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Abstract

Background and Obijective: Accurate data about runoff in the future in a watershed facilitates
managers' decisions in water-related decisions and helps conserve natural resources for sustainable
development. The two factors of cost and exact time are directly related to accurate runoff estimation.
Using computer models to simulate natural phenomena such as the hydrological cycle is one way to
reduce costs and increase accuracy.

Material and Methodology: The information for this research was obtained through the SWAT
model website and global data. This study evaluates the accuracy of different calibration and
validation methods in the hydrological simulation of Qarasu watershed, the SWAT (hydrological
model) and a comparison between GLUE and PSO methods with the SUFI-2 method were used to
calibrate the SWAT model. For simulation, 13 specific parameters were selected in all methods in the
same situation. It should be noted that the data required for this research were collected from (SWAT
model website) and (Water Resources Management Company).

Findings: All three methods were able to simulate runoff with acceptable R? and NSE results (above
0.7), and the sensitivity analysis showed that Sol_K, CH_N2 and CN2 were more sensitive than other
parameters.

Discussion and Conclusion: Although the SUFI-2, PSO, and GLUE algorithms can reduce the
difference between the observed and simulated data, the performance of the SUFI-2 algorithm in
runoff simulation is more accurate than other algorithms. Therefore, it is suggested to use this
algorithm to predict runoff.
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Figure 1. Location of Qare-su watershed, stream network, and discharge stations
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Table 1. Specifications of hydrometric stations of Qare-su Watershed
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Figure 2. Landuse of Qare-su Watershed
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Figure 3. Soil Map of Qare-su Watershed
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Figure 4. DEM Map of Qare-su Watershed
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Table 2. Simulation results based on all of three optimization methods
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Figure 5. Result of time series simulations based on SUFI-2
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Figure 7. Result of timeseries simulations based on PSO

(VE-YP) ol oals oolil (6 Kaiizr j5b 4 (So5glg 000 s9me g (obo) (yloj (8 e (LS JISal apline Y S0 o
Ohsy ol s wdlbige plol SUFI-Z g, 0,08 a2 Slp Ky @l Sloy G (Wl p caSayie) (05 G050e
556 g Jelse wod g (B0 8ls 4 5L g S 355 MlS e il g Joe Sloj 5 sln 308 i Slelin oy (5
@ helae glbs cul (See a5 o)l Jaw (5,5 50 Ll Das o lis |y Joe cualad pae sl Sl K,
Sles alol lacald pac plo 4 Joo caxbd pas lgie 6,8 GLUE g, a5 0,5 kbl o)lg5 (oo gl oy b



Oy Bwon g 815yl

1P+ olo ya9 st AT 0 )losdd e j dmo (55819050 9 pole \-¥

JCCC IS U T W - JPC gRPRVY IR VIR VSRR A N A R
A Camd YL ol Jow mmiuly 090 gl ot
ad @mls gy aw o e Sl 03 (e lisl
i 0SS ) ol alold jaan o YU s gl g5l
aslg o GLUE § PSO SUFI-2  (laps Sl a> 51
Sl 1) ouls (gilw a9 (gl camline lrosls po B
Sbly, g3l acs o SUFI-2 i ,oSl o Slos Lol caims

2 S Saagee 5l g Sl K08 sla o )Xl 5 880

Ll 18595 5 bannfolg 0ue Lo

References
1. Teshome, F. T., Bayabil, H. K,

Thakural, L., & Welidehanna, F. G.
(2020). Modeling Stream Flow Using
SWAT Model in the Bina River Basin,
India. Journal of Water Resource and

Protection, 12(03), 203.

2. Tegegne, G., & Kim, Y. O. (2018).
Modelling ungauged catchments using
the catchment runoff  response
similarity. Journal of Hydrology, 564,
452-466.

3. Marques C. A. F., Ferreira J. A,
Rocha A., Castanheira J. M., Melo-
Goncalves P., Vaz N. and Dias J. M.
(2006). Singular spectrum analysis and
forecasting of hydrological time series.
Phys. Chem. Earth A/B/C., 31(18),
1172-1179.

4. Sokolowski J. and Banks C. (2011).
Principles of modeling and simulation:
a multidisciplinary approach. John
Wiley and Sons, Hoboken, New
Jersey, USA.

