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ABSTRACT

Remote sensing (RS) techniques have proved to Wwerpd tool for the
monitoring of various referred environmental feagjrsuch as vegetation cover,
soil erosion, as well as urban expansion and menemglly, the variations in the
landuse/land cover (LULC) over a period of timeeTuse of remote sensing data
in recent times has been of immense help in mangahe changing pattern of
forest cover. Mapping of LULC and change detectismg remote sensing and
GIS techniques is a cost effective method of assessof forest area and forest
density of an area. Drivers for deforestation amdedst degradation like
Agricultural expansion, timber extraction and laggiactivities account for more
than 70% of total degradation worldwide.

This research was focused on assessing forest andexnalysis of change
detection using remote sensing and GIS in Pir P&ageest Division of Kashmir
Himalayan region of over an 10 year period i.eonfr2003 to 2013. LANDSAT
ETM+ Satellite imageries (of 30 m resolution) wesed and mapping was done
using ARC-GIS software with a scale of 1:50000 &RDAS Imagine was used
for image processing. A total of 133 ground truthings were taken for data
collection, which was used for accuracy assessmirg. overall classification
accuracy of the mapping was 92.48% and the kafa The satellite data was



delineated into 11 different landuse/landcover (IQ)lviz., forest, forest scrub,
grassland, agriculture, agriculture plantation/&gestry, wetland, wasteland,
horticulture, habitation, water body and snow. Thféerent forest classes on the
basis of crown density were delineated into cldseesst, open forest, forest scrub
and non-forest. The results obtained from changdysis were used to identify
the drivers of forest cover change using a closkeé@rsemi-structured interview
schedule. The responses were assigned scoresariking of drivers using

statistical analysis. Top ranking drivers led u#hi® critical drivers of change.

The result of the comparison of maps of 2013 an@B2howed that the
area under forest has decreased by 0.84%. The waréer agriculture has
decreased by 2% during the same period. The areer uorticulture has
increased by 1.26% from 2003-2013. It was also dioimat the area under closed
forest has increased by 1.01% from 2003-2013.Amdel open forest, forest
scrub and grasslands has decreased by 0.08, 0d5@.H8P6 respectively during
the last decade. The conversion of open forestforst scrub was equal to 5.24
km? and into grasslands 1.02 knThe results from change matrix indicate a high
forest degradation of closed forests to open feré827 kni) open forest into
forest scrub (5.24 kfn

The responses from respondents were taken at papesiencing change
in forest cover (both negative and positive) werelged using statistical
methods. The negative drivers of forest cover ghawere found to be illicit
felling and poverty/unemployment. The positive driv of forest cover change
were found to be afforestation done by State fadepartment and high degree of
forest protection. In general the study revealeat the forest area of Pir Panjal
Forest Division has reduced in the last decade} ofdbe forests are in degraded
condition. A check in timber smuggling, addresstihg issues of unemployment,
afforestation and highest degree of forest pratactcan control further
degradation of the forests of the said divisionerhis a need to prioritize and act
on the identified drivers of change by the concérf@est department so as to
reverse the trend of deforestation and forest aiegi@n in the study area

Keywords: Landuse/landcover, Forest cover density, changectieh, remote
sensing, GIS, Landsat ETM+, kappa, Pir Panjal raffation.
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Chapter-1
INTRODUCTION

Forest is a valuable resource providing food,tehelildlife habitat, fuel,
and daily supplies such as medicinal ingredientd paper. Forests play an
important role in balancing the Earth’s carbon diex (CQ) supply and
exchange, acting as a key link between the atmosphgeosphere and
hydrosphere. The benefits of forests are both bdegnd intangible. The chief
economic product is timber, others being non timioeest products like resins,
gums, medicinal herbs etc. their economic valueg haeen calculated. The
intangible benefits of forests like climate contrgollution abatement, and
wildlife maintenance, have rarely been calculafBide forest is also vital as a
watershed. Because of the thick humus layer, lsogeand soil retaining powers
of the trees forests are vitally important for gresng adequate water supplies.
Almost all water ultimately feeds from forest rigeand lakes and from forest
derived water tables. In addition, the forest pdesi shelter for wildlife, recreation
and aesthetic renewal for people, and irreplacesipplies of oxygen and soil
nutrients. Forests are the renewable resourcesipgca place of considerable
importance in our socio-economic development aedhaore popularly known as

green gold.

The current United Nations Framework ConventionGimate Change
(UNFCCC) definition of forest as adopted in 2005 kanduse, landuse change
and forestry (LULUCF), in Decision 16/CMP.1 statdsprest is a minimum area
of land of 0.05-1.0 hectares with tree crown cdeerequivalent stocking level) of
more than 10-30 per cent with trees with the padéta reach a minimum height
of 2-5 meters at maturity in situ. A forest may ssh either of closed forest
formations where trees of various storeys and gmdeith cover a high
proportion of the ground or open forest. Young redtstands and all plantations
which are yet to reach a crown density of 10-30 qet or tree height of 2-5
meters are included under forest, as are areasaligrfarming part of the forest



area which are temporarily unstocked as a resuftuafian intervention such as
harvesting or natural causes but which are expetderkvert to forest”. FSI
(2011) defines forest cover as, “All lands, morarttone hectare in area, with a
tree canopy density of more than 10 per cent igetdge of ownership and legal
status. Such lands may not necessarily be a retdodest area. It also includes
orchards, bamboo and palm”.

According to Food and Agriculture Organization (BAthe global rate of
deforestation is reported to be 0.7% per year fi®@@0to 1995 (FAO, 1997).The
net rate of forest loss in the tropics is 21 mvilaich means that about 1.2% of all
remaining tropical forests were cleared annuallyé€kd, 1993). Nearly 1.8% of
the forests is estimated to be degraded every ybar,major cause being
deforestation (Skole and Tucker, 1991). If the entrrate of deforestation
continues, the world’s tropical forests will vanistithin 100 years-causing
unknown effects on global climate and eliminatingjonity of the species
(NASA, 1998). Absence of reliable spatial dataseisdeforestation is a major
obstacle for modeling global environmental charigaréri, 1995). Monitoring of
deforestation is perceived as the most importantribution of remote sensing
technology to the study of global change (Chagieal.,2005). In this back drop,
the combination of remote sensing as well as GéBrnielogy with ground surveys
has emerged as a powerful tool to closely map aaditor the forest cover of
these areas economically, accurately and repdyitwithin a short period of time.
Considerable accuracy can be achieved through tmabioation of high-
resolution satellite data, automated method anth kegel of human expertise
(Townshed, 1995).

India has varying climate, thus diverse physioggaphic regions. These
diverse regions support varying forest types. Towedt cover as per different

densities in India is given in Table 1.1 below.



Table-1.1: Forest cover of India

Class Area knf geopgerra(;)iriltt: c:rea
Forest cover
a) Very dense forest 83,502 2.54
b) Moderately dense forest 318,745 9.70
c) Open forest 295,651 8.99
Total forest cover 697,898 21.23
Scrub 41,383 1.26
Non forest 2,547,982 77.51
Total geographic area 3,287,263 100.00

[Source : FSI, 2015]

Jammu and Kashmir state is called paradise orh.edtie state has
varying agro-climatic zones comprising subtropit¢edpical, temperate and cold
zone resulting in rich variety of forests. Totalogeaphical area of India is
32,87,263 krfy having recorded forest area@®7,898km? (Table 1.1). The total
volume of growing stock in forest and in tree odesiforest is 4498.731 and
1548.427 m.mrespectively. Total geographical area of Jammu ashmir is
2,22,236 kr with forests occupying 22,539 Kramounting to 10.14 per cent of
total geographical area of the state. In Kashnlleyaarea under forests is 11,488
km? (50.97%) and in Jammu and Ladakh area under forisstl0,343 krh
(45.89%) and 36 kin(0.05%), respectively. The total volume of growstgck in
Jammu and Kashmir in forest and in tree outsidestois 227.38 mrand 147.74
mm® respectively. Coniferous forests occupy 40 pert aénthe total growing
stock while as 9.32 per cent is occupied by breagdd forests (FSI, 2013).

Due to increasing population, forests throughdwg torld are facing

tremendous pressure and Jammu and Kashmir fonestsoaan exception. With



the ever-increasing population of state, forestelmeen placed under tremendous
pressure arising out of increasing demand for Wesdd, fodder, timber and other
forest products. This has resulted in acute degjadaf forest resources (Waet

al., 2014). Hence, there is an immense need of asgei®nforest cover and
detection of change in forest cover. The managessteatiegies could be based on
the results of forest cover dynamics. Though tatedbrest department of Jammu
and Kashmir keeps on manually surveying and asggesbe forest cover from
time to time but the lack of appropriate data aie, analyzed and presented in a
scientific manner has been a major weakness ireteas/eys in India (Singh,
1986) and Jammu and Kashmir in particular (WanD&0~Nani et al, 2013).
Hence the spatial changes that take place in thest® often go unnoticed.
However if the forests are regularly monitored gsikkemote Sensing (RS) and
Geographical Information System (GIS) technolodng dbservations could be a
significant input into in the working plans for iefent management of forests.

Remote Sensing and Geographical Information System

Remote Sensing (RS) as defined by Lillesand (19¥%he science and
art of obtaining information about an object, amaphenomenon through the
analysis of data acquired by a device that is matiiect contact with the object,
area or phenomenon under investigation”. Remotaisgrhas emerged as an
important tool for assessing the forest resour@gsdly and remote sensing
technigues are best suited to provide data in atkely areas related to forest
landscape patterns (Jensen, 2000).

