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 Summary

The study attempts to understand the changes in forest cover and above ground carbon storage in community managed forest in Nepal. The study is an attempt towards exploring the potential of community forestry being eligible in clean development mechanism of Kyoto protocol. This potentiality of community managed natural forests can only be verified, among other things, if it can be shown that there has been an additional amount of carbon stored during a synoptic time interval (i.e current and business-as-usual scenario). In the attempt to estimate net carbon stored in the concerned natural forests, the study will employ and test the transferability of a pre-developed predictive relation (developed in moist tropical forest of Southern Chittagon, Bangladesh by Rahman, 2004) used successfully which uses dummy variables to correlate above ground biomass with spectral reflectance value of Landsat imagery in order to estimate net carbon release in a synoptic time interval at local scale.  If the transferability of the model found to be successful, the proposed study will contribute to the exploration of the potential of community forests in Nepal to be under Clean Development Mechanism (CDM) of Kyoto Protocol by making it possible to monitor carbon storage in a synoptic time interval. The changes in forest cover in the community forests after the community started managing government forest handed over to them would further contribute in verifying the potential. The study will employ both remote sensing and ground measurement techniques. High resolution Tera ASTER (15mX15m) and Landsat TM (30mX30m) satellite image of the year 2004 and 1989 will be analyzed respectively.  Recent ASTER image will be pre-classified and field verified to come up with recent forest cover map. The historical forest cover map will be obtained from analysis of current ground truthed data, field observation and ancilliary data available. The forest cover change map during the synoptic time interval will be obtained by overlaying historical and recent forest cover maps.  Above ground biomass of the study area will be estimated using sample plot inventory and allometric equations available for the species and will be converted into amount of carbon with the use of carbon conversion factor (50% of the biomass). Image processing and regression analysis with dummy variable will be used to come up with recent and historical above ground carbon map. The differences that would be observed in terms of change in forest cover and carbon storage in community and government managed forest will be translated as the effect of the different forest management regimes. The Satate versus market intervention in forestry, climate change and remote sensing as a technology will be the theoretical framework of the study. The study will follow descriptive and case study approach.
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1. General Introduction
1.1 Background 

The Kyoto accord, which aims to curb the air pollution blamed for global warming, has come into force seven years after it was agreed (BBC news, Feb 16, 2005). The accord requires countries to cut emissions of carbon dioxide and other greenhouse gases. Some 141 countries, accounting for 55% of greenhouse gas emissions, have ratified the treaty, which pledges to cut these emissions by 5.2% by 2012. 

Land-use change and forest management activities have historically been and are currently net source of carbon to the atmosphere (Brown et al. 1996). At the same time, there is potential for land-use and forestry activities to mitigate carbon emission by (1) emission avoidance or conserving existing carbon pools on the land (for example, slowing deforestation or improved forest harvesting practices, (2) carbon sequestration or expanding the storage of Carbon in forest ecosystem by increasing the area and/or carbon density of forests (for example, plantations, agro-forestry, natural regeneration, soil management etc). The potential amount of carbon that could be conserved and sequestered through an aggressive programme of such changes in land-use, land use change and forestry (LULUCF) practices over the next 50 years or so is equivalent to about 12 to 15% of the “business-as-usual” fossil-fuel emissions over the same time period (Brown et al. 1996). The tropics have the potential to conserve and sequester by far the largest quantity of carbon, followed by the temperate zone and the boreal zone (Brown, 1998).
The community forest management which is an essential part of life of local people in developing countries such as Nepal has a high potential as carbon sink. In this management system, the local people have been working to transform the unsustainable forests to sustainable ones (Klooster et al., 2000). Since issues of leakage, permanence and additionality are still under debate, community forest management is not eligible yet under CDM. Until now it is principally agreed upon two eligible forestry activities “Afforestation” and “Reforestation”. However, no definitions or exact threshold values (e.g. density or volume) are approved by UNFCC, when land qualifies for these activities. FAO and IPCC understand the term “Reforestation” as forestation of bare lands with natural or exotic species, which historically had a forest cover. Another competing definition is an increasing canopy coverage of an existing forest from a lower to a higher class (IPPC, 2002), which would imply an overlapping of terms “Forest rehabilitation” and “Reforestation”. Forest rehabilitation is not considered for the CDM at the moment, despite its potential for carbon sequestration (Smith and Scherr, 2002, cited by Lüpke, 2003).

