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ABSTRACT

Hydrological models serve as effective tools for managing water sources and assessing
water components. Although basin hydrological models have been developed, selecting
suitable software for modeling specific areas remains challenging. Hence, it's essential
to opt for software capable of simulating the hydrological cycle with a simple structure
and minimal input parameters. In northwest Iran, AWBM and ARCSWAT software
were employed for simulation. AWBM is a simplistic program estimating runoff using
precipitation and evaporation indicators, while ARCSWAT is a semi-distributed
software for continuous flow simulation. ARCSWAT necessitates various inputs,
including geological, land use, and slope maps, along with precipitation, temperature,
relative humidity, and radiation statistics. The runoff simulation results during
calibration and validation periods were assessed using two statistical indices: Nash
Sutcliffe Efficiency (NSE) and the coefficient of determination (R2). A comparison of
the statistical indicators revealed NSE values of 0.83 and 0.7 for calibration and
validation periods, respectively, and R2 values of 0.83 and 0.8 for calibration and
validation periods, respectively, for the semi-distributed SWAT model. In contrast, for
the AWBM integrated model in the basin, NSE values were 0.63 and 0.48, and R2
values were 0.48 and 0.48 for calibration and validation periods, respectively, indicating
better results in runoff simulation at the monthly time scale.
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Introduction

Runoff simulation and the estimation of river flow are pivotal concerns within water engineering and
hydrology, crucial for managing runoff and addressing water scarcity crises (Ghoreishi Ghareh Takan et al.,
2022). Simulating precipitation and runoff entails grappling with complex, nonlinear hydrological phenomena
influenced by temporal, spatial, morphological, geomorphological, vegetation, and climatic factors (Vidyarthi
and Jain, 2022). Researchers commonly employ various software tools for this purpose, including the RRL
suite, encompassing programs like AWBM, Sacrament, SimHyd, SMAR, and the Tank model, which
specialize in daily runoff simulation (Yonesi et al., 2020). Additionally, the SWAT software is utilized for
simulating rainfall and runoff in areas with intricate characteristics. SWAT integrates with ArcGIS, leveraging
soil maps, land use data, slope information, and climatic/hydrometric station records to simulate and extract
runoff (Sommerlot et al., 2013). Previous studies have highlighted the efficacy of both AWBM and SWAT
models in runoff simulation. AWBM boasts a simpler structure and parameterization, requiring only rainfall
and evaporation data for runoff simulation. In contrast, the semi-distributed SWAT model necessitates
numerous inputs and parameters for calculating runoff and other hydrological processes. This research aims
to assess and compare the accuracy of the integrated AWBM and semi-distributed SWAT models in
simulating monthly runoff in the Gomanab Chai catchment area.

Methodology

The AWBM model, a conceptual rainfall-runoff model, generates daily-scale runoff based on input data
including precipitation, potential evaporation, and transpiration (Boughton, 2004). It features three distinct
surface reservoirs with varying capacities and an unlimited capacity subsurface reservoir (Boughton, 2004,
Yu and Zu 2015). Input data for the AWBM model include daily discharge, potential evaporation,
transpiration, and precipitation. In this study, precipitation and potential evaporation data were obtained from
a meteorological station within the basin, while discharge data came from a hydrometer station at the basin
outlet, sourced from the provincial water resources management department. The model's warm-up period
spanned from January 1, 2000, to September 1, 2001, with calibration from September 1, 2001, to December
2013, and validation from 2014 to 2018. General automatic recalibration was performed using the Sutcliffe-
Nash coefficient as the objective function for model optimization.

SWAT, a process-based distributed parameter simulation model, operates on a daily time step, dividing
watersheds into subwatersheds treated as single units. Integrated with the USEPA BASINS framework,
SWAT enables automatic watershed descriptions based on a Digital Earth Model (DEM). Meteorological
data, including rainfall and temperature from three stations, were entered into the SWAT model daily for
runoff simulation. The data spanned from 2000 to 2018 and included specifications and long-term statistical
parameters from meteorological reference stations.

