, while 

producing a sustained yield of timber, fibre and energy from the forest, will generate the largest 

sustained mitigation benefit (Nabuurs et al. 2007).  

 

An increase in tree cover will also have positive environmental effects on a degraded land area and 

an increase in soil organic matter will enhance the fertility of the soil. With the exception of 

monocultures, there will also be increased biodiversity (IPCC 2000). Furthermore, the increase in tree 

cover will also decrease the rate of erosion and decrease the loss of fertile clay minerals. Forest cover 

would also protect the land from further degradation (Sathaye et al. 2007, Ravindranath and Sathaye 

2002, IPCC 2000). Even if the direct emissions from the forest are small, the emission and 

sequestration related to land cover change to/from the forest are very large. Policies affecting land 

use and land use change are likely to have strong implications for the net emission from forest and 

land use (Sathaye et al. 2007). Policies aimed at promoting mitigation efforts in the tropics are likely 

to have the largest payoff, given the significant potential for carbon conservation and sequestration 

http://en.wikipedia.org/wiki/Fossil_fuel�
http://en.wikipedia.org/wiki/Anthropogenic�
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in tropical forests. According to the IPCC, approximately 560 Mha might be available for carbon 

conservation and sequestration (Watson et al. 1996). Even though there is a substantial potential for 

the forest to function as a carbon sink, there are several institutional and technical difficulties to 

managing forests for the sequestration of carbon. In India, for example, the demands on the forests 

are very high, which results in an unsustainable usage. Hence the option of managing the forests 

solely for carbon sequestration may not be possible (Haripriya 2003).  

 

Sustainable development  

Climate policy research –broadly defined – spans over many fields of academia (Ostwald and Kuchler 

2009). Building on the predicament of sustainable development and a sustainable future, climate 

policy research development includes a large and gripping set of questions and answers as of today 

(UNFCCC 2009).  

 

In general terms, the state of the environment reflects the interaction of past and present human 

activity with its underlying characteristics. Some natural features are relatively fixed or finite, such as 

topography and soil quality, while others are highly variable, such as climate or flora and fauna. Some 

of the key determinants of human impact are population numbers, the type and efficiency of 

production systems, and the level and pattern of final consumption. As a result, the most effective 

ways to improve environmental outcomes and secure high living standards are to extract natural 

resources at sustainable rates and maximise the efficiency of production systems. A healthy 

environment provides the economy with natural resources. A flourishing economy allows investment 

in environmental protection and the avoidance of injustices such as extreme poverty, thereby 

handling issues of inter- and intra-generational equity. This in turn ensures that natural resources are 

maintained and well managed and economic gains distributed fairly (Victor 2006). Managing 

resources and living according to this understanding is crucial for the long-term wellbeing of 

civilization.  

 

With this theory in mind sustainable development was defined in the 1987 report “Our Common 

Future” by the World Commission on Environment and Development (Bruntland 1987). The report 

states that “Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs”. Sustainable development 

has since been defined and discussed in many ways. For example Daly (2002) argues that utility 

should be sustained, meaning that the utility of future generations is to be non-declining i.e., that 

future generations should be at least as well off as the present in terms of its utility. He also suggests 

a more suitable definition of sustainable development where throughput should be sustained, 

meaning that the entropic physical flow of natural resources through the society and back to nature’s 

sinks is to be non-declining. This means that the capacity of the ecosystem or the natural capital is to 

be kept intact. Sustainable development has officially been leading the way in climate policy and 
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related research ever since the World Summit in 1992 (UNFCCC 1992). Outlined in Article 2 of the 

UNFCCC, it is meant to objectively influence both negotiations and implementations. In the IPCC’s 

fourth assessment report, the sustainable development criteria are matched against different land 

use categories (Sathaye et al. 2007). The results show that restoration of degraded lands is 

considered beneficial for sustainable development, together with agro-forestry and to a certain 

extent, bioenergy production (Table 1). 

 

Table 1. Sustainable implications for agro-forestry, restoration of degraded soils and bioenergy 

(Modified from Sathaye et al. 2007). 

Activity category 
Sustainable development Note 

Social Economic Environmental 

Agro-forestry  + ? + 
Likely environmental benefits, less travel 
required for fuel wood; positive societal 
benefits; economic impact uncertain. 

Restoration of 

degraded soils  
+ + + 

Restoration of degraded lands will provide 
higher yields and economic returns, less new 
cropland and provide societal benefits via 
production stability. 

Bioenergy  + ? +/- 

Bioenergy crops could yield environmental 
co-benefits or could lead to loss of bio-
diversity (depending on the land use they 
replace). Economic impact uncertain. 
Social benefits could arise from diversified 
income stream. 

+ denotes beneficial impact on component of SD 
- denotes negative impact 
? denotes uncertain impact 
 

Policy context 
Clean Development Mechanism 

The cost of limiting emission reduction activities varies considerably between regions, while the 

global benefits of reducing GHG emissions are the same wherever the action is taken. To reduce the 

cost for mitigating climate change the UNFCCC defined three flexible mechanisms within the Kyoto 

Protocol, a political decision that was announced in 1997. The three flexible mechanisms are the 

Clean Development Mechanism (CDM)1

                                                           
1 The purpose of the CDM is outlined in Article 12 of the Kyoto protocol: “The purpose of the clean development 
mechanism shall be to assist Parties not included in Annex I in achieving sustainable development and in contributing to the 
ultimate objective of the Convention, and to assist Parties included in Annex I in achieving compliance with their quantified 
emission limitation and reduction commitments under Article 3” (UNFCCC 1998). 

, Emissions Trading and Joint Implementation (UNFCCC 

1998). The CDM is a project-based mechanism where the mitigation effect, i.e., reduced or 

sequestered GHG are equated to carbon credits. This means that all GHG are expressed in carbon 

dioxide equivalents as a common commodity; one tonne of CO2 corresponds to one carbon credit, 

called certified emission reduction – CER. Any CDM project must show that the planned activities 

have additional merits in comparison to a hypothetical business-as-usual (baseline) scenario in terms 
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of sequestration or non-emitted GHGs, i.e., additionality. Further, the project should contribute to 

the adoption of sustainable development practices in the host country, which has to be categorised 

as a non Annex I, i.e., a developing country. Several different sectors can use the CDM mechanism to 

gain additional funding for a project; the most common sectors are renewable energy, methane and 

coalmine/coal bed projects, energy efficiency projects and fuel source switching. The focus of this 

thesis is mainly the afforestation and reforestation (A/R) sector, which is only responsible for 0,4% of 

all the CDM projects as of October 2009 (UNFCCC 2009). The thesis also looks at the biomass energy 

sector which is included in the renewable energy category, responsible for over 73% of all the 

projects (UNEP Risoe 2009).  

 

Forest-based CDM projects 

Projects developed in the A/R sector have certain rules and regulations which were established 

during UNFCCC COP meetings (Table 2). To address the permanence issue, i.e., the risk that emission 

removals by sinks are reversed because forests are cut down or destroyed by natural disaster, the 

COP has ruled that carbon credits from A/R activities can only be valid temporarily, i.e., they expire 

after a certain period. This period depends on the project developer’s choice of schedule; he can 

decide to use temporary (valid for 5 years) or long-term (valid for up to 25 years) CERs (tCER or lCER) 

according to the suitability (prospect, aim, potential) of the project.  According to the Marrakech 

Accords, a forest is defined as an area of at least 0.05 – 1 ha, with a tree cover of 10 – 30% and a 

minimum tree height of 2 - 5 meters at maturity (UNFCCC 2001). For the first commitment period, 

stretching from 2008 to 2012, only afforestation and reforestation is eligible under the CDM within 

the Kyoto Protocol; however, other project types such as the regeneration of exhausted forest land 

might be included in future commitment periods. During the COP/MOP 13/3 in Bali 2007, the small-

scale afforestation and reforestation project activities under the CDM were defined as those that are 

expected to result in net anthropogenic GHG removals by sinks of less than 16 kT of CO2 per year and 

are developed or implemented by low-income communities and individuals as determined by the 

host country (UNFCCC 2008).  These small-scale projects are granted simplified methodology 

requirements to ease the financial and knowledge pressure they face. Small-scale projects are also 

able to create a bundle in which several projects of the same or different sectors are brought 

together to form a single CDM project without the loss of the distinctive characteristics of each 

project activity (UNFCCC 2004, UNFCCC 2005). Projects within a bundle can be arranged in one or 

more sub-bundles, with each project activity retaining its distinctive characteristics. Recently, several 

approaches to CDM projects have been proposed in order to deal with the limitations of the project-

based approach2

                                                           
2 Three approached need to be mentioned: Programmatic CDM which is similar to the bundling approach has already been 
accepted for small scale-projects. It allows a multitude of actions developed as a result of a deliberate programme to be 
considered as small parts of one large project. This approach is already present in project in the pipeline. Sectoral CDM 
would be one large project covering one whole sector within one country, while policy CDM would allow any activity under 
a certain governmental policy to be included in one larger CDM project. 

.  



Land use in climate policy – forest-based options at local level with cases from India  

 

8 

 

 

Table 2. Key decisions and declarations for LULUCF CDM projects during COP meetings, ranging from 

COP 6 in 2000 to COP 15 in 2009. 

* Leakage is defined as the net change of anthropogenic emissions by sources and/or removals by sinks of greenhouse 

gases which occurs outside the project boundary (UNFCCC 2002). 

Meeting Decisions and declarations Issues 

COP 6, The 
Hague/Bonn Part 
1 2000 and 2 2001 

• Inclusion of sinks divides the parties and is partly responsible for 
the dual meetings. Proposal to only include afforestation and 
reforestation (A/R) in the CDM 

Draft decision: Inclusion 
of sinks in CDM 

COP 7, Marrakech 
2001 

• Only afforestation and reforestation (A/R) are eligible under  the 
CDM 

• Cap on demand – A/R  the CDM  can be used for 1 % of  of base 
year emissions of the Annex B countries per year 
 

Decision: Inclusion of 
sinks in CDM 

COP 8, New Delhi 
2002 

• Delhi ministerial declaration on climate change and sustainable 
development was  adopted  

No decisions taken referring to LULUCF under the CDM 

Declaration: Sustainable 
Development 

COP 9, Milan 2003 • Modalities and procedures for A/R were adopted, including:  
         Crediting period, tCERs and lCERs, Baseline year, Size limits for       

small scale A/R projects (8 kT/y)                                       

Decision: Leakage*, 
Additionality, Baseline, 
Permanence and Scale 

COP 10, Buenos 
Aires 2004 

• Good Practice Guidance (GPG) for LULUCF was accepted by the 
COP 

• Simplified modalities and procedures for small scale A/R CDM 
projects were adopted. 

 

Decision: Monitoring 

COP/MOP 11/1, 
Montreal 2005 

• COP advances the discussion on avoiding deforestation in 
developing countries: approaches to stimulate action to SBSTA 
27 in 2007 after a proposal by several non-Annex B countries 

• COP/MOP states that large-scale project activities can be 
bundled 

General discussion: 
Avoided deforestation 

COP/MOP 12/2, 
Nairobi 2006 

No decisions referring to LULUCF  taken under the CDM or REDD  

COP/MOP 13/3, 
Bali 2007 

• The Bali Action Plan: “Policy approaches and positive incentives 
on issues relating to reducing emissions from deforestation and 
forest degradation in developing countries; and the role of 
conservation, sustainable management of forests and 
enhancement of forest carbon stocks in developing countries.”  

• COP/MOP decides to revise the limit for A/R project activities 
under the CDM to 16 kt of CO2 per year 

 

Decision: REDD and 
small-scale CDM limits 

COP/MOP 14/4, 
Poznan 2008 

No decisions referring to LULUCF  taken under the CDM or REDD  

COP/MOP 15/5, 
Copenhagen 2009 

To be decided...  
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The rules and modalities for forestry CDM were set during COP 9 in Milan 2003, as opposed to 

general CDM ruled established at COP 7 in Marrakesh 2001, however the first A/R project was not 

registered until November 2006. The slow development in the A/R CDM sector is partly due to 

complex regulations and requirements in combination with very complicated accounting rules which 

need to be expressed in the methodologies. Therefore, approval of the first methodology took a very 

long time and subsequent methodologies were approved only slowly. Another reason for the slow 

A/R development is the exclusion of A/R CERs in the European Union Emissions Trading (EU ETS) 

scheme. According to a recent amendment to the EU ETS Directive, A/R CERs will continue to be 

excluded until 2020 (Streck et al. 2009). Until October 2005 no methodologies had been approved 

and hence no projects that had to be based on an approved methodology existed. As of October 

2009, nine large-scale methodologies and two consolidated methodologies have been approved and 

several others are in the pipeline. This slow process has obstructed many projects that are waiting to 

be registered; it is also the reason why out of a total number of 1870 registered CDM projects, there 

are currently only eight registered A/R CDM projects.  Two of these projects are located in India, one 

in China, one in the Republic of Moldova, one in Bolivia, one in Vietnam, one in Uganda and one in 

Paraguay.  Another 49 A/R projects have since been waiting in the pipeline. The number of registered 

forestry projects is likely to keep rising in the future (UNFCCC 2009).  

 

Another option for land use under the CDM is biomass energy, in the renewable energy sector (Table 

3). Among the projects in the CDM pipeline, bioenergy accounts for 14% of the total activity and is 

thus among the most popular project types. There are currently 662 projects out of 4673 at different 

stages of the application process (14% of the total number), of which 265 are registered (UNEP Risoe 

2009). Within the bioenergy sector the distribution of projects is uneven, with almost no biofuel for 

transport or for household use. Only four biodiesel projects have reached the validation stage; as yet, 

there are no registered projects.  The situation is similar to the early phase of the A/R CDM 

development, where a lack of defined methodologies halted the development of new projects and 

hindered the progress of the ones that had been developed but not yet registered.  

 

Energy for domestic use in developing countries is dominated by biomass energy; this is also true of 

India, where fuel wood is the dominant source of energy in the rural parts of the country. An 

increased availability of fuel and wood products from plantations grown on degraded lands and 

wasteland can lead to a reduced pressure on adjacent natural forests. A study from Orissa, India 

showed that with the introduction of village plantations, biomass consumption increased (as a 

consequence of increased availability) while at the same time, the pressure on the surrounding 

natural forests would decrease (Köhlin and Ostwald 2001).  
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Table 3. The table present the two sectors within the CDM relevant for this thesis with specified 

project types (ENEP Risoe 2009).  

Sector Type Number kCERs 

At 

validation* 

Registered Registered  Until 

2012 

Issued 

Forestry Afforestation  3 1 12 44 0 

Reforestation 36 7 277 1457 0 

Biomass 

energy 

Residue and waste 366 258 

14884** 92956** 14146** 

Forest biomass 12 2 

Gasification of biomass 9 3 

Fuel switch 1 0 

Biomass briquettes 3 3 

Biodiesel 4 0 

Ethanol  0 0 

* Projects at validation including the projects requesting registration 

** Total for biomass energy 

Options other than CDM 

CDM is not the only option for land use activities. Due to the initial difficulties within A/R CDM, 

additional options for projects located, designed, integrated and managed to provide specific 

environmental services emerged. The concept of promoting synergies between the three Rio 

Conventions3

 

 provides several advantages and is well documented (UNCCD 1994, Nabuurs et al. 

2007, Kok and de Coninck 2007, UNCBD 2009). Too narrow a focus on one problem at a time can at 

worst aggravate another problem, or at best prevent projects from taking advantage of potential 

synergy effects. Costanza et al. (1997) estimated the global value of natural capital and ecosystems 

producing additional services in an attempt to make such ecosystems visible and thus adequately 

considered in the decision-making process. One of the problems is that changes in these systems 

occur on such different scales, with many (if not all) being dependent on each other, so that changes 

on the global scale of one system result in changes to another system on a local scale.  

