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Abstract

Uncertainty about climate change gives a strong drive to some areas or river basins. In our study, we
emphasized on climate change effect on watershed area of amu darya river basin. Our research mainly
concentrates on outcome of climate change, the uncertainties involved in it, the study of hydrograph analysis of
a watershed. Measurement of the cause of change in climate, uncertainties involved in it can be studied through
proper modeling and analysis; here in our modeling we get dissimilar scenarios that represent it. The GCMs
considered here are fitting for the situation. Distress of climate change, uncertainty analysis, and Hydrograph
analysis were considered by means of a semi disseminated deterministic representation called SWAT- soil and
water assessment tool. Pragmatic watercourse run series used for the stage of 2012 - 2022 is utilized to
standardize and authenticate the sculpt. Calibration and justification of replica has been completed by means
of SWAT CUP. Result shows uncertainties in the environment change of the amu darya watershed and variation
in runoff hydrograph.
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1. Introduction-

Amu darya greatest tributary in middle asia was naturally supposed on the way to nourish Aral Sea. But after
decades of unprofessional conduct and over-exploitation, it has not enough water for growing agriculture fields.
Almost all water comes from the glaciers of the pamir and tian shan mountains.In middle asia and Afghanistan
area amu darya is the main watercourse. Pamir heaps ,north of the hindu kush is the main location where amu
darya is growing.On the edge between afghanistan and tajikistan at the junction of vakhsh and panj river is
originated.It is flowing very silently from northwestward side to sourthen remnants of the aral sea. If we see the
river flow in its elevated trail, stream flows from element of northen rim of afghanistan with uzbekistan,
turkmenistan and tajikistan. Stream also acting as a edge of turan in the midst of greater iran ,today
communicated to middle asia. Per year 70 cubic kilometers of water is discharging from river. It is used for
irrigation purpose, industrial purpose and drinking purpose. Potential blow of climate transform on the Amu
Darya watershed should be assessed. To do so, an extensive literature review of the Amu Darya region should
be done. A comprehensive collection of the primary and secondary data was completed. Required tools such as
software and projection models should be selected and used. The output data should be well interpreted &
analyzed. In India so many variations found in the culture and tradition, environment, landscape, terrain and
climate. In near future application of our model will help to learn the crash of weather transform on Himalayan
watershed region, India. A variation in precipitation in diverse sections changes significantly both in provisions
of concentration and allocation. There is scarcity in water for some years and then suddenly stages of extreme
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floods. The command for water for a variety of exercises is growing day by day. To face flood conditions,
drought conditions and congregate increasing requirements of the world, it is very essential to enlarge wet
possessions intended for guaranteed watering and consumption wet contribute.

Figure 1: Uncertainty
At the end of the watershed area amu darya river has momentous impact on water quality and quantity. Water
quality and quantity plays an important role in tropical climate and sub-humid regions. Due to heavy rainfall
excess surface runoff causes soil erosion, land degradation, water quality issues at the receiving end of the water
bodies.Detail study of hydrology of amu darya river basin takes our attention towards rainfall runoff model of
the river basin. There are mainly two primary objectives of hydrological modeling one objective is to determine
the changes occurred in the watershed area with respect to time and space. Second objective is to create
hydrological statistics of the watershed area for successful and safe design of water structures. These
hydrological modeling studies are crucial in deciding the possible impact of climate transform and land use.
Scientific study of Environmental change can be done by using different software. Precise and proper modeling
is required for processing the data. So Hydrologic models are used which are separated into two, one is physical
model and another one is abstract model. Scale model included in the physical model signify the organization
on a bridged level. These models are further categorized into linear, time variation, non linear, time invariant,
lumped, distributed, stochastic, deterministic models. In our research work to determine blow of atmosphere
transform we decided to exercise soil and water assessment tool (SWAT).USDA Agricultural investigate
services department developed SWAT. The representation is effectively used to check the environmental impact
in different watershed areas. Intended for reproducing outside overflow plus residue capitulate consequences
encompass originate future sensibly suitable. SWAT replica is utilized as 1993 designed for concerns tell in the
direction of cut-off point in addition to water resources.The model successfully used to evaluate the
environment transform effect as well as anthropogenic aspects lying on watercourse run, compound effect on
cultivation in addition to deposit capitulates within huge waterway sink.Objective of our research is en route for
learn  precipitation overflow performance of Amu Darya River watershed area with SWAT model.
Applications of same to the Indian locations. After application we can carry out the understanding investigation
of parameters plus we will learn effect of climate change.