Results and Discussion

Following the input of daily rainfall, temperature, evaporation, and runoff data into the model, along with the
specification of calibration and validation periods, runoff simulation for the Gomanab Chai basin was
conducted using the AWBM model. Evaluation results of the AWBM and SWAT models during the
recalibration phase, considering the Nash Sutcliffe coefficient and coefficient of determination (R2), revealed
that the SWAT model outperformed the AWBM model in terms of accuracy during the recalibration period.
Specifically, the Nash Sutcliffe coefficient and R2 determination coefficient for the SWAT model were
determined to be 0.83 and 0.83, respectively. In contrast, the corresponding values for the AWBM model
during this period were calculated as 0.7 and 0.63, respectively.
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Conclusions

This research aimed to investigate and evaluate the performance of two hydrological models, AWBM and
SWAT, in simulating monthly runoff in the Gomanab Chai basin. The validation period spanned from 2001
to 2013, with further validation conducted from 2014 to 2018. Based on the analysis of two statistical
indicators and comparison of simulated and observed runoff hydrographs, the following conclusions are
drawn:

1. The Nash Sutcliffe coefficient and coefficient of determination (R2) for the SWAT model were calculated
as 0.83 and 0.83, respectively, during the validation period, and as 0.7 and 0.8, respectively, during the
calibration period. In contrast, for the AWBM model, these indices were determined as 0.7 and 0.63,
respectively, during the validation period and as 0.5 and 0.48, during the calibration period

2. The semi-distributed SWAT model, which divides the basin into multiple sub-basins and considers various
parameters such as soil type, land use, basin slope, rainfall, and temperature, exhibited superior performance
compared to the integrated AWBM model in the Gomanab Chai basin. This enhanced performance resulted
in a more accurate simulation of runoff, particularly on a monthly time scale.
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Figure 5: Simulated and observed hydrographs - monthly runoff in Gomanab Chai basin during the validity period of the studied
models

I, Slalie Clls, AWBM Juw 5l jgo s oo licl 0,50 ;0 SWAT Juw wil oo (asein 30 (0) S0 51 a5 45sSlen
SWAT Jao alewgay 0als (g5lwands SI,5g 5000 ol LI (izren 9 0aig)mly 9 003s Vb (slagsl aS(s sk Cusl 00905 (g 5lwarcds

36



VEOF S50 P cosled VY o5 ¢S5 585 90 550548

V¥ 550 Feuoylous Y Lo y90 S3P 990939,

Al oo Slaalie 81,5 00 b g e sldail slhls AWBM o alcwgas ool (g3lwands 81,55 000 4 Cod

@ ar gl (i )liel 0,90 10 w2 5 (iwly 0)90 10 @8 Gl CleS asg> o ailele Clly, (gilwand ;0 SWAT Juw mls
IV ol i Jliel 0,50 Gl g TAY 5 JAY (S 5 s omly 0,90 ;0 SWAT Jaw 6l RY s 0 5 cadSSle 56 o o
SN 10 o) (o liel 0,90 40 9 +/FY 5 oIV wews 5 WAWBM Jow (s 0,90 10 el ol polie g o dcwle <A

Aob oo sl Clied asg> ;0 AWBM ax LS, e 4y Cond SWAT 1595 dos Jodo 00,15 09y yigo 5l (Lis aS .ol (yees

BT 5,000 b (crmlin @l Shls (o liel 055 )0 02 5 (iwly 0,90 ;9 o8 SWAT Juo lawgi ol (gluand 1,55 000
G 7w L] 02 g iy 0,90 ;0 02 AWBM Jow Lawgi ool (gilwdncd BT g 00 oS Jb> 0 all oo b > Slaslic
oamlive jlade 5l 5yt Gy, e ole iST jo aS 6 ebbay ail co b > Slawlin GBI,5 g 000 b 6,565 slbail slyls SWAT Jow 4

