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Abstract

The present study is focused on the capabilitiesremhote sensing data and
techniques to help in better understanding the ebleommunity forest ecosystems
as carbon sinks and carbon sources, with spedekree to distinguishing between
forest degradation and deforestation, and well-mgadaforests. It examined the
statistical relationships between satellite-derigp@ctral vegetation indices (SVI)
data from ASTER and biomass field measurementdecaout with the help of
forest user groups in community forests. Statiliticaveak relationships were
obtained when correlating these datasets from 2@s pdurveyed. International
definitions of forest degradation were comparecwiite definitions understood by
local people and by national experts to determorarmon understandings of forest
degradation. Reduced canopy cover and loss of \moglty were most frequently
used in defining of forest degradation. The suliighof satellite data (ASTER and
Landsat ETM) in separating degraded national ferastl non-degraded community
forests was tested using statistical and grapineghods. The results did not reveal
significant differences in spectral signatures bése forests. Moreover, forest
canopy density (FCD) mapper was employed to deterntine degree of forest
degradation in these forests by predicting themopy density. The results indicated
that subtle forest degradation is not possibleegacaptured in the satellite images
currently available. The possibility of detectingrdst degradation, as opposed to
deforestation, from remotely sensed data depemgsljaon the rate, magnitude and
spatial extent of the degradation.
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1. Introduction

1.1. International Concern for Climate Change

There is emerging evidence of an increasing trargldbal climate instability due to
greenhouse gases, which is one of the most pregsolgems that the world is
facing. The Bali Action Plan released by the UNn@lte Change Conference in
December 2007 reiterates that warming of the cknststem is unequivocal, and
that delay in reducing emissions of green housesyadll increases the risk of more
severe climate change impacts. The Fourth AsseddRegrort of International Panel
on Climate Change (IPCC) states that anthropodewstiors are “very likely” to be
the cause of climate change. For the past few ledhglears, as a result of human
activities, concentrations of greenhouse gases asi€®Q, CH,;, and NO have been
increasing at an alarming rate, causing rapid obsang the climate and serious
implications for human beings as well as for theimmment surrounding them. .A
study by National Aeronautics and Space AdminigtrefNASA) has found out that
there has been an increase in the world’s temperatu0.2°C per decade in past 30
years (GEO year book 2007) and is expected to aseravith more than 6° C over
the next 100 years (IPCC 2007). According to tHeAdsessment Report of IPCC,
eleven of the last twelve years (1995-2006) havenbanked as the warmest years
recorded since 1850 (IPCC, 2007).

Efforts to control the climate change mainly foaus emission controls and on
removal of carbon dioxide from the atmosphere. Gartioxide is believed to be the
most important anthropogenic greenhouse gas cagsatgl warming and climate
change (IPCC 2007). Most attention has been focosedO, as it is believed to
contribute more than half of the increase in thebgl temperature in the next 100
years. The most important global instrument linkednitigating adverse impacts of
carbon dioxide and other greenhouse gases is tlooKrotocol to the United
Nations Framework Convention on Climate Change,clwténtered into force in
February 2005. The protocol is a legally bindingeinational agreement that
commits industrialized countries to reduce emissiohgreenhouse gases by 2008-
2012 and promote sustainable development.




1.2. Forest Carbon Reservoir

Forests form an integral part for scientific reshaas the “forest carbon reservoir”
has a dynamic relationship with the climate sys{@eaver 2007). Forests behave
as a “carbon sink”, sequestering atmospheric caibtm biomass. According to
Kyoto protocol, one of the mitigation strategies feducing the greenhouse gases in
the atmosphere is increasing the terrestrial smkZ0,. Carbon sequestration, also
known as “geo-sequestration” (Richard 2006), byslas known to assimilate GO
from the atmosphere through the process of photbsegis. The uptake of G@y
plants is referred to as gross primary productit@pP). At the same time the forest
also acts as “carbon source” by releasing carbéo the atmosphere through
processes such as respiration. During respiratiatf, of the GPP is respired with
remainder referring to net primary productivity (R which is the total production
of biomass matter (IPCC 2006).

“Reservoir’ means a component or components of the climaaegh system wher
a GHG or a precursor of a GHG is stored e.g., Farésssil fuels

(1%

“Sink” means any process, activity which removes GHGa@msol or a precursc
of a GHG from the atmosphere eg. Photosynthesis

=

“Sourcé€ means any process, activity or mechanism whideases GHG, an
aerosol or a precursor of a GHG into the atmospleege respiration
(Source: UNFCCC 2005

1.3. Carbon Sinks and Biomass

Under Kyoto Protocol, forests are considered ingdrtfor their unique role as
carbon sinks because they are capable of captaridgstoring carbon dioxide from
the atmosphere (FAO 2005). According to FAO (20@a)h time there is a forest
growth of 2 cubic meters of wood; roughly 1 toncafrbon of the air is captured.
Forests act as carbon sink by increasing abovengrdiomass through increased
forest cover and by increased level of soil orgar@tbon content (Banskota et al.
2007). Biomass is defined as “mass of all organétten per unit area at particular
time (reported in g/for kg/ha)” (FAO 2008). The above-ground biomas&B) is
described by IPCC Guidelines for National Gas Inegas (2006) as “all biomass
of living vegetation, both woody and herbaceougvabthe soil including stems,
branches, bark, foliage, bark and stumps”. Forésinass represents the largest
terrestrial carbon sink and accounts for approxya®0% of all living terrestrial




biomass (Dixon et al. 1994; Tan et al. 2007). Tim®@ant of carbon sequestered (or
lost) by a forest can be estimated from the biomassumulation since
approximately half of forest dry biomass weight stitutes carbon (FAO 2008;
Banskota et al. 2007; FAO 2005; Cairns et al. 20@3cDicken 1997). Forest
biomass can be measured both in terms of freshhiveigdry weight.

Atmosphere 730

" Fossil Fuel
* Combustion and
* Industrial
5_3" Prucesses
-
.

|Glokal Gross Primary
Production and
Respiration

Carbon Flux Indicated by Arrows: Natural Flux = Anthropogenic Flux =

Source: Intergovernmentzl Panel on Climate Change, Climate Change 2001: The Scientific Basis [U.K., 2001)

Figure 1. Global Carbon Cycle (Billion Metric Tons Carbon)

1.4. Forest Degradation and Carbon Sources

Increasing tropical forest biomass contributes rtoréase in atmospheric carbon
sequestration in the terrestrial biosphere, whetleaslecrease in forest area due to
deforestation and forest degradation causes emgsbiack to the atmosphere. Forest
degradation is manifested mainly through declindoirest cover, and resulting in
organic carbon losses (Sitaula 2005). Modificaiiothe structure and composition
of the forest is caused by forest degradation, whieduces the biomass/carbon
content of the forest.

Release of carbon through forest degradation a®saltr of forest fire, pest
infestation are fast while the sequestration obearthrough the photosynthesis
process is quite slow taking ages (FAO 2006). Qarbmissions as a result of
deforestation and degradation in tropical forests the largest source of carbon
emissions in developing countries but were unacemlrior in Kyoto Protocol.
However, these emissions have now been acknowlenigedNFCCC Conference
Of Parties (COP) 13 held in UNFCCC Bali (2007) und®EDD (Reducing
Emissions from Deforestation in Developing coursyi8&cheme, which reports that




forest degradation needs to addresstén reducing emissions from deforestation
and combating climate change.

1.5. Definition of Forest Degradation

The definition of forest degradation can be quitefasing as most of the literature
and experts do not give a clear-cut distinction weeh degradation and
deforestation. To understand both these phenonmési@mportant to understand the
meaning of a forest first. According to FAO, “fotésa land spanning more than 0.5
ha, with a tree canopy cover of more than 10%, Wwhg not primarily under
agricultural or other specific non-forest land usHie trees otherwise should have a
potential of reaching a height of 5imsitu and cover 10% crown cover in case of
young forests.

The UN Commission on Sustainable Development astad an Intergovernmental
Panel on Forests (IPF) which addressed “Underlfiagises of Deforestation and
Forest Degradation”. Deforestation here was defamtichanging forests into other
land uses” and forest degradation as “deterioratifoforest quality” (Verolme and
Moussa 1999). Deforestation and degradation arfe dlwinges in forest landscapes,
which can be both human induced or natural phenomeHowever, the way in
which changes occur is not the same. Deforest&iamon-temporal change of land
use from forest to other land use (e.g., fored kansettlement) or “the depletion of
forest crown to less than 10 %". Degradation defiohanges within forest class,
which negatively affect the stand or site, loweritige species composition,
biological diversity, productivity. It is the depien of forest crown to not less than
10 % (e.g. closed forest to open forest) (René 9007

Degradation of forest is a complex process (Lani889) and a major source of
carbon emission which can be taken care of withtigpation of communities

(Verolme and Moussa 1999). Forest degradation dgc@ted by the reduction of
canopy cover and/or reduction in quality of thee&irthrough logging, fire, grazing,
fuel wood collection, etc.

! Siwe N. René (2007) over email correspondence.
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Figure 2. Different forms of forest degradation

(Lamb and Gilmour 2003, pg 12)

A: Undisturbed forest with certain level of biomassucture and production.

B: Result of extensive clearing of A, where it Hast huge amount of biomass,
structure and production.

C: B may or may not recover to the state C

D: Huge logging has taken place. However, signifidavel of biodiversity is still
remaining

Forests are exploited for meeting various needb@fpeople as well as livestock’s
and hence impact the ecology in different ways.okding to Nepstad et al. (1999)
ranchers and farmers burn and clear-cut the fangbe process of preparing pasture
land for their livestock; Loggers in the other hatadnage the forests by harvesting.
Forest degradation reduces overall supply of benéfom forest, which includes
wood, biodiversity and other environmental serviesO 2006).

Studies suggest that deforestation and forest dagjom in Nepal were more a
common phenomena 100 years ago and occurred inlemidlts. However, forest
degradation is still continuing in the hills (Venot & Moussa 1999). Nepal suffers
from a sequential process of degradation mainthénnon-managed forests because
of lack of management inputs from the communitygdeoThe underlying causes of
degradation in Nepal are illegal logging, fodderlfeestock, grazing, forest fire and
agricultural production. Other reasons such as ph@yment, non existing

11



governmental support shifting cultivations, firedasther natural processes also play

their parts in it.

Table 1.Alternative Definitions of Forest degradation

Definition of Forest Degradation

References

Change in forest attributes lowering productive axaty
as a result of increase in disturbances and theepsocan
occur from a few years to a few decades

Lambin 199!

Degraded forests are the results of heavy loggihigiw
has caused drastic change in the forest structnde
reduced biomass.

Lamb and Gilmou
2807

A process leading to a ‘temporary or perman
deterioration in the density or structure of veteta
cover or its species composition’

@atainger 1993,
46).in Lambit

Degraded forest is heavily burned and heavily ldgge

Souz: et al. 2003

Changes in canopy cover, tree density and bion
density

nalss Grainger 19¢

A secondary forest that has lost, through hun
activities, the structure, function, species contfms or
productivity. It delivers a reduced supply of gocaiwd
services and has less biological diversity.

IMEP/CBD/SBSTTA
2001

A long-term reduction of tree crown cover towardg
not exceeding the minimum accepted “forest' thiesho

IFFAO 200:

All biological, chemical and physical processes tieault
in loss of the productive potential of forest. [Dedption
may be permanent, although some forests may reg
naturally or with human assistance.

World Bank 1991
European Environmel
Agency (EEA

Changes within the forest which negatively affeloe
structure or function of the stand or site, andrahg
lower the capacity to supply products and/or seic

FAO 2001, 200

Long-term reduction of the overall potential suplfy
benefits from the forest, which includes carbon,odio
biodiversity and other goods and services.

FAO 2003, ITTO 200

A direct human-induced loss of forest values (patérly
carbon), likely to be characterized by a reductbrree
crown cover.

ITTO 2005, IPCC
2003:

A direct human-induced activity that leads to aglderm

IPCC 2003b

12




reduction in forest carbon stocks.

The overuse or poor management of forests that l&a
long-term reduced biomass density (carbon stocks).

dIPCC 2003c

A direct human-induced long-term loss (persistiog X
years or more) of at least Y % of forest carborchksd
(and forest values) since time T and not qualifyasy
deforestation or an elected activity under Artidld of
the Kyoto Protocol.

IPCC 2003d

Degradation is the result of human interventionsctvh
occurs over a reasonable amount of time (i.e.,dEDa

Forest Stewardshi
Council (FSC

A reduction of the canopy cover or stocking withime
forest through logging, fire, wind felling or othevents,
provided that the canopy cover stays above 10%a
more general sense, forest degradation is the tkenmg-
reduction of the overall potential supply of betefrom
the forest, which includes wood, biodiversity analy
other product or service.

FRA 2000. FAO 200z
(UN-FAOb 2000)
In

Reduction in tree density and/or increased distwbdo
the forest that results in the loss of forest poisiuand
forest-derived ecological services.

