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Non‐technical summary
There is a need for optimum land use management in tropical forest ecosystems given increasing
carbon emissions from deforestation. This means that compromises have to be reached between
multiple stakeholder priorities‐ as, governments are interested in maximizing incomes, ensuring
employment, augment environmental goals; local communities in ensuring their livelihoods, access
to sacred areas, etc; businesses in exploiting natural habitats and resources suited for commercial
purposes and so on. This project attempts to identify the trade offs in land use decisions and
develop a decision support system that will incorporate various biophysical and social parameters
determining land use options that may be useful for a planner. Biophysical parameters include
indicators such as area and type of forest, species richness, water regulation capacity/ soil erosion
among others. Data for this was obtained from records and remote sensing maps.
Social parameters include indicators such as income from different forest based commercial and
livelihood activities, rights to forests and resources of traditional dwellers, cultural value, among
others. Data obtained from participatory interviews and biophysical records are subjected to an
integrated analysis to enable an understanding of drivers of ecosystem change and likely outcomes if
different development scenarios are pursued.

Objectives
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The main objectives of the project were:
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1.
Examine the impacts of the different kinds of plantations (Rubber and Oil Palm) on the
biodiversity and species interaction in the regions using multi‐temporal satellite image analysis, field
surveys and relevant indices such as species richness index.
2.
Estimate the carbon flux of the plantation systems combining geo‐spatial techniques (GIS,
Remote sensing) with ground based measurements and existing national accounting estimates
3.
Conduct economic valuation for the land use options and identify the opportunity costs of
conversion from forest to plantation for various stakeholders, particularly local communities,
businesses and governments
4.
Develop a decision tool incorporating both conservation and economic development choices
5.
Identify implications for policies such as Reduction of Emissions Due to Deforestation and
Degradation (REDD).

Amount received and number years supported
The Grant awarded to this project was:
US$ 35,5000 for Year 1

Activity undertaken
1.
2.
3.
4.
5.

Field research
Mapping land use data for study sites
Understanding policy frameworks within which decisions are made
Data analysis
Organized an International Symposium on Costs and Benefits of REDD plus: What, Who, How
and When from 19‐20 Sep,. 2011 at Kuala Lumpur, Malaysia. This was co‐organized with

Hiroshima University, Forest Research Institute Malaysia, the Ministry of Natural Resources and
Environment, Malaysia,Forest and Forest Products Research Institute, Japan and the Research
Institute for Humanity and Nature, Japan

Results
The project was carried out in 2 study areas in Malaysia (Sibu, Sarawak) and Indonesia (Pulang
Pisau, Central Kalimantan)‐ both on the island of Borneo. The sites therefore share a contiguous area
with similar geographical characteristics, although politically distinct. Field data indicate large scale
land use changes of forested land to plantations. The conversion has been most rapid from the
1990‐2000 period, with rate of conversions peaking in Indonesia around 2000 (Forest Resource
Assessment of FAO, 2010). Several factors determine continued momentum of deforestation‐ almost
all of which are related to human activity. While agriculture is a major economic activity in the
region, other activities that led to large scale deforestation related to timber logging, and ad‐hoc
felling of forest lands to open them up for rubber and oil palm plantations. These plantations – some
of which are now classified as planted forests‐ were established quickly to capitalize on a growing
export demand for the products. In Indonesia, the region is also the site identified by the
government to transmigrate populations from other islands supposedly without sufficient
consultation with the communities living there or a complete appreciation of the ecological
pressures to the landscape.
The biophysical indicators chosen for the study relating to the forest area, biodiversity loss, water
erosivity show negative trends. In this context, the introduction of principles related to REDD‐plus
(to reduce deforestation and forest degradation, ensure sustainable management of forests and
maintain or enhance carbon stocks) has been examined through a scenario analysis. The study
analysed, through a Cellular Automaton Model , the likely changes to the different biophysical
parameters if different land use choices were made‐ assuming 3 scenarios : business as usual (BAU),
higher economic development and a situation prescribing to REDD‐plus principles. While the results
show that following the REDD‐plus principles would be good for the forests and perhaps bring in
revenues subject to a effectively‐running carbon market, the analysis of field data and legal
architecture indicate that several issues related to governance and equity need to be tackled to
ensure acceptance of the scenario.

Relevance to the APN Goals and Science Agenda, Scientific Capacity Development and
Sustainable Development
We believe that the project will contribute to the literature on vulnerability of human‐environment
systems, which is at the core of environmental policy given the unprecedented scale and pace of
anthropogenically‐induced land changes in the Asia‐Pacific region. The assessment model we
propose is, we believe , easily adaptable within a developing country research and planning context.
By focusing equally on the issue of land use management from an environmental, social and
economic perspective, we believe that what we propose as an analytical process‐ could be one of
the tools to ensure sustainable use of forest ecosystems and ensure a more equitable relationship
between the different stakeholders.

Self evaluation
The project allowed us to explore ecosystem changes within a similar geographical context under
different political contexts. It also enabled us to network with academics and policymakers in the
region. For the team of researchers, being from different disciplinary backgrounds‐ it was a learning
experience to integrate disciplinary methods. Despite good progress in the project, we were severely
challenged on time, due to the unforeseen catastrophe of the Japanese earthquake in March. Our
planning schedules were affected by 3 months, which affected the social surveys for field data
collection, since by the time we could go to the field, the respondents got busy with their seasonal

activities. We therefore are still in the process of completing our data compilation and finalizing the
development of a prototype of a decision support tool. Nevertheless, we are pleased with the
quality of data that we have obtained and consequently the integrity of our inferences.

Potential for further work
There is much policy interest in exploring multiple benefits that can be obtained from management
of forest ecosystems, as evidenced by the new toolkits that are being developed within the REDD‐
plus framework. Increasingly, researchers and policymakers are focusing on expanding REDD‐plus to
encompass the sustenance of various ecosystem services – provisioning, regulating, supporting and
cultural. By focusing on factors affecting deforestation and degradation of forests as essentially a
compromise between stakeholder interests from policy makers to businesses to local communities,
our study gives a mosaic view of the issues involved in arriving at various land use and management
decisions in the study areas. However, we are aware that the analysis can be strengthened further
especially by including inputs from specialists such as conservationists and hydrologists. The work
can serve as a basis for further analysis of institutional interplays and roles of various agents in
decision making to enable more comprehensive decision making.