Forests are an integral part of the farming system and ecosystem in Nepal. Over 95% of the Nepali populace directly depends on the forests for their need of timber and non-timber forest products (Gautam, K.H., 2004). The forest plays a crucial role in ecological and economic prosperity of the mountain watersheds. Nepali people ultimately value the forest as sources of their livelihood and are thus concerned how effectively forest resources are managed (Gautam, K.H., 2004). Policy reform in Nepal in last decades has rendered local communities (forest user groups or FUG) to regain control over vast tracts of forests. Currently more than 40% of the population in Nepal is directly involved in managing more than 16% of Nation’s forest under community forestry programme (HMG CF database, 2005). 
There have been growing beliefs and few studies indicating the positive impacts of Nepal's community forestry activities on the extent of forest cover. That is to say, the forest cover has increased substantially following the hand over of the forest to local community (Gautam et al, 2002).Thus community forestry is a successful example of preventing deforestation in Nepal. However, the community forestry schemes were actually set up for conservation and social development purposes, not with a climate related motive. Although this does not qualify for CDM under present “Land Use, Land Use Change and Forestry” (LULUCF) rules, Community Based Forest Management (CBFM) do result in additional carbon sequestration. If the decision regarding eligibility of forest management under CDM were to be reversed in the future, the financial incentives provided by sale of carbon offsets could potentially swing the balance and encourage many more communities to engage in this sort of forest management, and thus promote the protection of tropical forests and the avoidance of deforestation, which in itself a major environmental problem worldwide. (Skutch, 2003).
The present study attempts to understand the forest cover change and change in carbon storage in community managed forest and compare the result with nearby government managed forest in selected forest area of Chitawan district, Nepal. Pre-developed predictive models will be tested and used to estimate the change in amount of carbon. Any differences that would be observed in terms of change in forest cover and carbon storage will be translated as the effect of different forest management regime. 
1.2 Kyoto Protocol and Clean Development Mechanism

The Kyoto Protocol was formulated as output of the third conference of the parties to the UNFCCC 1997 in Kyoto, Japan and is seen as a landmark event in the history of global environmental regimes. With the drafting of the Kyoto Protocol, the subject of carbon sequestration has become stronger and important. The Protocol represents an international effort in limiting the continued release of greenhouse gases (GHGs) into the atmosphere by 5.2% lower than 1990 levels by 2012 and mitigate global warming. To expedite and achieve this, the Kyoto Protocol has attempted to motivate the world by adding an economic value to the management of carbon. 

A salient feature of the Kyoto Protocol are its innovative mechanisms to ensure cost effectiveness of climate change mitigation activities for Annex I countries and allow a certain degree of flexibility when implementing those measure. They are:

· Joint implementation (article 6 of the Kyoto Protocol) allows Annex I countries to implement projects related to emissions reduction and enhances sink management in territories of other Annex I countries. This generates Emission reduction units (ERUs), which can be traded among Annex I nations and thus help to fulfill their emission targets, when facing bottlenecks.

· The Clean Development Mechanism (CDM) creates certified emission reductions (CERs) by carrying out emission reduction and sink projects in Non Annex I countries (Article 12 of Kyoto Protocol). The latter type embraces activities in the land use, land use change and forestry sector (LULUCF).

· Emission trading enables Annex I countries to exchange emission reduction units (ERUs) and certified emission reductions (CERs) from Non Annex I countries.

One of the conditions for CDM is that emission reduction or sequestration must be additional to any that would occur without the project. They must result in a net storage of carbon and therefore a net removal of carbon dioxide from the atmosphere. This is called the additionality criteria and has been further explained below.

Additionality: An essential criterion under both Article 6 and 12 of the Kyoto Protocol is that the project’s activities must lead to carbon benefits that are additional to a “business-as-usual” scenario. The key aspects of additionality criteria are:
· “Baseline or without project case” To quantify the additional carbon benefits from LULUCF projects requires the development of a baseline scenario against which changes in carbon pools in the with-project case can be compared. For example, in a project aimed at avoiding emissions by preventing deforestation, the baseline would be based on predicting how deforestation in the project area would have occurred without the project over the life of the project. 

· “Leakage” Leakage is the unexpected loss of anticipated carbon benefits due to the displacement of activities in the project area to areas outside the project resulting to carbon emissions. For example, preventing deforestation in the project may cause the displaced persons to move elsewhere and deforest, thus there is little to no additional carbon saving. Leakage is commonly thought of as loss in carbon, but in some cases leakage can be positive where project activities inadvertently lead to more carbon benefits than originally estimated.

· “Permanence” A unique feature of LUCF projects is the possibility of a reversal of carbon benefits from either natural disturbances such as fires, disease, pests, and unusual weather events; or from the lack of reliable guarantess that the original LUCF activities will not return. However, strategies have been identified that could guard against such reversals such as establishment of contingency carbon credits, insurance etc.

The present study, however, is just a one step towards understanding these key aspects of the CDM criteria. Given limited time and resources available, the study would confine itself into understanding the additional carbon stored in the community managed forest and comparing it with nearby government forest.

2. Problem Statement
The implementation of Kyoto protocol has met a number of challenges. One of these is the lack of an agreed upon method to be used in the quantification and monitoring of carbon sequestration. When carbon becomes an internationally tradable commodity, accurate, precise, environmentally benign and cost effective methods is utmost.
To demonstrate real carbon savings and additionality, the procedures for verifying the carbon offsets must be very rigorous, using technically approved measurement methods. While the carbon held, for example by 30,000 ha of newly planted eucalyptus forest can be fairly easily assessed at any point in time, the changes in carbon held before and after patches of existing (mixed species, mixed age) forest are brought under community forests are much more difficult to measure and to verify (Skutch, 2003). Procedures have now been developed by the International Pannel on Climatic Change (IPCC) for the case of afforestation and deforestation (IPCC 2002) and these will need to be further developed if community managed forests are to be admitted in the future (Skutch, 2003). 