WRI IN FAO

in the deng
productivity

Temporary or permanent reduction
structure, species composition or
vegetation cover.

yainger 199
of

The ecologically deleterious depletion by humarivigt

of standing woody biomass and organic matter iedts|
often associated with over-utilization of the farfes fuel

or timber.

UNDP, Climate
Services in FA(

The deterioration of the health, quality and prdikec
capacity of a forest.

Peopleand the Planet
2000- 2008

Forests or grasslands that are have been overus
poorly managed and are likely to have reduced b&sn
densities.

PG 199
na

A loss of a desired level of maintenance over tiofig
biological diversity, biotic integrity and ecologic
processes.

Lipper 200(

A state which delivers a reduced supply of goodd
services from the given site and maintains onlyitéch
biological diversity (CBD).

BINEP/CBD/COP/¢
200¢

13




Degradation usually implies a loss of productivitiund2007
Operations such as thinning and salvage loggindlewh
reducing the canopy cover, may not reduce [the
productivity of the land. In fact it may increage Thus
over story reduction alone may not be regarded as
degraded forest
Degraded primary forest is where the initial forgl§tTO 2002 in UNEFK
structure, productivity and species diversity ofe WCMC
primary forest has been affected by excessive |and
damaging wood exploitation and/or by such an intgns
of harvesting of non-wood forest products that |its
structure, functions, processes and dynamics |are
noticeably altered beyond the resilience of thesor
Degradation concerns only human induced damage8astellani, C., et .
site alterations. The origin of these damages becbyn1983in FAO website
ongoing or made in the past human actions andsréder
irrational forest harvesting, fire, grazing, etevhich
usually reduce permanently the site index and may
negatively affect the stand.
Changes within the forest which negatively affelo¢ FAO 2001, 200
structure or function of the stand or site, andrehg
lower the capacity to supply products and/or sesic
(Source also from Schoene et al. 2007 and Lund)}200

1.6. Community Forest Management in Nepal

Nepal is a land-locked, mountainous country, coyg@@n area of 147 181 Knof

which the forest area covers 55 180%kmhich is approximately 37% of the total
area. From the total forest area, over 25% of thested land belongs to the local
communities (Tamrakar 2003). The forest managemsgatem has significantly
improved after the introduction of community forgsprogrammes in 1990s. In
Nepal, National Forests are handed over to thd legzrs as far as possiblehere

the users are responsible for the forest manageriém® handling over of the
government-managed natural forests to local comiyurser groups started from
mid-1990s based on the Forest Act, 1993 and FBegtilation 1995. FAO has also
helped to communicate methods and tools to managsté in a participatory way
under the framework of sustainable development gviee and Moussa 1999). In
these forests, local communities are responsitighfe forest management and in
such cases; communities have been seen to betteageahe forests than the

14



government (Banskota et al. 2007). Sustainable aamitsn management of the
forests has not only met people’s subsistence nefefdel wood, fodder etc but also
plays a major role in reducing deforestation aedrddation and providing a global
benefit of carbon sequestration. These roles oéstorunderscore a need of
assessment of the magnitude of forests as carlmks $or reliable estimates of
biomass density of the forests. Storage of atmagpharbon dioxide in the forests
represents a long term pool for balancing the dlalasbon balance (Lez-Alonso
2006). Carbon sequestration can be significantlpraved with improved forest
management activities such as community forestngagament and it is expected to
play an important role for achieving targets of kKyd’rotocol (UNFCCC 1997).
Although the amount of carbon sequestered by cortgnuorests could be
relatively low (2-3 tons/halyear), the costs assed with management are
negligible (K:TGAL 2007). The mean carbon sequéistmarate for community
forests in Nepal has found to be around 2t k&' or 4 t hayr" under normal
management conditions (UNFCCC 2007). If local peaopére be given a financial
return for their contribution towards carbon sedpagi®n, it would act as a good
incentive for more communities to be involved irstsiinable management of their
forests. REDD scheme emphasizes on crediting carbiom such forest
management. Bali Action Plan (2007) recognizes that the needs of local and
indigenous communities should be addressed wheionaés taken to reduce
emissions from deforestation and forest degradatiaieveloping countries.

1.7. Estimation of Biomass/Carbon in Forests

Biomass level is an important indicator of a foilepbtential to store carbon and has
received much attention since the adoption of Kymtatocol. High uncertainties for
estimating forests as carbon sinks exists (Houg605). Estimation of the
magnitude of forest as sinks requires accuratereliable measurements to quantify
the biomass density of the forests (Cairns, 2008 role of tropical forests in the
global carbon cycle and its potential to reducerdasing carbon dioxide by
photosynthesis has increased the importance imattin of biomass/carbon pool of
these forests (Brown 1997). Estimates of biomase @i direct measurement of
carbon sequestration in the forests and help taritify the anthropogenic impacts
on climate change and to validate carbon model8&Q(R008).

According to FAO (2008), there are four main methofimonitoring biomass:
= destructive sampling;
= non-destructive sampling,
= inference from remote sensing, and
= models
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Accurate measurement and mapping of distributiofordst biomass can be carried
out with appropriate biomass estimation methodsgudetailed field inventory data
(Fang and Wang 2001). With the advancement of edosierving satellites, biomass
can be estimated from field based observation usioogpmunity participatory
methods with the combination of remote sensing stoat well as statistical
instruments to further understand the correlatiassociated with ground data and
remotely sensed data.

1.7.1. Insitu Measurements and Modelling of Biomass/Carbon

Conventional methods of measuring biomass valudkeirfield are so far the most
accurate and reliable method although they arenoftme consuming, labour
demanding and can not cover spatial distributiorbioinass in larger areas (Lu
2006; Houghton 2005; de Gier 2003). Biomass caedtienated in a destructive and
non-destructive means in the field based survelis. destructive method is to fell
down specific number of sample trees, which areghed to make a biomass
equation which is not considered as a practicalt®ol (Brown 1997). In non-
destructive methods, regression equations are ajge@l(Foody et al. 2003) based
on data from felled trees using some easily meateidimension such as diameter
(Brown 1997). Biomass and trunk diameter are higtdyrelated and therefore
regression models can be used that convert truakneater data to biomass data
(Brown 1997 in de Castilho 2006). The allometriz&tipns that relate biomass of
several tree components to diameter at breast théidin) are used to calculate
biomass values. Other variables such as heightatsnbe used in the regression
equations. However, it is not always necessarifit thput of these variables will
contribute to improvement of the equation basedloin (Wang 2006). Hence, the
most simple and commonly used technique for degiviorest above ground
biomass is through the use of dbh -based allometyimtions (Popescu 2007; Wang
2006).

The most commonly used biomass model is,

W = aDBH
Or, LnW=a+bLnDBH

where, W is biomass in Kg; DBH is overbark breasight (measured 1.3 meter
above ground) in cm ,and b are regression coefficients of the biomasdeihat
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vary according to different species types and thdimate, management and
disturbances (Fehrmann and Kleinn 2006; ZianisMadcuccini 2004).

In order to obtain carbon value from the biomadsutated, it is assumed that 50
percent of it is carbon and hence biomass valuaubiplied by 0.5 to obtain the
corresponding carbon value (Garzula and Saket 20@%i and Grace 2000). This
conversion factor is used for all species of trassit is believed that carbon
concentration of biomass varies only slightly bedwelifferent tree types (Garzula
and Saket 2003).

1.7.2. Remote Sensing for Mapping of Biomass/Carbon

State-of-the-art of remote sensing techniques lheen identified as potentially an
important tool, in support of the Kyoto Protocobats signatories, in quantification
of above-ground biomass stocks and associated ekatigrein (Tomppo et al.
2002; Rosengvist et al. 1999). Remote sensing liatgever are useful for indirect
estimation of biomass/carbon value, should be cemphted with the ground truth
data with some measurements of the trees carrigdvbich is used in the empirical
biomass equations (Zianis et al. 2005).

A major benefit of using remote sensing data is¢ thaan cover a large area and
provide systematic observation systems and histogachives of data (Rosengvist
et al. 2003). Remote observations in combinatioth wi situ measurements can be
useful in a developing country (like Nepal) wheragé uncertainties exist in
estimation of biomass/carbon values (FAO 2008).

For remote sensing studies at the local or regiteall, satellite images with finer
resolution instruments has been used, such as aar#sankina et al., 2004;
Tomppo et al. 2002; Mabowe 2006; Foody et al. 2Q&ng et al. 2004; Lu 2005;
Franco-Lopez et al. 2001; Tomppo et al. 2002; Foetyal.2003), ASTER
(Heiskanen 2006; Muukkonen and Heiskanen 2005),NRS (Mabowe 2006;
Thenkabail et al. 2004). Biomass cannot be diretiasured from remote sensing
data, however remotely sensed reflectance canlatedeto the biomass estimates
based on in situ measurements (Dong et al. 20@8)e®ions of the red, green and
near infrared radiances contained considerablernrdtion about forest biomass.
Two main approaches predicting biomass using #até@thages are (1) Use of Solar
radiation and (2) Use of Reflection Coefficientsafhayanga 2002), which is
primarily determined by the green foliage bioma&#r{stensen and Goudriaan,
1993).
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Using reflection coefficients, indirect estimates carbon can be generated with
most relying on empirical relationships establishéth vegetation indices such as
the normalized difference vegetation index (NDMUdaenhanced vegetation index
(EVI) based on photosynthetically active radiat{®AR) and up-to-date reliabla
situ data on biomass (carbon) stocks in the forestsgiRpast et al1999). Many
studies have demonstrated that vegetation indités) (or simple band ratio
obtained from satellite data provide useful estemadf carbon biomass content
(Foody et al. 2003). High correlations between spédands and vegetation
parameters makes it possible to use satellite imdge estimating biomass in
inaccessible areas such as mountainous regions.

Direct biomass estimation may also be possible wétietation Light Detection and
Ranging (LIDAR) observations (Popescu 2007; Drakal2002). The potential of
forest biomass mapping has also been explored WRaugpr (Gaveau et al., 2003;
Tomppo et al. 2002) along with JAXA ALOS-PALSAR lafd (24 cm wavelength)
which gives lower range of biomass (upto 50-80)t/fidhe BIOMASS mission,
which is expected to launch around 2014 by ESA asesiger wavelength (68 cm)
and shows potential of estimating higher levelbiomass (FAO 2008).

1.8. Monitoring Forest Degradation Using Satellite Image

Forest degradation and its associated impacts kiaaen the attention of the
scientific, environmental and policy making bodi8patial distribution of forest is
large and hence some places are inaccessible. tdimtiers exist in current estimates
of forest degradation, mainly due to confusing mi&ifin of forest degradation with
that of deforestation and general lack of quaniigat spatially explicit and
statistically representative datdihe implementation of incentives for Reducing
Emissions from Deforestation and Degradation inetlgying countries (REDD)
requires robust and reliable methods for estimaforgst degradation (UNFCCC
2007).

For this reason, the importance of satellite imageisientify forest degradation, at
both national and international levels is incregsidowever, these means have not
been entirely effective to identify or contribute reducing forest degradation. The
role of remote sensing as a tool for degradationitadng is an essential in natural
resource management and is still in a testing plRemote sensing data can support
inventory approaches by informing on degradatiditepas in forests in combination
with ground-based monitoring of forest degradatMapping forest degradation and
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related carbon emissions is more challenging thappimg deforestation (Souza
2005). Identification of small and gradual degramtats often not easy using remote
sensing data alone and contempoiriargitu information is necessary. Images with
spatial resolutions less than ~20-25 m can be tesddtect changes in land as small
as 0.05 ha (Rosengvist 2003).

1.9. Research Problem

Community managed forests of the Himalayan regiom @nsidered to be an
important carbon pool (Banskota et al. 2007). \ifitreasing area of forests being
brought under community management, forests in Népmalayas are improving

and thus are becoming major carbon sinks. Sust@nabmmunity forest

management has been a success story in Nepal withivement of local

communities that avoids the deterioration and dsfimtion of existing natural
forests thereby contributing to increase in carlsequestration (Banskota et al.
2007).

Biomass information is uncertain for many develgpaountries, including Nepal. It

is important to study the forest biomass of thedts to know its role in the national
and global carbon budgets and climatic system (\2f@$; Tan et al. 2007). Many
recent studies have analyzed and estimated thertabquestration potential of
forests in the context of the flexible mechanismhthe Kyoto Protocol using ground

measurement and remote sensing in large-scaledokswever, there are not many
studies carried out in the same field in the framdwof community carbon forestry

programs with integration of ground truth data aatkllite images.

Biomass estimation is necessary as emissions bboarom the deforestation and
degradation is based on the biomass content ofottest that has been degraded
(Huoghton 2005). Many studies on biomass have maiotused on tropical,
temperate and boreal forests and not many studige focused on sub-tropical
forests (Zhang et. al 2007). The study area coreiddor the research also
comprises of sub-tropical forests and consideralmeertainties exist in the
estimation of carbon as well as degradation indHegests.