The remote sensing satellite provides the besbomin view with
repetitive coverage of the forest landscape andéémrough satellite data, it is
possible to assess the forest cover density clagsesrately. Using remote
sensing data, forests can be stratified into homoge sections making field
inventory quite representative, efficient and ceéfiective. Using very high
resolution satellite data, it is also possible iscérn isolated patches of trees and

other tree resources outside the forest. Remot@rggplays a significant role in



mapping and monitoring of forest cover using visudigital and hybrid
technigues. Several studies have been carriecegatding applications of remote
sensing technology (Moharet al., 1990; Navalgund, 2006; Navalgurad al.,
2007).

The GIS is powerful set of tools and an organizektection of computer
knowledge and software with supporting data andq@erel that captures, stores,
manipulates analyses and displays all forms of ggagcally referenced

information (Sabins, 1997). It involves followintgps:
» Compilation of source data
» Georefrencing by registration to a geographic airate system
» Digitizing and deriving attributes
* Analysis of attributes
» Displaying results

Accurate and current information on landuse/landcds essential for
many planning activities. GIS uses computer teahglto merge the remote
sensing images with other data sets and to prodyexially synthesized
technological products, which can handle and aeaBpatially referenced data.
The potential uses of GIS in forest managementiaehtory are immense. This
includes production, revision and updating of stotps and accurate estimation
of forest areas. Typical spatial information needed forest management like
administrative boundaries, infrastructure, fordsaracteristics are assessed and
analyzed easily using GIS (Porvetlal.,1989).

Remote sensing technology has emerged as areeffiahd powerful tool
in providing reliable information on various naturasources of a region in a
spatial format so essential for planning (R@t al.1991). The use of Remote
Sensing (RS) and GIS technologies can greatlyitaelthe process of collection,

analysis and presentation of resource data. Repeatellite images and/or aerial



photographs (AP) are useful for both visual assesssnof natural resources
dynamics occurring at a particular time and spasewall as quantitative

evaluation of landuse/landcover changes (Trapp\om, 1996).
1.1 Landuse/landcover mapping

Landuse/landcover change is a key driver of glaifange (Vitousek,
1992) and has significant implications for manymtational policy issues (Nunes
and Auge, 1999). Changes in landcover and in the peple use the land has
become recognized over the last 15 years as impogiabal environmental

changes in their own right (Turner, 2002).

Landuse is defined by economic, cultural, polltiGand historical and
land-tenure factors at multiple scales. Landuseredeto as man’s activities and
the various uses which are carried on land.Landcaveeferred to as natural
vegetation, water bodies, rock/solil, artificial eovetc. resulting due to land
transformation. As both landuse/landcover are tyasgated and are not mutually
exclusive they are interchangeable as the formanfésred based on landcover

and on their contextual evidence (Manonmani, 2010).

To prepare a landuse map using satellite datagentdassification is a
powerful method of information extraction. Succeksise of satellite remote
sensing for landuse/landcover change detection ndispaipon an adequate
understanding of landscape features, imaging systand information extraction
methodology employed with relevant to the aim dadlgsis. The information may
be obtained by visiting sites on the ground anafdracting it from remotely
sensed data. Many studies have demonstrated #dieéhess of using remotely
sensed data as a powerful tool to detect landusegehfor critical environmental
areas, vegetation dynamics and urban expansionofResensing makes a major
technological breakthrough in the method of acqgirinformation on land
resources, agriculture, forestry, ocean resourodsather studies (Singh, 1989;
Rao, 1991).

L]



Landuse data are needed in the analysis of emagotal problems that
must be understood if living condition and standaate tobe improved or
retained at current level (Andersonet al., 1976). Landuse is a dynamic
phenomenon and both its value and pattern charg@lp and temporally with
varying efficiencies, priorities and needs. Theoinfation on landuse/landcover
patterns, their spatial distribution and change®roa time scale are the
prerequisite for making development plans (Dhinetaal., 1992, Bisht and
Tiwari, 1996). The use of remote sensing data iteme times has been of
immense help in monitoring the changing patterforést cover. It provides some
of the most accurate means of measuring the estethtpattern of changes in
cover conditions over a period of time (Millegt al., 1998). Satellite data have
become a major application in forest change detedtecause of the repetitive
coverage of the satellites at short intervals. §totever today is altered primarily
by direct human use and any conception of glob@ngk must include the
pervasive influence of human action on land surfam@litions and processes. As
indicated in their studies general information @bcohange is necessary for

updating forest cover maps and the managementwfah@aesources (Mas, 1999).
1.2 Change detection

Change detection is a process of identifying ckanig the state of an
object or phenomenon by observing images at diftetenes (Singh, 1986).
Change detection studies seek to know patternresfacover change, processes
of forest cover change and human response to fooestr change (IGBP/IHDP,
1999). Lambin and Strahler (1994) also listed foetegories of causes that
influenced forest cover change. The changes irsfa@ver are often the result of
anthropogenic pressure (e.g. population growth) aatural factors such as
variability in climate (Boakyet al.,2008).

Remote sensing techniques offer benefits in tld fof landuse/landcover
mapping and their change analysis. One of the magiwantages of remote

sensing systems is their capability for repetite®erage, which is necessary for



change detection studies at global and regiondesc@Miller et al., 1998).
Detection of changes in the landuse/landcover resuse of at least two period
data sets. The changes in landuse/landcover doattwal and human activities
can be observed using current and archived remoteiysed data.
Landuse/landcover change is critically linked tounal and human influences on
environment. With the availability of multi-senseatellite data at very high
spatial, spectral and temporal resolutions, itas/ possible to prepare up-to-date
and accurate landuse/landcover map in less timwar cost and with better

accuracy (Jensen, 1996).
1.3 Drivers of forest cover change

Drivers of forest cover change are defined ac#uses or factors of forest
cover change, which may be either due to humanites agricultural expansion
(subsistence and commercial), infrastructure exparend wood extraction from
forest or complex interactions of fundamental sih@eaonomic, political, cultural
and technological processes that are often digtant their area of impact and
afforestation and forest protection by various agen from time to time
(Kissengeret al.,2012). Globally, forests cover about 4 billion tees or 31% of
the total land area. From 2000 to 2010, around 1Bom ha of forest were
converted to other landuses, mostly to agricultlanadl for commercial agriculture
(32%) or subsistence farming (42%) (UNFCCC, 200/hese landcover and
landuse changes are due to both sectoral and sedtaral drivers. While many
changes in forest cover and condition originatenfnwithin the forest sector, the
drivers that originate from outside the forest se¢extra-sectoral) can be more
powerful than the sectoral drivers in shaping theure of forests and forestry.
Prior analyses of the causes of forest conversawe lred to the identification of
direct and underlying causes of deforestation. &géctoral influences, such as
agricultural expansion, cattle ranching, miningd gas and oil extraction, as well
as construction of dams and roads, are considexedagor direct drivers. Since

the forest sector is more embedded in the globeh@oy than ever, major



industries have become predominant drivers of @station. In countries with
high forest cover (e.g., Brazil, Cameroon, Indoagsihe expansion of markets
into areas with large, contiguous forests has 8ggmtly contributed to
deforestation, especially in old-growth forestscisdirect causes are often driven
by underlying causes of forest decline, which idelumarket failures, mistaken
policy interventions, governance weaknesses, aodder socioeconomic and
political causes. In addition, urbanization is atswalyzed as an extra-sectoral
driver of both deforestation and forest expansidahiw and outside of urban areas
(Rudel, 2005).

Increasing populations, rising purchasing powet mcreasing levels of
international trade are placing greater demands fayests. Road network
development is widening accessibility and interai investment in agriculture
is driving new trends in rural economic activityteaction of forest products and
establishment of agriculture and planted forestsa#tering the extent and species
composition of forests and reshaping the rural daade. In general, low wages,
rich soils, favourable climate and higher prices dgricultural goods motivate
deforestation (Chomitz, 2007). Since the forestaeis more embedded in the
global economy than ever, major industries haveimecpredominant drivers of
deforestation (Rudel, 2005).

The ever increasing demand of timber, fuelwoodfadder in the state of
Jammu and Kashmir and the population expansionhadssome unnecessary
pressure on forests in the recent past (Wanhal.,2015). Additionally the state
forest cover hovering below 10% as reported by $togirvey of India (FSI) is
far away from the target as envisaged under Statie National Forest Policy
which indicates the level of anthropogenic pressheestate’s forests are going
through. Under such circumstances it becomes mgetto have accurate data on
quantity and extent of forest resources for bugdfaturistic strategies towards

conservation and climate change. Keeping in viesvdignificance of the study

L]



and need of forest cover assessment in Kashmir,oRer8ensing and GIS
techniques were used with Pir Panjal Forest Divisieing the study area.

The objectives of the study were three fold, viz.,
e To generate Landuse/Landcover maps of 2013 and 2003
e To assess changes in forest density classes fro1td@®013.

* To identify drivers of forest cover change.



Chapter 2
REVIEW OF LITERATURE

Ecosystems are continuously changing, where changefined as ‘an
alteration of the surface component of vegetatimvec (Milne, 1988).
Deforestation leads to a drastic change in a faessystem, seeking to identify
statistically the determinants of deforestatioteréiture finds various factors
and/or change drivers (Wuldeet al., 2007).With rising concern over
environmental issues related to deforestationesming efforts are being made by
ecologists, economists, geologists etc. in ordemiderstand causes of changes in
ecosystems in general and that of deforestatigraiticular (Roy et al.,2010). A
lot of workers have made a significant contributiorihe proposed field of study.
Keeping in view the multiple perspectives of thedst an account of literature

was reviewed under different headings as givenvibelo
2.1 LULC/forest cover mapping

In India National Remote Sensing Agency (NRSA)the year 1984, with
the help of satellite remote sensing technologypamed for the first time forest
vegetation map of the country at 1:1 million schie visual interpretation. In
1986, the mandate to prepare forest cover mapseofduntry on two year cycle
using remote sensing technology was given to Faestey of India. In 1987,
first forest report was prepared by Forest Surdeladia. In 1989, mapping was
done at a scale of 1:250,000, with minimum mappairg (mmu) of 25 ha.
Presently 1:50,000 scale is used and minimum mag@aea is 1 ha. Since 2002,
NRSA has been using a high resolution of 5.8m I@ymn5for assessment of tree
outside forest cover (FSI, 2013).