Publications (please write the complete citation)
1. Lu, Heli, 2011, Challenges of Proposed REDD+ Mechanisms on Carbon Stocks and Ecosystem‐
based and Social Benefits, UNU‐IAS Working Paper No. 165 available at
http://www.ias.unu.edu/sub_page.aspx?catID=7&ddlID=196
2. Ituarte‐Lima, C & McDermott, CL (forthcoming) ‘Operationalising equity in national legal
frameworks for REDD+: the case of Indonesia’. To be submitted to the Environmental Science and
Policy Journal.
3. Ituarte‐Lima, C & Subramanian, S (forthcoming) ‘Are there lessons for climate change legal
negotiations from access and benefit sharing agreements?’ in Linkages between Climate Change and
Biodiversity, Edward Elgar Publishing.
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Integrated Planning Tool for Effective Monitoring and Implementation of REDD Plus’, Proceedings of
the International Symposium on Costs and Benefits of REDD plus: What, Who, How and When,
Kualalumpur, Malaysia, Sep 19‐20, 2011.
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Preface
Changes in land use and management systems are endangering the provision of various ecological
services obtained from tropical forests. These are largely determined by factors that are economic,
socio‐ cultural and political in nature ‐ alluding to a multiplicity of actors and priorities in obtaining
specific services from the lands, entailing several trade‐offs among stakeholder preferences, rights
and obligations.
Seeking to identify optimum land use management options in forest ecosystems in the tropics, we
attempt to develop an interdisciplinary methodology that integrates methods from remote sensing
techniques, and social science to capture historical changes to ecosystems, their services and
drivers.
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1.0 Introduction
It is well acknowledged that changes in land use and management systems are endangering the
provisioning of various ecological services obtained from tropical forests (Millennium Ecosystem
Assessment, 2005; SCBD, 2010). Forest ecosystems are vulnerable to high land use conversions given
their productivity and amenability to various activities of interest to economic growth (FAO, 2011).
These land use changes are determined by a variety of factors that are economic, socio‐ cultural and
political in nature (Braimoh et al, 2010).
This also alludes to the multiplicity of actors and their priorities in obtaining specific services from
such productive lands. At a minimum this includes the government (with interest in conservation,
ensuring economic development and fostering welfare of different groups of people);
conservationists (with interests related to ensuring the protection of environmental resources),
businesses (that are interested in exploring economic opportunities) and indigenous and local
communities (who seek to obtain continued access to resources, sustained livelihood benefits, and
cultural and aesthetic services). Clearly, sometimes interests overlap and at other times they are in
contention between the stakeholders. Thus land use decisions entail several trade‐offs among
stakeholder preferences, rights and obligations.

It is estimated that about 20‐25% of global carbon emissions are a result of deforestation and loss in
the quality of forests to provide different services (degradation). In an attempt to stem the
widespread loss of forests, the UNFCCC came up with a market based incentive mechanism widely
referred to as REDD (Reducing Emissions from Deforestation and Forest Degradation) (UNFCCC,
2007). REDD, and subsequently REDD‐plus, attempts to provide financial incentives to reduce CO2
emissions resulting from deforestation and degradation besides aiming to expand the role of forests
as carbon pools as one of a mitigation strategy to climate change in developing countries. This is
done through a transfer of funds from one stakeholder to another country where deforestation is
avoided, through a market, market‐linked or voluntary fund mechanism. Technically the value of the
fund is calculated on the basis of the extent of carbon emissions avoided relative to the price of
carbon, although various other models referring to opportunity cost foregone or voluntary
donations are also negotiated. While considered as an incentive with a high likelihood of success,
discussions on the implementation of the mechanism also recognized that these ecosystems are
home to people whose livelihoods are linked to the resources within., and hence any
implementation strategy should consider the potential impacts on people and other environmental
benefits (such as biodiversity conservation).
In essence then, the problem REDD‐plus tries to redress is to ensure an appropriate land use
management strategy in forest ecosystems. It is expected to give due weightage to issues related to
socio‐economic concerns and biophysical concerns – the people and the nature.

Objectives of research
It is in the above context that we have set our research objectives. Through our research, we seek to
identify optimum land use management options in forest ecosystems in the tropics, especially in the
light of limiting carbon emissions from deforestation‐ arising from different land use decisions.
We seek to do this by developing an interdisciplinary methodology that integrates methods from
remote sensing techniques, economics and other social science methods to capture historical
changes to ecosystems, their services and the drivers of such change. This is an attempt to integrate
methods from the biophysical and social science streams to develop a decision support tool that
would enable practitioners and policymakers to assess the benefits and costs of various land use
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decisions. As the mechanism for implementing REDD+ fundamentally involves land use decisions, we
believe that such integrated approaches will allow us to combine analysis of trends obtained from
maps with adequate ground truthing.
Two study areas in Indonesia and Malaysia were selected for this study. One site is based in Pulang
Pisau district in Central Kalimantan, Borneo, and the second site is in Sibu, in the state of Sarawak,
also on Borneo island (Figure 1).
Figure 1: Study site location
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Source: www.borneo.com.au
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2.0 Methodology
The research attempts to integrate data obtained from remote sensing maps and records viz.,
meteorological and environmental records with data obtained from participatory socio‐economic
surveys. The changes to land‐use data obtained from the maps and records will be analysed
alongside drivers of such change obtained from the social surveys to derive a comprehensive
forecasting model.
Remote sensing techniques can monitor changes in the forest areas and area changes within the
forest degradation. The historical reference scenarios through an approach of spatially tracking of
land use conversions over time can be monitored by a Landsat‐type image of 30 m (medium
resolution) for a minimum mapping unit of 1 to 6 ha.
A cellular automaton system (CA), in which the cell in regular grid changes to finite number of
possible states according to a local interaction rule (Von Neumann 1966; Wolfram 1984), was
utilized to predict land use changes. CA has been very successful in view of their operationality,
simplicity and ability to embody both logic and mathematics‐based transition rules, thus enabling
complex patterns to emerge directly from the application of simple local rules. It presents a powerful

simulation environment represented by a grid of space (raster), in which the consequences of trends
and policy interventions are visualized by means of dynamic year‐by‐year land use maps. Transition
possibilities depended on the state of a cell, and the state of its surrounding cells such as elevation,
vegetation, soil, road, river etc.
Variables
For land use simulation in CA, a number of biophysical and socio‐economic parameters act as the
factors of land use change. In this study parameters are categorized into two main groups: bio‐
physical parameters and socio‐economic parameters (Table 1).
Table 1. Parameters in CA
Category

Data description

Bio‐physical parameters

Elevation
Slope
Aspect
Soil type
Forest biomass
Soil carbon density
Distance to river
Distance to road
Distance to previously deforested land
Distance to village

