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1- Geographic Information System (GIS)

2- Annualized Agricultural Non-Point Source

3- Revised Universal Soil Loss Equation 2

4- Hydrologic Simulation Program Fortran

5- ldentification of Hydrographs and Components for
Rainfall, Evapotranspiration and Stream Flow

6- Simple Hydrology
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Figure 1- The location of Fariman dam watershed in Khorasan Razavi provinc



1AV 599 0 — 010 yo ¢ Foslads FY ls (S g ol s FO»

wasie Sllgy o (SN b joy o iy plel ool g sl 0ad
P9d e o Vdaly LHRU 2 G a5
Sed = 1 /A% (Quury X Qpeak ¥ m‘gai:rujlﬁ; ®Kx
Cx Px LS x CFRG (Y)
=2 Qsurf ((35) e 595 3 gy sl :S€A Y dlal,
sl Lole CFRG 4 L3lS 055 ole :LS ¢ iblis clles Jale
() sl S aily by

Loaly (5 jbeu oulal

SleMbl 5 aiss 4 ;L SWAT Jao ¢l 5 sjlwodlel (¢lp
5 Seigdarias glaodls (ol g p)l8 (S (ogd) £l Jae
lig) polade 3 S g Jlas gled 5 (Sus)b) (wliilgn
=2 slaodly pioed Wbl o (e g 3l Gy o s Cugboy
DI & 5 Je (oxieylitel g (oxinly jolate 4 Cgw) 9 bz
Silwded jolaiodn (30 (pl )3 A8 (oSS gl
1535 (yglaen g ags calisee wlie 5l 5L 590 CleMbl cadgs
sy syl atis oyl 6l slaads ¥ S o () i)
s emolidlgn isu 50 ol edd 0l LS adses ) 9 S
950 ()b )53 ys ol o] ¥ ailje) )k slaesls
Slej 0y90 (slys 5,508 o] 4y bgsye Lod slrodls o JolSs
9 s i8] o) el gladhaie Of 8 Wb 5l VARN-Y -
23,5 ool (g jlwdeni

s ey gL Jie Lis) SWAT Jio LIS £33 (ol
5y Arc GIS 10.3.1 )5 8ls, 5 > Arc SWAT 2012 45433
O Ldidgn 5 g ddgn jpe S YO+ ailiul iy b g 05
Olo=s dn lis L (g ytegyin o] oo (e L i3S
sobateds cdn dlsyo )3 003)5 SUSE ddg> 05 VA ddg (295
@il Ve > SLaaid wop (Sojslgyin Gl lasely (s
By ey ool celyi) dib ¥ L ase ol )8 4l
Nem¥e Ve o) dib O Ly (s A g (Lo, 5 (SgSne
ol gloodly (o Bl (isy 3 b (Byme Jdo 4 (Y Fe-Y
o] dieS g i sLod g (el laolKi] 45y,
Ve 0y9d o Jae 9 43S (yme Jho 8 (i S
lalidl (ol e g oyl Lol cle i I, al 133
o=l el 039 asgs anbs Jl8) g Lalyd il g oyl
Sly iy 4 Sl 5 )5 )le (ot 0jled (b 5l adlllae
B39y 3 ol (2hdgy 9 357 9 5 e Ol dnslxe

SWAT Jas

Sloj ~dwgy § (mjgihes (slase Jio S SWAT i
5o 2 o3 Copte 86 e lp b ool bl e
bly 5 (ol ) S b S)j g oamg sioul slaojes
o=l 2 )S asly piSe Sl ol (S D pae calises
laasly ol 1S il ' (Seilg i gl slaasly (Jao
o WS 05 3 9 SBe) )8 138 panie oS 5
dl> yo 93 4 SWAT 1o )3 (Sijglsynm cslasil (v 50) ail
sloatlb 4 by sye raj dlo o Ligbicn a2l 5 ne]
2 ol anlpl 4 (oo jolis 5 Cguy Ol 395 5 4de> o
2 SVl Slguy ol blg) 4 o dbje g cusl ade 5
B o) ohe ilwnd (Fr 9T 2o e 4l
g b (= M il @ SWAT Jao 3 Sojglg)ae

.))5@ Q)sw \ 4]4)‘)
SW, =51, + zE:L{Hch - qur}' -E, - H"see_n -
Q) ()

SUL (e o) SB ol ol e SWL alaly ol
Jo) 2 SISk shde Ragy (ptehie) SLS )3 ol adgl jlade
s e By (i die) (o Ul ylade qur,r' (o shee)
eldlpg anl o SB jlas g_sj Sl H';eeg:l ‘()“"u-l“") R
SUlyy ol (o deo) (5 2 by Hlde @i 9 39800 2)ly
¥ c . .