Negi (1984) analyzed the rate of forest recessionGaro hills of
Meghalaya which is prone to heavy shifting cultioat(Jhum) by using remote
sensing techniques viz., aerial photographs andddatn data subsequently

pertaining to year 1973 and 1977. It was obsertiat dnnually 4.5% area under



tree forest recedes by the way of shifting cultvatalone. Landsat data provide
repetitive data periodically which helps in monimgr changes in landuse patterns
in less time and at low cost. Application of Landdata is recommended for such

type of studies to have accurate data for regidaaélopment planning.

The forest survey of India presented forest c@omnario of India based
on visual interpretation of Landsat imagery peitarto the period 1985-87. The
assessment revealed that actual forest cover afdtetry was 64.01 million ha
thereby showing a loss of 0.19 ha from previoussssent. The study also
revealed that there has been some increase ixtiet ®f dense forest cover i.e.,
forest cover with a density of 40% or more. It lnaseased to 37.84 million ha
from 36.14 million ha (FSI, 1989).

Dale et al. (1991) estimated the effects of landuse change on, CO
Concentration at global level. They researched ontts and Southeast Asia
because the region is a victim of major landusengba and makes a significant

contribution to the global C{concentration.

The forest survey of India assessed the foreserca¥ the country,
Landsat imagery pertaining to the period 1987-8%astale of 1:250,000. The
extent of forest cover in India was revealed tdlBet4% of the total geographic
area of the country. It was during this assessriattthe district wise estimation

of forest cover was recorded (FSI, 1991).

Zhu and Waller (2000) produced a global forestecamap under FRA
program of 2000 in order to provide spatial contiexthe extensive survey. The
forest cover map, produced at the U.S Geologicalesu(USGS) EROS Data
Centre (EDC) has five classes: closed forest, dpegst, other wooded forest,
other landcover and water. The first two forestledses at the global scale were
delineated using combinations of temporal compmsjtimodified mixture

analysis, geographic stratification etc. the renmgrthree classes were derived



primarily from USGS global landcover database (llamd et al.1999). The first
four classes had an accuracy of 77 and 86% foottine.

Sharmaet al. (2001) studied interpretation of multi-date satelimagery
and revealed changes in landuse/landcover patter@odavari deltaic region
during the past 26 years. The study showed thatattea under intensive
agriculture has increased from 1459 to 3506 kmd the extent of wetland from
368 to 648 krh during 1973-1999, while the seasonal fallow hasreEsed by
2321 knf Climatic data of the study area was also analyzeitiwindicated that
the daytime temperatures have increased b§COduring past 30 years. They
concluded that the varying trends in the climatargmeters are attributed to

increased vegetation cover and wetland extentarGidavari deltaic region.

Jayakumar and Arockiasamy (2003) attempted laridumsiEover mapping
and change detection in Kolli hills, part of Easté&hats in Tamil Nadu using
Remote sensing and GIS. They observed an increfadé7ha in single crop
category and a decrease of 434 ha in land with ithowt scrubland. Lesser

changes could be noticed in double crop, plantamhbarren rocky categories.

Dewidar (2004) used two sets of landsat themasippar TM data inorder
to study landuse/landcover along the study arean@w high spatial resolution,
spectral resolution and low repetitive acquisit{@6 days) TM data is useful for
this type of study. Many methods used were assemsgéahecked in field. Nine
landuse/landcover classes thus produced had amaagoof 78% for an image of
1984 and 80% for an image of 1999.

Li et al.(2004) investigated landuse change dynamics by tontbuse
of remote sensing and geographical informationesys(GIS). Their objectives
were to determine landuse transition rates amomglulse types in Yulin
prefecture over 14 years from 1986-2000 and tovdarihange matrics. They used
30m resolution Landsat Thematic Mapper (TM) datd @hinese images were

classified into 6 landuse types: cropland, forestlavater, urban and/or built up



land, and barren land. They found that the sigaificdecrease in barren land was
primarily due to conversion to grasslands. Theytbthat landscape has become
more continuous, clumped and more homogenous. iy slemonstrated that
the integration of satellite remote sensing and B#S an effective approach for

analyzing the direction, rate and spatial pattédammduse change.

Linkie et al. (2004) mapped rate and pattern of Sumatra’s lowkreds.
Satellite imagery was used to map and analyzetftoss in an area that overlaps
with a national park at Sumatra. The basic objectif/the study was to identify
the areas susceptible to illegal logging. From 19882 forest located to the
lower elevation and close to the road was mosteralvie to felling. Construction
of road through the study area increased the ratkeforestation from 1.1% to
over 35% per year over the two study periods. & ®alao established that such an
approach of research could be more widely usedmservation, planning and
protection of under threat sites.

The Landsat programme is the oldest Earth Observg@irogramme. It
started in 1972 with Landsat-1 satellite carryihg MSS multispectral sensor.
After 1982, Thematic Mapper (TM) replaced the MEBsor. Previous studies
have indicated that remote sensing technology camptement and enhance the
quality of estimates besides saving lot of moneg &ime (Whittaker, 1966;
Tiwari, 1995; Benchalli and Prajapati; 1998). A tdtwork has been previously
done on forest density mapping using visual andtalignapping techniques
(Porwal and Pant, 1989; Joskt al.,2002; Roy et al.,2002; Wani, 2008; Wani
et al., 2009).Some earlier works have also been carrie¢oforest cover/type
and forest density mapping in the Kashmir Himalayagion (Joshi et al.,
2001;Waniet. al, 2014). Some works have used visual interpratagchniques
using Landsat TM, ETM+ data (Waei al.,2014; Waniet al.,2014).

Assessing forest canopy cover is readily accessibé to advancement in
remote sensing technology and availability of mawmyrces of imagery and

various digital classification techniques. Banergteal. (2014) estimated large



area tree canopy density at spatial resolution30ofi coarse resolution satellite
images and tested the FCD model by using LANDSAT ifvhge in an old
growth forest of north forest division of India. Was observed that the overall
accuracy for classified TM image is 80.00% and Kafpefficient was 0.7360.

Deilami et al. (2014) conducted a research to detect and monitor
landuse/landcover change in Iskandar Malaysia ustngote sensing and GIS.
Maximum likelihood supervised classification teajue and a post-classification
change detection strategy were employed for smpttemd monitoring
landuse/cover changes. Four classes of landuselantitover classes were
identified and mapped as forest, oil palm, urbad amter body. They also
reported that forest cover and urban area hadaseckby almost 16.74, 3.94 and

oil palm area had decreased by almost 8.57.
2.2 Change detection

Das et al. (1996) have attempted forest cover and riverbech@bs by
using temporal aerospace data of the year 196.888. PAMAP GIS has been
used for change detection analysis. They obsehadlte landcover changes are
mainly due to biotic factors. Some of the importamtthe forest cover are;
transformation of mixed forest to scrub forest iht@, the Sal mixed and mixed
Sal forest categories have replaced Sal forestih t#a, significant increase in
forest plantations i.e. 2075 ha in the year 1968#83 ha in the year 1993, the
eighteen times increase in Chirpine are, it inaddsom 13 ha in 1960 to 230 ha
in 1993. The consequential change in riverbed hathiders increased by 87 ha.

Chauhanet al.(2003)revealed the change in vegetation cover inl&se
to Sal medium and sal open in 6 mosiacs owing atidoand abiotic conditions
prevailing in specific areas. They used thematicp nierived from aerial
photograph of 1976 and satellite data of IRS 1CSLI$11 False Colour
Composite (FCC) of March 1999 revealed the causelange in forest density

classes. They noticed a remarkable change amorgjatem classes from 1976 to



1999. Forest type and density map revealed thatd8asity has significantly
reduced from Sal Dense 65.61% in 1976 to Sal Ddis&2% in 1999. The

overall change has been estimated to be 42.11tedbtal forested area.

Coppin et al. (2004) analyzed the digital change detection fribnee
perspectives. First the perspective from whichvidmgability in ecosystem and the
change events have been dealt with. Second, poegsimg routines either to
establish a more direct linkage between remoteisgrdata and bio-physical
phenomena are analyzed. Third, the actual chanigetolsn methods themselves
are categorized in analytical framework and criljcaevaluated. It thus
summarizes the new developments that can be exbectear future.

Guild et al. (2004) compared change detection techniques fartifglieng
deforestation and grazing rates during colonizaticmand farm expansion in the
vicinity of Jamari, Rondonia. They used multi-dited satthemetic mapper (TM)
data between 1984 and 1992 for examining 94,37&réea of active deforestation
to map landcover change. The multi-date TC comeosliassification had an
accuracy of 0.78 (kappa). By 1984, only 5% of thelg area had been cleared,
but by 1992, 11% of the area had been felled, 8palty for pasture, 7% lost due
to flooding.

Lu et al. (2004) also analyzed change detection techniquesiides
reviews had shown that image differencing, prinkcguanponent analysis (PCA)
and post classification comparison are the mostneommethods used for change
detection analysis. Different change detection wa@sdhhave their own advantages
and disadvantages and no single approach is opgintbhpplicable to all cases. In
practice, different methods are often comparednod the best change detection
results for a specific application. Race of chadgtection is still an active topic
and new technigues are needed to efficiently ueertbreasingly complex and

diverse remotely sensed data available.

Vina et al.(2004) analyzed the satellite change detectionefdrestation



rates and patterns along the Columbia-Ecuador bokrdedsat data was used to
study the rates and patterns of landcover charuggyal portion of the said border
between 1973 and 1996. Human settlements have tedsuh extensive

deforestation in both countries. It was observedt tthe annual rates of
deforestation were considerably higher for the @dlian side of the border.
Change detection analysis revealed that loss @stazover on Columbian side
was 43%, while as 22% on Ecuadorian side. The stafdgrrivers of change

revealed that the higher rates of deforestationColumbian side were due to

higher colonization pressure and intensificationlegal coca cultivation.