Nepal is a landlocked mountainous country and #asibility of measurement of

carbon in small patches of community forests spedhodver the mountainous is not

only difficult but is expensive. In such a casenoge sensing could be the only cost
effective and reliable measure for the carbon assest at local as well as national
level.
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Satellite imageries might also be useful to detketdamages caused to the forests
by over extraction of the forest products in th@ wommunity-unmanaged national
forests. Although much research has been carriédhahe deforestation scenario,
not many studies have been focused on forest datjpad Hence, this study aims at
integrated use of remote sensing and ground caplmmass data to estimate the
total carbon stored in the community forests of &legnd to find out the differences
between the carbon values estimated by these neetfide study also focuses on
determining if degraded non-community forests can distinguished from non
degraded community forests.

1.10. Limitations

The study was carried out with limited budget amshde recent satellites images
could not be purchased for the study. Due to teepsterrain in the study area,
limited number of sample plots had to be estabiisfignere was also an insecurity
problem in the forest as a result of robbery andistaincidents previously. There
was lack of sufficient and reliable source inforimatin the field since the data was
collected from another source.

1.11. Research Objectives

1.11.1. General Objective

= To assess the feasibility of satellite imagery stinmating above-ground
biomass/carbon stocks and identifying forest desjiad.

1.11.2. Specific Objectives

= To determine the relationship between the carboluegaderived by
satellite sensor and the carbon biomass contembh ftommunity field
measurements by community and to examine the eiorl between
calculated carbon value and estimated carbon value.

= To examine the definitions of forest degradation le¢al people and
national experts compared with those defined byrternational standards

= To determine if the managed community forests aaulibtinguished from
an unmanaged national forest using remote sensing.
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1.12. Research Questions

= What is field estimated average biomass value f6072 from the
community forest under study?

= Is there a significant relationship between thebearestimated from the
satellite image compared to the field measuremebiomass/carbon?

= What is the most commonly used definition of fordegradation by the
International bodies and national forest experts®vHsimilar is it with
those understood by the community forest user gdup

= Can degraded forests be easily distinguished from-degraded forests
using satellite imagery?

1.13. Hypothesis Tests

In the present study, it is hypothesized that tiere significant difference between
the ground measurement and satellite measurementirbbn data. The second
hypothesis is that satellite imagery can be usedistinguish naturally growing
“degraded” forest from the community managed “negrdded” forests.

1.14. Research Approach

The research has been initiated with an exten#ie#miure review on the existing
scientific papers, books on the use of remote sgnfsir estimating carbon balance
in the forests and using remote sensing for stggyimest degradation. Research
problem has been formulated for which researchabis, research questions and
hypothesis have been identified. The study aredban selected in Nepal and field
data on biomass from years 2004-2006 was madeablailthrough a parallel
research done by a Ph.D. student in Twente Uniyerdihe field work was
conducted for a period of 3 weeks from October twvéinber 2007. Local people
were involved in the measurements of dbh in theroanity forest for estimating
the biomass in the field. ASTER and Landsat imagee employed for the study.
The satellite image was pre-processed by applyiagmegtric and radiometric
correction. Pre-processed images were then usedltolate VIs. Statistical tests
such as correlatiomnd regression analysis were used to study theiomsaips
between field measurements of biomass and remotEnggdata (Obl). The field
work also concentrated on finding out a non-comiyufarest that was degraded.
Forest user groups (FUGSs) as well as the forestréxpvere interviewed regarding
their perception on forest degradation as welhdgcators / criteria used to measure
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degradation of the forest (Ob2). Different methedsre adopted to find out the
possibility to differentiate community forests framon-community forests using the
satellite images (Ob3). Finally the findings weregrated into the results followed
by the discussions, conclusion and recommendations.
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Figure 3. Flowchart of conceptual framework of the study
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2. Methods and Materials

2.1 Site Description and Land Use History

The research was conducted in the sub-tropicakferef Nepal. Nepal is a small
landlocked mountainous country surrounded by Imgighe East, West and South
and by China on the North. Ecologically the courigydivided mainly into three
regions-Low land (about 17% of the land), Hill bé&bout 68% of the land) and
High land (about 15% of the land). Accordingly b@t2001 National Census, Nepal
has a total population of 23.4 million residingtire country. Nepal has an area of
147 181 krf, of which 55 180 krhis covered by forests, that corresponds to
approximately 37% of the total area (Tamrakar 2008 research site chosen for
the study is located South of Kathmandu in the Ltamdillage Development
Committee (VDC) in Lalitpur District as seen in kig 4.
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Figure 4. Map of Nepal showing the location of study area
(Source: Murdiyarso and Skutsch 2006)
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Lalitpur district comprises of 15,253 ha of fore$twhich 9,993 ha are managed by
162 CFUGs. There are nine community managed foliestsamatar VDC that
covers 525 ha and involves 670 households. Kaflar@onity Fores{KCF) is one

of the community managed forest that has been ohasea study site for this
research. The community forest was establishetdryéar 1994 and covers an area
of 96 ha. The total number of households in thei<O80 and total forest user group
is 390. The elevation of the KCF ranges from 1880930 m above sea level and is
dominated by lower temperate broad-leaved specigsticularly Schima-
Castanopsis. Mean annual temperature varies from Mfic-33°C Max. The mean
annual precipitation is 160 cm.

Figure 5. Contour lines and DEM in Study area

The particular study area was chosen as this mdsésrcarried out in the line with
the project “Kyoto: Think Global Act Local” whictsiworking in this community
forest since 2004 for field based estimation ofimgs/carbon values in Nepal. This
Community Forests User Groups (CFUG's) managedstiaites had been chosen
from among other several surveyed community forbated on the willingness of
the community members to participate in the trajremercises for carbon estimation
(Banskota et al. 2007). The data necessary famatitin of carbon was collected in
collaboration with the local people who were trairen forest survey techniques by
the Nepal Trust for Nature Conservation (NTNC), aonN Governmental
Organization in Nepal.
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The study area for assessing forest degradatiorg usimote sensing was chosen
near Kafle Community Forest (KCF) so that the défece in these two forests can
be observed in the satellite imagery. Phulchowkiidwal Forest is a government
owned “open access” forest in Lalitpur district,igthis exploited illegally by many
communities from several villages for fuel wood ajezing. This forest is not well
managed or protected against people who have bérrsing it. People have easy
access to Phulchowki national forest covering asaasf over 1,200 ha. Forest
degradation here is mainly due illegal logging ainde grazing. Vegetation
characteristics of forests were measured in managddunmanaged forests and it
was observed that National Forests (NF) managdtidogovernment had the lowest
number of tree species (Shah, 1998). The maximeawagbn of this forest is 2800
m above the sea level. The forest is mainly coveselbwer temperate broad-leaved
species, particularlgchima-Castanopsis.

The Kafle CFUG has a five-year Operation Plan éxg@lains the forest management
procedures and rules. KCF has been effectively geohéy the user groups to
ensure that there is no illegal fodder and litteHection; timber and fuel wood
extraction; hunting, grazing livestock. This fordss several springs, which has
markedly increased with the rejuvenating foreshidss and as a result it plays an
important role in providing an environmental seeviof carbon sequestration
(Banskota et al. 2007).
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2.2. Pre-Field Work

Prior to conducting fieldwork, an intensive litareg review was done to obtain
knowledge on the background of the study and methodtbe adopted to achieve the
objectives of the research. The study is in pdradleearch with a Ph.D. student,
Bhaskar Singh Karky in Twente University, who isridiag with the community
people in Lamatar for measuring biomass using fledlded methods from 2004-
2006. The community methods for establishing rand@mple points within the
forest and measuring biomass were observed and azechpwith different
literatures. Updated information in the field of iRete Sensing and GIS and their
role in biomass estimation and study of forest degtion were also sought.

Literature review on the definition of forest dedm#ion was carried out to get a
beforehand knowledge of forest degradation for fifigng the indicators of forest
degradation in the field and to interview local ngsas well as the forest experts in
Nepal.

2.3. Field Work

Field work was undertaken from mid-October to midvidmber for about 3 weeks
to collect ground data. The main organizations wieoe involved in Nepal for the

project Kyoto: Think Global Act Local (K:TGL) wenésited. The regional member
in Nepal for the project is the International Centior Integrated Mountain

Development (ICIMOD) and the NGO who works for theld measurements of

biomass is National Trust for Nature ConservatidmiNC). The community forest

study area was visited with the Forest User grqipkss). Informal meetings were
carried out with FUGs to collect information on danse history, socio economic
activities and land/forest ownership. The foreshdittion in the Lamatar was

observed and literatures on community forests gfdlevere studied. Nepal Survey
Department was visited for the topographical magh the aerial photograph, which
covers both the study area.

2.3.1. Sampling Design

Community managed forests were not stratified éecing random sampling plots
because the area of forest was relatively smallingawniform forest cover
(Banskota et al. 2007). A sampling design of samgplinits of size 10 m x 10 m
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(100 nf) was framed in reference to the previous yeansipdimg unit size used by
the KTGL studies. The permanent plots had beendatdn 2004 by using random
assignment on the map for a total sampling are&¥6dfa. Sampling plots were later
located in the field using a GPS device. The usBR$ receivers enables in efficient
and accurate placement of the plots (MacDicken L9%%e use of permanent
sample plots is the most common method of evalgatiranges in forest conditions
(Sampson 2002). For convenience of the communityestigators in annual
biomass/ carbon monitoring, centre of the plot waen as a tree (marked with
white paint) and the radius of the circular pldteta from the centre of this tree. The
area of the circular permanent plots varied inedédht sites as the radii of the plots
were determined by the area per tree as descrip&daloDicken (1997) (Table 1.)
For Lamatar, the plot radius taken was 5.64 meters.

Table 1.Plot radii for carbon inventory plots

Plot size in Plot radius in ~ Typical area per This size of plot is usual for:
square meters | meters tree (m?)
100 5.64 0to 15 Very dense vegetation, stands

with large numbers of small
diameter stems, uniform
distribution of larger stems

250 8.92 15to 40 Moderately dense woody
vegetation

500 12.62 40t0 70 Moderately sparse woody
vegetation

666.7 14.56 70 to 100 Sparse woody vegetation

1000 17.84 > 100 Very sparse vegetation

(Source: MacDicken, 1997, pp54)

As a general rule, about 20 and 30 sampling plbwulsl be established and
measured to test for statistical results (SampdadRR Hence, in addition of 8
permanent plots, 22 plots were randomly selectethénfield with the help of the
expert knowledge and FUGs. These selected randoplisg plots are overlaid in
an ASTER image as shown in Fig. 2.
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Sampling Plots
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Figure 2.Distribution of random sampling plots in KFC dispdal in ASTER

Due to limitation of available time and accessipibf the study area, measurement
on more plots could not be conducted. Data ondi@meter at breast height (1.3 m)
were collected at 30 circular sample plots each waitadius of 5.64 m representing
an area of 100fMmFrom these data, the biomass (Kg.) of each titteandiameter >

5 cm was estimated using standard allometric egustior sub tropical forests of
Nepal. Smaller trees <5 cm dbh were not considesiede they contribute a
relatively small quantity of biomass. The data metbiomass were then used to
estimate the biomass of each sample plot. For tihgose of comparing the canopy
cover density in these forests, ocular estimatiénfosest canopy density (in
percentage) was also carried for each sample plot.

Coordinate points using GPS were taken in the Plow&i National Forest, where
there were signs of forest degradation such asrgggeduced canopy cover. Due to
limited time, the quantitative measurement of tegrddation in the field could not
be carried out. All these measurements were takiém tve help of three trained
members of the communities who had sufficient keamge in taking field
measurements, correctly noting down the readingd, wsing GPS for taking the
coordinate points for the plots. It was observeat the local people with primary
level of education were efficient in carrying outch measurements (Banskota et al.
2007).

Working with the local users helped in learning fagticipatory methodology that
the local communities had adopted for assessingradtoring carbon sequestered
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in their forests and the reliability of their datacording method was assessed
visually. After completion of measurement of trdghdn the community forest, the
boundary coordinates were noted down by Garmin ®R&marcate the study area

2.3.2. Interviews

For the definition of what is meant by “forest dadation” in Nepal, foresters from
the Forest Department, Ministry of Forest and ICID@ere interviewed for their
perception, criteria and definition of “forest dadation” in Nepal.. The open-ended
discussions carried out during single interviewsg®swere very useful in getting a
shapshot of their own definitions of degradatioriteA consulting with National
foresters, Phulchowki National Forest was chosethasstudy site for identifying
the forest degradation in this forest using rensmesing data. FUGs in the study
area were also interviewed in a group on theirgmion of forest degradation.

2.4, Data Preparing and Processing Tools

The instruments used for field work were dbh taparmin GPS, iPAC. Computer
programs that were used for the data preparatichasalysis were ERDAS 9.1,
ENVI 4.4, ArcGIS 9.2, FCD Mapper Ver.2, SPSS 13Microsoft Excel and
Microsoft Visio.