Before lobbying for community managed forests to be included under Kyoto Protocol’s Clean Development Mechanism, considerable understanding has to be developed on the following, among others (Skutch, 2003):

· Investigations are needed to verify if community-based forest management does in fact result in higher levels of carbon storage capacities in the forest ecosystem in the form of above ground biomass, leaf litter and soil, as well as root stock compared to unmanaged forest. Estimation of quantities of sequestration per annum and aspects of related specific management measures are necessary. 
· Approval of reliability of community forests to raise development benefits in addition to the carbon saved (i.e. meeting criteria of sustainable development). 
· Application/Adaptation of efficient methods to estimate and to verify such carbon savings and other benefits. These methods should be as cheap as possible in application; otherwise the transaction costs may put CBFM carbon out of the market. The proposed study will contribute in this need by assessing the reliability of remote sensing technique in estimating carbon savings.
The study will, however, contribute in the first type of need by understanding the change in carbon storage in community forest in the form of above ground biomass in addition to understanding the forest cover change in the same area.

3. Research questions
Given the general problem setting and background, the proposed study will pose following research questions 

· Does community forestry foster a significant increase of forest cover and vegetation cover in general?

· Does an increase in forest cover and vegetation cover as a result of community based management result in a higher level of carbon storage capacities by above-ground biomass?

· Can predictive relationl developed for estimating above ground biomass in tropical moist deciduous forest in Bangladesh be applied in the study area successfully?

4. Objective

General Objective:

The general objective of the study is to explore the potential of community forestry to meet the CDM criteria mainly through understanding the change in forest cover and carbon storage in the selected community managed forest. The specific objectives are:

.
· To estimate the areas of forest cover change in state and community managed forest between the time community started managing forest (in 1990) and now,
· To test the transferability of predictive relations in the test site in question that has been applied successfully in tropical moist deciduous forest in Southern Chittagon, Bangladesh,

· To estimate  the change in amount of above ground carbon stored in selected government and  community forests,
· To provide policy recommendations in line with the result of the study.
5 Theoretical Frameworks

5.1 State versus market intervention in forestry

The issue of how best to govern natural resources used by individual in common is no more settled in academia than in the world of politics (Cubbage et al, 1993). Some scholarly articles about the “tragedy of the commons” recommend that “the state” control most natural resources to prevent their destruction, other recommend that privatizing those resources will resolve the problem. What one can observe in the world, however is that neither the state nor the market is uniformly successful in enabling individuals to sustain long term, productive use of natural resource systems. Further, communities of individual have relied on institutions resembling neither the state nor the market to govern some resource system with reasonable degree of success over long period of time (Cubbage et al, 1993). In most cases integration between the two extreme positions occurs. Figure below represents the two extreme and other institutions in natural resources management.
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Figure: Schematic representation of two extreme and intermediary institutions in forest management.

The proposed study will contribute in understanding effects of state and community institutions mainly on changes on forest cover and carbon storage between government and community managed forest.

5.2 Global climate change
Global climate change is a change in long term weather patterns of the world. The green house effect is one example of recent climate change on the earth. The green house effect is a naturally occurring process that heats the Earth’s surface and atmosphere. During this process, sunlight passes through Earth's atmosphere as short-wave radiation. Some of the radiation is absorbed by the planet's surface. As Earth's surface is heated, it emits long wave radiation toward the atmosphere. In the atmosphere, certain gases called greenhouse gases absorb some of the long wave radiation. Greenhouse gases include carbon dioxide (CO2), chlorofluorocarbons (CFC's), methane (CH4), nitrous oxide (N20), tropospheric ozone (O3), and water vapours. Each molecule of greenhouse gas becomes energized by the long wave radiation. The energized molecules of gas then emit heat energy in all directions. By emitting heat energy toward Earth, greenhouse gases increase Earth's temperature. The greenhouse effect is a natural occurrence that maintains Earth's average temperature at approximately 60 degrees Fahrenheit. The greenhouse effect is a necessary phenomenon that keeps all Earth's heat from escaping to the outer atmosphere. Without the greenhouse effect, temperatures on Earth would be much lower than they are now, and the existence of life on this planet would not be possible. However, too many greenhouse gases in Earth's atmosphere could increase the greenhouse effect. This could result in an increase in mean global temperatures as well as changes in precipitation patterns. When weather patterns for an area change in one direction over long periods of time, they can result in a net climate change for that area. The key concept in climate change is time. Natural changes in climate usually occur over; that is to say they occur over such long periods of time that they are often not noticed within several human lifetimes. This gradual nature of the changes in climate enables the plants, animals, and microorganisms on earth to evolve and adapt to the new temperatures, precipitation patterns, etc.

