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 Abstract: 

 

With the flow of the Sal River becoming increasingly erratic 

especially in the upper reaches, attention has been 

directed to land use change as the major cause of this 

problem. The semi-distributed hydrological model Soil and 

Water Assessment Tool (SWAT), IRS-P6-

and IRS-P6-LISS-III (23.5m) satellite imageries were utilized 

in the Sal River watershed in order to (i) map existing field 

scale land use practices in order to determine their impact 

(ii) determine the impacts of land use change on water 

flux; and (iii) determine the impacts of rainfall and 

temperature variations based on the Intergovernmental 

Panel on Climate Change (IPCC) projections on the water 

flux of the Sal River. 

This study found that the different scenarios affected the 

water-balance components differently. Landuse changes 

resulted in a slightly more erratic discha

and temperature changes had a more predictable impact 

on the discharge and water-balance components. These 

findings demonstrate that the model results show the flow 

was more sensitive to the rainfall changes than land use 

changes. It was also shown that land use changes could 

reduce dry season flow, which is the most important 

problem in the watershed. The model shows deforestation 

in the Binnu, Suri, and Mills forest increased the peak 

flows, which can also lead to high sediment loading 

Sal River. The effect of the land use and climate

scenarios on the sediment and water-quality of the river 

needs a thorough understanding of the sediment transport 

processes in addition to observed sediment and water

quality data for validation of modeling results.

  

 

                               

 Page 1 of 9 

IMPACTS OF LAND USE AND CLIMATE CHANGE SCENARIOS ON THE WATER FLUX

A CASE STUDY OF SAL RIVER WATERSHED, CHAMBA (H. P.)
 

Dr Kuldeep Pareta
1
, Amit K Srivastava

2
 

Project Manager (RS/GIS & Natural Resource Management), Spatial Decisions 

Remote Sensing & GIS Specialist, Spatial Decisions 

30 Kailash Colony, New Delhi - 48 (INDIA) 

 

With the flow of the Sal River becoming increasingly erratic 

attention has been 

directed to land use change as the major cause of this 

distributed hydrological model Soil and 

-LISS-IV-Mx (5.8m) 

III (23.5m) satellite imageries were utilized 

Sal River watershed in order to (i) map existing field 
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the Intergovernmental 

Panel on Climate Change (IPCC) projections on the water 

This study found that the different scenarios affected the 

balance components differently. Landuse changes 

resulted in a slightly more erratic discharge while rainfall 

and temperature changes had a more predictable impact 

balance components. These 

findings demonstrate that the model results show the flow 

was more sensitive to the rainfall changes than land use 

also shown that land use changes could 

reduce dry season flow, which is the most important 

problem in the watershed. The model shows deforestation 

in the Binnu, Suri, and Mills forest increased the peak 
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1. Introduction 

Water is the most precious gift of nature to the mankind and has been recognized as one of the most vital natural resources. 

just, because water sustains life but it is a renewable resource. It is also the most essential input for agriculture 

generation. The availability of water with proper quality and quantity at appropriate time and space are of great importance.

management is very essential to maintain quality, quantity and the availability of water due to incre

& industrial growth. Though its availability is limited, yet demand for water is ever increasing. It has direct impact on hum

socio-economic development. Hence, the need of proper planning management of the

utmost urgency.  

The specific objectives of this study were to: map existing land use practices using remote sensing and field observations, determine the 

impacts of land use change, rainfall and air temperature variation on the water 

this study provided scenarios on the impacts of land use and climate change in the Sal River Watershed therefore adding to the exi

literature and knowledge base with a view of promoting better land use management practices in Ravi River Basin, Himachal Pra

and application of the SWAT model in similar densely populated, highly agricultural watersheds all over the world.

