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ABSTRACT

Catchment of a wetland has direcaring on its ecological stability.
Catchment hydrology directly influences the pobutiload (nutrients, sediment)
entering into an aquatic ecosystem. Climate and lase change can significantly
affect wetland ecosystems. In recent years, lapflargl cover analysis has become a
major and fundamental tool in assessing the enmigsrial consequences of human
activities that negatively affect the whole ecosyst Keeping in view the importance
of catchment for a water body and the analysisanflluse /land cover change, the
current study was carried out. The objective of ¢lwedy was to characterize the
catchment of an important Kashmir Himalayan wetlakachar with respect to
changing land use land cover and climate. Anchdmascally an important shallow
basined semi-urban aquatic body of Kashmir valleyated in the Sindh catchment
14 kms to the Northwest of Srinagar city. Over tlears, various anthropogenic



pressures in its catchment have deteriorated akgg and water quality; the main
contributors being land-use changes in the catchmenplanned urbanization,
increased sedimentation, flow of fertilizers andtmedes from the catchment and
encroachment. Most of the earlier studies conduabed Anchar have been
conventional in nature with emphasis on the hydeaaktry and hydro-biology of the
system. No generic approach to assess the imphsabf landscape pattern and
climatic changes in catchment on the Anchar haa berducted till date. The various
processes that were studied in the current relseacluded land use/ land cover
change detection analysis, topographical analysidrometeorlogical data analysis,
soil analysis, water analysis and quantification sédiment and nutrient loadings
using GIS simulation model GWLF. The Land use/ Laoder change of the Anchar
catchment revealed that the area of classes aqueditation, horticulture, built-up,
barren land has increased, while the vegetatioerc(@tantation, forests, grasslands)
and water have decreased. During the study pe88&-2005, aquatic vegetation has
increased by 6.46 Kmbuilt-up by 15.72 Krf bare by 34.89 KAand horticulture by
9.02 Knf. Grasslands and forests have decreased by 23.2Z2andn56.62 K
respectively. The lake has become a victim of piolfudue to these changes that have
taken place in the land use/land cover of its gatafit. Pollution is evident in the
form of deterioration of the water quality of theké. Water chemistry showed the
alkaline nature of this aquatic body. The lowerelswf dissolved oxygen and higher
levels of conductivity especially at SKIMS site amdthe main water body itself
support the eutrophic status of the water body. Autdent status of the key elements
indicates high levels of total phosphorus and rett low levels of nitrate nitrogen.
Water quality modelling with the help of GWLF model/ealed that highest sediment
loads are contributed by stream banks followed &éne bands, agriculture, pastures
and forests, whereas, the least loads were recdodédabrticulture and built-up areas.
The major sources of nutrients (dissolved and fotahs of nitrogen and phosphorus)
are ground water, bare lands, agriculture, andupastOverall sediment and nutrient
loadings under 1992 and 2005 land use/land cowen these sources indicated an
upward trend from their 1992 values. Change of lasé in the catchment has
contributed significantly to the increase in nuiti@nd sediment loads. Analysis of
hydro-meteorological data revealed that climatehanging in the catchment with
precipitation showing a decreasing trend from 128160, while as average maximum
temperatures are increasing especially in winteecrBased rainfall and higher
temperatures through climate change can alter ydeological dynamics of Anchar
system by decreasing the water level and wateradpaeea of the lake. The water
extent of Anchar has decreased as well as detextbrahis deterioration of water
quality of the lake can be attributed to land uatgon changes like expansion of built
up, increased use of agrochemicals for expandimgchtiure coupled with decrease
in vegetal cover that have taken place in the caértt over the years. Infact due to
these landuse-landcover and climatic changes nafld increase in built-up mainly
in the agricultural lower plains of Sindh valleydir, water quality of Anchar has
worsened during this span of 15 years. The congservand management of this
water body requires awareness, proper understandiagning and implementation
of the management strategies suggested in thiardse
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INTRODUCTION



Chapter-1
INTRODUCTION

1.1 Background

Life on earth is believed to have been eswlin water and the evolution of
water bodies especially wetlands have been knowpldg an important role in
shaping the history of planet earth with the swamglands of the carboniferous
period of history being reservoirs of many of tbedil fuels which are currently being
used. Wetlands are basically ecotones (edgeskiticanzones between dry land and
deeper waters; environments that are not alwayswarebbviously dry. Realizing the
special interest and importance of wetlands esjesa waterfowl habitat, ecologists
gathered at Ramsar in Iran in 1971 signed the fankamsar Convention, which has
now grown into a big global body of wetland scist#i The convention provides
framework for the conservation and wise use of aretlbiomass. The Article 1.1 of
this convention defines wetlands as, “Areas of imdien, peat land or water, whether
natural or artificial, permanent or temporary, witlater that is static or flowing,
fresh, brackish or salt, including areas of mawater the depth of which at low tide
does not exceed six meters”. Cowardtral. (1979) revised this definition a bit and
defined wetlands as lands transitional betweeresaral and aquatic systems where
the water table is at or near the surface or the is covered by shallow water. Tiner
(1991) recognizes wetlands as, “distinct ecosystelmsg the wetter end of the soil
moisture gradient”. However, these earlier defam§ of wetlands are too broad and
lack the precision necessary for scientific enqutins necessitates for a change in the
definition of wetlands. A “Reference Definition”dhcould overcome these problems,
was given by the Committee on Characterization atlsvids (1995) which states
that, “A wetland is an ecosystem that depends amsteot or recurrent, shallow
inundation or saturation at or near the surfaceéhef substrate”. According to this
definition, the minimum essential characteristiésmetland are recurrent sustained
inundation or saturation at or near the surfacesufstrate and the presence of
physical, chemical and biological features refketor recurrent. The three common
diagnostic attributes of wetland ecosystems ardrained hydric soils, their support
of hydrophytic vegetation at least periodically ahé saturation of substrate with



water at some time during the growing season eael. yfhese features are always
present in wetlands except where specific physieottal, biotic or anthropogenic
factors have removed or prevented their developmientaddition to these basic
features, wetlands exhibit enormous diversity agiogy to their genesis, geographical
location, water regime and chemistry, dominant tslaand soil or sediment
characteristics. As regards the occurrence of wetlathese occur over a wide range
of hydrologic conditions, and common terms useddéscribe them have a long
history (Denny, 1985; Symoens, 1988; Mitsch andg8lisk, 2000).

Wetlands are the cradles of biodiversity which barba wide variety of flora
and fauna, thus being important repositories ofatigwiodiversity. Wetlands world
over provide many ecological and socio-economicdgoand services. Wetlands
provide a wide range of valuable functions for haméBedford and Preston, 1988).
They have local and international significanceeggutators of the hydrological cycle,
can improve water quality and have often been demsed as natural treatment
systems for polluted waters (Kadlec and Kadlec,9)9TWetlands also provide
important habitat for freshwater and marine orgasisand are critical to many bird
species as breeding sites and staging areas dariggation. It is, in part, the
importance of wetlands for bird migration and fessential faunal habitat that has led
to a variety of international agreements addressigjland conservation and
management (Maltby, 1986; Hollet al.,1989). Yet, in a landscape context, wetlands
are also important regulators of nutrient and sediniluxes between terrestrial and
aguatic ecosystems (Forman and Godron, 1986). Wistlaelp in controlling floods
by buffering downstream areas and by reducing t&k dflow in main rivers. In
addition, they also function as recharge areasgfound water. They play a very
important role in pollution abatement as well bynowing or converting large
guantities of pollutants from both point and nonApsources and by sequestering
heavy metals and certain poisonous chemicals iarabhec zones of soil. A summary
of 17 published studies on nutrient trapping inlareds by Valket al. (1979) suggests
that all wetlands are capable of improving watealidy at least on a seasonal basis.
Because of these roles of wetlands i.e. reducomgfimpact by storage of floodwater

and pollution abatement, they have been correefigrred to as “the kidneys of the



planet”. On the other hand wetlands are a sourcgreén house gases (methane

emission) at the same time playing a significaté no carbon sequestration.

The benefits of wetlands, however, havedéel to be taken for granted
resulting in loss and degradation of wetlands waner (Scott and Poole, 1989).
According to Dugan (1993), world may have approsxtahalost 50% of the wetlands
that existed since 1900. According to the Orgaromator Economic Co-operation
and Development-OECD (1996), much of the wetlars$ loccurred in the northern
countries during the first 50 years of'26entury. In recent years, there has been
increasing awareness regarding the valuable fumtiof wetlands (e.g. flood
alleviation, ground water recharge, retention aggulation of pollutants and plant
nutrients, biodiversity, aesthetic beauty for tets;j cultural heritage and archaeology)
(Amoroset al, 1996; Robertsoet al, 1999; Tockneet al, 1999; Bugenyi, 2001;
Frazier et al, 2003). Despite this increasing awareness andrig@pce given to
wetlands worldwide, their conservation has beefysaeljlected. Wetlands are under
great pressure on account of manifold anthropogemtvities, which include
development of urban centres, construction of roadd railways, agricultural
activities, forestry, aquatic pollution due to muipality sewage, use of
agrochemicals (pesticides and fertilizers), indabtreffluents and consequent
infestation with aquatic weeds and eutrophicatidegradation of watersheds and
increased siltation due to deforestation in theloaent areas, recreational activities,
and tourism. This has resulted into increasing qunesfor conversion to alternative
land particularly in tropical and subtropical weils since the 1980s. By 1985, it was
estimated that 56-65% of available wetlands havenbdrained for intensive
agriculture in Europe and North America, 27% inaA$% in South America and 2%
in Africa (OECD, 1996 ). These activities have tedshrinking of wetlands and their
biological resource potential, pollution, siltati@amd weed infestation. As a result
wetlands world over have been lost, degraded, fgalland their ecological functions
impaired. It was noted by Moset al. (1996) that almost 84% of the wetlands listed
as Ramsar sites had undergone or were threatenecblpgical change. Over 70% of
the world’s freshwater resources are used for aljuie and estimates for the past
century indicate that upto 50% of wetlands havendest (Zingstra and Wiseman,
2003).



1.2 Distribution of Wetlands

Wetlands are intricate ecosystems, which cover g&blkon Sg.km i.e. 6.4%
of the land surface of world (Schuijt, 2002). Otittlrese wetlands of world, nearly
30% is made of bogs, 20% of fens, 20% of swamps 5% is in the form of
floodplains. India with its extensive geographicatetch, varied topography and
climatic regimes, supports unique wetland habitetéch sustain diverse flora and
fauna. Wetlands in India occupy 58.2 million heetaincluding areas under wet
paddy cultivation (Directory of Indian Wetlands,98). There are 67,429 wetlands in
India covering about 4.1 million hectares (exclgdimigated agricultural lands, rivers
and streams) of which 2,175 wetlands occupying nifion hectares are natural,
while 65,254 wetlands occupying 2.6 million hectame manmade. The coastal
wetlands occupy an estimated 6,750 nargely dominated by mangroves
(Ramchandra, 2001). Kashmir valley located in tbhethernmost part of India, by
virtue of its mountainous terrain and varied cliejasupports a rich diversity of
freshwater lakes and wetlands with a total of 3,88tlands which include both
natural (1405) and manmade (39) wetlands. The &&d covered by these wetlands
is 3, 89,261 hectares, including 2240 such wetlahds have area less than 2.25
hectares (Panigralet al, 2010). The natural wetlands of Kashmir vallegiuidle high
altitude lakes and series of wetlands occurringastihg the flood plain of river
Jhelum and Sindh at the base of Kashmir Himalayaog these series of wetlands

Anchar is one of the important Himalayan wetland&Kashmir valley.
1.3 Wetland Degradation in Kashmir- A Threat to Ecdogical Balance

Wetlands are one of the most threatened dtalof the world. Kashmir, since
long, has had intimate socio-economic links withtlareds (Lawrence, 1895).
However, the deterioration of wetlands in Kashmsilincreasing at an alarming rate
due to multiple anthropogenic pressures and chgngimatic conditions. The major
threat to these wetlands today is from increaskdtisn and eutrophication due to
run-off from catchments (including fertilizers) arseéwage disposal. Deposition of
sediments is a continuous process, as seen inaheus lakes and wetlands of
Kashmir like Dal, Anchar, Wular, Hokersar and Ngn&ome high altitude wetlands

are also facing the problem of natural siltationevehglacial silt has been rapidly



filling up the lake basins (Pandit, 2002). Eutragattion of wetlands in Kashmir valley
is a very recent event of the past 10-30 years\cating with a marked civilization
evolution in the wetland catchment areas. The d¢mmdiof Kashmir Himalayan
wetlands ranges from the oligotrophic of Kounsernagfully eutrophic lake of
Anchar, while others are in process of continuobange towards eutrophication.
Almost all the valley lakes are showing the sighsurophication, as is evident from
the research conducted by various workers. Khangeries of papers (1993a, 1993b,
2000c) reported an unprecedented outbreak andeineceasonal recurrence of red
tide in aquatic habitats of Kashmir since summed@1-which constitutes a new
environmental threat to the aesthetic value andogical diversity of Kashmir
wetlands. The occurrence of red tide was attribtaadflux of untreated sewage from
adjoining residential areas. Encroachment from cagitire land and willow
plantations, receding upon water areas as a refsekpanding reed belts, degradation
of watersheds and over-exploitation are some odlagigers facing these wetlands.
Soil erosion and nutrient losses in watershed affeter quality and often generate
long term environmental problems as accelerateghication (Strobkt al, 2007).
Large watershed areas of Kashmir wetlands have begped physically of their
vegetation cover for human use. Resources of ae@shmir wetlands have been
over-exploited, resulting in their decline and ksaf many important plant and
animal species, thus impairing the whole ecolodiedhnce of our valley ecosystems.
One such example is the famous game sanctuary siirfia, the Hokersar wetland.
This wetland which was once spread over 1800 hextaas now been reduced by
approximately 28% (Khaet al., 2004). The wetlands of Narkura (Budgam), Indra-
nagar, Bemina (Srinagar), Poshkur (Pulwama), B&ap¢re) are some other vivid

examples of loss of wetlands in our valley.

Climate change is a major global problem, affertaimost all ecosystems.
Wetland ecosystems with their hydrology dependemt poecipitation are most
sensitive to changes in temperature and precipitafiVinter, 2000). The wetlands
present in our ecologically fragile Kashmir Himaayregion, are dependent on
glacier melt and precipitation for their water lbBveTherefore, climate change
especially recession of Himalayan glaciers and geann precipitation will have a
significant impact on these habitats and their @ased species. Kashmir valley is



also witnessing the impacts of changing climatittggas. The meteorological data
reveals that in Kashmir region the air temperatume shown an increase of 1.4°C
(Jeelaniet al, 2008). It is an established fact that glacieitimg is an important
indicator of climate change. The glaciers in thegine catchment of Kashmir
Himalayan region, which support most of the valleytlands by their melt, too are
facing the brunt of climate change with their rest@s taking place at a fast pace due
to increasing temperatures. Overall the volumelpina glaciers has decreased by
more than 50% since 1850. A rise of temperaturé°@yleads to shrinkage in area of
alpine glaciers by 40% (Intergovernmental PaneCémate Change —IPCC, 2001b;
Centre for Science and Environment, 2002). In theemt past, it has become a
common observation that the time period of snowfal$ undergone a change with
people experiencing scanty snow in the harshesvg@f Kashmir winter (locally
called “Challai-Kalan™-extending from December @ndary) and heavy snowfall in
the months of spring- February and March. Sevdtaliss have reported a general
state of recession of the glaciers of Jammu andhikassince 1850s (Mayewski and
Jeschke, 1979; Vohra, 1981; Ahmad and Rais, 19898hBlet al, 2004; Kulkarniet
al., 2007; Pandet al., 2011). Greater fragmentation of glaciers has alsenb
reported in Chenab basin with an overall reductib81% in the glacial surface area.
The mean area of glacial extent in this basin lasraduced from 1.4 Sq.Km to 0.32
Sq.Km during 1962-2001 (Kulkarmat al, 2007). This climate change-occurring in
the form of glacier recession and alteration ofcimiéation pattern, is ultimately

resulting in degradation of Kashmir wetlands anédktening its ecological stability.
1.4 Geospatial Tools for Wetland Management

Geospatial tools- remote sensing data in combinatoth Geographic
Information System (GIS) are most effective toalsrhonitoring wetlands, providing
useful information on them and finally for integaat of such information to arrive at
proper decisions for conservation and managememtetiands. The application of
geospatial tools for wetlands encompass water resoassessment, hydrological
modelling, flood management, reservoir capacitysys, assessment and monitoring
of the environmental impact of water resource mtsj@and water quality mapping and
monitoring (Jonna, 1999). In addition to these vagen and inundation dynamics

which include wetland ecology, seasonal monitoang characterization of wetland



biodiversity can be studied using geospatial tetdgywhich enables mapping in an
integrated multi-layered structure using remotetypsed data. In case of wetland
mapping, geospatial tools help to assess landschprges, as well as assist in
monitoring the pollution and siltation levels, weddfestation and aquaculture
development. With the use of geospatial tools fatland mapping, we get an
advantage of more accuracy at minimal costs andpoveer use. Remote sensing
allows monitoring at multiple spatial and temposalales, which supports better
understanding of wetland ecosystem for continu@sgssment and analysis of future
trends. New generation satellites have sensompoove accuracies of applications
of geospatial tools for wetlands. At present, vasiageospatial tools are at our
disposal from a range of GIS software’s to rem@essg data, to give an accurate
picture of wetland status and study of trends. Thhs recent and innovative

geospatial technology is bringing hope for an effecwetland management.
1.5 Research Rationale

Lakes in Kashmir, and immediately Dal Lake comesotw mind. Dal is
rightly described as Lake Par-Excellence, butnts the only of its kind in Kashmir.
God has been gracious enough to bestow Kashmir muitherous other freshwater
bodies, to which less attention has been paid. anishone amongst these less known
freshwater bodies, which is experiencing a highypioin load from its catchment. It's
a semi-urban lake with its surrounding area conmggisf Srinagar city and a number
of bordering villages. In fact it is connected b ttamous Dal Lake through a small
inflow channel Nalla Amir-Khan. Anchar plays an ionfant role in regeneration and
conservation of biological resources besides itioga water supply, transportation,
fishery and wildlife. At the same time it has beena victim of cultural
eutrophication due to increase in anthropogenisquie and siltation in its catchment
area. To the northeast of Anchar is situated Sh&shmir Institute of Medical
Sciences (SKIMS), Soura. Though a sewage treatmlant is in place, a general
public perception prevails that waste/effluent mate from SKIMS complex do find
their way into the wetland system. The State CorRadlution Board (SCPB) in its
recent report based on on-spot assessment has tloatritie institute disposes its bio-
medical waste and effluents without any scientifeatment into Anchar. The treated
effluents discharged into the system do not cotdethe standards prescribed by



SPCB. The SPCB has also reported that though irators are in place but they do
not work regularly. Thus, effluents from SKIMS coleythat are drained into Anchar
have caused high nutrient enrichment and vandalizisdecosystem. In addition to
this, it's also affected by run-off from agricul&lifields and sewage disposal from the
catchment area resulting in its heavy infestatioth wnacrophytic growth and
littorals, constituting the major portion of lakespecially dominated by tall growing
emergents. With the construction of Dr. Ali-Jan R@specially the portion from Ali
Masjid upto SKIMS junction areas which were notessible through mechanized
transport to public became accessible. Thus th&operof Anchar along this road
were filled and huge constructions came up. The became a major source of
shrinkage and pollution to the Anchar system. Theas occurred shrinkage in the
size of Anchar, which has adversely affected tlmidiand abiotic characteristics of
the lake (Bhat and Pandit, 2002). Furthermore, tfmintainous catchment Sindh
valley of this wetland is experiencing climatic olgas. Some major glaciers of this
catchment like Najwal Akal have completely disappdawnhile others like the
Thajwas, Naranag which used to be large enough secedes back-today have been
considerably reduced. The snowline too has recéasd Sonmarg (3200m above

msl) to Shiashnag at an altitude of 5000m.

Taking, note of this deteriorating conditioh Anchar and simultaneously
keeping in mind, that no generic approach to asessmplications of landscape
pattern and climatic changes in catchment on te&esy has been made this research
was proposed. The focus of this research is hoshoant alterations and changing
climate have affected this ecosystem. This researthdentify the critical source
areas causing nutrient pollution of Anchar. In ortte effectively manage nutrient
pollution of this ecosystem from its catchment &t management measures for all

these indentified sources have been suggestedsireearch.
1.6 Research Hypothesis and Approach

The main hypothesis of this research &, thecause of enhanced population
explosion coupled with increased anthropogeniavetaions in the catchment in the

form of rapid rate of encroachment, increased agjtical and horticultural activities,



disposal of sewage from adjoining settlements Anelgatem has become a victim of

cultural eutrophication and is undergoing fast esvinental deterioration.

The research approach is based on field wiati/investigation and data
processing/ simulation using GIS modelling. Thipraach has been basically used to
investigate whether really; nutrients released frearious sources have led to
eutrophication of Anchar wetland system. Field wold investigation involved
collection of data on land use, climate, nutriestil type and texture and water
quality. This data was used to model fluxes of ygalits using GIS based model-
Generalized Watershed Loading Function (GWLF). Bitempt has been made to
study and understand Anchar system using scierdifit modern geospatial tools.
This research uses the GIS based modelling approattioroughly understand the
Anchar wetland system and simulates water quabtyditions and effluents loading
to the system, provides insight into sources angaots of non-point and point

sources of pollution, and aids in designing managgrand restoration practices.
1.7 Objectives

1. Environmental Characterization of Anchar Lake Cateht.

2. Assessment of Changing Climatic Pattern in the Antlake Catchment.

3. Assessment of the Pollution Load of Anchar Laké&ight of Changing Land

use/Land cover and Climatic Pattern.
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Chapter-2
REVIEW OF LITERATURE

The valley of Kashmir located in the northwestesgion of the great
Himalayas with an average elevation of about 16@0Bove mean sea level, has been
bestowed by nature with magnificent freshwater $adved numerous wetlands. These
wetlands play a vital role in maintaining the egit@al balance and hydrological
regimes of the entire valley/arious studies on different ecological and limrgibal
aspects of lakes and wetlands of Kashmir have badartaken in the past (Kaul and
Zutshi, 1967; Kaul, 1977; Zutshi and Khan, 1978aKh1979; Pandit, 1980, 1982,
Kaul and Pandit, 1982; Kaul, 1983; Kak 1984a,198385, Khan
1984,1985,1986,1987; Pandit, 1988; Pandit and Q&880; Pandit, 1991; Khan and
Zutshi, 1992; Kaul and Handoo, 1993; Pandit, 198&ngoo and Makeya, 2000;
Khan, 2000a, 2000b; Zutshi and Gopal, 2000; Bashil, 2003; Khan and Shah,
2003; Khan and Shah, 2004a,b; Ravinder and Pa2@i5; Bhat and Khan, 2006;
Khan, 2008; Khan, 2009 and more recently Khan anahS2010). These studies
however, have paid little attention to the uniquwshg/drological character of the
wetlands and the driving mechanism of landscapepathanges in catchment areas.
Further, no study has been carried out to assesslithate change implications on
these wetlands.

2.1 Ecological Studies on Anchar

Anchar, though ecologically very important is leksown among the
numerous wetlands of Kashmir, and consequentlyd@sved little attention. Scanty
literature is available on ecological aspects a$ @quatic ecosystem with studies

pertaining mostly to the biological aspects of thetland.
2.1.1 Macrophytes

Among the first ones to provide a comprehenssteodf aquatic macrophytes
from lakes and wetlands in Srinagar were, Kaul amhi (1967). They collected and
recognized 99 species of macrophytes from Anchad anly to Dal which recorded
the highest number (107) of macrophytic speciegerL&utshi (1975), studied

associations of macrophytic vegetation in lakes avetlands of Kashmir and
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recorded greatest diversity in Anchar with 20 agg@mns. In another study Zutsei

al. (1980) compared the macrophytic vegetation of Anchith some other lakes of
the valley. They noted that in Anchar, submergeanfoare not well represented.
Only M. spicatumandPotamogeton crispugere found to be frequent in some areas,
while as silted regions of the lake were found tmmy supportPotamogetomatans
and Nymphoides peltatunkKak (1981) reported 42 macrophytic species fréms t

natural water body of Kashmir.

Recently, Ali and Pandit (2009) studied the mphgaic diversity in Anchar.
Their study revealed a total of 41 macrophytic sgseaevith emergent macrophytes
having the highest diversity (24 species). The sttmhcluded that there has been a
considerable decline in macrophytic diversity anat the lake has been subjected to
increasing eutrophication and is overgrown mainythie aggressive interlopes like

Typhasp.,Phragmites australisSparganium ramosu@ndScirpussp.
2.1.2 Phytoplankton

With regard to studies on phytoplankton of Ancghthie number of species
reported vary from 25 to 93 (Kaet al, 1978).

Bhat and Pandit (2003) studied the phytoplanidgnamics of Anchar and
reported 145 species of algae from it. Their stuelyealed that on the basis of
phytoplankton population Anchar is undergoing aexakd cultural eutrophication.

2.1.3 Periphyton

Sarwar and Zutshi (1987, 1989) compared periphyspecies of three
different lakes of Kashmir including Anchar and oluvery little difference in the

number of species. They reported 89 species gblpgon from Anchar.
2.1.4 Zooplankton

Kaul et al (1978) investigated zooplankton of 15 lakes, arets and ponds of
Jammu and Kashmir. They found 25 species of zo&manfrom Anchar. Later,
Balkhi et al. (1987) reported 87 species of zooplankton from Anchkhich included

41 rotifers, 33 cladocerans and 13 copepods.

12



2.1.5 Fishes

The Palearctic fishes belonging to families Sathieracinae, Botinae and
Noemachilinae are commonly found in the aquaticid®df Kashmir. Pandit (1991)
reported that the number of fishes in wetlands ashdnir is restricted to 5-6 species.

Shah et al. (2009) studied the impact of helminth parasitism fish
haematology of Anchar and found that the fish fauSahizothoraxsp. andCyprinus
sp. inhabiting the lake carried cestode, trematodestations. The results of their
study showed a mean significant decrease from 9.38+7.39+0.14 g% and
10.57+0.23-7.62+0.13 g% in haemoglobin counCgprinussp. andsSchizothorasp.

respectively.
2.2 Limnological Studies on Anchar

Limnology--the scientific study of water bodies itreference to their
physical and biological features is imperative tm\ the trophic state index of any
water body. For proper conservation and manageofentvater body, the knowledge
of its trophic status is must. Voluminous literaus available on the limnology of
aguatic habitats of the valley, but very few linmgital investigations have been

carried out on the semi-urban aquatic body Anchar.

Zutshiet al. (1980) in their study compared both macrophytigetation and
limnology of nine lakes of Kashmir including Anch&n the basis of results of their
limnological investigation, they concluded that Aac is becoming a victim of

cultural eutrophication due to increased anthropageressure in its catchment.

Sarwar (1999) assessed the water quality of Anelma analyzed various
physico-chemical parameters of this lake includvmgter temperature, depth, pH,
specific conductivity, dissolved oxygen, calcium,agnesium, total alkalinity,
chloride, total phosphorus and various forms ofogién. He reported high values of
conductivity and low content of nitrate-nitrogen ialh was attributed to luxuriant
macrophytic growth utilizing it. The study also eaed higher values of total

phosphorus on the basis of which the lake was glaceoderate eutrophic category.

Pandit and Yousuf (2002) carried out investigataf certain limnological

parameters of Anchar so as to assess its troptiesstTheir study typified this semi-
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urban lake as eutrophic as nutrients (total phoggghand total dissolved inorganic
nitrogen) recorded their maximum values in thiselaklmost 75% of water samples

collected from Anchar were found to be eutrophioature.

Another study pertaining to limnological investign of Anchar was carried
out by Bhat and Pandit (2002). Water samples weatyaed for parameters like pH,
specific conductivity, dissolved oxygen, calcium,agnesium, total alkalinity,
chloride, nitrogen, potassium and phosphorus. Thegcluded that Anchar is
undergoing rapid eutrophication and attributedibeavy population pressure in the

catchment of the lake.

Some information is available on the impact dfuehts from the SKIMS
complex on the nutrient level of Anchar Lake. Blatal. (2001) reported that the
toxic effluents from SKIMS complex are greatly respible for the deterioration of
the lake environment. This has subsequently disturthe ecology and growth of

plant and animal communities in this lake.

Mir et al. (2006) in another study on the impact of effluentsn SKIMS on
physico-chemical parameters of Anchar recorded Howaues of water depth,
transparency, pH and higher values of temperaspesific conductivity, ammonical-
nitrogen, nitrate-nitrogen, chemical oxygen demand total alkalinity at the SKIMS
sites in comparison to the other sites of the |akels, they too concluded that Anchar
is deteriorating due to effluents discharged fradiMeS complex.

Despite wide range of ecological studies on Kashmetlands, very little
attempt has been made to adopt more advanced emtifec methods for their study.
Review of literature shows that exploration of Kashwetlands has not been made
using modern geospatial technigues such as GISenodte sensing which constitute
an important tool for studying such fragile ecosyss. However, of late a few
attempts (Amin and Romshoo, 2007; Badar and RomsB667; Romshoo and
Muslim, 2011) have been made to study the hydro&gtharacteristics, pollution
status and changing patterns of lakes/wetlands aghkiir using these advanced

geospatial techniques and modelling.

The dynamic nature of aquatic bodies and themrosading landscape

necessitates the widespread and consistent usstedlite-based remote sensors and
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low-cost, affordable GIS tools for effective managast and monitoring. A spatial
approach provides a means for repetitive monitoand also aids in identifying the
indicators of change in the aquatic ecosystems. dRereensing technology is an
important tool in this assessment because it pesvaynoptic view of the earth which
would not be possible from the ground without e>dtiave field surveys (Prasad and
Pattaniak, 2007). Studies on wetlands from spaaest back in the 1970s with the
help of aerial photography. Aerial photographs wenéially used to derive
information on various natural resources includingter bodies and to monitor
changes in wetland resources (Kamphorst and y&r2;1llyeret al, 1975). One
problem with use of these aerial photographs was itidentifying wetland sites on
multiple years of photos was a significant timeestment job (Ramsey and Laine,
1997). Water quality assessment of ocean and inlaatdrs using satellite data has
been carried out since the first remote sensingllgat Landsat Multi-Spectral
Scanner (MSS) has been operational (Thiemann andm&an, 2000) and holds
significant potential for enhancing regional monitg and assessment of lake water
guality and trophic conditions. Imagery from satelbnd aircraft remote sensing has
been widely used in the assessment of water qualaguatic bodies (Lillesaret al.,
1983; Lathrop and Lillesand, 1989; Ritchie and Gaph991).

Tremendous research on wetlands from space Bctoajan from 1990s.
Landsat-MSS, Landsat Thematic Mapper (TM) and SB&t€llite system data have
been used in many studies on wetlands (LunettaBahagh, 1999; Shephewt al.,
2000; Shaikhet al, 2001; Toyraet al, 2001). Most of the work carried out on
wetlands using remote sensing has made use oflevisdgion of spectrum via-
Landsat MSS, Landsat TM and SPOT satellite dataugh microwave remote
sensing (radar) can play an important role in vmel$a Little research has been done
on wetlands using microwave remote sensing - AVHRRS, JERS-1, ERS-1, SIR-
C, LIDAR and Radar data (Hess and Melack, 1994;ustaegjn and Warrender, 1998;
Dwivedi et al, 1999; Alsdorfet al, 2001; Bourgeaet al, 2001; MacKinnon, 2001;
Costa and Telmer, 2006; Towzl al, 2007; Schroedest al, 2010). Modern spatial
technology tools, viz. remote sensing/ GIS havenlseecessfully utilized globally to
study wetlands proving to be quite effective inntiiying the nature and types of
pressures in the catchments threatening their emast besides, facilitating their
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conservation and management (Dextaal., 1991; Kedarnatlet al., 1994; Nayaket
al., 1996; Ramachandraat al., 1998; Choprat al.,2001; Kharet al, 2001; Liu and
Yang, 2004; Manjwet al., 2005; Bakeret al., 2007; Deviet al., 2007; Chaves and
Lakshumanan, 2008; Roeek al., 2008; Sarkar and Jain, 2008; Reffal., 2009;
Teferi et al., 2010). The potential benefits of satellite-basemhate sensing and GIS
have been recognized by lake managers (Chighah,2004).

2.3 Watershed Modelling

There has been a growing understanding of thertapce of looking at water
resource issues from a watershed perspective enrgears. Watershed modelling
implies the proper use of all land, water and redtuesources of a watershed for
optimum production with minimum hazard to eco-systand natural resources. A
watershed model constitutes a primary tool fornesting changes resulting from
future conditions and for testing alternative immment scenarios. Watershed
models provide forecasts of current and alternaitimpacts on water quality, give
details of Nitrogen, Phosphorus and Sediment (N#38jnation processes, establish
critical areas, rank alternative measures and #en the only means of predicting
water quality impacts for non-monitored sites (Nimyoand Olem, 1994). These
models can be used in combination with many othgsessment techniques.
Watershed loading models basically help to detezntire amount of contaminants
emanating from different sources on the land setfs¢ithin the Tools for Watershed
Assessment (Total Maximum Daily Load-TMDL) progrdhey have been used to
determine the source of contaminants, to estinm&te@mount of pollution contributed
by each source, and to determine the optimal dllmtar management scenario for
pollution reduction. In fact, watershed simulatiaondels are commonly considered to
be essential tools for evaluating the sources amdrals of sediment and nutrient
loading to surface waters. Such models providemdwork for integrating the data
that describe the processes and land-surface tbastics that determine pollutant
loads transported to nearby water bodies. Haith Sinodemaker (1987) stated that
certain equations help a great deal in the devedoprof simulation models and help

us to identify the sources of sediments. Many stateegional, and federal
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environmental agencies, use this technology rolytitee support ongoing watershed

modelling and assessment programs (Samuels, 1998).

Excellent historical overviews on the utility abmputer models and the
development of computational tools for quantifyangd analyzing pollution problems
within watersheds and supporting decisions in watanagement over the past three
decades are provided (Moaeal.,1991; Loucks, 1995; Wilson, 1996; Arncdd al.,
1998; Delimanet al., 1999; Dai and Labadie, 2001). Due to the many mter
benefits, remote sensing and GIS software’s haagepl a vital role in watershed
modelling and planning over the last 10 to 15 yedise possibility of rapidly
combining data of different types in GIS has ledsignificant increase in its use in
watershed modelling. Watershed modelling is a céff@ of our understanding of
watershed systems. In recent years, an integrggpbach to watershed modelling
has become essential for sustainable developmehtnranagement of our water

resources.
2.3.1 Studies on Water Quality Modelling

One of the best tools available for determinihg guantitative relationship
between pollutant sources and water quality catéia water quality model. Water
guality models are a group of receiving watershedlels that are used in modelling
the chemical and biological processes occurrindniwitn water body. Infact, water
guality models are important tools used for devielgpl MDLs, which are used to
implement water quality standards. Due to time exypense associated with surface
water monitoring, simulation modelling has beenedelupon more frequently to
provide needed information for the development andlementation of non-point
source control programs (Novotny and Olem, 1994).

The first step in the direction of preventing deteation of our water
resources and improving the overall quality of environment was the development
of models that predicted anticipated pollution. éeer, these models were difficult
to use with large amounts of input data describiagd areas that were not
homogeneous (Engel al, 1993; Srinivasan and Engel, 1994; Tim and Jdi§94).
So the next step was improving the prediction dfcal areas of non-point sources by

integrating GIS with the water quality models. TB& added the ability to store,
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manipulate, retrieve, and display spatial and rmattal data (Timet al, 1992;
Mitchell et al, 1993; Savabet al., 1995). The development of remote sensing and
GIS technologies has enabled effective water quatibdelling (Carpenter and
Carpenter, 1983; Lavemt al, 1993; Zilioli and Brivio, 1997; Shafiquet al, 2001,
Ostlundet al,, 2001; Hakvooret al.,2002; Werdell and Bailey, 2005).