Principally, these processes of climate change are induced by human activitie, like fossil fuel combustion and industrial production mainly in the northern latitudes and land use change, eg by deforestation in tropical countries (Schimel, 1995). The phenomenon of global climate change represents a typical “tragedy of commons” situation, where many stakeholders destroy or overuse resources that are considered as common, cost –free goods. According to Hardin (1968) this destruction is due to the individual economic decision, because renouncing from the collective use would mean a greater loss than continuing the use, even while accepting a declining performance of the used resource. 

5.3 The role of forest in global carbon cycle

Forests play a vital role in the global carbon cycle, they affect the global climate both physically and chemically (Houghton, 1998). Physically, they determine the exchanges of moisture and energy between the earth’s surface and the atmosphere and chemically by holding, releasing and accumulating carbon. C02 is assimilated by the plants visa photosynthesis, producing carbohydrates, oxygen and water and is emitted again to the atmosphere through respiration. The sequestration of atmospheric CO2, that is, the capture and secure storage of carbon that would otherwise be wantonly emitted to or remain in the atmosphere and enhance the greenhouse effect process, by photosynthetic plant activities of major importance to the health of the biosphere. Forests, which constitute about 80% of the living biomass in global terrestrial ecosystems, play a key role in stabilizing the global climate, next to the global oceans (Houghton, 1998). When forests are absorbing more carbon from the atmosphere than they release, they are assessed as a sink of carbon (IPCC). If more carbon is emitted to the atmosphere than is accumulated by the forests they are considered a source for atmospheric carbon. Whether forests act like carbon-sinks or –sources depend largely on the management and natural processes like occurrence of forest fires or stages of succession.
The aboveground portion of the total forest-biomass carbon is thought to be approximately 75-90%. The remaining 10-25% is located in the soil, particularly as root biomass. Ratios of aboveground biomass to belowground biomass may though vary in a range of between 1.32 and 0.1 in different ecosystem types (Rahman, 2004, after Olson et al. 1983, Körner 1989, Nilsson and Schopfhauser 1995).
According to (Moll and Moll, 1994) wood is comprised of four basic materials namely: cellulose accounting for 50% or more of the bulk; hemi-cellulose-20%; lignin-25% and resin or oils accounting for the remainder. (Brown, 1997), reports that carbon quantities are about 50% of the aboveground woody biomass weight. Woody plants are characterized by secondary growth and a continuous conversion of structural tissue into non-living, therefore non-respiring biomass. This leads to the increase in girth of a plant due to the lateral meristem action of the vascular cambium producing the secondary xylem popularly known as wood. (Brown, 1997) reports that biomass of forests provides estimates of carbon pools because about 50% of the pools is carbon.
5.4 Remote sensing as a technology
Remote sensing relies on the measurement of electromagnetic (EM) energy.  The most important source of EM energy at the Earth’s surface is the Sun, which provides us with visible light, heat and Ultra violate light. Many sensors used in remote sensing measure reflected sunlight. All matter with a certain temperature radiates electromagnetic waves of various wavelengths. Total range of wavelength, commonly referred to as the electromagnetic spectrum extends from gamma rays to radio waves. Remote sensing operates in several regions of the electromagnetic spectrum. The optical part of the EM spectrum refers to that part of the EM spectrum in which optical laws can be applied. The optical range extends from X rays (0.02 micro meter) through the visible part of the EM spectrum up to and including far-infrared (1000 micro meter). Before the Sun’s energy reaches the Earth’s surface, three fundamental interactions in the atmosphere are possible: absorption, transmission and scattering. The energy transmitted is then reflected or absorbed by the surface material. 
Electromagnetic energy traveling through the atmosphere is partly absorbed by various molecules. About half of the spectrum between 0-22 micro meters is useless for remote sensing of the earth’s surface, simply because none of the corresponding energy can penetrate the atmosphere. Only the wavelength regions outside the main absorption bands of the atmospheric gases can be used for remote sensing. These regions are referred to as the atmospheric transmission windows.

The energy reaching the surface is called irradiance and the energy reflected by the surface is called radiance. For each material, a specific reflectance curve can be established. Such curves show the fraction of the incident radiation that is reflected as a function of wave-length. Most remote sensing sensors are sensitive to broader wavelength bands, for example from 400-800 nano meters. The reflectance characteristics of vegetation depend on the properties of the leaves including the orientation and the structure of the leaf canopy. The proportion of the radiation reflected in the different parts of the spectrum depends on leaf pigmentation, leaf thickness and composition (cell structure) and on the amount of the water in the leaf tissue. Figure below shows an ideal reflectance curve from healthy vegetation.
In the visible portion of the spectrum, the reflection from the blue and red light is comparatively low since these portions are absorbed by the plant (mainly chlorophyll) for photosynthesis and the vegetation reflects relatively more green light. The reflectance in the near- infrared is highest but the amount depends on the leaf development and the cell structure of the leaves. In the middle infrared, the reflectance is mainly determined by the free water in the leaf tissue; more free water results in less reflectance. They are therefore called water absorption bands. When the leaves dry out, for an example during the harvest time of the crops, the plant may change colour (for example, to yellow). At this stage there is no photosynthesis, causing reflectance in the red portion of the spectrum to be higher. Also, the leaves will dry out resulting in higher reflectance in the middle infrared whereas the reflectance in the near-infrared may decrease. As a result, optical remote sensing data provide information about the type of plant and also about its health condition.
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Remote sensing in biomass/carbon estimation

There have been considerable studies made on utility of remote sensing technology for carbon sequestration. Few among them are Rahman, (2004), Ardö (1992), Gjertsen (1996), Spanner et al. (1990), Horler and Ahren (1986), Roy and Ravan (1996), Foody et al. (2003), Woodcock et al. (2001) and many others. 