Many ecosystem services have an acknowledged financial value, although the entire scale of their 

value may not be recognised. For example, a forest may be valued based on the timber it can provide 

but not on the biodiversity it supports, the microclimate it creates or the soil erosion control – all of 

which contribute to human welfare. At present, carbon is one environmental service that has already 

achieved a financial value; however, other services urgently need to follow. These services include 

hydrological regulation, protection from natural hazards (Mattsson et al. 2009), nutrient cycling, 
                                                           
3 United Nation Framework Convention on Climate Change (UNFCCC), United Nation Convention to Combat 
Desertification (UNCCD), United Nation Convention on Biological Diversity (UNCBD). 
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energy, waste treatment and freshwater provisioning (FAO 2009). Although there is no global 

regulation system, numerous payments for environmental services (PES) and PES-like initiatives are 

being implemented all over the world. Scale-wise, these range from small watersheds to nationwide 

projects (Wunder et al. 2008). Costa Rica is at the forefront in the development of PES . Since 1997, 

the country pays landowners for several ecosystem services such as carbon sequestration, watershed 

protection, biodiversity and scenic beauty (Redondo-Brenes 2005). Financed partly by a tax on fossil 

fuels, this scheme has resulted in major forest conservation and restoration. It is important to get an 

idea of the extent to which different multifunctional applications can be implemented, as well as 

how they can be combined. The majority of environmental services is specific to a particular type of 

soil, localisation in the landscape, or geographical region and therefore often cannot be obtained 

simultaneously. It is also crucial to understand the ways in which the land owner/user can benefit 

from establishing multifunctional biomass plantations, since it is these benefits that are the 

motivation for participating in the compensation schemes. 

 

The most well-established market for environmental services is the global carbon markets where 

financial compensation is paid for the mitigation of carbon emissions. The global carbon market can 

be divided into two segments: the voluntary markets and the regulatory (compliance) markets 

(where CDM is represented). As the name implies, the voluntary carbon markets include all carbon 

offset trades that are not required by regulation. Over the past several years, these markets have not 

only become an opportunity for citizen consumer action, but also an alternative source of carbon 

finance and an incubator for carbon market innovation (Hamilton et al. 2009). The voluntary carbon 

markets themselves have two distinct components: the Chicago Climate Exchange (CCX), which is a 

voluntary but legally binding cap-and-trade system (CCX 2009) and the broader, non-binding “Over-

the-Counter” (OTC) offset market which is based on bilateral deals and operates largely outside of 

exchanges. The voluntary carbon markets nearly doubled in 2008 reaching 123.4 MtCO2 equivalents 

(eq). However, the voluntary markets remain marginal with respect to the global carbon market 

(which includes the voluntary markets), representing only 2.9% of its volume and 0.6% of its value. 

Both the OTC and the CCX deal with several sectors including forest. The CCX allows GHG offsets 

from no-tillage and the conversion of cropland to grassland, as well as forest carbon sequestration 

(Smith et al. 2007, CCX 2009). Forestry plays a small part in the voluntary trading mechanism. During 

2008, the A/R conservation stood for 7% of transactions by volume at OTC, and avoided 

deforestation and A/R plantations for 1% respectively (Hamilton et al. 2009). Biomass energy was 

responsible for 3% of the transaction by volume. At CCX, forestry projects increased its annual share 

of registered project types from 1% in 2007 to 22% in 2008 (Hamilton et al. 2009). As of 2007, the 

World Bank is among the few buyers of CDM forestry credits. The BioCarbon Fund, a World Bank 

fund, has bought carbon credits from forestry projects for prices of 3.75 – 4.35 US$/t CO2 eq (Neef 

and Henders 2007). The prices of voluntary forest credits range from 6.3 – 7.7 US$/t CO2 eq, 

including projects of afforestation/reforestation plantations, afforestation/reforestation 

conservation, forest management and avoided deforestation (Hamilton et al. 2009).  
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India has submitted a proposal for compensation and positive incentives for sustainable forest 

management and A/R, where the host country retains and manages the forest and afforests land for 

carbon sequestration (Ministry of Environment and Forest 2009). These measures will include both 

the direct costs of protection, monitoring and enforcement and opportunity cost for not felling the 

trees or using the land for other, more economically viable options. The proposal for positive 

incentives for sustainable forest management and A/R include: annual payment for the remaining 

forest area to compensate the host country for the avoided global annual damage and annual 

payment for the direct costs of afforestation as well as the opportunity cost of the land. 

Geographical focus 
Study area – the state of Karnataka, India  

Forests cover about 19% of the total area of 328.8 Mha in India (Ministry of Environment and Forests 

2004, Sathaye et al. 2001) and include both natural forests and forest plantations. Due to a large 

population, the forests are subject to increasing pressure, however, India has succeeded relatively 

well in reducing the net deforestation rate (Ravindranath et al. 2001). India is also one of the few 

developing countries that have made a net addition to its forest cover and tree cover over the last 

two decades which mean that Indian forest serve as a major sink of CO2. This is partly due to the 

forest conservation act where the conversion of forest land for non-forest land is banned 

(Ravindranath et al. 2009) and large scale reforestation programs.  

 

Most sections of this thesis concern the state of Karnataka in southwest India where data collection 

and fieldwork were carried out (Papers I, III, IV and V). Karnataka is one of India’s 27 states and has 

52.8 million people, with a population density of 276 people/km2. 66% of the population lives in rural 

areas and these are mainly employed within the agricultural sector. The geographical area of 

Karnataka is about 19 Mha. It is the eighth largest state by area, the ninth largest by population and 

it comprises 29 districts. Most of the forest in Karnataka is located within the costal belt and includes 

four forest types: tropical dense evergreen, tropical semi-evergreen, moist deciduous and dry 

deciduous. The percentage of forested area (16-20% of the state's geographical area) might be less 

than the total Indian average of about 19%, and significantly less than the 33% prescribed in the 

National Forest Policy (FSI 2005). From 1995-2005 the carbon stored in India forest and trees have 

increased from 6 245 Mt to 6 662 Mt, with an annual increment of 38 Mt of carbon or 132 CO2eq 

(Kishwan et al 2009). 

 

 

 

http://en.wikipedia.org/wiki/List_of_states_of_India_by_area�
http://en.wikipedia.org/wiki/List_of_states_of_India_by_population�
http://en.wikipedia.org/wiki/Districts_of_India�
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Figure 1 (A) Map of Karnataka state with Tumkur district highlighted. Agro-ecological zones of 

Karnataka area marked in the map. (B) The map shows India and the location of Karnataka state and 

Tumkur district.   

 
 

The state of Karnataka is diversified when it comes to temperature, rainfall, soil, vegetation type and 

socioeconomic conditions. Karnataka is divided into four agro-ecological zones4

 

 which differ in both 

precipitation and available water capacity, see Figure 1. The diverse rainfall pattern is not only 

dependent on the season – the area receives 80% of its rainfall during the southwest monsoon 

period in June to September – there are also geographical differences, with the coastal zone 

receiving more than 1 700 mm/year, while the central plateau receives less than 1 200 mm/year.  

The geographical focus of Paper V was the district of Tumkur, located in the southeast of Karnataka, 

where the suitability of the land to different land use options was assessed. Tumkur is categorised as 

agro-ecological Zone 8 and is described as the Central Karnataka Plateau and has semi-arid 

conditions, with an average rainfall of 688 mm/year (CST 2006). The district covers 1.06 Mha, of 

which 0.28 Mha comprises wasteland (NRSA 2005). Tumkur district shares a border with Bangalore 

district, a city of geographical and population expansion, and is subject to increased pressure on the 

land. The climate conditions in the district are challenging for the people and with the projected 

decreases in precipitation and increase in temperature (Paper IV), the conditions will worsen. These 

factors motivate an assessment of the best utilisation of wasteland.   

 

                                                           
4 The FAO agro-ecological zone classification which is based on the length of growing period (LGP) concept 
which in turn, is derived from climate, soil and topography data and evaluated using a water balance model 
and knowledge about crop requirements (FAO 1996). 
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Wasteland in India 

Degraded land, called wasteland in India (Ravindranath and Hall 1995), is often technically suitable 

for growing trees and can be regarded as promising land type for LULUCF activities such as those 

suggested under the CDM, as well as other schemes. Almost 20 % of the land in India, totalling 

approximately 64 Mha, is classified as wasteland (NRSA 2005). According to Sathaye et al. (2001) 

about 40 % of the wasteland is considered available for afforestation. Overgrazing and the removal 

of vegetation, particularly in the semi-arid parts of India, have resulted in rapid erosion of topsoil and 

finally converted cultivable land into wasteland (Ogunwole et al. 2008). The degradation process of 

the wasteland is defined as a decline in soil quality with a subsequent reduction in biomass 

productivity and environment moderating capacity i.e., the ability of soil to perform specific 

functions of interest to humans (Lal 2004). It is estimated that the average Indian wasteland has a 

biomass productivity of less than 20% of its overall potential (Ramachandra and Kumar 2003). The 

protection or introduction of vegetative cover can be a major instrument for the prevention of 

desertification (MER 2005). Despite attempts from the Indian government to reforest the lands 

through programmes such as the Social Forestry Projects and Joint Forest Management, the current 

rate of afforestation and reforestation is inadequate, considering what is required to cover all 

wasteland within a reasonable timeframe (Murali et al. 2002, Ravindranath and Hall 1995). In 2003, 

the Indian government announced the National Mission on Biofuel which anticipated that 4 Mha of 

wasteland across the country would be transformed into bioenergy crops such as Jatropha (Jatropha 

curcas L) and sweet sorghum (Sorghum bicolor) plantations by 2008-09. However, the programme 

was aborted in 2008 (The Economic Times 2008) due to a fear of large land-grabbing exercises by big 

energy companies. Even though the mission was supposed to target wasteland, the Finance Minister 

P Chidambaram had raised the issue of how biofuel production would increasingly use farmland, 

leading to a shortfall in grain production.  

 

Figure 2. Illustration of wasteland in Karnatatka (Photo Palm).  
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Unmanaged wasteland in India is vulnerable and suffers from high intensity rain during the monsoon 

season, which usually contributes to topsoil erosion. Due to low soil organic matter status and loss of 

silt and clay, the water (moisture) holding capacity is low (Paper IV). Measures to reduce soil erosion 

rates and enhance moisture retention are important in areas that are dependent on monsoon 

precipitation. One option to increase the infiltration rate and reduce runoff is to increase the 

vegetation cover or implement soil management practices such as ditching and countering of gully 

formation. Well-managed crops can regulate water flows and reduce the risks of floods and 

droughts, particularly so for perennial crops with non-annual harvesting schemes (Gehua et al. 2005).  
 
Re-vegetation of wasteland can be one way to reclaim the productivity and restore the carbon 

storage in the soils (Smith et al. 2007). According to Balooni (2003) the afforestation of India’s 

wasteland is not only being considered for environmental reasons, but also for the anticipated 

benefits to the economy. However, the implementation of plantation projects on wasteland is 

hampered by social, environmental and economic constraints. Soil degradation processes on 

wasteland have severely reduced the soil’s organic carbon content, which is primarily induced by a 

combination of low biomass productivity and excessive crop residue removals. At the same time, low 

soil productivity, together with financial difficulties such as a lack of funding and long investment 

periods are themselves barriers to the implementation of plantation schemes (Balooni and Singh 

2003, Ravindranath and Hall 1995). A rehabilitation project for wasteland must promote an income-

generating activity in such a way that it reduces or alleviates poverty (Ogunwole et al. 2008).  

Aim and scope 
The overall scope of the thesis is to analyse global mechanisms for funding land use change and to 

investigate the local socioeconomic and environmental implications.  

 

The study was initiated in two small southern Indian villages, where the local sustainable 

development and potential GHG mitigation were assessed (Paper I). Based on the practical 

experience from the first paper, a literature review on science policy interaction with regards to 

LULUCF issues in the climate change debate was undertaken (Paper II). The result, in which it was 

revealed that research would face obstacles to influencing policy development, provided a 

theoretical foundation on which the subsequent papers could be constructed. The original 

presentation of the problem led to a conceptual paper (Paper III) in which multifunctional plantation 

systems and the idea of payment for several environmental services were treated. The concept of 

designing multifunctional plantation projects where co-benefits were a fundamental term was 

explored for the real case scenario of rehabilitating wasteland with forest plantation systems in 

Karnataka. Paper IV investigates the incentives and barriers for such systems on wasteland and adds 

the financial dimension to the result. How much would it cost to stimulate the establishment of 
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plantation systems with multiple benefits? Paper V asks what the best usage of these wasteland and 

suggest suitable species which are tested in a land suitability analysis. 

 

Combining these five papers in this thesis results in an improved understanding of the local, regional 

and global implications of different initiatives on land use change and help analyse the 

environmental and socioeconomic effects of different efforts, both theoretical and practical. Ideally, 

the thesis could be read as a reality check for policymakers, but also as guidance for communities 

that are interested in investing time and eventually money in their land use for rural development 

schemes5

 

.  

The more specific aims of this thesis have been to:  

• Present the environmental benefits that can be obtained from multifunctional plantation 
systems and analyse how these can contribute to the rehabilitation of wasteland in terms of 
environmental and socioeconomic sustainability (Papers I, III & IV). 

• Analyse how the CDM and other financial mechanisms can influence the development of 
plantation systems in Karnataka (Papers I & IV). 

• Investigate the incentives and barriers for forest plantations on wasteland in different agro-
ecological zones of Karnataka and what would be required to overcome these barriers (Paper 
IV). 

• Analyse the best usage of wasteland in an area characterised by natural hardships (Papers I, 
IV & V).  

• Analyse the science-policy interaction between peer-reviewed literature and decisions and 
declarations on LULUCF projects in the CDM taken at the COP meetings (Paper II). 

                                                           
5 Rural development can be defined as “development that benefits rural populations; where development is 

understood as the sustained improvement of the population’s standards of living or welfare” (Andriquez and 
Stamoulis 2007). 

 



Matilda Palm 

17 

 

Methods and tools 
Climate policy research covers a variety of disciplines including social and natural sciences. It applies 

interdisciplinary approaches, including both qualitative and quantitative methods. Traditionally, 

quantitative research identifies what, where and when, while the qualitative research tries to answer 

the question of why, how and sometimes who. To include both qualitative and quantitative methods 

in the research process is not uncommon (Dwyer and Limb 2001) and it is what many researchers do 

in practice. There can be several reasons for combining methods: either the question requires it or 

the researcher experiences that a multidisciplinary study would result in improved and more 

complete results. It should, however, be noted that mixing methods will not always result in an 

easier analysis of the results. Valentine (2001) writes that one should be aware that a combined 

approach can result in contradictory results and the researcher should prepare for the more difficult 

analysis. Widerberg (2002) claims that the choice of methods is very important and is in many cases 

based on tradition rather than reflections on which method is best suited to answer which question. 

This thesis includes a combination of qualitative and quantitative methods to cover the different 

approaches in the specified aims. The methods were chosen to complement each other in a field 

where the dual objective of carbon mitigation and sustainable development can create a wide span 

of methods. There is a fine line between qualitative and quantitative methods. In many cases this 

division of methods functions only in theory and the insight of their close relationship becomes clear 

when it comes down to the usage of the data. For example, the USDA assessment (Paper IV) in this 

project was done in a qualitative manner, but the result was subsequently transformed into a 

quantitative result by using area measurements and transforming the data into diagrams. The same 

goes for the text analysis, in which the method and aims had a more qualitative focus, but where the 

results were handled in a quantitative manner to a large extent (Paper II). 

