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Abstract

The Upper Aras transhboundary Basin, shared between Turkey
and Armenia, has undergone significant agricultural
development in recent decades, primarily in Turkey under the
DAP project. This development has reduced water outflow
from the basin, negatively affecting downstream countries.
Due to the limited access to ground-based data, this study
investigated these changes in water resources using CFSR and
CRU global climate data, Landsat satellite imagery, and the
SWAT model, as well as extensive review of the available
regional reports. Results indicated that over the past 15 years,
the basin has experienced increased temperatures and a slight
rise in average rainfall. Also, it was revealed that the area of
irrigated croplands has increased from 140,000 hectares in
1983-2008 to 230,000 hectares in 2009-2018. These changes
were applied to the calibrated SWAT model in three scenarios.
Among them, the results of one of the development scenarios
defined as the expansion of the current cropland area, showed
a decrease in the annual runoff volume of Upper Aras River
from 2605 to 2155 MCM/year, representing an 18% reduction
in the annual flows. Notably, the largest drop in monthly flows
happened in May which was 26%. Furthermore, average
agricultural water consumption in Turkey's Erzurum and Kars
provinces was estimated at 494 mm/ha and 458 mm/ha,
respectively, highlighting the impact of agricultural expansion
under the DAP project on water resources.

Keywords: Aras Transhoundary Basin, Turkish DAP Project,
Land Use Changes, SWAT Model, CFSR and CRU Climate
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Fig. 4- Monthly discharge time series of Karakurt and Surmalu observation stations in the Upper Aras basin
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Fig. 5- Digital Elevation Model (DEM) of the Upper Aras basin in Turkey and location of the discharge
stations (Sumalu and Karakurt) and meteorological station (Kars)
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Fig. 7- Comparison of simulated streamflow from the SWAT model and observations at Karakurt station
based on CRU climate data

oodlBl gaodly wlal g <681, oy 43 (Slaalie 9 SWAT Juo 0 (g jlwaams SUlgy oyl pa du o -V JSUS
CRU

V¥ QM) N b)w iy Jw ‘Ol)'!, ul @L\o lidsd
Volume 20, No. 4, Winter 2024 (IR-WRR)

Y



Strecamflow (m3/s)

si0 | o A 95PPU

21 /\ Observed i
psd - /\ Best estimation | |
g S

=

320 -

120

0 5 10 15 20 25 % 35 4 45 50 55 60 65 70 75 8 8 0 95 100 105 110 115 10 125 130 135 140 145 1 155 160 165 170 175 180 185 10
O¥ \q%s \q?;\ \q%q \q‘)\ Xk 9 \99’\
Time (Monthly)
Fig. 8 - Comparison of simulated streamflow from the SWAT model and observations at Surmalu station
based on CRU climate data

CRU _ooul8! slaodly (wlw! y glloygmw ol 43 (Flaalie g SWAT Joo b (6 5lwdms Slilgy Uy dunlle —A JSUS

Table 1- Sensitive parameters and upper and lower bands
ol 9 YU Al g wlwe b o)l Y Jooo

CRU NCEP CFSR
Parameter Method” Low and Up band of Fitted Low and Up band of Fitted
Sensitive Parameters Value Sensitive Parameters Value
ol i N U.S.S. [-0.1,-0.3 -0.130
CN2.mgt ; u.s.s. [ 0.27,-0.60] 0.43 [ ]
U.K.S."" [-0.4,-0.6] -0.50 U.K.S.[-0.2,-0.4] -0.380
U.S.S.[2.4,3.8] 3.10 U.S.S. [-4,-8] -4.500
SOL_AWC.sol ' UK.S. [243.9] 3.20 UKS. [-2-6] -2.500
U.S.S. [700,900] 805.000
GWQMN gw v [050.7] 060 U.K.S. [500,800] 777500
U.S.S. [-0.1,-0.3] -0.280
REVAPMN.gw r [0.26,0.43] 0.35 UK.S. [0.1.03] 0.930
ALPHA_BF.gw r [-0.20,-0.26] -0.25 [0.80,0.95] 0.860
TLAPS.sub \Y [-3.6,-3.8] -3.70 [-1,-4] -1.220
PLAPS.sub v [-105,-80] -92.00 [40,80] 43.000
GW_DELAY.gw r [36,41] 38.84 [0.1,0.3] 0.210
SMFMN.bsn r [0.9,2.0] 1.50 [-0.1,-0.2] -0.130
SFTMP.bsn r [-4,-10] -7.00 [-0.4,-0.6] -0.405
SMTMP.bsn r [1.20,1.99] 1.60 [-0.1,-0.3] -0.105
SMFMP.bsn r [5.8,8.3] 7.08 [-0.1,-0.3] -0.285
Esco.bsn \Y [-0.1,-0.5] -0.30 [1.8,2.2] 0.200
SNO50COV.bsn v - - [1.5,2.5] 2.170
SNO_SUB.sub v - - [40,70] 57.200
TIMP.bsn r - - [-0.3-15] -0.870
EPCO.hru r - - [0.7,0.9] 0.790

v = Replace, r =Relative
™ Upper Surmalu Station (61 sub basin)
" Upper Karakurt Station (21 sub basin)
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Table 2- Comparison of SWAT model simulation output under different scenarios at Karakurt and Surmalu
stations (million cubic meters per year)
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Fig. 9- Comparison of the discharge obtained from SWAT model simulation (Scenario 3) and observations of
the Aras River at Surmalu station during the period 1983 to 2018
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Fig. 10- Comparison of the simulated monthly flow regime of the SWAT model (Scenario 3) and
observations of the Aras River at Surmalu station
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Fig. 11 - SWAT model simulation output at Karakurt and Surmalu stations, the area under cultivation
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12- Digital Elevation Model (DEM)-NASA Shuttle
Radar Topographic Mission (SRTM)

13- https://Ita.cr.usgs.gov/GLCC

14- http://www.fao.org/soils-portal/soil-survey
15- Izlenmesinde Modernizasyon Projesi

16- Hydrologic Response Unit

17- Land Phase

18- Water Routing Phase

19- Variable Storage

20- Warm up

21- Evapo-Transpiration

22- Potential Evapotranspiration

2- Soil and Water Assessment Tool
3- National Centers for Environmental Prediction-
Climate Forecast System Reanalysis
4- Climate Research Unit (www.cru.uea.ac.uk)
JsSin ol o) (o) panl (ol pgi) slagliel -0
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6- https://www.Renewableenergyworld.com
7-__ https://iccgrup.com/en/projeler/ongoing-projects-
09426891239268034/erzurum-soylemez-dam
8- https://globalweather.tamu.edu/
9- http://www.cru.uea.ac.uk/data
10- https://dsi.gov.tr/sayfa/detay/744
11- http://dx.doi.org/10.1596/978-1-4648-0335-2
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