The remote sensing approach can meet the requirements of carbon sequestration such as permanent sample plots (MacDicken, 1997) achieved by means of fixed coordinates coupled with the systematic repetitive characteristic of most satellites; the economic realities of costs and benefits and the environmentally benignness that the technique provides. 

Scientists have employed a variety of remote sensing methods that provide data about the type of forest (F), its spatial extent (R), canopy cover (O), canopy height (H), stems per stand (S), Leaf area index (L) and with some instruments even the degree of succession and approximate stand age (A) without the need to dispatch field research teams to measure those parameters (Rahman, 2004).

Rahman, (2004) estimated the carbon pool and carbon release due to tropical deforestation using high resolution satellite data. He has successfully used dummy variables obtained from the optimal stratification in the regression equation to improve the correlation between above ground biomass and spectral reflectance significantly.

Rahman (2004) found an inverse relationship of spectral reflectance and above-ground standing biomass information except ETM+/TM band 4 where almost no relationship was noticed. The similar phenomena were noticed by many of the previous studies ((Ardö 1992, Gjertsen 1996, Spanner et al. 1990, Horler and Ahren 1986, Roy and Ravan 1996) in Rahman (2004)). Rahman (2004) also found that the relationship between forest biomass content and spectral response from satellite data is poor in simple regression analysis and cannot be effectively used for prediction purpose. Similar results have been obtained by many of the previous studies not only on tropical forests but also on temperate and boreal forests. The study by Steininger (2000) reported the above-ground dry biomass has a very poor correlation with Landsat TM bands in the tropical secondary forest for the study site in Bolivia however moderate in the site of Brazil (cited from Rahman, 2004).

In contrast, Roy and Ravan (1996) found a good correlation for predicting forest biomass from all Landsat TM bands (r2 0.59 to 0.76, for two dates, all types of ecosystem) except band 4 (r2 value 0.18 to 0.49) in mixed deciduous and scrub forest of Madav National Park, India using DN values as independent variables in simple linear regression (Cited from Rahman, 2004). However, Rahman (2004) argues that the study used only 22 sample plots, which is rather optimistic for a general conclusion. 
NDVI is sometimes widely used for a lot of the vegetation studies, but has the lowest performance for predicting forest biomass and carbon information. (Christensen and Goudriaan, 1993) demonstrated that reflections of the red, green and near infrared radiances contained considerable information about crop biomass owing to the contrasts between soil and vegetation. (Sellers, 1987) also reports that many researchers have utilised combinations of spectral radiances over vegetated surfaces as indicators of density, health or biomass of the vegetation. Thus, many vegetation indices today exist of which the most common and simple ones are: the relative vegetation index (RVI), and the normalised difference vegetation index (NDVI). The use of correlations between RVI or NDVI and biomass ((Tucker, 1979); (Richardson et al., 1983); (Tucker et al., 1983); and Ahlrichs and Baner, 1983 and Petersen, 1989 in (Christensen and Goudriaan, 1993) has been found to be unstable.

Finally, in the study of Rahman (2004), the application of dummy variables in regression had significantly improved the relationship between reflectance and biomass. The dummy variables were set from the result of optimal stratification. The value of r2 was 0.89, which was quite excellent for a satisfactory prediction. Though dummy variables are sometimes applied in other sciences, however, it has not been applied earlier in remote sensing for extracting forest biomass and carbon information. Therefore no results from any other similar studies are available yet. The purposed study will use this regression model of dummy variable used by Rahman (2004) in moist deciduous forest of southern Chittagon, Bangaldesh to estimate above ground biomass in selected community forest in Chitwan district of Nepal.
According to Rahman (2004), his study has developed a method, which allows for the extraction of forest biomass and carbon information in a precise way. The method requires low-cost satellite imagery and some field sampling, which is indeed not that expensive to be conducted in a developing country. The technique can be successfully applied for periodic monitoring of forest condition and for updating biomass and carbon accounting. Thus it can be used as an operational tool for many of the tropical countries. However, there would be a generalization problem due to the coefficients and constants of the regression equation. This means that the values calculated for the study area cannot be used to predict forest biomass and carbon stock information for different regions or forest types, because the relationships between the forest biomass and their spectral reflectance depend upon the canopy cover, canopy optical properties, presence of shadows, understorey reflectance and topographic conditions, if no topographic normalization is applied. Though there are some relations of those factors with biomass, it is not strong enough for a successful prediction. Therefore, it is necessary to calculate those coefficients and constants in regression for particular regions and forest types. Such generalization problems have also been discussed by Foody et al. (2003), Woodcock et al. (2001) and others.