2.5. Post-fieldwork

2.5.1. Remote Sensing Data

Biophysical, chemical properties of the featuresngl with surface roughness are
recorded by a sensor. A large number of sensorpr@sent and a sensor can be
chosen depending on the types of application, al#ity of data, resolution and
cost. It is important to take into account the Eptgmporal characteristics of the
problem that is going to be analyzed. For mappimg) onitoring at a local scale,
Landsat systems, ASTER images can be utilized.

In this study, ASTER scene acquired on October2D®4 was used. ASTER data
was chosen for the study because it has relatikih spatial resolution in the
visible to near infrared bands (Heiskanen 2006)e Bludy requires calculating
several vegetation indices (VIs), which mostly usesl and near infrared
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wavelengths such as NDVI and Simple Ratio (SR). fidszarch is also based on
study of spectral response of the features on #whewhich needs surface
reflectance values. Hence, ASTER On-Demand L2 SerfReflectance was also
used, which contains atmospherically corrected aserf reflectance data.
Furthermore, not many studies of forests have baetied out using ASTER image
(Muukkonen and Heiskanen 2005; Heiskanen 2006l date, most frequently used
remote sensing data has continued to be Landsat+E{lM 2006). However
keeping in regard the small size of the study assaimage with finer resolution
such as IKONOS or Quickbird would have been bditgrcould not be purchased
due to limited budget.

The study also requires measuring forest canopwityenf the area using FCD
mapper as a measurement of indicator of forestadiegion in the area. Since only
Landsat data can be used for this software, LarieiEt image from December 27,
2001 was acquired.

Subsets of the images were prepared in ERDAS. &ibkeuld be large enough to
cover context required for specific analysis (CaeipB002). The subset was made
not only to cover the community forest and natiofakests but a small region

surrounding to provide sufficient number of traiigites for image classification.

2.5.2. Image Processing

The distortion in the image maybe caused due tordketion of the earth and it
maybe rectified with the use of data on monitorofgthe satellite path and the
properties of scanning system (Gibson and Powel0O208STER and Landsat
images have been rectified to the national cootdisgstem using ground control
points (GCPs) collected from 1:25000 scale digi@abgraphic maps with first order
polynomial equation and the nearest neighbour rpbagimethod. A spectral image
never depicts the true radiance of the surface iffsdand Gillespie 2006) because of
the errors in it as a result of defective sensdesa loss during transmission and
recording at ground based receiving centre. So @magalysis process can not
proceed without performing radiometric correctiddilison and Power 2000). In
order to obtain accurate and reliable results, afrheric corrections or radiometric
calibration of the satellite images were carriethgiATCOR3 in ERDAS. ATCORS3
correction algorithm uses digital elevation mod&&M) to carry out atmospheric
and topographic correction in a rugged topographéaaface as found in Lamatar
and Phulchowki study areas. During radiometric bzation, raw radiance from
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imaging spectrometer is converted into reflectade¢a. (San and Suzen 2007;
Goetz, et al. 2002).

2.5.3. Allometric Biomass Equations

Allometric Biomass equations are regression equoatibat provide a relationship
between tree fresh weight biomass and a tree diow(s$ such as dbh. In order to
compare the efficacy of remote sensing in estingaterbon sequestered in the study
area, field aboveground measurements of biomassbeusarried out. This requires
cutting down the vegetation, but fortunately irstetudy, allometric equations were
found to exist for the study area during the litera review.

Allometric equations are preferably species-spedfid locally derived (UNFCCC
2006). Regional tree biomass equation for sub-tadpforests of Nepal was
collected from Forest Department in a booklet nafi@@mmon Tree Species: Field
manual for Community and Private Forests in Nepaépared by NGUNDP/FAO,
which had simplified biomass equations. These éguustrequired only dbh as a
single input variable to calculate biomass. Theraétric relationships were applied
to estimate the biomass for the sample plots. Fenesvere consulted for choosing
the allometric equations for the different treecspe. Not all the species in the study
area had its own allometric equation for biomadsutations, so using the expert
knowledge; they were grouped into the similar tyfeplant species with similar
morphology.

2.5.4. Forest Biomass/Carbon Estimation

2.5.4.1. Ground Measurements

The individual dbh value for each plot was conwtrte biomass using allometric
biomass tables. Biomass equations are importarglate dbh with the number of
plants per ha to total biomass (MacDicken 1997 above ground biomass of each
tree in the plots was estimated using the field sussments of dbh. For each site,
the biomass (expressed in Kg per ha) of each saohptievas taken to be the sum of
the total above ground biomass of its componerst(&g) estimated using standard
allometric equations developed for the local fasesto enhance the direct
comparability of the data sets, a standardized odetlogy used in previous years

2 NG here is Nepal Government
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were used. Here, data from 8 plots surveyed irfithe from 2004-2006 were also
taken into account to see the correlation withrdraote sensing data long with the
30 points collected in 2007.

254.2. Remote Sensing Measurements

Satellite images have been used in several stadigarious spatial and temporal
scales for estimating and mapping forest biomasss@anen 2006; Lu 2006; Foody
et al. 2001; Muukkonen and Heiskanen 2005; Tomppal.e2002; Foody et al.
2003; Mabowe 2006; Thenkabalil et al. 2004; Foodgl.e2003; Zheng et al. 2004,
Lu 2005; Franco-Lopez et al. 2001; Tomppo et aDZ0-. Gonza“ Lez-Alonso
2006; Wicks and Curran 2003; Dong et al .2003) Buthe difficulty in collecting
field data of below-ground biomass (Lu 2006), bismastimation has focused only
on above-ground biomass (AGB) The remotely sensa@ from visible-near-
infrared detectors (such as ASTER) is most comnoore$timating biomass in the
field (Brown 1996). The coordinate points of thangde plots taken by the GPS
were converted into a point shape file and werd tarer the corrected ASTER
image. The reflectance values from ASTER were etachfor each sample plot
using ENVI. Reflections of the red, green and nedrared radiances contain
considerable information about forest biomass. Vagm reflectance properties
were then used to derive spectral vegetation isd{&Y/Is). SVIs are constructed
from reflectance measurements in red and NIR batwdsanalyze specific
characteristics of vegetation in the area (Asn@&81Mather 1999). SVIs attempt to
enhance the spectral contribution of vegetation levhieducing that of the
background (Heiskanen 2006). Vegetation indicesehbeen recommended to
remove variability caused by canopy geometry, baitkground, sun view angles
and atmospheric conditions when measuring biophygioperties (Tucker 1979).
Vegetation indices (VIs) were used in the presamdysas they are commonly used
to produce estimates of biomass (Schlerf et al5p@Mhd they usually have good
correlation with the biomass as biomass represietsgood health of the plants
(Pinter Jr. et al. 2003). However, some studiexl@go shown that VI has poor
correlation with biomass data such as of Mabow®§20Most popular VIs using
red and near infrared wavelengths are simple (&R) (Heiskanen 2006) and the
normalised difference vegetation index (NDVI) (BmowL996; Heiskanen 2006;
Foody et al. 2003; Myeong 2006). Many vegetatiotides and band ratios have
been used in the relation with biomass since pasters. The ones that have been
used in this study are mentioned in Table 2. Otiegietation indices that reduce the
effect of soil background and atmosphere such @sA8justed Vegetation Index
(SAVI), Perpendicular Vegetation Index (PVI) weret monsidered as there was no
bare soil background in the study area.
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Table 2.SVIs used in the study

Vegetation Formula References

Indices

DVI NIR - R Tucker 1979

SR NIR/R Lu 2004; Schlerf et al. 2005;
Heiskanen 2006; Jordan 1969

MSR (NIR/Red -1)/(NIR/Redf + 1)  Chen 1996

NDVI (NIR- R)/ (NIR+R) Lu et al. 2004; Jensen 1986;
Heiskanen 2006; Rouse et al.
1973

RDVI JNDVI * DVI Roujean and Breon 1995

(Note: MSR: Modified Simple Ratio, DVI: Differendéegetation Index, TVI: Transformed
Vegetation Index; RDVI: Re-normalized Differencegégation Index)

2.5.4.3. Statistical Modelling

When the vector layer of 30 sample plots was plamest the corrected ASTER
image, it was observed that some of these poiitegifto fit into the correct location

within the study area. The reason is most likelg thuthe error in the GPS reading
as a result of poor satellite signals during fieldrk. Therefore, out of 30 points,
only 28 points were considered in the statisticellgsis.

Linear regression analysis was employed in theistittl modeling of the
relationship between the forest variables and AST##Ra (Heiskanen 2006;
Muukkonen and Heiskanen 2005; Foody et al. 200} Wise reflectance values
from the ASTER image were derived using ENVI 4.4jck used to calculate the
vegetation indices such as NDVI, SR in Excel wodeth. Empirical relationships
between plot biomass data and VIs were developédy urrelation and linear
regression analysis, which were used for developindiomass model. The
coefficient of determination @R was used to evaluate a regression model
performance because it measures the percentageariztion explained by the
regression model (Lu 2005).

Y = aX + b (Biomass model)
Where, Y is response variable (Biomass in Kgs)

X is an explanatory variable (VI)
a and b are coefficients of explanatory variable.
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Indirect estimates of biomass/carbon values wereemgged with empirical
relationships established between vegetation isdamd in situ data on biomass
(carbon) stocks in the forests. The biomass prapwtfrom all the sites were added
to give the total aboveground tree biomass, whiels divided by 0.5 factor to get
the carbon values. These values were again conviatte carbon in ton/ha using the
area of the plot. Finally, VI for the biomass moaes chosen in terms of best
coefficient of determination @ for biomass/carbon mapping of the study area.

Although validation of the estimated results is iamportant part in the AGB
estimation procedure (Lu 2005), sufficient datavialidation could not be collected
during field work.

2.5.5. Defining Forest Degradation

Forest degradation results from various causesuadérstanding these underlying
drivers of degradation are important for identifyimeasures to reduce degradation.
There are many definitions of forest degradatiotatimy to the causes of
degradation, loss of environmental services, changighin the forest structure
within certain time frame etc. Forest degradatismiainly caused by direct and
indirect impacts from the human activities and getwla reduction in forest biomass
in an unsustainable manner (Defries et al. 200&)omt reducing the area of the
forest.

The definition of forest degradation were sougbtrfrnumerous literature reviews,
which were combined with the definitions given bg tommunity people and forest
experts in Nepal to determine the most commonlhetstdod International and local
definition of forest degradation

2.5.6. Identification of Forest Degradation from Remote Sasing

During the field work, both community forests aratianal forests were visited. It

was observed that national forests had more inolisaif forest degradation such as
logging, invasion by alien species, reduced croewec density. The objective is to

observe whether these two forest types can bendisshed in a satellite image;

various remote sensing tools have been appliedtémnpt this distinction. These

tools are briefly described in the paragraphs below
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2.5.6.1. Spectral Signature Separability

A common method of monitoring vegetation disturtemcand pattern is to
categorize the pixels in an image to different lander classes and compare the size
and extent of the classes (Wulder and Franklin P00Ris is the main reason for
employing classification in this study. Classificatis the most common single-date
image analysis techniques for change detection défuland Franklin 2003).
Classification or image segmentation is the proadsgrouping the pixels of the
image into a finite number of individual classesédsh on their data values. If a
certain set of criteria are satisfied by the pixilis assigned to the class
corresponding to that criteria. The software needming to define these criteria
according to which the image will be grouped inavexal classes. Classification
assigns color to group of pixels having similar & reflectance (Gibson and
Power 2000). Supervised and unsupervised clagsifica are two types of
classification approaches that were applied on ASirgage.

Image classification can form a basis for invesiigathe difference in the structure
of degraded and non degraded forest by assigniffigretit classes to these two
forest types. An unsupervised classification usithg ISODATA clustering
algorithm was performed. The ISODATA algorithm usd@gimum spectral distance
to assign a cluster for each candidate pixel. Bigerithm is highly successful at
finding the spectral clusters that are inhererthendata (ERDAS 2005). Knowledge
of the area is not necessary during image segni@mtalie to which the high
accuracy of classification may not be achieved (&sd Mather 2001). Since the
aim of the classification was to analyze the ddfere in signatures of community
and non community forests only, the class numberseimited to 4(community
forest, non community forest, agriculture and bate) examine whether both
community and national forests get classified ithi®@ same or different classes. In
this study, terms “degraded, unmanaged, natiorralsto imply the same meaning
and in the same way terms such as “non-degradacaged and community forest”
provide the same understanding.