2. Study Area 

Sal River is a moderate size northern sub-tributary of the river Ravi, and originating at the eastern part of Nichla Supeka, Chamba district, 

it is flow essentially NE to SW and over 32.3 km to join the Ravi River near Chamba town of Himachal Pradesh. 

tributaries of the Sal River, there are some small tributaries pouring into the river, notable amongst there are Gandera Nala

Nala, Saredi Khad on the left bank, and Kundi Nala, Kiri Nala, Ganji Ka Khad, and Sarotha Nala on the

covers about 265.63 km
2
 and characterized by different types of land cover and land uses as a result of different human activities carried 

out by the stakeholders in various parts of the watershed. 

 

Figure 1: Location Map of the Study Area (Sal River Watershed)

3.0 Data Used and Methodology 

The methodology for this study involves the following steps.

Table 1: Variables used in the SWAT model and data 

S. No. Variables Data Sources & Methodology

1. Remote Sensing Data - IRS-P6 LISS-IV Mx dat

- IRS-P6-LISS-

- ASTER (DEM

2. Topographical Map - Survey of India Topographical Map at 

3. Landuse / Landcover 

Mapping 

- Digitally LULC

ArcGIS-10, and IRS

4. Soil Map  - Soil map of Chamba district has been collected from National Bureau of Soil Survey and Land Use 

Planning (NBSS&LUP) and updated through IRS

5. Drainage & Slope Map - Drainage network 

ArcHydroTool in ESRI ArcGIS

                               

 Page 2 of 9 

Water is the most precious gift of nature to the mankind and has been recognized as one of the most vital natural resources. 

just, because water sustains life but it is a renewable resource. It is also the most essential input for agriculture 

generation. The availability of water with proper quality and quantity at appropriate time and space are of great importance.

management is very essential to maintain quality, quantity and the availability of water due to increase in population, rapid urbanization 

& industrial growth. Though its availability is limited, yet demand for water is ever increasing. It has direct impact on hum

economic development. Hence, the need of proper planning management of the precious resource has become the matter of 

of this study were to: map existing land use practices using remote sensing and field observations, determine the 

impacts of land use change, rainfall and air temperature variation on the water fluctuation of the Sal River in Chamba. The findings of 

study provided scenarios on the impacts of land use and climate change in the Sal River Watershed therefore adding to the exi

literature and knowledge base with a view of promoting better land use management practices in Ravi River Basin, Himachal Pra

and application of the SWAT model in similar densely populated, highly agricultural watersheds all over the world.

tributary of the river Ravi, and originating at the eastern part of Nichla Supeka, Chamba district, 

it is flow essentially NE to SW and over 32.3 km to join the Ravi River near Chamba town of Himachal Pradesh. 

tributaries of the Sal River, there are some small tributaries pouring into the river, notable amongst there are Gandera Nala

Nala, Saredi Khad on the left bank, and Kundi Nala, Kiri Nala, Ganji Ka Khad, and Sarotha Nala on the right bank. The Sal River watershed 

and characterized by different types of land cover and land uses as a result of different human activities carried 

out by the stakeholders in various parts of the watershed.  

 

Figure 1: Location Map of the Study Area (Sal River Watershed) 

involves the following steps. 

Variables used in the SWAT model and data sources 

Sources & Methodology 

IV Mx data (5.8 m), Dated: April 16, 2011 

-III Data (23.5 m), Dated: 02 December, 2010  

DEM) (30 m), Dated: 22 August, 2006 

Survey of India Topographical Map at 1:50,000 Scale - 52 D / 2 & 52 D / 6

LULC map and forest map have been prepared by using Image 

10, and IRS-P6 LISS-IV Mx Data, and also verified through limited field check

Soil map of Chamba district has been collected from National Bureau of Soil Survey and Land Use 

Planning (NBSS&LUP) and updated through IRS-P6 LISS-IV Mx Data 

Drainage network has been generated in GIS environment using ASTER

ArcHydroTool in ESRI ArcGIS-10 

                                                                                  

