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DACHIGAM (yearly)
Name of the Test Test Static a=0.1 a=0.5 a=0.01 Result
Mankendall -3.787 1.645 1.96 2.576 S (0.01)
Spearman’s Rho -3.449 1.645 1.96 2.576 S (0.01)

| Winter 2001 1645 196 2576  S(0.01)

CSping 577 1645 196 2576 S(001)

CSummer 3449 1645 196 2576 S(0.01)

Speamans  wimer 200 less  iss 257 SO0
Rho

Spring -3.507 1.645 1.96 2.576 S (0.01)
Summer -3.231 1.645 1.96 2.576 S (0.01)
Linear Winter -3.06 1.687 2.025 2.713 S (0.01)

Regression Spring -4.402 1.687 2.025 2.713 S (0.01)
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Name of the Test DAKIL (yearly)

Test Static a=0.1 a=0.5 a=0.1 Result
Mankendall 1.478 1.645 1.96 2.576 NS
Spearman’s Rho 1.544 1.645 1.96 2.576

Spring 2.185 1.645 1.96 2.576  5(0.05)
Summer 2.771 1.645 1.96 2576  S(0.01)
Linear Regression  Winter 1.065 1.687 2.025 2.713 NS

Spring 2.259 1.687 2.025 2.713  S(0.05)



Water Resource Map of UIB
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A B D ¢ D
reain ha
Number Total % of Open Water
Wetland Category of Wetland | wetland | Post: Pre-
Wetlands |  Area T el R
Area Area
Inland Wetlands - Natural
Lakes/Ponds 36 13762 3.92 3371 6821
High altitude wetlands 1143 109170 27.88 105110 | 105072
Riverine wetlands 88 9594 2.45 153 1639
River/Stream 138 231597 99.16 170063 | 175550
Inland Wetlands -Man-made
Reservoirs/Barrages 4 25132 6.42 73115 25121
Tanks/Ponds 2 6 0.00 6 6
Sub-Total 1411 389261 99.43 301818 | 314209
Wetlands (<2.25 ha) 2240 2240 0.57 - -
Total 3651 391501 | 100.00 301818 | 314209
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Land System Changes in Kashmir

SUPERVISED CLASSIFICATION TM 14 SUPERVISED CLASSIFICATION LISS (2008)
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CLASS NAME 1972 AREA (HA) 1992 AREA (HA) 2008AREA (HA)

FOREST 485473.31 464798.36 391368.55
AGRICULTURE 337788.45 301094.00 269138.93
PLANTATION 92240.15 89443.34 85876.76
HORTICULTURE 17954.44 28858.26 71899.18
WATER 12795.11 11024.42 6827.09
RIVER BED 9899.81 9812.22 7512.82
AQUA _VEGETATION 3981.44 7503.56 11729.20

BUILT-UP 578.07 5914.96 21432.81



Land under Agriculture in 1992. : | Land under Orchards in 1992.

J
10 Kilometars

Land under Agiculture in 2005. Land under Orchards in 2005.




Land System Change Projections
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Changes In

Total Glacier area in Total Glacier area Total Glacier area Total Glacier area
1969 (sq. Km) 1992 (Sq. Km) 2001(sq. Km) 2010 (Sg. Km)
45.63 41.74 38.96 38.48



Water Tower of Asia
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CATCHMENT SCALE STUDIES

The study area is the Dal Lake Catchment highly
urbanized and situated in Srinagar city (KASHMIR
HIMALAYAS) having an area of 337 km?.

L_ocation of Dal Lake Catchment
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g S. No. Class Name 1992 2005 Area change %o change
Sl Built up 9.31 21.39 +12.08 3.58
S 2 Agriculture 14.71 12.87 -1.84 0.54
N 3 Fallow 0.08 0.004 -0.076 0.02
3 4 Horticulture 26.91 19.34 . 2.24

E 14 Water Bodies 14.8 13.89 -0.91 0.27
© 15 Water Channel Area 1.24 1.30 +0.06 0.01
§ 16 Snow 1.05 6.50 +5.45 1.61
<< 17 Golf course/Turf 0.00 0.51 +0.51 15.37

Tntal 127 17



. Users
Reference Classified Number Producers

‘ Totals Totals Correct Accuracy (%) Accuracy
(%)
Built up 9 8 8 88.89 100.00
Agriculture 5 8 5 100.00 62.50
Agriculture Fallow 2 5 2 60.00 40.00

Water Channel Area 2 5 2 40.00 20.00
Snow 2 2 2 100.00 100.00
Totals 308 308 283

Overall Accuracy = 89.67% %



 KAPPA (KA) STATISTICS - KAPPA (K?) STATISTICS

OVERALL KAPPASTATISTICS = 0.8541
KAPPAFOREACH CATEGORY
ClassName [ Kappa

Agric. Fallow | 0.3213

Horticulture [ 1
Coniferous Forest | 08208
Deciduous Forest | 08676
sparse Forest 11| 110 G878
Grasslands [ 04863
sorubland | 0ds66
Plantation | 07661

Aquatic Vegetation ~ 0.463
Barren 0.3836

Bare Exp. Rocks 0.7466

Water 1

Water Channel 0.658

Snow 0.333

OVERALL _c:s 0.91314
KAPPAFOREACH CATEGOR

Bare Exposed Rocks 6610
Water 1

Water Channel Area 0.658
Snow 6644
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DAL LAKE ENVIRONS
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936 26

-----lm :
mwelmd o s@ | me s
" ip | g0t | uphen | mosz | aear  coms

CFallowland | 3318 17478 | 17257 | 8929 1a4a0
| Forest 20346 14555 13770 8981 8677
 Grasslands 5805 25393 33411 28762 21402