g,\_ml _L.)'i)jf ol CM_@] (e b)‘.o_w ur9) 5.) l_: L;chw
5oyt < Jols SWAT o Lol (i 50 39550 dnuloe
Jae 37 plReSiole 5 pite 055 o p gy 93 Sl gy
P9y 4 38 5 g e 0yl s laiedn sl 00 iy
ol ous ) Jao 33 V5005l 5 M cumlem ey slin i
Tl dly oo (gl sy )l g Hlalyd Jae 0l 15 (Y9)
30,5 o cyass (B 5 OF) MUSLE Juo il oolawl b (509,00
bl oo (OF) USLE iolu,d Sles dloles o Mol dowus oS

aile oUlyy Jole b il (ioleyd Jole MUSLE g, 5>

1- Hydrologic Response Units (HRUS)
2- Land phase

3- Water phase

4- Green-Ampt

5- Variable Storage

6- Muskingum

7- Priestley-Taylor

8- Penman-Monteith

9- Hargreaves



YOV oo 3l ooliunl b oylos 3 s 5uisl 0392 ogmsy 9 by (3 lwans

O b ool SBS v 5ol g guy doxiu Soxie gy 93 ] W13,5 oolatu!
o) ¥ g Ghjael (sl o pd Vo ay (Balal joboay mosls ¢yglaie gy Cble 5 (e (0 el clale g s ol
(Y8 530) 10,5 s b Joe O}o)‘i sy 2905 3 b Lo (g yi0g )0t o] (gl 0l (g S0l

bl gladlae O S s 51 AYEY=AYAS Sloj 0,90 (clp sy

D) yglp €83 (g yolateds uw 13)5 3] (592 Gl B

ol atbe 9 SWAT Juo 3L 5590 (slrodla -y Joun
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Figure 2- Fariman dam watershed Landuse A), soil units (B) and Sub watersheds (C) maps


http://www.usgs.gov/
http://www.usgs.gov/

IVAY 599 0 — 010 yo ¢ Foslads FY uls (S g ol a s FOY

bl g gy 00d dpolone Mo @ g 5 g
Q{u:] = ZF:!.‘-.-'I{QW.[ - '?m':]: (\c)

SWAT aiuu,liiel § cadedl g Cibiva J:\JLJ
5 SWAT e lizel 5 (oealy omlan 5JUT jglaton,
LS55 a0 wisys Sl 3,8 oolil (80 5 05) SUFI-2 o255
Jie (29 slansls 5 1l o g Sus Jio Sy SUFI2
byl disgy slde 9 48 00 8L (63959 Glis 4 ) SWAT
pis b)) sl s ol aleion 35910 1y (oily o e
P-(V) a=8' e odlaiwl R-factor 4 P-factor )L g3 jl calad
2L 03l e 43 A sl (glodalie (slaoaly Moy (8 yme Tactor
VU - o o) M g ol 4585 1,3 (95PPU) copnlad pas
Jlame Bl il 4y 95PPU sl 6 4 s R-factor 5 uil o
ilwands S5y Jlossl bl s bl o 0 (650305 (claodl
Sdp o 4 R-factor 4 G 4 P-factor jluis o cul Sloj
alie 4ty b e Jao ool ol LT glaions (¥) 29
Cgw) 9 (2 3 e Syl QB 4 plidl (F 5 ¥ A) il
S s 4 Cmlun UL s 00,5 adlllas )50 ddlais )5
gy Sl el Wy (03 (sl o Qll el )l VY (55,
L Jioe ol Jl e s (ol (sloyiel s 5 43 plos
Voor 5 SLaj 053 (gl ailale ogms) Ll 5 (25 (sloosls
35 (ewliel g (riwly Cgw) 9 (23 Sl

Ldas s (b5
2 S5y w03l g gy doiw e oLl jslateds
el g (ily riomed g (Gtre Cgy )l (eSS
Flas e 5Siles aty) ()bl (sloasls 5 SWAT i
LagS 5 S il e s ot Sl 5 s
Slaye (650Lee ady Jlie d2ym 035 odliial (B-A ladal))
N e 939800 pbr Joo (gl Como il FSasS s
ek 00 i) Ll sl o i sl 0595 5 (g by 8D
u_’{‘ A )‘J._o.o 9 ..\M:Lvuo o L?“’L)“‘” 9 ‘_g‘oJ@L\.wo )J)L‘La O
o A s i S B Sl e § s 5 S8
Sl 51355 32 63V 2D J Jae el 5S35 S cups

4- Root Mean Squer Error (RMSE)

5- Nash-Sutcliffe Efficiency Coefficient (NSE )
6- Coefficient of Determination (R2)

7- Kling—Gupta efficiency (KGE)
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1- Sediment Rating Curve (SRC)
2- USBR
3- Genetic Algorithm (GA)
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Table 3- Evaluation results of Sediment_discharge models for the test period

JA" Sy 4“"‘) NS RMSE RZ
Model Sediment_discharge equation
Py S y= 97.594 x11818 041 8601 071
Sediment Rating Curve
S5 s y=139.15 x 09897 0.46 7091 0.72
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Table 4- Initial range and optimal value for selected discharge parameters
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e S sl o By 2 Sas
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Saturated hydraulic conductivity -
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Moist bulk density
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Saturated hydraulic conductivity
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Table 5- Initial range and optimal value for selected sediment parameters
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Sediment concentration in lateral flow and groundwater flow
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Linear parameter for calculating the maximum amount of sediment
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Figure 6- Comparison of observed and simulated monthly discharge for the calibration and validation periods
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Figure 7- Comparison of observed and simulated monthly sediment yield for the calibration and validation periods
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Table 6- Evaluation criterias of SWAT model for the calibration and validation periods