Water is the most precious gift of nature to the mankind and has been recognized as one of the most vital natural resources. It is not so 

just, because water sustains life but it is a renewable resource. It is also the most essential input for agriculture industry and power 

generation. The availability of water with proper quality and quantity at appropriate time and space are of great importance. The water 

ase in population, rapid urbanization 

& industrial growth. Though its availability is limited, yet demand for water is ever increasing. It has direct impact on human being and 

precious resource has become the matter of 

of this study were to: map existing land use practices using remote sensing and field observations, determine the 

of the Sal River in Chamba. The findings of 

study provided scenarios on the impacts of land use and climate change in the Sal River Watershed therefore adding to the existing 

literature and knowledge base with a view of promoting better land use management practices in Ravi River Basin, Himachal Pradesh 

and application of the SWAT model in similar densely populated, highly agricultural watersheds all over the world. 

tributary of the river Ravi, and originating at the eastern part of Nichla Supeka, Chamba district, 

it is flow essentially NE to SW and over 32.3 km to join the Ravi River near Chamba town of Himachal Pradesh. Though there is no main 

tributaries of the Sal River, there are some small tributaries pouring into the river, notable amongst there are Gandera Nala, Sanluta 

right bank. The Sal River watershed 

and characterized by different types of land cover and land uses as a result of different human activities carried 

 

52 D / 2 & 52 D / 6 

map and forest map have been prepared by using Image Classification Tool in 

verified through limited field check 

Soil map of Chamba district has been collected from National Bureau of Soil Survey and Land Use 

has been generated in GIS environment using ASTER-DEM data and 
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- Slope map has been created using Spatial

6. Climate Data - Daily rainfall, temperature, wind speed, humidity and evapotranspiration data have been 

collected from 

3.1 LULC Classification 

Digitally landuse and landcover map and forest map have been prepared using 

method in ArcGIS-10, and IRS-P6 LISS-IV Mx (5.8 m) (

(Fig. 4) comprise mostly of forest (Reserve, Protect

to shapefiles and aggregated to make them easier to input into the 

and management is an important factor affecting different processes in the watershed such as surface runoff, erosion and 

evapotranspiration. Reclassification of the land use map was done in order to present them in a form that is acceptable in

model and this is the USGS-LULC classification scheme for 

 
Figure 2: IRS-P6 LISS-III Data (23.5m)        Figure 3: IRS

Table 2: Land Use / Land Cover Type Reclassification into SWAT LU/LC Classes

Landuse & Landcover Type Settlement Agricultural

SWAT LULC Type Settlement Agricultural Land Generic

Area (in Hectare) 383.82 4586.61

3.2 Soil Data Classification 

Soil data was obtained from the National Bureau of Soil Survey and Land Use Planning

LISS-IV Mx data (Fig. 6), and fit into SWAT database by using 

hydrological model as one of the main inputs to the SWAT model which requires soil property data 

composition, physical properties, available moist

different layers of each soil type (Setegn, 2008).  

Figure 5: Soil Property Data of the Study Area 

Soil  Region Soil  Taxonomy Soil Texture Soil Depth

Greater 

Himalayas

Lithic Udorthents & 

Dystric Eutrochrepts

Mesic, loamy-skeletal soi ls; 

fine-loamy soi ls

Shallow to Medium 

deep (25-50 cm)

Greater 

Himalayas

Typic Udorthents Rock Outcrops, mesic, loamy-

skeletal soi ls

Deep

Greater 

Himalayas

Lithic Cryorthents Rock outcrops covered with 

glaciers, Sandy-skeletal soi ls

Shallow (25-50 cm)

Lesser 

Himalayas

Typic Udorthents & 

Dystric Eutrochrepts

Thermic, coarse-loamy soils; 

fine-loamy soi ls

Medium deep to 

deep (50 - 75 cm)

Lesser 

Himalayas

Typic Udorthents & 

Dystric Eutrochrepts

Thermic, loamy soils; fine-

loamy soi ls

Shallow; medium 

deep to deep  (25-50 

cm)
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Slope map has been created using Spatial-Analyst Extension in ArcGIS

Daily rainfall, temperature, wind speed, humidity and evapotranspiration data have been 

collected from Land Records Department, Chamba & IMD Station 

Digitally landuse and landcover map and forest map have been prepared using image classification tool & supervised classification 

IV Mx (5.8 m) (Fig. 2) and IRS-P6 LISS-III
 (
23.5 m) (Fig. 3) satellite imageries. 