Socio‐economic parameters

Land tenure map
Protected/restricted areas, including sacred areas,
community lands
(or

returns)

of

competing

Labor supply
Government policy

A schematic diagram depicting the general approach in evaluating land use options utilizing the
above variables is shown in Figure 2.
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Economic and Equity Assessment of
Forest Management Options

•
•
•
•

REDD+/
Conservation
Carbon storage
Recreation
Biodiversity
Soil loss

•
•
•
•
•

Option A/BAU
Carbon storage
Recreation
Soil loss
Biodiversity
Marketed benefits

•
•
•
•
•

Option B
Carbon storage
Recreation
Soil loss
Biodiversity
Marketed benefits

Estimation Models

Benefits Transfer

NPV

NPV

INPUTS
Remote sensing data
 LU&LCC projection

Biophysical spatial
Socioeconomics spatial







Land tenure
Price differentials
Poverty incidence
Infrastructure
Government policy
Policy change simulation

NPV

Comparative Analysis of Benefits
Comparison between BAU, REDD+ and other alternatives

Comparative Analysis of Equity (various interest groups)
Who pays and who gets what?
Mitigation and Adaptation

 Multi criteria analysis
• Boolean overlays (polygon-based
methods) and Weighted Linear
Combinations [WLC]

DECISIONS

Figure 2: Economic and equity assessment of forest management options

3.0 Results & Discussion
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Both Malaysia and Indonesia are endowed with rich forests, which however are showing signs of
deforestation and degradation, primarily to meet various consumption requirements for humans.
Over the last two decades, forest area in Indonesia has reduced at the rate of 0.71 % per annum
(from 118.54 Million hectares) and at the rate of 0.42 % in Malaysia . They are primarily designated
as production forests (62 % of forests in Malaysia and 53 % of Indonesia forests) with some emphasis
on conservation of biodiversity and multiples uses (FRA, 2010). The share of planted forests to
primary and naturally renewed forests is rising in both countries resulting in an annual rate of
carbon‐stock reduction in living forest biomass at the rate of 1.7% per annum (Indonesia) and 0.8%
(Malaysia) during the period 2005‐2010). Conversion has been most rapid from the 1990‐2000
period, with rate of conversions peaking in Indonesia around 2000 (FRA, ibid). While in both
countries, the forests are predominantly considered as publicly owned, their administration appears
to be shared by the government or public bodies (90% in Malaysia .; 43% in Indonesia ) and business
interests (10% in Malaysia and 57% in Indonesia) , indicating pressures from different sets of
stakeholders. Several factors determine continued momentum of deforestation‐ almost all of which
are related to human activity.
Southeast Asia is home to 25 million hectares of peatlands, or 60% of all tropical peatlands. Borneo
island has some of the most biodiverse peat swamp forests, 80% of which are in Kalimantan,
Indonesia; 11% in Sarawak, Malaysia and a small percentage in Belait, Brunei Darussalam. Peat

swamp forests have high root to shoot ratios and occur on organic‐rich soils that can be up to
several meters deep (Komiyama et al. 2008, Fujimoto et al. 1999, Page et al. 2002). There are about
441,000 Km of tropical peatlands ~11% of the total peatland area; volume is ~18 ‐25% (Page et al.
2010).Total Carbon (C) stored in these ecosystems may be among the largest forest C pools on earth.
Peat swamp forest also provides a vast number of ecosystem services, but in this ecosystem,
deforestation rates are very high resulting in high levels of carbon emissions. Consequently, peat and
mangrove forests are especially valuable as sites for REDD strategies.

Malaysia

Ground truthing and rapid social impact appraisals of the study areas in Sibu and Mukah districts in
Sarawak Malaysia shows very clear links between infrastructural development such as bridges and
highways on deforestation for oil palm expansion. Socio economic variables such as land tenure and
labor availability from neighboring Kalimantan (Indonesia) also add to the dynamics of forest
conversion in Sarawak. Specifically, when land is alienated to private companies including state‐
owned companies, more pronounced expansion of oil palm areas from forest conversion is seen. On
the other hand, oil palm cultivation among the natives is mainly in the form of scattered,
unorganized, small farm holdings. There are also cases where the natives attempted to forge
partnerships with the private companies to develop the Native Customary Rights (NCR) areas for oil
palm development. Overall, while oil palm expansion has been able to generate new value adding
activities to the state economy, there is little indication that such developments have been
instrumental in providing stable employments and hence poverty alleviation impacts among the
poor indigenous communities. There is also no certainty if oil palm expansion in the state which
affects the mainly biodiversity rich and environmentally sensitive peat lands areas would result in
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Sarawak, as the largest state in Malaysia, has the biggest reserve of peat land, with approximately
1.5 million hectares of peat land. Presently, an increasing area of the peat land is converted into
agricultural land (Jamaluddin, 2002). There are approximately 554,775 ha of peat under cultivation
in the state of Sarawak (Melling and Ambak, 1999), mostly as oil palm.
A study by Sarvision (2011) reported that the deforestation rate over entire Sarawak showed an
increasing trend for the period 2005‐2010. From 2005 to 2007, 1.89% of the total forest cover was
cleared, compared to 2.14% from 2009‐2010. Miettinen et al (2011) found that an average of 7.7%
of peatland has been cleared annually during the period 2000‐2010.
Meteorological data such as total monthly rainfall and mean monthly temperature were studied for
a 30 year period from 1980 to 2010 for Sibu in Sarawak.
According to Dambul and Jones (2007), based on preciptation data from 1968‐2001, Sibu falls under
a Samarahan climatic group, while Pulang Pisau in central Kalimantan falls under the Sintang climatic
group. The Samarahan climate has its lowest precipitation during the late southwest monsoon, while
its highest rainfall occurs during the northeast monsoon. The driest 3 months occur from May to
August, while the wettest months occur from December to February. The Sintang climatic group
receives its lowest precipitation during the northeast monsoon, while maximum precipitation occurs
during both the northeast and southwest monsoons. The driest months occur from June to
September (Dambul and Jones, 2007).
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net economic benefits to the state and the country at large when the non‐marketed benefits and
costs are taken into consideration in the economic appraisals.

