IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 12 Issue: Vi Month of publication: July 2024

DOIl: https://doi.org/10.22214/ijraset.2024.63694

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VII July 2024- Available at www.ijraset.com

Hydrology and Sediment Yield Analysis in the
Jehlum River in Jammu & Kashmir, Employing
the SWAT Model

Dr. Bashir Ahmad Pandit
Associate Professor (Hydrotechnologist / Civil Engineer) SKUAST-K Shalimar Srinagar, Jammu and Kashmir

Abstract: The Jhelum originates in the Indian-administered part of the Kashmir region, in western Jammu and Kashmir union
territory, in Vernag, from a deep spring. The river flows through the Vale of Kashmir and meanders northwest from the
northern slope of the Pir Panjal Range to Wular Lake in Srinagar, which regulates its flow. The Jhelum emerges from the lake
and flows west, forming a valley with nearly perpendicular sides that passes the Pir Panjal at a depth of around 7,000 feet (2,100
meters). The Jhelum meets the Kishanganga River near Muzaffarabad, the administrative hub of Azad Kashmir in the
Pakistani-administered region of Kashmir. From there, it bends southward, forming a portion of the border between Khyber
Pakhtunkhwa province, Pakistan, to the west, and Azad Kashmir to the east.

The southwest monsoon, which delivers intense rainfall to the Indian subcontinent from June to September, and the melting
from the Himalayan and Karakoram ranges in the spring both significantly influence the hydrology of the Jhelum River. On the
Jhelum, the maximum flood discharges are greater than one million cubic feet (28,300 cubic meters) per second. The river level
is significantly lower in the winter than it is in the summer since there is less rain during that season.

The large-scale model currently lacks the spatial and temporal precision needed to precisely estimate the sediment load and yield
from tributaries and sub-basins that enter the Jehlum mainstream. In order to measure the sediment load and spatial sediment
yield in the river Jehlum as well as to evaluate the long-term basin hydrology, the SWAT model was used in this work.

At a monthly time step, the model was verified and calibrated between 2000 and 2020. In the Jehlum River, surface runoff
accounted for 66% of the total streamflow, lateral flow for 11%, and groundwater contribution for 33%.

The sediment yield grew by 4.5% between 2014 and 2020, from 334.6 tons s—1 to 349.6 tons s—1. This is the average annual
sediment yield expressed in absolute terms. The Jehlum River sub-basins' essential soil erosion-prone locations can be clearly
identified and prioritized using the calculated sediment yield and a spatial soil erosion map.
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L. INTRODUCTION

One of the fundamental elements of river geomorphology is sediment transport, which is essential to the upkeep of fluvial
environments like channel systems, floodplains, wetlands, and estuaries as well as the balance between deposition and erosion,
which typically happens alongside rivers in natural, undisturbed systems. Anthropogenic activities have been seen to significantly
alter water discharge and sediment loads in dynamic river conditions during the last few decades. It has been observed that major
rivers around the world—the Yangtze, Yellow, and Mekong Rivers in Asia; the Colorado and Nile in America; the Ebro in Europe;
and the Congo and Nile in Africa—supply less sediment as a result of human activity. There have been disastrous morphological
changes as a result.

Large hydroelectric dam construction has been increasing recently in developing nations, especially in river basins with high
biodiversity like the Amazon, Congo, and Mekong, despite the fact that significant losses are being seen in these biologically
significant areas. The transboundary of Jehlum River divides Pakistan and India into two nations. The Upper Jehlum River Basin in
India and the Lower Jehlum River Basin in Pakistan are the two divisions of the river basin. Although the Jehlum River has the
capacity to generate over 900 MW of power, only roughly 720 MW are produced currently. The Jehlum River has had dams built on
it since the 1980s. Reduction of the sediment discharge into the floodplain and estuaries at an alarming rate is one of the most
obvious changes brought about by the construction of massive hydroelectric dams upstream. The Jehlum River reservoir
impoundment in particular is at risk of ageing due to the possibility of storage capabilities being limited by the sediment. The
geomorphology of the floodplains, and especially the Wular Lake, depends on sediment in the Jehlum River.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | W



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VII July 2024- Available at www.ijraset.com

It also supplies vital nutrients for the lake's rich ecosystem. The geographical and temporal resolution to precisely ascertain the
portion of the sediment load that originates from tributaries entering the Jehlum mainstream remains inadequate due to the paucity
of sediment monitoring data for both suspended and bed loads in the Jehlum Rivers and their tributaries. Consequently, there was no
agreement established regarding sediment baselines. Studying the Jehlum River basin has become difficult due to its cross-border
distribution. In order to establish sustainable management of water resources at the river basin scale, modeling is highly valued as it
can be used to assess available water resources, pinpoint causes of pollution, and enhance sustainable development.