Environmental factors  

Soil sampling 
The soil samples were collected from a total of 56 plots measuring 50x50 m, with up to four plots in 

each land-use system. A total of five different land-use systems were investigated, giving 336 

individual soil samples for Paper IV and 70 for Paper I. Three pits, 30 cm in depth, were dug to collect 

200 g samples at two depths in each pit, one at 0-15 cm and one at 15-30 cm, giving six samples from 

each plot, as suggested by the Ravindranath and Ostwald (2008). The samples were aggregated to 

composite samples, one for each depth and each land use, resulting in 48 samples. They were 

analysed for carbon content using the Walkely-Black method (Hesse 1971), nitrogen (N) using the 

Kjeldahl method, phosphorous (P) using the Olsen method, cation exchange capacity6

                                                           
6 Cation exchange capacity (CEC) can be used as a measure of the fertility of the soil. A high CEC is considered 
favourable as it contributes to the capacity of the soil to retain plant nutrient cations. CEC can also be used to 
estimate the possible response to fertilisation and a rough guide to the clay minerals present (Landon 1991).  

 and particle 
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size (Landon 1991) and available water-holding capacity7

 

 (AWC). The particle size distributions were 

measured and expressed in the form of the sand:silt:clay ratio. 

The USDA vegetation and erosion assessment  

The USDA vegetation and erosion assessment is a visual interpretation assessment. It is conducted to 

obtain knowledge about the quality of the land including existing vegetation, erosion and physical 

characteristics such as soil cover and measures to preserve the soil. The overview of erosion, ground 

vegetation, shrub vegetation, crown cover and soil cover was divided into six classes, 0, 0-24, 25-49, 

50-74, 75-99 and 100% (USDA 1993). The plots were mapped on a scale of 1:500 and systematically 

drawn and photographed. The different classes were used to compare different land-use systems in 

terms of the percentage of the categories. 

Biomass measuring 

To obtain above-ground biomass (AGB) data in natural forest and in plantations, the field quadrate 

method was used to collect data on the number of stems and girth (Ravindranath and Ostwald, 

2008). The 50x40 m plots were chosen randomly. Basal area/ha (BA) was calculated and used to 

estimate the amount of carbon: 

   

CAGB = (50.66 + 6.52BA) x 0.85 / 2    (1) 

The numerator gives the dry matter weight of biomass calculated from the basal area using 

regression coefficients from Ravindranath et al. (2000) and accounting for a moisture content of air 

dry wood at 15% (FAO 1983). The denominator arises from the fact that half of the dry matter in 

biomass consists of carbon. The formula is general for Indian forest and holds limitations, since 

crown size and height are not considered. 

Economic incentive for plantation activities 

Generalized Comprehensive Mitigation Assessment Process (GCOMAP) 

To estimate the future investment necessary for plantation implementation and the effect of those 

investments on the plantation rate, the GCOMAP model was used (Sathaye et al. 2005). The linear 

model establishes a baseline scenario which has no financial revenues from carbon and represents 

the current plantation rate in different zones in which future development is predicted. Using this as 

a starting point, areas under plantation for carbon mitigation, the overall mitigation activity and the 

potential for the period 2005-2100 were assessed. GCOMAP simulates the response of forest and 

wasteland uses to changes in the carbon price at different plantation rates and estimates the amount 

of additional land brought under the mitigation activity above the baseline level.  The GCOMAP 

                                                           
7 Available Water-holding Capacity (AWC) is the amount water perceived available for the plant. 
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model used a baseline scenario of 0 US$/tC with price laps of 5, 50 or 100 US$/ tC sequestered. The 

results show the predicted rate of reforestation and the land available for plantation activities in the 

future.  The assumed prices can be compared to reported prices for forestry credits either under the 

CDM or the voluntary market. 

Barriers and incentives  

Interviews 

Three types of interview methods were used, all with the assistance of an interpreter. There were 

several informal interviews for acquiring general information (Papers I and IV), contact with key 

informants for local information to distinguish relevance of further investigation (Papers I and IV), 

and the distribution of 30 quantitative questionnaires for collecting personal information regarding 

forests and plantations (Paper I). The interviews with the key informants were also used to assess the 

socioeconomic factors affecting the usage of the wasteland (Mikkelsen 1998). The aim of the 

interviews was also to assess the availability of land for plantation purposes from a local perspective, 

to obtain information regarding the usage of the existing forest from the people who were directly 

influenced by a plantation project and finally, to estimate the potential for the villagers to play an 

active role in such a project. The interviews provided information about how the villages viewed the 

plantation projects and their willingness to be involved in further development projects.  

Land use options  

Ranking tool 

In Paper I, a simple and transparent ranking tool for processing empirical data in an integrated 

analysis of suitability of possible CDM project activities was suggested. Mendoza and Prabhu (2000) 

describe ranking as parameters judged by their degrees of importance and are then given ranks 

accordingly, compared to one-on-one analysis. Further they conclude that ranking is an excellent 

technique to use as crude or coarse filters designed to prioritize a long list. The data were to be 

processed from the perspective of sustainable development and climate benefit. The ranking system 

was developed and applied to the studied forests and plantations. The procedure can of course be 

adapted to the evaluation of other candidate LULUCF activities under the CDM and to plantation 

projects in general. Four different parameters were used for this ranking procedure. To enable the 

ranking, a certain time-frame was set, i.e., a 30-year crediting period based on the maximum carbon 

stored during this time. In the ranking, the parameters AGB carbon and soil carbon were chosen to 

exemplify carbon sequestration and therefore climate benefits. Acceptance from villagers and land 

availability were chosen as sustainable development parameters. These parameters are not directly 

sustainable criteria but function as the basis for several sustainability co-benefits such as a financial 

flow to the project area, employment and development in infrastructure. Other potential parameters 

that could be used in the same ranking tool are other carbon pools, employment effects, social and 

community development, equity of returns and leakage. 
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Geographical Information System (GIS) 

Different options for rehabilitation of the wasteland will have different environmental demands, 

and are therefore better or worse suited for the wasteland. This can be demonstrated in a land 

suitability analysis presented in Paper V. Assessed in a boleean GIS analysis, the suitability of the 

wasteland is based on environmental limitations for each of the land-use suggested, i.e., the 

thresholds. The thresholds are in turn based on physical requirements of the different land-use 

options and gathered from literature. The different layers will include these parameters:  

 

• Soil depth,  
• slope,  
• temperature,  
• precipitation and  
• available water holding capacity (AWC) and 
• soil quality. 

 
Agro-ecological zone 
With the FAO agro-ecological zone, yet another mapping approach has been used. The separation 

into agro-ecological zones serves to fine-tune the regional analyses in Paper IV (FAO 1996, FAO 

1981). The agro-ecological zone approach is based on the length of growing period (LGP) concept. 

This, in turn, is derived from climate, soil and topography data and evaluated using a water balance 

model and knowledge about crop requirements. The agro-ecological zone approach has been 

globally adopted for assessing the growth potential of crops and can also be extended to the growth 

of forest or plantation biomass. The use of zone classification for this assessment is logical due to the 

geographical differences that greatly influence the potential of any plantation activity. India has 

categorised its entire geographic area into 20 zones, four of which can be found Karnataka. 

Policy-science interaction 

Literature review and meta-analysis 

The literature search method is a further development of Oreskes (2004) and is based on literature 

collected from five databases for the period January 1997 to December 2005. The search also 

included articles in press8

                                                           
8 As of December 2005 

.  The search used different central search words which were combined 

with secondary search words to capture relevant articles.  The search resulted in 88 articles which 

were analysed with the help of a matrix that was especially developed for this purpose. In the matrix, 

issues of scale, author’s discipline and country of affiliation, attitude towards A/R CDM and year of 

publication were noted. The matrix also dealt with specific questions, all related to A/R CDM, such as 

additionality, leakage, baseline, permanence, monitoring, sustainable development and general 

climate benefit.  
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Results 

Environmental factors  

Soil analysis 

In Paper I, the soil carbon in natural forest and acacia (Acacia aculiformis) plantations of 10 and 5-

year rotation periods respectively was compared. The soil sampling resulted in a soil carbon analysis 

showing that the natural forest (56tC/ha) has a higher carbon density than the plantations at which 

the 10 year rotation plantation had 40tC/ha and the 5 year plantation had 51tC/ha. It is worth 

noticing that soil carbon in the 5-year old acacia plantation is higher than in the 10-year old 

plantation, indicating a decline in soil carbon from the former land use, i.e., natural degraded forest, 

to a lower soil carbon stock under acacia plantations. However, the difference in carbon stocks 

between the two plantations is probably too large to be affected by time only (IPCC 2000), which 

indicates that the land use history may have had an influence on the results.  

 

In Paper IV, six other parameters were included in the analysis. These were phosphorous, nitrogen, 

CEC, particle size, soil texture and AWC. Based on these parameters, soil analyses in different land-

use systems were conducted.  Generally, the results show that all the investigated parameters have 

lower values in wasteland than in natural forests. The plantations have a higher soil organic carbon 

value, CEC and clay content than the wasteland.  

 

The plantations also differ in age, which makes direct comparisons difficult. The plantations have 

therefore been divided into two categories in the analysis of the entire state, new (up to 10 years) 

and old (over 10 years), as shown in Table 4. The results show that the old plantations have higher 

values for all parameters than the newly established plantations and wasteland, with the exception 

of phosphorus. When the newly-established plantations are compared to wasteland, only the CEC 

and the clay content are higher in the plantations. This illustrates the poor quality of the land in 

places where plantations are established.    

 

The soil texture, given by the sand:silt:clay ratio, can be used to determine the relationship between 

land use and the available water capacity for the different sampled areas in this study. The soil 

texture analysis shows that the wasteland and plantation categories have an average available water 

capacity of 154 mm/m soil (Table 4), while the natural forest category has an average available water 

capacity of 188 mm/m soil (NMSU 1996). 
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Table 4. The results from the soil analysis divided into different land-use systems in different agro-

ecological zones (AEZ) in Karnataka. The wasteland category includes grassland and degraded 

forestland. 

              Parameter 
 
Land use 

Organic 
C% 

Nitrogen 
% 

Phosphorus 
ppm 

CEC 
Particle size %   

sand silt clay 
Soil 
texture* 

AWC 
mm/m 

AEZ mean          

Natural forest 1.1 0.27 38 9.2 37 30 32 CL 188 

Wasteland 0.37 0.13 28 8.4 61 15 24 SCL 154 

Plantation 0.42 0.12 24 9,5 62 12 25 SCL 154 

Old** 0.49 0.14 20 9,6 48 20 32 SC 171 

New** 0.37 0.10 26 9,4 57 15 28 SCL 154 

AEZ 3          

Wasteland 0.45 0.11 23 13.2 47 29 24 L 169 

Plantation 0.17 0.08 14 7.9 68 13 19 SL 118 

AEZ 6          

Wasteland 0.39 0.14 27 8.9 63 11 26 SCL 154 

Plantation 0.44 0.11 25 10 50 16 33 SC 171 

AEZ 8          

Wasteland 0.25 0.07 35 5.5 75 9 16 SL 118 

Plantation 0.51 0.15 25 9.4 53 21 26 SCL 154 

AEZ 19          

Natural Forest 1.1 0.27 38 9.2 37 30 32 CL 188 

Wasteland 0.55 0.19 32 9.1 51 17 33 SC 171 

* CL: Clay Loam, SC: Sandy Clay, L: Loam, SCL: Sandy Clay Loam, SL: Sandy Loam 

AWC source (NMSU 1996) 

** Old plantation implies plantations older than 10 years and new plantation implies plantations younger than 10 years 

 

The USDA vegetation and erosion assessment  

The USDA analysis divides the wasteland category into grassland and degraded forest land and 

compares the result with plantations and agricultural land. The USDA analysis shows that the 

wasteland with the largest areas of erosion are located in zones 6 and 19, with a total of 10% erosion 

in each zone (Figure 3). The grasslands and the degraded forests show a high degree of erosion; they 

have less soil cover than other land-use systems where the impact of erosion is low because some 

kind of land management, such as plantation or agricultural development, has taken place. The 

degraded forests hold some tree cover, but not enough to be defined as a forest under India’s 

definition of a forest under the CDM9

                                                           
9  

. The grassland has a high grass cover but very little tree or 

shrub cover. This makes the grassland ideal for plantation establishment, since no vegetation needs 

to be cleared prior to the plantation. 

Tree crown cover value of 15%, with a land area of at least 0.05 hectare and a tree height of at least 2 meters 
(UNFCCC 2009). 
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Figure 3. Results from the USDA vegetation and erosion assessment. The results of the USDA analyses 

are expressed in percentage.  

 

Biomass 

Biomass measurements were conducted for Paper I to compare carbon content in above ground 

biomass (AGB) in different land-use systems. The analyses show that the natural forest has the 

highest AGB and hence the highest carbon density compared to the plantations. There were twice 

the number of stems in the 5-year plantation compared to the 10-year plantation. The decline in the 

number of trees in the acacia plantations over time indicates the practice of thinning as the 

plantation grows. The above ground carbon varies between 65tC/ha for the short rotation plantation 

to 117tC/ha for the natural forest (Figure 4). The carbon levels found in assessments for Paper I are 

much lower than the numbers given by IPCC assessments for primary and logged forest at the 

margins of the humid tropics (192 to 276 tC/ha) (IPCC 2000).  
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Figure 4 Modelled contributions to emission reductions from the studied plantation systems under the 

different rotation schemes.  

 
 

Economic incentive for plantation activities 
Since India and the state of Karnataka already have a large plantation programme, it is necessary to 

predict the plantation rate and how much can potentially be covered with different planting speeds 

using different carbon price scenarios. The results from the GCOMAP model, which used a baseline 

scenario of 0 US$/tC, show the predicted rate of reforestation and the land available for plantation 

activities in the future. 

 

Figure 5 illustrates the rate of plantation activities with different carbon price scenario model runs 

according to the GCOMAP model, in this case from agro-ecological zones 3, 6, 8 and 19. An increase 

in the carbon price from 0 in the baseline to 5, 50 or 100 US$/tC sequestered would increase the 

plantation rate. The result shows that the rate of plantation activities would be higher for a short 

rotation management period than for a long rotation management period, regardless of the carbon 

price. For the short rotation option in zone 8, a maximum planted area of 0.3 Mha is reached by the 

year 2100 (carbon price level 100 US$/tC). For the long rotation option and a carbon price of 100 

US$/tC, there will be no available wasteland for plantation in zone 8 by 2064. Thus, a higher carbon 

price incentive is necessary to bring larger areas under plantation in the near future.  
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Figure 5. The two different rotation options, long rotation (LR) and short rotation (SR), with four 

alternative price scenarios for the agro-ecological zones in Karnataka state, from the baseline value 

of 0 US$/tC to 5, 50 or US$ 100/tC. 

 
Financial opportunities such as the CDM or other compensatory mechanisms could possibly help to 

overcome financial constraints. However, the area planted at a carbon price of 5 US$/tC would be 

marginal. The price has to increase to bring about an increase in the current plantation rate. 

Comparing this rate with the current prices for forestry credits as described above in the section 

entitled Policy Context, an increase in prices to any level of importance is unlikely. 

Barriers and incentives  

Environmental  

The results illustrate both environmental and socioeconomic barriers when it comes to establishing 

plantation activities on wasteland in Karnataka state. According to the NRSA (2005), the availability 

of wasteland in this area is substantial; however, the wasteland is of poor quality, being badly eroded 

and lacking soil nutrients. Compared to natural forest land or already established plantations, the 

quality of the wasteland is lower than its potential in many cases, which is one environmental 
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argument for increasing the rate of plantation. During the interviews (Paper IV), the eight key 

informants identified several barriers to, and merits for the establishment of plantation activities on 

their land. The villagers identified a shortage of water and soil quality concerns, meaning that 

plantations would use too much of the already scarce water resources in the villages as well as 

extract nutrients from the soil that would be needed for other crops. However, the rate of erosion 

would decrease after the establishment of a plantation, the infiltration capacity would increase and 

the plantations would contribute to better local climates. These are clear incentives for the potential 

implementation of a plantation project. The villagers point out that plantation projects on privately-

owned wasteland are welcomed by the villagers; on the other hand, experience had shown that 

plantations introduced by the government tended to occupy too vast an area of the villages. The 

results also indicate that the plantations already established in the villages do not have the same soil 

quality as the natural forest. The plantations investigated were almost exclusively established on 

severely degraded forest land. This is illustrated by the low quality of the newly-established 

plantations (under 10 years), which can be compared to the quality of the wasteland. On the other 

hand the results show an improvement in most of the soil quality parameters when the wasteland 

were transferred into plantations.  