Figure 3 a and b : Photos of new oil palm plantations in Sibu, Malaysia

Figure 4: Forest clearing for plantations
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Figure 5: Sacred areas for communities in Mukah, Sibu
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Figure 6: Long House, Selangau, Sibu

Indonesia
Central Kalimantan is the biggest province of Kalimantan, It occupies about 153,800 Km2, and lies on
the equator lines of 0°45 NL to 3° 30 SL, and 111° to 116°EL. About 67% of the area is covered by
forest, while swamps, rivers, lakes cover approximately 2%, and agriculture land is about 7%,
plantation about 4.3 %, settlement and building about 0.81%. Palangkaraya is the capital city of this
province, which is located in the upstream regions of Kahayan River. The town occupies an area of
about 2,400 Km2. Plantation area covers 3,139,000hectare including commodities of palm‐oil,
rubber, rattan, coffee, cocoa and coconut. Food crops cover an area of 5,980,750 Hectares with
commodities of paddy, cassava, pineapples, corns, bananas, rambutan and cempedak (local fruit).
Forests in Central Kalimantan are chiefly peat swamp forest, with peat depth varying from 2 – 12 m.
Given that peat swamp forest stores the most carbon among different forest types, this province
was selected for a pilot project on REDD in Indonesia supported by funds from Norway.
Central Kalimantan also faces landuse change problems. Based on the plantation distribution data
(2010), the rubber and oil palm plantation have increased since 2007. Currently, the total plantations
were about 1.8 million ha, 70 and 25% of them are oilpalm and rubber plantation respectively.

Pulang Pisau Regency is part of Kalimantan Tengah Province, located between 10º ‐ 0º S and 110º ‐
120º E. In 2002, Pulang Pisau became a new regency separated from Kapuas Regency as the main
regency and consisted of 6 districts. After the passing of the Autonomy Region Acts, Pulang Pisau
was further subdivided into 8 districts‐ Kahayan Hilir, Kahayan Tengah, Kahayan Kuala, Pandih Batu,
Maliku, Banama Tingang, Jabiren Raya and Sebangau Kuala.
Total area of Pulang Pisau Regency is 8.997 km² or 899.700 Ha (5,85 % from the total area of
Kalimantan Tengah Province), which is divided into two big areas, the ebb tide area (in the south
area) potentially suitable for food crops agriculture, while the non ebb tide area (in the north area) is
suitable for estate crops area. The areas are divided into: Protected area: 1.961 km², Peat swamp
forest (2.789 km²), mangrove (280 km²) and Wetland (65 km²). Gross Regional Domestic Product of
Pulang Pisau Regency by industrial origin at current market prices from 2002 – 2007 shows that
most returns came from agriculture industrial origin at a magnitude of 538.050 million Rupiah which
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has increased from the previous year and the least from mining (around 2.484 million Rupiah).
River/water transportation is used to trade agriculture product in the capital city of Pulang Pisau.
The temperature in Pulang Pisau on an average is about 21º C to 23º C and the highest temperature
reaches 36º C. The highest rainfall occurs between October to March, with the rainfall volume about
2,000 mm to 3,500 mm every year. Pulang Pisau Regency also has two rivers Kahayan River (± 600
km), Sebangau River( ± 200 km) and a coastal area of Java Sea, ( ± 153,4 km). There are 92 villages in
Pulang Pisau Regency.
Sebangau Kuala district is the biggest district of Pulang Pisau administrative region. With an area of
3.801 km² (around 42,25 % of total area), Sebangau Kuala has eight villages. The smallest district is
Kahayan Hilir, which only has 360 km² (around 4% of total area), although it has the highest
population density (68 inhabitants per square kilometer). Pulang Pisau Regency was a predominant
area for transmigration of population from Java Island in 1980’s. As mentioned, in the Pisau
Regency, the percentage of forest area is bigger than agriculture or estates area, providing various
forest products in Pulang Pisau such as rattan, honey and sawn timber.

Study Site : Anjir Village in Kahayan Hilir District.
Anjir Village is the Capital City of the Pulang Pisau Regency. Anjir Village belongs to the Kahayan Hilir
District. Table 2 below shows the Demography of Kahayan Hilir District.
Table 2 Demography of Kahayan Hilir District
House Hold

Man

Women

Total
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Village area Density
(per km2‐ )

KAHAYAN HILIR

5.648

12.308

11.597

23.905

360,00

66,40

01. Buntoi

609

1.146

1.154

2.300

90,00

25,56

02. Mintin

587

1.161

1.305

2.466

48,00

51,38

03. Mantaren II

460

1.036

993

2.029

4,99

406,61

04. Mantaren I

361

630

690

1.320

55,01

24,00

05. Pulang Pisau

1649

3.908

3.162

7.070

66,40

106,48

06. Anjir Pulang Pisau

757

2.004

1.995

3.999

22,20

180,14

07. Gohong

669

1.252

1.208

2.460

60,00

41,00

08. UPT. Anjir P.Pisau

395

795

782

1.577

7,80

202,18

09. Kalawa

161

376

308

684

5,60

122,14

.
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Figure 7 Pulang Pisau Spatial plan (Pulang Pisau Statistical Bureau, 2010.)
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Participatory Rural Appraisal (PRA) was conducted in Anjir Pulang Pisau Village based on a semi‐
structured questionnaire (Figure 2).

Figure 3. Discussion in the secretary of Anjir Pulang Pisau Village (left), rubber tree plantation
behind the houses in the Anjir Pulang Pisau Village (right).

Effect of Landuse change in Pulang Pisau and comparative study in Klampangan Village

Project Reference: EBLU2010‐01NSY(R)‐Suneetha

Klampangan

]
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In 1995, a million ha mega rice project was established in the peat swamp forest in Klampangan
about 60 km from Palangkaraya (Capital City of Central Kalimantan Province), that involved building
of water channels and roads to enable rice cultivation. Biological and physical factors underwent
changes including: decreased biodiversity, decreased water level in the peat swamp forest,
subsidence in the peat swamp forest and frequent forest fires in this area. These are attributed to
the forest degradation and establishment of canals for water irrigation in the project area ( Figure 4).
The length of canals from Kahayan to Sebangau Rivers is about 4,470 Km, whose establishment has
decreased water levels especially during the dry season. Therefore the local government and
university tried to block the canals by using small dams. However, the establishment of dams to
block water further affected water levels. About 16 years after establishment of canals, resettlement
of people from the streets of Klampangan village to the Sebangau river area has been proposed (see
Figure 5). This is expected to affect the ecosystem and biodiversity of the forests, due to chances of
increasing forest fires and impacts of human disturbance.
Figure 8. Canal in the Klampangan during dry season (left) and dams were established to protect
the water level in the canal which were built during the Mega rice project in Klampangan (right).