Yuanbo et al. (2004) studied by comparing image differencing, gema
rationing, image regression from a mathematicalspestive. Error analysis
showed that no change pixels with errors are erpeitt be located within error

zone in bi-temporal space.

Yen et al.(2005) assessed the major forest cover changeg temote
sensing imagery (Landsat: MSS, TN, +ETM) betweea years prior to the
establishment of national park status and the yedlosving. From 1973 to 2001
it was noticed that 45% of the buffer zone was redlj or lost its forest cover
with most changes occurring around 1989, just leefiark establishment. These
changes can most likely be attributed to forest essburce extrapolation that

coincided with a high human population density.

Assessment of forest cover on continuous basid igmost importance.
Firstly, it helps us to understand status of faremtd secondly to evaluate our
earnest efforts of greening our land. Nowadays tersensing plays a pivotal role

in forest cover assessment and change detectiag, (RE09).

Aasimet al. (2014) used Landsat 5, Landsat ETM+ 7 and IRS 4SS
data for the year 1992, 2001 and 2012 for geodpattaitoring of Pir Panjal
forests. Change detection analysis of the study 47& kni revealed that during



the past four decades (upto 2012), the area dodests has decreased by 4.98%
out of total area from 1972-2012.

Ahmadizaderlet al. (2014) used remote sensing and GIS for landuse and
change detection analysis from 1986 to 2010 iraBdjlran. They used confusion
matrix to detect changes (‘from’ to ‘to’) in defihdanduse classes. They found
that the area under pastures has got convertetbanten land.

Sreenivasuluet al. (2014) worked on landuse/landcover and change
detection in Rajampet Kapada district Andhra Priadéwdia. The mapping was
done at a scale of 1:50000 and the softwares used Brdas Imagine and Arc
GIS. They found expansion of built up area and @cnments in forest area in
the previous decade. The dense forest had got dedvia@to open forest and open

forest area has increased 0.55 and 0.47% respgaiiweng the time period.

Kayat and Pathak (2015) worked on landuse/landcoange detection
in Saranda forest in Jharkhand between 1992, 2002@14. They used ERDAS
Imagine and Arc GIS softwares for the purpose. dterall result which they
found was that the forest is getting converted iotber landuse classes.
Intersection method revealed that 0.58% of the elémest area has got converted
into open forest during the study period. The pmesevision the overall
classification accuracy was found to be 88.54% 9821 89.23% in 2005 and
90.03% in 2014.

2.3 Drivers of change

Ali et al. (2008) analyzed myths and realities relating tfioistation in
North-West Pakistan. They found that 90% of theypaion of the study area
were living below poverty level and using fuel woolbtained from forests for
cooking food. Results also indicated that unempleytnwas the main cause if
timber smuggling. The main drivers to deforestatvegre found to be poverty,

illiteracy, less degree of protection by forest alément.



The major drivers of forest cover changes in Irati@a shifting cultivation
along with encroachment for agriculture land, mgniquarrying, expansion of
settlements, dam construction and illegal loggingld and Joshi 2009; Reddst
al., 2013).

Hosonumaet al. (2012) worked on deforestation and drivers of fbres
cover change in developing countries. Driver dafa 46 countries were
summarized for each phase and by continent, anel wssd as a proxy to estimate
drivers for the countries with missing data. Théodestation drivers are similar in
Africa and Asia, while degradation drivers are mairailar in Latin America and
Asia. Commercial agriculture is the most importainiver of deforestation,
followed by subsistence\ agriculture. Timber eximat and logging drives most
of the degradation, followed by fuelwood collectiand charcoal production,
uncontrolled fire and livestock grazing. The resuéflect the most up to date and
comprehensive overview of current national-levetadavailability on drivers,
which is expected to improve over time within thenie of the UNFCCC REDD

process.

Louman (2012) worked on Forest Biodiversity and$ystem Services:
Drivers of Change, Responses and Challenges. Hedfthat the conversion of
forests into agricultural lands, over-exploitati@ir, pollution leading to climate
change and acid rain, and invasive species, alsecagreat stress on forest
ecosystems. Conscious of the negative effects ofahuactivities, society has
responded by increasing the area of protected aldnvanaged forests, and by
incorporating management of trees and forest patami® the management of
agricultural landscapes. Still, most natural fasemtd agricultural landscapes are
not well managed and their existence continuesetdhbeatened by these same

four drivers.

Goll et al. (2014) worked on drivers of deforestation and dore
degradation in Liberia and found that chief drivefsdeforestation and forest

degradation in Liberia were (as per ranking) fueldiocollection, Charcoal



production, Bushmeat trade, mining, commercial loggagricultural expansion

and urbanization and unemployment.

FAO (2015) has assessed global forest resource201® and found
thatover the past 25 years forest area has chdrgadi.1 billion ha to just under
4 billion ha, a decrease of 3.1 per cent. The o&tglobal forest area change has
slowed by more than 50 per cent between 1990 ai®.ZBe main driver of

deforestation was found to be illegal fellings $oistenance and unemployment.

Shah and Sharma (2015) worked and landuse chatgetidn and forest
degradation causes in Solan forest. They used [RASAtellite data to assess
landuse and forest degradation from 1998-2010. Tbegd area under forests
has been decreased during the study period. Theersion rate from forest to
bamboo cultivation was high because of the highrapbgenic pressure (to meet

their livelihood demands).



Chapter 3
MATERIAL AND METHODS

3.1 Study area

The present studyForest cover assessment and change detection
analysis using remote sensing and GIS in Pir Panjaforest division of

Kashmir Himalayan region” was carried in Pir Panjal Forest Division.
3.1.1 Location of study area

The total number of forest divisions in Jammu &ashmir is 30. Pir
Panjal forest division is located on south-westpant of Kashmir and falls in
Srinagar circle. It has 3 territorial and 2 norriterial ranges, there are 16 and 10
territorial and non-territorial blocks respectiveljhe study will be done on Pir
Panjal forest division. The forest division is sited between 3344 North
Latitude and 72424 East longitude covering an area of about 429.8, lRomshi
Nallah acts as a natural separating body to distemgit from Shopian forest
division in the south-east while as in the Northstyet is Bahak Nallah which
separates this division from Tangmarg forest diwvisiThe forests of this division
are spread over the administrative districts ofwRuaba, Srinagar and Budgam
represented over topo sheets of Forest Surveydi lon the scale of 1:50,000
(FSI, 2013). The Pir Panjal Forest Division comgsisf four ranges as:

1. Doodhganga Range with its head quarter at Chadoora

2. Raithan Range with its head quarter at Raithan

3. Sukhnag Range with its headquarter at Arizal

4. Budgam soil range with its headquarter at Budgam
3.1.2 Configuration of study area

Forests of this Division are mainly spread overHRnjal mountain tract.

Tatakuti with an altitude of 4745 m is the highesbuntain peak on extreme
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Fig. 3.1: Study area- Pir Panjal Forest Division




North-West of this division. The glacier formatibetween Tatakuti and Ashidar
Gali forms perennial water source base for Ashidalla in the highest rugged
zone. Other peaks of prominence falling on westetge are Shilmahinu (4612
m), Nurpur Naza (4502 m), Shivnag (4359 m), Khaga@841 m) etc. Some of
the important meadows are Tosamaidan, Yousmarg,diadhri, Chhanz,

Bargamaidaan etc.

While the southern face of Pir Panjal mountaingeans steep and
precipitous, the Northern face constituting the FRanjal forest division is gently
sloping. Though the general topography varies fgamtle to moderate, yet some
steep and precipitous slopes do occur. Toward$othteof the mountains fan like
projections run at a very gentle angle towardsuhakey. These are known as

‘Karewas'.

The study area lies between elevations of 18207#b m, however the
tree belt occurs between 1820 to 3200 m.

3.2 Lab Work
1) Satellite data
« Landsat ETM+

Table 3.1: Specifications of Landsat ETM+ sensor

Sensor Landsat ETM+
Spatial resolution 30 m (60 m - thermal, 15-m pan)
Spectral range 0.45-12.5 um
Number of bands 8
Temporal resolution 16 days
Image size 183 km x 170 km
Swath 183




3.3

3.4

2) Software
* Image processing software (ERDAS Imagine)
* Mapping software (ARC GIS)
» Statistical for data analysis

Field work

GPS (Ground truth location, Latitude/Longitude/Altde)
Spherical crown densiometer (crown density)
Abney’s level (slope)

Pegs (Laying tree plot)

Rope (Laying tree plot)

Map prints (ground truthing)

Methodology

The following method was adopted to fulfill thesti objective:-

a)

b)

Procurement of satellite dateSatellite data was procured from United
States Geological Survey (USGC).

Preprocessing of satellite data The satellite data procured was
preprocessed for different making a False Color fasite (FCC)
with the desired band combinations using image gssiag software.
Different image enhancement techniques were alsplogmd for

better interpretation of different landuse types.

Preliminary survey Preliminary survey was carried out in the study
area to get the first hand information about thediese, vegetation
types and biodiversity, topography, accessibility. @he information
generated was used to decide about the nature mpintato be done
and the number of landuse classes to be delineated.



d) Landuse/landcover map/Forest density map (2013/200&apping of

satellite data was carried out using a mappingwsoé at 1:50000

scale. The satellite data was delineated into mdiffe landuse types

(LULC) and different forest classes on the basicrofvn density as

follows:

LULC Map
I.
il.

Vi.
Vii.
viii.
iX.
X.

Xi.