 

Socio-economic factors  

The results from Paper I show that the villagers use a majority of the goods and services from the 

natural forest and can do so legally, as long as they don’t cut down the trees. However, the local 

usage of the plantations was limited or even totally non-existent. In the villagers’ opinion the acacia 

plantations in this study do not provide the services expected. A large part of the informants (47%) 

state that the government benefits more from the plantations than the villagers, while only 7% 

expressed this opinion for natural forest. The majority of respondents agreed that all forest 

resources, including plantations, were beneficial for the village. Thus, the attitudes towards natural 

forests among villagers are positive but a certain amount of resistance against the plantations was 

identified. This was mainly found in situations where the plantations were raised and managed by 

the Forest Department with no or little involvement in the project or user-rights to the village 

community, similar to that found in Latin America (Boyd et al. 2007).  

 

When the key informants in Paper IV were asked for their opinions and experiences regarding 

plantation projects and their possible involvement in such a project their responses were similar 

regardless of the geographical location. Many of the villages have had negative experiences with 

government-run plantations, where neither the revenues nor the harvest have benefited the locals.  

However, previous plantation activities have increased the rate of employment in the villages. Even 

though the villagers do not manage these plantations themselves, the accessibility of forest products 

increases with the establishment of plantation activities. The villagers state that they are interested 

in, and have the capacity to invest their time and devote land to an eventual plantation project, as 
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they see a plantation on the wasteland as an investment for future needs. The villagers would prefer 

a mixed plantation with indigenous species and would like to receive an income, as well as pulp and 

fruit yield from a potential plantation on the wasteland.  Such a project would ideally be locally 

rooted and managed by the villagers. However, financial resources are scarce in the villages and the 

funding needed for the establishment of plantation projects is not locally available. 

Land use options  

Ranking tool 

Paper I suggests a ranking tool for managing the balance between the dual objectives of CDM 

projects, the climate benefit and the sustainable development. The ranking tool results both in a 

table where the different land use options are ranked according to pre-determined criteria and a 

diagram where these rankings are plotted for a visual interpretation (Figure 6). From the ranking, it 

becomes clear that the natural forest is ranked high both in terms of climate benefits and sustainable 

development, in some cases higher than the plantations. The example of natural forest is included in 

the study only as a comparison, since a mature natural forest would never develop in a 30-year time 

frame with the present modalities of the CDM. However, with a slow A/R CDM development and 

with a globally increasing concern regarding avoided deforestation, the issue of natural forests and 

their benefits are worth pointing out. Among the plantations, climate benefit ranks the short rotation 

project highest whilst sustainable development ranks both of the plantation projects from one 

specific village the highest. This indicates the sensitivity of the tool to changes in the parameters 

included, both the number of parameters and their alignment. The proposed ranking tool proved to 

be flexible and transparent for assessing local sustainable development and carbon sequestration 

potential. Hence, it is not limited to only A/R CDM projects and can be seen as a pre-option to the 

various climate and developing standards in the carbon market as of 2009.  

 

Figure 6. Conceptual position of the possible projects based on the data from the ranking exercise.  

 

NF - Natural forest, 10 - 10-year plantation, 5 
- 5-year plantation, A - Akkunji, B – 
Huladevansara. 
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Land suitability analysis  

The suitability of different land use options depends on several factors which will be of greater or 

lesser importance, depending on the aim of the project. Based on the illustrative results, Paper IV 

gives recommendations for a potential CDM strategy based on the regional results from the AEZ 

approach (Table 5). The recommendations consider both environmental and socioeconomic results 

and show both which barriers need to be overcome and what incentives there are for implementing 

plantation projects.  This zone approach can be useful in feasibility studies and evaluations of 

plantation activities. The four zones considered in this study show several similarities when it comes 

to both climate and socioeconomic factors. The interviews illustrated that plantation activities were 

welcome and needed in all four zones. A future increased temperature, lack of financial resources 

and limited water availability are the main barriers to the establishment of plantation projects. The 

USDA, GCOMAP, soil quality and available water capacity analyses reveal some differences between 

the four zones. Depending on the requirements for a plantation project, different zones will be more 

or less suitable.  

 

Table 5. A comparison of assessed indicators of wasteland potential in different agro-ecological zones 

for plantation activities based on the field work cases.  
 Climate 

trend 
Wasteland 
Availability 
(in ha) 

USDA (% 
land 
erosion)* 

GCOMAP Soil 
quality 

AWC 
mm/m 

Local 
socio-
economy 

Local barriers 
for A/R 
establishment 

AEZ 
3 

Precipitation: 
decrease  

Temperature: 
increase 

211 355 3 Least 
favourable 

Low 
potential 167 

Available 
land: Y 

Interest: 
Y 

Partly financial 
and lack of 
water 

AEZ 
6 

Precipitation: 
decrease (an 
increase the 
last 20 yrs)  

Temperature: 
increase 

341 148 10 Most 
favourable 

Most 
suitable 154 

Available 
private: Y 
Interest: 
Y 

Financial and 
lack of water 

AZE 
8 

Precipitation: 
decrease (an 
increase the 
last 20 yrs) 

Temperature: 
increase 

421 526 2 Most 
favourable 

Most 
suitable 118 

Available 
land: N** 

Interest: 
Y 

Financial and 
lack of water 

AEZ 
19 

Precipitation: 
decrease 

Temperature: 
increase 

166 590 10 Least 
favourable 

Good 
quality 
of land  

171 
Available 
land: Y  

Interest: 
Y 

Financial 

* To obtain the actual characteristics of the five land types included, the mean of each USDA class was divided by the number of plots 
investigated in each land type. 
** Only if there are financial means and the rate of return is higher from the A/R activities than from the present land use. 
Y = yes  N = no 
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Results presented in Table 5 show that plantation activities can either aim at wasteland 

rehabilitation, preferably targeting areas in Zone 6, or aim at maximising productivity, targeting areas 

in Zone 8. When the available water capacity is taken into account, Zone 19 appears to be the most 

favourable and Zone 8 the least favourable. An evaluation of soil quality, including the carbon 

content, cation exchange capacity and clay content would point to Zones 6 and 8 as both having a 

significant potential for improvement. According to the GCOMAP results, zones 6 and 8 appear to be 

most favourable since an increased carbon price would result in the highest increase in the 

plantation rate. A synthesis of the results of the different analyses point to Zone 6 as the preferable 

AEZ for plantation activities followed by Zones 8 and 19, with Zone 3 being the least suitable.         

 

The GIS analysis in Paper V reports 73 300 ha of the wasteland area available for plantation out of a 

total district area of 1, 060 Mha. The land suitability analysis show that the land use that could 

potentially cover the largest area is Jatropha plantations, covering 51 500 ha, while Teak only cover 

about 19 000 ha. Sweet sorghum could cover the least area, only app. 11 000 ha whereas Acacia, 

Eucalyptus and Pongamia could cover substantial areas, just less than Jatropha (Table 6). The 

wasteland areas suitable for planting one or more species are 52 600 Ha which can be compared to 

the total amount of wasteland of 73 300. The area available for planting four or five species is 

dominating with slightly less than 20 000 Ha each. The area suitable for one and six species 

potentially only can cover approximately 4000 Ha each while the area where only one species out of 

six can be suitable for plantation are just over 700 Ha.  

 

Table 6. The amount available wasteland for suggested species. 

Suggested species Available wasteland (ha) % of total wasteland 

Teak (Tectona grandis) 18 900 25.8 

Eucalyptus (Ecualyptus tereticornis) 42 500 58.0 

Acacia (Acacia auriculiformis) 45 700 62.3 

Jatropha (Jatropha curcas L) 51 500 70.3 

Pongamia (Pongamia pinnata) 42 500 58.0 

Sweet Sorghum (Sorghum bicolor) 10 900 14.9 
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Policy-science interaction 
The analysis of the peer-reviewed articles in Paper 

III showed that out of the 88 article only 19% had 

a first author based in a developing country while 

the same number for the contributing authors 

was 38% (Table 6). The results show that authors 

from developing countries tend to discuss fewer 

barriers than possibilities in comparison to 

authors from developed countries. For a 

mechanism built on cooperation between 

developing and developed countries it may seem 

strange that the share of research from the 

developing world is not larger than the results in 

this study show. 

 

A majority (49%) of the articles had first authors 

who were trained in the natural sciences, 18% 

from economics, and 26% from multidisciplinary 

institutions. The largest proportion (60 %) of the 

88 articles had a global/general focus on the 

LULUCF issue, 19% of the articles focused on a 

country-based scale and 6% percent of the articles 

focused on a country-specific regional scale. The 

rest of the articles had either a local (2%) or a 

larger regional focus (11%) (Table 6).  

 

                                                           
10 Developed countries in this study: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, 
Greece, Iceland, Italy, Japan, New Zeeland, the Netherlands, Russia, Spain, Sweden, UK and the US. 

11 Developing countries in this study: Brazil, China, Costa Rica, India, Indonesia, Kenya, Mexico, the Philippines 
and South Africa.  

Category Number Percentage 
(%) 

Total 88 100 

Year 1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 + in 
press 

2 

1 

6 

11 

13 

14 

12 

19 

9 

1 

2 

1 

7 

13 

15 

16 

14 

22 

10 

1 

Affiliation 
(1 author) 

Natural 

Economic 

Social 

Multi inst 

Multi Uni 

43 

16 

4 

23 

2 

49 

18 

5 

26 

2 

Affiliation 
(cont. 
author) 

Natural 

Economic 

Social 

Multi inst 

Multi Uni 

94 

9 

7 

29 

9 

64 

6 

5 

20 

6 

Scale Local 

Region 
(small) 

Country 

Region 
(large) 

Global/Gene
ral 

3 

5 

17 

10 

53 

2 

6 

19 

11 

60 

Country of 
affiliation  
(1 author) 

Developed10

Developing

 
11

71 

 17 

81 

19 

Country of 
affiliation 
(cont. 
author) 

Developed 

Developing 

92 

56 

62 

38 

Table 6 The parameters used in the analysis are 

presented with the number of articles in each 

category and the percentage of the total 

number.  
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Generally, the analysis shows that the discussions supporting the inclusion of LULUCF in the CDM 

constitute the majority (66%) and that authors from social sciences tend to be more critical of the 

inclusion of LULUCF (see Table 3 in Paper II). The most widely discussed issue was that of sustainable 

development and general climate benefit. Out of 88 articles, 44 discussed general climate benefit 

and 42 discussed sustainable development as a positive outcome of LULUCF CDM. Compared to the 

above, 22 articles mentioned general climate benefit from a critical point of view and 23 articles 

were critical of sustainable development (see Table 3 Paper II).  

 

The majority of the articles had a positive attitude towards the inclusion of LULUCF in the CDM. One 

result is the trend towards increasingly critical views from 1998 onwards, which may reflect the 

optimism that existed in the early years of CDM. The trend shows a more positive view at the 

local/case study levels or at the global/general level in relation to the regional levels, whether small, 

large or country. 

 

This literature assessment could not clearly illustrate interaction between peer-reviewed scientific 

research and COP decisions. This could be because (a) the process of publishing peer-reviewed 

literature is slow and is formally available to others only a considerable time after its production and 

(b) input to decision-makers may be found in scientific working papers and publications from NGO 

and lobby organisations. Hence peer-reviewed work can be regarded as more of an evaluation of 

policy decisions. From the results, it is evident that the declarations and decisions differ in their 

relationship to peer-reviewed articles. The results indicate that policymakers set the research agenda 

by declaration with low levels of detail, which provides the focus for researchers, while researchers 

feed the decision-making process with highly detailed research up until the point at which a decision 

is made.
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Discussion 
Based on all the information in all five papers included in this thesis, one overall question presents 
itself:   

How should the wasteland be utilised? 

Clearly, there are several answers to that question. Depending on views on environmental and 

socioeconomic feasibility of alternatives, financing, barriers and incentive structures different 

stakeholders come up with different preferred land use options. A discussion of environmental, 

social and financial considerations that need to be taken into account when a plantation project is to 

be implemented is outlined below.   

Environmental considerations 
The results from Paper IV give a somewhat contradicting conclusion. When the wasteland is 

compared to adjacent natural forest land or already established plantations it becomes obvious that 

the quality of the wasteland is in many cases lower than its potential, which is one argument for 

increasing the rate of plantation. On the other hand, poor land quality and poor water availability are 

difficult environmental barriers to plantation projects in the area, as indicated by the results. 

Plantation projects can facilitate soil rehabilitation and enhance the soil carbon content: several 

experiments with well-selected trees and intensive management on severely degraded Indian 

wasteland (such as alkaline sodic or salt-affected lands) showed increases in soil carbon, nitrogen and 

available phosphorous after three to thirteen years. (Sing 1990, Pal and Sharma 2001, Mishra et al. 

2003). When the plantations in this thesis are compared to the wasteland there is a clear indication 

that soil quality improves with time. This makes the case for long-term plantation projects, which 

could be harvested in a shorter rotation scheme, preferably with trees that are coppiced for minimal 

soil disturbance. However, even a slight increase in vegetation cover from the baseline can be 

beneficial for the restoration of wasteland in terms of erosion control and an increase in the organic 

matter.  LULUCF projects have a broad range of environmental and socio-economic impacts that 

need to be taken into account when assessing suitability for the CDM. The dual —and potentially 

conflicting— set of objectives in the definition of the CDM adds an extra challenge. The design of a 

LULUCF-based CDM project activity may become a process of balancing the disparate objectives of 

the parties involved (i.e., the objective of local sustainable development may require a project design 

that is different from the one that maximises cost-efficiency in CER generation). This balancing 

process will be unique for each CDM project activity. 

 

Water is currently scarce in Karnataka, particularly in the eastern parts. The climate in the recent 

past (Paper IV) shows an increase in temperature and a decrease in rainfall. If the increasing trend in 

temperature and the decreasing trend in precipitation continue in the future, then the prediction is a 
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drier and warmer climate. The lack of water is already a problem when establishing new plantations. 

In a country such as India, which is dependent on season-regulated monsoons, there is an even 

higher pressure on land management schemes aimed at an increasing infiltration and decreasing 

surface run-off. Soil water infiltration influences groundwater recharge and potentially top soil loss 

by erosion together with dividing the runoff into a slow and a quick flow. A systematic review and 

meta-analysis conducted by Ilstedt et al. (2007) show that the infiltration capacity increased on an 

average approximately three-fold after afforestation of replanting trees in agricultural fields. This 

result indicates that a low infiltration rate on wasteland would increase by introducing a land use 

option where the planting of trees plays a major role. However, Ilstedt et al. (2007) further discusses 

the lack in statistical studies related to the issue which in turn affects the growing demand for model 

the hydrological effects of land use change. If an increase in the productivity of the wasteland is to be 

achieved then improved land management is necessary, with water conservation as the main goal. 

All possible practices, such as increasing soil organic matter, clay content and cation exchange 

capacity are necessary for sustainable water resource management. Papers III and IV illustrate the 

environmental benefits following the rehabilitation of wasteland through re-vegetation. The 

establishment of biomass plantations on wasteland can contribute to the reclamation of wasteland 

for productive uses in several ways.  