6. Methodology

6.1 Selection of the Study Site
A case study approach has been chosen for this study. Therefore, the study site has been chosen purposively to fulfill the required criteria. The required criteria are:
· CF expected to have land cover change probably positive change
· Availability of state managed forest nearby (near to the CF, necessary for comparison)

· A functional CF

· Representative forest species of Nepal’s Inner Terai
· Availability of secondary data

The Kankali community forest and forests surrounding it in Chitwan district have been chosen for the study purpose. Although others CFs also meet the given criteria, as the investigator is more familiar with the local surrounding in the mentioned community forest it has been selected. The study site is located between 27 degree 36 minute North to 27 degree 42 minute North latitude and 84 degree 32 minute East to 84 degree 38 minute East longitude. The selected community forest covers an area of 759 hectare with large and continuous patches of natural forests managed by other community user groups surrounding the selected community forest.
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Forests in selected area constitutes young regeneration plus old mixed Shorea robusta (Sal) forest of inner terai (foothills of Mahabharat range) in Chitwan district of Nepal. It was almost naked during a decade ago (which is visible in aerial photo of 1995) characterized by high run-off and erosion. This forest used to be a major source of fuelwood for large part of the eastern Chitwan. High dependency of surrounding population led to the inundation of the forest.

 

Local community initiated its conservation (and rehabilitation) since 1990 under the technical guidance of Terai Community Forestry Program. It was handed over as Community Forest in 1995. The current forest area is 759 hectares. The forest is primarily composed of Shorea Robusta Forest with its chief associate species. Almost half part of this forest is old and has large old trees of about 100 years. About 30 hectares is with plantation (Sissoo and Acacia species) and small part (30ha) is degraded. The forest is largely on south facing slopes. The forests surrounding selected forest are also similar but largely of old mixed type.  Figure below shows the location of study area with reference to Map of Nepal.
6.2 Data Collection 

7.2.1 Forest cover change detection
As one of the criteria of clean development mechanism stipulate the requirement of net carbon storage(additonality), it is necessary to know the forest cover change that might have occurred (and therefore the net carbon stored) under state managed and community managed forest regimes. For estimating forest cover changes the study will employ Landsat imagery (November 1989) and ASTER imagery (November, 2004). The month of November has been chosen as it is the best month for forest cover analysis in Nepal.  The  has been presented below.
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Pre field work

Selection and preparation of image data

The study aims to understand the change in forest cover after the community started managing the forests handed over to them by government. Community of the study area has been managing the forest since 1990. So the Landsat TM image of year 1989 were selected as a base period image. To see the changes afterward, the most recent image have to be used and therefore Tera Aster image of year 2004 will be used. After aquring required images, they will be prepared for analysis. The first step in data preparation will be to geo-reference the recent aster image in required projection system. Topographic map of the study area will be used for geo-referencing. Sub set from the image will be taken out covering actual study area.  Appropriate band combination will be chosen to get maximum information possible. 

Definition of clusters in the feature space

A digital image is a two dimensional array of elements. In each element the energy reflected or emitted from the corresponding area on the Earth’s surface is stored. The spatial arrangement of the measurements defines the image or image space. The values stored in one pixel, regarded as components of a two dimensional vector, is called the feature vector. A graph that shows the values of the feature vectors is called a feature space. The principle of image classification is that a pixel is assigned to a class based on its feature vector, by comparing it to predefined clusters in the feature space. Doing so for all image pixels results in a classified image. One of the main steps in image classification is the ‘partitioning’ of the feature space. This will be realized by defining the spectral characteristics of the classes by identifying sample areas based on investigator’s pre-existing general knowledge of the study area. 
Selection of classification algorithm and running the actual classification
In practice, the minimum distance to mean and the maximum likelihood classifier algorithms are common in digital image classification. (ITC, 2001). Since only the maximum likelihood classifier takes into account the class variability into account, it will best serve the purpose of more accurate image classification in the present study and hence will be applied. The image will then be classified by supervision with the help of topographic map, investigator’s own knowledge of the study area and appropriate image processing software.
Locating sample plot

Different land cover types obtained from supervised classification will be the basis of stratifying the study area for appropriate allocation of sampling plots. The image will be printed with sample plots located on it and will be verified and ground truthed during actual field survey. 