Forest

Forest scrub

Grassland

Agriculture

Agricultural Plantation/Agroforestry
Horticulture

Habitation

Water body

Wetland

Wasteland

Show

Forest density Map (FSI, 2005)

Forest (closed) 40-70% crown density
Forest (open) 10-40% crown density
Forest scrub< 10% crown density
Grasslands

Non forests



a) Accuracy Assessment The forest density map generated using the
required software was validated on the ground tnoground truth
points. The following information was collected rmothe ground for

accuracy assessment:
I. Foresttype

ii. Latitude/longitude
iii. Altitude (m)

iv. Crown density

v. Slope (%)

b) Accuracy assessment for validation of maphke producer’s accuracy and
overall accuracy of the forest type density maps generated using error
matrix and on the basis of these accuracies KARPAt(coefficient) was
also be calculated?roducer’s accuracys a measure of error of omission
and User's Accuracyis a measure of error of commission. KAPPA
analysis is a discrete multivariate technique usedccuracy assessment
(Congaltonet al.,1983).

No. of correctly classified pixels in each category
0. of validation points used for that catgg@olumn total)

Producer’s accuracy = Total N

No. of correctly classified pixels in each category
Total No. of validation points used for that catgg@ow total)

User’s accuracy =

No. of correctly classified pixels
Total No. of validation points

Overall accuracy =

k= N Xy % — Lioq (s X %)
N2 — X (% X 2y)
Where
k = Kappa coefficient
r = number of rows in the error matrix

N = Number of observations



Xi = the number of observations in rawand columni (on the major
diagonal)

X+ = total number of observation in rafshown as marginal total to right
of the matrix)

X+= total number of observation in colunfshown as marginal total at
bottom of the matrix)

The following method was adopted to fulfill the sed objective:-

a) Generation of forest change maps and change matridehe forest
density maps generated for 2003 and 2013 was usepkrierate a
change map and change matrices using the inteysectethod in an

image processing.

b) Analysis of change matrice§ he change areas were identified and the
percentage of area transferred to the other categere assessed for
the time period.

The following method was adopted to fulfill therthobjective:

The results obtained from change analysis weral ueeidentify the
drivers of change. The change in different categorivas assessed for
identification of drivers of deforestation. The v&omethodology, as per

objectives has been shown in Fig. 3.2
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Chapter 4

EXPERIMENTAL FINDINGS

4.1 Landuse/Landcover

Landuse/Landcover map (2013) reveals that thesebban a significant
change in landuse from 2003-2013 in Pir Panjaldbdavision. The percentage
of land under builltup class has increased fromD%2lin 2003 to 5.05% in
2013. The percentage of area under water bodiesnicasased from 2.35 to
2.39% from 2003 and 2013. The wetland area has sl®odecrease from 3.18
to 2.76% from 2003 to 2013. The percentage of ame@der horticulture has
shown a sharp increase from 18.98 in 2003 to 20.242013. The area under
forest has decreased from 19.12 to 18.28% durim@B320 2013. Likewise
forest scrub area has shown an increase from 15.23.79% between 2003
and 2013. The percentage of area under agricultasedecreased from 28.05
to 26.05% from 2003 to 2013. The area under gradsldas increased from
2.94% in 2003 to 3.12% in 2013. Agricultural plaiaa area has seen a sharp
decrease from 2.95% in 2003 to 2.70% in 2013. Pe¢age of area under
wastelands have shown a slight increase while asvsbound area has
remained unchanged at 6.77% between 2003 to 204BI€T4.1 and 4.2).
Landuse/landcover map (2003) versus Landuse/laretaoap (2013) depicted
that the area under forests (designated by dar&ngo®lour) has reduced as
shown in Fig. 4.1 and Fig. 4.2. Different colou@vh been used to designate

various landuse/landcover map.



Table-4.1: Landuse/Landcover of Pir Panjal Forest vision (2003)

Class Area (knf) %age
Agricultural plantation 33.62 2.95
Agriculture 319.82 28.05
Builtup 46.72 4.10
Forest 218.04 19.12
Forest scrub 128.25 11.25
Grassland 33.55 2.94
Horticulture 216.38 18.98
Snow 77.14 6.77
Wasteland 3.61 0.32
Water body 26.81 2.35
Wetland 36.24 3.18

Total 1140.17 100

Table-4.2: Landuse/Landcover of Pir Panjal Forest vision (2013)

Class Area (knf) %age
Agricultural plantation 30.83 2.70
Agriculture 297.06 26.05
Builtup 57.54 5.05
Forest 208.38 18.28
Forest scrub 134.37 11.79
Grassland 35.63 3.12
Horticulture 230.77 20.24
Snow 77.14 6.77
Wasteland 9.70 0.85
Water body 27.26 2.39
Wetland 31.51 2.76

Total 1140.17 100
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4.2 Forest cover density

Forest cover density of Pir Panjal Forest Divisadi2013 and 2003 has
been shown in Table 4.3 and Table 4.4 respectiv@iyt of 1140.17 kfinon
forest occupied 66.81% of the total area in 2013levhs the same category
occupied an area of 66.69% of the total area of diwtsion in 2003. The
percentage of area under open forest categoryiff &@s 5.40% while as it was
5.32% of the total area in 2003. Forest scrub cajegitnessed a slight decrease
from 11.79% of the total area in 2003 to 11.25%2013. The area under closed

forest has decreased by 1.07% of the total aréd@zedbrest division.

The forest cover density maps of 2013 and 200& te&en shown in Fig.
4.3 and Fig. 4.4, respectively. The area under fooest category is maximum
covering an area of 760.33 knie., 66.69% of the total area, thus covers

maximum portion of the map.

Table 4.3: Forest cover density Pir Panjal Forest Dision for the year 2013

Forest category Area (knf) % of total area 2013
Non-forest 761.79 66.81
Open forest 61.55 5.40
Forest scrub 134.37 11.79
Closed forest 146.83 12.88
Grassland 35.63 3.12

Total 1140.17 100.00




Table 4.4: Forest cover density Pir Panjal Forest Dision for the year 2003

Forest category Area (knf) % of total area 2003
Non-forest 760.33 66.69
Open forest 60.60 5.32
Forest scrub 128.25 11.25
Closed forest 157.44 13.81
Grassland 33.55 2.94

Total 1140.17 100.00

The forest cover status (Rjrunder different forest categories for the years
2003 and 2013 has been shown above in Figs. 43l 4.7. The figures reveal
that the area under forest scrub is lesser in 2@d13in 2003, however the trend is
reverse in case of open forest category wherertbgeunder open forest is more in
2013 than in 2003. The figures further reveal tthet area under non forest
category, open forest and grassland category hmaimed broadly unchanged
with no significant increase or decrease in aradeuthese categories as shown in

histogram chart and two pie charts above (Figs./4band 4.7).
4.3 Accuracy assessment

The total number of reference points (ground trptints) for accuracy
assessment and map validation was 133 at variaue9bf the study area (Fig. 4.8).
Table 4.5 shows the error matrix for forest densigp of 2013 for Pir Panjal forest
division, which was used to calculate overall dfasdion accuracy. The overall
classification accuracy of forest density map of2@ame out to be 92.48%. The
overall classification accuracy of forest densiigm2013 was calculated on the basis

of producers accuracy and users accuracy as shovable 4.6.

The conditional kappa for each category was catledlusing kappa formula.
Kappa for non-forest, open forest, forest scrubseid forest and grassland category
was found to be 0.8549, 0.839, 1, 0.9035 and 0.8&9#:ctively. The overall kappa
statistics was calculated as 0.8757 as shown ile Bab.
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Fig. 4.6: Forest cover of Pir Panjal Forest Divisio under
different categories (%) in 2013
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Fig. 4.7: Forest cover of Pir Panjal Forest Divisio under
different categories (%) in 2003
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Table 4.5: Error Matrix for forest density map 2013 for Pir Panjal Forest
Division

Classifed Data| le | (oret | oub | forest | tand | Tota

Non-forest 74 1 0 3 79
Open forest 0 12 0 2 0 14
Forest scrub 0 0 3 0 0 3
Closed forest 0 2 0 24 0 26
Grassland 1 0 0 0 10 11
Column total 75 15 3 13 133

Table 4.6: Accuracy Assessment for validation of 2B Forest Density Map

Class | Reference| Classifi | Number | SRR TR,
(%) (%)

Non-forest 75 79 74 98.67 93.67
Open forest 15 14 12 80.00 85.71
Forest scrub 3 3 3 100.00 100.0¢
Closed forest 27 26 24 88.89 92.31
Grassland 13 11 10 76.92 90.91

Totals 133 133 123
Overall Classification Accuracy =  92.48%



Table 4.7: Conditional Kappa for each category

Class Kappa
Non-forest 0.8549
Open forest 0.839
Forest scrub 1
Closed forest 0.9035
Grassland 0.8992
Overall Kappa Statistics = 0.8757

4.4 Forest cover density change

Change matrix in kfn(Forest cover density) of Pir Panjal Forest Divisi
from 2003 to 2013 has been shown in tabular formahle 4.8 as well as in Fig.
4.9. However, the Figs. from 4.10 to 4.14 definmore precisely. Forest cover
change from closed forest to others (2003-2013%hasvn in Fig. 4.11 above
reveals that out of 157.44 Krarea under closed forest in 2003 has now reduced
to 146.83 krfi and the rest of its area has got changed into fipest (8.27 krf),
non-forest (0.91 k), forest scrub (1.53 kfjand grasslands (0.54 kKm

The area under open forest in 2003 was 60.60 buhin 2013 it was
found to be 53.18 kfn the rest of the area has got converted into fosesib
(5.24 knf), grasslands (1.02 K non-forest (0.99 kA and closed forest
category (0.17 k) as shown in Fig. 4.12. The total area under fosesub in
2003 was 128.25 kinhowever in 2013 it was found that the area uriderst
scrub was 127.60 Kmthe rest of the area has got converted into lgrags (0.58
km?) and closed forest (0.07 Kjras shown in Fig. 4.13

The area under grasslands in 2003 was 33.55ktile as in 2013 it was
33.48 knf out of total area of the study area (1140.17)kfhe rest of the area
has got converted into open forest (0.07°k@as shown in Fig. 4.14. The area



under non forest in 2003 was found to be 760.33 Winile as in 2013 it was
760.30 km. The rest of the area has got converted into dpest (0.03 krf) as
shown in Fig. 4.15.