A s sleands 4l

2 &35l il Jo 15l 5550 Slaal 5 bl aly AWBM g SWAT Jus 95 50 sy Codgamme 5 b Colls 4 axgily

5550 ddlaie a5 ol 5l Jlie ylgie ol atils alinse Gloal & cowlie fwl a5 505 Gl Jaw b Colys jo o> o
aS by pwlio 0 )5 aiey ol ;0 SWAT Jow 00gs B slas ) sllo xad o 3bline 10 g 009 (GliwssS (b (] jo  Slalllas
a5 S 25 DEM (ol 38, Jotm (8o 5 s 51) L 5 (i ol sl el 25T, (38,5 15 50 T Lol e
Sidsoed Slaogas 355 glsuly chagsy Le Lul,d b Joo (ad 5 05 e o ahlie s oS (Sl 5,08
Olgis g M5! paenal 1y s dliis Jayl 0 4y 4z g5l AWBM Jow b Jow ol gl ;500 cwypn bl 05l o0 b
295 By ek Jelo ilulaz Sz o (sl 15 Sl a5 eoses @l 8 )5 sl Ty Bl ol SWAT Jae 550 (ol aiges
AWBM (s> sl ool Jow o ,Slos .l 00g0d o2l 3 Consl (g3l dnds 285 S )0 Jole cp 5 oo a5 Slelas )| j0 o g B (o
Joe Gl az STV VY OV ol Y1V (65,005 Vo V) s wilon ) Col i 3blin can 10 ooory slo Jow 4 conis
Cebls g b Lol 01K 518 Caglgl 1o T gLl 600,55 5 5L 0590 sla ool JBlas g jlisle (Solo ua 4 a2 LSS sl

055 518 Az 0550 (om 9 ded Joe azed o e oo Sl

References

Adib, A., Salarijazi, M., & Najafpour, K. (2010). Evaluation of synthetic outlet runoff assessment models.
Journal of Applied Sciences and Environmental Management, 14(3),13-18.

Ahmadi, M., Dadashi Roudbari, A., & Deyrmajai, A., (2020). Runoff estimation using IHACRES model
based on CHIRPS satellite data and CMIP5 models (case study: Gorganroud basin-Aq Qala area). Iranian
Journal of Soil and Water Research, 51(3), 659-671 (in Persian).

Alizadeh, A. (2006). Principles of applied hydrology. 19th Edition: Publications of Imam Reza University,
942 pages (in Persian).

Asadi, A. 2011. Development a conceptual model of Tank—Hybrid-Channel to Simulate Rainfall — Runoff
process in Navroudbasinin Gilan province. Ph.D.Dissertation. Faculty of Agriculture. Tabriz University. 153
pages. (In Persian).

37



OS2 9 pudio Loy Joxo e b (2395 Ao (SS9 0 Jow k' 2b 3!

Behmanesh, J. Jabari, A. Montaseri, M. and Rezaei,H. 2014. Comparing AWBM and SimHyd models in
rainfall-runoff modeling, Nazlou-Chay catchment in west Azarbaijan. Geography and Environmental
Planning Journal. 52(4), 155- 168. (In Persian).

Belvasi, Iman Ali, Asghari Saraskanroud, Sayad, Esfandiari Dar Abad, Fariba, Zinali, Betul (2019). The role
of land use changes on the characteristics of runoff and flooding in Do Ab catchment, Ecohydrology, Vol. 7,
No. 2, pp. 344-331, (in Persian).

Boughton W. 2004. The Australian Water Balance Model. EnvironmentalModelling & Software 19(10): 943—
956. DOI: 10.1016/j.envsoft.2003.10.007.

Ghorbani Fard, M., 2021. Comparison and evaluation of AWBM and IHACRES models in rainfall-runoff modeling
(Case study: catchment),10th International Conference on Rainwater Catchment System, ICRWC, 24-25 November
202021, University of Kurdistan, Iran. https://civilica.com/doc/1411242 (in Persian).