Reserve, Protect & open), scrub and agricultural land (Table 2). These LULC maps

to shapefiles and aggregated to make them easier to input into the SWAT model for use in the hydrological modeling exercise. Land use 

affecting different processes in the watershed such as surface runoff, erosion and 

evapotranspiration. Reclassification of the land use map was done in order to present them in a form that is acceptable in

ation scheme for use with remote sensor data level classification (Anderson et al., 1976).

 
III Data (23.5m)        Figure 3: IRS-P6 LISS-IV Data (5.8m)           Figure 4: LULC Map 2010

: Land Use / Land Cover Type Reclassification into SWAT LU/LC Classes 

Agricultural Reserve Forest Protect Forest Open Forest

Agricultural Land Generic Forest Evergreen Forest Deciduous Forest Mixed

4586.61 999.60 12574.29 508.69

Soil data was obtained from the National Bureau of Soil Survey and Land Use Planning (NBSS&LUP), Nagpur

), and fit into SWAT database by using ArcSWAT-Extension in ArcGIS-10. Soil layer w

hydrological model as one of the main inputs to the SWAT model which requires soil property data (Fig. 5)

composition, physical properties, available moisture content, hydraulic conductivity, bulk density and organic carbon content for the 

 

Soil Depth Particle 

Size Class

Soi l Temperature 

Regime Class

Soi l Recaction 

pH Class

Area (in 

Sq Kms)

Shallow to Medium 

deep (25-50 cm)

Loamy 

Skeletal

Mesic (8 - 15 

Degree) MAT

Moderate Acidic 

(pH 4.5 to 5.5)

    156.89 

Deep Ccoarse 

Loamy Cal .

Mesic (8 - 15 

Degree) MAT

-        11.12 

Shallow (25-50 cm) Sandy 

Skeletal  

Mesic (8 - 15 

Degree) MAT

Slightly Alkal ine 

(pH 7.5 to 8.5)

         7.88 

Medium deep to 

deep (50 - 75 cm)

Coarse 

Loamy

Thermic (15 - 22 

Degree) MAT

Moderate Acidic 

(pH 4.5 to 5.5)

       56.45 

Shallow; medium 

deep to deep  (25-50 

Loamy Thermic (15 - 22 

Degree) MAT

Slighty Acidic 

(pH 5.5 to 6.5)

       32.26 

                                                                                  

Analyst Extension in ArcGIS-10 and ASTER (DEM) data  

Daily rainfall, temperature, wind speed, humidity and evapotranspiration data have been 

image classification tool & supervised classification 

) satellite imageries. LULC of the study area 

LULC maps were then converted 

model for use in the hydrological modeling exercise. Land use 

affecting different processes in the watershed such as surface runoff, erosion and 

evapotranspiration. Reclassification of the land use map was done in order to present them in a form that is acceptable in the SWAT 

data level classification (Anderson et al., 1976). 

 
IV Data (5.8m)           Figure 4: LULC Map 2010-11 

Open Forest Scrub Land River 

Forest Mixed Range Grasses Water 

508.69 7376.43 133.62 

Nagpur and update through IRS-P6 

layer was obtained and used in the 

(Fig. 5)such as the texture, chemical 

ure content, hydraulic conductivity, bulk density and organic carbon content for the 
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3.3 DEM 

The digital elevation model of 30m by 30m resolution for the study area obtained from the ASTER was used. The DEM (

elevation of a particular point at a particular spatial resolution and was used in the delineation of the watershed

surface characteristics and drainage patterns. 