Table-4.8:  Change Matrix kn? (Forest Cover Density) of Pir Panjal
Forest Division from 2003 to 2013
2013
2003
Non Open | Forest | Closed Grand
Grassland
forest forest | scrub forest total
Non-forest 760.30 0.03 0.00 0.00 0.00 760.33
Open forest 0.99 53.1§ 5.24 0.17 1.02 60.60
Forest scrub 0.00 0.00 127.60 0.07 0.58 128,25
Closed forest 0.51 8.27 1.53 146.59 0.54 157,44
Grassland 0.00 0.07 0.00 0.00 33.48 33.65
Grand total | 761.79 61.55| 134.37 146.83 35.63 1140(1

An interpretation key was used for change detagiiorpose as shown in
Fig. 4.10. Interpretation was done on the basi®oé and reflectance of images
of 2003 and 2013. It was obvious from the integtien of tone and reflectance
of images of 2003 and 2013 that the forest of Rmj& forest division have been
deforested and degraded over the last decade.ofleefor 2003 image is dark
brown at most of the places depicting dense fonekike as tone of 2013 shows
most of the area as devoid of such tone. The tene is slightly light brown or

pink depicting open forest/grasslands (Fig. 4.10).
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4.5 Drivers of change

Drivers of change in forest cover of Pir Panjakrdad Division were
studied in four villages in each category viz.,rfgillages for the positive drivers
of change and four villages for the negative dswafrchange (Appendix 1 and 2).
Ten respondents were selected and questions reétafecests were asked to them
on the basis of questionnaire. The approach ofdbepondents regarding drivers
of change was ranked from 1-6, rank 1 depictechgtemgreement while as rank 6
depicted strong disagreement. The total numbeesgondents for both categories
was 80 (Appendix 3 and 4). The questionnaire waalyaad using simple
statistics and following two tables were obtain€de results obtained have been
shown in Table 4.9 and 4.10.

Drivers of change fall under two categories wirect drivers and indirect
drivers of change. The direct drivers of changduthe expansion of agriculture,
illicit felling of timber, excessive fuelwood extton, excessive grazing and
plantation/afforestation measures by SFD, the ¢ast being positive driver of
change. The indirect drivers of change are poprafjrowth, subsistence,
poverty/lack of employment, lack of awareness abioyportance of forests,
Degree of forest protection (Positive driver), andreasing demand for timber
leading to smuggling.

Analytical results for drivers of change in adjamp villages witnessing
negative change from mapping as shown in Tableré&/®aled that geometric
mean was lowest for ‘illicit felling of timber, hea ranked as 1 among all drivers
of change. Poverty/lack of employment had seconeg$d geometric mean hence
ranked 2 among all drivers of change. Similarly ydapon growth, excessive
fuelwood extraction, increasing demand for timbeading to smuggling,
excessive grazing, lack of awareness about impoetahforests and expansion of
agriculture were ranked in the increasing ordergebmetric mean of their
corresponding frequencies. Similarly in areas whiive witnessed positive
change from mapping the top driver for the same afgestation done by State
Forest Department and the Forest Protection wiiep provide (Table 4.10).



ge

Table 4.9: Analytical results for drivers of changen adjoining villages witnessing negative changedm mapping

S Frequency against each score Weighted Variance Std
Type i Drivers of change N mean 2 deviation | Range | Rank
No 1 2 3 4 5 6 score (o) (o)
1 | Expansion for agriculture 0 11 12 14 3 40 3.23 22.23 4.72 2-5 8
" 2 | Wicit felling for timber 30 9 1 0 0 0 40 1.28 423 4.92 1-3 1
5 .
2 | 3 |Excessve  fuel wood 4y | 44| 43| 2| o o 40 2.15 19.08 4.37 14 4
o extraction
© . .
£ | 4 | Excessive grazing/fodder 7 | 11| 18| 4 0 0 40 2.48 24.14 4.91 1-4 6
[a) extraction
Plantation/Afforestation
5 measures by the SFD* 0 6 13 13 7 1 40 3.60 18.53 4.31 2 9
1 | Population growth 21 12 5 2 0 4Q 1.70 16.24 34.0 1-4
" 2 | Subsistence 1Q 18 9 2 1 4( 2.15 18.4 4.3 15 4
_g 3 | Poverty/Lack of employment 28 11 1 a @ 40 1.33 23.14 4.81 1-3
5
g | 4 |Lack of awareness about g | g | 45| g | 4| o 40 2.95 16.26 4.03 19 7
o importance of forests
©
£ 5 | Degree of forest protection* 0 0 0 12 18 40 954, 33.76 5.81 4-6 10
g | Increasing demand for timber,q | 15 | 44 | 7 0 0 40 2.38 15.36 3.92 1-4 5
leading to smuggling

(1= Strongly agree; 2 = Moderately agree; 3= Slighagree; 4 = Slightly disagree; 5 = Moderately digee; 6 = Strongly disagree)

* Positive drivers of change
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Table 4.10: Analytical results for drivers of chang in adjoining villages witnessing positive changdsom mapping

s Frequency against each score Weighted Variance Std
Type N i Drivers of change N mean 2 deviation | Range | Rank
0 1| 2| 3| 4 5 6 score (6% (o)
1 | Expansion for agriculture 0 0 0 2 4 34 40 5.80 6.18 11.23 4-6 10
» 2 | Wicit felling for timber 0 0 0 3 5 32 40 5.73 09.28 10.45 4-6 8
Qo
-_g 3 | Excessive fuel wood extraction @ 0 ] y 3 34 40 755. 126.23 11.24 4-6 9
*5‘ . .
8 | 4 |Excessivegrazing/fodder | | 4 | o | 3| 7| 30| 40 5.68 94.52 9.72 4d 7
A extraction
Plantation/Afforestation
5 measures by the SFD* 25 15 0 0 0 0 40 1.38 24.09 491 1-2 1
1 | Population growth 0 0 0 4 6 30 40 5.65 94.01 9.70 4-6 6
2 | Subsistence 0 0 0 6 6 28 A( 5.55 80.27 8.96 46 5
(]
.g 3 | Poverty/Lack of employment | O 0 0 5 4 31 40 5.65 101.56 10.08 4-6 6
o
8 | 4 | Lackofawareness about o| o| 4| 4| 6| 26| 40 5.35 66.48 8.15 36 3
2 importance of forests
o
= 5 | Degree of forest protection* 22 1§ 0 c d @ 40 51.4 25.20 5.02 1-2 2
g | Increasing demand fortmber| o | 5 | 4 | 4 | 5 | 27| 40 5.38 72.66 8.52 3§ 4
leading to smuggling

(1= Strongly agree; 2 = Moderately agree; 3= Slighagree; 4 = Slightly disagree; 5 = Moderately digee; 6 = Strongly disagree)

* Positive drivers of change




Chapter-5
DISCUSSION

In the light of available literature from diffetersources, the results
obtained from the present study are discussed uhdéollowing headings:

5.1 Landuse/landcover maps and forest cover densityjap of 2013 and
2003

Landsat images (ETM+) were used to generate Lafidasdcover maps
of 2013 and 2013 using visual interpretation in pnesent study. Researchers in
the past have reported application of Landsat datpotential to map forests and
detect the changes for its synoptic view and temdp@solution (Aldrich, 1975;
Burns and Joyce, 1981; Gautam and Chenniah, 1985)m et al.(2014) used
Landsat-5, Landsat ETM+ and IRS LISS 4 sateflata of 1992, 2001 and 2014
respectively for geospatial monitoring of Pir Rdrjorest Division in a similar
type of study.

A visual interpretation approach was used in tingent study to identify
and delineate the landuse/landcover classes on eimagerlays. Visual
interpretation is effective for utilizing the phgt@phic elements of tone, texture,
hue, size, shape, pattern, shadow and geographiextowhereas these elements
are often disregarded by more automated digitalpimgptechniques (Gray and
Cushing, 2004).

The area in the present study was classified Idtdanduse classes viz.,
builtup, water body, wetland, horticulture, foredgrest scrub, agriculture,
grassland, snow, wasteland and agricultural plemmat_anduse/landcover map
(2013) reveals that there has been a significaamgd in landuse from 2003-2013
in Pir Panjal forest division. In landuse/landcoweaip Agriculture has registered
a sharp decrease in its area from 2003 to 2013wtaa be mainly attributed to
increased conversion of agricultural land to Haittiere and wasteland. This has

also been reported by several works from the regiotihe recent past (Showki



and Bhat, 2014; Waniet al., 2014). The conversion of agriculture to wasteland
has also been verified from ground truthing anddde attributed to formation
of brick kilns on agricultural lands. In the presstudy Landsat data of 2003 and
2013was mapped using visual interpretation andaggi@ately classified into two
density classes of dense forest (40-100%) and Ofweasts (10-40%).
Additionally, Forest Scrub, Grasslands and Non sisrevere also delineated for
assessing change dynamics. September-October ifftaghss region were found
to be most appropriate for interpretation due taimal cloud and snow cover.
Landsat data combined with field data has also losed by various workers for
forest type differentiation (Magnusset al., 2004; Salovaarat al., 2005; Yang
et al.,2007). A similar kind of work has been carried outhe past by different
researchers (Gautaet al., 2002; Monet al., 2008; Farooq and Rashid, 2010;
Mya, 2010; Vemu and Bhaskar, 2010; Kiran, 2013sifkeet al.,2014; Sajjackt
al., 2015 and Waniet al, 2016).