Ghorbani, Kh., Naeimi Kalourazi, Z., Salarijazi, M., & Dehghani, A.A. )2016(. Estimation of monthly
discharge using climatic and physiographic parameters of ungauged basins. Journal of Water and Soil
Conservation, 23(3), 207-224 (in Persian).

Ghoreishi GharahTikan, S.K., Gharechelou, S., Mahjoobi, E., Golian, S., & Salehi, H. (2022). Evaluation of
available surface water resources in Qarah Tikan border basin using satellite products and GIS. Water and
Soil Management and Modeling, 2(1), 1-13 (in Persian).

Goodarzi, M.R. Zahabiyoun, B. MassahBavani, A. and Kamal, A.R. 2012. Performance comparison of three
hydrological models SWAT, IHACRES and SimHyd for the runoff simulation of Gharesou basin, Journal of
Water and Irrigation Management. 2(1), 20-45. (In Persian).

Green, C.H., Greensoun, J.G., Williams, J.R., Haney, R., and Harmel, R.D. (2007). Soil and water assessment
tool hydrologic and water quality evaluation of poultry litter application to small scale sub watershed in Texas,
Transactions of the ASABE, Vol. 50(4): 1199-1209

Haque, MD., Rahman, M., Hagarel, A.D. and Kibriha, G. 2014. Parameter uncertainty of the AWBM model
when applied to an ungauged catchment, Hydrological processes hydrol. (2014), DOI: 10.1002/hyp.10283.
Hosseini M. (2011). Effect of Landuse Changes on Surface runoffand Suspended Sediment Yield of Taleghan
Catchment, Iran. PhD Thesis, UPM University, Serdang, Malaysia.

Hosseini M. (2014). Water balance simulation of Garahsou basin of Kermanshah province by using SWAT
model. J. atershed Eng. Manag., 6, 63—73 (in Persian).

Hosseini M. and Ashraf M.A. (2015). Application of the SWAT Model for Water Components Separation in
Iran. Springer, 97-98.

Khodakhah, H., Ghorbani, K., Salarijazi, M., & Abdolhosseini, M. (2022). Monthly and seasonal runoff
estimation using time series, decision tree, and multivariable linear regression. Journal of Water and Soil
Conservation, 28(4), 27-52 (in Persian).

Mohammadivand;M , Araghinejad;S, Ebrahimi;K, Modaresi;F(2019). Performance Evaluation of AWBM,
Sacramento and SimHyd models in Runoff Simulation of the Amameh Watershed using Automatic
Calibration Optimization Method of Genetic Algorithm. Iranian Journal of Soil and Water Research. 1759-
1769 (in Persian).

Nazari Pooya; H, Kordavani; P, Faraji Rad; A (2014). Recalibration and Performance Evaluation of
IHACRES and SWAT Hydrological Models in Runoff Simulation, Journal of Spatial Analysis of
Environmental Hazards, Year 2, Number 2, pp. 9112-999 (in Persian).

Nouri; H, llderami; A, Naderi; M, Agha Beigi Amin; S (2017). Comparison of the effect of land use change
and climate on the runoff of a small mountain watershed (case study: Green watershed), Physical Geography
Research, Volume 50, Number 4, pp. 775-790. (in Persian).

38


https://civilica.com/doc/1411242
https://ijswr.ut.ac.ir/?_action=article&au=622094&_au=Mohammad+Reza++Mohammadivand&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=169241&_au=Shahab++Araghinejad&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=169247&_au=Kumars++Ebrahimi&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=348383&_au=Fereshteh++Modaresi&lang=en

VEOF S50 P cosled VY o5 ¢S5 585 90 550548

V¥ suily Foojlods 1Y oyg0 59999909959 youd

Parvaz; M, Shahoui; S.V (2022). Investigation Using AWBM Model for Monthly Runoff Simulation of Urmia
Lake Basin in Kurdistan Province, Sonnate station. Journal of Environmental Sciences Studies.575-856.
Podger, G.M. 2003. Rainfall-runoff Library user guide [online]. Cooperative Research Centre for Catchment
Hydrology.Available from: www.toolkit.net.au/rrl.