 

The results show an improvement in most of the soil quality parameters when the wasteland was 

transformed into plantations. During the interviews (Paper IV), the eight key informants identified 

several barriers to, and merits for the establishment of plantation activities on their land. The 

villagers identified a decreased rate of erosion after the establishment of a plantation, an increase in 

the infiltration capacity and improved local climate, giving clear incentives for the potential 

implementation of a plantation project.  

 

The land suitability in Paper V shows the area available for implementing various land use 

options and species for wasteland rehabilitation. The results show that the area one or more 

species option could be implemented is 52 600 Ha, about 71% of the total wasteland in the district. 

It doesn’t present a ranking of the land use options and species choice nor does it weight the 

implication of such a plantation. The results show that even if the wasteland is degraded, the 

results show that with a carefully assessed land suitability analysis more than two thirds of the 

wasteland could be covered with vegetation aiming for land rehabilitation. Both Jatropha and 

Pongamia have shown large potential in this area. Even plantations with a short rotation 

management, both Eucalyptus and Acacia plantations would be well suited in wasteland 

development. This implicates an advantage for the land owner of that specific land and function 

as a great stimulus for sustainable development, the possible choice of actions. The assessment 

has the advantage of an unbiased analysis, as far as possible, not favoring any specific end-use or 

implication. This view, however, is not granted the local land owner who need to make trade-
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offs with parameters such as investment cost, land rehabilitation, financial revenues and end 

products. It is likely that the land owner’s options are limited by constraints of environmental 

parameters, financial means and time. 

Socioeconomic considerations 
In general, plantation activities will take place in rural areas and benefit the rural economies. 

However, care has to be taken in determining where the plantation takes place, since plantations on 

agricultural land may threaten food security. In most cases, the wasteland investigated in this study 

are unsuitable for agricultural purposes and would instead be better suited for plantation purposes; 

however, this does not mean that plantations are the only option for land-less farmers to generate 

an income. Paper V outlines how the wasteland should best be utilised within a range of options. To 

obtain a comprehensive picture of the different alternatives, as Paper V considers, several more 

analyses need to be carried out, for example a cost-benefit analysis, a land suitability investigation 

and an eligibility analysis for different financial options.  The rising concerns over land-use 

competition, food vs. fuel or mitigation, should not be taken lightly (Naylor et al. 2007, Tenenbaum 

2008, Runge and Senauer 2008, Pingali et al. 2008). However, Runge and Seanuer (2008), and Naylor 

et al. (2007) recognised that the right policies could curb this risk. A United Nations publication on 

sustainable bioenergy emphasised the need for a more comprehensive analysis, arguing that the 

current debate around food security and biofuel is “too simplistic and fails to reflect the full 

complexity of factors that determine food security at any given place and time” (UN-Energy 2007). 

The land competition issue will play a major role in determining the availability of land for 

plantations in the future (Ravindranath et al. 2009). Intensification in agricultural production capacity 

could potentially lower the pressure on forests, while on the other hand it might trigger migration 

which might increase deforestation elsewhere (Sathaye et al. 2007).  

 

Even though plantations create employment, they often do not create enough employment to 

provide economic long-term opportunities for a large number of local people. The plantation work is 

often not very labour-intensive and very often the jobs go to non-locals, or to well-educated and 

trained candidates (Charnley 2006). This differs however between different land-use systems. In 

Paper IV, the farmers state that they have received an income from government-run plantations and 

would accept the same from any plantation activity in the future.  Another example are the Jatropha 

plantations which are labour-intensive and likely to generate jobs and income for rural people. 

Harvesting bioenergy crops such as sugar cane and sweet sorghum, on the other hand, does not 

require the same amount of labour and consequently provides fewer jobs for the rural population 

(Biofuelwatch 2007). 

 

In Paper IV, the GCOMAP model is used to illustrate the effect a financial incentive would have on 

plantation activities on wasteland. It should be observed that the model used in the thesis only yields 

general regional results; it cannot be applied on a local scale without carefully examining the 
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potential at the local level. As seen in the interviews (Papers I and IV), some of the key informants 

highlight several environmental barriers to plantation implementation. Local conditions are crucial 

since they determine the failure or success of plantation implementation to a large extent. Generally, 

it can be concluded that the villagers are not satisfied with the outcome of the government-

introduced plantations, which only led to a small amount of employment and poor revenues. At the 

same time, several key informants describe multiple co-benefits that would follow the establishment 

of new plantations under a private regime. Perez et al. (2007) conclude that the introduction of a 

financial system for carbon trading should never be forced on local communities by regional, national 

or global institutions. The importance of local farmers’ participation in management and species 

selection is illustrated in a paper by Blay et al. (2008). Based on consultation with the participants, 

the researchers were able to identify the local people’s needs. This approach minimised the 

differences in interests and encouraged greater participation.  

 

One major problem with the implementation of forestry projects which generate an income from 

carbon credits is a complexity in the documentation (the World Bank 2008). Albeit a simplification, 

the use of regional baselines (Sudha et al. 2006) together with the suggested ranking tool in Paper I 

and the land suitability analyses in Papers IV and V may support a fast track for the implementation 

of forestry projects, as the local conditions are taken into account. The wide use of the concept of 

'sustainability' reflects a broad agreement that people living today have an obligation to protect the 

health, diversity and productivity of the environment for the benefit of both current and future 

generations. This is mainly because a healthy environment is a necessary element of a productive 

economy, and hence human wellbeing (Victor 2006). By definition, unsustainable practices cannot 

continue indefinitely without degrading current conditions and reducing future opportunities. 

Financial considerations 
Paper IV shows that the major socio-economic constraint for establishing plantation activities on 

wasteland is the lack of financial resources to establish a new plantation scheme, despite a wealth of 

interest and experience. The investments required for wasteland rehabilitation may be too large for 

small-scale farmers or even a village. Joshi (1997) shows that many farmers consider a rotation 

period of 7-10 years to be too long in relation to their need for revenue and are therefore unwilling 

to invest. The modalities of the CDM, where the certified emission reductions, i.e., carbon credits, 

can be issued for temporary credits may be one way of getting around this problem. Involving a 

larger group of farmers may be another way forward, where the risk could be spread and common 

resources shared during the years where no revenues are obtained from the plantations. A 

substantial increase in carbon prices is necessary before a clear difference in plantation rate can be 

seen in Karnataka state, illustrated in Paper IV. The IPCC (Smith et al. 2007) shows that there can be a 

significant change in the potential for global mitigation, for example by increasing the price of carbon 

when it comes to the restoration of degraded lands and agro-forestry. 
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Other options for financing plantation activities in Karnataka state could, for example, be verified 

emission reductions or PES. Verified emission reductions are, in this case, carbon credits obtained 

through plantation projects offered to the voluntary market (World Bank 2008, Hamilton et al. 2009, 

Taiyab 2005). The concept of PES requires stakeholders to pay for the protection or production of 

environmental services. These services could include an option to ensure climate change mitigation 

at the lowest cost, an option to ensure environmental services of local or regional interest such as 

the regulation or filtration of water flows and a possibility to strengthen rural livelihoods and revalue 

rural landscapes, their diversity of practices and ecosystems (Rosa et al. 2003). Since the 

reforestation of wasteland generates benefits for the public good from local to global level, it could 

be argued that some of the costs should be covered by national means or international aid (FAO 

2006). When environmental services are being restored or protected, the public would benefit, in 

addition the concept of PES offering financial revenues for such restoration and protection. 

Zilberman et al. (2008) and Wunder (2008) ask a question that is just as important to CDM as it is to 

PES: would PES benefit the poor? Zilberman et al. (2008) conclude that meeting two objectives – 

improving environmental quality and reducing poverty – with only one policy instrument can be 

challenging.  It appears that land owners will be directly benefiting from a PES scheme while the 

landless people are more likely to benefit when the action will increase the labour intensity. Finally, 

PES is based on the marketing of different environmental commodities. The question therefore 

remains, is it possible to put a price on natural capital? If not, is it then necessary to develop systems 

that guide development in attractive directions?  

 

Over recent years, there has been an extensive global effort to develop new tools and approaches to 

reduce the complexity of meeting sustainability requirements and highlight the fundamental links 

between the economy, society and the environment (Gold Standard 2009, CCBA 2009, Plan Vivo 

2008). While these are fully integrated with traditional economic and social accounting frameworks, 

they are providing information for planners, decision-makers and individuals around the globe to 

help chart the pathways toward sustainability. With a wider interest in the effects humans have on 

nature and a greater degree of corporate responsibility, the definition of PES could provide such a 

pathway towards sustainability. By putting a financial value on our natural capital, wider than the 

traditional sectors, the sustainability dimension could be incorporated in any usage of resources and 

be seen as almost “natural”. 

 

It should also be noted that the use of market mechanisms as incentives to establish plantations on 

wasteland requires strong and well-functioning local institutions to ensure a flow of financial benefits 

to the locals involved. The well-established Joint Forest Management (JFM) programme in India has 

created a community-based approach to manage forest fringe margin areas to reduce forest logging 

for fuel wood and encroachment on forest lands from agriculture (Behera and Engel 2005). The JFM 

has developed institutions that empower and enable local communities to participate effectively in 
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forest management to some extent. These institutions could be adjusted to manage a financial flow 

based on a market mechanism (Ravindranath et al. 2003). Perez et al. (2007) highlights the 

importance of well-functioning institutions based on an alliance of stakeholders such as community-

based organisations, producer associations, NGOs, research institutions and the private sector, in 

addition to government agencies, for the successful establishment of a carbon sequestration market. 

 

The long term mitigation potentials of these financial systems, as well as the environmental and 

socioeconomic factors that influence their realisation are not well-known due to the short time span 

since the emergence of the systems. The carbon market has rapidly gained momentum, while the 

questions and the answers related to the implementation of projects and marketplaces have become 

increasingly important to investors, policymakers and environmentalists (Hamilton et al. 2009). 

Unrealistic expectations about the potential of wasteland in India and ignorance of the constraining 

environmental and socioeconomic factors for plantation projects therefore risk hampering the 

implementation. This may also lead to a false impression of the CDM or other financial mechanisms 

as a quick ride to land development and carbon credits for project developers. The definition and 

analysis of possibilities and constraints for plantation projects at both local and regional levels will 

help policy development by identifying areas where the plantation process may need to be altered or 

simplified. 
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Conclusions 
The following main conclusions can be drawn from this thesis: 

The performance of individual forest-based project activities will depend on local conditions. 

Sensitivity analysis shows that when parameters are varied, other forest types can become the 

preferred option. Based on a combination of the sensitivity analysis and results from the fieldwork, it 

can be concluded that successful implementation of forest-based project activities in India will 

require local participation and is likely to involve multiple forest products and environmental services 

demanded by the local community (Paper I). 

Policymakers set the research agenda by declaration, which states the focus, while researchers feed 

the decision-making process until a decision is made. The results also show the trend, confirmed by 

Fogel (2005), that most authors are based in developed countries and trained in natural sciences, 

creating a somewhat insular discussion (Paper II).  

The environmental and socioeconomic benefits from a large-scale establishment of multi-functional 

biomass production systems could be substantial. Given that suitable mechanisms to put a premium 

on the provided environmental services can be identified and implemented, additional revenues 

could be linked to biomass production systems and this could significantly improve the 

competitiveness of the produced biomass on the market. The provision of additional environmental 

services also contributes to local sustainable development, which in many cases is a prerequisite for 

local support for the production systems (Paper III). 

Rehabilitation of wasteland based on afforestation and reforestation activities is not only possible, 

but also anticipated by the local population and would lead to positive environmental and 

socioeconomic effects at a local level. However, in many cases, the establishment of afforestation 

and reforestation activities is hindered by a lack of financial resources for investments, low land 

productivity and water scarcity. Based on the model used and the results from the field work, it can 

be concluded that certified emission reductions such as carbon credits or other compensatory 

systems may help to overcome the financial barrier, however the price needs to be significantly 

increased if these measures are to have any substantial impact in Karnataka state (Paper IV). 

Being work in progress, Paper V does not provide a conclusion at this stage. However, the paper 

illustrates the area available for implementing various land use options and species for wasteland 

rehabilitation. The results show that the area one or more species option could be implemented is 

52 600 Ha, about 71% of the total wasteland in the district. The results show that even if the 

wasteland is degraded, the results show that with a carefully assessed land suitability analysis more 

than two thirds of the wasteland could be covered with vegetation aiming for land rehabilitation.  
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Further research  
A theoretical beneficial approach, combining sustainable development and GHG mitigation, seems 

difficult to implement under the rules and regulations of the UNFCCC (Boyd et al. 2009, Sirohi 2007, 

Sutter and Parreño 2007). The fourth IPCC assessment report discusses the necessity of 

mainstreaming climate change into developmental choices and policies where setting priorities will 

be crucial. In this case, mainstreaming means that development programmes and/or individual 

actions that would not take climate change into consideration explicitly include it when making 

choices for development which make the development more sustainable (Sathaye et al. 2007). With 

this in mind, three research areas that need more attention emerge. 

 

Land use changes, primarily deforestation, are responsible for approximately 25% of the global CO2 

emissions12

The idea of payment for small-scale land use changes that have positive effects on both the 

environmental and socioeconomic parameters is an interesting concept, potentially leading to rural 

development. Synergies from the three Rio Conventions realised in PES schemes, for example, are 

already established in a few cases and could benefit both the environment and the livelihood on a 

local scale. So far, PES seems to be limited to national interests, with few PES projects operating 

outside of a central state's umbrella. A comprehensive review of the performance of projects 

involving sustainable forest management and land rehabilitation is warranted.  

 (IPCC 2007) and there is an urgent need to address this in global climate policy. 

Policymakers and scientists are working on feasible rules and regulations, while financing options and 

the monitoring of such changes are challenging. The policies affecting land use change are strongly 

correlated to environmental changes and need to promote sustainable development (Victor 2006). 

Detailed studies of the environmental impacts of land use changes and the sustainable development 

gained, if presented transparently, would give feedback to policymakers and hopefully lead to 

developments that are positive for the environment. 

 

With different developmental goals the wasteland can be used for different purposes; carbon 

sequestration and the production of bioenergy are options that are likely to generate financial 

returns. Paper V, with its land suitability analysis, initiates an assessment of the optimal land use on 

wasteland in India.  To find the best option parameters need to be weighed against each other. The 

analysis needs to be continued in an optimisation model. All the data and analyses in the thesis can 

be a basis for discussions on how benefits and drawbacks of different options can be valued. This 

                                                           
12 Cited from the IPCC ”The term “land use, land use change and forestry” is used here to describe the 
aggregated emissions of CO2, CH4, N2O from deforestation, biomass and burning, decay of biomass from 
logging and deforestation, decay of peat and peat fires. This is broader than emissions from deforestation, 
which is included as a subset. The emissions reported here do not include carbon uptake (removals)” (IPCC 
2007). 
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could lead to an agreement regarding the best option for a given land use scenario and stakeholder 

group.    
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 into productive uses. Plantation projects can facilitate soil 
rehabilitation and enhance the soil carbon content: several 
experiments with selected trees and intensive management 
on severely degraded Indian wastelands (such as alkaline, 
sodic or salt-aff ected lands) showed increases of soil carbon, 
nitrogen and available phosphorous aft er 3 to 13 years.13–15 

In arid and semi-arid regions, rainfall is limited and subject 
to high intra- and inter-seasonal variability. In addition, 
poor vegetative cover and shallow and crusting soils result 
in much of the rainwater being lost through surface runoff  
and evaporation. Th ese factors provide a strong drive for 
strategies that make best use of the rainfall and runoff  water. 
Plantation establishment on wasteland or degraded forest 
land leads to an enhanced vegetation cover: the infi ltration 
of surface water increases and surface run-off  (which can be 
very degrading for agriculture) decreases. 