 
Figure 6: Soil Type of the Study Area                                                Figure 

3.4 Climate Data 

Climate data used in the SWAT model consists of daily rainfall, temperature, wind speed, humidity and evapotranspiration data

data have been collected for the period of 2006 to 2010 by Directorate of Land Records, H.P., IMD Station, a

software. The climate data was able to provide continuous and complete data ranging from the years 2006 to 2010, which was used in 

the model simulations. 

Table 3: Rainfall Data of the Study Area (Sal River Watershed)

District 2005 2006 

Chamba (mm) 1952.7 1583.7 

Source: Directorate of Land Records, Revenue Department H.P.

Figure 8: Climate data of the Study Area 

Table 4: Sensitivity Ranking of Parameters towards

Sensitivity Rank 1 2 3 

Rain Gauge ESCO CN2 ALPHA-BF 

REF CN2 GWQMN CN2 

Where: ESCO = Soil Evaporation Compensation Factor, CN2 = Initial SCS runoff Curve Number for Moisture Condition II, GWQMIN = Threshold depth of water in the shallow 

aquifer for return flow to occur (mm H20), SOL-Z = Depth to bottom of soil layer (mm), ALPHA

the shallow aquifer for ”revap” to occur (mm H2O), SOL-AWC = Available water capacity of soil layer (mm / mm), CANMX = Maximum canopy storage (mm H

Maximum potential leaf area index for land cover / plant, GW-
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The digital elevation model of 30m by 30m resolution for the study area obtained from the ASTER was used. The DEM (

elevation of a particular point at a particular spatial resolution and was used in the delineation of the watershed

 
: Soil Type of the Study Area                                                Figure 7: ASTER - DEM (30m)                                                            

Climate data used in the SWAT model consists of daily rainfall, temperature, wind speed, humidity and evapotranspiration data

data have been collected for the period of 2006 to 2010 by Directorate of Land Records, H.P., IMD Station, a

The climate data was able to provide continuous and complete data ranging from the years 2006 to 2010, which was used in 

: Rainfall Data of the Study Area (Sal River Watershed) 

2007 2008 2009 

 706.4 857.2 xxx 

Source: Directorate of Land Records, Revenue Department H.P. 

 

towards Water Flow - Sal Watershed Area 

4 5 6 7 8 

 GWQMN SOL-Z REVAPMN SOL-AWC CH-

SOL-Z ALPHA-BF SOL-AWC REVAPMN CANMX

Factor, CN2 = Initial SCS runoff Curve Number for Moisture Condition II, GWQMIN = Threshold depth of water in the shallow 

Z = Depth to bottom of soil layer (mm), ALPHA-BF = Base Flow alpha factor (days), REVAP

AWC = Available water capacity of soil layer (mm / mm), CANMX = Maximum canopy storage (mm H

-REVAP = Groundwater “revap” coefficient 

                                                                                  

The digital elevation model of 30m by 30m resolution for the study area obtained from the ASTER was used. The DEM (Fig. 7) gives the 

elevation of a particular point at a particular spatial resolution and was used in the delineation of the watershed and analysis of the land 

  
DEM (30m)                                                             

Climate data used in the SWAT model consists of daily rainfall, temperature, wind speed, humidity and evapotranspiration data. These 

data have been collected for the period of 2006 to 2010 by Directorate of Land Records, H.P., IMD Station, and using LocClim V1.10 

The climate data was able to provide continuous and complete data ranging from the years 2006 to 2010, which was used in 

 2010 

1100.3 

 

9 10 

-K2 BLAI CANMX 

CANMX GW-REVAP BLAI 

Factor, CN2 = Initial SCS runoff Curve Number for Moisture Condition II, GWQMIN = Threshold depth of water in the shallow 

BF = Base Flow alpha factor (days), REVAPMN = Threshold depth of water in 

AWC = Available water capacity of soil layer (mm / mm), CANMX = Maximum canopy storage (mm H2O), BLAI = 
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3.5 River Discharge 

The discharge of the Sal and its major snowfed tributaries dwindles down to lowest during winter months, from December to Feb

and starts increasing from February end due to the melting of snow. 