5.2 Forest cover density dynamics (2003 to 2013)

The results on change matrix (Table 4.8) indicaieversion of closed
forests to Open Forests (8.27 YnDpen Forest into Forest Scrub (5.24%m
which can be purely attributed to degradation asvewsion takes place from
higher category of forest to the lower. Similarly area of open forest (0.99 Km
and closed forest (0.51 Kjrwas converted to non-forest and can be attribtded
deforestation. Similar results were found for Lidéterest division and Anantnag
Forest Division (Wani et al., 2014; 2016), Doodganga Watershed (Farooq and
Rashid, 2010).

Faroog and Rashid (2010) in a similar study ortisgamporal change
detection analysis in Doodhganga range of Pir PaDjgision of Kashmir
Himalayas using IRS1D LISS Ill & LANDSAT-5 TM revksl that the study area
(141 knf) from 1994-2004 has witnessed a significant Ids&®7 knffrom very

dense category to moderately dense category irstfaever. The study also



revealed that the loss of open forests (3.48)kmas increased the area under
blank and forest scrub (3.12 and 0.71%km

Ravindranattet al.(2012) in a similar study on REDD+ at national leve
used FSI data of 2005, 2007 and 2009 and reponed lass of forests which can
be considered under ‘deforestation’ option of REDB+ndia with 1004.00 ki
for 2003-2005, 636.50 khfor 2005-2007 and 998.50 Krfor 2007-2009.

Wani et al. (2016) in a similar study in the southern regiorKashmir
Himalayas using Landsat ETM+ data revealed thasthdy area (3375.62 Kin
from 1980-2009 has suffered deforestation and faegradation of about 126
and 139.02 krhrespectively. An area of 23.31 krwas also registered as a

positive change during the study period.
5.3 Accuracy assessment and conditional kappa

The total number of reference points (ground trnoimts) for accuracy
assessment and map validation was 133 at vari@aceplof the study area (Fig.
4.8). The overall classification accuracy of foréshsity map of 2013 came out to
be 92.48%. The overall classification accuracy aes$t density map 2013 was
calculated on the basis of producers accuracy @&edsuaccuracy as shown in
Table 4.6.

The conditional kappa for each category was catedl using kappa
formula. The overall kappa statistics was calcdais 0.8757 as shown in table
4.7. Azizi et al.(2008) got overall accuracy of 84.4% and kappa%3uhile as
Ismail and Jusoff (2008) got overall accuracy eqod3.5% and kappa 75% for a

similar type of study.
5.4 Drivers of change

Analytical results for drivers of change in adjam villages witnessing
negative change from mapping as shown in Tableet®aled negative change in
forest cover and density mainly due to lllicit Felj and Poverty/Lack of

employment.



Drivers of change also indicate a small positikange in the forest areas
at certain places mainly due to plantation/affaigsh measures (Table 4.10).
Similar types of results were obtained by Lasc®8)9Geist and Lambin (2002);
Chomitz et al.(2007); Antonio et al.(2012) and FAO (2015).



Chapter 6
SUMMARY AND CONCLUSION

Forest cover assessment of any region as sudtvaysin great demand.
As the lack of appropriate data collected, analyaed presented in a scientific
manner has been a major weakness in the foreshiptarand management
throughout India especially in Jammu and Kashnorebts throughout the world
are facing tremendous pressure and Jammu and Kadbrests are not an
exception. With the ever-increasing population tates forests have been placed
under tremendous pressure arising out of increademand for fuel wood,
fodder, timber and other forest products. Thisflessilted in acute degradation of
forest resources. Hence, there is an immense neasgsessing the forest cover
and detection of change in forest cover. The manage strategies could be

based on the results of forest cover dynamics.

Pir Panjal Forest Division has not been mappedrbefising the present
scheme of classification of forest categories basedensity classes using remote
sensing and GIS. Visual interpretation of satelti@a has been done in the
current study. The maps obtained from visual imtgiion of satellite data are
highly accurate. The maps generated in the cursardies are accurate with
overall classification accuracy being 92.48% anppeaequal to 0.8757 which is
considered highly accurate.

In landuse/landcover map agriculture has regidtarsharp decrease in its
area from 2003 to 2013 which can be mainly attedub increased conversion of

agricultural land to Horticulture and wasteland.

The results on change matrix indicate conversiaiased forests to Open
Forests (8.27 kA) Open Forest into Forest Scrub (5.24%kmhich can be purely
attributed to degradation as conversion takes gdlace higher category of forest
to the lower. Similarly an area of open forest 90korf) and closed forest (0.51

km?) was converted to non-forest and can be attribitettforestation.



Top drivers of change in adjoining villages witsieg negative change

from mapping were identified to be illicit fellirgnd poverty/lack of employment.

Similarly positive drivers of change were identifi® be plantation/affforestation

measures.

The conclusion of whole study is as under:

The area under agriculture has decreased by 2% gluie study

period.

Horticulture has increased by 1.26% from 2003 tdé32probably due
to conversion of agricultural landuse to horticrdtu

The total forest area has decreased by 0.84% f@08 ® 2013 due to
deforestation.

The results from change matrix indicate a high gbegradation of
closed forests to open forests (8.27°knopen forest into forest scrub
(5.24 knf).

Drivers of change indicate a negative change irsforcover and

density mainly due to illicit felling and povertsitk of employment.

Drivers of change also indicate a small positivande in the forest

areas at certain places mainly due to plantatitoridgtation measures.

There is a need to prioritize and act on the idiedtidrivers of change
by the concerned forest department so as to revibisetrend of

deforestation and forest degradation in the studs.a
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Appendix 1
Preliminary details of villages adjoining forest winessing negative forest cover change from mapping

Profession

Average

Dependence

check post

Sheikh

/ No of family hi ) P Land holding
Preliminary details of village Resm}ndent Name & Parentage ErTS:I%ryedl defgfnr;rjent r?:rr;t”yy Ah('::;j € (tilr)r?bgrr,efitesl, A r(inaz) ” Iixi\le(;‘tgék
. Daily wager/ membyers income fodder etc.) ungroductive
None) (Rs.) %
Address (Village, Tehsil, Sutharan 1 Ab Rahman hajam S/O Agr 6 5000 30 0.3 4
Distrct) Khag GhRasool
Budgam
Population: 3622 2 AbGaniTantary S/o labour 4 4500 40 0.2 2
GhahmadTantary
No of households: 395 3 Rahman shekh S/o Akbar|  Agr 4 6000 25 0.5 2
Shekh
Location (Lat/Long): 74.5528/ 4 Hamid Sheikh S/o Ahmad Labour 5 2000 50 0.4 3
33.9147 Sheikh
- Altitude (m): 2301 5 MohidinDohli S/o Ahmad Agr 8 2500 50 0.1 5
o Dohli
g
E Distance from nearby 0.5 km 6 Shafi Sheikh S/o Rahman Agr 3 6000 60 0.1 1
forest: Sheikh
Dominant changes in the | Deforestation 7 QadirHajam S/o Akbar Agr 8 10,000 20 0.3 4
nearby forest observed Hajam
from mapping
Major profession of Farming 8 WaliHajam S/o Gh. Ahmad Barber 9 3000 60 0.5 2
villagers Hajam
Connected to forest by Pucca 9 Bashir Ah S/o Barber 4 4500 40 0.3 1
kutcha/pucca road GhRasoolhajam
Distance from neaest forest 8 km 10 Gh Ahmad sheikh S/o rasool Agr 11 12,000 10 0.6 6




Address (Village, Tehsil, Lasipora 1 Ashraf Shah S/o Gh Ahmad  Agr 4000 50 0.1 2
Distrct) Shah
Population: 900 2 FirdousParray S/o Mohmdgd  Agr 3000 40 00 1
parry
No of households: 230 3 GhMohidin Shah s/o Ahad Labour 2000 30 0.2 0
Shah
Location (Lat/Long): 74.5590/ 4 Ahad Khan S/o Qadir Khan Agr 500p 50 0.3
33.9143
Altitude (m): 2295 5 Raheem wani S/o samad 6000 40 0.6 5
N Wani
S
g Distance from nearby 0.7 km 6 Altaf Khan S/o gaffer Khan Agr 4500 20 0.3 4
> forest:
Dominant changes in the | Deforestation 7 ManzoorParray S/o Agr 12000 30 0.5 2
nearby forest observed KhaligParray
from mapping
Major profession of Farming 8 Arshid Khan s/o Razzaq Agr 10000 20 0.5 15
villagers Khan
Connected to forest by Pucca 9 Majeed Khan S/o ahsan Agr 7000 40 0.2 10
kutcha/pucca road Khan
Distance from neaest forest 8 km 10 Ahmad Shah S/o Subhan | Dailywag 3000 50 0.3 3
check post Shah e
Address (Village, Tehsil, | SozlipatherK 1 Amin Khan S/o Ahmad Agr 3000 60 0.2 1
Distrct) hagbudgam Khan
Population: 950 2 Sattar Khan S/o Rasool Agr 4000 40 0.3 00
™ Khan
()
& | No of households: 140 3 Tawseefbhat S/o Labour 4000 60 0.1 1
S MajeedBhat
Location (Lat/Long): 74.5570/ 4 Sadeeq Shah s/o ahmad shah Ag 7000 4 0.
33.91200
Altitude (m): 2300 5 WaliMohmad Shah Labour a5( 70 00 00