2. Study Area

We have chosen Amu Darya River Basin as our research region. Amu darya watershed area is a leaf shaped
watershed area, deceit among 37°27'04"N 73°34'21"E and 44°06"30”N 59°40'52"E.It is covering an area of
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about 534,739 km?.It includes the majority of tajikistan. It also includes north east area of afghanistan ,a slight
portion of eastern turkmenistan, western half portion of uzbekistan, the southwest angle of kyrgyzstan. Pakistan
to the south with china on the eastern side of river. As we see the drainage basin of amu darya, 60% of it deceit
in Uzbekistan, Tajikistan and Turkmenistan while in Afghanistan area it is found 40%. Total length is 2,400
kilometers and the whole drainage sink of the Amu Darya is 534,739 km?. Per year the watershed getting a
discharge of around 97.4 cubic km. For over 1450 km ,it is used for navigation purpose. From high mountains
of the south river water originates. The yearly rainfall occurred at amu darya watershed area is 1000 mm. The
watershed basin divided into two zones one is mountainous zone of nourishment and a lowland zone of
depletion. The river water comes from the mountain of Tajikistan ,Afghanistan and snow melting of glaciers of
the pamir mountain.
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Figure 2: Amu Darya River basin
3. Procedure
The data required for the study is described below:

1. Observed Rainfall, From Meteorological department maximum and minimun temperature taken for a period
of 2012-2022.

2. Discharge data from Amu Darya River gauging station for a period of 2012-2022.
3. The future statistically downscaled and bias corrected precipitation, maximum and minimum.

Temperature for two scenarios namely SSP 370 andSSP585 for three GCMs, they are
ECACCESSCM2andMPI-ESM1-2-HRare requiredhttps://zenodo.org/record/3874046#.YpYh7ChBzIX

4. Digital elevation representation of 30 m declaration was take out from generally accepted url. The url is

https://portal.opentopography.org/dataCatalog?group=global .Figure 2 shows amu darya river basin digital
elevation model.
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Figure 3: Amu darya river basin’s Digital altitude representation

5. Land use ground wrap atlas for year 2020 was extracted from Bhuvan. The link is https://bhuvan.nrsc.gov.in.

Q D:ASWATRRR\SWATRRR.mdb - a
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
D2 ES L SR x| o | d-|[1125000 MEAl=1 151l
QS‘I Q@I - TN @ 518 i & 71 E g ¢ SWATProject Setup v Watershed Defineator~ HRU Analysis = Wiite Input Tables ~ Edit SWAT Input = SWAT Simulation * )

Classification - | [ SwatLandUseClass(LandUs_~ | BB M- K =

x

Table Of Contents 3 x

w[Ele 8 i
W AGRL
[ URHD
© [ LandSlope(LandSlopeT)
Slope(%)
o3
35
[15-9999
B B SwatSeilClass(LandSoils2)
Classes
. -Bh-U-¢-3717
[C11-6x-2c-3720
[ 1-%-2¢-3731
. -Y-2c-3733
I WATER-6997
B GLACIER-6998
= O LandUseld
[—H
L
~H
= O SourceDEM

Value
 Hish: 7261

Low:-T76

= 3 C\Usersiraj\Documents\ArcGIS\Default. gdb
= B LULC classification
[ Land
M Agricufture Land e e n

T70441,621 4533097.219 Meters

Goeied &

10553 AM
-]

- B e mO@EmeOoB-CEOHEQ ~nas sa@0 SO
Figure 4: Amu darya river basin’s land use land cover map

6. Soil plot extracted in favor of Amu Darya from FAO site; www.fao.org and the figure.
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Figure 5: Amu darya river basin’s soil map

@ DASWATRRR\SWATRRR.mdb
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D@8/ Logx o0 d-[m - BEEREF,

HEE T -0 E| = 2 |11/ - | SWATProject Setup = Watershed Delineator~ HRU Analysis = Write Input Tables ~ Edit SWAT Input = SWAT Simulation ~ _
i) X¥ E y P ¥ P! = =

Y
Classification  |[@ SwatLandUseClass(LandUs ~ | EB | 1] - K B

Table Of Contents 1x
%[0]¢8 g

o3

W35

[ 15-9999

=] SwatSoilClass(LandSoils2)
Classes
M |-Bh-U-c-3717
[11-Gx-2¢-3720

Goizes &)