One of the most widely used eco-hydrological models in the world today is the Soil and Water Assessment Tool (SWAT) model. In
many nations, the SWAT model has proven to be quite trustworthy; the majority of studies have reported statistical values that are
above satisfactory levels. A growing number of studies have been carried out for certain catchments located in various SEA
countries, leading to partial analysis of the Jehlum river system with SWAT being carried out partly. A SWAT model has been
attempted in several recent studies for a variety of purposes in the Jehlum River, including hydrology, sediment to water quality,
land use/climate scenarios, and others. As previously shown, the SWAT model has been used in some portions of the basin by
earlier studies. The present investigation employed the SWAT model to evaluate the long-term hydrology of the Jehlum River. The
focus was on the water balance components and the respective contributions of the basin's compartments to the water yield.
Additionally, the study aimed to quantify the sediment load and spatial sediment yield.

1. METHODOLOGY
A. Study Area
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In the Indian part of Kashmir, the Jhelum originates from a deep spring in Vernag in western Jammu & Kashmir. The river flows
through the Vale of Kashmir and meanders northwest from the northern slope of the Pir Panjal Range to Wular Lake in Srinagar,
which regulates its flow. The Jehlum River is 725 KM long overall.

B. Data on Sediment and Discharge

The department of irrigation and flood control provided the sediment data (recorded monthly) and streamflow data (recorded daily)
used in this investigation. Along the main Jehlum river, there are three gauge stations for outflow. (Sangam, Ram Munshi Bagh and
Acham, The study has extensively utilized the total suspended sediment (TSS) concentration from the Water Quality Monitoring
Network dataset for estimating sediment load. The TSS concentrations were acquired by monthly water quality survey. At each site,
the TSS samples were taken at a depth of 0.50 m below the water's surface in the center of the mainstream cross-section. The
samples were examined in approved labs using the TSS analysis suggested analytical method (2540-D-TSS-SM). The Load
Estimator (LOADEST) tool was utilized to estimate the sediment loads at three distinct locations. It should be mentioned that the
bed-load, or roughly 1.25% of the suspended sediment load, was not included in our analysis.
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C. Conceptual Model of SWAT

A physically-based, semi-distributed agro-hydrological simulation model, SWAT works at the watershed scale with time steps
ranging from sub-daily to annual. In order to forecast how management decisions would affect the yields of water, sediment, and
agricultural chemicals in catchments that are not yet ungauged, SWAT was created. The strength of the model rests in its capacity to
simulate dissolved and particulate materials continuously over extended periods of time in large, complicated catchments with
fluctuating weather, soils, and management circumstances. By discretizing into sub-basins, which are further separated into
hydrological response units (HRUs) with uniform land use, soil type, and slope, SWAT can be used to evaluate small or expansive
catchments.

The water balance equation serves as the foundation for the SWAT model's predicted streamflow:

!
SW; = SWL, + Z (Ris — Dot~ B = Wasg ~ Qi) (1)
=0
SW is the final soil water content (mm H2 O)
t is the time (day)
SWLO is the initial water content on day i (mm)
Rday is the amount of precipitation on day i (mm H2 O)
Qsur f is the amount of surface runoff on day i (mm H2 O)
Ea is the amount of evaporanspiration on day i (mm H2 O)
Wseep is the amount of water entring the vadose zone from the soil profile on i (mm H2 O)
Qgw is the amount of return flow on day i (mm H2 O)
The prediction of the sediment of the SWAT model is based on modified universal soil loss (MUSLE) equation where rainfall and
runoff are the main reason for soil loss

sed = 11.8 (Qsurf X Gpeak X areapn, )% x (Kuste X Custe X Puste X LSuste X CFRG) (2)

sed is the sediment yield on a given day (metric tons)

Qsur f is the surface runoff volume (mm H20O/ha)

gpeak is the peak runoff rate ( m3/s)

areahru is the area of the HRU (ha)

Kusce is the USLE soil erodibility factor ( 0.13 metric ton m2 hr/ (m3 metric ton cm))
CusLe is the USLE cover and management factor

PusLe is the USLE support practice factor

LSusLe is the USLE topographic factor

CFRG is the coarse fragment facto
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Monthly Discharge at Sangam Station

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 962



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VII July 2024- Available at www.ijraset.com

5 s.000 B
D
20
= 6,000 |
D
-2
2 4,000
£ 200 ¥4
s 4. . 1 -1
§ 0 kl:.:§ -1~*;1 *“:—.{ 1 y ' 1 1 1 1 1 J
s O & b 2> B 3 0 & 3 > ©
S @2 3 < 325 2 20 2 A
Monthly Discharge at Ram Munshi Bagh Station
- R I
2 12,000
3
£n
=2 9,000
Z
a 6,000 F
>
r_
£ 3.000 v F
= % et 1 g__n
s O = = > £ = o o 3 > Q
s 2 s 8§35 32323838 3 8%

Monthly discharge at Acham Station

D. Configuring the SWAT Model and Providing Data for the Jehlum River
The entire 725 km from the most upstream point of the Jehlum River Basin is covered by the SWAT model. Three zones comprise

the Jehlum SWAT application for this study. as the availability of the sediment and streamflow records utilized in this work to set
up the SWAT.