Figure 9. Resetlement was established along the canal (Left) and canoe for the transportation
along the canal (Right).

Pulang Pisau area is far from Million hectare mega rice project. This Regency is located in the down
stream of Kahayan Watershed. Almost all areas along Kahayan watershed was converted to rubber
tree plantation since Holland colonialism. With the booming of oil palm plantation in Kalimantan,
some of the area was converted into Oil palm Plantation. The plantations mainly belong to Private
Companies. Some of the oil palm plantations are new as seen in the figure 10. The palms are
cultivated in large area and some times in combination with rubber tree (Figure 11, 12).
Figure 10. New oilpalm Plantation in Pulangpisau Dictrict, Central Kalimantan.
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Anjir Village (Pulang Pisau District)
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Figure 11 Mixed Oil palm and rubber plantation in the Pulang Pisau Regency.
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Figure 12. Small canal near Oil palm plantation for irrigation.

The oilpalm plantations distributed in the Pulang Pisau region are new plantations as seen in the
data from the BPS (Center for Statistical Bureau, 2010). Oil Palm plantation in Pulang Pisau Regency
is one of the lowest in the area (Figure 9), possibly due to the establishment of rubber plantation
since Holland Colonialism (besides the competitive price of rubber). The major crops cultivated in
the area are coconut, rubber and paddy as highlighted below.

Figure 13: Oil Palm distribution in Pulang Pisau, (2010)
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ng Pisau Disttrict increaseed since 2002 – 2004 an
nd
decreased
d gradually until
u
2007, while
w
the drylland paddies production increased sin
nce 2002 until
2007 (Figgure 12). Thee harvested area of wet land paddie
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productio
on around 49
9.896 tons. Meanwhile
M
the harvested area of dry land paddiess in 2007 were

12.722 hectares with total production around 36.928 tons. This preference for upland rice is rising
due to increasing crop destruction from unseasonal flooding.

Legal dimensions of forests and equity in the context of REDD‐plus
In Malaysia and Indonesia, equitable legal relationships between forest‐dependent people with one
or a combination of other REDD+ actors will not develop automatically. Instead, equitable
environment‐related legal negotiations and policies need to be actively fostered. In REDD+, this
implies effective mechanisms to overcome power imbalances in negotiations and difficulties of
forest‐dependent people in complying with legal requirements.
In the context of payment for ecosystem services, the research has aimed to further the
understandings of how equity is or is not addressed in existing land use and climate legislation,
especially those aspects related to the content of legal provisions concerning REDD+.
The UNFCCC and associated decisions have not yet spelled out the process for implementing the
equity dimensions and social safeguards in REDD+ projects especially at the sub‐national level,
although efforts appear to be ongoing (UNREDD, 2011)). Hence, it has not been the location where
the parameters of equity are being set in practice. In Indonesia, legal dimensions of REDD+ are being
shaped, in practice, through REDD+ Ministerial Decrees, as well as by national and pre‐exisiting legal
instruments such as the Constitution and the Forest Law. (see attached Manuscript)
The analysis of the Indonesian REDD+ Decrees within a multidimensional equity framework reveals
how these legal instruments provide specific guidance framing the implementation of REDD+ carbon
projects in Indonesia such as articulating various REDD+ stakeholders and and prescribing the
distribution of benefits generated by carbon projects. Yet, the equity outcomes of the procedural
and distributive rights articulated in these Decrees depend on the broader contextual dimensions of
equity such as rights to land, resources and required legal status to engage in contractual
negotiations. (see attached Manuscript)

REDD plus payments for reducing carbon and improving ecosystem services aim to set up a
development mechanism involving stopping deforestation and promoting sustainable forest
management. As mentioned earlier, we aim to integrate biophysical and social variables evaluating
potential REDD –plus measures into a land use option framework. It aims to evaluate REDD+
effectiveness on carbon emissions, ecosystem services, biodiversity and social‐economic aspects
under difference land use scenarios.
Table 3 . Overview of data types and classes used in the study
Data types

Data classes

Source

Land use

Dense forest

Land use maps
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Analytical framework
While some of the data constructs from the field are still being compiled and subjected to analysis, a
pilot testing of the model was carried out with benchmarking data from Bawan village study site in
Central Kalimantan region of Indonesia. The process of model building and results are highlighted
below.
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Peatland
Sparse forest
Cropland
Road
River
Biophysical

Elevation

SRTM data from NASA

Slope
Aspect
Accessibility

Distance to river

Derived from land use maps

Distance to road
Distance to previously deforested land
Distance to village

This was done using the following methods:
1 Mapping historical deforestation

Project Reference: EBLU2010‐01NSY(R)‐Suneetha

In order to map historical deforestation, Landsat images in 1989, 2000, 2005 and 2009 were
classified into 6 land use classes: dense forest, peatland, sparse forest, cropland, road and water.
According to FAO (1993, 2001), ‘deforestation refers to a conversion of forest to other land use such
as new agricultural land or unsustainable plantation, or a long‐term reduction of the tree canopy
cover’. As such changes from dense forest, peatland and sparse forest were included in
‘deforestation’ category.

]
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The biggest challenge for identifying land use classes in the study area resides in capturing the
vegetation variability in dense forest, peatland, sparse forest and cropland. The development of
vegetation indices from satellite images like NDVI ameliorated the difficulty to differentiate
vegetation’s structure and composition through combination of its normalized difference
formulation and use of the highest absorption and reflectance regions of chlorophyll (Martinuzzi
et.al. 2008; R. D. Jackson et.al. 1993). This led to the utilization of a supervised classification method
on combination of Landsat and NDVI data for delineating vegetation classes (Figure 2). Ground truth
information through field survey and Google Earth was used to identify areas that corresponded to
various classes on the ground, and information about each class was derived from this
representative set. This information was located by fieldwork or high resolution air photographs on
Google maps.

