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Introduction

• Research background



Introduction

• Freshwater scarcity is a growing concern

• Changes in LULC has potential to alter 
water availability

• Interpreting the variations in hydrology 
is crucial for sustainable water 
management in the region
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Problem Statement

• Impact of changes in LULC on blue 
water availability can be even severe 
in arid and semiarid areas
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Objective
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• To analyze the impact of LULC 
changes on the blue water 
availability in Soan River basin, 
Pakistan



Methodology

• The SWAT model was used to estimate 
the BWA

• The BWA is the combination of water 
yield and groundwater storage 

• Groundwater storage is the difference 
between the total amount of water 
recharge to aquifers (GW_RCHG) and 
the amount of water from the aquifer 
that contributes to the main channel 
flow (GW_Q)
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Fig.1 A complete methodological framework of this study

LULC 1992 & 
2019



Data Acquisition 

• Climatic data obtained from the Pakistan 
Meteorological Department

• Stream flow data (gauged data) was 
collected from Water and Power 
Development Authority, Pakistan

• LULC data from the European Space 
Agency
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Study Area
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The Soan River is one of the major tributaries of the 
Indus River 

The Soan River basin covers an area of 6842 km2

The average annual temperature in basin ranges 
between 8 to 18ºC, 

It flows through Islamabad, the capital of Pakistan

Fig.2 Study area of the Soan River basin, Pakistan



• Agricultural land decreased 
by 4.4% in the last three 
decades

• Urban land increased by 4%

• Forest cover increased by 
0.4% from 1992 to 2019

Changes in LULC
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Fig. 3 Changes in LULC in the Soan River basin, Pakistan



Calibration & 
Validation

• For the calibration period, 
the values of R2, NSE, and 
PBIAS were 0.72, 0.62, 
and 3.04, respectively

• For the validation period, 
the values of R2, NSE, and 
PBIAS were 0.70, 0.69, 
and 3.03, respectively
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Fig. 4 Hydrograph of simulated and observed runoff for 
calibration and validation periods

Calibration Validation
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Change in BWA

• BWA was estimated from 
1991 to 2017 by using the 
SWAT model

• Average annual BWA 
decreased from 393 to 377 
mm

Fig. 5 Variations in average annual BWA due to 
LULC changes
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Units are 
in mm



Change in BWA

• The average decadal BWA was 429, 
320, and 405 for the 1990s, 2000s, 
and 2010s respectively under the 
LULC of 1992

• Average decadal BWA under the 
LULC of 2019 was 416, 307, and 
386 for the 1990s, 2000s, and 
2010s, respectively

Fig. 6 Variations in decadal BWA due to LULC 
changes
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Discussion

• The results of this study can help the 
policymakers of water resources and water 
management to achieve SDG 6 

• Almost 86% of the area of the Soan basin is 
still under agricultural land cover
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Discussion

• The decrease in BWA can cause a 
reduction in water availability for 
irrigation 

• Which ultimately can threaten the food 
security of the area

• It could also lead to the blue water 
scarcity issue, especially in the Capital 
city Islamabad and adjoining city 
Rawalpindi
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Recommendations

• The policymakers should 
focus the slow down the rate 
of urbanization 

• Watershed Management such 
as afforestation

• Agricultural land should 
protect to avoid the food 
security in future
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• Urbanization is rate is quite high

• The decline in agricultural land was noticed 

• The BWA is decreasing in Soan River basin

• The main cause of the decline in the BWA is more likely urbanization

Conclusions

16



17



Authors: Haseeb Akbar* and 
Shabbir H. Gheewala

Affiliation: King Mongkut’s 
University of Technology 

Thonburi, Thailand 29th June 2023

The effects of changes in land use and land cover 
on the availability of blue water in the Soan 

River basin



References
• Hoekstra, A. Y., Mekonnen, M. M., Chapagain, A. K., Mathews, R. E., & Richter, B. D. (2012). Global monthly water 

scarcity: blue water footprints versus blue water availability. PloS one, 7(2), e32688.


	Slide Number 1
	Introduction
	Slide Number 3
	Problem Statement
	Slide Number 5
	Methodology
	Data Acquisition 
	Study Area
	Slide Number 9
	Calibration & Validation
	Change in BWA
	Change in BWA
	Discussion
	Discussion
	Recommendations
	Conclusions
	Slide Number 17
	Slide Number 18
	References