One common objective of water quality modellirtgdées is to be able to
predict the impact of different point and non-pa@ntrce loading scenarios on surface
water bodies. Since 1980s, the development of NontBSource models (NPS) has
been intensified. Singh and Woolhiser (2002) preskan extensive list of available
NPS models. Systeme Hydrologique European- SHE d¢#blet al., 1986),
Agricultural Non-point Source Pollution-AGNPS (Yayet al., 1987), Areal Non-
point Source Watershed Environment Response SimmHANSWERS (Bouraoui
and Dillaha, 1996) and Soil Water Assessment TOBAT (Neitschet al.,2001) are

examples of distributed NPS models.

Rosenthal and Hipp (1993) conducted a study talyaa the impact of
different turf grass fertilizer and pesticide mamagnt systems on runoff water
quality. In their study, they used a hydrologicadawvater quality model, Erosion
Productivity Impact Calculator (EPIC) to estimateesficide and nutrient
concentrations in the runoff from turf grass on Btoa Black Clay. They found that
the nutrient and pesticide concentrations in théasa runoff increased significantly
for highly maintained turf grass systems. A largection of the amount applied was

observed in runoff for moderate application ragatments.

Liao and Tim (1994) developed an interactive wgteality modelling system
within a GIS environment. The system combined sodsion and pollutant export
models with ARC/INFO GIS software and a graphicrueterface. The system was
designed to allow efficient and cost-effective w$esimplified water quality models
for the analysis of nonpoint source pollution pesbs in watersheds. This interactive
modelling system was implemented on a colour-g@gmngineering workstation
where it permitted visualization of spatial distrilon of model inputs and spatio-
temporal variation of simulated model outputs. §bal of developing the interactive

modelling system was to provide a spatial decisiopport tool for targeting critical
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areas of water quality problems in a watershed famdagricultural production

planning, management and decision-making.

Srinivasan and Arnold (1994) integrated the SWdter quality model with
GRASS (Geographic Resources Analysis Support Sys@is. The integrated
system was applied to simulate the upper portioth@fSeco Creek Basin. The basin
was subdivided into 37 sub-basins. The average hhoptedicted stream flow of the

basin was found to be in agreement with measuredhtyostream flow values.

Hessioret al. (1996) in their study carried out watershed-lea@logical risk
assessment of Wister Lake, Oklahoma using EUTROM®@dlel. They estimated
annual watershed phosphorus loads from point angppot sources, as well as lake
response in terms of chlorophyll-a concentratiofterhate management scenarios
were also tested within this modelling frameworkhelf results indicated that
EUTROMOD is a useful tool in ecological risk asgeest and it aids in making

decisions on the management level.

Nuckolset al. (1996) used GIS-based hydrological/water qualityutation
model GWLF for a 482 kfm predominantly agricultural based (54% irrigated)
watershed. The results of their research indictttatla source area approach using
GIS technology can provide the level of detail rsseey in order to apply a

distributed non-point source pollution model likéMGF in such watersheds.

In another study in 1996, Swaney al. used the same model to replicate a
1991 study that estimated loads of sediment arad toganic carbon to the Hudson
river from land surrounding it. The researchers finedl the GWLF model with
updated GIS layers and multiple environmental degab that helped improve model
estimates. The authors found that the 1996 datmastd an increase of 10% for
sediment loads and 20% for total organic carboddaaver those calculated in 1991.
These results, stemming from the modifications, evéound to be closer to
measurement-based results. They concluded that Gid/laR excellent predictor of
freshwater discharge for the Hudson river andrilgitaries on a fine temporal scale,
and a good predictor of inputs of sediment and mg&arbon on a monthly to

seasonal time scale.
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Kazmi and Hansen (1997) in their study appliedNHKE-11 numerical water
qguality model to evaluate the existing water gyatibnditions and to predict the
effects of different wastewater and other pollutt@mtrol schemes under the Yamuna
Action Plan. The Mawi-Delhi (Okhla Barrage) stretghs chosen as the study area. It
was found that water quality between Mawi-Wazirabbedch was significantly
affected by the large growth of phytoplankton’s siag 80 % to 135 % dissolved
oxygen saturation, while in Delhi the quality wamifid so bad that photosynthesis
processes were absent. The calibrated model waggubntly applied for predicting
the water quality for the waste load reduction sobe of the Action Plan. It was
found out that the water quality of the river instpeam of Delhi would be increased
form class B (BOD<3mg/L) to class A (BOD<2mg/L).€é'authors suggested that by
applying certain dissolved oxygen control techn@sgalong with the Action Plan,
the water quality would improve to class D (BOD<6/k) in Delhi segment and the

water could be used for wildlife and fisheries.

Manguerra and Engel (1998) in their study desclibthe important
parameterization issues involved when modellingevsited hydrology for runoff
prediction using SWAT. The emphasis was on howntprove model performance
without resorting to tedious and arbitrary paramdte calibration. Synthetic and
actual watersheds in Indiana and Mississippi weeduo illustrate the sensitivity of
runoff prediction to spatial variability, watershetcomposition, and spatial and
temporal adjustment of curve numbers and retumv @ontribution. SWAT was used
to predict stream runoff from actual watershedsindiana that had extensive
subsurface drainage. The results of this study igeowseful information for
improving SWAT performance in terms of stream rdirpyediction in a manner that
is particularly useful for modelling ungaged wabeds wherein observed data for

calibration is not available.

Peterson and Hamlet (1998) used SWAT incorpagatn GRASS GIS
interface to model the hydrologic response of theelACreek watershed of
Northeastern Pennsylvania. The Nash-Sutcliffe Gaefft for model evaluation was
found to be -0.03. It was found during the studsttthe model performance was
affected by unusually large observed snowmelt evant the inability of the model
to accurately simulate base flow. Snowmelt evemtghe springs of 1993 and 1994,
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which were unusually severe, were not adequatetulsied. The results of this study
suggest that SWAT model is better suited to lonmeiod simulations of hydrologic

yields and that the snowmelt routine estimatiomgSWAT can be improved.

Abbasiet al. (1999) in their study carried out modelling of eaguality of
Buckingham Canal situated in a petrochemical imialstomplex, in Chennai, India.
The canal received wastewaters from Madras Reéigdrimited (MRL), and Madras
Fertilizers Limited (MFL). This canal was modelleding the software QUALZ2E-
UNCAS. This study enabled the forecasting of impaut different seasons, base

flows, and waste water inputs on the water qualitthe Buckingham Canal.

Yang et al. (1999) in their study on the Te-Chi Reservoir iaiwan used
remotely sensed data in a water quality model - QREA They developed a
forecasting system which was designed to predidemguality variables using
remote sensing data as an input. This was dondtialize and update water quality

conditions.

Leeet al. (2000) used an updated version of GWLF to modé&lient export
in the Choptank river basin on the coastal plaithef Chesapeake drainage basin. It
was found that at the decadal time scale (11-yeaoq), GWLF made both accurate
and precise predictions of stream flow, Total Nggn (TN) and Total Phosphorus
(TP) export. Cumulative errors were found to bes ldgan 1%. Model performance
was found to degrade with decreasing time scale fionual to monthly. The authors
pointed out that with model prediction accuracygiag from 10-50% of observed
values at the annual time scale, the GWLF model degsned to be a useful model

for estimation of fluxes of water, nitrogen and ppleorus over long time periods.

Mansellet al. (2000) developed a model for studying wetland bialyy. It
was a multidimensional model describing water flomvariably saturated soil and
evapo-transpiration. It was used to simulate sufaltg 3 years of local hydrology
within the wetland area. A minimal observed paranset of daily rainfall, daily air
temperature, and soil characteristics were providetthe model as input. The model
described temporal patterns of daily wetland wated ground water table elevations

with relatively small average deviations of -2 ddam, respectively.
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In a study in India, Putty and Prasad (2000) cdroat a watershed model
analysis to understand the catchment responsehanélative importance of different
runoff processes in the Western Ghat region of ISdudia. A lumped parameter
model simulating saturated source area runoffrdatdow through pipes and the
saturated zone groundwater flow was used. The mwodal calibrated on seven
catchments using sufficiently long records of daifita. The model simulations were
interpreted to infer that the pipe flow contributso augment the contributions of

source area runoff to stream quick flow.

Bingner and Theurer (2001) studied the Annuali286NPS model. They
found that the version-2 of this model is capabfecontinuous simulation of
hydrology, soil erosion, and transport of sedimentirients and pesticides. With
continuous simulation capabilities, it was able pgooduce long-term chemical
loadings making it more suitable for use in TMDLsessments as compared to
AGNPS.

Fohrer et al. (2001) applied SWAT in Lahn Dill Bergland in thelly
midlands of Hesse, Germany- as a decision suppoirfdr developing new concepts
of land use and for assessing their economic aalbgical impacts. Two watersheds
of the region namely: Dietzholze (81.8 Rnand Aar (59.8 k) were used for
calibration and validation of the model. In Aar efshed two land use scenarios were
proposed and SWAT was applied to evaluate the teffiethese land use changes on
water balance of the region. The results for lasd changes showed that the total
annual water budget only had a significant effectdhanges, which affected more
than 20% of the basin area. So, they concludedftinagmaller shifts in land use a
spatially distributed approach is indispensablees €fficiencies of SWAT model, as
measured by Nash Sutcliffe Index were found to edvgfween 0.74 and 0.79.

In another study on SWAT, Santéi al. (2001b) evaluated it to determine
management effects on point and non-point sourtietiom in the North Bosque river
watershed, Texas. Best Management Practices (BNtPspoth agricultural land
(dairy manure management) and wastewater treatrpntts (WWTPs) were
employed to reduce in-stream soluble phosphorusertdrations in two locations;

Hico and Valley Mills, Texas. Stream flow was pidd for both locations with
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Nash-Sutcliffe coefficient Efficiencies (E) rangifigm 0.62 to 0.87 during monthly
calibration (1993-97) and validation (1998) perio8gdiment and nutrient loads in
Hico were all found to be satisfactory with E rarggbetween 0.53 and 0.80. Mineral
N and soluble P were predicted for Valley Mills.lMation results were not found to
be satisfactory in this location with E being 0.233 and 0.39 for sediment, organic
N and organic P respectively. Overall, they conetithat SWAT model is a useful
tool for studying the effects of different BMPs meducing contamination from point

and non-point sources in a large watershed.

Jia and Cheng (2002) in their study used WateaaliQuAnalysis Simulation
Program “WASP5” model in an integrated system fatex quality management in
the Miyun reservoir in Beijing, China. Validatior the hydrodynamic portion of the
model indicated that WASP5 could represent the dgginamic behavior of the
Miyun reservoir. On verification of this water qitglmodel they found that the
predicted values of dissolved oxygen were fairlgsel to observed measurements.
After testing the model under different scenartbs, authors of this study found that

the water quality of the reservoir could be imprbbg banning cage fishery in it.

Ning et al. (2002) presented a new and fast methodology fahoa¢nt land-
use identification and waste load estimation bypprty integrating the skills of
remote sensing, GIS, Global Positioning System (G&tfsi GWLF model. During
their study, they identified eight types of lanceymatterns in the watershed area of the
Kao-Ping river basin using supervised classificatiechnique from SPOT satellite
images. Hydrological and geographical features weeeved from the Digital
Elevation Model (DEM) using GIS techniques. The GWmodel was used to
estimate the waste loads of non-point sourcesrma®f the TP and TN. The results
of GWLF showed that the variations of TN and TPdiogs were closely related to

the amount of rainfall over seasons.

In another study in 2002, Tong and Chen used arsled-based water
quality assessment tool, the Better Assessmentn&gzidntegrating Point and
Nonpoint Sources (BASINS), to model the plausibiieats of land use on water
guality in a local watershed in the East Fork Eittliami River Basin. The statistical

analysis of their study revealed that a significqatdtionship existed between land use
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and in-stream water quality, especially for nitneagphosphorus and fecal coliform.
GIS spatial analysis was used to identify the vededs that had high levels of
contaminants and percentages of agricultural abarutands. The hydrologic and
water quality modelling carried out during this dgushowed that agricultural and
impervious urban lands produced a much higher lefalitrogen and phosphorus
than other land surfaces. This study revealed BRARSINS is a very useful and
reliable tool, capable of characterizing the flomdavater quality conditions for the
study area under different watershed scales. Tlieoes reported that with little
modification, this model should be able to adapbtieer watersheds and simulate

other contaminants.

Yuanet al. (2002) in their study on analysis of nitrogen logdfrom a small
agricultural watershed in the Mississippi Deltatedsthe prediction capability of
Annualized AGNPS 2.0. In this study they revealdiht tsoil initial nitrogen
concentration and crop nitrogen uptake had the msigsiificant effect on nitrogen
loadings. In terms of predictability, AnnAGNPS estited long-term monthly and
annual nitrogen loadings within 127% of the moratbdata.

Borah and Bera (2003) compared SWAT with sevetlaér watershed-scale
models. In this paper, the authors report that DW$NPF, SWAT, and other
models have hydrology, sediment, and chemical mestiapplicable to watershed
scale catchments. They concluded that SWAT is anjgiag model for continuous

simulations in predominantly agricultural waterstied

Evanset al. (2003) developed a GIS-based technique for estighatream
bank erosion rates for predicting more accuratbly total sediment loads at the
watershed scale without the use of detailed figlhdThe technique relied on the use
of data sets that were easily available and coaléxpressed as GIS data layers. For
this purpose an algorithm for estimating streamkbenosion was incorporated into a
GIS-based GWLF watershed model. In this studyatiteors compared the simulated
and observed sediment loads for twenty-eight waésels in Pennsylvania. The results
obtained suggested that the model performed vely Wee estimated lateral erosion
rates were found to be similar to the rates regoiethe previous literature. The

stream bank-derived fractions were also found ioade with estimates derived by
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other researchers in watersheds having similarackenistics to those used in the

study reported.

Meamarianet al. (2003) estimated the sediment yield potential of Kashmar
urban watershed in Iran using MPSIAC model in th® Bamework. For this purpose
they use existing maps, statistical informatioeldiinvestigation, topographic maps,
aerial photographs and GIS software’s Arc view,/ifo, R2V and Auto CAD. The
results of their study indicated that in the rockgions the amount of sediment yield
was high due to effect of slope and land use faaarthe amount of sediment yield.
It was found from the sediment map that in the @igpart of rocky basin only
mechanical erosion was prevalent while as in thetgart of the basin, light rill and
surface erosion was prevalent. The main reasomosian in the lower parts of the
basin was found to be overgrazing. They concluded by applying reformatory
programs, managing grazing, and considering tleab#sin is not sensitive to erosion,

the basin erosion could be decreased.

Saleh and Du (2004) conducted a study to evalbhatentajor watershed scale
models- SWAT and HSPF (Hydrological Simulation Remg Fortran) included
within the BASINS 3.0 system. The models were catdd and verified with data
from the Upper North Bosque River Watershed (UNBRVEh intense dairy
producing region located in central Texas. The mmuof the models was evaluated
using Nash Sutcliffe Model Efficiency (E) and Me&rmrror (ME). The average daily
flow, sediment, and nutrient loading simulated BWWAT were found to be closer to
measured values than HSPF during both calibratrah \erification periods at the
outlet of UNBRW. E for daily flow temporal variatis for HSPF was found to be
0.72 and 0.70 during the calibration and verifizatiwhile the same for SWAT was
found to be 0.17 and 0.62 during the calibratiod =marification, respectively. For
sediment the E value during the calibration andfigation was found to be 0.11 and
0.23 in case of HSPF model and -2.50 and —-3.51SIMWMAT, respectively. The
authors during this study found that SWAT was moser friendly and generally
proved to be a better predictor of nutrient loadthging both the calibration and

verification periods.
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Ershadiet al. (2005) studied the applications of remote sen<Bi§, and river
basin modelling in integrated water resources mamagt of Kabul River Basin. The
authors used remote sensing techniques for prepdunndamental rainfall, snow
cover, land-use and topography information andh&llprepared information on water
demands and observed discharge was then organisiee Mike Basin model. Lopez
and Jacob (2005) studied the impacts of urban $prawhe water quality in League
City, Texas using PLOAD model

Coskun et al. (2006) used remote sensing with computer-based GIS
techniques for monitoring the water basin areamater quality in a comparatively
less polluted catchment of Istanbul Water Dam ReserTerkos. For this purpose
SPOT-PAN, XS and IRS-1C/D PAN satellite data of 3@hd 2000 were used for
carrying out the urban analysis. In addition Latd3®d and LISS-III satellite data of
1992 and 2000 were used for water quality monitprifor calibration and validation,
ground truth samples were collected from the staigha. On the basis of results of
landuse changes and water quality monitoring, tlhaas suggested certain
recommendations for planning and management ofetheronment of the Terkos

catchment.

Kanget al (2006) used SWAT to develop TMDLs for suspendediraents,
total nitrogen, and total phosphorus in a small ensited (385 ha) in Korea
containingl6 irrigated rice paddy fields. In thetudy, they made use of GIS and
remote sensing as well. Results of the study ineécthat simulated runoff and water
quality values were acceptably close to observed. dawas observed that one of the
urbanized sub-watersheds required the largestaditor of load reduction mainly
because it was largest in area and was most coatahin terms of residences and
other community activities. Thus, SWAT in integoatiwith GIS and remote sensing
was found to be a useful tool for planning TMDLs $mall watersheds including rice

paddies in Korea.

A GIS-based watershed load model AVGWLF was appheshother study in
2006 by Markekt al.,to the Lake Kinneret watershed of Israel, encomnipgsan area
of 167 knf and supplying some 30% of the country's fresh waellution from
anthropogenic sources and water abstraction foredamand agricultural uses had
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been threatening the water quality of the lake.ufmoit was found that point-source
pollution in the watershed had decreased drasticaith the development of
wastewater treatment, but diffused pollution frogrieultural activities was still an
unresolved issue. AVGWLF allowed the authors touate daily stream flows and
monthly sediment, nitrogen, and phosphorus loadshdrged to the lake from the
surrounding watershed. Results from simulations Idgig a satisfactory
correspondence between simulated and measured wlaigr volume. Partition by
source of total phosphorus delivered to the lakiénperiod of 2000—2004 confirmed
the reduction in point source nutrient contributohue to improvement of wastewater
treatment facilities in the area. The authors sagggkthat future management of the
watershed should focus on reduction of nutrienigimmating from septic systems
(point sources) and pasture and cropland aredsigditources). They concluded that
the results from the simulations of their study Woenable the watershed managers
to prioritize effective management alternatives gastecting the water quality of the

lake.

Burgholzer and Sweeney (2007) in their study apple web-GIS-based
interface watershed model- the Chesapeake Onlinges&ment Support Tool
(COAST). The authors on the basis of this studyinea that this modelling
framework is capable of being used in watershedsryf size and composition
whether inside or outside of the Chesapeake Bagraladd.

Another model Drivers-Pressures-State-Impactp&eses (DPSIR) was used
by Lin et al. (2007) to analyze temporal changes in structum famction of a
regional coastal wetland ecosystem in Xiamen, Chioim 1950 through 2005. The
study period was divided into four parts for congtiave analysis: pre-1980s, 1980s,
1990s, and 2000 to 2005. The results of their stimbyved that anthropogenic drivers
of coastal wetland degradation in the region hadeimsed substantially since 1950,

and as a result coastal wetland functions hadmstiover the same period.

In another study in 2007, Wet al. investigated the influence of recent and
future land-cover changes on stream flow of a vgatedl in Northeastern Puerto Rico
using revised GWLF. In this study they compared nfanthly and average annual

stream flows between an agricultural period (19286} and an urbanized/reforested

27



period (1988-1995). The results of the study shotiradl a smaller proportion of

rainfall became stream flows in the urbanized/ftm@speriod compared with the

agricultural period. This was attributed to refea¢ion. Sensitivity analysis of the

model showed that evapo-transpiration, precipitatiand curve number were the
most significant factors influencing stream flovin8lations of projected land-cover

scenarios indicated that annual stream flows wontitlease by 9-6% in a total

urbanization scenario, while as it would decreage816% in a total reforestation

scenario, and by 1-1% if both reforestation andamidation continued at their

current rates to 2020. The authors suggested tlamiaging the local land-cover

changes could have important consequences for wad®agement owing to the

environmental setting of the study area, where lseazes caused by temperature
differences between land surface and the oceanndeai the local climate.

Adeka et al. (2008) in their study applied the GWLF model to giate
nutrient transport processes in the watershed ké [EHementaita, located in the Rift
valley of Kenya. Hot springs were introduced in tim@del as point sources. In
addition to this, they also studied the spatialataan of water quality. Results of the
study indicated that hot springs were an importnitrce of dissolved phosphorus,
dissolved nitrogen and total phosphorus for the.l#gricultural land use was found
to be an important source of total nitrogen. Thes\attributed to the use of fertilizers
for agricultural purposes. The spatial variatiorelgctrical conductivity was found to
be a good indicator of the water quality variatming influenced by winds, springs

and surface water inflow.

Mahay (2008) studied the ecohydrology of Kirumi et using SWAT.
Rainfall data was used as input to the model ama flata from a gauging station at
Mara was used to calibrate the model. A simulatib®5 years was done (1973-1977)
for the current situation and another 25 yearsffiture scenario where land use
changed to reflect the future developments. Thaltesdicated that there was no
remarkable change in the water yield for the twenstios (only 1.4% from the

present to future scenarios).

Prasanna and Kumar (2008) carried out an intedratatershed modelling

approach for sustainable development of water and fesources in Kundapallam
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watershed. The overall objective of their study Wwaaddress the ecostatus using GIS
and to arrive at watershed modelling for the Kuradlap. The major results of their
study were: 1). The runoff was estimated to be &88m by curve technique. The
runoff was found to be very low in 2004 as compat@dl994 because of lower
rainfall in 2004. 2). From the land use map of 2@i04as observed that 12% of the
dense forest area had been converted to hortieylagricultural area and village.
Thus, urbanization and human impacts were foundbdothe major causes of
degradation in the watershed in 2004. 3). Usingdviage’s equation for computation
of the topsoil loss 2.5% of the total area (degdaieest), 65.81% of total area (dense
forest and horticultural plantation) were placeddemvery high prone zone with
relation to soil loss while 2% of total area (Wj§ was placed under medium prone
zone. 30.27% of total area (agricultural land, $oy@antation, grassland, land with or
without scrub and open forest) was found to be pese to soil loss. 4). MUSLE
was used to calculate the sediment yield in themshed and the sediment value was
found to be very low in 2004 as the runoff and pka rate was also comparatively
low when compared to that of 1994. 5). Stehlik do8s model was also used to
calculate the soil loss. The soil loss was foundtoue 138.5977 ton/ha/year in 1994
and 168.54 tons/hal/year in 2004. The gross erasidhe Kundapallam watershed
was found to be 168.54 tons/ha/yr.

In yet another study, Yuaet al. (2008) using AnnAGNPS identified critical
areas where conservation practices could be impiegdeand predicted their impact
on Beasley Lake water quality in the MississippitBeFirst model evaluation was
performed which demonstrated that the model hadsfaetory capability in
simulating runoff and sediment at an event scaletiig this study, the authors
indentified high sediment-producing areas for nompaource pollution control
where sediment loads could be reduced by 15% to Sifig conservation practices.
Simulations predicted that converting all croplandno-till soybeans would reduce
sediment load by 77% whereas no-till cotton wowdduce it to 64%. The authors
finally suggested that the approach taken in teeidy could be used elsewhere in
applying AnnAGNPS to ungauged watersheds or wagedsshwith limited field
observations for conservation program planningvaiugation.
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AbuSharkh (2009) in his study used Watershed MiadeSystem (WMS)
with GIS to estimate the surface runoff from Wadiskda watershed located in the
Hebron District of Palestine. The morphological graeters for the watershed were
determined. Rainfall data of ten years was usedh®m@nalysis and estimation of the
direct runoff for the study area. The results of btudy showed that the average
annual runoff depth of watershed was 95 mm, andatlerage volume of surface
runoff from the same watershed was 693500 cubiemstr year. The amount of
runoff represented 19% of the total rainfall.

Strobl et al. (2009) in their study assessed nutrient loads fedinadjacent
coastal catchments of the Mediterranean sea regiomportant regional European
Union (EU) sea, often used to assess the globalgehaf the environment because of
its practically enclosed character. For this puepoghe GIS interfaced
hydrologic/water quality model ArcView GWLF was dseéResults showed that the
modelled average stream flow and nutrient loadsewéthin the ranges reported in
the previous literature. So, they concluded thatssisful application of this model is
feasible. The results of their study helped to mhetee the effects of the European
Union Water Framework Directive legislatiorDuring this study the authors
suggested that for improved representation of tttaah Mediterranean sea stream
flow and nutrient status, more accurate input dagrequired, particularly for the
Asian and North African regions.

Recently, Chikondet al. (2010) carried out a study to investigate thedhkiwf
nutrients and sediments in Linthipe river catchmeihtake Malawi basin and the
manner in which it is affected by anthropogenidwatots and natural processes. Data
on climate, nutrients, land use, soil and hydrolaggyre collected to model fluxes of
nutrients and sediments using the GWLF model. Towetation coefficient (r2)
derived from comparing the observed and simulatest discharge was found to be
0.92. For sediments, total nitrogen and total phosps, comparison of predicted
values with observed data were not found to bessitally significant. The data was
also used to model hypothetical management scenafibey concluded that a
hypothetical 10% deforestation of the catchment meay to an increase in annual
sediment, nitrogen and phosphorus loads by 27.17 &hd 2.9%, respectively.
Results from this study suggest that anthropogeattvities (agriculture and
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deforestation) may be by far the largest sourcesemfiment and nutrient loading
especially during the rainy season. By reviewing traper, GWLF approach overall
appears to provide reasonably good estimates oh rmeaual sediment and nutrient
loads.

The GWLF model has been used to study the effedliofate change on
water resources by various researchers. Jeneings(2009) in their study used it to
quantify the impact of projected climate changel patential changes in population
and land use, on phosphorus export from a sub-teich in Southwest Ireland.
GWLF simulations results for the catchment indidag@gnificant increases in stream
flow in winter and spring and decreases betweere amd November driven by
changes in both precipitation and air temperat@eerall results of their study
indicated that increase in annual total phosphlmrads attributable to climate change
was greater than that from either population odlase change. So, the authors
concluded that future climate variability would paan increasingly significant threat
to the successful long-term implementation of caeht management initiatives and
projected changes in climate should be included nwhedertaking modelling

exercises in support of decision making for catahtnmeanagement plans.

Recently Markensteet al. (2010) used this watershed model to investigate th
impacts of a regional climate scenario on produgtiof Lake Malaren in Sweden.
They also quantified the response in biomass detlphytoplankton groups. The
results of the study indicated that a future sdenaith increased warming will lead
to a longer growing season for phytoplankton, shighncreased levels of total
biomass, and a distinct shift in phytoplankton g®uto favor nitrogen-fixing
cyanobacteria at the expense of diatoms in Malask® basin. The changes in the
timing of nutrient export from the catchment weoairid to be the primary cause of
cyanobacteria dominance over diatoms. Elevated Iakeperatures were found

responsible for the increase in total phytoplankimmass

In another recent study, Schneidernedral. (2010) modelled the effects of
climate change on catchment hydrology with this edlo@he authors reported that
catchment hydrology is central to any assessmetiteoimpact of climate change on

lakes as it influences the volume and timing oferatputs to water bodies, and the
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material loads of nutrients, sediment, and polligantering the water body. They
found that climatic changes in the form of changeshe timings and amount of
precipitation, particularly when coupled with a obe in air temperature, influence
all the major components of the hydrological cydteluding evapo-transpiration,
snow dynamics, soil moisture, groundwater stordgeseflow, surface runoff, and

stream flow.
2.4 Studies on Land Use/ Land Cover

Land use land cover is an important componenniterstanding the sequence
of changes in the catchment characteristics anthtmctions of the human activities
with the environment. Land cover refers to the pdalanaterial covering the surface
of the earth including vegetation, water, soil artificial surfaces built by human
activities. On the other hand, land use refershto way and how land is used by
humans and their habitat (Ramachandra and Kum@d)2@'s basically a product of
interactions between a society's cultural backgipgtate, and its physical needs on
one hand, and the natural potential of land onctiver (Ram and Kolarkar, 1993).
Land use /land cover analysis is the core programivieternational Geosphere and
Biosphere programme (IGBP) and International HurBamensions Programme on
global environmental change (IHDP) (Turner and But2992). The study of land
use and land cover changes has become an impdaEot for global change in
recent years because of having direct impacts gneamironment. Infact, land use
/land use cover analysis has become a major ardhfuental tool in assessing the
environmental consequences of human activitied, nlegatively affect the whole
ecosystem. The land use / land cover informatidpshas to identify areas where
immediate attention is required. Even, the amountt @egree of water pollution in
rivers, lakes, and other water bodies can be pestlion the basis of past and future
trends in land use change. Available data on la®dland cover changes can provide
critical input to decision-making for environmentahnagement and for planning the
future (Prenzel, 2004; Faat al, 2007).

Remote sensing and GIS are powerful tools to deaiseurate and timely
information on the spatial distribution of land (laed cover changes over large areas
(Carlson and Azofeifa, 1999; Guerschmai,al, 2003; Rogana and Chen, 2004,
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Zsuzsannat al, 2005). The use of multi-data satellite remotessey for the land
use/land cover studies goes back to 1970s (Sir@#9)1 Before that in early 1970s
most of the studies on land use/land cover wergechout using exhaustive field
surveys and remote sensing through interpretatfoaedal photographs. Since the
1970s, numerous satellite systems have been lagnheobtain information on
earth’s resources, and thus remote sensing hagethas the most useful data source
for qualitatively measuring land cover changeshat landscape scale (Rogana and
Chen, 2004). Remote sensing is an excellent taohttentifying threats generated by
land use change to different natural environmeméslources including aquatic

resources.

Land use change has been mapped and monitoredmsystaly and
effectively using satellite data (Ayad, 2005; Bdthand Sharma, 2007; Kent and
Gullari, 2007; Taubenboclet al, 2008). The combination of improved satellite
remote sensing and GIS is an effective and powéofll for collection and analysis
of land cover data (Staet al, 1997; Li and Yeh, 2004). GIS provides a flexible
environment for collecting, storing, displaying aadalyzing digital data necessary
for change detection (Demers, 2005; V&t al, 2006). In recent years, these
geospatial tools have been widely used for studyting spatial and temporal
transformation of land cover, which these toolsvte in less time, at lower cost and
with better accuracy (Kachhwaha, 1985; Shaetal., 1989; Petit and Lambin, 2001;
Apan et al., 2002; Sudhiraet al, 2004; Huanget al, 2008; Denget al, 2009;
Manonmani, 2010). Over the last decades, numerdvenaes have been made in the
development of remote sensors and GIS and thdwad@ with land-use change
models to assess the influence of land cover ophlygical processes and conditions,
e.g. land degradation, ecosystem vulnerability ewsdted condition, and biodiversity
(Guisan and Zimmermann, 2000; Kepeenl.,2005; Petrosilleet al.,2008). Today,
remotely sensed data in the form of classified laoder are used to derive input
variables for a wide variety of environmental maget.g. hydrologic-response and
habitat models (Scotet al., 1993; Edwardset al., 1996; Miller et al., 2007).
Researchers have carried out several studies usmdglling for detecting land

changes (especially for urban land use) and thepacts (Battyet al, 1999;
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Pijanowski et al, 2002; Heroldet al, 2005; Jantzet al, 2010; Poelmans and
Rompaey, 2010).

Mendis and Wadigamangawa (1996) used an integegipdoach of remote
sensing and GIS to find out changes of land usa/laover patterns due to
implementation of the Nilwala Ganga Flood Protett®&cheme in Nil Wala Basin in
Sri Lanka. Both air borne and space borne rematsirsg was used, both of which
offer efficient and timely data for monitoring sightchanges of patterns over a period
of time. A comparative study was also carried autorder to find the level of
information obtainable from the two remote sengexhniques. The results from this
study showed that the integration of remote sensing GIS appears to have a

potential for providing necessary information f@dating land use maps.

Sangchan (2000after studying the land use/ land cover changesaistern
region of Thailand concluded that remote sensiogrtelogy in combination with GIS
renders reliable information on land use/land coebange. During the study,
LANDSAT TM images were acquired for 10-year perioetween 1987, 1990, 1994
and 1997 and were classified into 6 significantlase/land cover types namely: forest,
agriculture, water bodies, industrial area, urbaiding, and other/bare land. The
change of forest land to agriculture land and thange of agriculture land to water
bodies and industrial area were the main type ghicant changes observed in
Rayong province of eastern Thailand. The authoclcoled that the underlying causes
of the changes were the pressures of economic gramtl development, as well as
pressure of intense population that appeared tp glair role as an important driving

force during the study time.

Tadesset al.(2001) commented that the information about changésnd use/
land cover provide valuable insights while devisintyre natural resource management
strategies and that remotely sensed data senass effective tool for deriving this kind
of information. During this study, Landsat ThemdWlapper images of 1987 and 1999
were used to extract land use/ land cover changheotity of Addis Ababa and the
surrounding area. Analysis of the multi-temporahdisat images clearly revealed the
loss of forest to urban and residential sprawl wnitime city limit and the surrounding

area.
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Nagamani and Ramachandran (2003) in their studlpated the effectiveness
of high-resolution satellite data and computer @i@S techniques in assessing land
use / land cover change detection of Pondichenrytife period 1990 to 2002. The
results of land use/cover assessment based onl inserpretation for three different
years of satellite data between 1990, 1998 and 806@&ed an increase in settlements
and a significant reduction in cropland. This thafgributed to the change in
population density, labour force in agriculture gmapulation growth. In short the
most common variable explaining these changesnid lse and land cover in their
study was the found to be population growth. Tiseudy revealed that satellite data

has the unique capability to detect the chang&ih use quickly and accurately.

Yang et al. (2003) developed a Sub-pixel Imperviousness Chdregection
(SICD) approach to detect urban land-cover changgeg Landsat and high-
resolution imagery in Georgia. The accuracy of #pproach was found to be
reasonable on comparison with independent referelata. The average absolute
error between predicted and reference data wasdftarbe 16.4 % for 1993 and
15.3% for 2001. The study revealed that this apgras objective and repeatable and
can be used for monitoring urban land-cover/langl-elsange over large geographical

areas.

Prenzel (2004) studied the use of remote sensingu@antification of land use/
land cover change for planning. The author poimedthat much of the information
on land cover and land use that can be derivedgusimote sensing cannot, or can
only with great difficulty and/or cost, be obtainasing in situ methods. One of the
most important distinguishing characteristics ohoge sensing , relative to other data
acquisition approaches, was found to be it beirlg tbprovide detailed, quantitative
land surface information at large spatial coveragyes at frequent temporal intervals.
The author concluded that the capacity for quantédand-surface monitoring over
large areas makes remote sensing well-suited fegrg wide range of disciplines,
including that of land-use planning.

Chauhan and Nayak (2005) in their study used IRESUII sensor data to find
out the rate of land use/land cover changes inrl@aea near Surat, Gujarat. Because

of major industrial activities this area had becart®t spot area and required regular
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monitoring. In this study, land cover informatiohtbe period 1970-1972 from the
Survey of India topographical maps, and satellagadf the year 1989 and 1999-
2002 were used and visual analysis was carrietbaueasure the land use/land cover
changes. Erosion and deposition were observed drthennewly constructed jetty.
Forest and agriculture area was found to decredsereas built-up area was found to

increase.

Giri and Jenkins (2005) prepared a new land cowdnlthse of Greater
Mesoamerica using Moderate Resolution Imaging $peadiometer (MODIS, 500
m resolution) satellite data. The new land covea eeas found to be an improvement
over traditional Advanced Very High Resolution Radeter (AVHRR) based land
cover data in terms of both spatial and thematiailde The dominant land cover type
in the region was found to be forest (39%), followky shrubland (30%) and
cropland (22%). Country analysis showed foresthasdominant land cover type in
Belize (62%), Cost Rica (52%), Guatemala (53%), diwas (56%), Nicaragua
(53%), and Panama (48%), cropland as the domimaaadt ¢over type in El Salvador
(60.5%), and shrubland as the dominant land coxye in Mexico (37%). An error
matrix generated using unseen training data pravate overall accuracy of 77.3%
with a Kappa coefficient of 0.73608. Overall, MODSB0 m data was found to be

quite useful for broad-scale land cover mappinGadater Mesoamerica.