Supervised classification was carried out in theoed stage where calibration data
(50) and validation data sets (100) were colleatadng field work. Supervised

classification is the process where the analystcsglpixels that represent certain
land cover type with the help of field data, aedal other sources of information
and knowledge of the area being classified. Supedviclassification attempts to
classify each pixel, based on spectral informatioone or more spectral bands, to
classes or themes. Minimum distance to means is afnéhe mathematical
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approaches for spectral pattern recognition, whm@xel of unknown identity is
classified by computing the distance between tHaevaf the unknown pixel and
each of the category means, which has been ustdsirtase. To make the study
simple and easy to understand, the number andatine of the classes were kept the
same as the unsupervised classification in thie tas

Spectral signatures of both managed and unmanagesdts were analyzed using
ENVI 4.4 and ERDAS 9.1. Every natural and synthetifect on the earth’s surface
reflects and emits electromagnetic radiation (EMRr a range of wavelengths in
its own characteristic way according to its chemémamposition and physical state.
These objects (features) usually exhibit the spectrsponse pattern that is unique
like a fingerprint, which allows for the identifitan of different objects on the earth
in a satellite image. This unique spectral charetie is known as a spectral
signature of that feature. Each spectral signatareesponds to a class and assigns
the pixels in the image file to a class during sification (ERDAS 2005).

The basic principle to identify different earth tigi@s is to observe if these features
are spectrally and statistically separable or fidte spectral signatures can be
plotted as curves to represent the spectral respaoina certain type of features as a
function of wavelength in a graphical way. Theseves are defined by the varying
percent of reflectance. The spectral reflectanecgesuwere constructed by plotting
the image pixel value (reflectance or DN valueshath forest types as the function
of band number (wavelengths) to determine whichdbaare most useful for
discriminating these two feature types.

2.5.6.2. Statistical and Graphical Method of Feature
Selection

Features are the “statistical characteristics’hefimage data that carries information
about the variation within the scene (Campbell 200Rraining statistics were
collected for the class of interest for each banddtermine which bands were most
effective in separating the classes. This procekaawn as feature selection (Jensen
1996). Feature selection involves both statistiggrametric) and spectral (non-
parametric) methods (Tso and Mather 2001; Jens86)18oth methods were used
to analyse the difference between managed and wagednforests, because both
graphical display of the statistical data as wsllspectral presentation of data are
equally important
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Statistical Method of Feature Selection

A parametric signature defines the class probghilgsed on statistical parameters
(e.g., mean, standard deviation, covariance) ebddadrom the samples of
multispectral pixels in the image space (ERDAS 20Barametric sighatures can be
generated both in supervised and unsupervisedfatatison

Statistical methods of feature selection were useguantitatively select the subset
of band or features that provides statistical saplity (Jensen 1986) between the
managed forest and unmanaged forest classes. aileeneany options for evaluating
the separability of signatures using statisticathoé and these formulas take into
account the covariances of the signatures in thelddeing compared, such as
divergence, transformed divergence and Bhattactdisyance.

Univariate statistical analysis gave the valuesMafimum, Maximum, Mean and
Standard Deviation (SD) for all sample points taklen both managed and
unmanaged forests in each band, which were analyseédnterpreted using Excel
worksheet.

1. 2D Scatterplot

A 2D scatterplot visualizes a relation between taoables. Individual data points
are represented in two-dimensional space whereiX axd Y axis represent the
variables. A set of 100 random points were gendratside the boundary of both
managed and unmanaged forest in ArcGIS. The reafteetvalue of the 100 random
points were extracted from managed and unmanagedtfoin ASTER image and
were compared for two bands at a time in a 2D eqadtt till all possible
combinations became exhausted.

2. Box Plots

Box plot graphs are efficient means of displayinghmary of the data. It displays
five number data in the graph: maximum value, minimvalues, median, upper
guartile and lower quartiles. Using box plots, thélectances data can be analysed
by studying their location and their spread. Bowtplwere studied using both
managed forest and unmanaged side by side on the geph to compare 2 data
sets in 3 bands. Hence the box plot was made folaged and unmanaged forests
for band 1, band 2 and band 3.
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3. Coincidence Bi-spectral plots
One way of two dimensional display of training slagtatistics is plotting spectral
plots in a bar graph format for each band (Anuta7li& Jenson 1986,pp192).

Coincident bi spectral plots were generated wheaihg statistics for 2 forest

types were displayed in all 3 bands. This displag be used to identify between-
class separation between each class in each bande@ 1979 in Jenson 1986,
pp193) using the mean and the variance of thes#dsa

4. Transformed Divergence

As mentioned before, statistical methods of feasalection involve use of different
separability measures like Divergence, Bhattachadiatance, Transformed
Divergence (TD). Divergence was one of the firsamees of statistical separability
used in remote sensing data for feature selectimmsgn 1986). Transformed
Divergence is an advanced divergence method, whashused in the present study
to identify statistical separability of 4 trainim¢psses in 3 bands. This statistic gives
an exponentially decreasing weight to the increpsiistance between two classes.
Larger the value, better the separability betwesm ¢lasses will exist (Jensen
1986).. The range of the values is from 0-2000

The Transformed Divergence is given by the folloyvaguations:
TD(i,j) = 2*{1-exp(-D(i,j)/8)]

Where

TD (i,j) = Transformed Divergence between classed |
D (i,j) = divergence between classes i and j

D(i,j) = 0.5*T [M()-M@Q)*[InvS(@i)+InvS)*IM( i)-M(j)]
+ 0.5*Trace[InvS(i)*S(j) +InvS(j)*S(i}2*1 ]
Where,

M(i) = mean vector of class i, where the vettas Nchannel
elements (Nchannel is the number ofokés used)

S(i) = covariance matrix for class i, whichkstdchannel by
Nchannel elements

InvS(i) = inverse of matrix S(i)

Trace[] = trace of matrix (sum of diagonal elemsg¢n

T[] = transpose of matrix

I = identity matrix
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5. Bhattacharya distanceor Jeffries-Mastusuta
Bhattacharya distance was also calculated for uhiti@rg the separability between
two classes at a tim&he Bhattacharrya (or Jeffries-Mastusuta (JM)}&vise is
calculated using the following formula:

BD(i,j) = 2*[1-exp(-a(i.j))]

where

BD(i,j) = Bhattacharrya Distance between claasd |
a(i,j) = 0.125*T[M()-M()I*Inv[A(L)I*M()-M( )]
+ 0.5 *In{det(A(i,j)))/SQRT[det(S(i))*et(S())]}
Where,

M(i) = mean vector of class i, where the vettas Nchannel
elements (Nchannel is the number ofiokés used)

S(i) = covariance matrix for class i, whickstdchannel by
Nchannel elements

Inv[] =inverse of matrix

T[] = transpose of matrix

Ai,j) =0.5*S()+S())]

det() = determinant of a matrix

In{} = natural logarithm of scalar value

SQRT[] = square root of scalar value

The value of JMranges between 0 and 1414. Jensen (1996) suggestedTD or
JM distance measures whenever possible. Hence th@seaneasures were also
selected for the current study.

The signature editor in ERDAS Imagine was usedatoycout signature separability
test using distance measures and the result was giva report of the computed
divergence of every pair of signature in each beatd The numbers for each pair of
signatures were compared to determine which claases mostly separable and
which set of bands is the most suitable for seplisabf signatures.

6. Dendogram

A study was also undertaken to find out the spksteparability between classes
using a dendrogram. Dendrogram is one of tools thaGIS Spatial Analyst
provides, which was used to study the statistiegtfidution of the classes stored in
a signature file in the attribute space.

The Dendrogram tool uses a hierarchical clustedhlygprithm. The program first
computes the distances between each pair of classks input signature file. The
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closest pair of classes is merged first and thé desest pair of class gets merged
and so on, till all the classes get merged. Afsmhemerging, the distance between
all pairs of classes gets updated. The distancehiah the signatures of classes are
merged are used to construct a dendrogram (Arc@kkiop Help)

The distance g, between a pair of classes m and n (in this stuahnaged and
unmanaged forests) was measured as a distanceepetiair means and variances
using the following formula.

" Where,
2 .
i, -3 (s~ B | m, n = IDs of classes, i = layer number
T WiV [ = mean of class m or n in layer i

V = variance of a class m or n in layer i.

The spectral signatures were created for the trgiareas in all bands, which was
used as an input signature file for dendrogramtfando create an ASCII file that
graphically depicted the distance relationshipsvbet the classes in the signature
file.

Graphical Method of Feature Selection

A nonparametric signature is not based on stadistimut on discrete objects
(polygons or rectangles) in a feature space im&iRDAS 2005). These feature
space objects define the boundaries for the cla3des pixels are assigned a class
depending on their location either inside or owddide area in the features. Non-
parametric signatures were generated using supdrdagkassification (Kloer 1994),
which were plotted in the feature space.

1. Eclipse Diagram and Scatter Plots

The evaluation of non-parametric signatures wasexhout based on the concept of
feature space. The feature space of an image idNttanensional space which
encompasses all the data values of the image (idoMather 2001). Since N-
dimensional space cannot be easily representedfetliare space of an image is
calculated and visualized in a multiple 2-dimenalagllipse plots which are known
as spectral plots or scatter plot or feature spmeges. The feature space images
displays the distribution of the pixel values fbetsample points using combination
of 2 bands each time, which provided useful vidagtiveen the class separability
information for different band combinations (Jend®96). In this feature selection
method ellipses are calculated based on the mewhstandard deviations stored in
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the signature file and displayed in 2-dimensioredtdires space. By observing
whether the ellipses for different signatures foe dand pair overlapped or not on

the feature space image, it was determined if igi@atures represent similar groups
of pixels.

Overlapping
No Overlapping
” 1
= =
= =] Signature 2
Signature 2
Signature 1 Signature 1
Band 1 Band 1
(a) (b)

Figure 7.Ellipse diagram plotted between 2 bands.
(@) No overlapping between the signatures
(b) Overlapping between the signatures
(Centre points in figures are the mean of the vantage)

2.5.6.3. Forest Canopy Density (FCD) Modelling

The status of forests can be determined by itsmadensity. Forest degradation, by
many definitions is described as the reductionanopy cover is the most readily
observed in a satellite image. Damage to foresbmarcan be detected through
visual interpretation and advance image procesaliggrithms (Defries et al. 2006).
FCD mapper is one such model that employs foresbma density as a primary
parameter for determining the condition of the $vtbereby indicating the degree of
forest degradation (Rikimaru et al. 1999). The atlwge of FCD mapper is that
intensive ground truthing is not required.

FCD mapper estimates the index of canopy densitygu®flectance properties of
Landsat TM (Baynes 2005). Therefore, Landsat ETMDefcember 2001 was
acquired for analysis. FCD mapping and monitorirgded is a semi expert system,
which considers four factors into the model: vetieta bare soil, thermal radiation
and shadow which are derived from advanced vegetatidex (AVI), bare soil
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index (Bl), thermal index (Tl) and Shadow Index)(®Fr Scaled Shadow Index

(SSI). The combination of these indices into thedelgroduces a FCD map. Forest
canopy density here is expressed in a percentade & each pixel in the image,

where 0 implies no forest and 100 means maximum o@andensity.

Shadow

Vegetation

Bare

Temperature

Figure 8. Concept of Forest Cover Density Mapper

Advanced vegetation index (AVI) reacts sensitivielythe vegetation and increases
with increasing forest canopy. Shadow index inaeasith the increase in forest
density. Thermal index increase as the forestitjeissreduced and bare soil index
increases as the bare soil exposure degrees fifrdst floor increases (Fig. 8).

As an intermediate step VI and Bl were combined imegetation density (VD)
value using principal component analysis and VI 8havere combined into scaled
shadow index (SSI) by linear transformation of Binally, VD and SSI were
synthesized into a forest canopy density valuertmlypce a FCD map (Joshi et. al
2006).

FCD= (VD *SSI + 12— 1

The FCD map with categorical value of forest canapgnsity expressed in
percentage was finally exported as TIFF and andlysed ArcGIS 9.2. The main
purpose of using the FCD mapper in this study iexamine if there is a difference
in the canopy cover density in managed and unmahfayests. The assumption is
that managed forest would have more canopy detigity the unmanaged forest.
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The total FCD value of all the pixels was addedfapboth the forest types and
statistical analysis was carried out to measurennaea variances of both the forest
types to see if degraded unmanaged forest had loavespy cover density than the
managed forests. In addition, the predicted agaihserved carbon values were
plotted and the agreement was tested by a simpardiregression and the variance
of the observed carbon value explained by the predivalue was used to assess the
random errors in the model.

The coefficient of determination {R slopes (R) and intercepts) (were used to
evaluate the performance of predictors. An unbiggedictor would be expected to
have a slope (b) of 1 and intercept (a) of zershiet. al 2006).

For more details in the theory and operation ofrtioelel FCD Mapper User Guide
Ver. 2 can be studied

2.5.7. Accuracy Assessment

Validation is critical to both biomass mapping asiassifications and is an integral
part of this research. Classification or featurentification using remote sensing
requires an accuracy check with independent setsraifing and testing data
(Stehman 1997). Estimation of accuracy measurés uel the magnitude of error
and its impact on a model. Accuracy assessmentbeathieved with application
of specific formulas and tests to the statistidzderyvations (Sophia 2007).