Fig 13Procedure of remote sensing interpretation

2 Modelling future land use

The purpose of the MCE module is to investigate a number of choice possibilities in light of multiple
criteria and conflicting objectives (Voogd 1983). The core principle behind MCE is the concept of
compatibility for multiple land uses rather than single use. Appropriate criteria are identified after
setting the objective. It should be noted that this selection is not exhaustive, and only those criteria
for which information is available are considered (Mohd H.vI. 2009). For this reason, agriculture
profit, plantation profit, carbon emissions, water erosion and biodiversity were chosen as criteria in
this study. The next step involves allocation of criteria weight. It was carried out through pairwise
comparison method and analysis hierarchy process (AHP). Pairwise comparison method compares
two criteria and allows comparison of two criteria at a time. Meanwhile, AHP provides a
mathematical method of translating subjective assessment of relative importance into a linear set of
weights (Saaty 1980). Consistent ratio (CR) was used to examine the consistency of selection of
pairwise comparisons.
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REDD+ can be described as value sets (carbon emissions, ecological services and socio‐economic
values, etc.) that could be achieved through reasonable land use policy. Its effectiveness could be
evaluated by combining multi‐criteria evaluation (MCE) and cellular automaton system (CA)
techniques under different land use scenarios.
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The predictive deforestation module should address two key issues: how much deforestation will
take place in the future and where the predicted deforestation will occur. For the first issue, the
deforestation rate was determined by demands of agriculture, plantation and road. A cellular
automaton system (CA), in which the cell in regular grid changes to a finite number of possible states
according to a local interaction rule (Von Neumann 1966; Wolfram 1984), was utilized to predict
deforestation location. Transition possibilities depended on the state of a cell, and the state of its
surrounding cells such as elevation, vegetation, soil, road, river, etc.

Depending on land use options, a number of scenarios could be generated, leading to different
deforestation results for the future. In this study, three important scenarios of business as usual
(BAU), economic development and REDD+ were considered, based on the government’s policy
during the period 2011–2020. Scenario 1 provides a BAU forecast, assuming that the study area will
develop at historical deforestation rate. Scenario 2 presumes that the major goal is to maximize
production to alleviate the population pressure and increase profit for villagers by focusing on
economic development. For this reason, agriculture and plantation area will increase dramatically.
Scenario 3 concerns implementation of REDD+. The REDD+ principle calls for minimizing carbon
emission and promoting ecosystem services simultaneously through a compensation mechanism, so
that sustainable development could be assured. In this respect, reducing carbon emission, reducing
water erosion and improving biodiversity are main considerations. Criteria weights in scenario 2 and
scenario 3 are presented in Figure 4.

Figure 14 Criteria Weights in scenario 2 and scenario 3
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3 IPCC inventory method
The methodology in the IPCC guidelines (2006) assumes that net emission is equal to carbon stock
changes in the existing biomass between two time‐series points. Such carbon stock is obtained
through multiplying land area by representative value of carbon density in the corresponding
ecosystem. According to IPCC, five carbon pools of C‐above, C‐below, C‐dead, C‐litter and C‐soil were
used in this study. However, only those needed were calculated, depending on their land use change

categories (Table xx). According to IPCC guidelines the sign of C gains is always negative (‐) and that
from emission/losses is positive (+).

Table 4 Guidance to carbon pool selection depending on land use change (modified from
Brown, S. 2007)
Land‐use change

Biomass
C‐above

C‐dead

C‐soil

C‐below

From dense forest +++
to cropland

++

From sparse forest +++
to cropland

++

+

From peatland to +++
cropland

++

+

+++ means “always include”, ++ means “inclusion recommended” and + means “inclusion
possible”, blank means “not include”.
4 RUSLE model

A=R*K*L*S*C*P
Where:
A = water erosion indicator of annual soil loss
R = rainfall‐runoff erosivity factor
K = soil erodibility factor
L = slope length factor
S = slope steepness factor
C = cover‐management factor
P = conservation factor
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REDD+ interventions produce more benefits aside from reducing carbon emissions through
enhanced ecosystem services. For example, available water holding capacity (AWC) and water
quality increase proportionately with forest area. In this study, Revised Universal Soil Loss Equation
(RUSLE) was used to evaluate water erosion potential. RUSLE model, which has been widely used to
assess water erosion risk related to changes in nature and anthropogenic activities, represents how
climate, soil, topography, and land use affect rill and interrill soil erosion caused by raindrop impact
and surface runoff (Renard et al. 1997). It is a popular method for measuring the annual water
erosion value in tropic regions like Indonesia (Ambar 1986). RUSLE computes average erosion as
(Renard 1997):
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R factor represents the climate input that drives the sheet and rill erosion process, and differences in
R values depict differences in erosivity from precipitation, which was derived from the National
Centers for Environmental Prediction (NCEP) Reanalysis data in the study area.

LS factor accounts for the erosion effect from topography, which was computed through Digital
Elevation Model (DEM) data from the United States Geological Survey (USGS). The slope length was
assumed to be fixed as 15 m according to Ogawa et al. (1997). The topographical factor LS was
determined by using the equation recommended by Morgan & Davidson (1991).

C factor is very important as it measures the effects of all the interrelated cover and management
variables, which are easily influenced by humans (Renard et al. 1991). It is assumed that abundant
vegetation cover associated with a complex stand structure results in less water erosion, whereas
bare land lacking vegetation cover protection induces higher soil loss (Kenneth G. Renard et. al.
1991). In the original equation, the factor C is defined as the ratio of soil loss from land cropped
under specific conditions to the corresponding loss from clean‐tilled, continuous fallow (Wischmeier
& Smith 1978). In this study, C factor was estimated based on analysis of NDVI, which gives an
indication for differences in green vegetation coverage.

NDVI was scaled to approximate C factor using the following formula, developed by the European
Soil Bureau:

Project Reference: EBLU2010‐01NSY(R)‐Suneetha

where α, β are the parameters that determine the shape of the NDVI‐C curve. An α‐value of 2 and a
β‐value of 1 seem to give reasonable results (Van der Knijff et al. 1999).
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K factor represents the susceptibility of soil to erosion under standard plot conditions, which is
determined by the proportions of sand, silt and clay in the soil, the organic matter content, soil
structure and permeability. In the study area, information on soil structure and profile permeability
was not available. Therefore, it was regarded as a constant in the calculations for the entire area.

P factor is the ratio of soil loss with a specific support practice to the corresponding loss with up and
down slope cultivation, which is unusual in this area. Therefore, it was excluded from the
calculations.

5 Landscape metrics

Landscape metrics measure the spatial structure of landcover metrics in terms of composition
(number, proportional frequency, and diversity of landscape elements within the landscape) and
configuration (spatial position and distribution of the elements within the landscape) (F. Giordano
and A. Marini 2008). A number of forest fragmentation metrics that describe the forest composition
and configuration are listed as follows (McGarigal and Marks 1994): Number of Patches (NP), Patch
Density (PD), Largest Patch Index (LPI), Mean Area (AREA_MN), Mean Shape Index Distribution
(SHAPE_MN), Area‐weighted Mean of Shape Index Distribution (SHAPE_AM), Mena Euclidean
Nearest‐Neighbor Distance (ENN_MN) and Interspersion and Juxtaposition Index (IJI).