Shalaby and Tateishi (2007) applied the Maximumeliflood Supervised
classification and post-classification change deiactechniques to Landsat images
acquired in 1987 and 2001 to map land cover chamgése Northwestern coast of
Egypt. During the study period, changes among miffeland cover classes were
assessed. It was found that a very severe land chaage had taken place as a result
of agricultural and tourist development projectee3e changes in land cover had led

to vegetation degradation and water logging ingafthe study area.

Reis (2008) in his study investigated land usellaover change by using
remote sensing and GIS in Rize, North-East Turlkgy. this purpose, Supervised
Classification Technique using Maximum Likelihoocetlod was applied to Landsat
images acquired in 1976 and 2000. The results abelic that the region had

experienced severe land cover changes in agriell{®6.2%) (especially in tea
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gardens), urban (117%), pasture (-72.8%) and fryrgsi2.8%) between 1976 and
2000. It was observed during the study that thel lase/land cover changes had

mostly occurred in coastal areas and in areas o slope values.

Diallo et al. (2009) assessed the changes in land use/land dovére
Southern part of Yunnan, China over a nine yeaiogerThe study made use of
Landsat imageries of 1990 and 1999. The images wlassified using Maximum
Likelihood Classification method in ENVI 4.3 and pp&d using ArcGIS. The results
indicated that severe land cover changes had axtiunrcroplands (+24.90%), forest
or shrub land (-18.77%) and built-up (+16.72%). iThstudy highlights the
importance of digital change detection in apprei@mnthe environmental situation in

the Yunnan Province.

In another study Zhanet al. (2009) reviewed the land use/land cover change
in the Pearl River Delta region, where great lasélland cover changes coupled with
rapid industrialization and urbanization had deteted the water quality. The study
emphasized on time series of analysis of land arsg/tover trends related to annual
sediment yields and critical source areas of erofio the region since 1980s. This
analysis of land use/land cover trends since tt894,%helped in better understanding

of the sediment supply in the region.

Alexander and Mwasi (2010) used Landsat 7 Enlthibematic Mapper Plus
(ETM+) imagery which has a 15m resolution panchriieri@and, for urban mapping
through band combination using data fusion techesqu he results of their study
indicated that incorporation of a higher spatiatotation panchromatic image

improves the land use/land cover classification magping accuracy.

Baboo and Devi (2010) detected the changes inuaefland cover pattern of
Coimbatore District in Tamil Nadu between 2004 @02 They linked land use
change with socio- economic change of Coimbataréhiat period. The result of their
work showed a rapid growth in land use of Coimbat@ropland was found to be
decreasing at the cost of haphazard growth of ai@m and settlements. This study
revealed that satellite data has the unique capatuldetect the changes in land use

quickly and accurately. From the analysis carriatiduring this study, it was found
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that satellite data is very useful and effective ¢etting the results of temporal

changes.

Dadhich and Hanaoka (2010) studied the spatialteamgporal change of land
use of Jaipur district, India over a period of Zass (1975-2002). They used Markov
method for this purpose which is based on remaelsed data. The authors found
no stability in land use change process of theudaiily and significant increase in
built up area, which was found to be more on frsngad periphery of the city as
compared to the city centre. Infact, all categomésland use were found to be
changing very fast with time. Barren land and wdbedies were found to be
decreasing rapidly. The authors with the help & study described how such studies
of land use change are important to reduce thetsften environment.

Prabahararet al. (2010) used geospatial tools to study land use/lawver
changes in a coastal area. They found that the riantocoastal land use types of
Vedaranniyam coast had been reduced drasticalliyein extent due to reclamation,
dredging, tipping and other anthropogenic actisitsdong the coastal zone. In yet
another study on land use/ land cover carried nuR010 Prakasam studied the
changes in land use and land cover in Kodaikanat d@ years period (1969-2008)
through remote sensing approach using Landsat mesgand Survey of India (SOI)
maps of the region. GIS software was used to peeffeg thematic maps. Ground
truth observations were also performed to checkait®miracy of the classification.
The land use and land cover analysis carried aumglthis study revealed that forests
occupied about 70 per cent of the area in 1969dbetteased to 33 per cent in 2008.
Agricultural land, built up area, harvested landl amaste land was also found to
experience change. Built-up lands (settlementseweund to increase from 3 per
cent to 21 per cent. The author concluded thateri@md use planning is essential for
the sustainable development of Kodaikanal regioit has been identified as one of

the bio-diversity rich areas in India.
2.5 Studies on Impact of Climate Change on Wetlands

The term “climate change” refers to any changelimate over time, whether
due to natural causes or as a result of humanitaesiIntergovernmental Panel on
Climate Change —IPCC, 2001b). The subject of ckntdtange has in the recent past
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attracted the attention of researchers in diffefegltls ranging from engineering,
physical science, to social science and politidser& is evidence that most of the
warming observed over the last 50 years is attitdetto human activities (IPCC,
2001b). Impacts of climate change observed arobadmorld include among others
the increase in surface temperature, sea-leve| dsanges in precipitation and
decreased snow cover (IPCC, 2001b). These wouldrim impact on other issues
such as industry, human health, shortage of waigplg, biodiversity and ecosystem.
A number of studies have been conducted on climateland cover change impacts
on water resources (Arnell, 1992; Bouraetial, 1999; Hernandeet al, 2000; Xu,
2000; De Rocet al, 2001; Fohreret al, 2001; Fontainet al, 2001; Krause, 2002;
Niehoff et al, 2002; Reret al, 2002; Eckhardét al, 2003; Legesset al, 2003; El
Ghissassi 2005; Guoet al, 2005). Fowler (1999) identified the likely limaitof
potential climate change impact on water resoumethe Auckland region (New
Zealand) which served as guidance to planners vaseartaining possible extremes
in impact and the most likely direction of chanBennaniet al. (2001) quantitatively
estimated the possible impacts of climate changeater resources in Morocco and
recorded a decrease of 10 to 15 percent of thasumater and groundwater. Miller
et al (2003) investigated the hydrological responsedifferent climate change
scenarios for six river basins in California. Anpiontant result of their study was that
for all snowmelt driven runoff basins the late vinsnow accumulation was likely to
decrease by 50 percent towards the end of the rgerfthese and many more other
studies show the importance of linkages betweed lee/land cover, climate change
and hydrological regimes and how these impact @ water resources. Climate
affects all aspects of the hydrologic cycle namelnfall, runoff and evaporation
Changes in these components in turn affect the rwatailability and variability
worldwide. Thus a change in climate is likely téeat water supplies and demands as
well as ecosystems, migration of population whicbuld pose significant social,
economical and political problems.

The IPCC forecasts significant changes in predipita evaporation and
temperature as a result of this climate changechwis likely to affect many fresh
water ecosystems of the world. These are likelguiber from hydrological changes,
especially at catchment level. There could be eithereases or decreases in the
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volume of water entering the lakes, changes inasedisy of the inflows, increased
temperatures of lakes and increased evaporation liake surfaces. Changes in lake
stratification could also occur affecting the bmilal and chemical process of the
lakes making them more susceptible to eutrophicatidmong the fresh water
habitats of the world, wetlands being ecologicallyated at the land-water interface
are particularly vulnerable to the potential imgaet climate change. Peat lands will
become vulnerable with the reduction of permafragtich is a key factor in
maintaining their water tables. It has been estoh#itat an increase in temperature of
1° to 2°C, if accompanied by decreasing soil moestwould reduce peat formation
by 25% (Burkett and Kusler, 2000).

Oechelet al. (2000) in a study on assimilation of ecosystenb@ardioxide
exchange in response to climate change illustrtat the diversity of response of
wetlands to climate change is in reality a restii balance between changes in water
table, temperature, nutrient cycling, physiologie&kclimatization and community

reorganization.

Winter (2000) undertook a hypothetical assessméntetlands in different
hydrological and landscape settings and conclubdativietlands whose hydrology is
dependent on precipitation are more vulnerablelitoate change than those fed by

ground water.

In a study on climate change impacts on freslemaetland habitats Dawson
et al. (2003) undertook a modelling assessment of wattanioe of UK and Ireland
using current and future climate scenarios in a ESed environment. Their results
showed that North West Scotland could have a simaiase in water availability in
summer, whereas Southern England would experiendeceease and associated

lowering of wetland water tables.

Johnsoret al. (2005) carried out a study on vulnerability of Nmtn Prairie
wetlands to climate change. In this study, they efied water table levels and
vegetation in these wetlands and found that clinchnge would result in a shift in

productive habitat for breeding waterfowl.

Clement and Aidoud (2007) reported that oligotioghabitats were the most

sensitive palustrian wetlands to climate change.
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In another study on impact of climate change stolian coastal and inland
wetlands Kontet al. (2007) reported climatically induced changes irtewvdevels in
the Estonian inland bog over a 47-year period. Gdowater levels were found to be
rising and falling, demonstrating the potential pbexity of wetland response to

climate change.

Acremanet al (2009) provided a simple framework for evaluatnmegional
wetland ecohydrological response to climate chang&reat Britain. Their paper
presents a frame work that can be used for condpimindels and available data at
regional scale and is appropriate for differentlarets, in different countries and for
different levels of data availability. The simpledels are based on broad conceptual
understanding of wetland hydrology and are intendid describe basic
ecohydrological processes within the constraintdat& availability. Data from Great
Britain was used to demonstrate each step in thmdwork for two temperate
wetland types: rain-fed wetlands and flood plairnrgives. Results for Great Britain
predicted reduced summer rainfall and increasednsemevaporation that will put
stress on wetland plant communities in late sumanérautumn with greater impacts

in South and East of Great Britain.

On reviewing the literature on lakes and wetlamd&ashmir, it was found
that no such approach to study the impact of ckmeltange on these aquatic
ecosystems has been made using the scientificdraheed geospatial tools- remote

sensing and GIS.
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Chapter-3
STUDY AREA

A description of the study area is presentethis chapter indicating various
characteristics like location, physiography, geglogirainage and climate. The
research was conducted on Anchar catchment.

3.1 Location

The Kashmir valley is a longitudinal deggien in the great northwestern
complex of the Himalayan ranges and constitutesngoortant relief feature of
geographic significance. Carved out tectonicallye walley has a strong genetic
relationship with the Himalayan complex, which exees an all-pervading influence
on its geographic entityAnchar catchment with an area of 1663.84°dies in the
Northeastern part of this Kashmir valley betweea feographical coordinates of
34°6" — 34°27' N latitude and 74°40' — 75°35' Egltude. The location of the
catchment is shown in Fig. 1.

The catchment begins from Ganderbal and eear Baltal at the base of Zoji-
La pass. Ganderbal district has been recently daoué from Srinagar district in the
state of Jammu and Kashmir. Anchar is basicallyhallev marsh covering a
substantial portion of the extensive delta formgdHe river Sindh and its numerous
branches once they enter the plains of KashmieyalThe Sindh with a course of
about 116 kilometers and a basin area exceedirgh 156 km is perhaps the most
developed side valley of Jhelum. Its upper mostid¢ee rise below the lofty peaks
near Zoji-La (3256m) as a number of other headasteejoin from the Amarnath
(5270 m), Kolahoi (5425m) and Panjtarni snow fieltise picturesque topography of
the catchment is varied exhibiting altitudinal extres of 1568m (near Anchar) to
5236m above mean sea level. A number of high dkitakes like Gangabal, Nundkol
and Harnag are situated in this area. In additlmmost famous tourist destination of
Kashmir- Sonamarg “meadow of gold” also lies instbatchment. Sindh meanders
along Sonamarg which has its backdrop of snowy naous against a cerulean sky.
The catchment with its high altitudinal variatioosnsists of deep rock girt gorges,
glaciers, forests, open grassy meadows and vilthgted slopes. However, these
natural resources of the beautiful but environmgnteagile valley of Sindh are at
present facing tremendous pressure due to varidgogogenic activities.
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Fig. 1: Location of Anchar catchment
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3.2 Physiography

Physiography entailing physical characteristics amafphological conditions
of a catchment plays an important role in hydratagicharacteristics, water regime
and vegetation covers. The physiographic charatiesi of a catchment and its
location, give a good quantitative and qualitatasesessment of the hydrological
system of the catchment. These factors have dafémtts not only on the hydrologic
regime, annual water production, flood volumes aail erosion, but also affect the

climate, ecological conditions and vegetation cover

Anchar catchment is represented by tblgesiographic divisions viz; valley
floor (plain area), foot hills or rim lands and @pghills or highly elevated areas. The
average altitude of valley floor is (1980 ms), fbdts (2650 ms) and highly elevated
areas is 3220 ms. Fig. 2 shows these physiogrdaphiform elements of the study
area. The valley floor is the most important arglriking feature of the catchment. It
is not a monotonous flat plain but rather mucheaiin its surface characteristics. It
contains a combination of depositional and erodideatures. The low-lying areas
which are either water logged or subjected to mecurinundation go on receiving
layer after layer of fine silt and coarse gravdieThumerous effluents of the Jhelum
which drain the slopes of the bordering mountairsgohuge detrital material to the
valley floor, building leeves and deltaic fans oeatensive areas. The alluvial flats
are bordered by the Karewas. The Karewa formatsra iunique physiographic
feature of the Kashmir valley. Karewa are flat tegr undulating surfaced mounds

on the sides of the Jhelum flood plain.

The surface structure of the foothill mgseems to be undulating throughout
the catchment. High elevated region is highly maundus and rugged. The important
mountain ranges of this region on the northern sidéhe valley are: Arhama bal,
Kangan bal, Harmukh bal, Gund bal, Shitkari balh&voarg bal. Towards the south
of the valley some of the important ranges are:;jwas bal, Sumbal bal, Amarnath
cave. Wangat valley is the only side valley of tlaéchment carved out by Kankanaz

Nalla.

The extreme eastern part of the catchiisembre than 5000 meters above sea

level where as the extreme south western partvis@paery low altitude of less than
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1600 meters near Anchar lake and Naran Bagh. Atghint river Sindh discharges
its water in river Jehlum. The valley floor consistf 80 percent of total population
while as rest of the 20 percent is scattered ohHdls roughly at an altitude of 3500
meters. The region has got such a varied type l@f rehat the altitudinal range

between south and eastern corner of the vallepbéas estimated about 3861 meters.
3.3 Geology

The valley of Kashmir was formed by foldingdafaulting as the Himalayan
mountain chain was thrust up between the Indiancemtinent and Asia. It runs
northwest —southwest along the strike of the mannthain and is drained by the
Jhelum River which cuts through the Pir Panjal earay the Baramullah Gap
(ENEX, 1978).Geologically Anchar is believed to have been ewildering the
Triasic age of Mesozoic era. The study area Anchtchment has a very complex
and rugged topography with very high relief andepteslopes. It geologically
consists mainly of Alluvium, Cambrio, Ord, Siluriand Panjal Traps. Volcanic and
Triassic limestone and Alluvium are spread oveargd area than other formations

in the catchment.
3.3.1 Triassic Formation

These rocks are extensively developed irshidar they can be traced
conveniently all along the plains of Pir PanjalLidder valley, Wardwan valley and
Guraiz valley and also north of River Jhelum. Thesdks are compact, homogeneous
and have a light blue or grey tint. Triassic forimatis divided into upper, middle and
lower Triassic. The upper division of the Triassi¢argely devoid of fossils, while as
the lower and middle sections of the system afe indfossils. The lower Triassic is
over 100 m thick, the middle 300m and the uppeashic is hundreds of meters thick.

3.3.2 Volcanic Formation

Volcanic formation took place in the Uppearfoniferous age. Volcanic
Agglomerate Slate deposits are found in Panjal Srapese mainly consist of basic
rocks, and a few intermediate and acidic rocks.iBbges are mainly basalt, and
andesitic basalt, while acidic and intermediateksoare represented by augite-

andesites, trachyte, keraphyre, rhyolite and acidfs.

46



Table 1: Morphometric data of Anchar (Pandit and Yausuf, 2002)

Parameter Value
Maximum length (Km) 6.00
Maximum breadth (Km) 2.76
Maximum depth (m) 1.75
Mean depth (m) 1.60
Surface area (Kf) 6.80
Marsh land area (Kf 3.80

Landforms

] Extremely elevated areas
. [ Foot hills/ Rim lands
10 0 10 20 Kilometers Il Upper hills/ Highly elevated areas

—————— [ Valley floor/Plain areas

Fig. 2: Landforms in Anchar catchment
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3.3.3 Alluvium

These are the recent age deposits of KasHmese include the Pleistocene
deposits of fluvio-lacustrine or glacial origin kmo as Karewas. Lithologically the
alluvium consists of clay, shale and sand of varibues, textures and structures. The
size of grains ranges from fine, medium to coaes® the cover of the alluvium
varies from dark brown, reddish to flesh red. Titieological map of the study

catchment is shown in Fig.3.

The formation of the study area has beédetb into an Anticline (Sindh
Anticline) shown in geological section (Fig.4) whids commonly known as
Samasbari Anticline. It is a measure doubly pluggnticline in the Northern half of
the area the axis of which passes through Chandarieadahoi peak, Gund, Kangan,
and Ajas. River Sindh obliquely cuts across thigichne from Sonamarg to
Ganderbal. In this anticline a Slate and Phylliegquence (Cambrio-Sularien)
Sryingothyris Limestone, Agglomerate Slates, Pahjaps, Zewan formation have all
been folded. Among the permain members, the fregmwaeds are however not
present. On the other hand Agglomerate Slatesxq@sed on the both limbs and in
the axial part on the eastern half of the structlmethe western half they are not
found. Panjal Traps encircle the Anticline but #ewvan Formation outcrops only on
the northern flank. To the east of the Ganderbaldips of the Panjal Traps shows a
distinct reversal which may in fact be a local teatdeveloped due to the intrusion of

granite body near Kangan.
3.4 Drainage

Anchar has an open type of drainage. ¢bisnected on its eastern side to the
famous Dal Lake through a small inflow channel ‘fldaAmir-Khan”. Network of
channels resulting in a delta type formation framer Sindh enter the lake on its
northern end. The southern end of the lake recewatsr from Khushalsar. The upper
most feeders of Sindh rise below the lofty peaks ji-La (3256m). A number of
other head streams join it from the Amarnath (52)/0Kolahoi (5425m) and
Panjtarni snow fields. At Sonamarg the gushingetarrflows through a narrow
channel with deeply incised caves in the borderaus on either bank. Further down

the river bed deepens more and more to assumédanaater of a gorge.
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Legend
= River
[ Clays, shales, limestones & quartzites
I Granites

I Limestone, shales, Conglomertaes & quartzites
| Pumice sandstone, limestone, shales & conglomerates
| | Quartzite, slates, limstone & Porphyry & Granites
|| Shales (Tuffs), quartzite slate, Andisites & basalts
[ Slates, greywakes, sandstone & Limestone quartzites & sandy shales & slates
1 " % 2 Kiometars [T Terraces of boulder & Clay, Bluish silts with lenticular conglomerates, peat & Lignite

Fig. 3: Lithological map of Anchar catchment
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Fig. 4: Geological section along Sindh vay (Razaet al., 1978)
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Below Kangan the valley widens out. The Sindh neegithe Wangat on its
right bank a little above Dragti-yung. The riveakes a knee bend above Ganderbal
before entering into a wide flood plain. As theersheds its load, its own channels
choke with debris and the main stream bifurcatés annumber of channels over an
extensive deltaic core. One of branches escape&sthre Anchar while others merge
with Jehlum near Shadipora. From Kangan to Shadipwe gradient is gentle. Fig. 5
shows the drainage network of Anchar catchment.

3.5 Climate

Due to the large variations in altitude fr@8®0m in the south to 8500m in the
north, the climate of the state of Jammu and Kaslwanies from tropical to arctic
(ENEX, 1978). According to Bagnolus and Meher- Hiofij959) the climate of
Kashmir falls under Sub-Mediterranean type with rf@easons based on mean
temperature and precipitation. However, Kaul andirQ@ 979) maintained that the
climate of Kashmir is highly variable and does oobform to any definite type, and
presented a fresh classification the seasons dirKia®ased on Hadlow’s world scale

for mean monthly temperature.

The climate of Anchar catchment is samprasailing in Kashmir valley and
can be described as temperate montane valley elithatmain features of which are
wet and cold winters and relatively dry and moddyahot summers. The average
maximum and minimum temperatures during summerg heen recorded as %20
and 18 C respectively. While as the winter minimum and imaxm temperatures
have been recorded aS® and 8 C respectively. The range in summer temperatures
is very low of about 2C and it is very high during winter about 8. The average
diurnal range of temperature during summer andewintonths has been recorded as

6°C and 18C respectively.

The study area receives an average anaumdalt of 551 mm with Sonamarg
receiving 1810 mm. Fig. 6 shows the mean monthBcipitation received in the
catchment from 1981-2010. Most of the precipitai®neceived in the form of snow.
The variation in snowfall is quite remarkable imne of amount between high and
low altitudinal areas of the catchment. The areglswb the altitude of 2560 meters

experience comparatively less snowfall than dneas ranging within the altitudes of
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Fig. 6: Mean monthly precipitation in Anchar catchment (1981-2010)
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2560 to 5444 meters. So it becomes clear that gperuhill or glaciated region

witnesses heavy snowfall. It would be more undexstoy the fact that the road from
Gund onwards till Baltal (which is the extreme heeastern barrier of the region)
remains closed completely for five months. No datietlower elevated regions also
receive snowfall but it does not persist for lomgl das no effect on communicational
services. The maximum daily humidity of the studyaaranges from 80-90%

throughout the year and it drops to about 70% ghtnduring winter and to 40%

during summer.
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Chapter-4
DATA SETS USED

This chapter gives the details of various datasetployed to carry out the
research. A variety of data sets which includectlki&t images, digital elevation
model, field study/ laboratory investigated soilamater data, hydro-meteorological
data, and secondary data in the form of topograpmaps, published reports and
journals, were employed during the research. Grarutting was also carried out for

validation of results. During field study variousléi equipments were used.
4.1 Satellite Data

Satellite images are photographs depicting paltoepresentation of earths
features taken from space by electronic devicdse-satellites. Satellite imagery is
used for recognition of synoptic data of earth’sfaee (Ulbricht and Heckendorf,
1998). In order to investigate the change in lagglland cover of Anchar catchment,
multi-date geometrically corrected satellite imageshe form of Landsat Thematic
Mapper (TM) image of October 1992 (Fig.7) and ImdRemote Sensing System -
IRS-P6 Linear Imaging Self Scanning Sensor (LISIp ithage of October 2005
(Fig.8) were used. The most important reason ferge of these satellite images was
their rich archive and spectral resolution. Mostdiover/land-use change studies
utilize Landsat data due to the uniqueness of #taset as the only long-term digital
archive with a medium spatial resolution and re&l$i consistent spectral and

radiometric resolutiolYanget al, 2003)
4.1.1 Landsat 7 TM Image

The Landsat program which was initially known ag tBarth Resources
Technology Satellites (ERTS) is a series of ea$eoving satellite missions that was
initiated in 1967 jointly by the National Aeronatdi Space Administration (NASA)
and the U.S. Department of Interior. The ERTS paogmwas officially named as
Landsat by NASA in 1975. Till 1986 five Landsatedhttes had been successfully
launched and since then the Landsat satellites baNected enormous information
about earth and its resources from space. Thisriexpetal program has today

evolved into an operational global resource momtpprogram. We can say that the
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science of remote sensing has matured with the danprogram. Three different
types of sensors were flown in various combinatiohghe five Landsat missions
namely; Return Beam Vidicon (RBV), MultispectralaBoer Systems (MSS) and
Thematic Mapper (TM). The characteristics of Lamndsao 5 missions and their

sensors are summarized in Table 2 and Table 3cotaglg.

The Thematic Mapper (TM) is a highly advanced tmepéctral scanner that
was first placed aboard on Landsat -4. Both Landsanhd 5 have this advanced
sensor developed by NASA onboard. TM incorporateswumber of spectral,
radiometric and geometric design improvements ixgdb the Multispectral Scanner
Systems (MSS) sensor. Spectral improvements inctbhdeacquisition of data in
seven bands instead of four, with new bands invibible (blue), mid-infrared, and
thermal portions of the spectrum. The location aastelength range of the TM bands
was chosen to improve the spectral differentigbiit major earth surface features.
Table 4 gives a description of the spectral baiddvb Radiometrically TM sensor is
advanced than MSS as it performs onboard analedigttal signal conversion over a
guantization range of 256 digital numbers (8 bés)compared to only 64 digital
numbers (6 bits) used by MSS. It provides a spatisblution of 30m in all bands
except a resolution of 120m in the thermal bandrssrically TM is a whisk broom
sensor that acquires data during both the formamsbttto-east) and reverse (east-to-
west) sweeps of its scan mirror. This sensor h&sta field of view of 15.4°. In
comparison to MSS, TM uses more number of detedtorgs various bands 16 for
non-thermal bands and 4 for the thermal band. Taedsat TM images find their
usefulness for a much wider range of applicatitvas tLandsat MSS images because
of increase in number of spectral bands (Tablend)improved spatial resolution.

During the research TM 3-band image of 1992 witarnafrared 0.76-0.90
pum, green 0.52-0.60 pm and the red bands 0.63%-Qué, with the band
combination of 4:3:2 (IR:R:G) was used to genethéeland use/ land cover map of
the year 1992.
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Table 2: Characteristics of Landsat-1 to 5 Missions

Sun-
_ Swath | Data | Temporal |Radiometric
Satellite |Launchsynchronouy Inclination . .
_ Width | Rate Resolution, Resolution
Orbit
Landsat -1 1972 919km 185 knil5Mb/g  99° 18 days 6 bit
Landsat- 2 1975 919km | 185 km|15Mb/g  99° 18 days 6 bit
Landsat -3 1978 919km | 185 km|15Mb/g  99° 18 days 6 bit
Landsat -4 1982 705km | 185 km|85Mb/g  98.2° 16 days 8 bit
Landsat -3 1984 705km | 185 km|85Mb/g 98.2° 16 days 8 bit

10 0 10 20 Kilometers

Fig. 7: Landsat TM Image of study area
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Table 3: Sensor Characteristics of Landsat-1 to 5 Msions

Satellite Sensor Bands Spectral Spatial
Resolution(um) | Resolution(m)

Landsat -1, 2 and RBV 1 0.475-0.575 80
2 0.580-0.680 80

3 0.690-0.830 80

4 0.505-0.750 30

MSS 4 05-0.6 79

5 0.6-0.7 79

6 0.7-0.8 79

7 0.8-11 79
8 104 -12.6 240

Landsat-4 and 5 ™ 1 0.45-0.52 30
(In addition to 5 0.52 — 0.60 30
MSS)

3 0.63 -0.69 30

4 0.76 —0.90 30

5 1.55-1.75 30
6 104 -12.5 120

7 2.08 - 2.35 30
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Table 4: Thematic Mapper (TM) Spectral Bands

Band | Wavelength | Nominal Spectral Principal Applications
(um) Location
Blue Coastal water mapping, Soil
1 0.45-0.52 vegetation discrimination, Forest type
mapping.
Green Vegetation discrimination and vigor
2 0.52-0.60 assessment, Cultural feature
identification.
3 0.63-0.69 Red Plant species differentiation.
Near-infrared Vegetation  type  determinatiop,
Biomass estimation, Soil moisture
4 0.76 — 0.90 o
determination, Water body
delineation.
Mid-infrared Vegetation and soil  moisture
5 1.55-1.75 discrimination, Differentiating snoy
from clouds.
Thermal- infrared | Vegetation stress analysis, Thermal
6 10.4-12.5 _ o
mapping applications.
Mid-infrared
Mineral and rock type discrimination,
7 2.08 -2.35

Hydrothermal mapping.
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4.1.2 IRS LISS IIl Image

Indian Remote Sensing System (IRS) is a seriemdh observation satellites
built, launched and maintained by the Indian Sgaesearch Organization (ISRO).
ISRO has launched several Indian Remote Sensir) Fatellites: IRS-1A, IRS-1B,
IRS-1C and IRS-1D (Table 5-6). The sensors onbtizede satellites utilize linear
array sensor technology. During this research, MB&.ISS IIl sensor image was used

for generating the land use/ land cover for the 2685.

IRS P6 also known as Resourcesat-1 was launahddbOctober, 2003 by
ISRO’s Polar Satellite Launch Vehicle (PSLV-5). Jisiatellite is equipped with four
sensors namely: LISS Il (improved), advanced LISS(multispectral), LISS IV
Panchromatic (PAN) which permit to receive the leamages with resolution of 5.8
m both in mono and multispectral modes with theagwcled radiometric quality and a
new generation Advanced Wide Field Sensor (AWiH&yough these sensors from a
common platform IRS P6 offers a unique opportunftgimultaneous observations at
three different spatial scales (Oea al, 2008). All sensors are push broom .The
details of this satellite and the sensors onbdaadei provided in (Table 7). IRS P6 is
basically the continuation of IRS-1C/1D missionsthwiconsiderably enhanced
capabilities providing imageries with improved salatesolution, additional spectral
bands and enhanced radiometric resolution. It esrtiree cameras similar to IRS-
1C/1D but with vastly improved resolutions. IRS iBéntended not only to continue
the remote sensing data services provided by IR&ELMoth of which have far
outlived their designed mission lives, but to al@stly enhance data quality. The
overall objective behind its launch was to provodatinuous remote sensing data on
an operational basis for integrated land and wassurces management. It primarily

monitors natural resources like water, vegetatiwh gathers land management data.

Linear Imaging Self Scanning Sensor (LISS IlIl) basically a medium
resolution, multispectral sensor which was onbdbedIRS-1C, IRS-1D and now is
onboard the IRS P6 (Resourcesat -1) and ResowZesdéllite systems. This sensor
has the feature of on-board detector calibrationgusEDSs. It can be operated either
in real time mode by direct transmission to grostation or in record and playback

mode using an on-board 120 GB capacity solid seaterder.
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Table 5: Characteristics of IRS-1A and IRS-1B

Spatial .
Spectral | Resolution (m) Swath Width | o o
Sensor Bands|Resolution(u " Inclination | Revisit
) LISS-I |[LISS-II|LISS-I [LISS-II (km)

1 0.45-0.52 725| 36.25
LSS5 0.52-0.59 725| 36.25
and 148km | 146km| 904 99.5° | 22days
Lss. |3 0.62-0.68 725| 36.25

4 0.77-0.86 725| 36.25

™\ Manasbal

Shallabugh Anchar f

10

20 Kilometers

Fig. 8: IRS LISS Il Image of study area
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Table 6: Characteristics of IRS-1C and IRS-1D

Spectral Spatial .
Sensor | Bands| Resolution [Resolution Svyath Orbit Inclination| Revisit
Width | (km)
(Lm) (m)
1 0.45-0.52 23 142 km
2 0.52-0.59 23 142 km
LISS-IlI 3 0.62-0.68 23 142 km| 817 98.69° 24 days
4 0.77-0.86 23 142 km
5 1.55-1.70 70 148 km
_ 1 0.62-0.68 188 774 km
WIFS 817 98.69° 5 days
2 0.77-0.86 188 774km
PAN 1 0.50-0.75 5.8 70 km 817 98.69 5 days
Table 7: Characteristics of IRS-P6 and its sensors
Spectral Spatial Swath | Orbit
Sensor |Bands| Resolution|Resoltion| Inclination [Revisit|Quantization Uses
Width (km)
(Hm) (m)
2 0.52 - 0.59 23.5 141 km Agricultural
3 |062-068 235 | 141km monitoring-
LISS-II 817 98.7° |24 days 7 bits Crop
4 | 0.77-0.86 235 | 141km identification
5 | 1.55-1.70 235 | 141km &
discrimination
2 | 0.52-0.59 5.8 23.9 km
Land cadastrg
LISS- IV 3 | 0.62-0.68 5.8 | 70 km| 817 98.7° | 5days 10 bits Disaster
4 |077-084 58 | AV management,
2 0.52 - 0.59 56 740 km Exploration
3 |062-068 56 | 740km work, Small-
AWIFS 817 98.7° | 5days 10 bits |scale themati
4 | 0.77-0.86 56 740 km mapping.
5 | 1.55-1.70 56 740 km

()
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4.2 Advanced Spaceborne Thermal Emission and Refkean Radiometer
(ASTER) DEM

Digital Elevation Model (DEM) also referred to asgiial Terrain Model
(DTM) is defined as a statistical representationtied continuous surface of the
ground by a large number of selected points withvkm X, Y and Z coordinates in an
arbitrary coordinate field. DEM is basically a déita containing an array of elevation
values. It is a storehouse of immense informaterealing terrain characteristics. A
DEM offers the most common method for extractintalvtopographic information
and even enables the modelling of flow across toggy. DEMs have been
increasingly used for visual and mathematical asislgf topography, landscapes and
landforms, as well as modelling of surface processenumber of products such as
slope, aspect, slope gradient, drainage contrigudinea, etc. can be generated from
the DEM.

During the present study, the 30 m ASTER (Advdn8paceborne Thermal
Emission and Reflection Radiometer) DEM was usegdeiterate topographic details
of Anchar catchment including slope, elevation,eas@tc. The DEM also proved to
be useful in understanding the different land ussses of the area, as the terrain
determines the spatial variability of the land wteEsses. Besides, it also formed an
integral component of the GIS based AVGWLF mod&dur estimating sediment
and nutrient loads. Fig. 9 shows the ASTER digdigvation model of the study

catchment.

ASTER is a high-spatial-resolution, multispectiataging system flying
aboard TERRA, a satellite launched in December 189%art of NASA’s Earth
Observing System (EOS). An ASTER sensor capturgh hesolution data in 14
spectral bands that range from visible to thermfithred and provides stereo viewing
capability for digital elevation model creation. it comprised of three separate
instrument subsystems representing different graasdlutions: three bands in the
visible and near infrared spectral range (VNIR,-D.G um) with 15 m spatial
resolution, six bands in the shortwave infraredcspé range (SWIR, 1.0-2.5m)
with 30 m resolution, and five bands in the thermftkared spectral range (TIR, 8- 12
um) with 90 m resolution. In the VNIR one nadir loog (3N, 0.76-0.8um) and one
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backward-looking (3B, 27.7° off-nadir) telescopeoypdes black-and-white stereo
images, which generate an along-track stereo irpagewith a base-to height ratio of
about 0.6. The objective of 3B band is to obtaeresiscopic image that can be
processed to generate a digital elevation moded. gdtential accuracy for the DEM
from ASTER could be on the order of £7 to £50 m.T&AR is capable of recording
771 digital stereo pairs per day, and cross-tragiktmg out to 136 km allows
viewing of any spot on earth at least once evextesn days. Table 8 presents the
characteristics of ASTER.

4.3 Field Study/ Lab Investigated Data

Field survey formed an important aspect of thislyg programme. The survey
was conducted at different time periods during rsearch period for collection of
soil and water samples. Soil samples pertaininglitterent land use land cover
categories were collected from the Anchar catchmBEmtse were then analyzed for
different parameters viz. pH, electrical condudyivisoil texture, available water

holding capacity, organic carbon and NPK in thetakory.