Table 5: Hydrological Characteristics of the Study Area

Characteristics Total 

Catchment 

Area 

Snowfed 

Area 

Rainfed 

Area 

Units 26563.06 

Hectare 

13 

Hectare 

26550.06 

Hectare 

4.0 Results and Discussion 

4.1 Land Use Scenarios 

 To explore the sensitivity of SWAT outputs to land use and the effect of 

scenarios were explored. Attention was paid to ensure these were realistic scenarios in accordance to the ongoing trends of l

change within the study area. The percent coverage and details of the conversions are presented in the 

Table 6: Percent Areal Coverage of Land Use / Land Cover 2010

Land Use Scenario / Watershed Landuse 2010

Settlement 383.82 

Agricultural Land Generic 4586.61 

Forest Evergreen 999.60 

Forest Deciduous 12574.29 

Forest Mixed 508.69 

Range Grasses 7376.43 

Water 133.62 

Where: PD is Partial Deforestation, CD is Complete Deforestation, FA is 

 4.2 Land Use Change Scenarios 

As a result of SWAT analysis, the partial deforestation and forest to agriculture scenarios resulted in high peak flows and lower base 

flows while the complete deforestation scenario was characterized by high peak flows but has a base flow that appears almost 

equivalent to that of the present day scenario (RFE calibrated model). Details on how these different land use scenarios affected the 

different water balance components can be seen in 

Table 7: Percent Changes in the Annual Averages of Sal Watershed Water Balance Components 
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The discharge of the Sal and its major snowfed tributaries dwindles down to lowest during winter months, from December to Feb

and starts increasing from February end due to the melting of snow. The bulk contribution is from rainfall in the monsoon months.

: Hydrological Characteristics of the Study Area 

River Average 

Annual 

Rainfall 

Average 

Annual 

Runoff 

Average 

Annual 

Sediment Load 

Sediment Yield

26550.06 

 

Sal Nala 1100 mm 6960 

mcum 

6.8 mcum 0.144 

Ha. M./Sq. Km/Year

To explore the sensitivity of SWAT outputs to land use and the effect of LULC changes on the discharge of the Sal Rivers, land use 

scenarios were explored. Attention was paid to ensure these were realistic scenarios in accordance to the ongoing trends of l

change within the study area. The percent coverage and details of the conversions are presented in the tables 

: Percent Areal Coverage of Land Use / Land Cover 2010-11 

Landuse 2010-11 PD 2010 CD 2010 FA 2010 

0 0 0 

0 0 0 

723 56 220.6 

 9786 674 2114.29 

413 33 62.69 

6345 397 634.43 

0 0 0 

Where: PD is Partial Deforestation, CD is Complete Deforestation, FA is Conversion of Forest to Agricultural 

he partial deforestation and forest to agriculture scenarios resulted in high peak flows and lower base 

flows while the complete deforestation scenario was characterized by high peak flows but has a base flow that appears almost 

resent day scenario (RFE calibrated model). Details on how these different land use scenarios affected the 

different water balance components can be seen in table 7. 

: Percent Changes in the Annual Averages of Sal Watershed Water Balance Components for Land Use

                                                                                  

The discharge of the Sal and its major snowfed tributaries dwindles down to lowest during winter months, from December to February 

The bulk contribution is from rainfall in the monsoon months. 

Sediment Yield River Discharge 

0.144  

Ha. M./Sq. Km/Year 

89.67 - 71.74 

Cum/Sec 

changes on the discharge of the Sal Rivers, land use 

scenarios were explored. Attention was paid to ensure these were realistic scenarios in accordance to the ongoing trends of land use 

tables 6.  

he partial deforestation and forest to agriculture scenarios resulted in high peak flows and lower base 

flows while the complete deforestation scenario was characterized by high peak flows but has a base flow that appears almost 

resent day scenario (RFE calibrated model). Details on how these different land use scenarios affected the 

for Land Use-Climate Change Scenarios 
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Figure 9: Percent Areal Coverage of LULC 2010-11 
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11                              Figure 10: Percent Changes in Water Balance Component for 