5. Arnold, J., Moriasi, D., Gassman, P.,
Abbaspour, K.C., White, M,
Srinivasan, R., Santhi, C., Harmel, R.,
Van Griensven, A. and Van Liew, M.
2012. SWAT: Model use, calibration,
and validation. Transactions of the
ASABE Vol. 55(4), pp. 1491-1508.

npl ade> 50 adss by ile and ln |, GLUE
ool o> ids 5l AFF a5 e s Tungabhadra
L, SUFI-2 3, 51 ool cows mls lag] oS anslie
OfSen 5 Sl Gragky s (1F)aS )l Feeslio
oS Col 00r 39y gl 3l jimpe PSO (39, (Y- 9)
St Oz (YF) sl aiiils g cnl b spolive gl
Sl ad 4 gl azlps ase> 0 (V)9) Gl )Sen 5
oaliiul b 5L cilises sl ools 5l ssliiul b So3slg 000
o Lasiae a5 axisls,, SWAT Jas ;0 SUFI-2 g, 5
2o uizmed g e ol oLl UG g, 0l
wlie (ol ool loaidl (YY) o)l (g3lo aneds o oYL
pae Julod 5 4325 9 gl IS 3590 )3 0ud plonil Slalllas
348 el oa plosl (Y410) o2 g g9 45 canl ioakad
b3l sl ParaSol 4 SUFI-2 GLUE sl 3,
0ud i Saiglased ile Jae o Skl pae ol
g ol dibis o adly ((ez) Simiy allhog; e ol
oolinl gomge 5l Lo (S S dess bye sy
G (6 yides sbl5e SUFI-2 g a5 wisls (ylis g i S

QM) o)l e gy plu a

S5 Al
@ b Ul gilo and a4 0B by, 4w o (IS 5k &
Gl gy am o eallas (ol g3 sy Mogs L
g s e 9Skes PSO SWAT 35, 50 cs3lo aiay
CE) gw 0,8 wldog, dsg> dsdlae opl jo aile g
a b g od gilo ad SWAT (Sisolsyuee Joo b (ol
Sly ol (i lel g (rily (ile a Glize g,
dop 0 Syide Ll WY OlSy ls bl
dw 2 aS and oo lid odel Cuws s ol bl oo,
L1, Olly, aslgie (PSO 5 GLUE SUFI-2) s,
Gile dmd (G ymgyaed olil ann oln Vb o Sles

e Hlasl g riwly Ceand g0 o gl (S jeb 4y oS

1- Zhang
2- Wu and Chen



Vo8 e 39 SWAT (05909 )00 Joko (2ly Slooguas 55
12. Zhang, D., Yao, H., James, A,, Lin, Q. 6. Abbaspour, K.C., Rouholahnejad, E.,
and Fu, W. 2020. Modifying SWAT- Vaghefi, S., Srinivasan, R., Yang, H.
CS for simulating chloride dynamics in and Klgve, B. 2015. A continental-
a Boreal Shield headwater catchment scale hydrology and water quality
in south-central Ontario, Canada. model for Europe: Calibration and
Science of The Total Environment, uncertainty of a high-resolution large-
Vol. 717, pp. 137-213. scale SWAT model. Journal of
13. Abbaspour, K.C., Vejdani, M, Hydrology Vol. 524, pp. 733-752.
Haghighat, S. and Yang, J. 2017. 7. Aalami, M.T., Abbasi, H. and
SWAT-CUP calibration and Niksokhan, M.H. 2018. Comparison of
uncertainty programs for SWAT, pp. two calibration-uncertainty methods
1596-1602. for Soil and Water Assessment Tool in
14. Kumarasamy, K. and Belmont, P. stream flow modeling. Vol. 28, pp. 53-
2018. Calibration Parameter Selection 64. (In Persian)
and Watershed Hydrology Model 8. Narsimlu, B., Gosain, A.K, Chahar,
Evaluation in Time and Frequency B.R, Singh, S.K and Srivastava, P.K.
Domains. Water, Vol. 10(6), pp. 710. 2015. SWAT model calibration and
15. Borah D.K, Arnold J.G, Bera M, Krug uncertainty analysis for streamflow
C.E, and Liang, X.Z. 2017. Storm prediction in the Kunwari River Basin,
event and continuous hydrologic India, using sequential uncertainty
modeling for comprehensive and fitting. Environ Process, Vol 2(1), pp.
efficient  watershed  simulations. 79-95.
Transaction of the ASCE, Vol. 6 (605), 9. Yang, J.,, Reichert, P., Abbaspour,
pp. 605-617. K.C., Xia, J. and Yang, H. 2018.
16. Singh, V., Bankar, N., Salunkhe, S.S., Comparing uncertainty analysis
Bera, A.K. and Sharma, J. 2013. techniques for a SWAT application to
Hydrological stream flow modelling the Chaohe Basin in China. Journal of
on Tungabhadra catchment: hydrology, Vol. 358(1-2), pp. 1-23.
parameterization and  uncertainty 10. Abbaspour, K.C., Yang, J., Maximov,
analysis using SWAT CUP. Current I., Siber, R., Bogner, K., Mieleitner, J.,
science, pp. 1187-1199. Zobrist, J. and Srinivasan, R. 2007b.
17. Besalatpour, A.A., Ayoubi, S, Modelling hydrology and water quality
Hajabbasi, M.A., Gharipour, A., and in the  pre-alpine/alpine  Thur
A. Yousefian Jazi. 2014. Feature watershed using SWAT. Journal of
selection using parallel genetic hydrology, Vol. 333(2-4), pp. 413-430.
algorithm for the prediction of 11. Eini, M.R., Javadi, S., Delavar, M.,
geometric mean diameter of soil Monteiro, J.A. and Darand, M. 2019.
aggregates by machine learning High accuracy of precipitation
methods. Arid Land Research and reanalyses resulted in good river