The accuracy assessment statistics for the FCD enapgluded the root mean
square error (RMSE)

e 30

i=1

Where, Y] is observed value of FCD‘?i is estimated value of FCD by the models

and n is number of sample observations.

Training and testing sites were developed fromgrmund truth data obtained by
using a GPS during field work which was used folidaion of the supervised
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classification results. Accuracy assessment repast generated using ERDAS 9.2
with user accuracy, producer accuracy, overall mmyuand kappa coefficient.

User Accuracy

The user accuracy or object accuracy was calcylateith compares the map with
the field data. For each class, the probability thaandomly chosen point on the
map has the same class value in the field

Producers Accuracy

The user accuracy or object accuracy was calcylateith compares the map with
the field data. For each class, the probabilityt tnaandomly chosen point in the
field has the same class value on the map

Overall accuracy

The simplest accuracy measurement “overall accumacytotal accuracy” was
calculated by dividing the total number of corrgatlassified sample points by the
total number of points. It reflects the probabilihat a randomly selected point on
the map is correctly classified.

Kappa Statistics

Precision refers agreement between observationssaaften reported as a kappa
statistic. Kappa statistics give a quantitative suea of the magnitude of agreement
between observers. The Kappa coefficient was catied] which allows us to
qguantify this randomness of the data prepared byinfiluence of chanc&Kappa
estimates the influence of chance on the estimatga accuracy. Kappa estimate of
1 indicates perfect agreement, whereas a kapparafi€ates agreement equivalent
to chancelnterpretation of Kappa is given below.

Poor Slight Fair Moderate Substantial Almost perfect

[
>

Kappa (k) 0.0 .20 40 .60 .80 1.0
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3.

3.1.1.

In October 2007, a total of thirty 10m x10m samplets were established randomly
throughout the Kafle community foresichima Wallichii and Castonopsis Indica
were the most abundant tree species observed isaimple plots as depicted in
(Fig.9). All the trees with dbR5cm were measured in 30 plots of the study area.
The total number of sample trees taken was 4435884 of these trees had dbh

Results

3.1. Relationship of

Field Based Measurement and
Remotely Sensed Measurements of Biomass/Carbon

Tree Species in the Study Area

ranging from 5-10 cm and 3% had dbh below 30 crg. (6.

300

250 -

Number of trees

50

200 -

100 -

6%
15%

21%

2%

17%

2%

13%

B Myrsine capitellata

B Schima wallichii

@ Castonopsis indica

B Pinus Wallichiana

@ Eurya acuminata

O Myrica esculenta

B Castonopsis
tribuloides

O Quercus glauca

B Pinus roxburghii

@ Alnus nepalensis

0O Others

Figure 9.Tree species of

the area

I _

5-10 10-15 15-20

20-25
DBH (cm) class

25-30 >30

Figure 1Mistribution of trees according to dbh class
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3.1.2. Statistical Results from Exploratory Field Data Andysis

As mentioned previously, empirical relationshipdween plot biomass data and
SVIs were developed using correlation and linegragsion analysis. The allometric
relationships were applied to estimate the AGBtlier28 sample plots.

In the present study, the correlations between SMlsulated from the ASTER
image for 28 plots and field biomass data showeat pelationship which is shown

in Table 3 and Fig. 11.

Table 3. Linear regression model between SVIs and plot Wismass data

SVI Linear Model R
NDVI 3363x - 84.254 0.028
SR 155.58x + 1358.1 0.0175
MSR 667.46x + 986.01 0.0166
RDVI 191.51x + 1176.7 0.0252
y =3363x - 84.254
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Figure 11. Linear regression analysis of SVIs (a) NDVI (b) @&RMSR (d) RDVI
with plot wise biomass values in Kgs. in 2007

Due to the poor values of coefficient of determimat(R?) between biomass data
and SVIs, this dataset was not considered for bésfearbon mapping. The biomass
data from previous years from 2004-2006 with 8 dangtots were plotted against
the ASTER SViIs. Linear regression models and coieffis of determination @R
obtained between VIs and biomass data over theewjpriod of 2004-2006 are
shown in Table 4.
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Table 4.Linear regression models and lRetween Vis and biomass data in 8 plots
from 2004 -2006

Year NDVI SR MSR RDVI
2004 R? 0.3273 0.4452 0.3109 0.4401

Eqgn 8774x - 3929.6 646.93x - 1340.4 2432.9x - 2852. 530.95x - 688.6
2005 R? 0.506 0.5981 0.4421 0.5859

Eqgn 8704.2x - 3881.3  598.26x - 1106.9 2314.6x 1245 88.78x - 494.01
2006 R? 0.3303 0.3772 0.2598 0.4085

Eqgn 7684.7x - 3152.9  519.18x - 660. 1939x - 1450.8 445.99x - 227.96

Results indicate that the relationships obtainetivéen vegetation indices and

biomass data showed better correlation, obtairtiagoest relationships in year 2005
with R? value of 0.59 for SR. Rvalues of the linear models varied between 0.25 an
0.59 for biomass.

Given that the ASTER image in this study was frowa year 2004, the biomass data
from the same year was considered to be the bestoordrawing the conclusion on
previous data. The correlations between the refited in ASTER VNIR spectral
bands and the AGB of trees from 2004 were significalthough not mostly strong.
The best relation was observed with SB5®44) among other tested VIs.

3.2. Different Definition of Forest Degradation

3.2.1. Forest Degradation in Literatures

Different definitions of forest degradation wereught from various literature
reviews, which are summarized below according éopairameters used for defining
forest degradation by the authors and the Intesnatibodies.

Table 5.Parameters covered by different definitions of $biegradation from
literature review.

Parameter Definitions Covering the Parameters

(References)

Changes within the forest

Structure FAO 2000, FAO 2001, FAO 2006, UNEP/CBD 2001, Gram$993,
UNEP/CBD/SBSTTA 2001, Grainger 1996, ITTO 2002 iNEP-
WwCMC
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Crown cover

FAO 2000, ITTO 2005, IPCC 2003°, Grainger 1993, FAI?2 , FRA
2002, Grainger 1996, UN-FAOb 2000, Lund 2007

Species FAO 2001, FAO 2006, UNEP/CBD 2001, Grainger 1993,

composition UNEP/CBD/SBSTTA 2001, Grainger 1996, ITTO 2002 iNEP-
WCMC

Biodiversity FAO 2000, FAO 2003, FAO 2002, UNEP/CBD 2001, ITZaD2,
UNEP/CBD/SBSTTA 2001, FRA 2002, UN-FAOb 2000, USFS,
UNEP/CBD 2006

Stocking FAO 2000, FAO 2001, FAO 2006, UN-FAOb 2000

Soil degradation

FAO 2001, FAO 2006

Tree density

Grainger 1993, WRI IN FAO, Grainger 1996

Forest health

People & the Planet 2000 — 2008

Reduction of capacity to provide:

Productivity Lambin 1999, UNEP/CBD/SBSTTA 2001, World Bank 19BEA,
WRI IN FAO, Grainger 1996People & the Planet 2000 — 20Q8nd
2007, ITTO 2002 in UNEP-WCMC

Goods FAO 2000, FAO 2001, FAO 2006, UNEP/CBD 2001, ITT@D2,
UNEP/CBD/SBSTTA 2001, UNEP/CBD 2006

Services FAO 2000, FAO 2001, FAO 2006 ,UNEP/CBD 2001, ITT@D2
UNEP/CBD/SBSTTA 2001

Wood FAO 2003, ITTO 2002, FAO 2002 , FRA 2002, UN-FAQROR

Carbon FAO 2001, FAO 2006, FAO 2003, ITTO 2005, IPCC 2Q0BCC

stocks/biomass

2003b IPCC 2003c, IPCC 2003d, Grainger 1993, UNCliPpate
Services in FAO, IPCC1996, IPCC1996

Other functions

FAO 2000, FAO 2001, FAO 2006, FAO 2003, ITTO 20820 2002 ,
FRA 2002, UN-FAOb 2000

Time scale

Long Term FAO 2000, FAO 2003, ITTO 2002, IPCC 2003b, IPCCR)H0PCC
2003d, Lambin 1999, FAO 2002, FSC, FRA 2002, UN-BAZD00

Short Term Lambin 1999

Permanent Grainger 1993, World Bank 1991, EEA, Grainger 190&stellani, C.,

et al 1983
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Temporary

Grainger 1993, Grainger 1996

Causes

Logging FAO 2000, FAO 2001, FAO 2006, Souza et. al 2003DFR2802 , FRA
2002, UN-FAOb 2000, Lund 2007

Harvesting ITTO 2002 in UNEP-WCMC, Castellani, C., et al 1983

Thinning Lund 2007

Fire(s) Souza et. al 2003, FAO 2002, FRA 2002, UN-FAOb 2@x4xtellani,
C., etal 1983

Wind-felling FAO 2002, FRA 2002, UN-FAOb 2000

Over grazing

FAO 2001, FAO 2006, Castellani, C., et al 1983

Landslides/erosion

ITTO 2002

Over exploitation
for fuel wood or
timber

FAO 2001, FAO 2006, IPCC 2003c, UNDP, Climate &=mwin FAO,
IPCC1996

Attacks by insects

FAO 2001, FAO 2006

Diseases

FAO 2001, FAO 2006

Plant parasites

FAO 2001, FAO 2006

Invasive Species

FAO 2001

Cyclone FAO 2001, FAO 2006
Poor IPCC 2003c, IPCC1996
managements

The analysis suggests that most of the definitiolor@st degradation from literature
includes reduced crown cover of the forest as asglloss of biodiversity in their

descriptions.
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@ Structure
@ Reduced crown cover
@ Reduced species composition
@ Loss of biodiversity
20% O Loss of stocking
0O Soil degradation

m Less tee density

16% B Low Forest health

Figure 12 Parameters of forest degradation mostly coveyditdrature review

3.2.2. Community Perception on Forest Degradation

Analysis of the interview data revealed that mdsthe FUGs were not clear about
the distinction between “deforestation’ and “degttéwh”. The forest definitions as
described by the local users were mainly concesdrain forest fire and timber
smuggling.

O Low forest health

O Over exploitation

% )
12% 9% T Deforestation

O Over grazing, reduced wildlife
0O Forest fire

14% O Less productivity

B Reduced crown cover
27% g Condition of the area
1%
O Loss of vegetation
1%
@ Expansion of agricultural land
4%
O llegal human settlementin the forest

3%
O Timber smugling
4% 14%
B Road construction
3% . .
O Landslide/Erosion

Figure 13.Parameters of forest degradation mostly descrilydelGs

3.2.3. Expert Knowledge

About 10 foresters were interviewed with an opedeghquestionnaire to gain their
perception on the definition of forest degradatsnwell the underlying causes and
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indicators of degradation. It was noticed that saase literature review, their
description of forest degradation mainly focusedresuced canopy cover and loss
of biodiversity.

@ Reduced crown cover

Reduced species composition
10% 8 P P
@ Loss of biodiversity
O Loss of stocking

| Conversion to agricultural land

Figure 14.Parameters of forest degradation mostly definedatipnal experts

3.2.4. Comparison of Results

Comparison of the results was based on graphiedysia of degradation definitions
as regards to causes of degradation, observed ehangthe forest due to it,
reduction in its capacity to provide functions otemporal scale and the results are
illustrated below.
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Figure 15.Changes within the forest as the result of degraudlat
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Figure 18.Duration of forest degradation according to theréiture

Most common definition of the forest degradation according to

Literatures, Expert and Local People:

Forest degradation ichange in crown cover and loss of biodiversitycaused as 3
result of ‘logging and forest fires” which reduces thecarbon stock and
productivity ” of the forest for atbng term”.

3.3. Distinguishing Managed and Unmanaged Forest using
Remote Sensing Data

Remote sensing and GIS tools were employed in aimgydegraded and non-
degraded forests, which requires knowledge of thectire and function of forest
and their condition that varies their reflectanceperties.

3.3.1. Spectral Signature Separability

The classification phase started with the unsupedvclassification to observe if the
pixels of both degraded and un-degraded foresthénmage would be classified
into the same category. Results revealed that the® not much distinction in
distribution of the classes for both the forestefypwhich is shown in the image
below (Fig. 19). During classification some clusté&ll into both the classes which
were identified as crossovers.
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Figure 19.Unsupervised Classification of ASTER image show@itgand NF

Supervised classification was carried out in theoed stage where 50 datasets were
taken for calibration and 100 sets for validati@ted(Figure 19). Degraded and non-

degraded forests were assigned into 2 differerdsela to analyze their spectral

separability using statistical and non-statistioaasures.