Field Work

During the field survey, pre-determined sample plots will be visited with the help of Garmin GPS (Global Positioning System). Information on the vegetation type along with their location will be recorded and verified with the pre-classified image. As the study will compare the forest cover change in both community and government managed forests, they will be identified and their boundary positions will be recorded for later comparison between these two different management regimes.
Post field work

To make comparision possible, the landsat image of year 1989 will be resampled to the pixel size of Aster images. The DN values of the bands in Landsat image of 1989 will be normalized to the DN values of Aster image of 2004 using regression equation. Both the images will be classified using field training samples following the previously mentioned procedure. A crucial factor to have into account when classifying an historical image to be compared with a recent one, in a change detection analysis, is the source of the training and reference data for the classification of the historical image. The ideal situation is to have ground truth information at the time of each image acquisition date, but unfortunately, that is rarely possible for historical images (Munyati, 2000). The alternatives that can be used to address this problem are:

· The use of ancillary data, such as aerial photos or land cover maps which are available for the present study area

· The use of a pre-fieldwork comparison based on the visual interpretation of the different images, to try to identify areas of striking change to be included in the ground truth data collection.

Validation of the result

As image classification is based on samples of the classes, the actual quality should be checked and quantified afterwards. Without actual field visit the validation of the result is not possible and therefore this step will be carried out after field work. This will be done by a random sampling approach in which a number of raster elements will be selected and both the classification result and the ‘true world class’ will be compared. Comparison will be done by creating an error matrix from which different accuracy measures can be calculated. The ‘true world class’ will be derived from field observations.

Obtaining forest cover change map

The classified images of the year 1989 and 2004 will be crossed to come up with forest cover change map. The difference that can be observed in community managed forests and government forest in terms of change in forest cover will be translated as the effect of respective management regime.
7.2.2 Above ground carbon estimation with field measurement
Sampling design

Since one of the objectives of the proposed study is to test the transferability of the regression model developed in the tropical moist deciduous forest in Bangladesh for a study site in Nepal, it is imperative that present study follow the methodology applied in original study to allow for better adaptability. The following section on methodology heavily draws from the methodology applied by Rahman (2004). 
The proposed study will employ double sampling strategy. The double sampling strategy has been widely applied to combine remote sensing image and field-based forest inventory (Rahman, 2004). Double sampling is a two-phase sampling strategy, where one phase consists of the auxiliary variable, which is relatively easy to measure, and the other phase the variable of interest, which is difficult or expensive, and those two phases are somehow related. In the case of proposed study the auxiliary variable is the remote sensing spectral information and the variable of interest is the carbon content which is a function of forest biomass or volume. Double sampling for stratification will be applied to stratify the forest of study area to conduct an efficient ground sampling. Double sampling with regression estimator will be applied to correlate the remote sensing spectral response and field measured forest volume or biomass to generate a geographic carbon database.
First phase sampling

First phase sampling deals with selection of auxiliary variables (Image pixels). Regarding the size of pixel to chose, a cluster of pixels, typically a 3x3 box, is the most common choice for the sample unit. A cluster minimizes registration problems, because it is larger than 1 pixel and therefore easier to locate in the reference data (Rahman, 2004). As the pixel size of recent image to be used in the analysis is 15 mX 15 m, the cluster of pixels would be 45mX45m box.
Second phase sampling
The second phase sampling deals with the field sampling of forest biomass. According to the first phase sampling the size should be 45mX45m (corresponds to the 3X3 pixel window). As the area is still large (45mX45m) to measure the details of forest parameters, second stage sampling will be applied. To be consistent with the study of Rahman (2004), the secondary plot size will be 30mX30m for primary forest.10mX10 m for secondary forest, 5mX5m for shrubs and young regeneration.
Location of Sample Plots

A number of 45mX45m plots (known as primary sampling unit) corresponding to the 3X3 sample pixel window of remote sensing image will be located on the field with the help of a handheld GPS (Garmin GPS 12) provides 15 m real-time accuracy in the field; therefore it provides a satisfactory precision. The study area consists of old growth of pure Shorea robusta forest to mixed forest with varying density. While distributing plots among various strata, care will be taken to locate the plots (i) in relatively homogenous area so that the error originating from the location uncertainty can be minimized and (ii) in the area which did not change during the last decade so that error generating from the estimation of carbon of historical image would be minimum. In few cases GPS signal was hindered by the dense canopy and adjacent hills. 

Sample size
The task of sample size determination will be performed during actual pre- field exercise scheduled in August 2005
Field measurement and above ground carbon estimation
A diameter tape and ultrasonic dentrometer will be used to measure dbh and tree height. All trees with a diameter at breast height (dbh) exceeding 5 cm inside the plot will be measured. Under-storey vegetation consisting of small trees with less than 5 cm dbh, shrubs, herbs and grasses will be sampled from one 2mx2m sub-sample plot located at the centre of the sample plot to determine the under-storey biomass. Available allometric relation will be used to convert dbh and height to volume for those species where available. In case of the unavailability of the relationship for a particular species one equation for mixed species will be applied. For shrubs and all the trees below 5cm dbh, a single equation is available and that will be used to estimate the above ground biomass. Estimated above ground biomass will be converted into carbon content using a conversion factor (0.5). 
7.2.3 Above ground carbon estimate with remote sensing
The general flow of Methodology for estimation of above ground carbon is presented below.
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Sampling design
The proposed study will stratify the forest based on the supervised classification of remote sensing image inside the test site. As supervised classification separates the image pixels into a number of spectral classes depending on their spectral distribution related to particular class, it could be used as a base of stratification. The study area consists of young regeneration, pole sized tree and and old growth of Shorea rubusta forest. So, the classes for the stratification would be young regeneration, pole sized tree and old growth. 