W -Y-2¢-3733
[ WATER-6997
[ GLACIER-6998
=] LandUse1d
m:
w4
[ B
[ A SourceDEM
Value

IH\gh:?&EW

Low: -76

= (3 C\Users\raj\ Documents\ArcGIS\Default.gdb
= M LULC classification
M Land
W Agriculture Land
[ Build Up Area
[ Farm
W Water

ge|2u

-1664359.406 3322546.882 Meters

oo WD a@ROOBEOQ reBE @D 00

S0°F
Mostly sunny

Figure 6: Map of Sub basin classification
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Figure 7: Pamir Mountains
A Soil and water assessment tool (SWAT)

Within our research work we have used actually supported semi disseminated hydrological representation
described SWAT. In this model entire basin is separated into smaller units called hydrological response unit
(HRU).Run off from every HRU is forecasted in addition to running scared toward calculate approximately
entirety run off of the basin. This is the main characteristic of SWAT which makes it more accurate. Steering
can be performed either using variable storage coefficient or Muskingam equation. The peak run off from each
basin is calculated using rational method. The hydrological cycle provides us information about water balance.
SWAT is working on principle of water balance equation, which is represented within egn.no. 1.

113

SW; = SW, + o1 (Raay = Wseep — Ea = Qgw = Qsur) cvveevveevveeoineaieeiieiieeeieene, 1)
where,

SW;,= ending soil wet content (mm of H,0)

SW, = early soil wet content on day k (mm ofH,0)

Rgay = quantity of rainfall on day k (mm ofH,0)

Qg = quantity of surface runoff on day k (mm ofH,0)

E,= quantity of evepotranspiration on day k (mm ofH,0)

Wieep= quantity of stream incoming the vadose region from the Soil outline on day k (mm of H,0)

Qgw = quantity of revisit stream on day k (mm of H,0 Ht = time (days).Also the estimation of stream flow in
the subordinate sink can be done by model.

The total daily rainfall be able to compute by means of conservation service curve (scs) curve number (cn)
method as follows:- The surface discharge can be estimated using equation 2.
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Q _(Rday—o.zs)2
SUT T (Rqay+0.25)°

Retention parameter is denoted by S and eqn.no.3 is used to determine it.

S= 254 (252 10) oo 3)

Methodology designed for SWAT maodeling is given in the flow chart, figure no.08.For
the calibration of SWAT Model the most general tool is a SWAT-CUP. For calibration, sensitive parameters
must be chosen; parameters can be selected by sensitive analysis or following the previous studies conducted in
the region. For fitting the parameters in SWAT CUP Sufi 2 algorithm is used, as algorithm Sufi 2 considers all
the ambiguity. The restriction insecurity through a multivariate consistent allotment in a parameter hypercube
can be illustrated by Sufi 2. while the productivity ambiguity is quantified by 95% forecast ambiguity band
(95PPU) (Reund et al.2012) .In calibration method the precision of simulated data is measured using p
factor and r factor. Percentage of scrutinized information can be represented through p factor bracketed in the
ppu band. It is described the same as the percent of experimental information sequence grouped by means of
ninty five 95 ppu. The superiority of calibration is specified by r factor, it is symbolized same as the width of
ppu band.Equation 4 represents the r factor

T EACEOT = 4)

Ox

where o,=Standard deviation of the measured variable x and d,= average distance between the upper limit and
lower limit of the 95 ppu band can be calculated using equation 5.

d, = %zi;l(xu XL ) et e, 5)

k = number of data points in the observed variable and x,, and x; are the 97.5" percentile and 2.5" percentile
of the cumulative distribution of each simulated point respectively.

B. Assessment of Recital of model
Appraisal metrics are given below:-

Nash Sutcliff efficiency (NSE):- Relative magnitude of variance of observed data and measured data can be
decided by Nash Sutcliff efficiency. It sorts from —co to 1.Optimal value is 1.Values below O represents
undesirable presentation where as assessment greater than 0.5 are acceptable.

Yit 1 (Toi=Tp)? 6)

NSE=1-— PSR RPURRRN
Z?=1(T0i_To,avg)

Coefficient of determination R? is represented by evaluation of the inconsistency of modeled statistics by
means of entirety disagreement of experiential facts. The assessment of coefficient of determination varies from
0 to 1.If the value of the R? is higher it represents the good presentation of the model.