Calculation of forest fragmentation metrics was undertaken using Fragstats, a programme
developed by the Department of Natural Resources Conservation, University of Massachusetts
(McGarigal and Marks 1994). This study mainly focused on the woody vegetation class including
dense forest, peatland and sparse forest, and fragmentation analysis was performed on the land use
maps.

6 REDD+ compensation

The profits from stopping deforestation through REDD+ compensation mechanism involves two
factors: carbon price (USD/ton CO2) and the amount of CO2 from avoiding emissions. While forest
conservation represents a prime source of low‐cost reductions of GHG emissions, especially over the
next ten or twenty years, there is no place for these tons in existing carbon market policy
frameworks (the Kyoto Protocol, the current EU Emissions Trading Scheme) (EDF 2008). However,
substantial progress in measuring forests and addressing leakage would allow REDD+ credits to be
used for compliance in cap‐and‐trade programmes. This could accomplish several goals at once: it
would create a powerful incentive for the protection of tropical forests, transform the dynamics for
forest protection world‐wide, encourage large emissions reductions in tropical forest developing
nations, and help preserve the world’s options to avert global warming of more than two degrees
above preindustrial levels. In addition, REDD+ credits could help to manage the costs of compliance
in countries that take on economy‐wide caps helping to create and maintain the political will to
achieve deep reductions in emissions (EDF 2008). With the assumption that forest carbon credits in
the compliance market would allow all forestry activities in developing countries, including
afforestation and forest management as well as reduced tropical deforestation after 2010, the
projected carbon price from the Environmental Defense Fund (EDF) was adopted, in which carbon
price begins at USD16/ton CO2 in 2012, then rise to USD24/ton CO2 in 2020 and maintain at
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The so‐called “ton‐year approach”, which has been discussed in the Intergovernmental Panel on
Climate Change (IPCC) Special Report on Land Use, Land‐Use Change and Forestry (Watson et al.
2000), was adopted in this study for computing REDD+ compensation. Under this payment
framework the compensation fund would be paid year by year by checking the forest management
practices on carbon accumulation in order to ensure permanence and to assign liability, rather than
verifying the existence of trees in the area and paying only once.
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USD40/ton CO2 till 2035 (EDF 2008). Such profit should remove the initial REDD+ project cost of
USD25 per hectare and USD10 per hectare for annual maintenance fee (Thoumi 2009).

Historical deforestation
Carbon emissions
In 1989, forests covered 36,147 hectares, or 75.4% of the total study area (Figure 5). During the
period 1989–2009, intensified anthropogenic activities mainly aggregated in agriculture, rubber
plantation and illegal mining. Land use maps derived from Landsat satellite images show a rapid
decrease in forest area with an average annual change rate of 2.92%. Farming and plantation
together revealed an increase of 2.65% annually while roads also increased in this period. With area
increase of 8,403 hectares in 21 years, due to conversion from sparse forest, farming and plantation
were the dominant activities causing deforestation. Deforestation was distributed along rivers and
roads, where humans could reach easily. Total carbon storage showed a substantial decrease in the
period under analysis. This is to be expected given the consistent reduction in the area of forest with
larger biomass content. The results concerning carbon emissions, 859.9 thousand metric tons CO2
for 1989–2000, 273.0 thousand metric tons for 2000–2005 and 1,471.3 thousand metric tons for
2005–2009, present an increasing trend in recent years.
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Figure 15 . Land use maps in 1989, 2000, 2005 and 2009

]

27

Year 1989

Year 2000

Year 2005

Year 2009

Forest fragmentation

Year

NP(#)

PD(#/10
0a)

LPI(%)

AREA_
MN(ha)

SHAPE_
MN(‐)

SHAPE_
AM(‐)

ENN_M
N(m)

IJI(%)

2005

52

0.11

66.46

639.72

2.10

7.95

222.55

27.84

2009

68

0.14

29.73

449.87

2.26

5.90

103.78

21.87

Habitat fragmentation affects the ecology of tropical forests by changing the composition and
configuration, leading to genetic isolation of plants and animal species, reducing genetic biodiversity
of species (W. F. Laurance & R. O. Bierregaard 1997). For instance, reduced dense canopy cover in
tropical forests may result in greater mortality of drought‐sensitive plants (Benitez‐Malvido 1998;
Sizer & Tanner 1999).

During the period 2005–2009, the NP substantially increased, suggesting the breaking up of
vegetation areas into smaller parcels (from 52 to 68 patches) (Table 3). This view that extensive land
transformation occurred in the forest is further supported by the LPI, which was reduced from
66.45% to 29.73% of the landscape. The AREA_MN decreased from 639.72 to 449.8663. This
indicates that forest patches increased and became less contiguous in distribution (D. Geneletti
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Table 5 Forest fragmentation metrics in 2005 and 2009
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2004). Regarding patch shape, SHAPE_MN of woody vegetation class for 2005 and 2009 were
greater than 1, indicating that the average vegetation patch shape in all landscapes is non‐
squareshaped. The 2009 patches (more fragmented) were slightly less irregular in shape than the
2005 patches (less fragmented). Measure of decreasing SHAPE_AM indicates increasing complexity
and variability in patch shape, representing negative impacts on biological integrity. The ENN_MN
for the 2005 and 2009 images decreased from 222.55m to 103.78m. These values indicate
decreasing inter‐patch connectivity due to fragmentation. The 2005 image had higher IJI than the
2009 image (27.84 against 21.87) indicating that the vegetation patches in the former were well
interspersed or equitably distributed among patch types (i.e., equally adjacent to each other). The
2009 landscape indicates more disproportionate distribution of vegetation patch adjacencies,
implying that the forest underwent considerable fragmentation of vegetation.

Relationship between carbon emissions and forest fragmentation

Figure 16 Carbon stocks and forest fragmentation metrics in 2005 and 2009
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SHAPE_MN
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AREA_MN

Percentage changes could provide consistent and comparable measures of carbon emissions and
forest fragmentation. Figure 6 shows that the percentage changes between 2005 and 2009 in carbon
stocks and forest fragmentation metrics. The percentage change in the carbon stocks is 11.9%. Such
decrease was accompanied with 30.8% increase in NP, 30.7% in PD and 7.6% in SHAPE_MN,
suggesting that the forest ecosystem was changing in both carbon storage and forest landscape
structure. Meanwhile, LPI, AREA_MN, SHAPE_AM, ENN_MN and IJI decreased by 55.3%, 29.7%,
15.8%, 53.4% and 21.5%, respectively. In this sense, carbon emission and forest fragmentation were
well integrated.