Water samples too were collected from variousssiof the Anchar and
analyzed for various water quality parameters wimctuded water temperature, pH,

electrical conductivity, dissolved oxygen and NPK.
4.4 Field Equipments

Equipments in the form of GPS receiver, trowellypheene sheets, 1 kg
capacity polythene bags, 1 liter capacity plasttles and digital camera were used
during the field survey. The GPS was used for thiedation of land use/ land cover
map of the study area. Trowel and polythene sheete used for the collection of
soil samples which were then stored in 1 kg capamtythene bags. Water samples

were collected inl liter capacity plastic bottles.
4.5 Hydro-meteorological Data

The hydro-meteorological data was collected from $IKUAST-K, Shalimar
station, Srinagar from 1981-2010. The data corsistke daily rainfall and daily

temperature (minimum and maximum).
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Table 8: ASTER characteristics

Launch date 18 December 1999
Duration 16 days
Altitude 705-Km

Characteristic VNIR SWIR TIR
Ground resolution (m) 15 30 90
Data rate (Mbits/sec) 62 23 4.2
Swath width (Km) 60 60 60
Quantization (bits) 8 8 12

Altitude (m)
[ ]1534-2534
10 0 10 20 Kilometers - 2534 - 3534

™ ™ ™ ™ e M—
I 3534 - 4534

[ ] 4534 -5534

Fig. 9: ASTER Digital Elevation Model of the studyarea
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4.6 Secondary Data

Secondary data defined as the data collected by@oenother than the user
has a tremendous importance for any study. Thia tiatps in planning for the
collection of primary data. Secondary data soupreside vital information required
for conducting a research. Secondary data sourbehwncluded topographic maps,

published reports and journals were used durirgyrédgearch.
4.6.1 Topographic Maps

A topographic map is a large scale detailed twoethsional representation of
natural and human-made features on the earth'acgurfn a topographic map the
three-dimensional shape of the earth's surfaceodeited by the use of contour lines.
Contours are imaginary lines that connect locatiohsimilar elevation. Contours
make it possible to represent the height of mounstaind steepness of slopes on a
two-dimensional map surface. These maps use atyafiesymbols to describe both
natural and human made features such as roaddjrnys quarries, lakes, streams,
and vegetation. Topographic maps are mostly usegeasral purpose and reference
maps for GIS based studies. During this study, 8@ sheets dated 1969 were used,
which served as the base maps to have a broadeswedad understanding of the study

area.
4.8 Ground Truth Data

During the research ground truth investigatioesercarried out to validate the
land use/land cover maps generated through renesteing images. Ground truth
collection is the ground based measurement or easen of earth surface materials
whose reflectance and/ or emittance is being resnetnsed. Ground truth basically
refers to information that is collected on locatibtmremote sensing, this is especially
important in order to relate image data to reatuies and materials on the ground.
The collection of ground-truth data enables catibraof remote-sensing data, and
aids in the interpretation and analysis of whabesng sensed.The main purpose of
ground truth data collection was to get a realiptature of the study area. Various
management practices like the use of cover cragsading/ contour farming etc.

carried out in the catchment were identified dugngund survey.
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Chapter-5
METHODOLOGY

The methodology employed for this reskainvolves the use of satellite
remote sensing data in a GIS environment combinéti Wield investigation,
hydrological data, digital elevation data, secogtancillary data, and simulation
modelling. Detailed methodology consisting of schémflow chart of the methods
used to address the research objectives is showig.ib0. This chapter will provide a
description of all these methods including thosedus preparation of input data for

GWLF model for simulating nutrient and sedimentdea
5.1 Environmental Characterization of Anchar Catchnent

The activities within the catchment of a water bbdye a direct bearing on its
ecological stability. Basically, it's the nature tfe catchment (i.e. topography, soll
strata) that determine the hydrological charadiessnd overall ecology of the water
body. Catchment hydrology directly influences thellygion load (nutrients,
sediment) entering into an aquatic ecosystem, liherefore, imperative to evaluate
the entire catchment to better understand the mgsgstem. In this objective, the
environmental factors prevalent in Anchar catchnveette analyzed, which included
land use/ land cover change, topography and phygsiemical analysis of soil and
water samples collected from the catchment. Theuesd@l details of the
methodology adopted for carrying out the variousksarelated to the environmental
characterization of the catchment are discussé#ueifollowing paragraphs.

5.1.1 Satellite data used for land use/land covehange detection

The land use land cover changes in Anchtohment were investigated using
remote sensing and GIS. These are powerful tooishatelp to derive accurate and
timely information on the spatial distribution adnld use/land cover changes over
large areas. The aim of change detection processriecognize land use land cover
on digital images that change features of intelestiveen two or more dates
(Muttitanon and Tripathi, 2005). LANDSAT TM and IRSSS IIl remotely sensed
images of the study area for the years 1992 an8 &¥pectively were used together

with ground measurements to analyze the chang@nd use land cover. The flow

67



Satellite Data

A 4

Field Sampling_ab

Analysis

1992 LANDSAT
™
2005 IRS LISS 1l

\ 4

Physicoehemica
Analysis of Soil
and Water

A 4

Image Processin

A\ 4

Supervised
Classification

A 4

Field Validation

A 4

A 4

\ 4

Hydrometeorologica
| Data Analysis

Generation
of Soil Map
\ 4
Transport .
Data Topographic
Analysis
y N
\ 4
30m ASTEF
DEM

Y

Environmental Characterizatior

A

Multi date LU/LC

Watershed Characteristi¢s
(Topography, Drainage,

LS)

Secondary
Data

\ 4

Nutrient
Data

A\ 4

A 4

GWLF MODEL

A

A 4

Simulation of Sediment and
Nutrient Loads

Temp.

and Pcpt.

\ 4

Assessment of Climate Change Indicators

Fig. 10: General methodology adopted during the stly



diagram indicating the methodology for land use&roshange detection is given in
Fig. 11. The methods employed for this purposedes®ussed below in detail.

5.1.1a Satellite data processing

Satellite image processing involves changing thareaof an image to
improve its pictorial information for human integtation and thus to render it more
suitable for autonomous machine perception. Sevdrgital image processing
methods involving the correction of geometric distms, radiometric calibrations
and elimination of noise were implemented prioruging the satellite images for
classification to generate multi-date land use leoder maps and change detection.
Digital image processing is the use of computeordtigms for the manipulation and
interpretation of digital images. Digital image pessing basically involves the use of
a computer to change the nature of a digital set@thage.

Geometric correction

Geometric distortions manifest themselagsrrors in the position of a pixel
relative to other pixels in the scene and with eespo their absolute position within
some defined map projection. If left uncorrectduese geometric distortions render
any data extracted from the image useless. Thpariscularly so if the information is
to be compared to other data sets, be it anothagenor a GIS data set (Kumar,
2004). So, geometric correction was a must befaiaggfor the classification of
imagery and change detection.

Geometric distortions occur due to changes in @iatfattitude, altitude and
velocity, earth’s rotation, earth curvature, panu distortion, atmospheric
refraction, relief displacement and detector deldye purpose of geometric
correction is to correct pixel locational errotsgrteby placing ground features in their
correct positions throughout the image. These cbams address errors in the relative
positions of pixels. Geometric rectification of eléite imagery is a simple process of
geometrically correcting an image so that it carrdggesented on a planar surface,
conform to other images or conform to a map, stwaseate a faithful representation
of the original scene. It is based on a mappingsfamation relating real ground
coordinates to pixel coordinates. Geometric colwads achieved by establishing the
relationship between the image coordinate systeth tae geographic coordinate
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system using the calibration data of the sensar,nleasured data of position and
altitude and the ground control points.
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Geometric correction includes the selecitdd a map projection system and
the co-registration of satellite image data witlheot data that are used as the
calibration reference. The images were geometyicairected in ERDAS Imagine
and referenced to Universal Transverse MercatorM)JToordinate system with
WGS 84 datum. Geometric distortions were corretigdaking 80 Ground Control
Points (GCPs) from different parts of the studyaai®round Control Points (GCPs)
are the specific pixels in the input image for whibe output map coordinates are
known. The GCPs were located both in terms of ttveir image coordinates on the
distorted image and on the high accuracy image TiMltoordinate system with
WGS 84 datum. These values were then submittegb&t Equare regression analysis
to determine two coordinate transformation equatiat was used to inter-relate the
geometrically corrected image coordinates withadtetl image coordinates. Once
mapping transformation was done, then resamplingcquure was employed.
Resampling matches the coordinates of image pixetheir real world coordinates
and writes a new image on a pixel by pixel bastse fiearest neighbor resampling
method was used as it offers computational sintgliwith real pixel values directly
copied from the image and no interpolation algonghare used. This resampling
method simply chooses the actual pixel that haseitdre nearest the point located in
the image. The final rectified image was obtaineithwRoot Mean square error
(RMSE) of 1.146.

Radiometric correction

Radiation from the earth’s surface undesgsignificant interaction with the
atmosphere before it reaches the satellite sebdg.interaction with the atmosphere
is stronger when the target surface consists oéotd) such as water bodies or
vegetation. This problem is especially significariten using multi-spectral satellite
data for monitoring purposes, such as agricultardand use studies (Hadjimitses$
al., 2010). Hence, it becomes essential to go forection of atmospheric effects.
Radiometric correction addresses variations inpilkel intensities (Digital Numbers-
DNs) including atmospheric effects, topographiceet$, differing sensitivities or
malfunctioning of the detectors. The purpose ofaiaetric correction is to eliminate
the differences of values between the sensor medseaflected or emitted energy and
the object’s spectral reflectance or spectral racha These corrections are done to
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improve the visual appearance of image. Radiometnicection is performed for two
basic reasons i.e. for the removal of noise armbiwert DNs to radiance values. This
is done by accounting for solar illumination, atmlosric variables and topographic

variations.

Radiometric correction of satellite imagery fall#a two broad categories:
absolute and relative (Dat al., 2002; Cohenet al., 2003; Coppinet al., 2004).
Absolute radiometric correction converts the digmamber of a pixel to a percentage
reflectance value using established transformagiquations (Richter, 1990). This
correction is aimed toward extracting the absotefkectance of scene objects at the
surface of the earth, requiring the input of simoéious atmospheric properties and
sensor calibration (Cheat al.,2005). Absolute radiometric correction relies ensor
calibration coefficients, atmospheric correctiomgagithms, and illumination and
observation geometry coefficients. Relative radioime correction normalizes
multiple satellite scenes to each other. This gfpediometric correction has several
advantages over absolute radiometric correctioe. mhthodology is usually simpler,
requires less computer operating time and lessrélieal understanding. More
complicated algorithms do not necessarily perforeitds, and for most studies
relative radiometric correction is recommended (Bat al, 2001). Relative
radiometric correction usually involves the selectiof ground targets whose

reflectance values are considered constant over tim

The radiometric errors had already beerected by the data set providers so
the data used in the research had been radionigtricarrected prior to its

acquisition.

5.1.1b Supervised classification of satellite datasing Maximum Likelihood

Classifier

One of the main purposes of satellite memgensing is to interpret the
observed data and classify features. Multispecas¢llite data is used to perform
classification. Image classification, in a broachsss is defined as the process of
extracting differentiated classes or themes (eagd |use categories, vegetation
species) from raw remotely sensed satellite date dverall objective of image

classification is to automatically categorize eaeh or picture element (pixel) of the
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satellite digital data into different land use/dacover classes or appropriate thematic
categories. The end product of classification aiaotely sensed image is a class map
with each pixel assigned to a unique categoryas<clThe output of classification is a
classified image usually called as thematic mapnage (Lillesandet al., 2004).
Techniques for image classification are of two typeaditional and improved. The
traditional methods of image classification includasupervised and supervised

approaches.

For the present study, the two dated irmagere compared using supervised
classification technique. The images of differeated were independently classified
using this classification technique. The supervisgassification technique was
preferred, because there was a prior knowledgéefstudy area and there was no
problem of matching spectral categories on thel fmap with the informational
categories of interest. Supervised classificai®rbasically the process of using
samples of known identity to classify pixels of nokvn identity. Samples of known
identity are those pixels located within trainingeas. Supervised classification
involves various steps namely: selection of trajrsamples, selection of appropriate
classification algorithm and accuracy assessmemt.this research, supervised
classification of satellite data was carried ouhggraining samples and error matrix

for accuracy assessment.
Training Samples

Supervised classification is a classifmatitechnique in which the image
analyst defines on the image a small area, caltegir@ng site which is representative
of each category or class. In this approach tosiflagtion, the image analyst
supervises the pixel categorization process byifyeg to the computer algorithm
numerical descriptors of the various land coveesypresent in the scene. To do this,
representative sample sites of known cover typaliect training areas or training
sites, are used to compile a numerical interpiatakiey that describes the spectral
attributes for each feature type of interest. Haigbl in the data set is then compared
numerically to each category in the interpretati@y and labeled with the name of
the category it looks most like. During the stuthe objective of selecting training

samples was to assemble a set of statistics tkatided the spectral response pattern
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of each land cover type to be classified in thegeaFor this purpose different
training sets were developed after analysis ofouarivisual (colour, tone, texture,
shape, size, association, convergence of evidetcg,and statistical (mean, standard
deviation, etc.) characteristics of the image datese training sets were taken from
homogeneous cover types and size was taken propalrto class size and variability
of the classes. This was done keeping in viewrtiortance of uniformity for a good
training area and to ensure that spectral progedieeach land use land cover
category are represented. Samples were taken witimom possible standard

deviation.

Classifierrefers loosely to a computer program that implesmentspecific
procedure for image classification. Here, Maximunkelihood Classifier was
employed to detect the land use land cover type&RDAS Imagine 9.1. The
maximum likelihood decision rule assigns each phaling pattern measurements or
features X to the class ¢ whose units are mostaimelor likely to have given rise to
feature vector x. This method of classification iders not only the mean or average
values in assigning classification, but also thealmality of brightness values in each
class. It's one of the most widely used supervislegdsification algorithms (Mclver
and Friedl, 2002; Wu and Shao, 2002). The maximikelihood decision rule is
based on the probability that a pixel belongs fmadicular class. The basic equation
assumes that these probabilities are equal faladkes, and that the input bands have
normal distributions. The probability density fuiocis are used to classify an
unidentified pixel by computing the probability af pixel belonging to each of a
predefined set of classes and then the pixel ig@ss$ to the class for which the
probability is the highest. This is defined by fedowing equation as suggested by
Fu (1976):

g () = logp(w).p (x/ w) (1)

Where g (x) = probability density

p (wi) = a priority probability

p(x/ vvi) = probability of ‘x’ for falling in class i.
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For equal priority probability with Gaussian dibtition, we have:

- 3t 3 E2 L (o)
E. [(x-p )" 2. 7 (x—p )]
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(2)

or simply,
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Where
[ | = determinant of variance-covariance matrix agsli
|

-1
Y =inverse of variance of variance-covariance matrix
|

X = measurement vector, i.e. DN values of any giaelll the channels
th

w = mean vector for the iclass

t = transpose

th
Any measurement vector ‘X’ i.e. any pixel may bassified into i class if g(x) > g
(x) for all i #.
5.1.1c Ground validation for accuracy assessment stipervised classification

To increase the credibility of a remot@ssieg derived land use land cover
map and to make the information contained in it eneffective and useful in
management decisions an accuracy assessment ndeglpdrformed. In other words,
the data must be checked against the physicalfeatdres for accuracy; its accuracy
must be assessed. For quantitative assessmeiissificlation accuracy the collection
of some in situ data or a prior knowledge aboutesqarts of the terrain is required
which can then be compared with the remote sendarged classification map.
During the research, well planned field survey wagnized to validate the generated
land use/land cover map using GPS and printedligatiehagery. This trip spanned
over a period of one week. During field survey,axfsations and verifications for the

ground features were collected for most part of shely area where the location
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could be reached. The remote sensing derived lsetdlamd cover map was compared
with actual land use land cover features presemround. This helped to identify the

misclassified classes and hence to overcome theeg@ncies in the classified map.

Since it is impractical to have a compleitezl-by-pixel ground truth map, an
adequate subset or sample number of points (pixelsieeded for there to be a
rigorous accuracy assessment of a classificatibis et of sample points or pixels is
called a set of reference pixels. Reference piadgoints on the classified image for
which actual data are (or will be) known. The refere pixels are randomly selected
(Congalton, 1991). Accuracy assessment can beetkfis a comparison of a map
produced from remotely-sensed data with grounchtart another map from some
other source. It's an important step in the classifon process whose goal is to
guantitatively determine how effectively pixels wegrouped into the correct feature
classes in the area under investigation. Accurasgssment was carried out by using
around 150 randomly selected points that were cite during the field survey to
determine the accuracy of the land use/ land colassification. The accuracy of
classification results was assessed by computiagethor matrix, which compares
classification results with ground truth informaticError matrix is one of the most
common and useful means of evaluating the effeatise of classification of
remotely-sensed data. It's a means of reportirggspecific error (Campbell, 1987).
The error matrix is derived from a comparison oference map pixels to the
classified map pixels and is organized as a twadsional matrix (Appendix 1). This
matrix takes the form of columns representing thierence data by category and
rows representing the classification by categony.efror matrix is also referred to as
a confusion matrix or contingency table, in whiclassification categories are
arranged in columns and reference data is repedeiong the rows of the matrix
(Janssen and Van der Wel, 1994).

Error matrix, derived from image map dredd data, was generated for the
accuracy assessment. From this matrix, measurelassdification accuracy including
percentage of pixels correctly classified, errdrsrission, and errors of commission
were calculated. Errors of omission refer to pixielshe reference map that were
classified as something other than their knownawepted category value. In other
words, pixels of a known category were excludedmfrthat category due to
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classification error. Errors of commission refempigels in the classification map that
were incorrectly classified and did not belong he tategory to which they were
assigned according to the classification. In otherds, pixels in the classified image
were includedn categories to which they did not belong. Noagdinal values in

each column represent errors of omissamd non-diagonal values in each row
represent errors of commissiq@ampbell, 1987). Additionally, a coefficient of
agreement between classified image data and groefedence data was calculated
using Kappa statistics. Briefly, Kappa statisticnsiders a measure of overall
accuracy of image classification and individualegary accuracy as a means of

actual agreement between classification and obsenva
Overall Accuracy

The percent correctly classified index represenésdverall accuracy of the
data. It is determined by dividing the total numbé&rorrectly classified pixels (sum
of elements along the major diagonal) by the totahber of reference pixels. It's

computed from the error matrix, by using the follogvequation:

04 =

[~ | -1

?{r:i Qfk 1 N
T e Lr=1 Ak (4)

1

£

The overall accuracy provides a relatively simpleasure of attribute
accuracy (Veregin, 1995), but it does not diffeiaet between the errors of omission
and commission. Indices of these two types of srewe provided by the producers

and users accuracy. The relationships are:
Error of omission= 100 - Producers Accuracy
and

Error of commission= 100 - Users Accuracy

Producer’s Accuracy

Producer’'s accuracy is the probability of a samgpatial data unit being
correctly classified. It is so called because digates how accurate the classification

is at the time when the data is produced. It'smalication of how well the training set
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pixels of a given cover type are classified anddatermined by dividing the number
of correctly classified pixels in each categoryriynber of training sets used for that

category (column total).
Producers Accuracy 7Gx 100 (5)
Where,
Ci = correctly classified pixels in the category (ocah)

C; = total number of sample locations in the column

User’s Accuracy

User’s accuracy indicates the probabiiitst a pixel classified into a given
category actually represents that category on grouhis computed by dividing the
number of correctly classified pixels in each catggoy the total number of pixels

that were classified in that category (row total).
Users Accuracy = R x 100 (6)
Where,
Ri = correctly classified pixels in the category (Jow
R¢ = total number of sample locations in the row
Kappa Statistics

The Kappa statistics is a discrete multivariate suea that differs from the
usual measures of overall accuracy assessmentoirways: firstly, the calculation
takes into account all of the elements of the ematrix, not just the diagonals of the
matrix and secondly it takes into account chanceeeagent in the classification
(Foody, 1992). The chance agreement is indicatetthdyow and column totals (i.e.,
marginal’s). Kappa coefficient or Kappa Index ofrégment (KIA) is an indicator of
the extent to which the percentage correct valdeancerror matrix are due to true
agreement versus the chance agreement (Rosemii@lBi&patrick-Lins, 1986). This
statistic was introduced by Congalton and Mead 3).98appa statistic is defined as

follows:
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k=((81-982))/((1—22)) (7)
k gives an estimate of the overall accuracy.
81 = Yxii/N (8)
Where i=1tor
B2 =TFx,. +x. /N 9)
Wherei=1tor,
r is the number of rows in the error matrix
xii is the f" diagonal element
xi is the marginal total of row
X4 is the marginal total of column i
N is the total no. of observations
Large sample variance of the kappa estimate is\gage
var (k)= (01(1-8))/(1- 823° 4+ 2(1- 81) (28182 -83) /(1 -
62)° + ) _
(1—81)% (84 —462)2)/(1— 62)*
(10)
Where,#3 =¥xii + xi) / N*and i= 1 to r

84 = Ex:'_,"(:"._,"— Lo, jf .-".l NE, i=r

The value of Kappa lies between 0 and 1, wherg@f@sents agreement due to
chance only and 1 represents complete agreemented&etthe two data sets. It is

usually expressed as a percentage (%).

Proforma that was used for ground truth-cum-fieldvey is presented in

Appendix 2.

Using the methodology described in detail abovealfimulti-date land
use/land cover maps for the year 1992 and 200%hefAnchar catchment were
obtained. The main purpose of generating thesei ahaté maps was to carry out the
change detection in land use/land cover of thehoa¢nt from 1992-2005 i.e., 15
years. The change detection of Anchar catchment d@ase by using post-
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classification change detection method. From thpswgenerated, the change in each
land use/land cover class in the terms of area wdetermined to have an
understanding of changing land use pattern in theéysarea and to assess how this
change has impacted upon the sediment and nutitiees in the catchment.

5.1.2 Field sampling/Lab analysis

The success of a remote sensing application degandsatching ground truth
and carrying out field and laboratory measuremdfisigh, 2006). In order to
completely characterize the Anchar catchment anttht@ a thorough understanding
of the wetland system, the task of carrying outghgsico-chemical analysis of soil
and water samples collected from the catchmentpeaf®rmed. This task involved
field work for the collection of samples as well the laboratory investigation for
determining the various physico-chemical propemiethese samples.

5.1.2a Physico-chemical analysis of soil

Soil is an important and significant catchment dacthat determines the
overall hydrology of a water body located in théchanent. Soil characterization data
is a key piece of the picture of how an aquaticsgstem works. The information
about soil properties makes the evaluation of guali natural resources effective.
Therefore, there must be a basic knowledge of alidypes and important properties
of soils present in the catchment. For this purpbekl sampling was done to collect
soil samples in the Anchar catchment. During tleédfinvestigation program which
was spread over a period of one week, soil sampledifferent land use were
collected by employing stratified sampling techrg@rhe soil samples so collected
were then brought to the laboratory and analyzed verious physico-chemical
parameters which included: pH, electrical conduistivsoil texture, water holding
capacity, organic carbon, available nitrogen, amd phosphorus and available
potassium. The standard methods by which eachesktparameters were determined

are given as follows:
i) pH: Digital pH meter (Jackson, 1967)
i) Electrical conductivity: Digital conductivity meter (Jackson, 1967)

iii) Soil texture: International Pipetting Method (Piper,1966)
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iv) Water holding capacity: Keen-Raczkowski Box Method as described by
Piper (1966)

v) Organic carbon: Rapid Titration Method (Walkley and Black, 1934)

vi) Available Nitrogen: Subbiah and Asija (1956)

vii) Available Phosphorus:Olsen’s Method (1954)

viii) Available Potassium:Jackson’s Spectrophotometric Method (1967)
5.1.2b Physico-chemical analysis of water

The ever increasing importance of lakes @ne hand and the fast
environmental deterioration on the other hand cediphith threats to long term
sustainability faced by urban lakes like Anchar dwoe urbanization and other
anthropogenic activities in its catchment makeahalysis of water quality especially
physico-chemical characteristics of Anchar lakeerrely important.

The water of Anchar was assayed by ciitigcsite specific samples and
subjecting them to analysis in the laboratory. Hanpling was carried out on
monthly basis for a period of one year (Decemb8f92- November, 2010). The
water samples were collected from six specificssigy. 12 (W1, W2, W3, W4, W5
and W6). These sites were selected on the basiatofe of distribution of pollution
load, human activities and sewage in the lake. \Bfitewas chosen near Khushalsar,
W2 near the outlet of Sher-I-Kashmir Institute oediical Sciences (SKIMS), W3
near the inflow channel Nallah Amir —Khan which nents Anchar with Dal Lake,
W4 from the open water area of Rakh-Kujar, whiesiw5 and W6 were located
near emergent vegetation zone of Shallabugh wetlanhe west of Anchar and
within the main Anchar water body itself respediiv@ hese six sites covered almost
all directions of the lake helpful for the analysisAnchar Lake as a whole. Water
samples were collected from these sites in acidhadne litre capacity plastic
bottles with necessary precautions (Broetnal, 1974). These samples were then
analyzed in the laboratory for various physico-cloain parameters like water
temperature, pH, electrical conductivity, dissolvedygen, nitrate-nitrogen, total
phosphorus and potassium to get a picture of tieeatiwvater quality of Anchar. The

determination of temperature as well as the fixatmf the water samples for
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estimation of dissolved oxygen was done in fieldyoihe methods used for the

analysis of these parameters are:
1) Water Temperature: Digital Thermometer
i) pH: Digital pH meter (APHA, 1998)
iii) Electrical conductivity: Digital conductivity meter (APHA, 1998)
iv) Dissolved oxygeniodometric-Azide Modification Method (APHA, 1998)
v) Nitrate-Nitrogen: Phenol disulphonic Acid Method (Mackereth, 1963)

vi) Total Phosphorus: Ascorbic Acid Spectrophotometric Method (Wetzetlan
Likens, 2000)

vii) Potassium:Using Flame Photometer (APHA, 1998)
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Fig. 12: Water sampling sites in the study area
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5.1.3 Topographic analysis

Topographic analysis is the quantimtnalysis of topographic surfaces with
the aim of studying surface and near-surface psasesThis analysis gives us a
general understanding about an area, its land &rdhground surface variability i.e.
terrain. These are represented in the form of 8pematchment area, slope, aspect,
hill shade, contour, directional flow (curvatureplume, profile and steepest path.
Topographic attributes including slope, aspecigfetlevation and drainage pattern

are important to understand and fully charactesizatchment.

In order to topographically characteriie Anchar catchment, the Advanced
Spaceborne Thermal Emission and Reflection Radiem{@&STER) digital elevation
model was used. The digital elevation model wasgssed, which involved filling of
depressions, generation of flow direction and flascumulation. After processing
topographical attributes which included elevatisiope, aspect and drainage network
were calculated from it. The general methodologst tivas adopted for generating

these topographical attributes of the study arggvien in the Fig. 13.
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Fig. 13: Methodology for the generation of topograpic attributes
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5.2 Geospatial Modelling

Geospatial modelling is an analytical set of praced that simulates real
world conditions within a geographical informatiosystem using the spatial
relationships of geographic features. Geospatialletiog provides new tools and
processing structures for incorporating spatiahtrehships that aid in decision-
making processes. In recent years, geospatial mmgl@specially with distributed
and/or lumped models is rapidly gaining ground movding pollution estimates.
Models are simplified mathematical representatiohgeal systems, processes or
objects that are created to allow simulation odjmteon and to improve a quantitative
understanding of a system. Geospatial models arerdpresentation of scientific
understanding of the cause-effect mechanism ofceoof pollution and impairment
conditions (National Research Council, 2002). Tle wf geospatial models for
pollution assessment is being increasingly appregithroughout the world. The use
of these models has provided watershed managédrsaagess to more information for
making management decisions (Millet al, 2004). These models help users to
understand the dynamics of physical watershed mgstkat include sources of water
and pollutant, and the receiving waters such asslakvers, estuaries, and coastal
areas (Borahet al, 2006). Geospatial models provide a framework for
conceptualizing and investigating relationshipswieein climate, human activities
(e.g., land-use change) and water resources (Legeas, 2003).

Identifying the pollution sources and cltéeazing the timing of pollutants
loading into a water body is essential for deveigpeffective management strategies
to control pollution of water bodies. Geospatiahgiation modelling is useful for
characterizing the magnitude and timing of polltitexport from a catchment. The
main focus of geospatial water quality models iglébermine the critical areas of a
watershed so that changes can be made in land russammagement practices to
alleviate a pollution problem (Tinet al, 1992). In this research, water quality
modelling method was used for assessing the patidbad of Anchar. A GIS-based
catchment scale water quality model, namely Genzexal Watershed Loading
Function (GWLF) Model was applied to estimate sesditrand nutrients entering into

the Anchar from its catchment.
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5.2.1 Description and Mechanism of GWLF Model

The Generalized Watershed Loading Func{@WLF) is a mid-range
watershed loading model with a moderate level ohglexity that was developed to
estimate stream flow and nutrient loads from ungdugvatersheds (Haith and
Shoemaker, 1987). It is used to assess, sedimenh@trients loading from urban
and rural watersheds. GWLF is one of the tools tiled and endorsed by
Environmental Protection Agency “EPA”, U.S. as aogomid-level model that
contains algorithms for simulating most of the kagchanisms controlling nutrient
fluxes within a watershed and has the necessargtifunality for use in Total
Maximum Daily Load (TMDL) development (USEPA, 1997dSEPA, 1999b).
GWLF model provides the ability to simulate runadg&diment, and nutrient loadings
(N and P) from a watershed given variable-size s®uareas (e.g., agricultural,
forested, and developed land) on a continuous l{bisigh et al., 1992; Leeet al.,
2001; Evanset al.,2008). It also has algorithms for calculating segtystem loads,
and allows for the inclusion of point source disgeadata. This model is considered
to be a combined distributed/lumped parameter whést model (Haith and
Shoemaker, 1987; Haitét al., 1992). For surface loading, the approach adopted is
distributed in the sense that it allows multipledause/cover scenarios, but each area
is assumed to be homogenous in regard to varidulsuaes considered by the model.
The model does not spatially distribute the sowroeas, i.e., there is no spatial
routing, but simply aggregates the loads from earda into a watershed total. For
sub-surface loading, the model acts as a lumpednper model using a water
balance approach. Daily water balances are compatezh unsaturated zone as well
as a saturated sub-surface zone, where infiltratforsimply computed as the
difference between precipitation and snowmelt misusface runoff plus evapo-

transpiration.

GWLF is basically a continuous simulatispatially lumped model, which
provides monthly stream flow, soil erosion and sedit yield values. It uses daily
time steps for weather data and water balance lasilmos. Monthly calculations are
made for sediment and nutrient loads based on dadter balance. Runoff is
simulated based on the Soil Conservation ServiCeiwe Number method (SCS,
1986) with daily weather (temperature and predijitg inputs. Erosion and sediment
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yield are estimated from a modification of the UWmisal Soil Loss Equation (USLE)
(Wischmeier and Smith, 1978; Schwabal, 1981). Sediment delivery is a function
of watershed area and erosion estimates from thdified Universal Soil Loss
Equation. In addition to runoff and sediment, thedel estimates dissolved and total
nitrogen and phosphorus loads delivered to strdeons watersheds with both point
and nonpoint sources of pollution. The model cagrsidlow input from both surface
and groundwater. This model includes both dissolzed solid phase nitrogen and
phosphorus in stream flow from various sources.dLase classes are used as the
basic unit for representing variable source arféasnutrient simulations, GWLF uses
a loading function approach, where dissolved ortipdate concentrations are
associated with flow volumes or sediment loadgyeesvely, from various land uses

or pollutant source inputs (Yagow, 2004).

The value of GWLF lies not only in the fabat the model is well founded
and tested, but also in the fact that it candealifor application in different parts of
the world to provide valid predictions even in ations where detailed environmental
data of all types may not always be available 8tr8002). The advantage of this
model is the ease of use and reliance on inputsestdess complex than those
required by other watershed loading water qualiydets such as SWAT, SWMM
(Storm Water Management Model) and HSPF (Delieiaal., 1999).

Mathematical Description of GWLF Model

GWLF estimates both dissolved and solid sphautrients (nitrogen and
phosphorus) in stream flow from various sourcessBlved nutrients are associated
with runoff, point sources and groundwater discbar¢p the stream. Solid-phase
nutrients are due to point sources, rural soil iero®r wash off of material from

urban surfaces (Fig. 14).

The model estimates dissolved liquid andidsghase nitrogen and

phosphorous in stream flow using the equationsntil12 given below.
LD, =DP,+DR, + DG, +DS_ (11)

LS, =SP. + SR, +SU, (12)
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Where,

LD , & LS, = dissolved and solid phase nutrient load respelgtikg)

DP, & SP, = point source dissolved and solid phase nuttead respectively (kg)
DR, & SR, = rural runoff dissolved and solid phase nutrieatl respectively (kg)
DG, = Ground water dissolved nutrient load (kg)

DS,, = Septic system dissolved nutrient load (kg)

SU,, = Urban runoff nutrient load (kg)

Dissolved nutrient loads from each soura@aare estimated by multiplying

runoff by dissolved concentration as given in emumal 3.
dm
LD,, = 01> Cd, *Q, * AR, (13)
t=1
Where, LD, is monthly load from each source are@d, the nutrient
concentration in runoff from source area k (mg@),is the runoff from source area k

on day t (cm),AR, is area of source area k (hd), is number of days in month m.

The direct runoff is estimated from dailyatlger data using Soil Conservation

Services (SCS) curve number equation 14

_(R+M, -02DS,)*
O« = R T M, +08DS, (14)

Rainfall R, (cm) and snowmeltM, (cm of water) on the day t (cm) are
estimated from daily precipitation and temperatdega. DS, is the catchment's
storage. Catchment storage is estimated for eagltesarea using curve number

(CN) values with the equation 15 given below:

ps, =240 154 (15)
CN,,

Where, CN,, isthe CN value for source area Kk, at time t.

Monthly solid phase nutrient load are estimatechgisequation 16 given
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below. The solid phase rural nutrient loads aresgifey the product of the monthly

sediment yield and average sediment nutrient cdratem.
SR, = 0001*C_*Y, (16)
Where, SR, is the solid phase rural nutrient load, is the average sediment

nutrient concentration (mg/ly, watershed sediment yield (mg).

Erosion is computed using the Universal §oss Equation (USLE) and the
sediment yield is the product of erosion and sedtrdelivery ratio. The yield in any

month is proportional to the total capacity of gaiinoff during the month.

Erosion from source area (k) at timex,, is estimated using the following equation:
X, = 0132* RE, * K, *(LS), *C, * P, * AR, (17)

Where, K,,(LS),,C, & P, are the soil erodibility, topographic, cover and

management and supporting practice factors asfegubtily the USLE (Wischmeier
and Smith, 1978)RE is the rainfall erosivity on day t (MJ — mm/ha-h).

Nutrient load from ground water sour@G ,, are estimated with the equation

given below;

dm
DG, =01*C, * AT*> G, (18)
t=1

Where, C,is the nutrient concentration in ground water (gAT is the

Watershed area (ha) ai@] is the Ground water discharge to the stream ort {ay).

The Urban nutrient loadsSU,, assumed to be entirely solid phase, are

modelled by exponential accumulation and wash witfion proposed by Amgt al.
(1974) and Sartor and Boyd (1972). Nutrients acdatawn urban surfaces over time

and are washed off by runoff events.
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Fig. 14: Model structure for nutrient source in GWLF (adapted from Haith et al., 1992)
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5.2.2 GWLF Input Data Preparation

GWLF is a comprehensive model that reguaediversity of information for
simulating the sediment and nutrient loads from daehment areas. It requires the
preparation of various separate input files comagirinformation on land use/land
cover, topography, weather (daily hydro-meteoralafjidata), transport parameters
(hydrological and sediment) and nutrient paramet@itogen and phosphorus).
Fig.15 depicts the methodology adopted for the hddethe purpose of simulating
catchment level sediment and nutrient loads. In plagagraphs written below,
preparation of each of the input files required@¥LF for simulation is discussed in

detail.
5.2.2.1 Land use/ Land cover Data

Land use and land cover are linked torblgdly, climate and weather in
complex ways and are critical inputs for modellihgnd use/land cover information
is of great importance, in geospatial modelling iadelps to determine model
variables and parameters that account for the veland timing of runoff. The land
use/ land cover layer is one of the most critiagels used within GWLF model, since
pollutant loads emanating from a watershed areelgrgdictated by land surface
conditions (Evans and Corradini, 2008). To propedtimate hydrology and nutrient
loads within a catchment, the areal extent of werieource areas (i.e. sub-units of
land defined by different land use/cover typespeguired. A digital land use/ land
cover layer helps in calculating the extent ofefiint source areas required by GWLF
model. Infact, land use data consists of the aodasrious rural and urban runoff
sources with which dissolved and solid phase misi€nitrogen and phosphorus)

estimated by the model are associated.