> - 2293 fs’_w °29% NS R* KGE P_factor R_factor
Variable period Statistical period
ey 1991-1997 075 075 081 054 0.63
o Calibration
Discharge (o ls! 1998-2000 085 086 080 053 0.38
Validation
wely 1991-1995 073 075 076 042 1.84
gy Calibration
Sediment  (ox)lxl 1998-2000 076 081 074 044 1.41

Validation
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Introduction: Determining the amount of watershed sedimentation and its spatial distribution by using field

measurements in practice faces a serious challenge. In recent decades, hydrological models have been widely
used by hydrologists and water resource managers as a tool for analysing water resource management systems.
The SWAT model is one of the semi-physical and semi-distributed hydrological models that have been widely
used in recent years. Despite the wide use of the SWAT, simulation of the sediment has been associated with a
large error in comparison to flow. These errors may come from using empirical methods such as the sediment
rating curve for estimating sediment based on measured data. Therefore, in this research, the capabilities of the
genetic algorithm (GA) were used to optimize the relationship between discharge and sediment and further
optimal equation used for calibration and validation of the model.

Materials and Methods: The studied area is Fariman dam watershed with an area of 278.8 km? which is

located at latitude of 35 ° 33" to 35° 41" and longitude of 59 ° 34' to 59 ° 44' in Razavi Khorasan province. In this
study, SWAT model was used to simulate runoff and sediment yield of Fariman dam watershed. In order to run
the model, meteorological and hydrometric data including daily rainfall and maximum and minimum
temperatures and sediment yield and discharge data, soil and land use maps of the watershed were achieved from
relevant resources. The capabilities of the genetic algorithm were used to optimize the discharge -sediment
relationship and were compared with sediment rating curve. For this purpose, optimization problem was defined
for the genetic algorithm in MATLAB software as a search space of continuous values of the discharge —
sediment coefficients. After that, sediment yield was extracted based on discharge data and calculated monthly
sediment for SWAT calibration and validation. Sensitivity analysis, calibration and validation of the model were
performed using the SUFI-2 algorithm using SWAT-CUP software. For this purpose using high sensitive
parameters, the model was calibrated and validated for the period of 1991 to 2000.

Results and Discussion: Optimal coefficients extracted by GA indicate a better performance of the genetic
algorithm in estimating the sediment yield. The comparative results of the sediment estimation models, revealed
better performance of the genetic algorithm with RMSE = 70.9, NSE =0.46 and R2= 0.72 than the sediment
rating curve. According to senetivity analysis of SWAT model, twelve parameters for stream flow and seven
parameters for sediment yield were found to be sensitive. The most sensitive parameters for stream flow were
SCS runoff curve number (CN2), effective hydraulic conductivity in tributary channel (CH_K1) and base flow
alpha factor for bank storage (ALPHA_BNK) and the most sensitive parameters for sediment yield were peak
rate adjustment factor for sediment routing, USLE equation soil erodibility factor (USLE_K), sediment
concentration in lateral flow and groundwater flow (LAT_SED) and exponent parameter for calculating
sediment reentrained in channel sediment routing (SPEXP). The SWAT calibration and validation results
showed that the Nash-Sutcliffe efficiency index for monthly sediment and discharge for calibration period was
0.75 and 0.73, respectively and in the validation period was 0.85 and 0.76, respectively. Calibration and
validation of the SWAT model was done with genetic algorithm model as an optimal method for deriving
sediment data from measured daily discharge. The Nash-Sutcliffe efficiency coefficient for monthly discharge
was 0.75 and 0.85 in the calibration and validation periods. Nash-Sutcliffe efficiency coefficients for monthly
sediment yield were 0.86 and 0.81 for the same periods. SWAT evaluation results indicate that the model
simulation is acceptable for predicting sediment yield and river flow. The performance of SWAT model in
predicting of sediment in low flow is poor, which can be due to the effect of the parameters and model
simplifications in the simulation of the sediment load.

Conclusions: In this research, simulation of runoff and sediment flow for Fariman dam watershed was
performed using SWAT model. For this purpose, the capabilities of the genetic algorithm were used to optimize
the relationship between discharge and sediment yields; then the results were used to calibrate and validate the
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SWAT model. The results indicate that genetics algorithm can be used for optimizing coefficient of sediment
discharge equation and the result is better than sediment rating curve. Simulation of watershed hydrology using
SWAT shows that the capability of the model in prediction of sediment yield and water flow is good. Using
genetic algorithm to optimize the relationship between discharge and sediment has an important role in
extracting daily sediment yield and simulation accuracy of the model. Also, the use of evolutionary algorithms
can have a significant role in extracting the discharge -sediment relations, which usually is accompanied with a
large error in experimental models such as a sediment rating curve.

Keywords: Evolutionary algorithm, Fariman dam, Sediment yield, Watershed simulation