During heavy monsoon periods, the precipitation creates 
sheetwash on a bare soil and brings loose soil particles to 

lower elevation (e.g., valleys which very oft en are used for 
agriculture) where the fi elds become covered with unwanted 
sand. Water harvesting through plantations on wasteland can 
in this situation be planned and used (Fig. 2). Measures for 
water harvesting, such as gully check, terracing, trenching 
treatment of soil and selection of appropriate plants and 
crops can be implemented together with check dams that are 
constructed as part of water conservation and recharging of 
underground water aquifers.

Energy for domestic use is dominated by biomass energy 
and fuelwood is the dominant source of energy in rural 
India leading to high pressure on the forests (Fig. 3). 
Increased availability of fuel and wood products from 
plantations on wasteland can lead to a reduced pressure 
on adjacent natural forests. A study from Orissa16 showed 
that with the introduction of village plantations biomass 
consumption increased (as a consequence of increased 
availability) but at the same time, the pressure on the 

Figure 3. The large photo shows a wiped forest fl oor – a consequence of biomass need for household fuel. 

In the inset photo a man is collecting fuelwood in a mature plantation. Both photos are from Orissa, India.
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surrounding natural forests decreased. Th e eff ect of the 
plantation establishment was distant-dependent: in this 
case, a distance of two kilometers resulted in the highest 
reduction of the pressure on the natural forests. Plantations 
that were established too far away or too close to the natural 
forest did not reduce the pressure.

In addition to reduced pressure on the natural forest from 
plantation establishment, animal feed and grazing areas can 
also be shift ed. Grazing animals are important capital for 
rural India and the supply of fodder can have a direct impact 
on the livelihoods. For example, villagers could harvest on 
average 7.5 t/ha of grass fodder for animal feed just a few 
years aft er plantation establishment in an experimental 
silvipastoral system.15

Th ere are several examples of how careful planning and 
consideration of local conditions may improve the pros-
pects for plantations – although these may not qualify as 
multifunctional plantations given the defi nition used in this 
perspective. For instance, the plantations can provide indi-
rect services in the form of improved livelihoods in social 
and economical terms. Availability of income-earning activi-
ties is one such service that plantations can generate. Within 
aff orestation programs in India, plantations in the rural 
areas have generated employment opportunities; an impor-
tant poverty alleviation component and thus contribution to 
one central objective of these programs.17

Since rural India is depending on biomass for household 
energy, a large part of the labor (for the poorest) or money 
(for the more well-off ) is spent on obtaining fuelwood. 
However, studies have indicated that households with access 
to village plantations could reduce labor input for fuelwood 
collection by several hours a week.10 Th is was particularly 
obvious for women: well-managed plantations closer to the 
villages – and also easier to access than forests – clearly 
facilitated fuelwood collection. 

Prospects for a large scale implementation

It is important to get an idea of what extent diff erent multi-
functional applications can attain, and also how they can 
be combined. Th e majority of environmental services are 
specifi c to a particular type of soil, localization in the land-
scape, or geographical region, and therefore oft en cannot 
be obtained simultaneously. It is also crucial to understand 

in which ways the farmers can benefi t from establishing 
multifunctional biomass plantations, since it is these benefi ts 
that are the motivation for the land user. For some applica-
tions, the advantages are obvious: wind-break plantations, 
for example, reduce soil erosion and lead to higher yields of 
the protected crops. Here, the environmental function may 
even be the prime function. For other applications, the direct 
benefi ts for the farmer may be less obvious and the commu-
nity may have to pay the farmer so as to create an incentive 
for providing the environmental service. 

Studies in Sweden have assessed the scope for a wide range 
of multifunctional biomass production systems.18,19 Besides 
the possible extent, the economic values of the provided 
environmental services have also been estimated (based on 
the substitution-cost method). Estimates for Sweden indicate 
a possibility to grow willow at a negative net production cost 
(i.e., the estimated economic value of the environmental 
services provided is higher than the willow cultivation cost) 
approaching 100,000 hectares, if diverse potential extra 
environmental services are fully utilised. For a further 
200,000 hectares or more, willow cultivation can be done at 
a production cost half that of conventional cultivation. Th is 
may be compared with the ca. 15,000 hectares of farmland 
which are used today for growing willow.

Most willow vegetation fi lters applications appear attractive 
from an economic point of view; when willow is cultivated 
as vegetation fi lters for municipal wastewater treatment the 
estimated production cost is negative. Th e cost of treatment 
of drainage water in willow vegetation fi lters is sometimes 
lower and sometimes higher than the cost of wetland restora-
tion. Th is depends on local conditions and the required size 
of the intermediate storage ponds, which strongly aff ect the 
costs of willow vegetation fi lters. Willow plantations that are 
established as buff er strips along open streams can provide 
biomass at approximately half the cost when the economic 
value of nitrogen retention is included. 

Barriers

Barriers exist that hinder a large-scale implementation 
of multifunctional biomass production systems. Several 
factors other than the purely economic ones come into play. 
Barriers of technical/geographical and institutional kinds 
that hinder the new establishment of bioenergy plantations 
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 in general also hinder the establishment of multifunctional 
plantations. For example, investigations show that the will-
ingness to cultivate willow in general can be infl uenced by 
structural factors such as the farm’s geographical location, 
the farmer’s age, the farm’s size and the orientation of its 
production.

Th ere may be barriers specifi c to certain types of multi-
functional plantations, such as diffi  culties of allocating 
benefi ts between involved actors. Th ere may also be a 
requirement to allocate risks between involved actors. For 
instance, when farmers establish willow vegetation fi lters 
for municipal wastewater treatment, they face the risk of 
long-term commitments with less fl exible land use and 
may require payment of an additional risk premium. Policy 
design in the fi elds of energy, environment and agriculture 
also infl uences the prospects for multifunctional plantations 
(and biomass plantations in general), in many instances in 
negative ways, not least due to a lack of harmonization of 
policies in these diff erent fi elds. 

Similarly for the case on India: despite demonstrated 
environmental and economic benefi ts, the implementation 
of plantation projects on wasteland in India has been 
hampered by social, environmental and economical barriers 
(lack of funding and a long investment period). Attempts 
by the Indian Government to stimulate reforestation of 
these lands (e.g., through social forestry projects and joint 
forest-management programmes), have not resulted in an 
adequate aff orestation rate, compared to what is required to 
cover the wastelands within a reasonable timeframe.20 Th e 
low soil productivity is in itself a barrier for a large-scale 
establishment of these types of plantations, if the only driver 
is the need to rehabilitate the soil.20,21 Additional drivers are 
required, such as the multiple benefi ts associated with 
plantations on wastelands described earlier. 

Incentives

Coordination and clearer coupling between agricultural, 
environmental and energy policies could take concrete 
expression in the form of directed measures for stimulating 
multifunctional plantations. An example is long-term envi-
ronmental and cultivation subsidy to farmers for willow 
cultivation in protective zones and vegetation fi lters for puri-
fi cation of drainage water. To facilitate the use of biomass 

that is produced in multifunctional plantations, subsidies 
may be also needed for other actors in the biofuel chain 
(such as incineration facilities that accept biomass with high 
cadmium content). Th ese could take the form of an environ-
mental bonus that benefi ts entrepreneurs and end-users of 
the biomass.

Th e creation of carbon sinks through establishment of 
plantations on unproductive lands has been suggested (and 
also heavily debated) as a possibility to mitigate climate 
change and one of the mechanisms of the Kyoto Protocol, 
the Clean Development Mechanism (CDM), is considered 
a possible way to increase the rate of wasteland rehabilita-
tion by adding income from the generated carbon credits.22 
Aff orestation and reforestation are both included in the 
CDM, but up to now (mid-2007) no plantation-based CDM 
project is registered in India and only one such CDM project 
has been registered globally. In recent years however, fossil 
fuel substitution with biomass from plantations on waste-
land has gained increased attention. Th e increasing biomass 
demand and attempts to facilitate development and manage-
ment of CDM projects – increasing the possibilities to link 
revenues to plantations – may improve the prospects for 
plantation establishment on wastelands in India.

Conclusion

Th e survey presented here has illustrated many of the oppor-
tunities that exist for meeting a growing biomass demand 
while at the same time promoting environmental protection 
and sustainable land management. Th e growing biomass 
use in the world has, in many places, caused concern about 
possible negative impacts. However, if guided in a sound 
direction, the expanding biomass production can, in fact, 
help address not only climate change concerns but also 
many other pressing environmental problems of today. 
One key issue will be to identify suitable mechanisms to 
put a premium on the environmental services that can be 
provided. In some cases, actors can be identifi ed that are 
willing to pay for a specifi c environmental service. In other 
situations, information campaigns and innovative govern-
ment measures that credit the biomass producer may be 
required. A challenge when implementing such measures 
lies in the coordination of diff erent policies in the energy, 
environmental and agricultural fi elds.
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Abstract 
This paper analyses environmental and socio-economic barriers for plantation activities on local and 

regional level and investigates the potential for carbon finance to stimulate increased rates of forest 

plantation on wasteland, i.e., degraded lands, in southern India. Building on multidisciplinary field work 

and results from the model GCOMAP, the aim is to (i) identify and characterise the barriers to 

plantation activities in four agro-ecological zones in the state of Karnataka and (ii) investigate what 

would be required to overcome these barriers and enhance the plantation rate and productivity. The 

results show that a rehabilitation of the wasteland based on plantation activities is not only possible, 

but also anticipated by the local population and would lead to positive environmental and socio-

economic effects at a local level. However, in many cases, the establishment of plantation activities is 

hindered by a lack of financial resources, low land productivity and water scarcity. Based on the model 

used and the results from the field work, it can be concluded that certified emission reductions such as 

carbon credits or other compensatory systems may help to overcome the financial barrier, however the 

price needs to be significantly increased if these measures are to have any large-scale impact. 

 

Keywords: plantations, agro-ecological zones, carbon finance, CDM  

1. Introduction 
India contains vast tracts of land which are classified as wasteland; these total approximately 64 Mha 

(NRSA 2005). Wastelands are degraded land, with the degradation process defined as a decline in 

soil quality with an attendant reduction in biomass productivity and environment moderating capacity 

i.e. the ability of soil to perform specific functions of interest to humans (Lal 2004). It is estimated that 

the average Indian wasteland has a biomass productivity of less than 20% of their overall potential 

(Ramachandra and Kumar 2003). Despite attempts from the Indian government to reforest the lands 

through programmes such as the Social Forestry Projects and Joint Forest Management, the current 
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rate of plantation is inadequate considering what is required to cover all wastelands within a 

reasonable timeframe (Ravindranath and Hall 1995).  

 

According to Balooni (2003) the planting of India’s wastelands is not only being considered for 

environmental reasons, but also for the anticipated benefits to the economy. The implementation of 

plantation projects on wasteland is hampered by social, environmental and economical constraints. 

Soil degradation processes on wastelands have severely reduced the soil’s organic carbon, which is 

primarily induced by a combination of low biomass productivity and excessive crop residue removals. 

At the same time, low soil productivity, together with financial difficulties such as a lack of funding and 

long investment periods are themselves barriers to the implementation of plantation schemes 

(Ravindranath and Hall 1995; Balooni and Singh 2003). The causes of land abandonment are a 

complex mix of social, economic and ecological factors (Cramer et al 2007). Overgrazing and fallowing 

of land, as a result of inadequate rains, drive the land degradation and increase the wasteland areas in 

Karnataka as well as elsewhere in India.  

 

Following the ideas of the general forest transition model (e.g Mather 1992), India has increased its 

forest cover from its all time low. This increase is according to the model a result of less dependence 

on forest resources driven by a more mature economic development. However, in the rural areas of 

India the dependence on natural resources in general is great, hence the national expansion of forest 

cover can compete over land that is in demand for other uses, or it can benefit two purposed. In India’s 

submission to the United Nation Framework Convention on Climate Change regarding ways forward 

for reducing emission from deforestation and forest degradation (REDD), it is proposing a strong 

conservational component. Due to the national forest circumstances India has actively promoted the 

concept of ‘Compensated Conservation’. As a mechanism, India has proposed that REDD should 

compensate for reducing deforestation as well as I) stabilizing forest cover and II) conserving and 

increasing forest cover (UNFCCC, 2007). With these circumstances in mind, India will need ecological 

restoration of less favorable lands to meet the need and ambition that the country has. 

 

The introduction of certified emission reductions, or carbon credits  under the Clean Development 

Mechanism (CDM), or other financial systems such as payment for environmental services or 

voluntary carbon offsets (Rosa et al. 2003; Taiyab 2005; World Bank 2008) create opportunities and 

may potentially provide incentives to re-vegetate the wastelands. The mitigation potentials of these 

financial systems, as well as the environmental and socio-economic factors that influence their 

realisation are not well known due to the short time span since the emergence of the systems. The 

carbon market has rapidly gained traction, the questions and the answers related to the 

implementation of projects and marketplaces have become increasingly important to investors, 

policymakers and environmentalists (Hamilton 2009). The definition and analysis of possibilities and 

constraints for plantation projects at both local and regional levels will help policy development by 

identifying areas where the plantation process may need to be altered or simplified. Albeit a 

simplification, the use of regional baselines (Sudha et al. 2006) may lead to more approved 

methodologies and additional registered forestry CDM projects. 

 

Efforts in India to put together plantation projects for CDM, particularly by industries but with local 

farmer involvement have gained results.. The ITC, Bhadrachalam project that is now registered and a 

small scale project in Haryana involving farmer’s lands is yet another forestry project that has been 

registered for CDM (UNFCCC 2009). There are few other projects at different stages of development 



wherein either abandoned agricultural lands or village commons and degraded forest lands are being 

considered for plantation activities under CDM. 

 

To analyse the potential for plantations on wasteland, based on an agro-ecological zone approach for 

constraints and potentials of environmental characteristics and socio-economic data, is one method of 

improving the knowledge in this field, as exemplified by Ravindranath et al. (2007) and that will be 

adopted in this paper. The paper identify and analyse environmental and socio-economic constraints 

for plantation activities on both local and regional scales, with an emphasis on the plantation process 

and local sustainable development. The potential for wasteland development within the CDM or other 

financial systems was evaluated by looking at different land uses and various forestry options in four 

different agro-ecological zones. The land uses chosen are natural forest, plantation, agricultural land, 

grassland and degraded forestland.  

The questions raised are: 

 

• What are the barriers for forest plantations in four agro-ecological zones in Karnataka? 

• What would be required to overcome these barriers and thus enhance the rate of plantation 

and productivity? 

• Could the CDM or other financial systems become an instrument for promoting plantation in 

Karnataka? 

  

2. Study area 
This study was conducted in the state of Karnataka in southwest India. The geographical area of 

Karnataka is about 19.05 Mha, of which roughly 3.06 Mha (i.e., 16%) is covered with forest. India has 

a diverse pattern of temperature, rainfall, soil, vegetation type and socio-economic conditions and has 

adopted the principles of agro-ecological zoning (FAO 1981; FAO 1996). This study uses the FAO 

agro-ecological zone classification, which is based on the length of growing period concept. This, in 

turn, is derived from climate, soil and topography data and evaluated using a water balance model and 

knowledge about crop requirements. The agro-ecological zone (hereafter referred to as the zone) 

approach has been globally adopted for assessing the growth potential of crops and can also be 

extended to the growth of forest or plantation biomass. The use of zone classification for this 

assessment is logical due to the geographical differences that greatly influence the potential of any 

plantation activity. India has categorised its entire geographic area into 20 zones, four of which will be 

included in this study (Figure 1): zones 3, 6, 8, and 19 (Table 1). 

 



Figure 1. Figure 1 (A) Map of Karnataka state with Tumkur district highlighted. Agro-ecological zones 

of Karnataka area marked in the map. (B) The map shows India and the location of Karnataka state 

and Tumkur district.   