The land use/ land cover input data requicedetermine the area covered by
each land-use type, was prepared by collectingtrdiaing samples during field-
survey, and then by carrying out supervised clasgibn of multi-date LANDSAT
TM (1992) and IRS LISS Il (2005) images of the dstuarea using maximum
likelihood method.
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Ground truthing was also performed to assist inittegery classification and
to verify the final multi-date land use/ land cowdata generated. The detailed
explanation of these methods and the flow charhethodology adopted to generate
this input data for use by GWLF have been giveb.ihla, 5.1.1b and 5.1.1c and in
Fig.11 respectively.

5.2.2.2 Topographic Data

Topography plays an important role in thstribution and flux of water and
energy within natural landscapes. Topographic data its derived physical
characteristics are widely used in many environalemodelling applications.
Watershed models require physiographic informasioch as surface elevation, slope
length, drainage network, location of drainage digi, and sub catchment geometric
properties. In case of the model used in this rekedhe topographical grid layer is
used to calculate land slope related data and ioentaformation on topographic
parameters slope length and slope steepness, ¢ogkthignated as LS factors. This
input data layer consisting of surface elevatio8, factors and drainage information
was prepared from 30m ASTER (Advanced Space-bormernial Emission and

Reflection Radiometer) digital elevation model afts processing.
5.2.2.3 Weather Data

Hydrology in GWLF is simulated by a wabalance calculation, based on
daily observations of precipitation and temperatdieus, the weather file required
for running the GWLF model should contain dailyaloprecipitation and daily
average temperature data. So it involved the patipar of daily data for the
precipitation and temperature. The weather dath aviime step of 30 years was thus
prepared for input into the model. In addition, meaylight hours for the catchment
with latitude 34N were obtained from literature (Haigt al., 1992 and Evanst al.,
2008).

5.2.2.4 Transport Parameters

The transport data input file required for executaf the model defines the
necessary transport parameters for each sourcehwdre those aspects of the

catchment that directly and/or indirectly influenitee movement of the runoff and
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sediments from any given cell in the catchment dtovthe lake. The transport input
parameters are used by GWLF to compute water bedaand sediment movement.
These parameters consist of both hydrological sediment parameters including
runoff curve numbers for antecedent moisture caitand erosion products- Soil
Erodibility Factor (K), Slope Length Factor (LS)p@r and Management (C) and
Practice (P) factors for each runoff source. Theparation of each of these input

parameters is explained below:
5.2.2.4a Hydrological Input Parameters

These include parameters like Evapo-transpiraior) Cover coefficients and
Runoff Curve Numbers. Soil data is also an impdritaput parameter required by

GWLF for the simulation of hydrological responses.
Evapo-transpiration (ET) Cover coefficients

Evapotranspiration is determined by mhedel by using daily weather data
and a cover factor dependent upon land use/coye. ty¥his cover factor is the
Evapotranspiration (ET) cover coefficient. The Eoagnspiration (ET) cover
coefficient is the ratio of the water lost by evapaspiration from the ground and
plants compared to what would be lost by evapandtiom an equal area of standing
water (Thumanet al., 2003). This coefficient relates to the relative oamt of
evapotranspiration occurring within a given watestand is based upon existing
vegetation cover. It varies with time period withime growing season of a given field
crop. The field assessment of the study area, fhrerealso involved assessing the

development stage of the entire crop for accurédeadion of the ET coefficients.

In GWLF model, ET coefficients are assigned by lasd/land cover type and
are area-weighted to determine average valuesafdt month of the year. Typical
values range from 1.0 for wooded areas during tbaigg season to 0.3 for annual
crops during the dormant season. The coefficierdseevderived from (FAO, 1980;
Haith, 1987) (Appendix 3).

Runoff Curve Numbers

These are empirically derived values used in hydjichl simulation studies.

The runoff curve number or simply curve number-GNun empirical parameter used
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in hydrology for predicting direct runoff or infiition from rainfall excess (SCS,
1986). This hydrologic parameter describes thenstaater runoff potential for a
catchment and is a function of land use, soil typel soil moisture. Curve number is
a parameter that determines the amount of pretgntéhat infiltrates into the ground
or enters surface waters as runoff after adjusting accommodate the antecedent
soil moisture conditions based on total precipiatior the preceding 5 days (EPA,
2003a). It is based on a combination of factorshsas land use/ land cover, soil
hydrological group, hydrological conditions, soil orsture conditions and
management (Arhounditset al.,2002) (Appendix 4 and 5). So, the curve number is
assigned on the basis of different combinationssaf and land use/cover type
(McCuen, 1989).

In GWLF, the curve number value is used to deteenfiam each land use, the
amount of precipitation that is assigned to theaturated zone where it may be lost
through evapotranspiration and/or percolation eoghallow saturated zone if storage
in the unsaturated zone exceeds soil water capaltypercolation, the shallow
saturated zone is considered to be a linear reisehat discharges to stream or losses
to deep seepage, at a rate estimated by the proflzche’s moisture storage and a
constant rate coefficient (SCS, 1986).

Soil Data

A complete input of soil properties is requiredtn a catchment scale model
in order to assess the hydrological behavior ofciehment. Soil data pertaining to
various physico-chemical properties of soil is a&ibaequirement of hydrological
studies and for simulation of various processe® 3¢l input layer used in GWLF
contains information on various soil related proiest Texture, organic
carbon/organic matter and available water holdiagacity are the soil parameters
which form the basis for determining important s@itoperties such as soll
hydrological group and erodibility factor in thisoael. These soil parameters required
for the catchment were obtained by analyzing thiessonples collected during field
survey, in the laboratory. Soil texture analysisswaarried out by International
Pipetting Method (Piper,1966), soil organic carbonrganic matter percent was
determined by Rapid Titration Method (Walkley anidd¥, 1934) while as available
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water holding capacity was determined by Keen-Rawski Box Method
(Piper,1966).

5.2.2.4b Sediment Input Parameters

Sediment parameters include Universal Soil Lossakgqn (USLE) - rainfall
erosivity factor (RE), soil erodibility factor (Kglope length factor (LS), cover and
management factor (C), and practice factor (P)insexat delivery ratio (SDR). The
product of the USLE parameters, RE * K * LS * C %i$Pentered as input to GWLF.
The following subsections indicate how each of ¢hestors was derived:

Rainfall Erosivity Factor (RE)

The rainfall erosivity factor (RE) represents a mwga of the erosive force and
intensity of rain in a normal year (Goldmat al, 1986). This factor is based on
kinetic energy considerations of falling rain anghsies the potential of the rain, or
sum of rainfall, during a definite period, to erdtie definite soil type. In GWLF, the
rainfall erosivity factor is used to estimate raihfntensity in the Universal Soil Loss

Equation algorithm, and varies with season and iggxbugc location.

RE is associated with two components the totalggnand the maximum 30-
min intensity of storms (i.e., the El factor asidefl by Wischmeier and Smith,
1978). RE for any given period is estimated from pinoduct of the storm energy (E)
and the maximum 30- minute rainfall intensitysf) data collected for that period
(Montanarellaet al.,2000). However due to unavailability of this datanh the local
weather station, the RE factor (800MJ mmi*Ha® y?') for the study area was
estimated from erosivity factor map developed by jhint research centre of the
European Soil Bureau (Montanareka al., 2000). The factor is estimated in the

GWLF model using the following equation:

RE; = 646 = ap = Rtp?% (19)

Where,
RE: = Rainfall erosivity (in mega joules mm/ha-h),

& = Location- and season-specific factor, and

R¢= Rainfall on day t (in cm).
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The coefficient avaries with seasoi\ coefficient of 0.28 for the wet season
and 0.18 for the dry season was given as inputead@WLF model (Montanarellet
al., 2000).

Soil Erodibility Factor (K)

The soil erodibility factor (K) is a measure of soilisherent erodibility
potential i.e. the susceptibility of soil particlkesdetachment and transport by rainfall
and runoff. It affects the amount of soil erosioont a given field. For a particular
soil, the soil erodibility factor is the averagel doss in tons/acre per unit area. K is
primarily a function of soil texture, but soil comgition (organic matter) and slope
also affect it. So, estimation of this factor regsiinformation on the soil texture and
soil organic matter of the study area. The valu& d&ctor was determined by using
the index given by Stewast al.(1975) (Appendix 6).

Slope Length Factor (LS)

This is yet another input factor required by the BWmodel for use in the
Universal Soil Loss Equation. This factor is a fiime of overland runoff and slope.
LS factor is basically a combination of two paraengtslope length (L) and slope
steepness (S) (Arhounditses al., 2002). Slope length and slope steepness strongly
influence the transport of soil particles once #wl particles are dislodged by
raindrop impact or runoff. This factor accounts tbe effect of topography on
erosion. For use in GWLF, the LS factor was estwadtom the Digital Elevation

Model of the study area.
Cover and Management (C) and Practice (P) Factors

C and P are two additional factors used byLGWh the Universal Soil Loss
Equation. C the crop management factor has beenedeby Wischmeier and Smith
(1978) as the ratio of soil loss from land with @eafic vegetation cover to the
corresponding soil loss from continuous fallow grdu This factor represents the
effect of ground cover conditions, soil conditicarsd general management practices
on soil erosion. P which is the conservation pcactactor depicts the effectiveness of
various structural and non-structural control g in reducing soil erosion on

cultivated land. It is defined as the ratio of dods with a specific support practice to
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the corresponding loss with up-and-down-slope \aflibn. This factor reflects
implementation of support practices such as targadouffer strips and/ or contour
farming aimed at controlling erosion by reducingface runoff (Pavanelli and Bigi,
2004). The values of both of these factors varyhwaigion, ranging between 0 and 1,
the higher the values, the higher the potentialodiferosion (EPA, 2003a).

These factors for each land use/land cover categerg estimated following
the guidelines given in GWLF User's Manual (Hagthal, 1992). The tables from
which C and P factors were determined are givekpipendix 7.

Sediment Delivery Ratio (SDR)

Sediment delivery ratio (SDR) is defined as thetfom of gross erosion that
is transported from a given catchment in a givemetiinterval. It is based on the
premise that a certain percentage of the matenvalesl from the land surface (usually
the heavier soil particles) is deposited prior ¢éaahing nearby water bodies. The
sediment delivery ratio specifies the percentageeroided sediment delivered to
surface water and is empirically based on catchrsez®. The amount of eroded
material that does not reach surface water isg¢tergent yield.

In the model used in this research, the sedimeeldyis estimated by
multiplying sediment delivery ratio (SDR) with tlestimated erosion. So, this ratio
converts erosion to sediment yield. Therefore,SBR was determined through the
use of the logarithmic graph (Appendix 8) basedtlw catchment area (Vanoni,
1975; Haithet al.,1992; Evan®t al.,2008) using the following equation:

SDR = 0.451(b™%%%%) (20)
Where,
SDR = Sediment delivery ratio
b = Catchment area in square kilometers
5.2.2.5 Nutrient Parameters

The nutrient input parameters are used by GWLF dterchine runoff of
nitrogen (N) and phosphorus (P) from rural and orlend uses. Nitrogen and

phosphorus runoff loads from rural land uses aterdened by GWLF separately for
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dissolved and solid phase components. Collectiammdff from each and every field
crop for assessment of nutrient concentrations av@sof the greatest challenges of
the study and because of the resource and timeraonts, this research made use of
the values estimated by Haith (1987) (Appendixf@) different source areas which

are more or less representative of the study area.
5.2.3 GWLF Implementation

The GWLF model was implemented usingitipait data, whose preparation
has been discussed in the above paragraphs ahidyter. The model was run for 30
years and the simulation for the same time peri®8112010 was carried out as a
function of changing land use/land cover usingdae for 1992 and 2005.

5.3 Assessment of Climate Change Indicators

For assessment of climate change indisatothis research, trends in hydro-
meteorological data in the Anchar catchment wemarered. For this purpose time
series of hydro-meteorological data collected frBIRUAST-K, Shalimar weather
station was analyzed. The meteorological varialdeasidered were: minimum
temperature, maximum temperature, and precipitdoom period of 30 years (1981-
2010). Simple monthly average values of the dateevealculated to analyze the

trend.
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Chapter-6
RESULTS

This chapter illustrates the results obtainednduthe course of this study.

These results are discussed below objective wise.
6.1 Land Use/Land Cover Change

Land use land cover change is the human modditadf earth’s natural
environment or wilderness into built environmentctsuas fields, pastures, and
settlements. Land cover actually refers to the jghysnd biological cover over the
surface of land. One of the main manifestationsthef human influence on the
environment is the direct or indirect transformatad land cover which in turn has a
significant impact on local environmental condigornn the context of environment
change, land use change study becomes importadhi@aand Hanaoka, 2010). In
this study, land use land cover change was inastiin Sindh valley- the catchment
of Anchar by generating multi-date Land use/ Laodect maps for the year 1992 and
2005 from remotely sensed images as per the Natidiatural Resources

Management System (NNRMS) standards.

The Land use/ Land cover maps generated of thedatadhment for both the
years, revealed different land use/cover typeschviniere grouped into thirteen land
use land cover classes namely: agriculture, aquatgetation, bare land, built-up,
coniferous forests, bare exposed rock, grassldmatsiculture, plantation, river bed,
scrubland, snow and water. A description of thes®l luse/land cover classes is
presented in Table 9. The results of land use t@wbr classification for the year

1992 and 2005 are summarized below:
6.1.1 Land Use/Land Cover Map: 1992

Land use/Land cover map gives an account of apaistribution and areal
extent of various categories of land use/land cowviy.16 presents the land use/land

cover map of the Anchar catchment for the year 1992

103



Table 9: Land use/Land cover classes and their dagations

Land use/Land cover

Class

Description

Agriculture

Land areas under different crops

Aquatic Vegetation

Vegetation found in lake watdreluding mainly
macrophytic vegetation

Bare Land

Areas with no vegetation cover

Built up

Areas of settlement, residential, commarci and

industrial establishments

Coniferous Forests

Western Mixed Coniferous Forestsisisting of tree
that don’t patch off (Fir, Pine)

vJ

Bare Exposed Rock

Areas of bed-rock exposure devbahy vegetation &

higher elevations

—

Grasslands

Moist-alpine pastures — consisting myafl Ephedral

formations

Horticulture

Areas under fruit and nut crops

nse

Plantation Land under natural trees as well as tpésnted
River Bed Bottom of rivers and streams includinglders
Scrubland Moist-alpine scrulHi{ppophae Myricaria) formations
and open-scrub consisting of shrubs with mid-dg
foliage
Snow Areas covered by snow
Water Areas under water bodies such as rivers,s|aksd

streams
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The map depicts thirteen major land use land calasses: agriculture,
aguatic vegetation, bare exposed rock, bare lamili-up, coniferous forests,
grasslands, horticulture, plantation, river beduBand, snow and water. The areal
extent of these land use land cover classes iemexs$ in Table 10. The dominant
class in the catchment is coniferous forest (27/)owed by scrubland (21.6%),
snow (14.42%), bare exposed rock (9.9%), and dtuieu (8.58%). Grasslands,
plantation and horticulture cover 5.20%, 3.8% an83% of the catchment area
respectively, while as aquatic vegetation occui®®% of the area. On the other
hand, river bed area (1.3%), water bodies (1.04%iJi-up areas (0.93%) and bare

land (0.91%) are the less dominant classes.
6.1.2 Land Use/Land Cover Map: 2005

In the 2005 Land use/Land cover map of the catctinthere are yet again
thirteen land use land cover classes namely atwieyl aquatic vegetation, bare
exposed rock, bare land, built-up, coniferous fisegrasslands, horticulture,
plantation, river bed, scrubland, snow and wateshkasvn in Fig.18. The graphical
representation of the land use land cover is shmwhrig.19, while the statistics is
given in Table 11. From the statistics, it's cléaait again coniferous forest (23.6%),
is the dominant class in the Anchar catchment Wi by scrubland and snow which
cover an area of 325.38 Kr(il9.55%) and 316.44 Kn{19.01%) respectively. Water
occupying 0.89% of area is the least dominant cl@ggiculture, horticulture,
grasslands, plantation, bare land and aquatic aggetoccupy 7.71%, 3.88%, 3.81%,
3.13%, 3.01% and 2.4% of the catchment respectiRiyit-up covers an area of
about 31.34 Krh(1.9%).
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Table 10: Area under different Land use/Land coverclasses in Anchar
catchment (Landsat TM, 1992)

S.No. Class Name Area (Krf) % age to Total
1 Agriculture 142.80 8.58
2 Aquatic Vegetation 33.05 1.99
3 Bare Land 15.30 0.91
4 Built up 15.62 0.93
5 Coniferous Forests 449.22 27
6 Bare Exposed Rock 164.50 9.9
7 Grasslands 86.67 5.20
8 Horticulture 55.55 3.33
9 Plantation 63.10 3.8
10 River Bed 21.45 1.3
11 Scrubland 359.26 21.6
12 Snow 239.96 14.42
13 Water 17.36 1.04

Total 1663.84 100%
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Fig. 16: Land use/Land cover map of Anchar catchmenLandsat TM, 1992)
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Fig. 17: Area under different Land use/Land classesn Anchar catchment
(Landsat TM, 1992)
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Table 11: Area under different Land use/Land coverclasses in Anchar
catchment (IRS LISS l1lI, 2005)

S.No. Class Name Area (Krf) % age to Total
1 Agriculture 128.38 7.71
2 Aquatic Vegetation 39.51 2.4
3 Bare Land 50.19 3.01
4 Built up 31.34 1.9
5 Coniferous Forests 392.60 23.6
6 Bare Exposed Rock 158.02 9.49
7 Grasslands 63.45 3.81
8 Horticulture 64.57 3.88
9 Plantation 52.11 3.13
10 River Bed 27.10 1.62
11 Scrubland 325.28 19.55
12 Snow 316.44 19.01
13 Water 14.85 0.89

Total 1663.84 100%
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Satellite data has the unique capability to detee changes in land use land
cover quickly and accurately (Nagamani and Ramattaany 2003). With regard to
the changes in the land use/ land cover of the Ancatchment, many changes in the
land use/ land cover were observed from the inftionacontained in the land use/
land cover maps derived from LANDSAT TM (1992) aiRiS LISS 1l (2005)
satellite data, mainly in the agricultural lowearipls of the study catchment valley
floor with increase in built-up indicating urbantian. During the span of 15 years i.e.
1992-2005, vegetal cover of the catchment in themfof coniferous forests,
scrubland, grasslands and plantation have alltexgid a decline, while as impervious
land surfaces like built-up and bare land haveeased. These changes are quite

apparent from the Fig.20 and the statistics preskint Table 12.

Agricultural land is the land base on which diffeiredypes of crops are
raised. Agricultural land in the Anchar catchmesntmainly devoted to paddy and
maize cultivation. Paddy is cultivated in the flopthins of the region, which are
highly productive in terms of rice cultivation. Oms western side Anchar is
surrounded by these agricultural fields. Maize iswn on the long stretches of
elevated plateau land mainly in Kandi belts of sidieys of the main catchment. The
stretches of elevated land on the northwestern agidmtchment are used for raising
multiple crops. Most of population in the catchmentlependent on this class as it
provides a source of employment. The statisticthsf class reveal that the area of
land under agriculture has decreased from 142.89iKmh992 to 128.38 Kfin 2005
i.e. a decrease of 14.42 Kif10% decrease).

Aquatic vegetation and water jointly account fd@3% of the total area of the
catchment in 1992 and for 3.29% of the total are2005. With regard to water
bodies, besides Sindh River and Anchar Lake, ttehogent encompasses other water
bodies as well. These include the River Jehlum,i-seban lake Mansbal and high-
altitude lakes-Gangabal, Nundkol and Harnag. Algtodhese high-altitude lakes
have not undergone much change spatially due tor tloeation and less
anthropogenic influences, but overall the area atiewbodies (Mansbal, Anchar) has
declined by about 2.51 Knfrom 1992 to 2005. On the other hand, aquatic teipe
comprising mainly of vegetation found in lake watbas increased by 6.46 Kifnom
1992-2005. High-altitude lakes are devoid of mahkybie vegetation, however the
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valley lakes of this catchment like Anchar supgbitk cover of aquatic vegetation
mainly the macrophytic littorals including species Phragmites, Myriophyllum,

Potamogeton, NelumbandNymphoides.

In the study catchment, impervious land surfdies built-up and bare land
have been found to increase in area. Built-up amsists of anthropogenic land
cover features, ranging from small hamlets in raadas to large cities including
residential, commercial, and industrial establishi®eThis class is mainly confined
to the lower plains of the catchment. Built-up whaonstituted a mere 0.93% (15.62
Km?) of the catchment in 1992 increased by about 1K##, constituting 1.9%
(31.34 Knf) of the catchment in 2005. The increase in spati&ént of this class is
mainly reflected in the lower area of the catchmealtey floor. Bare land class
includes those areas which have no vegetation cower statistics (Table 12) of this
class reveals that the area of this class hasasetefrom 15.30 Kfin 1992 to 50.19
Km? in 2005 i.e. an increase of 34.89 Krin the Anchar catchment this class occurs

both at the lower as well as the higher elevations.

Bare exposed rock category includes those arebsdrock exposure which
are devoid of any vegetation cover because of bpiagent at higher elevation and
experiencing low temperature. Bare exposed rocksfaund in very steep slope
regions of the Anchar catchment which remain urnllercover of snow for most part
of the year. This class has decreased from 164m80itK 1992 to 158.02 Kmin 2005

i.e. a decrease of about 6.48 Km

From the land use land cover change statistiesgmted in Table 12, it is clear
that vegetation cover (coniferous forests, grasislasnd scrubland) in the Anchar
catchment has decreased. The western mixed comsfefarests found between
elevation of 3000 and 3500 meters cover a subatgmirtion of the catchment as
quite a large portion of this catchment lies irstiievation region. In these forests are
found species of Blue Pine, Sliver birch and FasKmir birch Betula utilig is found
in the famous Sonamarg area of this catchment. sthe of these forests of the
catchment from 1992-2005 provides a grim picturati§ics (Table 12) for this
period reveal that coniferous forests have redfimed 449.22 K in 1992 to 392.60
Km? in 2005 showing a decline of 56.62 Ki{12.6%).
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Table 12: Change in the Land use/Land cover patterof Anchar catchment

2
Area (Km®) Area % %
S.No.| Class Name change change | change
1992 2005 9 g g
(Km*®) to Total

1 Agriculture 142.80] 128.38 -14.42 -0.87 10

2 Aquatic 33.05 39.51 +6.46 +0.41 16.3
Vegetation

3 Bare Land 15.30 50.19 +34.89 +2.1 69.5

4 Built up 15.62 31.34 +15.72 +0.97 50.1

5 Coniferous 449,22 392.60 -56.62 -3.4 12.6
Forests

6 Bare Exposed | 164.50| 158.02 -6.48 -0.41 3.93
Rock

7 Grasslands 86.67 63.45 -23.22 -1.39 26]7

8 Horticulture 55.55 64.57 +9.02 +0.55 13.9

9 Plantation 63.10 52.11 -10.99 -0.67 17.4

10 River Bed 21.45 27.10 +5.65 +0.32 20.4

11 Scrubland 359.24 325.28 -33.98 -2.05 9.4b

12 Snow 239.96 316.44 +76.84 +4 .59 24.116

13 Water 17.36 14.85 -2.51 -0.15 14.4p
Total 1663.84| 1663.84
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The results of the change in land use/land covienpaof Anchar catchment
(Table 12) also show that the grasslands have asedefrom 86.67 Kfin 1992 to
63.45 Knf in 2005- a decrease of 23.22 Kr{26.7%), while as scrubland has
decreased from 359.26 Krin 1992 to 325.28 Kfin 2005 i.e. a decrease of 33.98
Km? (9.45%). The grasslands found in the region, mainljlude moist alpine
pastures, while as scrubland includes moist alpim& open scrub areas. The moist
alpine pastures start from treeline and extendoupérpetual snowline. These
basically are long sloppy stretches of land covepeedominantly with grasses
consisting mainly oEphedraformations. Moist alpine scrubs occur above the-tre
line in the wetter parts of the catchment and &imeiainly ofHippophag Myricaria
formations. The open scrub areas found at elevatdmess than 3000 meters mainly
included shrubs with mid-dense foliage dominatednualygofera heteranthaRandia
tetraspermaDaphne oleoidesandViburnumsp. Sizable pockets of these grasslands
and scrub found in the steep river bed facing Sagethe Anchar catchment attract
shepherds and nomadic tribesmen with their catitereerds of sheep and goat from

far and near for grazing.

Plantation includes land areas with natural it or trees as well as land
areas on which several trees are planted. In theh@mncatchment, plantation was
observed all along the banks of River Jhelum, Simdiid near the wetlands
Shallabugh, Kujar and Tulmul. The plantation specdieat were observed included
Willows (Salix sp.), Poplars Populus sp.), and Walnut (Juglans regia)Valnut
plantation was observed in the Kulan area of thehtaent. Statistics of this class
reveal that the area under plantation has decrdns&d.4 % from 1992 to 2005.

Horticultural class comprises of cultivated landden fruit gardens and nut
crops. These horticultural gardens or fields angallg patterned. The horticultural
plantations found in the catchment included appgrifs maluy pear Pyrus
communiy apricot Prunus armenicg walnut Juglans regiq and in some places
mixed plantations of cherryP(unus aviuhand plum Prunus domestiga The area
under these horticultural plantations was founthtoease (Table 12) from 55.55 Em
in 1992 to 64.57 Krmin 2005.
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River bed is basically the channel bottom of thens and streams found in
the Anchar catchment and includes the bouldergaloese rivers and streams. These
river beds are exposed during autumn and winteflewds in summer their major
portion is under water. Table 12 shows an increds®32 Knf in the area of this
class i.e. from 21.45 Kfin 1992 to 27.10 Kfin 2005.

Snow covers quite a large portion of the Anchacluaent. Infact, higher
elevations of this catchment remain under the ca¥esnow almost throughout the
year. The spatial snow coverage varies with seaadnyear. An increase or decrease
in the areal extent is subject to the amount of\galb received in a particular area as
well as the temperature variations. Statistics aktleat snow cover in the catchment
increased from 239.96 Kmin 1992 to 316.44 Kfmin 2005. This class can be
considered as an important resource of the catchaseit’s of vital importance for
the sustenance of agriculture in the catchment, sexbndly it allows for the

generation of clean hydro-power.
6.1.3 Accuracy Assessment

The accuracy assessment of the generated landandecover maps was
carried out by computation of error matrix and ®eent calculation of the overall
accuracy and Kappa coefficient. For this purpose]dfurveys for ground
verification were carried out during the study pdri Since, the study catchment
exhibits varied topography with certain altitudireddtremes, so certain areas of the
catchment were not accessible for ground validatida such field-survey was
supplemented with latest high resolution satetlaéa to get a complete picture of the
catchment (Plates 1a, b). Around 150 validatiomisoivere used for assessing the
classification accuracy. Table 13 and Table 14 gike results for accuracy
assessment of the 2005 classified data. The reshults that the overall accuracy is
92.66 % with a Kappa coefficient of 0.914 (Tablg.X3lasses aquatic vegetation and
water were found to give good classification accies®, while as grasslands,
scrubland and bare land had lower user accuratadd 14).
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Table 13: Overall Accuracy and Kappa Statistics 02005 Land use/Land cover

data

A.G.|Aq.|B.L.|Bu.|C.F.|B.E.R|Gl. | Ht. | P.T.| SI. | S.W.|Wt. | Total

AG. | 12 1 13
Ag. 5 S
BL. | 1 16 | 1 18
Bu. 6 6
C.F. 31 3 34
B.E.R 4 4
Gl. 1 5 6
Ht. 16| 1 17
P.T. 10 10
Sl 3 26 29
S.W. 2 2
Wit. 6 6
Total | 23| 5| 17| 7] 35 4 5 16 11 292 6 | 150

NOTE: - A.G. = Agriculture; Ag. = Aquatic vegetation; B.E. Bare land; Bu. = Built-up; C.F. =
Coniferous forests; B.E.R. = Bare exposed rock=G&rasslands; Ht. = Horticulture; P.T.
= Plantation; Sl. = Scrubland; S.W. = Snow and ¥\WVater.

Overall Accuracy = 92.66%

Kappa coefficient = 0.914
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Table 14: Accuracy Assessment of 2005 Land use/Lardver data

Class Name Producers Accuracy (%) Users Accuracy (Yo
Agriculture 92.30 92.30
Aquatic Vegetation 100.00 100.00
Bare Land 94.11 88.88
Built up 85.71 100.00
Coniferous Forests 88.57 91.17
Bare Exposed Rock 100.00 100.00
Grasslands 100.00 83.33
Horticulture 100.00 94.11
Plantation 90.90 100.00
Scrubland 89.65 89.65
Snow 100.00 100.00
Water 100.00 100.00
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Plate 1a: Landuse/Landcover of Anchar catchment

118



7l

W

e }‘i v

A —
=1
e

Water body (Anchar) Built-up

Wetland Forests

Exposed rock

Plate 1b: Landuse/Landcover of Anchar catchment
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6.2 Topographic Analysis

The knowledge of surface topography is basic toyneamnth surface processes
analysis (Taramellet al, 2008). During this study, the knowledge of tofquic
details of the Anchar catchment including elevatisiope, aspect and drainage was
acquired from the ASTER digital elevation modeltloé study catchment. Elevation,
aspect, and slope are the three main topograpbiorfathat control the distribution
and patterns of vegetation in mountain areas (aiktst al, 2000). Elevation along
with aspect and slope in many respects determheesnicroclimate and thus large-

scale spatial distribution and patterns of vegetati

Elevation is the most important topographic factomountain areas. Fig.21
shows the elevation map of the Anchar catchmenemgged from ASTER digital
elevation model. The elevation of the catchmengeanfrom 1534 meters to 5534
meters. Table 15 shows the area under differentatten classes in the Anchar
catchment. The western part of the catchment sthowesr relief, while as the north-
eastern parts of the catchment show maximum reliaf.in these western lower
plains of the catchment that mainly settlements aggicultural activities are
confined. The maximum elevation shown by the ASTdigital elevation model in
the catchment area is 5534 meters. Table 15 retle@isnaximum area of the lake
catchment (38.47%) lies in the elevation zone 35334 meters, followed by the
elevation zone of 1534-2534 meters, in which 308%he catchment area lies. The
latter elevation zone comprises mainly of built-apeas, agricultural fields, and
horticultural plantations. In the elevation zone2684-3534 meters coniferous forests
(>3000ms), scrubland and grasslands are found. eléwaation region (3534-4534
meters), which covers the maximum portion of theloaent comprises of scrubland,
alpine grasslands, bare exposed rocks, and snothidnelevation zone the high-
altitude lakes of the catchment Gangabal and Nunaliolocated. Minimum area of
the catchment (3.33%) lies in the elevation zon@445634 meters. It's this zone of
the catchment, which is under snow cover almostuiinout the year. The results of

slope, aspect and drainage analysis of Anchar wegtchare provided below:
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Table 15: Area under different elevation classes iAnchar catchment

S.No. Altitude (meters) Area (Km? Area (%)

1 1534-2534 504.18 30.30

2 2534-3534 464.20 27.9

3 | 3534-4534 640.12 38.47

4 | 4534-5534 55.34 3.33
Total 1663.84 100

-
S

Altitude (m)

[ ]1534-2534
[ ] 2534 -3534
B 3534 - 4534
[ ]4934-5534

10 0 10 20 Kilometers
™ ™ ™ ™ ™ e—

Fig. 21: Elevation map of Anchar catchment
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6.2.1 Slope Analysis of Anchar Catchment

Land surface from summit of hills to the bareleyd is bounded by sloping
surface or slope. Slope measures the rate of charglevation at a surface location.
This topographic variable plays an extremely imgatrrole in controlling soil erosion
and in distribution of utilities-facilities for pper planning and development of an
area (Kumar and Srivastav, 2010; Mondghl, 2011). In addition, terrain slope also
determines the land-use of a particular area. Stopdysis is important for many
earth resource evaluation studies and hydrologwatielling. The slope map of
Anchar catchment is given in Fig. 22. Slope degsrithe steepness or incline of an
area. As evident from Fig. 22, the slope of the HWemccatchment has been classified
into five classes namely: 0-10° (Flat to gentl€),2D° (Moderate), 20-30° (Steep), 30-
40° (Very steep) and greater than 40° (Highly steep

The topography of the Anchar catchment can beridesl as steep to very
steep. Table 16 shows the area under differenegitgsses in the Anchar catchment.
It's clear from the table that dominant slope atasim the study catchment are 30-40°
(very steep) and 20-30° (steep). Maximum area @29.6f the catchment is under
very steep slope region (30-40°), covering an @fed97.15 Knf, followed by the
steep slope region (20-30°) covering an area of 2B&nt i.e. 23.33 % of the
catchment. Minimum area of the catchment (11.378ounder highly steep slope
region (>40°) covering an area of 189.23 KrRlat area to gentle slopes 0-10°
constitute 21.21% of the catchment covering an af&3.06 Kni. This slope region
(0-10°) comprises of low-lying plains and flat landnd is conterminous with the
flood plain of river Jehlum and Sindh. It's in thist to gentle slope region that
extensive marshes and lakes like Mansbal and Arateafound. Settlements are also
confined to the lower-plains of this slope regiokgricultural and horticultural
practices are practiced on the gentle (0-10°) talerate slopes (10-20°) of the
catchment. The steep slope region (20-30°) consfstsountain ridges and ramparts.
This slope region comprises of bare land, coniferdarests, scrubland and
grasslands. The very steep slope region (30-4aheotatchment comprises of highly
rugged mountains dissected by narrow and deep beds and is dominated by bare
exposed rocks and snow. Highly steep regions (>&@ pbserved in small pockets in
the north-eastern part of the catchment. These dsenpf deep-gorges and peaks and

are mostly under snow cover.
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Table 16: Area under different slope classes in Amar catchment

S.No.| Slope Classes (Degrees Area (Kn Area (%)

1 Flat to gentle (0-10) 353.06 21.21

2 | Moderate (10-20) 236.12 14.19

3 | Steep (20-30) 388.28 23.33

4 Very steep (30-40) 497.15 29.9

5 Highly steep (>40) 189.23 11.37
Total 1663.84 100

10 0 10 20 Kilometers

- e
Slope (Degrees)
. ]0-10
[ ]10-20

20 - 30
B 30 - 40
] =40

Fig. 22: Slope map of Anchar catchment
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6.2.2 Aspect Analysis of Anchar Catchment

Aspect is the directional measure of slope.dttstwith 0° at the north, moves
clock-wise, and ends with 360° also at north. Asib&lements for analyzing and
visualizing landform characteristics, slope andeaspare important in studies of
catchment scale and watershed units, landscape amitin many other analysis. Fig.
23 and Table 17 show the aspect map of Anchar wech and the area under
different aspect categories respectively. The dspiethe study catchment has been
classified into eight principal directions: northorth-east, east, southeast, south,
southwest, west and north-west. Table 17 revealsniaximum area (15.26%) of the

catchment lies in the eastern direction.
6.2.3 Drainage Analysis of Anchar Catchment

River Sindh and its numerous branches on entahegplains of Kashmir
valley form the extensive shallow marsh Anchar. §hiver Sindh and the numerous
streamlets which feed it during its course throtighh mountain ramparts constitute
the drainage network of Anchar catchment. Netwdrlcltannels from river Sindh
enter the Anchar on its northern end. The drainafg8€indh valley is an essential
component of the landscape of Anchar catchment2&ighows the drainage map of

the Anchar catchment.