               Land Use-Climate Change Scenarios

                                                                                  

 

Percent Changes in Water Balance Component for  

Climate Change Scenarios 
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Figure 11: Land Use Change Pattern Analysis Map 

4.3 Climate Change Scenarios 

According to the Intergovernmental Panel on Climate Chan

state of the climate by change in the mean and/or variability of its properties and that persists for an extended period, typically decades 

or longer. Trends from 2006 to 2010 have been observed in precipitation and have seen a decrease in precipitation in the Cham

district, which has been accounted for in the precipitation reduction scenarios carried out in this study. Assuming accurate estimates of 

the water balance components, SWAT was used to evaluate the impacts of various scenarios of climate change on Sal River. The 

combined discharge hydrographs for the climate change scenarios shown below help single out the impact a single climate change event 

Legend

Settlement

Agricultural Land

Water

Forest Evergreen to Partial Deforestation

Forest Evergreen to Complete Deforestation

Forest Evergreen to Agricultural

Forest Deciduous to Partial Deforestation

Forest Deciduous to Complete Deforestation

Forest Deciduous to Agricultural

Forest Mixed to Partial Deforestation

Forest Mixed to Complete Deforestation

Forest Mixed to Agricultural

Range Grasses to Partial Deforestation

Range Grasses to Complete Deforestation

Range Grasses to Agricultural
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 of Sal River Watershed 

According to the Intergovernmental Panel on Climate Change (IPCC) 2007, climate change can be defined as an identifiable change in the 

mean and/or variability of its properties and that persists for an extended period, typically decades 

or longer. Trends from 2006 to 2010 have been observed in precipitation and have seen a decrease in precipitation in the Cham

accounted for in the precipitation reduction scenarios carried out in this study. Assuming accurate estimates of 

the water balance components, SWAT was used to evaluate the impacts of various scenarios of climate change on Sal River. The 

hydrographs for the climate change scenarios shown below help single out the impact a single climate change event 

                                                                                  

2007, climate change can be defined as an identifiable change in the 

mean and/or variability of its properties and that persists for an extended period, typically decades 

or longer. Trends from 2006 to 2010 have been observed in precipitation and have seen a decrease in precipitation in the Chamba 

accounted for in the precipitation reduction scenarios carried out in this study. Assuming accurate estimates of 

the water balance components, SWAT was used to evaluate the impacts of various scenarios of climate change on Sal River. The 

hydrographs for the climate change scenarios shown below help single out the impact a single climate change event 



  
 
 12

th
 Esri India User Conference 2011 

  

 

however unlikely, would have on the discharge of the Sal river. Table 

watershed water balance components to precipitation for these climate change scenarios.

Table 8: Annual Average Water Balance Components for the Calibrated Sal Watershed Models

Where: PRECIP (mm) - Average total Precipitation on Sub-basin, SURQ (mm) 

discharge into reach or return flow, REVAP (mm) - Water in shallow aquifer ret

GW RCHG (mm) - Amount of water entering both aquifers, WYLD (mm) 

Actual evapotranspiration, PET (mm) - Potential evapotranspiration, TLOSS (mm) 

Sediment yield 

Table 9: Percent Changes in the Annual Averages of Sal Watershed Water 

Note: PR–10 = Precipitation reduced by 10%, PR–20 = Precipitation reduced by 20%, TM+5 = Air Temperature increase by 5%, PR+10 = Precipitation 

increase by 10%, PR+20 = Precipitation increase by 20%

Figure 12: Water Balance Components for the Calibrated Sal 

    Watershed Models 

Generally, the reduction of precipitation brought about a reduction in available water in the waters

levels. The increase in temperature also reduces the water availability to some degree by increasing evapotranspiration in th

thus reducing amount of water and discharge. According to Ficklin et al. (2009), t

governing plant growth and depending on the optimum temperature of the plants; the plant growth cycle will be shifted also af

Components PRECIP SURQ LATQ GW Q

Rain Gauge-2006 1583.70 17.89 72.24 422.26

RFE-2010 1100.03 11.53 43.20 482.47
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however unlikely, would have on the discharge of the Sal river. Table 9 shows the percent changes in the annual averages of Sal 

water balance components to precipitation for these climate change scenarios.  