3.3.2. Accuracy Assessment

The accuracy assessment and Kappa statistic ssgggstd classification
(supervised) results that has been presented ifigblke 6 below.
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Table 6.Accuracy Assessment of Supervised Classification

Managed Unmanaged
Class Forest Agriculture Forest Bare
Producers
Accuracy 77.5 100 86.21 85
Users Accuracy 88.57 83.33 71.43 100
Kappa for each
Category 0.8082 0.8146 0.5959 1
Overall
Accuracy 83.84%
Overall Kappa 0.7713

The overall accuracy is 83.84% while the overalppais 77.13% i.e. 77.13% better
than chance. The cell size used here was 15nthieecell size of ASTER image.

3.3.3. Statistical Method of Feature Selection

The results of identification of managed and unmadaforest features analyzed

spectrally and statistically are explained below.

1. 2D Scatterplots

The reflectance value of the 100 random points vesteacted from managed and
unmanaged forests in ASTER image and were comgardd/o bands at a time till

all possible combinations became exhausted.
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Figure 20.2D Scatter plots of the reflectance values plottesvben (a) NIR and R
band (b) Green and NIR (c) Red and Green

It was observed that there was significant oveitagpbetween the reflectance
values in all band combinations. The drawback ofs2Btter plot is that each graph
has to be prepared and evaluated for each bandicatiom and it is possible to
visualize the training statistics only in 2 bantia ime (Jenson 1986).

2. Box Plot Diagram

Box plots were constructed which graphically deggicgiroups of reflectance data of
managed and unmanaged forests through their fimahru summaries (the smallest
observation, lower quartile (Q1), median, upper rtiiga (Q3), and largest
observation) (Fig. 22). The indicated outliers barseen as text in the figure.

Box plot graph shows difference in 2 datasets, auithmaking any assumptions of
the underlying statistical distribution. The spacbetween the different parts of the
box specify variance. Third quartile of the refiaute in band 3 of unmanaged forest
is near to the median of the reflectance in theagad forest in the same band. This
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might suggest slightly higher reflectance in mankfygest than unmanaged forest.

However, in Band 1 and 2, there was no distinction.

i
=2 o

N= IE:J IE:J
hanaged Forest Lhrranaged Forest

Figure 21.Box plot diagram of Band 3 reflectance of CF and NF

3. Coincident Bi Spectral Plot

Coincident bi spectral plots were constructed wheaming statistics for 2 forest

types were displayed in all 3 bands. This displag wsed to identify between-class
separation for each class and band (Jensen 19if@) tie mean, lower and upper
threshold values for each class in each band. dlplay revealed separation
between each class in each band using the meahandriance of the data sets was

not applicable in this case.

Bi-Spectral Plot of Managed and Unmanaged Forests N: Mean of Unmanaged Forest

C:Mean of Managed Forest

Band 3 hES kit N

Band 2

Band 1

Reflectance
Figure 22.Coincident bi spectral plot
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4. Transformed Divergence
The values of transformed divergence are presdrekxiv:

Table 7.Values of transformed divergence

Bands
Class Pairs 1 2 3
CF_NF 999 432 1439
CF_Bare 2000 901 106
CF_AGR 1993 2000 1735
NF_Bare 2000 2000 1639
NF_AGR 2000 2000 538
Bare_ AGR 2000 2000 1740

As mentioned in the methods section, transformederdence value of 2000
suggests excellent separability between classe§0 16 1900 means good
separability and below 1700 is poor separabilityhe Tvalues of transformed
divergence in all bands were below 1700 suggedtiege is a poor separability
between these classes

5. Jefferies-Matusita

Table 8. Values of Jefferies-Matusita

Bands
Class Pairs 1 2 3
CF_NF 727 486 817
CF_Bare 1335 1385 105
CF_AGR 1302 1369 995
NF_Bare 1361 1391 853
NF_AGR 1393 1393 639
Bare_ AGR 1187 1216 1015

The values of Jefferies-Matusita range from 0-14THhe results showed poor
separability between managed and unmanaged fordsis.indicates that the two
signatures are statistically very close to eackroth
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6. Dendogram
The output dendrogram is given below:

Classes
Distances between Pairs of Combined Classes
{in the seguence of mergingd 1: Managed Forest
remaining  Merged Eetween-Class (CPH)
Class Class Distance ;
I : Tieroa 2: Agriculture
2 4 3.711353 .
z ] 3.rii33s 3: Unmanaged Forest
“““““““““““““““““““““““ (NF)
C DISTAMCE
N 4. Bare
A
= 0 0.8866 1.7332 2.5997 3.4683 4.3325 5.195%% 6.0680 §.9326 F.7002
5 Je-m--i- [ [ [-----t- [ [ [ [ |---m-tn |
ER e e e e e |
[~ |
1 e | |
e ! |

| | | | | | |
o 0.8666 1.7332 2.9997 3.4663 4.3325 G5.1995 6.0660 6.59326 7.7002

Figure 23.Dendogram of CF (1), NF (3), Bare (4) and Agricrét(2)

The results suggest that classes 1 (managed fara$ty (unmanaged forest) are the
nearest neighbours in attribute space; therefomy, are merged at level 2.293033.
This value indicates the relative degree of sintilawhich can also be viewed as
the distance in multidimensional space.

3.3.4. Graphical Method of Feature Selection

After creating the signatures of four classes (Mg Unmanaged, Bare and

Agriculture) during supervised classification, thesignatures were evaluated
between all VNIR band combinations in a featurecepand the results are presented
in Fig. 24. Scattergrams provided an in-depth ustdeding of the spectral nature of
the signatures being analyzed. Examining the grapiggests that there is

substantial overlap between class 1 and 2 in alti®a
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Figure 24. Feature space images with two band combinations-gajb) 2-3 (c) 3-1

3.3.5. FCD Modelling and Mapping

Since most of the literatures and experts explaifoedst degradation as loss of
canopy cover, FCD mapper was approached as an ipragessing technique to
analyse canopy cover density in both managed anthonaged forests. The larger
subset of radiometrically corrected Landsat imafgen{ 2001) was taken so that
both managed and unmanaged forests were covetlkd image being processed.

61



Figure 25. FCD map showing values ranging from 0-100% asvshio the Legend.
Here, (a) Managed Forest and (b) Unmanaged forest

Using four indices i.e., AVI, BI, Sl and TI, thera@py density for each pixel was
calculated in percentage. The output was 10 cadepsgity classes ranging from O-
1, 1-10,........ , 9-10 in both managed and unmanagesst® as seen in Fig. 2 The
descriptive statistics of the FCD data are preskint¢he table below.

Table 9.Results of FCD data showing descriptive statistics

Sum of Avg FCD
Min Max Standard total pixel  No of value
Class (%) (%) Mean Deviation values Pixels of pixel (%)
Managed
Forests 9 99 56.88 24.54 70680 897 78.79
Unmanaged

Forests 7 99 60.01 23.30 165577 1964 84.30
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The error statistics of the linear regression medeé given in Table 10. The table
shows the coefficients of determination’(etween the estimated and observed
FCD values. The ®of observed and predicted FCD was 0.026 showing peor
relations. RMSE value obtained was 50.97 %. An asdx predictor would be
expected to have a slope (b) of 1 and intercepbf{agero (Joshi et. al 2006). The
results show that there is biasness in the predicti

Table 10.Error statistics of FCD mapper

Method R2 Intercept Standard t Slope Standard t Standard
((1) error ¢ « ([3) errorg error of RMSE
estimatio
n
FCD .026 70.23 5.48 12.81 -.077 .092 -.835  19.071 0.97
mapper

y =-0.0768x + 70.235

100 R? = 0.0261

90 ¢

¢
80 ¢ * *
70 K3 *

¢
60 ¢
50 ¢ * * *
40 A
30 ¢ * *
20 +
10 A

0 T T T . )
0 20 40 60 80 100
Predicted FCD

& Seriesl

—— Linear (Series1)

Observed FCD

Table 11.Linear regression between observed and predici&i\@lues in the
sample plots.

63



4, Discussions

4.1, Biomass Estimation by FUGs Vs. Satellite Images

Research Question 1What is field estimated average biomass valu@7 from
the community forests?

Research Question 2.Is there a significant relationship between thebca
estimated from the satellite based image compavethe field measurement ¢
biomass/carbon?

—+

Based on the estimated biomass of the plots, theage biomass per hectare basis
was calculated to be 94.75 tones/hectare of AGB26f7. The estimated biomass
for the forest in the present study was comparéblénose in previous studies for
similar forest types. The biomass value detailedrdyg et al. (1996) in (Zhang et al.
2007) and Zhang et al. (2007) for ever green bteaded forest were 133 tones/per
ha and 89.19 tones/per ha respectively, which sisowse degree of similarity to the
values estimated in this study.

Empirical relationships between plot biomass dais &VIs were developed using
correlation and linear regression analysis. Thealisnterpretation and Rof the
scatter plots of these correlations fail to deiny relationship between biomass
estimated from the field and the reflectance véembfrom ASTER, which
corresponds to the results of Mabowe et al. (2006).

The underlying cause for the weak correlation betwdne biomass data from 2007
and ASTER SVI could be attributed to many factorse of which is an increase in
biomass density in the study area over the pagtadsyfrom 2004 to 2007, which
was revealed in the Table 12 and Figure 26. Monmeaseasonality and the time
difference between the year of image acquisitiooh fi#ld data collection may have
introduced some error (Joshi et al. 2006). Alsddiac such as shadows cast by
larger tree crowns greatly influence the reflecéatlcu 2005) and leads to spurious
estimates of carbon value. After the initiationcoimmunity forest program in the
region, forest density has improved significantlgniibuting to an increase in
biomass volume as well. This increase in forestraiss carbon can be noted as
evidence that this community forest is functionargga significant carbon sink.
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Table 12.Increase in Biomass (Kgs) in the Permanent plois 2004-2007

Plot No. 2004 2005 2006 2007
Plot 1 1946.48 1969.88 2128.98 2339.82
Plot 2 1793.88 1407.41 1673.65 2174.33
Plot 3 1436.93 1553.05 1300.81 1410.87
Plot 4 1908.56 2236.19 2799.13 2817.02
Plot 5 1770.31 1750.83 1819.50 1951.68
Plot 6 3402.13 294559 274557 3210.54
Plot 7 653.20 892.85 980.57 795.87
Plot 8 832.16 1015.14  899.73 689.21

(Source: Data from 2004-2006 from Karky, B.S02&arky, B. S. 2007)
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13000 -

12500

2004 2005 2006 2007

Years

Figure 26.Increase in total biomass in permanent plots fr@®422007

All of the SVIs were moderately correlated with @2@04-2006 data. However, this
correlation coefficients results can be misleadihge to very small size of the
sample size considered for the statistical analyBae to the lack of sufficient field
measurements data of biomass from previous yealigiation of the result was not
possible in this study.

The best relation was observed with SE=R44) among other tested Vs in the
year 2004. The results are in agreement with Haiskgd2006) and Lu et al. (2004),
who found the strongest correlations between bismasd SR. Mutanga and

% Biomass value converted from 100im 225n7 to match with ASTER pixel size
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Skidmore (2004) also had similar results where &dgd the highest correlation
coefficients with biomass as compared to NDVI amd. T

There is numerous vegetation indices developeduaad in many studies. However
choosing the best VI for biomass estimation modaigiremote sensing data hasn’t
been properly understood (Lu et al. 2003). SomesShkKke NDVI exhibit a
saturation problem in the relation between bionssving its limitations in correct
estimation of biomass. NDVI reaches a saturatigallafter certain biomass density
increase (Tucker 1977; Gao et al. 2000; Smith eR@D5). This problem is well
explained by Mutanga and Skidmore (2004) that whesst canopy cover increases
upto 100%, there is an increase in NIR reflectimtduse of increase in leaf
numbers but decrease in the red reflection bectiigsamount of red light that can
be absorbed by leaves reaches a peak. This imlgalmtaeen the increase in NIR
and slight decrease in red contributes to a chamgdeDVI value yielding poor
biomass estimates (Tucker 1977; Thenkabail et @)OR The community forest
under study had high canopy density. The lineaaggun found in this study also
implied this limitation. Mutanga and Skidmore (20Glggest that SR may be a
better index for estimating biomass in dense ca®opi

A high-quality source of data is a prerequisite dmveloping biomass estimation
models using remote sensing data (Lu 2006). Themaliric equations that relate
biomass of several tree components to diameteressb height (dbh) are used to
estimate biomass values (Foody et al. 2003; Bro@@71 Popescu 2007; Wang
2006). Many uncertainties exist in this method (&engs et al. 2001 in Lu 2006)
because of different means of field measurementptad, inconsistency of data
collection dates/years with that of the image, clexpree species composition for
developing allometric equations. Therefore, valmatof the calculated AGB is

necessary (Lu 2006).