 

The state of Karnataka is diversified, not only when it comes to the physical geography but also with 

respect to its climate characteristics. The four zones differ in both precipitation and available water 

capacity. The diverse rainfall pattern is not only dependent on the season – the area receives 80% of 

its rainfall during the southwest monsoon period – there are also geographical differences, with the 

costal zone (19) receiving more than 1700 mm/year, while zone 3 on the central plateau receives only 

1200 mm/year.  

 

Table 1. Climate, soil, length of growing period (LGP) and available water holding capacity (AWC) 

characteristics of the four agro-ecological zones (AEZ) for the state of Karnataka, India. 

 
 

Characteristics AEZ 3 AEZ 6 AEZ 8 AEZ 19 

Climate Hot arid Hot dry semi-arid 

and hot dry sub 

humid  

Hot moist semi-

arid 

Hot perhumid* 

Soils (FAO) Vertisols and 

Lexisol 

Vertisols Lexisol Nitosols  

LGP (days) 60-90 90-120 

150-180 

120-150 240-270 

AWC Low to medium Medium to high Low Low 
* Moisture index over 100, i.e., available water exceeds the potential levels of evapotranspiration (Thornthwaite 

1948).  

 

 



3. Approach and methodology 

3.1 Collection and processing of land-use data 
District wasteland data for the years 1994 and 2001 were collected from the National Remote Sensing 

Agency (NRSA 1998; NRSA 2005) to obtain the total extent of wasteland in Karnataka. The collected 

data was later compared with historical data to analyse the current wasteland development. The 

plantation rate was estimated based on the annual area planted under different species as reported by 

Karnataka Forest Department annual reports (KFD 2003). The carbon uptake rates of above ground 

biomass and increases in soil organic carbon were compiled from a survey of the available literature 

for the given zones as well as for different plantation management systems, in this case long and short 

rotation plantations (Ravindranath et al. 2000; Ravindranath et al. 2006). Biomass growth rates and 

soil carbon uptake rates for different zones and different plantation management options (short 

rotation, 7 years and long rotation, 40 years) were compiled from the literature (Prasad et al. 1987; 

Ravindranath et al. 1992; Ravindranath et al. 2000).   

3.2 Assessment of wasteland quality 

3.2.1 Interviews 

The semi-informal interviews with key informants were conducted to assess the socio-economic 

factors affecting the usage of the wastelands (Mikkelsen 1998). One key informant from each village 

was participating in the study, eight in total. The key informant was either the chairman of the village 

forest committee or a person in a leading position in the village. The aim of the interviews was also to 

assess the availability of land for plantation purposes from a local perspective, to receive information 

regarding the usage of the existing forest from the people directly influenced by a plantation project 

and finally, to estimate the potential for the villagers to play an active role in such a project. The 

interviews consisted of a set on fixed question and possibilities to informal conversation. Amongst all 

the interviews provided information about how the villages viewed the plantation projects and their 

willingness to be involved in further development projects. Potential areas for plantation projects were 

also selected. The land quality in selected areas varied from rather good to bad within the wasteland 

categories. A total of 17 wasteland areas1 were assessed, together with nine plantations2

3.2.2. Soil 

 and two 

areas consisting of natural forest land and agricultural land. The plantations were further sub-divided 

into old and new plantations  

Soil samples were collected and United States Department for Agriculture (USDA) vegetation and 

erosion assessments (USDA 1993) were conducted during field work to determine the environmental 

features of the wasteland. The soil samples were collected from a total of 56 plots, identified by the 

key informants measuring 50x50 m, with up to four plots in each land-use. A total of five different land-

use systems were investigated, giving 336 individual soil samples altogether. Three pits, 30 cm in 

depth, were dug to collect 200 g samples at two depths in each pit, one at 0-15 cm and one at 15-30 

cm, giving six samples from each plot. The samples were aggregated to composite samples, one for 

each depth and each land-use, resulting in 48 samples. They were analysed for carbon content using 

                                                      
1 Grassland (some partly cultivated), degraded natural forest and degraded plantations.   
2 Cashew, Eucalyptus, Mango, Indian Gooseberry. 



the Walkely-Black method, nitrogen (N) using the Kjeldahl method, phosphorous (P) using the Olsen 

method, cation exchange capacity3

 

 and particle size (Landon 1991). The particle size distributions 

were measured and expressed in the form of the sand:silt:clay ratio (Table 2 defined according to the 

USDA soil texture classes (USDA 2002), The soil texture can be used to determine the relationship 

between land use and the available water capacity (AWC) (NMSU 1996).    

Table 2. Following data were collected at zone level. 
 

Area data  

 

 

Biomass and soil carbon data  

 

Cost for carbon stock 

monitoring  

Annual land area planted (short 

rotation and long rotation)  

Standing vegetation and mean annual 

increment of biomass  

Yearly monitoring cost 

per ha: US$1*.  

Total available land Wood density and rotation period   

Land area available for mitigation 

activities.   

Initial soil carbon stock and soil carbon 

accumulation rate  
 

 Litter as % of mean annual increment   

 Decomposition period   

 % mean annual increment as timber   

 Harvest categories and % timber   

 Wood waste   

 Fuel wood and harvest residue.  

* The cost of 1 US$ per ha for yearly monitoring reflect the actual operational cost as experienced in the field in 

Indian conditions (Ravindranath et al 2007).  

3.2.3. The USDA vegetation and erosion assessment 

The USDA vegetation and erosion assessment is a visual interpretation and assessment, conducted 

to gain knowledge about the quality of the land including existing vegetation, erosion and physical 

characteristics such as soil cover and measures to preserve the soil. The assessment was categorised 

into six classes, 0, 0-24, 25-49, 50-74, 75-99 and 100% where the parameters evaluated was: erosion, 

ground vegetation, shrub vegetation, crown cover and soil cover (USDA 1993). The plots were 

mapped, i.e. measured, systematically drawn on a scale of 1:500 and photographed. The different 

classes were used to compare different land-use systems in terms of the percentage of erosion, 

ground vegetation, shrub vegetation, crown cover and soil cover. 

3.3 Assessment of financial incentives using GCOMAP 
To estimate the future investment necessary for plantation implementation and the effect of those 

investments on the plantation rate, the Generalized Comprehensive Mitigation Assessment Process 

(GCOMAP) model was used (Sathaye 2005). Sathaye (2005) describe the model as a dynamic partial 

equilibrium model built to simulate the response of the forestry sector to changes in future carbon 

prices. The general equilibrium models mostly rely on a few global data sets. A major goal of 

GCOMAP is to make use of detailed country-specific activity, demand, and cost data available to the 

authors on mitigation options and land use change by region. The model establishes a baseline 

scenario which has no financial revenues from carbon (US$0 per tC) and represents the current 

plantation rate in different zones upon which the future development is based. Using this as a starting 

                                                      
3 Cation exchange capacity (CEC) can be used as a measure of the fertility of the soil. A high CEC is considered favourable as 

it contributes to the capacity of the soil to retain plant nutrient cations (Landon 1991).  

 



point, areas under plantation for carbon mitigation, the overall mitigation activity and the potential for 

the period 2005-2100 was assessed. GCOMAP simulates the response of uses of forest and 

wasteland to changes in the carbon price at different plantation rates and estimates the amount of 

additional land brought under the mitigation activity above the baseline level.  

 

Three additional carbon price cases (US$5, 50 and 100 per tC) were considered in this assessment. 

The carbon price used in the baseline scenario represents a present-day approximate carbon price 

from voluntary projects, where voluntary forest credits range from 6.3 – 7.7 US$/t CO2 equivalents, 

including projects of afforestation/reforestation plantations, afforestation/reforestation conservation, 

forest management and avoided deforestation (Hamilton et al. 2009). The other two price scenarios 

are higher and more in line with the European Union emission trading level which have varied between 

10-15 US$ for 2009 (ECX 2009). The carbon monitoring cost was set to US$1/ha/year and applied to 

all the carbon pricing scenarios except for the baseline, where no carbon monitoring was required. 

 

4. Result 

4.1. Land-use pattern in the agro-ecological zones 
Approximately 1.4 Mha of the total area in the state of Karnataka has been identified as land which is 

potentially available for plantation projects, representing 7.1% of the total wasteland (NRSA 2005). 

This area was included in the model as potential land for plantation projects, with distribution among 

the four zones based on their percentage of the total area (Table 3). 

 

Table 3 The development of different wasteland areas during the period 1998 to 2001 in different agro-

ecological zones (AEZ). The areas are presented in hectares.  

Characteristics Year Grassland 
Degraded 

forestland 
Other* Total 

AEZ 3 
1998 66 228 137 048 1 431 204 707 

2001 66 907 135 731 8 717 211 355 

% change 1 - 1 609 3 

AEZ 6 
1998 276 077 238 739 9 743 524 559 

2001 180 010 139 431 21 707 341 148 

% change - 35 - 42 223 - 35 

AEZ 8 
1998 424 302 315 914 43 366 783 582 

2001 180 330 219 911 21 285 421 526 

% change - 58 - 30 - 51 - 46 

AEZ 19 
1998 142 161 138 240 3 615 284 016 

2001 55 616 104 858 6 416 166 590 

% change - 61 - 24 177 - 41 
*Other land-uses include gullied and ravinous land, shifting cultivation, degraded pasture and grazing land, 

degraded land under plantation and mining or industrial land. These lands together make up less than 10% of the 

total area and are therefore not described in more detail (NRSA 2005)
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Based on Karnataka Forest Department annual reports it is estimated that 1.6 Mha of land was 

planted in the state of Karnataka up to 2004. Of this, approximately 12% of the plantations fell under 

long rotation management, while 88% was planted under short rotation management. The same 

proportion of available potential land was allocated to different options in different zones under the 

assumption that this trend will continue. 

 

Compiled literature data from across Karnataka suggests that plantations established on wasteland 

have considerably lower biomass growth rates than natural forests or plantations on private land. For 

instance, in zone 8, the biomass productivity in plantations on wasteland varied from 1.4 to 1.7 t/ha/yr 

with a mean of 1.55 t/ha/yr, while they were considerably higher in plantations on farm land i.e., in 

agro-forestry, where the productivity varied from 4 -11.1 t/ha/yr with a mean of 7.55 t/ha/yr. The natural 

forest in zone 19 had a mean productivity of 4.85 t/ha/yr according to our references (Prasad et al. 

(1987), Ravindranath et al. (1992) and Ravindranath et al. (2000)).  

4.2 Wasteland quality  

4.2.1. Environmental and socioeconomic barriers and incentives 

During the interviews, the eight key informants identified several barriers to, and merits for the 

establishment of plantation activities on their land. The issues discussed were not ranked, however 

pointed out several times. The villagers identified lack of water and soil quality concerns, meaning that 

the plantations would use too much of the already scarce water resources in the villages as well as 

extract nutrients from the soil needed for other crops. However, the erosion rate would decreases after 

the establishment of a plantation, the infiltration capacity increases and the plantations contribute to 

better local climates which are clear incentives for a potential implementation of a plantation project. 

The villagers point out that plantation projects on privately-owned plantations on wasteland are 

welcomed by the villagers whilst the experience shows that plantations introduced by the government 

are occupying too vast an area of the village. The results also indicate that the plantations already 

established in the villages do not have the same soil quality as the natural forest.  

 

When the key informants were asked for their opinion and experience regarding plantations projects 

and their possible involvement in such a project their response was more or less similar regardless of 

the geographical location. Many of the villages have had negative experiences of governmental 

plantations, where neither the revenues nor the harvest have benefited the locals. However, previous 

plantation activities have increased the rate of employment in the villages. Even though the villagers 

do not manage these plantations themselves the accessibility of forest products increases with the 

establishment of plantation activities. The villagers state that they are interested in, and have the 

capacity to invest their time and devote land to an eventual plantation project, as they see a plantation 

on the wasteland as an investment for future needs. The villagers would prefer a mixed plantation with 

natural species and would like to receive an income, as well as pulp and fruit yield from a potential 

plantation on the wasteland. Such a project would ideally be locally rooted and managed by the 

villagers. However, financial resources are scarce in the villages and the funding needed for the 

establishment plantation projects are not locally available. 
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4.2.2. Soil 

The results of the soil analysis (Table 4) show the differences in soil organic carbon, nitrogen, 

phosphorous and cation exchange capacity and clay content between the different land-use systems. 

All the investigated parameters have lower values in wastelands than in the natural forests. The 

plantations have a higher soil organic carbon value, cation exchange capacity and clay content than 

the wastelands.  

 

Table 4. The results from the soil analysis divided into different land-use systems in different agro-

ecological zones (AEZ) in Karnataka. The wasteland category includes grassland and degraded 

forestland. 
  Parameter 

 

Land-use 

Organic 

C% 

Nitrogen 

% 

Phosphorus 

ppm 
CEC 

Particle size %   

sand silt clay 
Soil 

texture* 

AWC 

mm/m 

AEZ mean          

Natural forest 1.1 0.27 38 9.2 37 30 32 CL 188 

Wasteland 0.37 0.13 28 8.4 61 15 24 SCL 154 

Plantation 0.42 0.12 24 9,5 62 12 25 SCL 154 

- Old** 0,49 0,14 20 9,6 48 20 32 SC 171 

- New** 0,37 0,10 26 9,4 57 15 28 SCL 154 

           

AEZ 3          

Wasteland 0.45 0.11 23 13.2 47 29 24 L 169 

Plantation 0.17 0.08 14 7.9 68 13 19 SL 118 

          

AEZ 6          

Wasteland 0.39 0.14 27 8.9 63 11 26 SCL 154 

Plantation 0.44 0.11 25 10.0 50 16 33 SC 171 

          

AEZ 8          

Wasteland 0.25 0.07 35 5.5 75 9 16 SL 118 

Plantation 0.51 0.15 25 9.4 53 21 26 SCL 154 

          

AEZ 19          

Natural Forest 1.1 0.27 38 9.2 37 30 32 CL 188 

Wasteland 0.55 0.19 32 9.1 51 17 33 SC 171 

         154 

* CL: Clay Loam, SC: Sandy Clay, L: Loam, SCL: Sandy Clay Loam, SL: Sandy Loam 

CEC,: AWC:  AWC source (NMSU 1996)  

** Old plantation implies plantations older than 10 years and new plantation implies plantations younger than 10 

years 

 

The carbon content, cation exchange capacity and clay content are higher in the plantations than in 

the wastelands of zones 6 and 8. In contrast, all parameters in zone 3 are lower in the plantations in 

comparison to those in the wasteland. The results show that the old plantations have higher values for 

all parameters than the newly established plantations, with the exception of phosphorus. The old 

plantations also exceed the values of wasteland for all parameters except phosphorous. When the 

newly-established plantations are compared to wasteland, only the cation exchange capacity and the 

clay content are higher in the plantations. This illustrates the poor quality of the land where plantations 

are established.   
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Given the sand:silt:clay ratio the wasteland and plantations are classified as sandy clay loam and the 

natural forest as clay loam. The soil texture can be used to determine the relationship between land 

use and the available water capacity for the different sampled areas in this study. The soil texture 

analysis shows that the wasteland and plantation categories have an average available water capacity 

of 154 mm/m soil (Table 3), while the natural forest category has an average available water capacity 

of 188 mm/m soil.  

4.2.3. USDA 

The USDA analysis divides the wasteland category into grassland and degraded forest land and 

compares the result with those for plantations and agricultural land (Table 4). It also gives an 

assessment of the environmental barriers and potential for plantation activities. The grasslands and 

the degraded forests show a high degree of erosion and have less soil cover than other land-use 

systems. The degraded forests hold some tree cover, but not enough to be defined as a forest under 

the rules and regulations of the CDM. The grassland has a small amount tree or shrub cover. This 

makes the grassland ideal for plantation establishment, since no vegetation needs to be cleared prior 

to the plantation. The impact of erosion on the land is low or non-existent where some kind of land 

management has taken place, such as plantation or agriculture. The USDA analysis shows that the 

wastelands with largest areas of erosion are located in zones 6 and 19, which have a total of 10% 

erosion in each zone (Figure 2).  