The Sample size

The required size of primary and secondary sample units, their allocation into strata will be determined as the actual pre-filed work starts in August. More literature review is scheduled for sampling strategy.

Image Processing

Image pre processing is required to bring the data to a format suitable for quantitative analysis and, in particular, to enhance direct inter-site comparability. Four main pre-processing steps involving radiometric, atmoshpheric, geometric and topographic correction will be applied to the data acquired for the test site.
The relative data on surface reflectivity, manifest in the image digital number (DN) have to be converted into an absolute form, reflectance, on the assuming that this would aid inter-site comparision and the transferability of relations derived (Foody et al. 2003). The first step in this process will involve the calibration of the imagery using the post-launch calibration coefficients (Chambvez, 1989; Price, 1987, cited from Foody et al, 2003) to convert DN to top of the atmosphere radiance using the equation:
Ls= (DN-offset)/gain

Where, Ls represents the at-satellite spectral radiance in the specified waveband (Wm-2 sr-1µm-1) and the gain and offset are the appropriate values for the sensor in the specified waveband (Mather, 1999, cited from Foody et al., 2004)
Atmospheric correction is an useful step to facilitate transferability (Foody et al. 2004). A simple image based atmospheric correction procedure will be used. This is the modified dark object substraction technique proposed by Chavez (1996) (Foody et al., 2004). In this , the radiance measured from a dark object in shadow will be assumed to have arisen from atmospheric scatter (path length, LHAZE) and that the dark object will have a minimum reflectance of 1%. LS will be converted to the apparent terrain surface radiance in the selected waveband, LT, through

LT = (LS - LHAZE /cosz)

Where z is the solar zenith angle

The data for the test site will be geometrically transered and registered to local map projection (Transverse mercator). This will be achieved with the aid of a set of gournd control poitnsto allow the definition of a mathematical transformation equation. The target is to register the image of the test site to the reference projection with an estimated error of < 15 m (1 pixel).
Since the study site has variation in topography, correction will be done to reduce the effect of topgraphicaly induced variations in the angular geometry between the Sun, target and sensor (Foody et al. 2004). Digital elevation model, to be developed from available digital contours maps digitized from topographic map of 1:25000 scale by survey department of Nepal. In this method, the amount of radiationfrom the Sun incident on a slope will be taken to be directly proportional to the cosine of the incident angle I (the angle between the normal to the pixel and the sloar beam ). This will be calculated from 

cosi= cosecosz +sinzcos(øS-øn)
Where, e is the terrain slope, øS the solar azimuth angle and øS the slope aspect. The topographic correction will be achieved by

LH= LTcosz/cosi) 
Where LH is the radiance observed for a horizontal surface(i.e. the topographically corrected data).
The final pre-processing step will be to convert LH to reflectance % through

Reflectance =лd2LT/ES cosz
Where d is the Earh-sun distande in astronomical units and ES is the exoatmospheric solar irradiance for a specified wave band (Wm-2 sr-1µm-1)
Incorporation of field measurement on the pixel level

Field estimation of sub-sample can be accurately matched by a differential correction of GPS signal. Post-processing differential correction will provide the accuracy better than 5 meter. As ASTER images have the spatial resolution of 30 m the measured value can be easily incorporated on the pixel level

Regression Analysis
Rahman (2004) has obtained the best correlation between above ground carbon and the spectral response in his study in southern chittagon, Bangladesh. However, of key concern here is that the relationship derived for the accurate prediction of biomass at one site or time period may not yield accurate predictions when applied to imagery of another site and/or acquired at another time (Foody et al., 2003).One of the objectives of the present study is to assessi the transferability of predictive relations developed by Rahman (2004).  
In order to assess the applicability and transferability of the predictive relation, it is imperative that proposed study follow the same methodological procedure applied in original study. 
The predictive relation developed for Southern Chittagon, Bangladesh uses dummy variable to improve the correlation between above ground biomass and spectral response. 

Dummy variable

The variables considered in regression equations usually can take values over some continuous range. Occasionally we must introduce a factor, which has two or more distinct levels. For example, data may arise from three machines, or two factories, or six operators. In such a case we cannot set up a continuous scale for the variable ‘machine’ or ‘factory’ or ‘operator’. We must assign to these variables some levels in order to take account of the fact that the various. In case of proposed study each vegetation class will be considered as a source of different sets of dummy variables. Those dummy variables will be obtained from the result of stratification (Rahman, 2004).

Change in above ground carbon storage

Recent and historical carbon map obtained from regression with dummy variable will be overlaid to come up with net carbon storage in the study area.
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Figure: An ideal reflectance curve of a healthy vegetation, source, ITC, 2001
































Figure: general flow of methodology for forest cover change detection
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Figure: Flow chart of methodology for above ground carbon estimation(Modified after Rahman, 2004)
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