Relationship between carbon emission and water erosion
Relationship between carbon emission and water erosion was investigated analytically through
correlations. The correlation coefficient in each pixel between carbon emission and water erosion
was calculated and classified, to assess this relationship. A correlation map (Figure 7) was produced
with intensity in blue defined as increasing negative correlation, and intensity in red defined as
increasing positive correlation. Overall, high correlation between carbon emission and water erosion
in the whole study area (r= 0.84) was found. Whilst the area in most parts of the research area
indicated positive correlation coefficients, the area along the river showed negative correlation. The
areas with positive correlation were approximately 8880.58 hectares corresponding to 96.0% of the
changing forest. In these areas, the portions showing strong correlations (0.8 to 1.0, 0.6 to 0.8 and
0.4 to 0.6) were 95.8%. The negative correlation areas accounted for 4.0% (374.1 ha) of the changing
forest. This result supports the view that there are strong synergies between carbon loss and soil
erosion in tropical forests.

This result is not unexpected, given that forests play a key role both in carbon sinks and soil
conservation. Some work indicates that the secondary forest cover from logging does not protect
soil as primary forest does, nor can it easily compensate the physical damage already inflicted on soil
(compaction, loss of soil‐structure, removal of organic litter) (Abdulhadi et al. 1981). And if logging is
followed by fire, erosion is even greater (Ewel & Conde 1980).
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Figure 17 Correlation between carbon emission and water erosion during 1989‐2009
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Scenario analysis
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Scenario 2, economic development, would result in 28.8% (3,615 ha) more deforestation area than
that in the BAU scenario. By comparison, forest area would increase by more than 36.0% (4,517 ha)
in the REDD+ scenario (Figure 8). In the study area, the REDD+ scenario would lead to avoided
emissions of approximately 4,846.9 thousand metric tons of CO2 during the period 2011–2020
relative to the BAU scenario, which would amount to USD72.3 million of compensation from the
world carbon market (Figure 9). In contrast, the economic development scenario would increase by
more than 3,982.3 thousand metric tons of CO2 over BAU. For ecosystem co‐benefits, water erosion
under the REDD+ scenario would decrease by 10.0% and increase by 8.1% under the economic
development scenario.
Figure 18. Deforestation area, carbon emissions, water erosion and Patch Density (PD) under 3
scenarios
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Figure 19. REDD+ accumulation compensation during the period 2011‐2020
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Hotspots
One of the objectives of this study is to provide practical suggestions allowing policymakers to
evaluate deforestation risk. As such, accessibility was quantified by weighting and aggregating
human disturbance characteristics in the study area. For example, an area with easy access to road
and river would have a high risk of deforestation, in comparison to remote areas. The results were
classified into 3 categories: low risk, moderate risk and high risk. Risk maps (Figure 10) clearly
present which areas of forest are under high deforestation threat and thus inform policymakers to
avoid further deforestation.
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Figure 20 . Hotspots under 3 scenarios
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The study aimed to evaluate the tradeoffs between conservation and development goals in forest
ecosystems using case studies from Malaysia and Indonesia.
From the field impressions, it is quite evident that economic and political drivers play a significant
role in the determination of land use options in an ecosystem or landscape, in turn affecting social
and natural system integrity. As can be seen from both regions, policy decisions related to relocation
of people or undertaking unsuitable land use activities such as establishment of rubber or oil palm
plantations, opening lands for cultivation or new infrastructure – have resulted in loss of
biodiversity and ecosystem services and reduction in the welfare of the populations especially
dependent on the ecosystem. While duly acknowledging that policymakers are also under pressure
to increase potential revenues from available natural assets (tropical forests being a good example),
our research also points out that in such cases it is important that a comprehensive assessment of
the consequences of implementation to the biophysical richness of the ecosystem and the socio‐
cultural ties to it is essential to enable us to carefully evaluate the potential benefits and costs
derivable from any land use option.
The modelling exercise that was piloted helped identify the historical deforestation at Bawan village
in Central Kalimantan, where deforestation is a major contribution to GHG emissions, biodiversity
losses, and water erosion. The analysis on the relationship between carbon emission and water
erosion supports the expectation that the detachment and removal of soil material will increase with
lost carbon simultaneously. Indeed, high correlation between biomass carbon loss and water erosion
was found in the study area indicating that when forests are lost or degraded, the ecosystem‐based

benefits they deliver would disappear with the carbon stocks they contain. While uncertainty exists,
it is believed that the combination of high resolution satellite images such as Landsat TM and NDVI is
suitable to support credible deforestation monitoring in the tropics. A predictive model was
developed to project the forest that would disappear and identify the high, moderate and low risk
deforestation areas under different land use scenarios. The model shows that if this deforestation
rate continues unabated, a further 12,555.5 hectares of forest would disappear from 2011 to 2020.
Furthermore, under the scenario of economic development, deforestation area would increase by
more than 3,615 hectares. This would trigger a catastrophe in heath forest and peat swamp in this
area. On the other hand, significant emissions reductions could be achieved under the REDD+
scenario, with more than 4,846.9 thousand metric tons of CO2 reduction relative to the BAU
scenario. Spatially explicit models can reveal where, when and how much forests would be
converted to other lands under different land use policies, and also presents deforestation risks from
anthropogenic activities. Areas with high deforestation risk should receive special attention in land
planning priorities. As a result, an optimal land use strategy could be achieved, thereby assuring
emissions reduction from deforestation and forest degradation and long‐term environmental
conservation. Although the modeling exercise might be a simplification of the complex realities of
land use decision making in forest ecosystems, such an integrated exercise allows a comprehensive
assessment and projection of land use change over a period of time including the drivers of change,
and thence ways forward for better land use decisions.

Future Directions

The data from the study areas are still being analysed fully to develop a comprehensive decision
support tool for land use management in forest ecosystems. We realize that, increasingly
discussions related to REDD‐plus are taking note of the fact that for the scheme to be successful, an
optimization of land use priorities needs to be undertaken referred to variously as Multiple Benefits
or with additional –plus suffixes. The next stage of our research would be to develop a prototype of
a decision support tool that would enable more comprehensive decisions related to forest land use
management, accounting for ecological and social pressures and priorities. We expect this tool to be
ready by middle of 2012, and then hope to make it a web based application. However, we also
realize that this research would still be work in progress, and hope to build new research
collaborations with relevant partners to refine our arguments and strengthen this area of research
further.
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