18.

Management. Vol. 28, pp. 383-394.

Wu, H. and Chen, B. 2015. Evaluating
uncertainty estimates in distributed
hydrological modeling for the Wenjing

discharge simulations in a semi-arid
basin. Ecological engineering, Vol.
131, pp. 107-119.




Ol o g 815 cyuol

VF) oo jg9 oo ATY 0 )Ly comns § drmo (5581900 g pole \.¥

24,

25.

26.

27.

Water and Climate Change, Vol.
11(S1), pp. 145-163.

Cameron, D., Beven, K. and Naden,
P., 2000a. Flood frequency estimation
by continuous simulation under
climate change (with uncertainty).
Hydrology and Earth System Sciences,
Vol. 4:3, pp. 393-405.

Blazkova, S., Beven, K., Tacheci, P.
and Kulasova, A. 2002. Testing the
distributed water table predictions
of TOPMODEL (allowing for
uncertainty in model calibration): the
death of TOPMODEL? Water
Resources Research, Vol. 38:11, pp.
1257.

Zhang, X., Srinivasan, R., Zhao, K.
and Liew, M.V. 2009. Evaluation of
global optimization algorithms for
parameter calibration of a
computationally intensive hydrologic
model. Hydrological Processes, Vol.
23(3), pp. 430-441.

Eini, M.R. 2019. Discussion of Intra-
and interannual streamflow variations
of Wardha watershed under changing
climate. ISH Journal of Hydraulic
Engineering, 27(4), pp. 474-475.

19.

20.

21.

22,

23.

River watershed in China by GLUE,
SUFI-2 and ParaSol  methods.
Ecological Engineering, Vol. 76, pp.
110-121.

Ang, R., & Oeurng, C. (2018).
Simulating streamflow in an ungauged
catchment of Tonlesap Lake Basin in
Cambodia wusing Soil and Water
Assessment  Tool (SWAT) model.
Water Science, 32(1), 89-101.
Mengistu, A. G., van Rensburg, L. D.,
& Woyessa, Y. E. (2019). Techniques
for calibration and wvalidation of
SWAT model in data scarce arid and
semi-arid catchments in South Africa.
Journal of Hydrology: Regional
Studies, 25, 100621 .

Yang, X., Magnusson, J & ,.Xu, C.-Y.

(2019). Transferability of
regionalization ~ methods under
changing  climate.  Journal  of

Hydrology, 568, 67-81.

Leye, I, Sambou, S., Sané, M. L.,
Ndiaye, 1., Ndione, D. M., Kane, S., ..
. Cissé, M. T. (2020). Hydrological
Modeling of an Ungauged River Basin
Using SWAT Model for Water
Resource Management Case of
Kayanga River Upstream Niandouba
Dam. Journal of Water Resources and
Ocean Science, 9(1), 29-41 .

Ashrafi, S.M., Gholami, H. and Najafi,
M.R. 2020. Uncertainties in runoff
projection and hydrological drought
assessment over Gharesu basin under
CMIP5 RCP scenarios. Journal of