Rz _ Z?=1(T0i_TO,an)(Tpi_Tp,an)

- 2 2
JZ?=1(TOi_TO,avg) Z?=1(Tpi_Tp,an)

4. Methodology:

Converting input into output a conceptual, comprehensive, constant instance dispersed, deterministic stream
sink replica requires a great amount of contribution restrictions diverging extensively within liberty and instance
a model is called a SWAT model. It is enlarged through USDA agricultural research service in addition toward
a refinement within replica is going till date.
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Model Represented

¢ In large complex watersheds for hydrological estimation, SWAT model is effectively used. Prediction and
determination of sediment quantity and quality for land management can be successfully done.

e It is widely used in rural and urban land exercises for impending tool for forecasting of runoff, sediment,
nutrients and pesticides.

e It is exercised as an intermediate to improve the effects on long term non point source pollution, water
superiority particularly depends on the different land management practices.

e SWAT is a cost-effective model. It is liberally accessible. SWAT is used for incredibly extensive stage of
150 -300 years.

e Wet resources arrangement, decision making policies, administration can be properly done through use of
this model.

Soil map, digital elevation model, meteorological statistics and land utilize map
needed in the direction of sprint SWAT replica. Every day rainfall information, maximum temperature data,
minimum temperature data, comparative moisture data etc. are important parameters in meteorological data.
Weather generator file generates other important parameters which are helpful to run the model. Water balance
equation is the main backbone of SWAT. It works on that equation and produces excellent results which are
important in determining the climate change conditions.These all inputs plays crucial role and important to
calculate precipitation, losses due to evapotranspiration, canopy storage, infiltration, surface flow, subsurface
flow. Input and output can be balanced by this. How to perform the work is represented in Fig.8

5. Flow Chart of Methodology :-
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Figure 08: Flow Chart of Methodology
6. Result and Discussion

SWAT-CUP i.e. soil and water assessment tool calibration and uncertainty program is very important intended
for calibration and validation. We have performed validation and calibration using soil and water assessment
tool calibration and uncertainty program (SWAT CUP). Four algorithms are available inside SWAT CUP for
calibration, in our study we have desired chronological Uncertainty fitting (Sufi 2) because of its effectiveness.
We have performed calibration for a period of ten years from 2013 to 2022 and we have done validation from
2003 to 2012 for a period of ten years.

Susceptible constraints worn within the replica are groundwater delay time, compensation factor, effective
hydraulic conductivity of key canal, accessible irrigate grasping capability of earth , entrance deepness of
irrigate in low aquifer ,base flood a factor for evaporation, scs runoff curve number.

As per parameters shown in the table 01, the values in the table will emphasize on as the years are passing
precipitation in the river basin is decreasing ,snow fall in the glaciers and in the basin decreasing, snow melting
also decreased, sublimation decreased ,surface runoff decreased ,lateral soil increased and ground water shallow
AQ increased.

Sr.No. Parameters Year 2022 Year 2012
1 Precipitation 520.2 mm 550.9 mm
2 Snow Fall 425.04 mm 493.71 mm
3 Snow Melt 420.14 mm 487.27 mm
4 Sublimation 12.29 mm 12.35 mm
5 Surface Runoff Q 345.40 mm 392.61 mm
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6 Lateral Soil Q 1.58 mm 1.49 mm

7 Groundwater (Shallow AQ) Q 16.62 mm 14.76 mm

No.01: Comparison of Parameters

0.902 and 0.853 are the coefficient of determination for calibration and validation respectively.Fig.9 and .10 A
very well scatter plots of calibration and validation are represented in figurel0.
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Figure 09: Calibration of Model
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Figure 10: Validation of Model
Calibration and Validation

If you observe in the Fig.11, it will show a large negative prejudice within center and superior varieties of
ejection. NS index is quite high in our case, its value ranges from 0.925.A underprivileged fit be able to furnish
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elevated price of NS index as the variance is high. Mc Cuen et al. (2006).Our NS index value is 0.925 and the
value is excellent so in our case fit is incredibly first-class and fairly elevated assessment of catalog is achieved.
So if we see our category proper fitting is achieved.
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Figure 11: Variation of Nash Sutcliffe Efficiency for Calibration