 

 
Figure 2. Results from the USDA vegetation and erosion assessment. The results of the USDA 

analyses are expressed in percentage. The overview was categorised into six ground cover classes, 

0, 0-24, 25-49, 50-74, 75-99 and 100% (USDA 1993). These were converted into means ( 0, 12, 37, 

62, 87, 100) which were later used to calculate the percentage of each characteristic. 
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4.2.4. Climate 

The climate data, mean temperature and total precipitation, compiled from the National Centers for 

Environmental Prediction Reanalysis data base (NCEP 2006), show an increasing trend in the mean 

air temperature, about 0.5 – 1°C over a period of approximately 60 years, from 1946 – 2005 (Figure 

3). The change is largest in the two districts with the lowest mean annual temperature: zone 8 on the 

inland plateau and zone 19, the coastal area. The two zones with the highest mean annual 

temperature have experienced a smaller increase over these years. The precipitation pattern over the 

same period shows a decreasing trend in all four zones, most noticeably in zone 19 with a decrease of 

500 mm and around 160 -170 mm over this period in the other zones. Zones 6 and 8, however, 

showed increased precipitation in a later part of the period. This data does not indicate minimum and 

maximum values, i.e., the variability which may have a direct bearing on vegetation.  
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Figure 3. Total precipitation and mean temperature in agro-ecological zones 3, 6, 8 and 19 in 

Karnataka in 10-year periods between 1948 and 2006 (except between 1998 and 2006, which is only 

nine years). Source data NCEP 2006. 

 

4.3 Assessment of carbon price incentives 
Figure 4 shows the rate of plantation activities with different carbon price scenario model runs 

according to the GCOMAP model. An increase in the carbon price from 0 in the baseline to 5, 50 or 

US$100 per t/C sequestered would, as expected, increase the plantation rate. For all the zones, the 

rate of plantation activities would be higher for a short rotation management period than for a long 

rotation management period, regardless of the carbon price. The increase is larger in zones 6 and 8 

than in zones 3 and 19 for the entire period. The difference in the planted area between zones 6 and 8 

is more than twice the planted area in zone 3. For the short rotation option in zone 8, a maximum 

planted area of 0.3 Mha is reached by the year 2100 (carbon price level US$100/tC). The results show 

that with US$100/tC all the wasteland will be under plantation prior to the year 2100.  

 

http://www.ncep.noaa.gov/�
http://www.ncep.noaa.gov/�
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Figure 4 
The amount of land area brought under plantation activities under short rotation and long rotation in 

agro-ecological zones 3, 6, 8 and 19 under different carbon price scenarios with GCOMAP modeling. 

SR - short rotation and LR - long rotation. 

 

Increases in the carbon price from 0 to US$5/tC would only create marginal increases in land area 

planted. The largest increase in land under plantation activities by the year 2100 was obtained at this 

price for the short rotation option in zone 6, where the increase from the baseline scenario is 6740 ha. 

The smallest increase (2500 ha) was obtained for the short rotation option in zone 19.  

4.4 Illustrative recommendation for a possible CDM strategy 
The illustrative results of this study make it is possible to give recommendations for a potential CDM 

strategy (or other financial systems) in the state of Karnataka. The current carbon price situation 

seems to be insufficient as an incentive for the establishment of plantation projects. Higher prices or 

additional incentives are required. The zone approach can be useful in feasibility studies and 

evaluations of plantation activities. The four zones considered in this study show several similarities 

when it comes to both climate and socio-economical factors. The interviews show that plantation 

activities are welcome and needed in all four zones. A future increased temperature, lack of financial 

resources and limited water availability are the main barriers to the establishment of plantation 
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projects. The wasteland availability, USDA, GCOMAP, soil quality and available water capacity local 

socio-economy and finally local barriers analyses reveal were incorporated in a comparative table to 

resent recommendations regarding future plantation projects.. Depending on the requirements for a 

plantation project, different zones will be more or less suitable. For example, the results from the 

USDA analysis show that zone 6 is most affected by erosion in comparison to zone 8, where erosion 

is a minor problem. The results from the analysis regarding, USDA, GCOMAP, soil quality, AWC, for 

plantation  

 

Plantation activities can either aim at wasteland rehabilitation, preferably targeting areas in zone 6, or 

aim at maximising productivity, which would mean targeting areas in zone 8. When the available water 

capacity is taken into account, zone 19 appears to be the most favourable and zone 8 the least 

favourable. An evaluation of soil quality, including the carbon content, cation exchange capacity and 

clay content would point to zones 6 and 8 both having a significant potential for improvement. 

According to the GCOMAP results, zones 6 and 8 seem most favourable since an increased carbon 

price would result in the highest increase in the plantation rate. A synthesis of the results of the 

different analyses point to zone 6 as the preferable zone for plantation activities, followed by zones 8 

(Table 5)  and 19, with zone 3 being the least suitable.         

 

Table 5. A comparison of wasteland potential, in different agro-ecological zones (AEZ), for plantation 

activities based on field work cases.  
 

AEZ 

 

Climate trend 

 

Wasteland 

Availability 

(in ha) 

 

USDA 

(% land 

erosion)* 

 

GCOMAP 

 

 

Soil 

quality 

 

AWC 

mm/m 

 

Local 

socio-

economy 

 

Local barriers 

for A/R 

establishment 

 

3 
 

Precipitation: 

decrease 

Temperature: 

increase 

 

211355 

 

3 

 

Least 

favourable 

 

Low 

potential 

 

167 

 

Available 

land: Y 

Interest: Y 

 

Partly financial 

and lack of 

water** 

6 Precipitation: 

decrease (an 

increase the 

last 20 yrs) 

Temperature: 

increase 

341148 10 Most 

favourable 

Most 

suitable 

154 Available 

private: Y 

Interest: Y 

Financial and 

lack of water 

8 Precipitation: 

decrease (an 

increase the 

last 20 yrs) 

Temperature: 

increase 

421526 2 Most 

favourable 

Most  

Suitable 

118 Available 

land: N*** 

Interest: Y 

Financial and 

lack of water 

19 Precipitation: 

decrease 

Temperature: 

increase 

166590 10 Least 

favourable 

Good  

quality 

of land  

171 Available 

land: Y 

Interest: Y 

Financial 

* To obtain the actual characteristics of the five land types included, the mean of each USDA class was divided by the number of 

plots investigated in each land type. 

** The interview response to local barriers was not unanimous in zone 3. 

*** Only if there are financial means and the rate of return is higher from the A/R activities than from the present land-use. 

Y = yes  N = no 
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The analyses carried out in this study confirm the degraded state of wastelands, with low productivity 

and hence low incentive for usage. Overcoming the environmental barriers will require large 

investments. In addition to the financial barrier at the local level, water shortages and low land 

productivity are also important factors which limit plantation activities. 

5. Discussion  
According to the NRSA (NRSA 2005), the availability of wastelands in this area is substantial; however 

poor land quality and low water availability are one of the greatest environmental barriers to plantation 

projects in the area, as indicated by the results. Plantation projects can facilitate soil rehabilitation and 

enhance the soil carbon content show several experiments with well selected trees and intensive 

management on severely degraded Indian wastelands (Sing 1990, Mishra et al. 2003, Pal and Sharma 

2001). When the plantations in this thesis are being compared to the wasteland there is a clear 

indication that soil quality improves with time arguing for long term plantation projects. This indicates 

that plantations on wastelands would indeed increase the productivity of the lands and improve the 

general environmental status. However, even a slight increase in vegetation cover from the baseline 

can be beneficial for restoration the wasteland in terms of erosion control and an increasing of the 

organic matter. The modeling conducted in this study is based on eucalyptus and acacia plantations 

which are very often not the preferred alternatives of the local communities. Depending on the local 

need, a mixed plantation or agro-forestry is the preferred options, even if exotic species such as 

acacia may be highly valued for certain purposes. The plantations analyzed in this study are a mixture 

of fruit species and fast-growing species.  

 

 Water is currently scarce in Karnataka, particularly in the eastern parts. The climate in the recent past 

shows an increase in temperature and a decrease in rainfall. If the increasing trend in temperature and 

the partly decreasing trend in precipitation continue in the future, the implications are a drier and 

warmer climate in the entire state. The lack of water is already a problem when establishing new 

plantations. In a country such as India, which is dependent on season-regulated monsoons, there is 

an even higher pressure on land management schemes aimed at an increasing infiltration and 

decreasing surface run-off. If an increase in the productivity of the wasteland is to be achieved then 

improved land management is necessary, with water conservation as the main goal. All possible 

practices, such as increasing soil organic matter, clay content and cation exchange capacity are 

necessary for a sustainable water resource management. One option to increase the infiltration rate 

and reduce runoff is to increase the vegetation cover or implement soil management practices such as 

ditching and countering of gully formation. However, to increase the productivity on wastelands further, 

initial supplement of nutrients and organic matter may be necessary (Ravindranath and Hall 1995; 

Olsson and Ardö 2002).  

 

One of the major socio-economic barriers to current and future plantation activities is the lack of 

financial resources. The same barriers can be shown from projects worldwide (Zhou et al. 2007).  Lack 

of funding is one major constraint. The investments required for wasteland rehabilitation may be too 

large for small scale farmers. Joshi (1997) shows that many farmers consider a rotation period of 7-10 

years too long in relation to their revenue needs and are therefore unwilling to invest. The modalities of 

the forestry CDM where the carbon credits can be issued for temporary credits may be one way of 

getting around this problem. Involving a larger group of farmers may be another way forward, where 
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the risk could be spread and common resources shared during the years where no revenue was 

obtained from the plantations.  

 

The GCOMAP analysis shows that forestry CDM or other compensatory systems could be one way of 

overcoming some of the financial constraints illustrated in the results. Thus, a higher carbon price 

incentive is necessary to bring larger areas under plantation in the near future. Other options for 

financing plantation activities could be found in voluntary carbon projects with carbon credits 

presented to the voluntary market (World Bank 2008; Taiyab 2005; Hamilton 2009) or payment for 

environmental services (PES).  The concept of PES is based on compensation to land holders for the 

protection or production of environmental services. These services could include an option to ensure 

climate change mitigation at the lowest cost, an option to ensure environmental services of local or 

regional interest such as the regulation or filtration of water flows and a possibility to strengthen rural 

livelihoods and revalue rural landscapes, their diversity of practices and ecosystems (Rosa et al. 

2003). 

 

It should be observed that the GCOMAP model only returns general/regional results; it cannot be 

reduced to a local/district scale without carefully examining the potential at the local level. As seen in 

the interviews, some of the key informants highlight several environmental barriers for plantation 

implementation. Local conditions must always be taken seriously since they are determining the failure 

or success of plantation implementations. Generally, it can be concluded that the villagers are not 

satisfied with the outcome of the government-introduced plantations, which only led to a small amount 

of employment and poor revenues. At the same time, several key informants describe multiple co-

benefits that would follow the establishment of new plantations under a private regime. Perez et al. 

(2007) conclude that the introduction of a financial system for carbon trading should never be forced 

on local communities by regional, national or global institutions. The importance of local farmers’ 

participation in plantation management and species selection is illustrated in a paper by Blay et al. 

(2008). By consulting the participants, the local people’s needs were identified. This minimized the 

differences in interest and encouraged greater participation.  

 

Since the reforestation of wasteland generates benefits for the public good from local to global level, it 

could be argued that some of the costs should be covered by national means or international aid (FAO 

2006). To some extent, this is already happening in India, with its large reforestation program. A 

market mechanism was selected in this study as a complement to the national efforts. Using a market 

mechanism as an incentive to establish plantations on wasteland requires strong and well-developed 

institutions to ensure a flow of financial benefits to the locals involved. The well-established Joint 

Forest Management programme has developed institutions that empower and enable local 

communities to participate effectively in forest management to some extent. These institutions could 

be adjusted to suit a financial flow based on a market mechanism (Ravindranath et al. 2003). 

Prevoiusly, institutions such as the JFM have failed on certain occasions due to the fact that the 

returns from these plantations were very low and communities in some cases lost access to grass and 

fuelwood when plantations were introduced and its closure during the initial years. However with a 

carbon incentive, communities have a stake in the maintenance of these plantations and therefore the 

local institutions would take active interest in maintaining sinks. Given that the wastelands in question 

support very low biomass for use as fuelwood or fodder, raising of plantations that would provide 

incentives will motivate the local communities to maintain the sinks created, provided they are made 

aware of the benefits of maintaining sinks.  
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The wastelands in this study are in most cases unsuitable for agricultural purposes and would instead 

be better suited to plantation purposes; however, this does not mean that this is still the only option for 

land-less farmers to generate an income. To obtain a comprehensive picture of the different 

alternatives, several analyses need to be carried out, for example a cost-benefit analysis, a land 

suitability investigation and an eligibility analysis for different financial options. The rising concerns 

over land-use competition, food vs. fuel or mitigation, should not be taken lightly (Tenenbaum 2008, 

Runge and Senauer, 2008, Naylor et al., 2007, Pingali et al. 2008). However, while Runge and 

Seanuer (2008), and Naylor et al. (2007) both recognize that the right policies could curb this risk. The 

land competition issue will play a major role in determining the availability of land for plantations in the 

future (Ravindranath et al. 2009). 

6. Conclusion 
The results of this study led to the following conclusions:  

 

• Water is currently scarce in Karnataka. The climate in the recent past shows an increase in 

temperature and a decrease in rainfall, which implies that less water will be available in the 

future. If an increase in the productivity of the wasteland is to be achieved then improved land 

management is necessary, with water conservation as the main goal.  

 

• The major socio-economic constraint for establishing plantation activities on wasteland is the 

lack of financial resources, despite a wealth of interest and experience. In many cases, high 

investment costs and long rotation periods obstruct the establishment of financially beneficial 

plantation activities.  

 

• Financial opportunities such as the CDM or other compensatory systems could possibly help 

to overcome financial constraints. At a carbon price of US$5/tC, the area planted would be 

marginal; hence the price has to increase to bring about an improvement on present plantation 

rate. 

 

• The parameters addressed in this assessment is not exhausted, i.e. do not cover every aspect 

of relevance, which is primarily due to the complexity of the situation regarding land use in this 

environment, including both environmental hardship, climate variability, poverty aspects and 

development parameters. However, the method highlights several components of each of 

these parameters but acknowledge that other input data can be used. 

 

• Area-specific results such as the ones presented here can be used as guidance in feasibility 

studies for plantation projects.  
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Land suitability analysis and the establishment of land-use options in Tumkur district, India 

associated with: Moderately deep, welldrained, loamy soils 

Very deep, moderately welldrained, cracking clay soils of valleys, with moderate erosion; associated with: Shallow, 
welldrained, clayey soils with low AWC. 

Very deep, welldrained, clayey soils on undulating interfluves, with slight erosion; associated with: Deep, welldrained, 
gravelly clay soils with low AWC, moderately eroded. 

Very deep, welldrained, gravelly loam soils, strongly gravelly in the subsoil on rolling lands with moderate erosion; 
associated with: Shallow somewhat excessive drained, gravelly clay soils with very low AWC. 

Very shallow, excessively drained, gravelly loamy soils on ridges with severe erosion; associated with: Shallow, 
somewhat excessively drained. Gravelly clay soils with very low AWC, moderately eroded. 

Very shallow, welldrained, loamy soils with stoniness on ridges with severe erosion; associated with: Moderately 
shallow, welldrained, clayey soils with very low AWC. 
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