Rezaei Moghadam; M.H., Mokhtari Kashki; D, Samandar; N, Y+ YY, the effect of land use change on changes
in discharge and sedimentation in the Ojanchai watershed using the SWAT model in the Ojanchai watershed,
Hydrogeomorphology, 9, 1-24(in Persian).

Rezaei Moghadam; M.H., Mokhtari Kashki; D. Shafieimehr M. Y+ Y\, calibration and validation of SWAT
model in simulation of runoff and sediment in the catchment area of Chai Miane city, Geography and
Planning, 25, 129-139 (in Persian).

Rezaie, H., Jabbari, A., Behmanesh, J., & Hessari, B. )2017(. Modelling the daily runoff of Nazloo Chai
watershed at the west side of Urmia Lake. Journal of Water and Soil Conservation, 23(6), 123-141 (in
Persian).

Rostami Khalaj, M., Moghadamnia, A., Salmani, H. Sephovand, A.2016. Comparative study of the
performance of AWBM, Sacramento, SimHyd, SMAR and Tank rainfall models. Iranian Natural Ecosystems
Quarterly.

Rostamian R., Jaleh A., Afyuni M., Mousavi S. F., Heidarpour M., Jalalian A. and Abbaspour K. C. (2008).
Application of a SWAT model for estimating runoff and sediment in two mountainous basins in central Iran.
J. Hydrol., 53, 977-988.

Sayyad; D, Gazavi; R, Omidvar; E, YY), Investigating the effectiveness of the SWAT model in estimating
the daily discharges of basins without statistics with the zoning approach in dry areas, Hydrogeomorphology,
7, 161-182 (in Persian).

Shahavi, S.V. and Porhemat J. 2018. Evaluation and comparison of two integrated AWBM and semi-
distributive SWAT models in simulating the monthly runoff of Qarasu River in Kermanshah province. Journal
of environment and water engineering.

Sharifi, F. Namdrust, J. and Zarrin, H. 2006.Assessment the AWBM model in some sub catchments of
Karoon watershed. First Regional Conference on Optimum Ultilization of Water Resources in Karoon and
Zayandehrud watersheds, 14-15 Aug. Iran. Pp. 823-832. (In Persian).

Sommerlot A., Nejadhashemi A., Woznicki S., Giri S. and Prohaska M. (2013). Evaluating the capabilities of
watershed-scale models in estimating sediment yield at field-scale. J. Environ. Manag., 127, 227-236.
Vidyarthi, V.K., & Jain, A. )2022(. Incorporating non-uniformity and non-linearity of hydrologic and
catchment characteristics in rainfall-runoff modeling using conceptual, data-driven, and hybrid techniques.
Journal of Hydroinformatics, 24(2), 350-366.

Yonesi, H.A., yousefi, H., Arshia, A., & yarahmadi, Y. )2020(. Runoff rainfall simulation using RRL Toolkit
(case study: Rahim Abad station - Silakhor Plain). Iranian Journal of Irrigation & Drainage, 14(4), 1348-1361

(in Persian).
Yu, b. and Z. Zhu. 2015.A comparative assessment of AWBM and SimHyd for forestedwatersheds.
Hydrological Sciences Journal — Journal des Sciences Hydrologiques, 60 (7-8) 2015

http://dx.doi.org/10.1080/02626667.2014.961924

Ziyai;D, Zare Bidaki;R, Basaltpour;A. 2018. A comparative study of the role of land use on sediment
production and surface runoff using a model (case study: Behesht Abad watershed). Pasture and Watershed,
Journal of Natural Resources of Iran. Volume 72, Number 3. (in Persian).

39


http://dx.doi.org/10.1080/02626667.2014.961924