The snow covered and ridge protruded mountaigasirencircling the Sindh
valley, provide ground for the development of a bemof streams which form the
important component of the drainage of Anchar camht. The headstreams of Sindh
rise below the peaks of Mushran Bal and the holyaArath peak (5270m) in the
northeastern part of the Kashmir valley. A few hileters above Baltal a headstream
is received from Kolahoi glacier. At Baltal a heidam from Zojila pass joins Sindh.
At the famous spot Sonmarg, the gushing watersimdhSflow through a narrow
channel with deeply incised caves in the borderouks on either bank, draining its
way through pine forests and beautiful pasturesthEu down, the river bed deepens
more and more to assume the character of a goftgr. @merging out from the gorge

near Gagangir, the Sindh valley starts widening out

124



Table 17: Area under different aspect categories ilknchar catchment

S.No. Aspect Area (KnT) Area (%)
1 | Flat 66.23 4
2 | North 206.01 12.38
3 | North-east 180.00 10.81
4 | East 254.05 15.26
5 Southeast 192.21 11.55
6 | South 239.02 14.4
7 Southwest 234.05 14.0
8 | West 99.22 6
9 | North-west 193.05 11.60

Total 1663.84 100
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Fig. 23: Aspect map of Anchar catchment
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Fig. 24: Drainage map of Anchar catchment
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The most significant tributary which joins then&h during its course through
forest covered mountains is Kanaknaz. This triujams it on its right bank at
village Kazipura near Kangan. The Kanaknaz drdiespicturesque valley of Wangat
and has its main source in the Gangabal Lake belamnuk. The lake is situated at
an elevation above 3500 meters. One branch of #meakhaz flows alongside the
Sindh and falls into the Mansbal Lake. Flowing imast a westerly direction on the
northern flank of a projected ridge culminatingdarwar (3449 ms), the Sindh makes
a sharp bend above Ganderbal before entering imt@ea flood-plain. As the river
rebounces into the plain-area it bifurcates intouanber of channels and its one of
these channels that escapes into the Anchar, Wglether merges with Jehlum near
Shadipur.

6.3 Physico-chemical Analysis of Soils of Anchar @ehment

Soil samples of different land use/land covessés of the catchment which
were collected during field-survey and analyzed f@rious physico-chemical
parameters in the laboratory (as per the methoslzritbed in Chapter-5) were utilized
for generation of soil maps of different paramewrénchar catchment. The various
physico-chemical characteristics of soils of thecltment under different land
use/land cover classes are given in Table 18. Tdta deveals that these soil
characteristics vary with different land use/laoder types.

pH value is a measure of the hydrogen ion agtioftthe soil water system
and expresses the acidity and alkalinity of sdile PH is a very important property of
soils as it determines the availability of nutrggnimicrobial activity and physical
condition of the soil. The pH map generated for Amehar catchment is shown in
Fig.25. From the figure it's clear that the pH @irious soils in the catchment ranges
between 3.29 and 8.20 i.e. the soils are acidalkaline in nature. Soils of the bare
exposed region were found to be extremely acidiz9)3(Table 18). Wetland soils
were also found to be acidic in nature with a ptb.@b. In the current study, soil pH
was found to increase in cultivated lands with icatture, agriculture, and plantation
areas showing higher values of 7.56, 7.60 and B28pectively. Coniferous forests
(6.70) and pasture (6.28) soils were found to Haweer pH values than cultivated
soils (Table 18).
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The electrical conductivity soil map of Anchataanent is shown in Fig. 26.
Electrical conductivity of aqueous soil extractsireates the amount of soluble salts
present in the soil samples. The electrical condittvalues of soils in the catchment
were found to range between 128 and 396uS/cm. dley that have been presented
in Table 18 reveal that soils of wetland with aueal396uS/cm show maximum
electrical conductivity; followed by soils of builfp with an electrical conductivity of
310pS/cm. Minimum electrical conductivity with alwa of 128uS/cm was found in
bare exposed soils. Values indicate that the reteoland use land cover types did

not differ much in terms of electrical conductiv{fiyable 18).

Water holding capacity is defined as: “the amounmnoisture in soil when its
total pore space both macro and micro are compldibéd with water”. This
parameter of the soils of Anchar catchment was downrange between 32.7% and
87.2% (Fig. 27) with wetlands showing highest wételding capacity of 87.2% and
horticultural class showing the lowest 32.7% (Tdl8g.

Fig. 28 shows the soil organic matter map of Amehar catchment. Soil
organic matter plays an important role in enhanargp production (Stevenson and
Cole, 1999). Table 18 shows the percent organigsoraand organic matter content of
soils under different land use/land cover categanethe catchment. From this table,
the highest content of organic matter is obsermedatland soils-6.46%, followed by
pasture (5.22%) and coniferous forest soils (4.08%)tivated soils are observed to
comparatively have lower organic matter contenthwaigricultural soils having
organic matter content of 2.67%, followed by hautiigral and plantation soils having
2.12% and 1.98% organic matter respectively. Irsthey, bare exposed regions were
found to have the lowest (1.81%) organic matteitemain
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Table 18: Physico-chemical characteristics of soilsnder different Land use/Land cover classes in Ard@ar catchment

4

0

Electrical . Organic | Organic
. Av.N Av.P Av.K
e | o | conduciy | WATHOMNO | Caon | warer | 45N |

(uS/cm) (%) (%) (Kg/ha) | (Kg/ha) | (Kg/ha)
Agriculture 7.60 158 49.5 1.55 2.67 376.32 38.7% 383.
Wetland 5.25 396 87.2 3.75 6.46 427.2¢ 40.10 424.5
Bare Land 6.79 140 44.2 1.17 2.01 228.12 21.8% 118.1
Built up 6.91 310 43.2 1.21 2.08 337.04 33.20 305.7
Coniferous Forests| 6.7 164 58.7 2.37 4.08 627.2( 46.60 394.2
Bare Exposed 3.29 128 36.4 1.05 1.81 101.8 12.8( 100.2
Region
Horticulture 7.56 130 32.7 1.23 2.12 387.52 36.94 380.
Plantation 8.2( 160 48.6 1.15 1.98 323.44 35.8% 3924
Pastures 6.2 145 47.8 3.03 5.22 613.34 40.80 464.9

0

4

0
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With regard to the content of available nutrients (Nitrogen-N, Phospt®rand Potassium-
K) present in the soils of Anchar catchment, the levels dfethutrients are depicted in
Fig.29-31. Phosphorus content (12.80Kg/ha-46.60Kg/ha) of soils was found ¢ovbees |
compared to nitrogen (101.8Kg/ha-627.20Kg/ha) and potassium (100.21Kg/ha-46A80Kg/
content. In general, forests, pastures and wetlands were found to glageduntent of these
available nutrients, while as classes bare land and bare expeasdvare found to be low in
these nutrients (Table 18).
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Soil Texture Analysis of Anchar Catchment
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Textural analysis of soil samples collected frima Anchar catchment was
carried out by the method described in Chapterextdre is an important property of
soil which shows proportional distribution of sparticles. Soil texture has profound
effect upon other properties of soil includingwater supplying power, rate of water
intake, aeration, fertility and susceptibility toosion. In addition this property is a
guide to the value of land and determines landaagability and soil management
practices as well.

The soil texture map of Anchar catchment is prese in Fig.32. In the
catchment eight types of textural classes are teparamely: clay, clay loam, loamy
sand, sandy clay loam, sandy clay, sandy loampsith and silty clay loam. From the
figure it’s clear that soil texture ranges fromycta silty clay loam. Table 19 gives the
area under these textural classes in the catchbout 32.45% of the catchment is
covered with sandy clay soils followed by clay lo&28.16%), sandy loam (20.22%)
and clay (12%) soils (Table 19).

Soil texture determines the hydrological conditiof soils i.e. soil water
regimes. Soil hydrological groups as determinednftbe soil texture classes reveal
that most of the soils in the Anchar catchment mglto the hydrological group D
(Table 19), which represents those soils which Hagé runoff potential and very
low infiltration rates.

Soil erodibility factor (k) in the Anchar catchmtewas determined from soil
texture and its composition (organic matter). Fgdgpicts soil erodibility factor in
the Anchar catchment. This factor was found to edmefween 0.10 and 0.42.
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Table 19: Area under different textural classes irAnchar catchment

Soil Hydrological

S.No.| Texture Class Area (Km?) | Area (%)
Group

1 Clay D 199.32 12

2 Clay loam D 468.66 28.16

3 Loamy sand A 55.45 3.33

4 Sandy clay loam C 2.50 0.15

5 Sandy clay D 539.90 32.45

6 Sandy loam A 336.56 20.22

7 Silt loam B 18.47 1.11

8 Silty clay loam D 42.98 2.58
Total 1663.84 100
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6.4 Physico-chemical Analysis of Water of Anchar

The various physico-chemical characteristicshaef Anchar lake water at six
different sampling sites during winter and summex presented in Table 20 and
Table 21 respectively. The physico-chemical paramsetvere observed to vary with

different sites due to varying anthropogenic pressat these sites.

Water temperature which is the measure of intga$iheat stored in a volume
of water is one of the most important factors inaguatic environment as it affects
both physical and chemical properties of water &l as the biological activities
occurring within it. The water temperature was foua fluctuate between 5.6°C and
25.9°C showing a distinct seasonal trend of maximuatues in summer and
minimum in winter. Minimum temperature of 5.6°C wasorded at site W4 (near
Kujar) in winter (Table 20) and maximum 25.9°C unrsmner at the same site (Table
21).

pH values the indicative of hydrogen ion concerdratrecorded during the
study period exhibit alkalinity ranging from 7.6 827 units, the highest 8.27 being
obtained at site W6 (main Anchar water body) dusngimer (Table 21) and lowest
7.6 at site W5 (near Shallabugh) in winter (Talg 2

The electrical conductivity of a lake is a measaof its capacity to conduct
electric flow. Conductivity values were found tadtuate markedly from 304.8 to
407.5 uS/cm. The highest and lowest electrical gotinity was recorded in winter
and summer season respectively for the sites War @ballabugh) and W3 (Nallah
Amir-Khan) respectively (Table 20, 21).

138



Table 20: Physico-chemical characteristics of watgwinter)

w1 W2 w3 W4 W5 W6
Parameters | Near | Near |Nallah Amir- Near kuad N8 | Anchar
KhushalsaySKIMS Khan ) Shallabugh
Water
Temperature (°) 6 6.8 7.1 5.6 6.9 6.8
pH 7.76 8.1 8.0 7.81 7.6 8.16
EC (uS/cm) 350.3 385.1 307.1 391.3 407 .9 331.2
DO (mg/l) 6.3 3.83 4.08 9 8.5 3.4
NOs-N (ug/l) 258.1 292.1 183.6 225.6 280 183|4
TP(ugll) 364.4 558.2 393.4 335.4 371.4 542.9
K(mg/l) 3.9 2.8 2.9 4.95 5.5 3.4
Table 21: Physico-chemical characteristics of watgisummer)
. t w1 W2 w3 w4 W5 W6
arameters Near d Nallah | Near Near
Khushalsa Near SKIMS Amir-Khan| Kujar [ Shallabugh Anchar
water 1 249 25.5 246 | 259 25 25.2
Temperature (°Q)
pH 7.97 8.15 8.10 8.17 7.67 8.217
EC (uS/cm) 339.1 362.8 304.8 35116 362.6 311.3
DO (mg/l) 3.9 3.3 3.72 3.8 3.45 3.2
NOs-N (ng/l) 192.6 219.1 174.5 160.p 159.7 211|7
TP(ugll) 294.4 413.4 356.7 2919 350.6 42411
K(mg/l) 4.3 2.6 2.8 4.8 2.8 2.9

NOTE: - EC = Electrical conductivity; DO = Dissolved oxygeNOs-N = Nitrate-Nitrogen; TP =

Total Phosphorus; and K = Potassium.
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The chemical and biological processes undergmirsgwater body are largely
dependent upon the presence of oxygen. The mairceswf dissolved oxygen in
water are atmosphere and the photosynthetic prafdbe green plants. In the study,
dissolved oxygen content ranged from 3.2 to 9 nmglicating significant seasonal
variability. Minimum value of dissolved oxygen 3m2g/l was recorded at site W6
(main Anchar water body) in summer (Table 21) arakimum 9 mg/l at site W4

(near Kujar) in winter (Table 20).

Basic nutrients like phosphate and nitrate detesntie productivity of lake
water. In the present investigation, the seasoalaieg of nitrate were found to range
between 159.7 ug/l at site W5 (near Shallabugh) 28®11 g/l at site W2 (near
SKIMS). Total phosphorus was found to be preserthenrange of 291.9 to 558.2
png/l, with highest being recorded at s (near SKIMS) and lowest at site W4
(near Kujar) (Table 20, 21). The levels of potassimere found to fluctuate between
2.6 and 5.5 mg/l.

6.5 Model Simulations

Under this heading the results of GWLF model 8ary(1981-2010) estimates
of sediment and nutrient loadings in the Anchacluaient have been presented. The
model was run on multi-date land use/ land coveéa 992 and 2005) in order to

assess the effects of its change on nutrient aichsat transport processes.
6.5.1 Contribution from Catchment Sources

Sindh catchment is a potential contributor ofisemt and nutrient loadings to
the Anchar. In order to reduce this pollution Igaddiment and nutrients) it is vital to
know various source areas in the catchment thatribate sediment and nutrient to
Anchar, so that necessary remediation measurelsectaken for the restoration of the
Anchar system. Lake managers require an undersigradi nutrient sources before
developing plans to improve water quality of eulaplakes (Moss, 2007). The
contribution of different lake catchment sourceghe sediment and nutrients of the

Anchar system are discussed under the followingraaalings:
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6.5.1a Sediment Loadings from Source areas

Table 22 and Fig.35 give the detailed resultthefaverage annual sediment
loadings from the source areas (land use/land ravehe Anchar catchment for the
30 year simulation period against the changing lase/land cover conditions. The
results of the source area contribution to sedinfeadings presented in the Table 22
show an increasing trend. The catchment on an gwegenerates about 13274.1
metric tons of sediment/year under the 1992 laredlarsd cover, while as under the
2005 land use/land cover scenario this increasesl@d07.1 metric tons of
sediment/year exhibiting an increase of 20.5%. fiagor loadings for both 1992 and
2005 are recorded by stream-banks, bare land,digiie and pastures (Fig.35). The
data (Table 22) also reveals that increase in sattidload is highest for the stream
banks (1777 tons/yr) followed by bare land (103@r8/yr), agriculture (520 tons/yr)
and pastures (82.3 tons/yr). The classes hortieuland built-up areas record

insignificant contributions to sediment loadings.
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Table 22: Source area contribution to average annuaediment load in Anchar

catchment (1981-2010) as a function of changing Ldruse/Land cover

Sediment (Tons/yr)
Source
1992 2005 Change

Pastures 320.2 402.5 82.3
Agriculture 2022.1 2542.1 520.0
Forests 51.8 65.1 13.3
Horticulture 7.4 9.3 1.9
Bare land 4105.0 5142.3 1037.3
Built-up 0.2 1.4 1.2
Stream bank 6767.4 8544.4 1777.0

Total 13274.1 16707.1 3433.0
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Fig. 35: Source area contribution to average annuaediment yields in Anchar
catchment (1981-2010) as a function of changing Ldruse/Land cover

142



6.5.1b Nutrient Loadings from Source areas

The results of the source area (land use/lancryosontribution towards
nutrient loadings against the changed land use/tawr conditions are given in
Table 23-24. The nutrients loading into Anchar frma catchment include nitrogen
and phosphorus (both dissolved and total). Fromd#ta presented in the tables it's
clear that there is an increasing trend for therienit loadings (nitrogen and
phosphorus) as a function of changing land use/lemver scenario. The major
sources of nitrogen and phosphorus loadings arengravater, bare lands, agriculture

and pastures.
Nitrogen Loadings

The simulations presented in Table 23 reveal thatan average, the
catchment generates about 22654.2 Kg/yr of disdohogen with a total nitrogen
load of 24826.Xg/yr under 1992 land use/land cover, while as Z7a¥g/yr of
dissolved nitrogen with a total nitrogen load of78@.3 Kg/yr is generated by the
catchment under 2005 land use/land cover scerthtis,showing an increasing trend.
Fig.36 depicts the source area contribution toayerannual nitrogen loads in Anchar
catchment for 30 year simulation period as a famctf changing land use/land
cover. Ground water is the largest source of diesbhnd total nitrogen contributing
about 9222.1 Kg/yr and 9984.7 Kg/yr of dissolvetlagen under 1992 and 2005 land
use/land cover respectively. This source contro@854.2 Kg/yr of total nitrogen
under 1992 land use/land cover, while as under 20 use/land cover it
contributes 11600 Kg/yr of total nitrogen. Groundter source is followed by bare
land, agriculture and pastures as maximum contisuto nitrogen loadings to
Anchar. Stream banks and built-up areas are sogmifisource area contributors to
total nitrogen loadings. Stream banks contributeuat307.0 Kg/yr and 387.6 Kg/yr
of total nitrogen under 1992 and 2005 land use/nekr respectively, while as built-
up areas contribute 7.4 Kg/yr of total nitrogen emd992 land use/land cover and
14.8 Kg/yr under 2005 land use/land cover scenario.
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Table 23: Source area contribution to average annuaitrogen loads in Anchar

catchment (1981-2010) as a function of changing Ldruse/Land cover

1992 2005
Dissolved Total Dissolved Total
r . . . .
Source Nitrogen Nitrogen Nitrogen Nitrogen
(Kglyr) (Kglyr) (Kalyr) (Kglyr)
Pastures 2592.0 3342.7 2879.9 3978.2
Agriculture 3629.0 4232.1 6748.0 6926.8
Forests 557.2 623.4 643.9 723.7
Horticulture 111.0 132.8 130.4 141.4
Bare land 6542.9 6826.6 6770.8 6974.8
Built-up 0 7.4 0 14.8
Stream bank - 307.0 - 387.6
Ground water 9222.1 9354.2 9984.7 11600.4
Total 22654.2 24826.2 27157.7 30747.3
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Fig. 36: Source area contribution to average annualitrogen loads in Anchar

catchment (1981-2010) as a function of changing Ldruse/Land cover
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Phosphorus Loadings

The source area contribution to average annuasgdtorus loads in Anchar
catchment (1981-2010) as a function of changind lase/land cover is presented in
Table 24; the graphical representation for the sesnpeesented in Fig.37. It's evident
from the data that Anchar on an average receivesita®87.8 Kg/yr of dissolved
phosphorus with a total phosphorus load of 11576yKunder 1992 land use/land
cover which has increased to 1154.4 Kg/yr of diswl phosphorus with a total
phosphorus load of 1533.8 Kg/yr under 2005 from atgchment. In case of
phosphorus loading into Anchar bare land, agricaltand pastures are the major
contributing sources of both the dissolved and|t@iaosphorus. Ground water
contributes about 61.3 Kg/yr of dissolved phosphoand 67.8 Kg/yr of total
phosphorus under 1992 land use/land cover, whileurader 2005 scenario, it
contributes 67.7 Kg/yr of dissolved phosphorus @Ad Kg/yr of total phosphorus.
Stream bank makes a significant contribution totttal phosphorus load generating
about 135.1 Kg/yr and 170.5 Kg/yr of total phosptsounder the 1992 and 2005 land
use/land cover scenarios respectively. Horticultamel built-up areas are the least

contributing sources in terms of phosphorus loagling
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Table 24: Source area contribution to average annughosphorus loads in

Anchar catchment (1981-2010) as a function of chaimgy Land use/Land cover

1992 2005
Source Dissolved Total Dissolved Total
Phosphorus | Phosphorus| Phosphorus Phosphorus
(Kglyr) (Kglyr) (Kglyr) (Kglyr)
Pastures 70.6 84.9 78.5 101.6
Agriculture 98.9 112.2 183.8 199.8
Forests 17.6 19.8 20.3 23.6
Horticulture 3.5 12.8 41 19.4
Bare land 635.9 724.2 800.0 9425
Built-up 0 0.8 0 1.6
Stream bank - 135.1 - 170.5
Ground wate 61.3 67.8 67.7 74.8
Total 887.8 1157.6 1154.4 1533.8
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Fig. 37: Source area contribution to average annuahosphorus loads in Anchar

catchment (1981-2010) as a function of changing Ldruse/Land cover
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6.6 Hydro-meteorological Data Analysis

Impacts of climate change observed around thddwoclude among others
the increase in surface temperature, sea-leve| dsanges in precipitation and
decrease in snow cover (IPCC, 2001b). Climate tffalt aspects of the hydrologic
cycle namely rainfall, runoff and evaporation. Cpas in these components in turn
affect the water availability and variability wowie. There are many different ways
in which climate change may affect catchment behayisuch as changes in rainfall
totals, locations, seasonality and intensity, effeon temperatures, radiation,
evaporation and drainage density (Moglenal, 1998; Roberts, 1998). For the
purpose of achieving the objective of assessmeutimfate change indicators in the

Anchar catchment, hydro-meteorological data frorf@1t2010 was analyzed.
6.6.1 Precipitation Data Analysis

The total annual precipitation data for the Ancbatchment from 1981-2010
is given in Appendix 10a, while the analysis of #ane is presented in Fig.38. The
Appendix 10a reveals that the catchment receivechiphest annual precipitation in
the year 1995 (1132 mm) and the lowest in the 2680 (464.5mm). Analysis of this
data also reveals that the catchment is witnessindecreasing trend in the
precipitation (Fig.38). On a monthly average bgs§igy. 39, Appendix 10b), the
maximum precipitation was received in the montiVafch (117.11mm) and the least

in the month of November (27.52mm).
6.6.2 Temperature Data Analysis

The analysis of average monthly maximum and mininteimperatures for 30
years (1981-2010) is given in Fig.40 (Appendix 1da,Analysis of the data reveals
that the average daily maximum temperature wasrebddo be highest in the month
of August (31.55°C) and lowest in the month of Jagu-0.6°C). Whereas, average
daily minimum temperature from Fig.40 (Appendix L14ms observed to be highest
in the month of January (-6.22°C) and lowest inrttenth of July (19.80°C).

The seasonal variations in average maximum (T2hlé-ig.41) and minimum
temperatures (Table 26, Fig.42) from 1981-2010akag increasing trend of average

maximum temperatures in winter and autumn seasons.
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Table 25: Seasonal variations in average maximum reperature

Yr. Winter Spring Summer Autumn

1981 5.73 16.68 28.97 21.03
1982 7.92 17.22 28.16 20.36
1983 8.90 18.37 28.18 21.49
1984 7.12 18.60 28.98 20.77
1985 11.84 20.77 29.23 21.97
1986 3.91 17.54 28.52 20.97
1987 6.56 17.78 28.81 21.71
1988 9.66 20.45 28.77 22.11
1989 8.98 18.75 27.58 21.08
1990 8.55 19.85 29.72 21.73
1991 5.73 16.68 28.97 21.05
1992 7.92 18.93 28.16 20.36
1993 8.90 18.37 28.23 21.49
1994 7.12 18.60 29.01 20.77
1995 4.81 17.89 28.78 21.23
1996 7.42 17.77 27.53 19.50
1997 6.56 17.78 28.78 21.71
1998 7.50 19.00 29.25 22.52
1999 8.78 21.28 30.24 22.54
2000 8.64 21.74 29.57 23.13
2001 11.17 22.00 30.11 21.84
2002 8.94 20.64 29.73 22.07
2003 9.76 18.24 29.48 21.14
2004 9.16 22.11 28.76 22.83
2005 7.13 18.09 29.32 22.50
2006 8.04 21.47 29.10 20.45
2007 10.03 21.16 29.41 22.70
2008 7.56 21.14 29.64 21.34
2009 10.80 15.32 26.95 27.7
2010 13.30 16.62 25.2 26.4
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Table 26: Seasonal variations in average minimum teperature

Yr. Winter Spring Summer Autumn

1981 -2.15 6.25 15.75 5.37
1982 -0.47 5.13 15.20 6.24
1983 -1.55 6.55 14.87 5.53
1984 -0.40 6.58 16.96 5.49
1985 -0.96 7.52 16.52 6.95
1986 -2.31 6.60 16.84 7.00
1987 -1.88 5.65 15.93 6.89
1988 0.43 7.92 17.52 6.16
1989 -0.84 9.82 15.61 6.34
1990 0.36 7.11 17.25 6.05
1991 -2.15 6.25 15.75 5.37
1992 -0.47 5.13 15.20 6.24
1993 -1.55 6.54 14.87 5.53
1994 -0.40 6.58 16.96 5.49
1995 -2.11 6.41 15.93 5.60
1996 -1.85 6.74 15.86 6.05
1997 -1.90 5.65 15.93 6.89
1998 -1.15 6.88 15.44 6.68
1999 -1.18 6.88 15.44 6.68
2000 -1.45 6.46 15.98 6.19
2001 -1.81 6.76 16.45 5.42
2002 -1.44 6.55 15.30 5.27
2003 -1.30 5.85 15.55 5.67
2004 -1.33 6.79 15.10 5.90
2005 -1.15 6.10 14.88 5.71
2006 0.01 6.91 16.19 6.94
2007 -1.15 6.48 16.09 4.41
2008 -1.43 6.61 16.72 5.21
2009 -0.31 3.89 11.75 10.06
2010 -1.7 3.73 12.31 11.75
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Chapter-7
DISCUSSION

This chapter provides the discussion of the obthiresults in relation to

existing literature on the subject.
7.1 Land Use/Land Cover Change

Land use/ land cover mapping is needed to bettderstand and manage
emerging environmental problems arising from ldoagjlobal scales. Change in land
use and land cover is a dynamic process takingepdacthe surface, and the spatial
distribution of the changes that have taken pla@r a period of time and space are
of immense importance in many natural resourcediegu(Baboo and Devi, 2010).
The type and distribution of land use/ land cowdnssantially affects a number of
hydrological processes that have a profound etfiedake ecosystems (Matheusstn
al., 2000; Fohreet al.,2001; Quilbeet al.,2008). In the present study carried out by
using satellite data for the 15 year time perio@9¢:-2005) remarkable changes were
observed in the land use/ land cover of Ancharhraent. These changes are largely
attributable to human activities or more specificgbeople’s responses to economic
opportunities as mediated by institutional facttirat drive land use/ cover changes
(Lambinet al.,2003).

The results of the land use/ land covange (Table 12) indicate considerable
changes in almost all the land use/land coverselsvith severe changes having
occurred in forests, scrublands, grasslands, leaceand built up areas during the 15
year period. One of the most significant changeseoted from 1992-2005 is the
decrease in forest cover of the catchment by ab®62 Knf. This decrease is mostly
attributed to the large scale clearing/cutting reles in the forests for various uses
such as firewood, timber and clearing for agriaakypurposes particularly along the
higher reaches. The phenomenon of forest cleasngaused by anthropogenic
disturbance (Chowdhury and Schneider, 2004). Thigel scale deforestation
occurring in the study catchment, has made thevsiilerable to different types of
erosion and subsequently more production of sedimoaa. This is quite clear from
the GWLF model simulations results (Table 22) f@eaiod of 30 years, which reveal
an increase of 13.3 metric tons/yr of sediment ftbenforest class under the changed

land use land cover scenario.
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Large scale decline in scrubland (33.98°Kamd grassland area (23.22 §m
(Table 12) from 1992-2005 in Anchar catchment rés/éfaat these ecologically and
socioeconomically important pasture lands are uriclanendous pressure. These
pasture areas of the catchment provide livelihapd t/ast majority of people from
different corners of the state who establish ttexmporary shelters during summer in
this area to feed their cattle in these alpinelsand grasslands. The main reasons for
their decline are overgrazing beyond their carryeagacity, biotic interferences and
clearing of the grasslands at the low altitudes doitivation and exploitation for
medicinal plants etc. Because of continuous andihemazing that too beyond
carrying capacity the pasture lands have deteddrab critical levels. Similar
observations were made by Bhett al. (2002) in relation to the human interfered
temperate and alpine pasturelands of Dachigam Nati®ark. With the ever
increasing number of cattle and introduction ofhhigelding varieties of cattle by
Animal Husbandry department, the stress on thesfnads of Sindh valley has
increased tremendously (Ahmat al, 2009). In the north-west Himalayan regions,
edible species of grasses have vanished and masé gfastures besides having low
biomass availability are predominantly covered witbxious weeds likeStipa,
Sambucus, Aconitum, Cincifuga, Adonis, Sibbalkeliee (Misri, 1988). In Central
Himalaya too the area of the pastures has beerdftarbe declining because of
various biotic interferences (Ram and Singh, 1994).

Other significant changes observed durihg present study include the
increase in area of built-up (15.72 Rnand bare land (34.89 Kinclasses both at the
higher and lower elevations of the catchment. ¥ baen found that overgrazed
grasslands have paved the way for creation of &ea (Shah and Bhat, 2004). Also
deforested areas of the catchment have resultix ioreation of bare lands. This is in
conformation with the study of Reis (2008) who néed that the lands converted to
the bare soil class are mostly forests, agriculéune pasture classes. Bare land class is
very much vulnerable to increased runoff as welineseased sediment and nutrient
yields. The data shown in Table 22-24 clearly ré&/¢hat this class is the largest
contributor of sediment and nutrient loads to Amchath its contribution increasing
under changing land use/land cover conditions.el®e in built-up is mainly caused
by population growth and economic growth (Sudletal, 2004; Bhatet al, 2006;

Taubenboclet al, 2008). The retreating of areas covered withdisrescrubs, grasses
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and water, while on the other hand expansion ofdimg areas mostly residential
areas was commonly observed in the study catchm&his indicates the
encroachment of built-up towards forest areas,amei8 and other water resources.
The relationships between building areas exparenhthe forest decrease have also
been reported elsewhere (Fearnside, 2001; Larabial, 2003; Velazquezt al,
2003). Portions of wetland have been illegally eached, earth-filled subsequently
giving rise to built-up areas. Accelerated nutrientichment of lakes like Anchar due
to incoming effluents and sewage discharged froeseghexpanding built-up areas in
the catchment results in the proficient and lwaitrigrowth of macrophytes. This
causes decrease in open water extent of lakes timghsurface water remaining
covered by the decomposed thick mats of such vegetalisrupting the ecological
balance of the lake. As a result, 6.46 Kimcrease in the area of aquatic vegetation
and a decrease of 2.51 Kiim area of water bodies was recorded during ttee s

15 years.

Another important change in the land useé/l@mover observed was 10%
decrease in agricultural land area and subsequ&Bt % increase in area under
horticultural crops. The shift from agriculturabgs to horticultural crops may be due
to the lesser amount of water required by them #ued more economic benefits

associated with the horticultural sector in Kashmir

The data on land use land cover change &as bbserved to have potential
scientific value for the study of human-environmenteractions and aids in
ascertaining the impact of land use on the amolpobkution (Tong and Chen, 2002;
Tanget al.,2005; Tonget al.,2008).

7.2 Soil Physico-chemical Characteristics

Soil is a complex system where in chemichijgical and biochemical factors
are held in dynamic equilibrium. The physico-cheahicharacteristics of soils in the
Anchar catchment have been presented in Table d&am this table it is clear that
these characteristics of soil vary with differeamd use/ land cover categories.

In the current study, it was observed thattamel soils exhibited low pH value
and high values of electrical conductivity, orgamatter and available nutrients (N, P
and K) (Table 18). The wetland soils were foundb& acidic with a pH of 5.25.
Wetlands with a pH of less than 5.5 have been iledss acid wetlands (Cowardin
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et al, 1979). High organic matter content (6.46%) iesth wetlands can be attributed
to increased soil water content, which slows mi@bbdegradation of organic matter
(Giese and Flannagan, 2006). Saturated soil conditresult in less diffusion of
oxygen into wetland soil profile below the watewvde which reduces aerobic
decomposition of peat ending up in more storagerghnic matter (Ullalet al.,
2009). Although, the organic matter degrades &bwa gate in these wetlands, but still
this significantly higher quantity of organic mattefluences the pH of these wetland
soils. As organic matter undergoes decompositiorddlyitivores, carboxyl groups
associated with organic matter break-down releasipdrogen ions into the soill
which lowers the pH of these soils (McBride, 199arks, 1995; Anderssaat al,
2000; Baath and Anderson, 2003; Pietri and BrooR@88). Thus, it stands to reason
that wetland soils with high organic matter willviealower pH levels. This high
percentage of organic matter and low pH found awetlands is in agreement with
the observations of Machurgg al (1996). The relatively high electrical condudtyvi
(396uS/cm) and high content of nutrients N (42K20ha), P (40.10 Kg/ha) and K
(424.50 Kg/ha), in these wetlands can be attribivethe discharge of sewage and
effluents from built-up areas and the leaching ofcessive fertilizers from
agricultural/horticultural fields surroundings thvetlands. Similar findings have been
noted by Khan and Shah (2004b, 2010) in their stdin Hokersar wetland of
Kashmir. The nutrients N and P have a positiveetation with organic matter, so
higher the % organic matter higher will be the eoniof these nutrients.

The pH of cultivated lands viz; horticulture.58), agriculture (7.60), and
plantation (8.20) was found to be higher than tHeop coniferous forests (6.70) and
pasture soils (6.28) - Table 18. The lower pH valaee mostly attributed to the
decomposition of the organic matter which is prégehigher amounts in pasture and
forest soils (Gupta and Verma, 1975; Minhas andaBd©982; Kale and Chevan,
1996; Arao, 1999; Bardgettt al, 2001; Baath and Anderson, 2003; Perie and
Ouimet, 2008). Jonext al.(2002) related the acidic value of soils to thehkigrate of
leaching and very high percentage of organic matténe soils. Similar findings of
natural forest and pasture soils being more acibBee reported by Kizilkaya and
Dengiz (2010). The higher pH of cultivated soilsdige to their karewa geology.
Alkaline pH in these karewa soils can be due tdhdigcalcium carbonate Cago

(Sahuet al, 1990; Najar, 2002). A negative correlation seémsxist between pH
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and organic carbon. This can be attributed to acgamatter content which on
decomposition produces organic acids particuleaiyponic acid and to various other
soils characteristics like soil texture, permeapitif soils and extent of slope (Verma
and De, 1969; Nitant, 1989; Vernea al., 1990; Mahapatrat al, 2000; Waniet al,
2009). The soils of bare exposed regions were fdande very acidic with quite a
low pH of 3.29. This is due to the fact that thaseas are located at higher elevations
where precipitation is high. Infact, these regiafishe study catchment are under
snow cover during many months of the year. Sorehson for the low pH of soils of
these bare exposed regions is that the hydrogenfiom the precipitation replace the
basic cations of these regions resulting in lowvaltles. The more the hydrogen ions
from rain water readily displace the basic catidghe more is the amount of
dissociable hydrogen ions which in turn is resplolesior the low pH values and high
exchangeable acidity (Osugt al, 2010). Basically, acidic soils develop as a
consequence of excessive leaching of basic catimas|ly Ca, Mg and K in climatic

conditions characterized by excessive rainfalltnedsto evapo-transpiration.

Electrical conductivity of soils located atMer elevations like soils of low
flood-plain wetlands (396uS/cm), built-up (310uSYarhich is mainly confined to
the lower catchment plains was found to be highantsoils of land use land cover
classes like coniferous forests (164uS/cm), past(ké5uS/cm), bare exposed rock
regions (128uS/cm) located at higher elevationsblglal8). Thus, electrical
conductivity showed a decreasing trend with inceeas altitude. This can be

attributed to leaching of soluble salts from higakitudes.

Water holding capacity of soils is affected by #maount of organic matter

and the soil texture i.e. percentage of clay, samdi silt in soils (Guptat al, 1988;
Hudson, 1994). Table 18 reveals that soils withhhlogganic matter and clay content
recorded higher percentage of water holding capaBivil organic matter enhances
available water holding capacity. Each 1% of organatter adds 1.5% of available
water capacity (Gol, 2009). Thus, wetland and fosedls with high organic matter
recorded highest water holding capacity of 87.2% 8&8.7% respectively. Sharma
and Biswas (1972) reported high water holding ciypac forest soils due to high
organic matter content. Bhatia and Vardani (198®) found higher water holding
capacity in forests soils as compared to cultivatedl bare lands which they

attributed to fine fractions and high organic mattentent. Similar findings were
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reported by Kale and Chevan (1996), Singh and Kasti2007) and Bisht and Bhatt
(2010). It is a known fact that sandy soils acogater at a higher rate than loam or
clay soils, and water holding capacity is more laycsoils as compared to the sandy
soils. The water holding capacity of the soils @ages with increase in clay content of
the soils (Senjobi and Ogunkunle, 2011). Lowesewhblding capacity was recorded
for horticultural (32.7%) and bare exposed regi86.4%) soils; this is due to the
loamy sand and sandy clay texture of these soilpled with low percentage of
organic matter. Guptet al (2010) in their study on physical properties o soils
under different land uses from foothills of Siwalibf Jammu, also observed that
water holding capacity was highest in case of soiider forest land which they
ascribed to the presence of high organic mattercémdfractions and lowest in case
of barren land soils.