In a scatter diagram moment in time sequence scheme of the experiential and computed expulsion is
very well presented which is shown in Fig.11.Simulated expulsion is consistently advanced than the
experimental expulsion that we can observe in the scatter plot. If we see the fig.12 low ranges scatter plot
illustrates positive effect while medium range scatter plot provides negative effect. NS index value decides the
perfect fit of the model so as we precisely look in to our result we can judge our NS index value is too good for

perfect fit.
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Figure 12: Variation of Nash Sutcliffe Efficiency for validation.
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Water level changes over time and it can be studied through hydrograph analysis. In order to
understand the control of discharge of water to rivers, reservoirs and other bodies of water hydrograph is
effectively used ,so our work emphasize on it. Engineers, planners can make better decisions during design of
dams, bridges, culvers etc. If we examine the recession curve it shows the change in volume of water and also it
demonstrates change of rate of flow over time due to evaporation and other factors. When we study detention
time curve it will help to calculate the time taken for water discharge to move through a reservoir.

In fig.13, if we observe the data represented in janaury 2001 to december 2001 and janaury 2002 to december
2002 we find tremendous variations. Through SWAT model Hydrographs has been drawn and it shows the
variation in the rising limb and the recession limb. If we observe the figure 13 and data From Jan-2001 to Dec-
2001 we find rapid variations in the hydrograph from April to October while in Jan- 2002 to Dec-2002 a
different variation in the hydrograph.
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Figure 13: Variation of Hydrograph from Jan-2001 to Dec-2002.

A vast study and by running SWAT model for the years, we observed some interesting facts and
results, as shown in fig.13. From graphical representation we can observe a drastic change in hydrograph from
2003 to 2012.After comparing the 100" day till 342" day we will get variation in the hydrograph and surface
runoff which shows uneven in discharge .As the time passes surface runoff is decreasing day by day. Also if by
comparing fig.14 with fig.15 .A clear graphical picture shows how the hydrograph variations are there and it is
clearly gives impact to the society, river basin, watershed area, runoff, surface flow etc.
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Hydrograph Analysis 2003-2012
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Figure 14: Hydrograph Analysis from Jan-2003 to Dec-2012.
Hydrograph Analysis 2013-2022
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Figure 15: Hydrograph Analysis from Jan-2013 to Dec-2022.
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7. Conclusion

This work attempted to analyze how the stream flows of river sink changes due to bang of environment
transform. SWAT - soil and water assessment tool a partially dispersed replica, inured on the way to study
hydrology of basin.Sufi-2 algorithm of SWAT Cup is successfully implemented for calibration as well as
justification toward consider all doubts for example ambiguity within measuring data, theoretical replica,
driving variables in addition to parameters. Climate information, minimum temperature data, maximum
temperature data, precipitation data can be effectively used. If we observe the figures and data obtained from
SWAT Model the trend of present rainfall shows a climatic crash in the river basin. In various climate scenarios
a SWAT model is suitable in admitting the transforms within hydrological fluctuations counting river surge in
addition to biomass capitulate. The biomass cover is badly affected due to spatial as well as sequential
hydrological behavior of watershed area. Steady boost during usual heat across the watershed area might cut
down the crop mounting stage ensuing during capitulate price. Alternatively, vary into torrential rain can record
solid increase during potential circumstances. Amount of vagueness can augment the snow melt and
diminishing the snow from glaciers. The decrease in stream flow is more than 25 percentage. This study throws
light into the authorities to take vigilant measures, as there is high probability of the basin getting
scarcity of water in near future.

As an outstanding outcome agriculturally valuable hydrological fluctuation
mechanism (AET/PET) might be concealed through an analogous stage of improbability distressing yield
efficiency. Learning advises that probable decrease within biomass acquiesce dazzling on defer verdict in this
region is predictable in future. Surface runoff is going to decrease in near future. Grave study to review harvest
defer thrashing with intricate yield modeling proceed to find helpful towards conclusion with response of PET
and AET supported capitulate response method used for yield section of sink through satisfactory precision.
Examination within this training are aimed toward creation of a sketch stands on top of the acceptable quantity
of ambiguity during river surge predicting circuitously influences other hydrological changes valuable in the
direction of undeveloped wet administration. Matching dispersed wet administration policy is able to expand in
susceptible edges of watershed area on the way to satisfy outcome of extremity within recurring overflow
ejection speed as well as supplementing emerald wet mechanism. Our research learning perhaps resolve within
devising original policies en route for diminish loss of water, to maintain water level in the river basin, study of
threat of water scarcity through a focused water administration preparation essential toward an enhanced
financial system of province.
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