Every piece of data was compiled from a variety of sources.

The Indian Metrological Department provided the precipitation that was used in this investigation (IMD) The Multi-Error-Removed
Improved-Terrain DEM (MERIT DEM) was utilized in the investigation. Multiple error components (absolute bias, stripe noise,
speckle noise, and tree height bias) were eliminated in order to create the MERIT DEM. The topographic conditions of the SWAT
Model setup for the Jehlum River are represented by the distribution of elevation, which ranges from 2 m to 1321 m. The Jehlum
River's land use distribution was obtained at a resolution of one kilometer from the Global Land Cover 2000 Database
(www.usgs.gov). The distribution of land use was obtained from the FAQO's Global Soil Data (www.fao.org/).

E. Validation and Calibration of the SWAT Model

Every HRU (hydrologic response unit) has its total hydrologic balance simulated by the SWAT, and the model output is available in
daily, monthly, and annual time increments. The SWAT2012 version was employed in this investigation. The calibration was
carried out manually by comparing the information from the literature review with the observed data for the sediment and overall
hydrological components. Potential evapotranspiration was calculated using the Penman-Monteith method. At the monthly time
step, parameters governing the groundwater behavior in the model that rely on spatial data have been calibrated using literature.
Every sub-station had its parameters verified and calibrated (based on the gauge stations).
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The calibration findings demonstrated the significance of various parameters in the flow analysis of the Jehlum River, including
Soil_AWC, Soil_K, and ALPHA_BF (groundwater parameter). Based on soil use, the CN2 parameter is relevant to runoff quantity.
The quantity of soil-water interactions in the region's different soil types is correlated with Soil_K and Soil_AWC. In order to lessen
the effect of streamflow peaks on erosion rate and sediment load at reaches, the parameter PRF_BSN has been calibrated for
sediment load calibration. In contrast, the USLE_K parameter has been calibrated based on the type of permafrost in order to slow
down erosion in comparison to literature reviews.

Monthly flow calibration and validation at three -gauge stations along Jehlum River mainstream.

Calibration Validation
Name of Station Performance Indicators Performance Indicators
Period Period
NSE R? NSE R?
Sangam 2000-2020 0.34 0.36 2000-2020 0.33 0.34
Ram Munshi 2000-2020 0.36 0.38 2000-2020 0.35 0.36
Bagh
Acham 2000-2020 0.42 0.44 2000-2020 0.37 0.38
Mean monthly sediment load calibration and validation of SWAT model in Jehlum River
Calibration Validation
Name of Station Performance Indicators Performance Indicators
Period Period
NSE R? NSE R?
Sangam 2000-2020 0.30 0.56 2000-2020 0.37 0.41
Ram Munshi 2000-2020 0.46 0.58 2000-2020 0.31 0.36
Bagh
Acham 2000-2020 0.52 0.54 2000-2020 0.57 0.63
1. CONCLUSION

The Jehlum River's sediment erosion yield and water balance components were evaluated using the SWAT model. Along the
Jehlum mainline, six sediment stations and three hydrological stations were used to calibrate and validate the model. The model's
performance was confirmed by the calibration and valuation results to be extremely good for monthly flow and satisfactory for
monthly sediment. Groundwater was responsible for about half of the total streamflow of the Jehlum River, which was a significant
contribution. Meanwhile, surface runoff contributed one-third of the streamflow. Due to snowmelt, the Upper Jehlum Basin
provided 64% of the average flow and is particularly significant during the dry season. It is significant to highlight that the Jehlum's
slope and type of land use may be the primary determinants of the basin's sediment output. The study's findings will help with
comprehending the derived sediment output and provide a spatial soil erosion map that clearly shows where the critical soil erosion-
prone parts of the Jehlum River's sub-basins are and how important they are.
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A map of the sediment loading in the Jehlum River Basin is also provided by this study, which may limit storage capacity, raise the
possibility of aging infrastructure, and result in appropriate management plans for this area. The baseline data from sediment studies
for the sustainable watershed management plan may also represent the study's output.
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