Soil organic matter is a critical component saiil-plant ecosystem and it
changes with land use or agricultural managemeattiges (Ghanet al, 2003). It is
evident from the data (Table 18) that cultivatedssbave low organic matter as
compared to forest and pasture soils. Intensivevation degrades the soil structure
which is reflected by a decrease in stability af aggregates. The lower stability is
usually associated with a decrease in soil orgam&tter content. Soil structural
stability and soil organic matter content usuakécrbase with cultivation (Eynaet
al., 2004). The low organic matter content of culiaeasoils is attributed to the fact
that cultivation increases aeration of soil whigth@&nces the decomposition of soil
organic matter (Kizilkaya and Dengiz, 2010). On thtlker hand comparatively high
percentage of organic matter in forest and pastois is ascribed to the fact that
these soils are located at high altitudes andesetlaltitudes due to low temperature
and heavy precipitation microbial growth is reted and rate of mineralization is
low as a result accumulation of organic matter ighh These findings are in
confirmation with the observations of Talib and Mer (1990) and Vermat al.
(1990). The findings are also in agreement with Miig1994), Nakashgiet al.
(1997), Bossuyekt al (2002) and Schindlbachet al (2010) High organic matter
content under pasture lands is attributed mainlguog from grazing animals and
turnover of grass roots (Campbetlal, 1992). Soils of bare exposed region with an
organic matter of 1.81% have the lowest organidenabntent. This is due to the fact

that these soils are devoid of vegetation cover prebsence of relatively coarse
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fraction (England and Lessesne, 1962; Singh ankbBna 1985; Castillet al.,1997;
Post and Kwon, 2000; Materechera and Murovhi, 2011)

Soil organic matter status is a significamlicator of amount of available
nutrients present in soil especially nitrogen (8abiet al, 2010). Most of the
available nutrients present in soils are closelgoemted with organic matter
(Meysneret al, 2006). It's the major soil source of phosphoans sulphur and the
primary source of nitrogen (Brady, 1996; Wani, 200Qith regard to the available
nutrients (N, P and K) in the soils of study cateimina positive correlation exists
between the organic matter and available nutrightsgnificant positive relationship
of total phosphorus with organic matter has alsenbeeported by Mandal el.
(1990). Land use classes (wetlands, coniferousst®rand pastures) having high %
organic matter exhibit higher values of availabidrients (Table 18). This can be
attributed to the association of nutrient ions loynlis complex in soils (Kanthaliya
and Bhatt, 1991; Nguyeet al, 2004; Suhadolet al, 2007; Deenik and Yost, 2008).
During, the study it was observed that phosphoamdent (12.80Kg/ha-46.60Kg/ha)
of soils was lower as compared to the nitrogen .@Kd/ha-627.20Kg/ha) and
potassium (100.21Kg/ha-464.80Kg/ha) content. Thisdue to the reason that
phosphorus tends to bind with calcium which is en¢sn high content in soils of
Kashmir due to carbonaceous or lime-rich bed rockatley thus phosphorus gets
rapidly fixed and becomes less available than génoand potassium. High content of
available phosphorus in agriculture (38.75Kg/hajprtibulture (36.94Kg/ha),
plantation (35.82Kg/ha) and built-up (33.20Kg/hajls can be attributed to the

excessive use of fertilizers and discharge of dame#luents.

Soil texture affects soil water charactecistierosion potentials, budget of
plant nutrients and dynamics of organic matter Kaoc et al, 2008). Soil texture
analysis of Anchar catchment (Table 19) revealed tthe dominant textural class in
the catchment is sandy clay (32.45%) followed kaydbam (28.16%). Clay content
was found to be high in agricultural and foresisswiith a texture of clay and clay
loam respectively. The texture of bare land anc leexposed region soils was found
to be sandy clay. These soils were found to haghlenisand content than soils of
cultivated lands and forests. This can be attrdbatehigher levels of erosion which
these soils face because of being present on slepes. Similar findings were
observed by Singh and Prakash (1985) in soils bf hegion of Uttar Pradesh in
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North India. Soil hydrological groups as determirfeain the soil texture classes
determine the runoff potential of different soilfish plays an important role in the
sediment and nutrient fluxes in the catchment. Méshe soils in the catchment were
found to belong to the hydrological group D i.evihg clay, clay loam, sandy clay
and silty clay loam textures. So, land use landecalasses like agriculture, forests,
and bare areas with a texture of clay, clay loard aandy clay falling in this
hydrological group shall contribute predominantyain-off without much infiltration
capacity.

7.3 Physico-chemical Characteristics of Water

Water, an essential requirement for all fewh life, needs protection from
pollution which otherwise poses athreatto lifenvitEonmental conditions such
as salinity, oxygen, temperature and nutrientsuerite the composition, distribution
and growth of its biota (Swanat al, 2000). The assessment of these factors that
determine water quality is essential as it aidgrgvention of pollution. Water quality
includes the physical, chemical and biological ekteristics of water. Table 20 and
21 present the values of various physico-chemieabpeters of Anchar analyzed
during winter and summer seasons of the study ¢eFimom the values presented in
the tables, it's clear that the water samples efl#ke show site specific as well as

seasonal variability.

Water temperature is an important propertfeciihg the physical and
chemical properties of water and the aquatic veéigeta organisms and their
biological activities. Temperature variation is ooethe factors in swamps, which
may influence the physico-chemical characteristensd the distribution and
abundance of flora and fauna (Soundarapanelial, 2009). The water temperature
during the study period fluctuated from 5.6 — 28.%howing a distinct seasonal trend
of maximum values in summer and minimum in winMaximum water temperature
was recorded at site W4 (near Kujar), followed kg V2 (near SKIMS) and W6
(main Anchar lake) with temperature values of 26,925.5°C and 25.2°C
respectively (Table 21). The high temperaturesndsmb are the result of water depth
and consequently the volume of water in contach it as observed by Zutshi and
Vass (1971) and Pandit (1980) in other eutrophitemaodies.

161



The pH (Potentia Hydrogeni) of a solution refto its hydrogen ion activity
and is expressed as the logarithm of the reciprot#he hydrogen ion activity at a
given temperature. It regulates most of the biaalgiprocesses and bio-chemical
reactions. pH along with free carbon dioxide hasnbeeported to be a critical factor
in the survival of aquatic organisms (Sculthorp&67). During the present
investigation of the water quality of Anchar, thd was found to fluctuate from 7.6 to
8.27. Fluctuations in pH values mostly depend upwmnedient input in the water
bodies (Mathuret al, 2008). The present findings are in support cseobation of
Spence (1967) that the pH of a typical eutrophke leanges from 7.7 to 9.6. So,
Anchar is eutrophic on the basis of its pH ranglsoAthe pH values recorded are
indicative of the alkaline nature of the water bodifie highest pH value (8.27) was
recorded in the main Anchar water body itself (€abl). This can be ascribed to the
production of salicilic acid by the hydrolysis oficates in the rock beds of the
catchment area (Zutsht al, 1980). The lowest pH value (7.6) was recordeat tige
Shallabugh wetland (Table 20), which can be attebuto increased rate of
decomposition of the organic matter which is présenhigher amounts in the
wetland (Sirajet al, 2010). The pH showed a summer maximum and winter
minimum trend which corroborates with the trendgasied by Sreenivasan (1965).
Similar trend was reported by Ekeh and Sikoki (9083he New Calabar River and
also by Sawanet al (2006) in river Irai. This trend is due to theanlges in carbon
dioxide content of water. During winter seasom [thotosynthetic activities result in
the liberation of carbon dioxide that forms carleoacid in water, which dissociates
releasing hydrogen (B ions which are responsible for lowering the pHhiles in
summer season increased photosynthetic activitieaqoatic vegetation result in
greater utility of carbon source thus giving rigsehigher pH values as have been
observed by Goldman (1972) and Otsuki and WetZEI4). Similar observations of
lower pH values in winter months and higher in stanmmonths were recorded by
Araoye (2009) and Sharma and Capoor (2010). Theosadty in the pH of water
may be due to the influx and decay of debris ag agimbalance level of Hions

input from surface run-offs during the rains (Abovz910).

Electrical conductivity values an indicatiaf total nutrient concentration
mainly depend on ionic concentration or dissolvealganic substances. Changes in

conductivity reflect proportional changes in iomi@ncentration (Otsuki and Wetzel,
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1974). The overall high conductivity of the watefsthe Anchar depicts high ionic
concentration. The higher values may be due toragtation of ions owing to
evaporation, biological turnover and interactionthwsediments (Devi and Anandhi,
2009). The higher conductivity values, an indicatmf the total salt concentration,
place this water body at a higher trophic leveélestrical conductivity has a positive
correlation with trophic gradient (D&s al., 2006). The highest electrical conductivity
was recorded at site W5 (near Shallabugh) 407.5m $dllowed by site W4 (near
Kujar) 391.3 uS/cm and site W2 (near SKIMS) 3853Iagm (Table 20). The higher
value of conductivity at these sites is an indmatof high nutrient enrichment at
these sites. Many workers have related increaséeutric conductivity to the state of
nutrient enrichment (Aliet al, 1999; Siddiqgi, 2008). In general during the stud
period, lower values of electrical conductivity weecorded during summer months
as compared to colder winter months (Table 20, Zigabawa (2009) observed
similar seasonal variation in conductivity readinggh highest readings being
obtained in colder months and lowest in warmer m®&nThe lower values recorded
during summer are attributed to the intake of itysplants during the growing
season, while as the higher values during winter ratated to the abundance of
nutrients which are released due to decompositi@mganic matter (macrophytes and
animals) (Pandit, 1999; Lashatial, 2009).

Dissolved oxygen content determines thereatfian entire aquatic ecosystem
to a great extent. It is a factor which reflecte ffhysical and biological processes
taking place in a water body. Dissolved oxygenns of the most reliable parameters
in assessing the trophic status and the magnit@ideutbophication in an aquatic
ecosystem (Edmondson, 1966). The concentrationissblyed oxygen in a water
body depends on surface agitation due to temperataspiration rate of the living
organisms and decomposition rate of dead organitemarhe oxygen utilization
results from decompositional consumption of malerlzoth of allochthonous and
autochthonous origin, settling in the bottom of Hasin and resulting in an oxygen
deficit in bottom waters (Jones and Bachmann, 19Zéj values of dissolved
oxygen (less than 5mg/l) are an indication of tewgetowards anoxic conditions
(Bhat and Pandit, 2002; Saloom and Duncan, 2006¢. [dw values of dissolved
oxygen 3.2mg/l and 3.3mg/l recorded in the Anchéel(site W6) and at SKIMS site

(W2) respectively (Table 21) indicate anoxic coiotis and polluted nature of water
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body at these sites which has restricted the gramith development of plant and
animal life except those that thrive well under lswonditions. Highest values of
dissolved oxygen were recorded near Kujar (W4) g®rand Shallabugh (W5) —
8.5mg/l (Table 20). In case of the water sampldiecied near these wetlands, the
higher content of dissolved oxygen is in consonamite the growth and abundance
of macrophytes and phytoplankton of the wetlandeaseng oxygen during

photosynthesis.

In the present investigation, the oxygeaximas were recorded in winter and
minimas in summer (Table 20, 21). The peak valuenduvinter was also observed
(Pahwa and Mehrotra, 1966; Kolekar, 2006; Negial, 2006; Upadhayay and
Dwivedi, 2006; Sharma and Capoor, 2010). Depletiodissolved oxygen with the
progression of summer is attributed to faster ohterganic matter decomposition and
limited flow of water in low oxygen holding envirorent due to high temperature
(Goldman and Horne, 1983; Ragtial, 2004; Ayoadet al, 2006). Decomposition of
organic matter may be an important factor in thesconption of dissolved oxygen,
which becomes more vigorous in warm weather (Bagaeg Verma, 1985). The
increase in dissolved oxygen to its higher valmewinter is due to the high solubility
at low temperature and less degradation of orgaratter (Carvalhaet al, 2005;
Riddhi et al., 2011). The solubility of dissolved oxygen increaseth decreasing
temperature (Wetzel, 2001). Thus, a negative arosl exists between dissolved
oxygen and water temperature. Such an inversaaeship has also been observed
(Welch, 1952; Zutshi and Vass, 1982; Breitbwtgal, 1997; Gurumahunet al,
2000; Agarwal and Thapliyal, 2005; Sumigtal, 2007; Sharmat al,, 2009).

Nitrate is the most abundant and importar@rganic nitrogen compound
present in water. The quantity of nitrate-nitrogalong with total dissolved
phosphorus in any water body indicates its progtegtiotential. High levels of both
phosphate and nitrate can lead to eutrophicatidnghwincreases algae growth and
ultimately reduces dissolved oxygen levels in tteen (Johnsomrt al., 2000; Sultan
et al., 2003). During the study period nitrate-nitrogen vi@snd to range between
159.7pug/l and 292.1ug/l. Overall the nitrate-nigogcontent was found to be
relatively low at the investigated lake sites. Thasatively low content of nitrate-
nitrogen can be ascribed to profuse and luxuriaatrophytic growth which utilize it

during photosynthesis. This is in agreement witeeRran (2002) that in unhealthy

164



water bodies nitrate-nitrogen may be depleted. [Baest value of nitrate-nitrogen
was recorded near the wetland sites W5 (Shallabagti)W4 (Kujar) with values of
159.7 pg/l and 160.5 ug/l respectively (Table Zihjle the highest value of 292.1
g/l was recorded at SKIMS site (W2) (Table 20)e3éd low values obtained at the
wetland sites can be attributed to the role of gopulation of macrophytes and also
sediments which act as major sinks of nutrientstt@nother hand, the high amounts
of nitrate-nitrogen at SKIMS site are attributed thee leaching of chemicals and
discharge of effluents from the SKIMS complex amfjoming human habitations
(Bhat et al, 2001). Storm water runoff and discharge of seware two common
ways that various nutrients enter the aquatic extesys resulting in the pollution of
those systems (Sudhira and Kumar, 2000; Adeyem@3)2@uring winter months
higher values of nitrate-nitrogen were obtainechteammer months however in the
Anchar site (W6) lower value of nitrate-nitroger8814 ug/l) was obtained in winter
and higher (211.7 pg/l) in summer (Table 20, 2he Tower values recorded during
summer months are attributed to the intake of entsi by the macrophytes during the
growing season, while as the higher values durimgtew months are due to the
abundance of nutrients which are released due toongigosition of these
macrophytes. Increase in nitrate content for site@-Akichar from winter to early
summer can be attributed to the increased runoff fthe Sindh Nallah due to rising

temperatures and subsequent melting of snow aehghvations of the catchment.

Phosphorus like nitrogen is another key eldmerthe productivity of lake
waters. It is considered to be the most signifi@anbng the nutrients responsible for
eutrophication of lakes, as it is the primary atitng factor (Adeyemet al, 2008).
During the study, total phosphorus was found t@iesent in the range of 291.9 to
558.2 ug/l. Total phosphorus can range from <51 jgvery unproductive lakes to
>100 pg/l in very eutrophic lakes, although thealsange is between 10 and 50 pg/l
in uncontaminated systems (Vollenweider, 1976; Wet2001). It can thus be
inferred from the phosphorus range that Ancharusophic. The values of total
phosphorus that have been presented in Table 2(0raioleé 21 reveal that it shows
considerable site specific and seasonal variatibhe highest value of total
phosphorus was recorded for site W2 -near SKIMS8.G5 g/l) followed by site W6-
Anchar (542.9 ug/l) (Table 20). This high valuetla¢se sites is attributed to the

discharge of domestic effluents, sewage contanonafrom adjoining human
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settlements and use of fertilizers in agricultuialds of the lake catchment. The
increase in the value of phosphate is mainly bexafighe run-off from catchment
area including some agricultural fields (Upadhyety al, 2010). Lowest value
(291.9u49/l) of total phosphorus was recorded nagaikwetland (Table 21) which is
due to utilization of phosphorus by the rich popiola of macrophytes present in the
wetland. The peak values of total phosphorus wétaimed during winter period

(Table 20) which is apparently related to the dgoosition process.

The potassium content of the water samplesstigated during the study
period was found to be low fluctuating between @@ 5.5 mg/l. Similar findings of
potassium being the least dominant cation in wdthaaters of Kashmir were noted
by Siragjet al. (2010), which they attributed to marl charactgpj¢al of carbonaceous
or calcium rich distinct geology of the Kashmir Hilayan water bodies. This also
agrees with the observation in other Kashmir lakas$ wetlands made by Khan al.
(2004).

7.4 Model Simulations

The GWLF model used in the current study hggited the critical source
areas in the Anchar catchment which contributedifogntly towards the pollution
loadings of the lake in terms of sediment and eatrloadings. Results were obtained
against the changing land use/land cover conditiorsssess the impact on nutrient

and sediment transport processes in the studyroatuth
7.4.1 Sediment Loadings

Sediment production is of great significancassessing the life of an aquatic
system as sedimentation is one of the main factsponsible for the reduction of
size and depth of water bodies. Fine sedimentsis associated with the transport of
much of the nutrients and contaminants to aquabdigs (Prosseet al, 2001).
Stream-banks, bare land, agriculture and pastuees identified as the major source
area contributors of the sediment loadings (TabB®). ZStream bank erosion
contributes fine-grained sediment through many esses like mass wasting-
instability of bank material and failure, fluvial nigainment-detachment and
entrainment of particles by hydraulic forces oreatn banks from flowing water
(Lawleret al, 1997; Couper and Maddock, 2001; Wynn and Mostaigl2006; Clark
and Wynn, 2007; Wynmet al, 2008). A significant quantity of in-stream sednt
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results from stream bank erosion. Several studee® lshown that sediment from
stream banks may account for as much as 85% ohmoattt sediment yields
(Odgaard, 1987; Burkaet al, 1994; Schilling and Wolter, 2000; Thoragal, 2005;
Papanicolaou and Abaci, 2008; Pizzuto, 2009; Hasdeat, 2009). It's evident from
the results obtained that sparsely vegetated oerupcessure land use/land cover
classes (bare land, agriculture, pastures) are mamributors. This is primarily
because these areas are more erodible than theatezfjareas and hence contribute
more sediment. Agriculture increases the risk okien through land use conversion
and tilling of fields. Higher rates of soil and seént loss have been reported from
agricultural fields (Higgitt and Lu, 1999; OuyangdaBartholic, 2001; Ouyanet al,
2005; Al-wadaey, 2009; Kimaro and Semalulu, 20EXcessive grazing of pastures
diminishes or eliminates this vegetation, thus piddly increasing sediment transport
from this source. Grazing can lead to increasednssad moving into rivers and
streams. Grazing animals can cause compactioneo$dh, as well as a reduction in
soil cover, both of which lead to increased ruraofll less infiltration of water into the
soil. Increased runoff can also lead to increadeshs bank erosion (Bhat al,
2002).

Forests, horticulture and built-up areastheeleast contributors of sediment
load (Table 22). This is due to the fact that emodrom forested lands, in general, is
minimized by a considerable land cover that pretebe soil from the energy of
rainfall and runoff, and the impervious nature wofltoup areas. In general, as the
protective canopy of land cover increases, thei@ndsazard decreases, hence, forests
contribute less as compared to the other classkshanoads, if any, are mainly from
the degraded forests. This observation is in ageeemvith Coelhcet al (2004) who
in their study also observed that forests produbedeast amounts of overland flow

and the lowest soil erosion rates.

The results of model simulations for the sezht loading rates (Table 22)
show a significant increase against the changind lase/land cover conditions. The
land use/ land cover results (Table 12) suggesthieavegetation cover has decreased
from 1992 to 2005 due to overgrazing of pasturesifdands/grasslands) beyond the
carrying capacity, and clearing of forest areasesehchanges result in erosion and
subsequently more sediment production. On the dthed increase in impervious
surfaces- bare land and built-up (Table 12) is nkeskduring the said period which
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contributes largely to runoff without much infiltran capacity. Similar findings have
been reported by Khan and Shah (2004a) while stgdsthe sediment from the
catchment of another important wetland Hokersa¢ashmir. Their study reveals that
vast area of the wetland catchment lacks vegetatias sparsely vegetated leading to
increased erosion and higher sediment loadingss,Tihgtands to reason that loss of
vegetal cover and increase in impervious land sagare primarily responsible for

production of more sediment loadings under 2008 lzse/land cover scenario.

The sediment/silt generated from various land les&d cover classes in the
catchment finally flows into Anchar mainly throughe Sindh Nallah. This has
resulted in reduction of the depth of the waterybadd lower transparency. This is in
conformation with the study of Pandit and Yousu¥(@2), who reported that Sindh-
nallah deposists large quantities of silt broughitifrom the upper catchment areas
into Anchar. Earlier Zutsltet al (1980) also reported that light penetration isagjly
diminished in most of the months in Anchar due ito Ieaded inflow from river
Sindh. Ali and Pandit (2009) also reported that tepth of Anchar has reduced
considerably and much of it has been convertedasimland. Studies on other lakes
and wetlands of Kashmir have also revealed thaitrsed inflow through feeding
channels has resulted in the reduction of watethdapd water volume as well as
impacted thermal stability of these water bodiesn@® and Qadri, 1990; Zutshi and
Yousuf, 2000; Khan and Shah, 2004a; Khan, 2008).

7.4.2 Nutrient Loadings

Nutrient and contaminant supply has sigaific implications for
eutrophication and algal blooms, associated with decline of water quality and
ecological integrity (Lake and Marchant, 1990; $mR003). While these nutrients
and substances are required for a healthy aquaticoement, an excess of these
inputs accelerates the natural process of lakeoghitation through excessive
nutrient enrichment (Ritchie and Cooper, 1991) pAdsent, the overriding influence
on Anchar is nutrient enrichment or eutrophicati@maused by intensified
anthropogenic activities in its catchment. The ieatrloadings to the lake are quite
high. Numerous studies have demonstrated an asisoclzetween catchment land
use and nitrogen (N) and phosphorus (P) loadingaittace waters (Omernit al.,
1981; Jone=t al, 2001; Strayeet al, 2003; Allan, 2004; Buclet al, 2004; Lewis
and Grimm, 2007). Keeping this in view, in theremt study the nutrients (nitrogen

and phosphorus) were assessed under changingdahnthod cover conditions.
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Ground water, bare lands, agriculture, aastyres are the major sources of
nitrogen and phosphorus loadings (Table 23-24)riohar. Similar findings of these
sources being major contributors to nutrient loadse observed by Smitkt al.
(1999), Solim and Wanganeo (2008). The contribubbigroundwater is significant
and is dependent on the soil type. The likely sesiraf nutrients especially nitrate
contribution to Anchar through groundwater are dsitice sewage, agricultural
drainage and other human activities. Several rekees have identified groundwater
as a potentially important source of nutrient pliis being discharged into lakes
(Brock et al, 1982; Shaw and Prepas, 1989a; Hagerthey anaddtef998; Kishel
and Gerla, 2002; Hurt al, 2003; Kanget al, 2005; Holmaret al, 2008; Nakayama
and Watanabe, 2008; Schmgeit al., 2009). Bare lands have been found to be next
major contributor to nutrient loadings in the stumtchment. This is attributed to the
fact that these land areas devoid of vegetatiommca large portion of the Anchar
catchment being located in steep to very steepmegand possessing soils of high
runoff potential and very low infiltration rate (beging to soil hydrological group
D). The result is increased volume of runoff andager potential for nutrient
transport from these land areas. As vegetated almagase and the natural land is
increasingly disturbed, the potential for sedimantd nutrient pollution of surface
water bodies increases (Lovell and Sullivan, 208&ep slopes and erodible soils are
biogeochemically linked to ecosystem dysfunctioisfudtbances on steep slopes and
erodible soils have been reported to increasetejttatal and soluble phosphorous,
and suspended sediment (Byron and Goldman, 198®sBart and Plate, 1997).

Agricultural lands and pastures contributedh nitrogen and phosphorus
loads. This is ascribed to the application ofiliedrs on croplands and grazing
animal waste deposition (Plate 2) in case of past@Adekaet al, 2008). Pastures
have been reported as an important nitrate souitee ét al, 1993; Holloway and
Dahlgren, 2001; Monagharet al, 2007). A positive relationship between
grasslands/pastures and lake total nitrogen arad pbtosphorus concentration was
found by Goldsteiret al (2007) and Cherrgt al. (2008) in their studies. From a land
use perspective, agriculturally dominated areasehasen recognized to produce
elevated concentrations of dissolved salts andemigr adversely affecting the water
guality (Keeney and Deluca, 1993; Pekarova and RP€l@96; Smaret al, 1998;
Turner and Rabalais, 2003). Agricultural areas bseaof being subjected to high
runoff, increased erosion and sediment yields bmwgients into the lake by transport
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of nitrate and phosphate fertilizer laden sedimawtgority of studies on land use and
nutrient loadings conclude that agricultural largk wstrongly contributes to stream
water nitrogen and phosphorus (Sharpley, 1993;stotet al, 1997; Sharplewt al.,
1998; Arheimer and Liden, 2000; Tong and Chen, 200&ned et al, 2004;
Galbraith and Burns, 2007; McDowell, 2009; Noge802 Sobotaet al, 2009)
thereby affecting the freshwater trophic status.

The results for the nutrient loadings botifogen and phosphorus (Table
23-24) show a significant increase under the 2@08 lise/land cover conditions. The
reasons for the increased nutrient loads under Bitbuse/land cover are increase in
the area of bare lands, built up, degradation stysalands from 1992- 2005 (Table
12) and practicing of various intensive agricultusad horticultural activities that
contribute to the higher nutrient loadings.

7.5 Hydro-meteorological Data Analysis

Hydro-meteorologic parameters may changemy ltime period naturally or
anthropogenically. Trend analysis is a basic toalinnderstand variations in time. In
this present study, trends in hydro-meteorologiedh (precipitation and temperature)
for a period of 30 years (1981-2010) in the Anatetchment were investigated. This
was done to get an idea about how climate is chgnigi the study catchment. There
are many different ways in which changes in hydegearological series can take
place. A change can occur abruptly (step changeyradually (trend) or may take
more complex form. Climate change is often recogphias a progressive trend.

Precipitation has been widely consideredaastarting point towards the
apprehension of climate change courses, consttutime of the most substantial
components of the hydrologic cycle. In the currshitdy, analysis of precipitation
data revealed that the catchment is witnessingceedsing trend in the precipitation
(Fig.38, Appendix 10a). Similar findings of predation showing a declining trend in
Kashmir valley were recorded by Sultan and Shdf07 and Romshoet al (2011).
The change in precipitation pattern with winter msnreceiving scanty or no
precipitation is a dimension of climate change esKmir (Jeelanet al., 2008). This
phenomenon of downward trend in annual rainfall b@sn reported in several other
parts of the world as well (Lettenmaiet al, 1994; Turkes, 1996; Gong and Wang,
2000; Zhanget al, 2000; Qian and Zhu, 2001; Qi&h al, 2002; Xuet al, 2003;
Gemmeret al, 2004; Mosmanmet al, 2004; Partal and Kahya, 2006; Karpouebs
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al., 2010). Studies on climatologic parameters catelthat trend in observed
precipitation comprises a complex function of thimatic environment, precipitation
intensity and season (Osbanal., 2000; Venturat al, 2002).
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Plate 2a: Animal waste deposits near pasture lands Anchar catchment

Plate 2b: Animal waste deposits near pasture landa Anchar catchment
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Air temperature is generally recognized @®ad indicator of state of climate
globally because of its ability to represent theergg exchange process over the
earth’s surface with reasonable accuracy (Vinnilgival, 1990; Thapliyal and
Kulshrestha, 1991). Many studies on regional scalemountainous areas have
demonstrated significant rise in air temperaturagh valarming effects on their
environment (Pant and Borgaonkar, 1984; Li and Td9§6; Seko and Takahashi,
1991; Brownet al, 1992; Borgaonkaet al, 1996; Diaz and Bradley, 1997; Beniston
et al, 1997; Panet al, 1999; Sharmat al, 2000; Thompsoset al, 2000; Wibig and
Glowicki, 2002; Beniston, 2003; Dia al, 2003; Villabaet al, 2003; Vuilleet al,
2003; Rebetez, 2004). In response to global warraimgd) temperature variation the
mountains show high temperature trends as well ase nnconsistency (Liu and
Chen, 2000; Magnusoet al, 2000). The upward shift of isotherms along the
southern slopes of Himalayas is the clear indicatid increase in temperature
averages (Ghulamt al, 2008).

The results of seasonal variations in ayem@aximum (Table 25, Fig.41) and
minimum temperatures (Table 26, Fig.42) from 198Q€ of the present study,
reveal that average minimum temperatures are isicrgat a slow and steady pace,
while as average minimum temperatures are showingggressive increasing trend
in core-winter months. This agrees with the obgeyaa of Sultan and Shafi (2007).
Salinger (2005) and Islamt al. (2009) attributed this warming trend in the winte
months to the global warming and rise in surfacee@anperature coupled with local
urban heat impact. Fazal and Amin (2011) suggesimdthe rise in mean maximum
temperature in Srinagar area of Kashmir is mainlg th loss of water bodies, since a
considerable amount of evapo-transpiration withoaling effect might have been
taking place in the past due to these valuableogaml assests. They also suggested
that increase in the built-up land leads to inedaghe temperatures due to impact of
urban heat islands. Chen al. (2007) in their study on historical temporal tterof
hydro-climatic variables in Hanjiang basin also icaded a large scale climate
warming, especially during winter when entering 1980s with the extent of increase
reaching to 1.09°C. Ahmaet al. (2007) too observed an increase of about 0.6°C in
January temperature at national level in Pakistaer the period of 1961-2006. This
they attributed to the phenomenon of global warmkhganget al (2005) showed the
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temperature rise in winter to be linked to the pneg of an anomalously strong zonal

circulation in Eurasia and a weak polar vortex sitiee 1980s.
7.6 Conservation and Management Measures

The results of the current study have esfaddl that Anchar has been
subjected to various anthropogenic pressures icatishment including land use/land
cover changes, sedimentation, enhanced nutrienichement, rising human
population, and changing climate which have reduite depletion of its storage
capacity and in deterioration of its water qualitgaking it a case of threatened
ecosystem in dire need of management. Conserviatioonncerned with maintenance
of natural systems and, where possible, with thilization either directly or by way
of information obtained from their study, for trenb-term benefit of mankind. This
concept is extremely relevant to the conservatiod management of threatened
ecosystems like Anchar. The concept can be achiermy by the integrated
management of the whole catchment area and theelad®ystem. The present study
of Anchar catchment indicates that the followinghgervation and management

strategies shall go a long way in restoring andgmeng this aquatic ecosystem:

Land use and water quality are inseparabteoften improper land use causes
environmental degradation. Due to land use-laneicolianges that have taken place
in the catchment the water quality of Anchar hassened during the span of 15
years. So, regulation of a proper land use plathénAnchar catchment is vital for
preventing the further deterioration of the laketew® and subsequently its
degradation. Future land development and managesientld be considered with
care. With a better land-use planning, curtailmehtsome of the water quality
problems may be possible. The results from theeotrstudy have revealed that the
land use combination of agriculture, horticulturel aesidential/urban/built-up area in
close proximity to the lake system is linked to #@ncentration of nutrients like
nitrogen and phosphorus. The horticulture arear@sased from 1992 to 2005, and
intensive application of fertilizers and pesticidiss persistent in the catchment.
Application of heavy doses of chemical fertilizéos agro/horticultural activities in
the catchment should be strictly restricted throefflective regulatory mechanism.
Ecologically sustainable agriculture involving thee of eco-friendly technology like
the use of bio-fertilizers, bio-pesticides shouéddmcouraged among rural population

to mitigate pollution hazards. The study recommendise scientific
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watershed/catchment area management by adoptinggranéd pest/nutrient
management practices. In addition the results atdithat with the integration of GIS
and modelling, a land use/land cover managemernsidacsupport system can be
developed to manage nutrient pollution (nitroged ahosphorus) at the catchment

and watershed scales.

Increase in impervious surfaces- bare land built-up areas in the lake
catchment especially in the immediate vicinity ohchar from 1992-2005 has
strongly impacted the water quality of the lake., Sestriction on human
interventions/settlements in the vicinity of th&dashould be effectively ensured. One
of the main reasons for gross pollution of the Aarchystem, is the discharge of
effluents directly from Sher-I-Kashmir Institute d¥ledical Sciences (SKIMS)
situated to the north-east of the lake. Proper gama&nt and treatment of these
effluents prior to their discharge into the systisnthe urgent need of the hour. An
effective and well defined urbanization plan neéulde laid out to minimize the
pressures of increased anthropogenic interferenteei lake catchment. There should
be demarcation of buffer zones to prevent encroaahy human settlements in the

lake area.

As areas become more developed, the amdunipervious cover increases
that subsequently increases their storm-water digehh and even small rains are
capable of washing accumulated pollutants into aserf waters. Urban runoff
especially after a storm event has a tendency shing pollutants off the streets,
construction sites, pesticides from lawns. To redstorm-water discharge installation
of storm water treatment facilities is suggestethe Tcheapest method to keep
pollutants out of runoff areas will require coogerafforts from both the public and
municipalities. For example, the public would beguieed to sweep paved areas in
order to keep waste off the drains, limit fertilizgpplication on lawns, while on the
other hand municipalities would be required to erdolaws on erosion control at
construction sites, laws on design and managenfestbon water drains and at the
same time have efficient waste collection and dispsystems. Understanding the
degree and location of impervious surfaces andtiignithe amount of impervious
surfaces in the Anchar catchment can be used agasurable and scientifically
defensible technique to protect this ecosystem.
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High sedimentation rates over the yearsehaggravated the ecological
vulnerability of Anchar. So, sediment harvestingl @moval needs to be considered
as a management option. Settling basins near tlevichannels to Anchar should be
constructed to arrest the sedimentation/siltati@nace. These structures with size
based on the amount of water expected to be gededating specific rainfall events
like the Telbal settling basin which has been aoestd near Dal Lake have proven
to be very useful in checking the amount of sedimdrefore the water is released
downstream. Regular maintenance of these settebgition basins and removal of
sediment from time to time should be ensured. Timelation exercise using GWLF
model identified the key sources of sediment logslim the catchment which include
mainly stream-banks, agricultural and pasture lantgyetative buffer strips also
called as conservation buffers, buffer zones, berfistrips should be used along
stream and river banks to slow down run-off andwapsediments These buffers can
take many forms including permanently vegetateigpsiocated between larger crop
strips on sloping land, bands or strips of permamegetation established at the edge
of agricultural fields and areas of trees, shrubgj/or grasses adjacent to streams,
lakes, ponds or wetlands. Agricultural best managggmractices such as cover crops,
strip/contour farming, terrace farming and graziagd management should be
promoted in the catchment keeping in view theircaffy in controlling the erosion
and sediment loadings. To overcome the problemvefgrazing which is associated
with erosion and sediment yield, there is a neeth¢oease the grazing area, either
through the enlargement of natural vegetation areasby maintaining wider

agriculture areas under fallow, allowing the soitécover and the herbs to feed.

Loss of forest cover in the lake catchmeotfrl992-2005 has increased land
erosion and sediment transport into the aquatitesys Large-scale reforestation and
afforestation programmes in the catchment aredsold and conserve the soil can
mitigate the problem of siltation. Best managenpeattices in form of agriculture to
forest and wetland conversion can provide a goodp®&ctus for improving the water

quality of the lake.

Enhanced nutrient enrichment/eutrophicatioobjgem in the study catchment,
both now and in the future, needs to be manageeldiace the risk of total ecological
failure of the Anchar system. This problem needbdalealt at the sources of these

nutrients, by reducing nutrient loads to the catehimand changing land use/land
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cover practices. The use of GWLF within this reskdnas indentified the critical
source areas of nitrogen and phosphorus loadingheincatchment to the Anchar
Lake. In order to effectively manage the nutrierdllygion from the Anchar
catchment, a combination of nutrient managemengraromes for all the source
areas is required. For managing the nutrients cgrfriom agricultural and ground
water sources, construction of riparian zones amifical wetlands, bunds
(embankments) could be useful for these providectffe sinks for nutrients in an
agricultural watershed before runoff reaches théewbhody. These structures are
essentially artificial shallow water-filled basitisat have been furnished with buffers
consisting of appropriate vegetation cover of emetglant vegetation. Thus, this
method is also quite useful in treatment of nutrigch groundwater as the emergent
plants utilize the nutrients from the ground water their own growth, thereby
purifying the water before it's discharged into thater bodies. The artificial
wetlands are an effective means of reducing pea&ffuates and stabilizing flow to
adjacent streams and waterways that is ultimataiyex into the lake. The water that
is detained in such basins being rich in nutrieats be diverted and utilized for the

irrigation purposes.