Distance from nearby 1km 6 Kareem Khan S/o rasool Agr 8 2000 40 0.1 1
forest: Khan
Dominant changes in the | Deforestation 7 Waheed Shah s/o Mehraj Agr 8 5000 20 0.2 2
nearby forest observed Shah
from mapping
Major profession of Farming 8 Riyaz Khan S/o Khaliq Agr 12 8000 20 0.3 1
villagers Khan
Connected to forest by Pucca 9 Gaffer Bhat S/o SadeegNHat Agt 5 1Q00 5 0.2 00
kutcha/pucca road
Distance from neaest forest 7km 10 Tariq Sofi S/o Rasheed sifi Agr 8 3500 60 0.1
check post
Address (Village, Tehsil, Khaipora 1 GhMohidinhajam Labour 4 100D 40 00
Distrct)
Population: 100 2 Gh. Rasoolhajam Agr 7 1500 30 10 1
No of households: 850 3 Abganihajam Agr 8 4000 40 0.2 1
Location (Lat/Long): 74.5407/ 4 M. Subhanhajam Barber 6 300D 30 0.1
33.9216
Altitude (m): 2351 5 Bashir Hajam Barbe 5 20Q0 04 0.2 4
g Distance from nearby 0.5 6 MohamadNajar Labour 3 1000 60 00
<) forest:
=
> Dominant changes in the | Deforestation 7 Rashed Khan Agr 4 2500 20 0.5
nearby forest observed
from mapping
Major profession of Farming 8 SamadNajar Agr 2 1500 20 0.3
villagers
Connected to forest by Pucca 9 GhMohamadBhat Agr 7 5000 30 0.5
kutcha/pucca road
Distance from neaest forest 8 km 10 Riyaz khan Labour 11 5000 40 0.1
check post




Appendix 2

Preliminary details of villages adjoining forest winessing positive forest cover change from mapping

Profession tomity montiy Conforests. | Land hoidin
Village No Preliminary details of village ResE‘%ndent Name & Parentage (Agdrjli)maﬁ:,oye depené,ent familyy Alt(ilnl:;je (Timber, Fuel, (ha) Agri/Hor%/ Ii\i\‘e‘;tg;k
! wager/None) family income Fodder etc.) unproductive
members (Rs.) %
Address (Village, Tehsil, Nagbal (Chrar) 1 Shareefwani Labour 4 2500 30 10 1
Distrct)
Population: 650 2 Sartajwani Agr 3 3000 20 0.1 1
No of households: 120 3 Bashir Khan Agr 4 3000 40 0.1 2
Location (Lat/Long): 74.7334/ 33.81094 4 Sattatbha Agr 4 5000 10 0.3 1
— Altitude (m): 2395 5 Nazirdarzi Agr 3 2000 10 20. 2
S Distance from nearby forest: 3 km 6 Samad rather Agr 5 3500 30 0.2 1
2 Dominant changes in the nearlyincrease 7 Habeeb rathe Agr 6 4000 30 0.2
> forest observed from mapping
Major profession of villagers Farming 8 HameedBha Agr 6 5000 40 0.1 4
Connected to forest by Pucca 9 RiyazNajar Labour 5 2500 60 00 4
kutcha/pucca road
Distance from neaest forest 7 km 10 RiyazBhat Agr 7 5000 20 0.3 2
check post
Address (Village, Tehsil, Sonabanjar (Chrar 1 Gh Ahmad Agr 9 4000 30 0.1 5
Distrct) Kumar
Population: 400 2 GhNabi Agr 3 2000 30 0.3 3
Kumar
No of households: 70 3 Gani Kumar Labour 4 15(Q 60 00 30
Location (Lat/Long): 74.67200/ 4 Habibulah Agr 3 2000 70 00 4
P 333.82603 Khan
2 Altitude (m): 2190 5 Rahman Khar Agr 3 250( 30 0.2 1
E Distance from nearby forest: 2 km 6 Rayees khan Agr 8 3000 50 0.3 2
Dominant changes in the nearlyincrease 7 SubhanRathr Agr 9 400 60 0.1
forest observed from mapping
Major profession of villagers Farming 8 Ashraf wan | Agr 5 6000 30 0.1 2
Connected to forest by Katcha 9 Firdousmalik Labour 6 8000 20 00 0
kutcha/pucca road
Distance from neaest forest 6 km 10 Ahadmogray r Ag 6 4500 40 0.5 2




check post

N

check post

Address (Village, Tehsil, Kanidajan 1 Parvez Khan | Agr 2 2500 20 0.1
Distrct)
Population: 1100 2 Farooq Parray Labour 3 4000 30 0.3 1
No of households: 290 3 Firdous Malik Agr 3 3500 30 0.3 1
Location (Lat/Long): 74.33/33. 4 Shafat Malik rAg 9 4000 30 0.5 2
. Altitude (m): 5 Riyaz Malik Agr 11 3000 50 0.5
© Distance from nearby forest: 1 km Khurseed Labour 2 1500 40 00 0
& Khan
= Dominant changes in the nearbyincrease 7 Rasheed shekh Labour 7 3000 3( 0
forest observed from mapping
Major profession of villagers Farming RaheemkBhe Agr 6 4000 20 0.2 3
Connected to forest by Pucca 9 Mohidin Khan|  Agr 8 5500 20 0.5 4
kutcha/pucca road
Distance from neaest forest 10 Shafinajar Agr 3 2500 30 0.1 1
check post
Address (Village, Tehsil, Sangerwani 1 Bashir Agr 4 2000 50 0.1 0
Distrct) Khatana
Population: 550 2 MerajSood Labour 6 3000 30 0.2
No of households: 110 3 ShowkatBith Agr 11 12000 10 0.4 5
Location (Lat/Long): 74.73702/33.8200 WaliBokan | Labour 2 1000 70 00 1
< Altitude (m): 2351 5 Khaligdar Agr 7 1500 70 00
g Distance from nearby forest: 2 km Unjum Khan grA 4 3000 20 0.2 14
2 Dominant changes in the nearlyincrease 7 Rasheed Wani  Agr 3 2500 50 0.1
> forest observed from mapping
Major profession of villagers Farming Mushtagakh| Agr 8 6000 40 0.2 1
Connected to forest by Pucca 9 Hameed Malik Labour 9 500( 50 0.3 1
kutcha/pucca road
Distance from neaest forest 6 km 10 Afrooz Khan Agr 7 4500 30 0.1 3




Close ended semi-structured interview (Villages adjning negative forest cover change from mapping)

Interview Schedule for assessing drivers of chandblegative)

Appendix 3

Perceived reasons for drivers of forest cover chamgoy village respondents based on six dominant pengtions with an assigned score from 1to 6 (1 =
Strongly agree; 2 = Moderately agree; 3 = Slighthagree; 4 = Slightly disagree; 5 = Moderately disage; 6 = Strongly disagree)

Expansion lllicit Excessive Exrz(;snsi\;e Plantation/Aff Populati Poverty/Lack Lack of Degree of (;Z(r:rzz?\?jirf]gr
Village Respond for felling for fuel wood gf odd e? orestation noprLcl)V\a/tll? Subsisten of awareness about  forest timber leadin
No. ent No. agriculture | timber (1- extraction extraction (1- measures by (91—6) ce (1-6) | employment | importance of protection ;0 smuggli;gg
(1-6) 6) (1-6) 6) the SFD (1-6) (1-6) forests (1-6) (1-6) (1-6)

1 3 1 3 3 4 1 2 2 3 5 3
2 2 1 2 3 5 1 2 1 3 4 2
3 3 1 3 3 4 2 2 1 4 5 2
4 4 4 1 1 2 3 1 3 1 3 6 1
o 5 4 1 1 1 3 3 1 1 3 6 2
%—U 6 3 1 3 1 2 3 1 1 4 4 3
7 4 1 2 2 4 2 4 1 5 5 1
8 3 1 2 3 3 4 3 1 3 5 2
9 4 1 1 4 2 1 4 1 3 4 1
10 5 1 1 1 3 2 5 1 3 5 2
1 5 1 2 3 4 1 2 1 6 6 4
2 3 1 2 2 3 1 1 1 4 4 4
g 3 4 1 1 3 4 2 2 1 5 4 3
g 4 2 1 1 3 4 2 3 1 5 5 4
> 5 2 2 1 1 4 1 2 1 4 6 3
6 4 1 3 2 2 1 2 1 3 5 2
7 4 1 1 2 4 1 3 2 4 5 3
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Appendix 4
Interview Schedule for assessing drivers of chandfositive)

Close ended semi-structured interview (Villages adjning positive forest cover change from mapping)

Perceived reasons drivers of forest cover change bjllage respondents based on six dominant perceptis with an assigned score from 1 t6
(1 = Strongly agree; 2 = Moderately agree; 3 = Sligly agree; 4 = Slightly disagree; 5 = Moderately idagree; 6 = Strongly disagree)

lllicit Excessive | Plantation/ Lack of Increasing
R Expansio ; Excessive ; . Populati . Poverty/La | awareness | Degree of | demand
) espon felling grazing/ Afforestatio Subsiste :
Village dent n for for fuel wood fodder N measures on nce (1- ck of about forest for timber
No. No agricultur timber extraction extraction by the SED growth 6) employme | importance | protection | leading to
’ e (1-6) (1-6) y (1-6) nt (1-6) of forests (1- (1-6) smuggling
(1-6) (1-6) (1-6)
6) (1-6)
1 6 6 6 6 1 6 6 6 6 1 5
2 6 6 6 5 1 5 6 6 6 1 6
3 6 6 6 6 1 6 5 6 6 1 6
4 4 6 6 6 6 1 6 4 6 5 1 4
o 5 6 5 6 6 2 6 6 5 6 2 6
g 6 6 6 5 5 2 6 6 6 3 2 6
7 5 6 6 6 1 5 6 4 4 1 6
8 6 6 6 6 1 6 4 6 6 2 3
9 6 6 6 6 1 6 5 6 5 1 6
10 6 6 6 5 2 6 5 5 6 1 4
1 6 5 6 6 2 6 6 6 6 2 5
~ 2 5 6 5 6 1 6 6 6 4 1 6
o 3 6 6 6 5 1 5 5 4 6 1 6
g 4 6 6 6 6 2 6 6 6 6 1 6
5 6 6 6 6 1 6 6 6 3 1 6
6 5 6 6 6 2 6 6 6 6 1 6
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