: Annual Average Water Balance Components for the Calibrated Sal Watershed Models 

basin, SURQ (mm) - Surface runoff, LATQ (mm) - Lateral flow contribution to reach, GW Q (mm) 

Water in shallow aquifer returning to root zone, DA RCHG (mm) - Amount of water entering deep aquifer from root zone, 

Amount of water entering both aquifers, WYLD (mm) - Net water yield to reach, PERC (mm) - Amount of water percolating out of the root zone, ET (mm) 

Potential evapotranspiration, TLOSS (mm) - Amount of water removed from tributary channels by transmission, and SEDYLD (T/HA) 

: Percent Changes in the Annual Averages of Sal Watershed Water Balance Components for Climate Change Scenarios

20 = Precipitation reduced by 20%, TM+5 = Air Temperature increase by 5%, PR+10 = Precipitation 

increase by 10%, PR+20 = Precipitation increase by 20% 

 

: Water Balance Components for the Calibrated Sal            Figure 13: Water Balance Components for Climate Change Scenarios

Generally, the reduction of precipitation brought about a reduction in available water in the watersheds reducing base flows to very low 

levels. The increase in temperature also reduces the water availability to some degree by increasing evapotranspiration in th

thus reducing amount of water and discharge. According to Ficklin et al. (2009), temperature is one of the most important factors 

governing plant growth and depending on the optimum temperature of the plants; the plant growth cycle will be shifted also af

GW Q REVAP DA REHG GW-REHG WYLD PERC ET 

422.26 26.06 26.75 535.19 511.20 535.90 939.57

482.47 3.48 25.39 507.93 536.37 510.83 531.36

                                                                                  

shows the percent changes in the annual averages of Sal 

                 

Lateral flow contribution to reach, GW Q (mm) - Ground water 

Amount of water entering deep aquifer from root zone, 

Amount of water percolating out of the root zone, ET (mm) - 

Amount of water removed from tributary channels by transmission, and SEDYLD (T/HA) - 

Balance Components for Climate Change Scenarios 

 
20 = Precipitation reduced by 20%, TM+5 = Air Temperature increase by 5%, PR+10 = Precipitation 

 

: Water Balance Components for Climate Change Scenarios 

heds reducing base flows to very low 

levels. The increase in temperature also reduces the water availability to some degree by increasing evapotranspiration in the watershed 

emperature is one of the most important factors 

governing plant growth and depending on the optimum temperature of the plants; the plant growth cycle will be shifted also affecting 

 PET TLOSS SEDYLD 

939.57 1369.82 1.20 0.81 

531.36 1182.04 0.82 0.70 
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the water balance components. Increases in precipitation by 10 percent and 

rivers but on the other hand may have negative effects across land such as erosion and in the reach such as increased sedimen

flooding. 

5.0 Conclusions 

Based on the results obtained in this study, the digital image 

high and produces an accurate map of a highly variable area using far less time and effort than conventional algorit

map obtained from this land cover classification was of a high accuracy (95

for the simulation of effects of land use change in a spatially explicit hydrological model.

The model simulations showed that the Sal River flow would be significantly affected in the face of the climate and land use change 

scenarios posing difficulties in adaptation to the altered flow regimes of the Sal River. The different water balance compone

affected regardless of the type and amount of change that was undergone thus affecting the magnitude and timing of the flow. 

therefore prudent to work towards establishing and maintaining adequate minimum flows that would mitigate the effects of re

base flows and put in place measures to maintain adequate sustained river flows to the benefit of the stakeholders of the Sal

Watershed such as proper land and water management practices.
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