Horticulture  1737.21  2406.59  1498.72 1977.04 2109 2

Plantation 1004.90 1807.14  2878.91 1680.95 1044.42
Stream Bed 72.00 50.97 46.18 50.63 42.30

Water 1455.75  1259.41  1332.27 1237.74 1074.05

Area change
(1969-2008)

-2414.26

716.29
-147.53
iNlS.89
-198.38

§ii21.69
1559/

372.51

39.52
-29.69

-381.70



SOIL

ETM. 1992 ERODIBILITY (K) CURVE NO
LISSIII, 2005 FACTOR
SLOPE LENGTH C&P
(LS) FACTOR PRACTICES

SIMULATION OF

RUNOFEF, EROSION &
GWLF MODEL SEDIMENT/NUTRIENT

LOADS
QUANTIFING THE HYDROLOGICAL PROCESSES



Hydrological Model
- (R, +M,—-0.2DS,,)~

Q
. R, + M, +0.8DS,,
DS, = 2240 _ 554
CN

X, =0.132*RE, *K, *(LS), *C, *P. * AR,

SR _=0.001*C_*Y.



DATA SETS USED

SATELLITE DATA/GEOSPATIAL DATA:
LANDSAT- ETM (1992)

IRS: LISS |11 (2005)

Topographic data DEM (30m)

Time series of Hydrometeorological data

1) FIELD DATA/LAB INVESTIGATION

Physicochemical data generated for soll
Ground truth data

1) ANCILLARY DATA
Published reports and journals



Geospatial Analysis-Parameters
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Input parameters used in the GWLF Model

Source Hydro LS ® P K WCN
Areas Conditions

Agriculture Fai: .. 0.52 = 0.169

Hlortacultire Fai w200 .0 ol L 1le]e) o)

Bare land Poor 42.66 0.6 0.6 0:15 39



CHANGES IN NUTRIENT LOADING OF DAL LAKE (1981-2008)

: Year Change
Hydrological Process
(Tons/Yr)
1992 2005
Dissolved Nitrogen (DN) 1661.99 1865.87 +203.8
Total Phosphorus (TP) 166.02 238.3 +72.28
Dissolved Phosphorus (DP) 60.89 76.19 +15.3




Source area contribution to sediment & erosion yields

1992 LULC 2005 LULC 1992 LULC 2005 LULC
Erosion Erosion Sediment Sediment
SOURCE Tons/yr Tons/yr Tons/yr Tons/yr

Hi_Int_Dev 0.164 0.444 .0084 .0023
Stream bank 106.2 148.8

Total 1302.295  1953.66 232.4 254.65



VALIDATION STUDY RESULTS

[
-
-

—/=—PREDICTED

—4—0BSERVED

~—~
=
(@)
S
~
)
c
«b)
=
O
D
w

NATSH-SUTCLIFFE (R2) COEFFICIENT : 0.85




10 Hilomelees

Erowion(Tom|

10 Wicmaters







PREDICT

POLLUTANT REDUCTION IMPACT
COMPARISON TOOL

» developed for use in evaluating the implementation of
both rural and urban pollution reduction strategies at
the watershed level.

» allows the user to create various “scenarios’ In which
current landscape conditions can be compared against
“future” conditions that reflect the use of different
pollution reduction strategies.



METHODOLOGY ADOPTED FOR PREDICT MODEL
BMPS

STRUCTURAL/
NON-STRUCTURAL

SCENARIOS

BEST CASE
PREDICT MODEL SCENARIO



SOME OF THE BMPs




Nutrient load reduction in response to BMP

SERE SERE
BN isent msenz SR vsent MseN2
SOURCE Scenario Scenario
Nitrogen (Tons/Yr) Phosphorus (Tons/YT)
Hay/Pasture 195.2 140.01  100.13 20.32 16.17 12.7

Stream Bank 7.51 6.83 3.98 6.09 5.81 4.18
Ground water 605.2 500.9 486.8 14.45 10.04 7.71
Totals 2382 1905.6 1500.66 238.34 174.75 143.0

% Reductions 20.0% 37.0% 26.6%  40.0%



Reduction in sediment loads in response to different scenarios

SOURCE SRl MSCN1 MSCN?
Scenario

Sediment (Tons/YT)

Stream Bank 148.80 130.84 105.93

Total Sediment 354.65 289.04 225.07

”~~ 7 - ] a ™ A PN e PN PN e gy



Conclusions

The study demonstrated the effectiveness of the GIS
based Modeling system in quantifying the
hydrological processes and nutrient loads from the
critical source areas at the catchment scale.

The change in the LULC of the catchment has
contributed significantly towards increased nutrient
loads at the catchment scale.

The implementation of different BMPs can prove
quite effective in controlling the nutrient pollution of
water body and thus improve the ecological condition
of the lake including the water quality
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ANNUAL AVERAGE MAXIMUM TEMPERATURE
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ANNUAL AVERAGE MINIMUM TEMPERATURE
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ANNUAL AVERAGE PRECIPITATION
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The maximum mean annual temperature Is
projected to increase by 2° C (£ 0.9) from
2011 to 2040 and 3.38°C (x1.17) from 2040
to 2099.

The minimum mean annual temperature IS
projected to increase by 2.33 °C (+ 0.61)
from 2011 to 2040 and 2.75°C (x 0.88) in
2040 to 2099.

The annual precipitation is likely to decrease by
about 13.1 % from 2011- 2040 and 4.07 % from
2040-2090 respectively.
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