Estimation of biomass also relies on other facsoich as economic circumstances of
the researcher, limitation of remote sensing datspectral, spatial, and radiometric
resolutions, forest structure, quality and quantify sample plots, selection of
suitable variables along with the proper modellaigorithms (Lu 2006). Logistic
factors have directly influenced this study withe thmited number of collected
biomass sample plots which affect the calibratiolAGB estimation models and
validating the estimation results. Also the imadyfesn the year of the field work
could not be purchased for the study due to limiedget.
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In remotely sensed data, radiometric and atmospleerrection is an important task
(Lu 2006; Mather 1999). In a mountainous regiom Iepal, “topographic factors

such as slope and aspect can considerably affgetation reflectance, resulting in
spurious relationships between AGB and reflectaifca’2006). It is also important

to ensure that satellite images, ancillary dataj aample plots are accurately
registered before implementing biomass estimatiom 2006). The topographic

effect on vegetation reflectance as well as prababirors in the geometric

correction and GPS reading could also be accoufteather reasons of weak
results in the current study. Atmospheric factord ather sources of error can lower
the accuracy of GPS receivers (Garmin 2008).

4.2, Definition of Forest Degradation

Research Question 3What is the most commonly used definition of fore
degradation by the International bodies and natifumast experts? How simila
is it with those understood by the community fores#r groups?

= D
(2]

Analysis of the interview data from the communigyealed that most of the FUGs
were not clear about the distinction between “destation’ and “degradation”. The
reason behind this is lack of awareness amongadimenunity over different criterias

set by the International standards in defining godeegradation and deforestation.

The definition of forest degradation can be quitefasing as most of the literature
and experts do not give a clear-cut distinctiomleein degradation and deforestation
To understand both these phenomena it is impottattthe community understand
the meaning of a forest first. Most commonly untlewd definition of forest
degradation by the International body and the natidorest experts are related to
change in crown cover and loss of biodiversity. @hénitions provided by the local
users on forest degradation include low forestthealeforestation, forest fire, less
productivity, reduced crown cover, condition of tlaeea, loss of vegetation,
expansion of agricultural land, illegal human sstiént in the forest, timber
smuggling, road construction, etc. The result iatis description of forest
degradation given by FUGs include important indicaiof forest degradation as set
by the International bodies and those understoodhieyforest experts such as
reduced crown cover and reduced biodiversity. Hamethere lies a difference in
basic understanding of difference in degradaticsh @geforestation among the forest
user groups.
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4.3. Indentification of Degraded Forest using Remote
Sensing Data.

Research Question 4Can degraded forests be easily distinguished fromom-
degraded forests using satellite imagery?

Forest degradation is believed to be more seriousdtional forests than in
community forests in Nepal (Pandit and Thapa 2084 the assumption of the
study was that the changes between these two $angsts could be detected using
remote sensing data.

However, it was not possible to distinguish spéatefiectance of these two forest
types using statistical and graphical method.. pbssible reasons are explained in
the paragraphs below.

4.3.1. Statistical and Graphical Method of Feature Selectin

During feature selection with use of statisticsgrée of overlap was noticed in all
band combinations. This indicates that the two atigres are statistically very close
to each other. Examining the ellipsoids also suggdsat there is a substantial
overlap between class 1 and 2 in all bands. HagktBdorest types shown sufficient
difference in spectral responses, image pixelsisting of these classes would have
formed two separate clusters of data points inféléure space allowing individual
identification of each forest types. The overlagpiof the cluster in the ellipse
implies that in this case, feature selection metfadldd to represent distinct sets of
pixels in the two bands (combinations) being phlbtteow signature separability is
usually caused because the training sites have latgrnal variability within each
class as stated by Richards (1986).

Community forest in this study is the forest whishsustainably managed by the
local users hence there are no indicators of fategtadation. On the other hand,
national forests taken into account for the studyreot managed by the local users.
Also due to lack of proper institutional arrangemserincluding the lack of a
comprehensive government policy framework for dnstsle use and management
(Pandit and Thapa 2004), forest degradation isjamssue in these forests.

68



Identifying forest degradation using remote sensitaga is more difficult than
identifying deforestation. Reflectance data frorffedéent forest types (degraded and
non-degraded) are expected to vary in terms of tiediectance values. However,
differences in reflectance between degraded anedegraded forests are subtle than
in the case of deforestation (Wulder and Frankli). Moreover, patches of forest
degradation are generally small compared with ésted areas. Due these reasons,
methods for monitoring degradation have not beell established as those for
monitoring deforestation (DeFries et al. 2006).

Subtle changes: —— » Stand replacement disturbances
(Partial harvest, defoliation) (Clearcut harvesting, burns)

Typical Accuracy (%) — >

Severity/Contiguousness of disturbance

A\ 4

Figure 27. Theoretical representation of the increase in amyuand decrease in
confidence intervals (assuming equal sample sizasjociated with forest
disturbance detection as disturbances on the ftaadscape become more severe
(e.g. increase in size) or more contigud@aurce: Wulder and Franklin 2007, pp55)

Distinguishing managed and unmanaged forests wapassible as the results did
not exhibit unique multivariate properties that &zeeparable from each other. This
has been pointed out by Wulder and Franklin (200@&)t separating spectral
signature approach in forests has been less stickcasshe vegetation canopies tend
to be made up of the same organic compounds ar@pgarchitecture has greater
impact on canopy and the reflectance. The authalded that “additional”
environmental data are required to add dimensignédir discriminating closely
related classes of interest.
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The possibility of detecting forest degradationaimemotely sensed data depends
largely on the rate, magnitude and spatial extérthe forest degradation. Stand
replacements such as forest fire and clear cuirogare easily detectable due to its
large visible extent and major vegetation chanyéisereas subtle changes such as
selective logging, partial harvesting are difficialtbe captured using satellite images
(Wulder and Franklin 2007). Moreover the spectiiability of these disturbances
is greater, making it for difficult to detect usimgmote sensing data (Wulder and
Franklin 2007). For instance logging of 100 ha arekt area has “higher detection
likelihood” than logging that has occurred in 10 dfaforest. Hence, the accuracy
with which subtle changes in the forest is mappedowver than mapping large
changes. The detectability factor of forest degtiedaalso depends on the
relationship between spatial resolution of the sensed and the objects of interest
(Wulder and Franklin 2007). For instance a fineohation image such as IKONOS
or Quickbird might have been successful in idemifydegraded forest in smaller
area, whereas the same changes cannot be eadilyethin an image having less
resolution such as ASTER and Landsat which werd irsthis study.

4.3.2. Estimation of Forest Canopy Cover using FCD Model

FCD mapper was used to examine the degree of datgyvadn the national forests
as canopy density is based on the growth phenomanamentioned by Rikimaru et
al. (1999). The result indicates absence of hugiatian within 2 datasets as shown
in the table 9. However, the average pixel FCD eslfrom the unmanaged forest
tend to be higher than that of managed forest.réason can be well explained by
the fact that these values are based on 2001 Lamudsge. Community forest
programs initiated during mid-1990s in Nepal. Hentlee condition of forests
compared to the present situation was not of gaeality. Higher FCD value in
unmanaged National forests could be as a restitire$t guarding carried out by the
Nepalese Army, whose headquarter is based at Hiegiehis forest area.

The main reasons for errors in the model is due kuge time difference between
the date of image acquisition (2001) and field deddlection (2007), which is
explained by Joshi et al (2006) as well.

The main drawback of using FCD model is requirenwnpreliminary knowledge
of the study area to input the threshold valuesiiog to vegetation type and
terrain condition of the area, which seem to bagreement in studies carried out by
Joshi et al. (2006). This method has not been densil reliable or accurate but has
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been proposed to be used as a quick estimationochéthcases where there are no
alternatives by Joshi et al. (2006). Therefordas been used for the same purpose
in this study.
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5. Conclusions and Recommendations

5.1. Conclusions

The summary of conclusion of the study is listelbive

1. Based on the field estimated biomass of thesptbe average biomass (from the
plots) on per hectare basis was calculated as 9driftes/hectare of AGB for 2007.
The study showed that KCF is relatively stableeinmms of the forest carbon storage
since 2004.

2. This research indicates that satellite-basedhags estimation methods does not
exhibit good correlation with the field based measwents in community forests
and could not provide reliable and accurate infaiomaabout forest carbon in the
study area. However, given that the seasonalityth@dime difference between the
year of image acquisition and year of field datdlection is not too long, the
coefficient of determination can be improved.

3. International and expert definitions of foresgthdation slightly differ with those

described by the local users. Loss of biodiveraitgl loss of forest canopy cover are
the most common indicators of forest degradatiocoeding to the International

definitions on forest degradation as well as expgerbwledge. However, the

community users are not aware about the distinchietween deforestation and
degradation.

4. Distinguishing managed and unmanaged foresig wsmotely sensed data using
the statistical and graphical feature selectionhows didn't reveal any separability
between two forest classes. The possibility of ctetg forest degradation using
remotely sensed data depends largely on the ratgnitnde and spatial extent of the
forest degradation. Stand replacements such astffire and clear cut logging are
easily detectable due to their large visible extamtl major vegetation changes.
Whereas subtle changes such as selective loggagaatial harvesting are difficult

to be captured using satellite images. New RS taodsunder development (see
below in future direction).

However, in spite of inaccuracies and uncertaintasellite images can still be an
effective tool for understanding forest environment Nepal, where use of
traditional methods based on field measurementsinhig not be viable because the
feasibility of study of forests spread all over theuntains is not only difficult but is
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expensive. In such a case, remote sensing coulthdenly cost effective and
reliable measure for the forest study at local ab as national level.

5.2. Future Direction

Future research is needed to improve the AGB etstimas well as identification of
forest degradation using remotely sensed data. tdgpetral images may improve
AGB estimation performance because of its large bramof spectral bands with
very narrow wavelengths. The potential of foresinhss mapping has also been
explored using RADAR (Gaveau et al., 2003; Tomppal.e2002) along with JAXA
ALOS-PALSAR L-band (24 cm wavelength), which givesver range of biomass
(upto 50-80 t/ha). According to FAO (2008), BIOMAS®&Sssion, which is expected
to launch around 2014 by ESA uses a longer waviief@8 cm) and shows
potential of estimating higher levels of biomasdica.

The basic principles employed as a part of thidytun identifying forest
degradation using remote sensing data should kfasduture investigation of the
new methods to allow more comprehensive study fierdntiating managed and
unmanaged forests. It is essential that researotinces to improve the detection
and mapping of forest degradation by making sigaiit progress in improvement,
development and implementation of approaches tgiate satellite remote sensing
methods in forest inventory, survey and monitoriadgalyses of time-series satellite
images can one of the measures to address thesemaifon needs. Likewise
development of state of the art technologies liIRBAR, RADAR represents a
significant milestone in ongoing research of fodegradation under REDD.

Finally, fostering cooperation between communitée®l government, to promote
knowledge and understanding of forestry degradatand to find methods for
rehabilitation of the degraded forests would hefgreéase the potentiality of
community forests as a carbon sink.
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Appendix: List of Forest Experts Interviewed

1. Tulsi Bhakta Prajapati

Forest Department

Ministry of Forests and Soil Conservation
Email: tulsil9@yahoo.com

Phone: 977 1 6610267

2. Bala Ram Kandel

Forest Department

Ministry of Forests and Soil Conservation
balaramkandel@yahoo.com

Phone: 977 1 4247599

3. Sagar Rimal

Forest Department

Ministry of Forests and Soil Conservation
Email: rimalsagar@yahoo.com

Phone: 977 1 4224892

4. Dipak Joshi

Forest Department

Ministry of Forests and Soil Conservation
Email: dipakjoshi01l@hotmail.com
Phone: 977 1 9841200019

5. Bala Ram Kandel

Forest Department

Ministry of Forests and Soil Conservation
Email: balaramkandel@yahoo.com
Phone: 977 1 4247599

6. Rajan Pokharel

Forest Department

Ministry of Forests and Soil Conservation
Email: rajan_p@hotmail.com

Phone: 977 1 9851059184
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7. Keshav Kaji Shrestha

Forest Department

Ministry of Forests and Soil Conservation
Email:kajikeshav@yahoo.com

Phone: 977 1 9841671089/ 021-528963

8. Prakash Sayami

Forest Department

Ministry of Forests and Soil Conservation
Email: symprk@yahoo.com

Phone: 977 1 974107246

9. Dr. Eklabya Sharma

Programme Manager

Natural Resource Management Programme
ICIMOD

Email: esharma@icimod.org

Phone: 977 1 5003222

10. Lies Kerkhoff

Associate Agroforestry Expert
ICIMOD

Email: ekerkhoff@icimod.org
Phone: 977 1 5003222

Email Correspondences

1. Siwe N. René

Federal Research Centre for Forestry and Foresiuet® (BFH)
Institute for World Forestry

Leuschnerstr. 91

D-21031 Hamburg

Germany

Email: r.siwe@holz.uni-hamburg.de

Phone: + 49 40 73962 123

Fax: + 494073962 199
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2. H. Gyde Lund

Forest Information Services
6238 Settlers Trail Place
Gainesville, VA 20155-1374 USA
Tel: +;1-703-743-1755

Email: gyde@comcast.net
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