Treatment of waste water at sewage treatmlants can significantly aid in
the reduction of the nutrients reaching the lakéevgafrom point sources. Installation
of such waste water treatment plants with increaécency by the incorporation of
the tertiary stages of waste water treatment ingke catchment can help in reducing
the nutrient loads to a great extent. Diversionetifuents by interceptor sewers

constitutes effective strategy of combating acesést eutrophication.

Watershed prioritization is one of the mimsportant aspects of planning for
implementation of development and management pnogees. An integrated
watershed management approach covering the bidgalhyand socio-economic
aspects of the watersheds in the catchment whieh pse-requisite for sustainable
development and management of resources needs takba into account. The
watershed prioritization in a phased manner withitfitial thrust upon the critically
impaired watersheds needs to be carried out irAtiehar catchment. Broad-based,
regional-scale monitoring is critical for makingormed lake management decisions.
Water quality monitoring should be done with gre&tequency and results should be

made public.
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There is a need for long term data measurtsmien the validation of the
GWLF model simulations. The lack of long term nemtiand sediment discharge data
records hampers the validation process. It is,efoee, of paramount importance to
regularly monitor and record such data on a muoladker scale.

Concluding, the conservation and managemoérthis water body requires
coordination between different user organizatiams stakeholders and a participatory
approach to the implementation of all managemetmraplans. It further requires the
support by way of appropriate policies that consiater bodies in an integrated
holistic manner. Adequate and appropriate instingl arrangements are also required
to ensure the implementation of policies and mameayé plans. Decision and policy
makers in turn require the knowledge and an unaledstg of the contemporary
science and technology related to the functioning management of water bodies.
Finally, the implementation polices and plans ateguire support from legal

measures that may be brought in place throughléiyis action.
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SUMMARY AND CONCLUSION
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Chapter-8
SUMMARY AND CONCLUSION

The conclusions presented in this chagt@nmarize this research. The
chapter highlights the important findings derivgdamalyzing the results described in
the previous chapters. This study proved to be useful in understanding the nature
and magnitude of the impact of different catchmsrdle processes on the Anchar
ecosystem. The results included Land use/Land coliange detection analysis,
topographical analysis, soil analysis, water anglyguantification of sediment and
nutrient loadings and hydro-meteorological datalyams indicating climate change.
During the present research, remote sensing and t&iBniques were used to
environmentally characterize and fully investigdifferent processes in Anchar Lake
catchment and quantify their impacts on the watelyb The contemporary approach
was fully aided by the extensive field surveys iegrrout for ground truthing of the
remote sensing data as well as for the samplinggsess. While remote sensing data
was used to generate up to date information abifigreht parameters, simulation
model in the form of GWLF was used to simulate sesliment and pollution

processes as well as to identify the critical sew®as of pollution.

In summary, the important conclusions that ba drawn from the results of

this research are as follows:

» The Land use/Land cover change detection from X5 revealed that all
categories of land use/land cover in the catchroémtinchar have changed
with time. It was observed that during the studgiquek vegetation cover of the
catchment in the form of coniferous forests, sanod| grasslands and
plantation has decreased, while as impervious $amthces like built-up and
bare land have increased. Built up showed a chahg&5.72 Knf, Bare land
(+34.89Knf), River bed (+5.56 KA), Coniferous forests (-56.62 Kin
Grasslands (-23.22 K# Scrubland (-33.98 Kf), Plantation (-10.99 KA),
Water bodies (-2.51 Kfj) Aquatic vegetation (+6.46 K The present study
reveals that the human need and greed has takeswg toll of the forests and
pastures in the catchment. Agricultural practicesrevfound be shifting
towards horticultural practices with agricultureosling a change of (-14.42

Km?) and horticulture of (+9.02 Kft Accuracy assessment results revealed
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92.66 % accuracy for 2005 classified data and apEamefficient of 0.914

with aquatic vegetation and water giving good dfasgtion accuracies.

The physicochemical analysis of the Anchar catchireeits during the course
of this study revealed different land uses to moasted with different soil
conditions. Natural forests and pastures were fdarige high in percentage of
organic matter, water holding capacity and low kh fhan cultivated arable
lands. A positive correlation was found betweenaarg matter and available
nutrient content of different soils. Bare areaseviErund to have lowest pH,
water holding capacity and organic matter due $3 lof vegetation cover and
coarse nature of soils. Soils in the study areaevieund to fall into eight
textural classes viz. sandy clay covering 53%8&®, clay loam (468.66 KA),
sandy loam (336.56 Ky clay (199.32 Krf), loamy sand (55.45 Ky silty
clay loam (42.98 Kr), silt loam (18.47 Krf) and sandy clay loam (2.50
Km?).

Physico-chemical analysis of water indicated detation of the water quality
of Anchar. Water chemistry showed the alkaline reatf this aquatic body.
The lower levels of dissolved oxygen and higherelevof conductivity
especially at SKIMS site and in the main water botbelf support the
eutrophic status of the water body. The nutrieatust of the key elements
indicates high levels of total phosphorus and nedgt low levels of nitrate
nitrogen. Concluding, low oxygen levels, high valuef conductivity and
nutrients near urbanized sites indicate the digghaf domestic effluents,
input of heavy doses of sewage and leaching ofcagricals leading to the
nutrient enrichment of Anchar waters thus detetingawater quality which

has serious implications on the overall functionifdghis ecosystem.

The GIS based modelling approach for the quantifinaof sediment loading
rates provided reliable estimates over variablercouareas in the lake
catchment. The land use/land cover or the souese @ntribution towards the
sediment yields was highest for stream banks fatbwy bare lands,
agriculture, pastures and forests, whereas, ths leads were recorded for
horticulture and built-up areas. Overall sedimevddings under 1992 and
2005 land use/land cover from these sources ireticah upward trend from

their 1992 values i.e. from 13274.1 metric tondatél sediment/year under
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the 1992 land use/land cover to 16707.1 metric whotal sediment/year
under the 2005 land use/land cover. This high oateedimentation/siltation
accounts for gradual decrease in the maximum dstiis water body posing
potential threat to its survival.

The GWLF model quantified the overall nutrient @ditved and total forms of
nitrogen and phosphorus) loadings from the catchrwetne Anchar lake and
indentified the critical source areas i.e. all #uotivities in the catchment that
are contributing to these nutrient loads. Thesecgsuare ground water, bare
lands, agriculture, and pastures. Urban runoff atemtributes minute
guantities of the total nutrient loadings. The @llenutrient loadings from
these sources too show an upward trend from tI982 Yalues. The increased
nutrient loads under 2005 land use/land cover aeetd the changes that have
taken place in the catchment during the periodSof/dars. The estimation of
nutrient loads from the source areas shall fatdifaioritization of the source

areas for remedial measures to control the poliundhe Lake.

The hydro-meteorological data analysis carried duting this research
confirms the proximity of climate change by showitigat precipitation is
decreasing, while as temperatures are increasingasddal average
temperature trends indicate climate warming espgciduring winter
primarily due to rapid increases in both, the maxmas well as minimum
temperatures, with the maximum temperature incngasinore rapidly.
Decreased rainfall and higher temperatures thratighate change can alter
the hydrological dynamics of Anchar system by dasireg the water level and
water spread area of the lake. Since, the highuddi lofty mountainous
regions of the catchment remain unattended becais¢he available
meteorological stations being located at the bottufnthe valley therefore
these observatories of changing precipitation @maperature may not be the
true representative of the entire catchment. Scethelimatic changes

occurring across the region require more detaitetlia depth investigation.

Based on the current available data, the GWLF madet in this research
demonstrated its utility as a tool to understarmtesses in the catchment and
as a basis for effective management of the Ancystesn.
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» The conservation and management of this water bedyires awareness,
proper understanding, planning and implementatidnth@ management
strategies suggested. The watershed prioritizat®rrequired that shall
facilitate the development of a robust strategythe critically impaired
watersheds for the control of pollution and conagon and management
plans with immediate effect. The research methaglokstablished during the
present study should help in the effective condemaand management of
other threatened lacustrine ecosystems of Kashimaldya.
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Appendix 1
Error Matrix

Reference Data

Class 1 Class 2| Class3 ClassN Row Total

Classification Data

Class 1 A1 A1 Az Ant Y ke LA
Class 2 A21 Azz A32 AN2 Z K=1 N Ak2
Class 3 A31 A32 A33 AN3 Z K=1 N As
Class N An Azs Ass A ns Yke1 T Aka
Column Y ke N Yk N | Yk V| Yk M N
Akl Ak2 AK3 2Kl Akn
Total Akd
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10

11

12.

13.

14.

Appendix 2

GROUND TRUTH cum FIELD SURVEY Data Format

Sample No. Date:
Name of the location Tehsil District
Lat. Long. Alt. T Sheet No. Scale

Dominant Land use/Land cover

Image characteristics:

Image Reference: Satellite/Sensor: ath/f®w Date:

Spectral resolution: Spatial Reiem:

Distinct Landmark (if any)

Topography (Hilly / flat / undulating)

Land use (Homogeneous / Heterogeneous)

Associated Land use/Land cover types:

. Geology of the area

. Soil characteristics

Water Resources

Photograph No.

Rough sketch
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Appendix 3

Critical source areas and their ET cover Coefficiets

Source Area

Development stage

ET coefficient

Bare area N/A 1.0
Cotton Final stage 0.4
Maize Final stage 0.4
Grass Final stage 1.0
Olive Final stage 1.0
Ploughed fields N/A 1.0
Sugar beet Final stage 0.5
Sunflower Final stage 0.3
urban N/A 1.0
Vines Final stage 0.4
Water melon Final stage 0.7
Wheat Final stage 0.4
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Appendix 4

Descriptions of Soil Hydrological Groups (Soil Consrvation Service, 1986)

Soil Hydrological
Group

DESCRIPTION

A

Low runoff potential and high infiltration ratesezvwhen
thoroughly wetted. Chiefly deep, well to excesspvel
drained sands or gravels. High rate of water trassion
(>0.75cm/hr).

19%
o

Moderate infiltration rates when thoroughly wett
Chiefly moderately deep to deep, moderately wellvédl
drained soils with moderately fine to moderatelyarse
textures. Moderate rate of water transmission ¢0.40
0.75cm/hr).

Low infiltration rates when thoroughly wetted. Chhye
soils with a layer that impedes downward movemdnt o
water, or soils with moderately fine to fine texdutow

rate of water transmission (0.15-0.40 cm/hr).

High runoff potential. Very low infiltration ratesshen
thoroughly wetted. Chiefly clay soils with a higivedling
potential, soils with a permanent high water talsia]s
with a clay pan or clay layer at or near the swafac
shallow soils over nearly impervious material. Véow

rate of water transmission (0-0.15 cm/hr).

Disturbed soils (major altering of soil profile bgnstruction, development):

A Sand, loamy sand, sandy loam.

B Silt loam, loam

C Sandy clay loam

D Clay loam, silty clay loam, sandy clay, silty clajay.




Appendix 5

Runoff Curve Numbers applied in the Anchar catchmeh (adapted from SCS,

1986)

c) Runoff CN Values (Antecedent Moisture condition |Il) for cultivated
Agricultural land

Hydrological | Soil Hydrological Group
Land Use /Land Cover conditions A B C D
Fallow Bare soil 77| 86 | 91 94
Crop residue Poor? 76 | 85 | 90 | 93
cover (CR) Good 74 83 | 88 90
Row Crops Straight row (SR) | Poor 72 | 81 | 88 91
Good 67 78 | 85 89
SR+CR Poor 71 80 87 90
Good 64 | 75 | 82 85
Contoured (C) Poor 70 | 79 | 84 88
Good 65 75 | 82 86
C+CR Poor 69 78 | 83 87
Good 64 | 74 | 81 85
Contoured & Poor 66 74 | 80 82
terraced (C&T) Good 62 | 71 | 78 81
C&T +CR Poor 65 73 79 81
Good 61 70 | 77 80
Small Grains Poor 65 76 84 88
(SR) Good 63 75 | 83 87
SR+CR Poor 64 75 83 86
Good 60 72 | 80 84
C Poor 63 74 82 85
Good 61 73 | 81 84
C+CR Poor 62 73 81 84
Good 60 72 | 80 83
C&T +CR Poor 59 70 78 81
Good 60 71 | 78 81
Close-SR seeded
or broadcast or
rotation meadow
Poor 66 |77 85 |89
Good 58 |72 81 |85
C Poor 64 |75 83 |85
Good 55 |69 78 |83
C&T Poor 63 |73 80 |83
Good 51 |67 76 |80

¥Hydrological condition is based on a combinationfadtor that affects infiltration and runoff,
including (a) density & canopy of vegetative arg&y,amount of year round cover, (c) amount of
close-seeded legumes in rotations, (d) percentweércon the land surface (goe@0%), & (e)
degree of surface roughness.
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b) Runoff CN Values (Antecedent Moisture conditionl) for Grasslands & woodlands

Soil Hydrological Group
Hydrological
Land Use /Land Cover conditions
A B C D
Pasture, grassland or
range- continuous forage | Poor? 68 79 86 89
for grazing Fair 49 69 79 84
Good 39 61 74 80
Meadow —continuous
grass, protected from 30 58 71 78
grazing, generally mowed
for hay
Brush-brush/weeds, grass Poor” 48 | 67 | 77 83
mixture with brush the Fair 35 56 70 77
major element Good 30 48 65 73
Woods/grass combination| Poor 57 73 82 86
(orchard or tree farrf) Fair 43 65 76 82
Good 32 58 72 79
Woods Poof’ 45 | 66 | 77 83
Fair 36 60 73 79
Good 30 55 70 77
Farmsteads-buildings, 59 74 82 86
lanes, driveways &
surrounding lots

¥ Poor: <50% ground cover or heavily grazed with no mulghir 50 to 75% ground cover & not
heavily grazed; Good:75% ground cover & lightly or only occasionallyaged.

® Poor:<50% ground cover; Faib0 to 75% ground cover; Goosl75% ground cover.
° Estimated as 50% woods, 50% pasture.

9 pPoor: Forest litter, small trees and brush are destrdyethieavy grazing or regular burning; Fair:
woods are grazed but not burned & some litter covke soil; Good: woods are protected from
grazing and litter and brush adequately cover tiile s
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C) Runoff CN Values (Antecedent Moisture conditionl) for Urban Areas

Soil Hydrological Group

LAND USE

A B C D
Open space (lawns, parks, golf courses,
cemeteries, etc:

68 79 86 89
Poor condition (grass cover<50%) 49 69 79 84
Fair condition (grass cover 50-75%) 39 61 74 80
Good condition (grass cover>75%)
Impervious areas:
Paved parking lots, roofs, driveways, etc | 98 98 98 98
Streets and roads:
Paved with curbs and storm sewers 98 98 98 98
Paved with open ditches 83 89 92 93
Gravel 76 85 89 91
Dirt 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas, 63 77 85 88
only)
Artificial desert landscaping (impervious 96 96 96 96

weed barrier, desert shrub with 1-2 in san
or gravel mulch and basin borders)

d
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Determination of the Soil Erodibility (K) factor of the USLE model (Stewardet al., 1975)

Appendix_6

Organic Matter Content

Texture class <0.5% 2% 4%
Sand 0.05 0.03 0.02
Fine Sand 0.16 0.14 0.10
Very Fine Sand 0.42 0.36 0.28
Loamy Sand 0.12 0.10 0.08
Loamy Fine Sand 0.24 0.20 0.16
Loamy Very Fine Sand 0.44 0.38 0.30
Sandy Loam 0.27 0.24 0.19
Fine Sandy Loam 0.35 0.30 0.24
Very Fine Sandy Loam 0.47 0.41 0.33
Loam 0.38 0.34 0.29
Silt loam 0.48 0.42 0.33
Silt 0.60 0.52 0.42
Sandy Clay Loam 0.27 0.25 0.21
Clay Loam 0.28 0.25 0.21
Silty Clay Loam 0.37 0.32 0.26
Sandy Clay 0.14 0.13 0.12
Silty Clay 0.25 0.23 0.19
Clay - 0.13-0.29 -
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Appendix 7

c) Determination of the cover factor (C) of the USLE nodel

Crop, rotation & management®

Productivity ¥

High Moderate
Continuous fallow, tilled up and down slopes 1.00 1.00
CORN
1. C, RdR, fall TP, conv (1) 0.54 0.62
2. C, RdR, spring TP, conv (1) 0.50 0.59
3.C, RdL, fall TP, conv (1) 0.42 0.52
4. C, RdR, wc seeding, spring TP, con (1) 0.40 0.49
5. C, RdR, wc standing, spring TP, con (1) 0.38 0.48
6. C, fall shred stalks, spring TP, con (1) 0.35 0.44
7. C (silage)-W(RdL, fall TP) (2) 0.31 0.35
8. C, RdL, fall chisel, spring disk, 40-30% re (1) 0.24 0.30
9. C, (silage), W wc seeding, no-till plin c-k W(1 0.20 0.24
10. C(RdL)-W(RdL, spring TP) (2) 0.20 0.28
11. C, fall shred stalks, chisel pl, 40-30% re(1) 0.19 0.26
12. C-C-C-W-MM, RdL, TP for C, disk for W (5) 0.17 0.23
13. C, RdL, strip till row zones, 55-40% re (1) 0.16 0.24
14. C-C-C-W-M-M RdL, TP for C, disk for W(6) 0.14 0.20
15. C-C-W-M, RdL, TP for C, disk for W (4) 0.12 0.17
16. C, fall shred, no-till pl, 70-50% re (1) 0.11 0.18
17. C-C-W-M-M, RdL, TP for C, disk for W (5) 0.087 0.14
18. C-C-C-W-M, RdL, no-till pl &3 C (5) 0.076 0.13
19. C-C-W-M, RdL, no-till pl ¥ C (4) 0.068 0.11
20. C, no till pl in c-k wheat, 90-70% re (1) 0.062 0.14
21. C-C-C-W-M-M, no till pl 2*& 3" C (6) 0.061 0.11
22. C-W-M, RdL, TP for C, disk for W (3) 0.055 0.095
23. C-C-W-M-M, RdL, no till pl 2 C (5) 0.051 0.094
24. C-W-M-M, RdL, TP for C, disk for W (4) 0.039 0.074
25. C-W-M-M-M-, RdL, TP for C, disk for W (5) 0.032 0.061
26. C, no-till plin c-k sod, 95-80% re (1) 0.017 0.53
COTTON
27. Cot, conv (western plains) (1) 0.42 0.49
28. Caot, conv (south) (1) 0.34 0.4
MEADOW (HAY)
29. Grass & legume mix 0.004 0.01
30. Alfalfa, lespedeza or sericia 0.02 -
31. Sweet clover 0.025 -
Sorghum, Grain (Western Plains)

32. RdL, spring TP, conv (1) 0.43 0.53
33. No-till pl in shredded 70-5-% re 0.11 0.18
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Contd.

34. B, Rd|, spring TP, conv (1) 0.48 0.54
35. C-B, TP annually, conv (2) B,no-till 0.43 0.51
36. pl 0.22 0.28
37. C-B, no-till pl, fall shred C stalks (2) 0.18 0.22
WHEAT
38. W-F, fall TP after W(2) 0.38 -
39. W-F, stubble mulch, 500 ib re (2) 0.32 -
40. W-F, stubble mulch, 1000 Lb re (2) 0.21 -
41. Spring W, Rdl, Sept TP, conv (ND, SD) (1) 0.23 -
42. Winter W, RdL, Aug TP, conv (KS) (1) 0.19 -
43. Spring W, stubble mulch, 750 Ib re (1) 0.15 -
44. Spring W, stubble mulch, 1250 Ib re (1) 0.12 -
45. Winter W, stubble mulch, 750 Ib re (1) 0.11 -
46. Winter W, stubble mulch, 1250 Ib re (1) 0.1 -
47. W-M, conv (2) 0.0564 -
48. W-M-M, conv (3) 0.026 -
49. W-M-M-M, conv (4) 0.021 -

a/ high level exemplified by long-term yield aveeaggreater than 75 bu/ac corn or 3 ton/ac hay or
cotton management that regularly provides gooddstamd growth.

b/ numbers in parentheses indicate numbers of yrate rotation cycle. (1) indicates a continuous
one-crop system.

¢/ grain sorghum, soyabeans or cotton may be sutestifor corn in lines 12, 14, 15, 17-19, 21-25 to
estimate values for sod-based rotations.

B: soyabeand:: fallow grass and legum€: corn. M: hay.c-k: chemically killed.
pl: plant.Conv: conventionalW: wheat.Cot: cotton.wc: winter cover

Ib re: pounds of residue per acre remaining on surfaee aéw crop seeding

%re: percentage of soil surface covered by residue mafter new cop seeding
XX-yy% re: xx% cover for high productivity, yy% for moderate

RdR: residues (corn stover, straw, etc.) removed ondulir

RdL: residues left on field (on surface or incorporated

TP: turn plowed (upper 5 or more inches of soil ingdrtcovering residues
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b) Determination of the Support Practice (P) of thdJSLE model

Practice Slope (%)

1.1-2 21-7 | 7.1-12 12.1-18 18.1-24
No support practice 1.00 1.00 1.0D 1.00 1.90
Contouring 0.60 0.50 0.60 0.80 0.90
Strip cropping
R-R-M-M¥ 0.30 0.25 0.30 0.40 0.45
R-W-M-M 0.30 0.25 0.30 0.40 0.45
R-R-W-M 0.45 0.38 0.45 0.60 0.68
R-W 0.52 0.44 0.52 0.70 0.90
R-O 0.60 0.50 0.60 0.80 0.90
Contour listing or ridge planting 0.30 0.25 0.3‘0 4. 0.45
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Appendix 8
Determination of Sediment Delivery Ratio (Vanoni, 975)

@
T
e
= 0.1
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2
o
]
0.01

Watershed Sediment Delivery Ratio
(Annual Sediment Yield/Annual Erosion)

It I T 1 -

ok
1]

10 100 1000
Watershed Area (sq. km)

10000
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Appendix_9
Nutrient Concentration in runoff from land (Haith, 1987)

Source area N (mg/l) P (mg/l)
Bare areas 2.600 0.1000
Cotton 1.700 0.0690
Grass 3.000 0.3000
Olive 1.710 0.1040
Ploughed field 2.600 0.1000
Sugar beet 0.830 0.0830
Sun flower 1.800 0.3000
Urban area 0.045 0.0045
Vines 0.830 0.0830
Water melon 0.830 0.0830
Wheat 3.000 0.2500
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Appendix 10
b) Total annual precipitation in Anchar catchment (198.-2010)

YEAR PRECIPITATION (mm)
TOTAL ANNUAL AVERAGE ANNUAL
1981 739.8 2.03
1982 1047.9 2.85
1983 918.7 2.51
1984 1069.6 2.92
1985 739 2.00
1986 1063 2.90
1987 716.6 1.95
1988 799.3 2.18
1989 681.7 1.87
1990 950.5 2.59
1991 739.8 2.03
1992 1047.9 2.85
1993 918.7 2.51
1994 1069.6 2.92
1995 1132 3.10
1996 987.7 2.70
1997 716.6 1.95
1998 673.4 1.87
1999 499.7 1.37
2000 464.5 1.27
2001 493.1 1.36
2002 622.5 1.73
2003 848.4 2.35
2004 609 1.67
2005 858.6 2.40
2006 1020.4 2.78
2007 577.2 1.57
2008 705.7 1.94
2009 612.1 1.67
2010 779.3 2.13
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Appendix 10
c) Total monthly precipitation in Anchar catchment (1981-2010)

Year | JAN | FEB |MARCH | APR | MAY |JUN |JULY | AUG | SEP | OCT|NOV| DEC

1981|24.90| 81.00| 97.60 | 183.7p130.30| 18.30| 49.40 | 66.4Q 38.20{12.00 0.00| 38.00

1982 | 110.9| 33.2 246.9 132.3 1126 205 64, 12p127.9| 21.6| 33 | 23.7

1983 | 117.5| 88.2 2449 43.8| 109.]

A5

77 159 172 203 |0 41.D

1984 | 82.7 90 66.5 1274 78.2 40.

[}

3
5

1875 1yl 3B5 448 |147.4
4

1985| 60.1 | 40.8 52.8 71.8/ 100.7 15)2 133. 322 0.2 Vy4% | 155.1

1986| 10 59.2 189.3 199.9 50.3 17 471 701 7.4 1138.8 185.1

1987 | 31.5| 20.9 1125 114.]

A4

70.3 76/5 18{6 112m.2 | 49.8 37.2| 61.8

1988 | 54.4| 101.1 198.5 33.7 309 617 187.1 463 81 051 |40

1989 | 13.3| 78.9 94.4 91 72.8 34.

[0

94. 68.6 7.8 488.5| 44.3

1990| 75.2| 741 231.6 68.7 7.5 24 29. 12p.I3.5| 40| 7.6| 246.

7

8
1991 | 24.9 81 97.6 183.7 130 183 494 664 3B.2 |12 08
1992 | 110.9| 33.2 246.9 132.3 1126 20, 3

[82]

64, 12p127.9| 21.6| 33 | 23.7

1993 | 117.5| 88.2 2449 43.8| 109.2 77 159 172 203 |0 41.D

5
1994 | 82.7 90 66.5 1274 78.2 406 1875 1y1 3B5 448 | 1474
1995| 53.5| 150.6 107.7 133. 65.1 27|18 297.9

L4

16948.4 | 36.9| 39.8| 43.7

1996 | 78.4 48 48 105.5 148.Y 182610.6 | 162.8 42.4 | 100.642.5| 17.6

1997 | 31.5| 20.9 1125 114.]

A4

70.3 76/5 18{6 112m.2 | 49.8 37.2| 61.8

1998 | 35.6 | 157.3 57.7 156.6 62.% 38/2 46/4 841 186 [6& 0

1999 | 122.8| 37.1 64.7 64.7 26.50 168 309 647 244 |0 47.0
2000| 92.2 | 51.8 63.8 26.8 509 2216 643 314 0.2 0 1@0.6
2001 | 38.2 | 47.4 45.9 73.8 43.7 63]9 506 219 4.1 9.6.8 449.2
2002 | 40.5| 118 109 73.3 36,7 884 16J7 64.7 D.6 22.8 9.8
2003 | 39.1 | 185.8 152 128.3 854 17|12 47(4 48.2 1.1 |8.8.4(170.7
2004 | 124.7| 36.1 2 166.3] 70.4] 29.6 1024

2005| 99.5 | 277.5 99.3 39.4 92.9 123 140.

\l
N
~
o

4.6 1962 1

2006 | 168.1| 53.2 66.2 55.5 38.6/ 358 151|6 147 D8 19 82%.9

2007 | 8.9 50.5 281.8 14 443 49, 57.

[e}]
N
far)
~

2008 | 85.9 | 102.4 7.9 108 39.1 29, 84 746.9 D.5 32 559.4

7
7

2009 | 85.6 | 106.8 48.2 81.3 51.1 66/8 482 3%8 27 2 45121
6

2010| 27.8 | 823 55.8 101 170.2 35 5912 147.9.2 34 0 58
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Appendix 11

b) Average monthly maximum temperature (°C) in Ancharcatchment (1981-2010)
YEAR | JAN | FEB | MARCH | APR | MAY | JUN |JULY | AUG | SEP | OCT | NOV |DEC
1981 | 1.13| 7.13| 12.30 | 16.6Q 21.15| 28.94| 28.81| 29.16 | 26.47| 21.2915.32| 8.92
1982 | 5.87|8.40| 11.43 | 18.1 22.06|27.31| 28.81| 28.38 | 24.89| 20.9315.26| 9.48
1983 | 4.86(11.09 11.45 | 20.3Q 23.36| 27.90| 27.21| 29.43 | 27.31| 22.5414.61|10.75
1984 | 6.62| 7.53| 14.95 | 17.53 23.33| 28.36| 29.30| 29.28 | 26.09| 19.9316.30| 7.20
1985 | 5.87|21.29 18.18 | 20.45 23.68| 29.11| 29.77| 28.80 | 28.82| 21.2115.88| 8.36
1986 |-0.60{ 9.43| 12.45 | 17.89 22.26| 27.90| 29.17| 28.49 | 27.28| 22.1013.54| 2.89
1987 | 2.54| 9.65| 13.16 | 18.51 21.66| 26.54| 31.19| 28.70 | 27.46| 19.0918.58| 7.47
1988 | 8.54|10.47 12.43 | 22.31 26.63| 28.34| 29.23| 28.75| 26.84| 21.6117.88|9.97
1989 | 8.47|9.20| 13.61 | 18.98 23.65| 27.97| 27.71| 27.05| 27.97| 22.4912.79| 9.28
1990 | 8.89|9.96| 12.58 | 18.90 28.07| 30.17| 30.48| 28.52 | 27.40| 21.7Y16.02|6.79
1991 | 1.13| 7.13| 12.30 | 16.6Q 21.15| 28.94| 28.81| 29.16 | 26.47| 21.3515.32| 8.92
1992 | 5.87|8.40| 11.43 | 18.1 27.21|27.31| 28.81| 28.38 | 24.89| 20.9315.26| 9.48
1993 | 4.86|11.09 11.45 | 20.30 23.36|27.90| 27.28| 29.51 | 27.31| 22.5414.61|10.75
1994 | 6.62| 7.53| 14.95 | 17.53 23.33| 28.36| 29.37| 29.31 | 26.09| 19.9816.30| 7.20
1995 | 2.94| 6.26| 12.43 | 16.84 24.40| 29.62| 28.78| 27.93 | 26.90| 21.2115.58| 5.24
1996 | 5.50|9.10| 13.04 | 19.25 21.04| 26.31| 29.14| 27.15| 27.35| 18.9512.20| 7.65
1997 | 2.54|9.65| 13.16 | 18.51 21.66| 26.54| 31.19| 28.61| 27.46| 19.0918.58| 7.47
1998 | 5.77|8.09| 13.16 | 19.63 24.22| 27.29| 30.45| 30.01 | 26.82| 23.0517.69| 8.63
1999 | 4.75| 9.26| 14.65 | 23.98 25.20| 29.73| 31.37| 29.62 | 29.10| 23.9914.52|12.31
2000 | 6.61|9.02| 14.27 | 22.21 28.75| 29.87| 29.59| 29.25| 27.59| 25.5716.24{10.28
2001 {10.9812.76 16.75 | 20.81 28.45| 29.35| 30.36| 30.63 | 26.92| 23.7414.85|9.75
2002 | 8.47|8.43| 15.84 | 19.62 26.45| 28.75| 30.66| 29.76 | 25.11| 23.07Y18.03| 9.93
2003 |10.72 9.58| 12.68 | 20.31 21.72|29.29| 30.70| 28.45| 26.49| 22.5114.42| 8.98
2004 | 5.93(11.81 21.21 | 19.73 25.40| 27.72| 29.45| 29.09 | 28.51| 25.5Y14.42| 9.75
2005 | 6.31| 5.29| 13.54 | 19.95 20.78| 29.00| 28.62| 30.34 | 29.15| 22.9215.43|9.80
2006 | 4.08|12.59 15.21 | 20.94 28.27| 27.95| 31.13| 28.22 | 25.05| 22.1814.17| 7.47
2007 | 9.36(11.11 13.36 | 25.00 25.13| 28.54| 29.90| 29.79 | 26.88| 24.0817.20| 9.60
2008 | 4.83| 8.15| 19.02 | 19.41 24.97|29.48| 29.51| 29.94 | 26.33| 22.4615.23|9.70
2009 | 8.27(10.42 15.65 | 19.91 24.94| 26.22| 29.71| 31.55| 28.94| 22.7014.08{10.07
2010 {10.679.17| 19.88 | 20.83 21.91| 25.16| 28.56| 28.52 | 27.20| 23.7718.30|10.94
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Appendix 11
c) Average monthly minimum temperature (°C) in Anchar catchment

(1981-2010)
Year| JAN | FEB | MARCH |APR | MAY |JUN JULY | AUG | SEP | OCT | NOV | DEC
1981| -6.22| -0.65 3.38 587 9.49 1499 16|2%.04|13.09| 4.14 | -1.11| 0.42
1982| -0.14 | -0.54 2.78 487 7.74 1244 16|685.50|11.86| 5.95| 0.91| -0.72
1983| -2.72| 0.88 1.58 589 1218 13.14 16(456.01|12.14| 3.37 | 1.09| -2.81
1984| -0.28| -0.11 4.79 496 9.99 1420 18418.25/11.02| 490 | 0.54| -0.80
1985| -1.12| -1.12 4.34 7.8% 10.3p 13.16 18{10/.71|13.55| 6.33| 0.96| -0.65
1986| -5.51| 0.06 2.76 7.21 9.83 14.27 18|7P7.52|12.20| 6.86 | 1.94| -1.49
1987| -3.62| -1.84 2.83 6.03 8.09 13.39 18/6%.78|12.08| 6.90 | 1.68| -0.18
1988| 1.34 | 1.36 3.99 8.59 11.18 15.50 19{807.27|13.14| 5.26 | 0.08| -1.42
1989 -2.65| -0.44 3.60 6.18 19.68 13.96 17|05.84|11.56| 5.34| 2.13| 0.55
1990| 1.15| 1.55 2.47 6.93 1190 16.30 18{387.07|13.34| 456 | 0.25| -1.61
1991| -6.22| -0.65 3.38 587 949 1499 16|2%.04|13.09| 4.14 | -1.11| 0.42
1992| -0.14| -0.54 2.78 487 7.74 1244 16)686.50| 11.86| 595 | 0.91| -0.72
1993| -2.72| 0.88 1.54 589 1218 13.14 16|456.01|12.14| 3.37 | 1.09| -2.81
1994| -0.28| -0.11 4.79 496 9.99 1420 18418.25/11.02| 490 | 0.54| -0.80
1995| -5.30| -0.80 3.22 6.49 953 1295 17/6b/.18|11.16| 6.21 | -0.57| -0.22
1996| -2.57 | 0.22 3.46 6.72 10.04 1474 16|2.59|12.57| 510 | 0.49| -3.22
1997| -3.68| -1.84 2.83 6.03 8.09 13.39 18/6%.78|12.08| 6.90 | 1.68| -0.18
1998| -1.54| 1.82 3.84 6.66 10.14 13.13 17|05.18| 13.47| 430 | 2.28| -3.72
1999| -1.54| 1.71 3.84 6.66 10.14 13.13 17|05.18|13.47| 4.30 | 2.28| -3.72
2000 -2.16| -0.77 1.64 6.29 11.4p 1495 17|Ab.79|11.81| 4.45| 2.32| -1.43
2001| -3.89| -0.91 1.97 7.13 11.19 1532 17|66.18|10.20| 5.41 | 0.64| -0.65
2002| -2.67| -0.76 3.32 7.06 9.28§ 13.41 15/365.84|10.42| 5.29 | 0.09| -0.90
2003| -3.20| -0.15 2.85 721 749 1313 17)6105.92|12.77| 4.08 | 0.16| -0.55
2004| -0.19| -0.09 3.97 6.96 9.45 13.88 15/3%6.02|11.13| 4.30 | 2.28| -3.72
2005| -0.65| 0.41 4.19 563 847 1249 16J6b.55|12.78| 5.08 | -0.73| -3.22
2006| -1.82| 2.38 3.57 569 11.4p 1341 17\917.26|11.23| 6.78 | 2.80| -0.54
2007| -2.96| 1.80 2.05 6.87 10.5Pp 14.35 16{8K.86|12.35| 2.71 | -1.83| -2.29
2008| -2.61| -1.87 3.77 6.32 9.73 1646 17|28%.48| 9.70 | 5.45| 0.48 0.21
2009| -0.03| 1.02 3.73 6.93 8.96 11.37 14/96.45|10.19| 3.55| 0.16| -1.07
2010| -1.92| 0.05 4.65 6.46 9.82 10.48 16J4P7.63|12.15| 550 | 1.46| -4.65
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