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Abstract

The main purpose of this study was to implement, evaluate and
modify the Dynamic Water Balance model (DWB)
considering the proportional coefficients, like hydrological
reality-based constraints, and implement the withdrawal of
groundwater and surface water resources along with
calibration and uncertainty analysis of its parameter. Based on
the results and principal of equifinality, it is clear that a unique
best set of optimal parameters of SDDWB and DWB models
cannot be achieved in general, and often the models’
parameters in the selected study areas to test (Neyshabur and
Rokh watersheds) had similar effect on the simulated water
balance. The average total amount of surface water balance
error in DWB model for Neyshabur and Rokh watersheds were
respectively -9.74 and -69.63 m? which represented the poor
performance of the model. There was a significant difference
between the simulated and observed aquifer volume changes
for which the main reason was that the effects of groundwater
withdrawals were not employed in the model. Reviewing the
performance results showed that the relative PRMSE index of
the SDDWB model for both study areas were less than 10
percent, indicating the acceptable accuracy of the SDDWB
model. In general, the results depicted that the overall error rate
of surface and groundwater discharge equation components in
SDDWB model were much lower than the DWB model which
indicated the positive effects of its modification and
development versus its original structure, DWB model.
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Fig. 1- Location of the study areas and distribution of meteorological and hydrometric stations
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Spwp,Sfc,S(t-1),P(t), ETP(t),G(t-1)
,RSA,ISA,SI,DP,Pgw,Cp,Cet,CC,dr

i
Sfc=Sfc*dr*CC;
Spwp=Spwp*dr*CC;
ETP(t)= ETP(t)*Cet;
P(t)=P(t)*Cp;

Smax=Sfc;
X0 (t)= Smax -S(t-1)+ ETP(t)
v
Refer to F[-] Curve[D=Xo(t),S= P(t)]
Determine F[((Xo (t))/(P(t)))]
v
l Smax=Sfc;
YO (t)= ETP(t)+Smax

X(t)= POF[((Xo (1))/(PM))]

’

Qd (t)=P(t)-X(t)

Qd (1)=(1-S1)*Qd (t) X(®)=X(1)+Qd (t)
X(t)=X(t)+SI*Qd (t) Qd ()=0

Refer to F[-] Curve

_ [D=Yo (t),S= W(t)]
WEO=X()+S(t-1) Determine(F[(Yo()MW(t) )])

Refer to F[-] Curve
[D=ETP (t),S= W(t)]
Determine(F[(ETP(t)/W(t))])

| ET(t)=W(t)F[(ETP(t)/W(t) )] I

S(t)=Y(t)-ET(t) l IY(t)=W(t)F[ Yo(t)/W(t) )]I

v
| R®=W(1)-Y(t) I

WL—l

R(t)=(R(t))*DPJ [Qsb(t)=R(t)*(1-DP)

Y

Sc=(.5+.04*(5-ET (t)).*(Sfc-Spwp) I

N Y 1 N
Isg(t)=0 Isg(t)=Sfc-S(t) -
S(H=S(t)

S(t)=S(t)

l

’ G(t)= R(t)-1g(t)+G(t-1) |

S(t)=Sfc —‘I'

| 19 =1sg()*Pow |
Is(t)=_Isg(t)-lg(t)

"[l QT ()= Qd (t) +Qsb(t)

Fig. 2— Flow chart interconnection of water balance components by SDDWB model
SDDWB o oW ;Ud L 45 slia ] bLI,l 0950 i3 )5 15900 Y JSWi

B 5 pl 4o Cluogad plo jl (b ©jgas byiall cpl g k) Jbo oyl agy polie &Gl lp ool ol
sl oMo sloaile 3,505 3 3l daly cpl Sl e g 15 slaedgime e ) s Spgear 8 (02 5 01 glayll
Oy 5D Dged o3l JuSp ya slp Jhe sloyial)b digo jhade (5l daly S (g e 45 Db 0 128 9 Jols Slalllae

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)
\a%



olan Lulyy ol slayiolly sl g oud G gl alsge 2lie
A1y (S )l

Canlad pas (25,1 A=Y
pis byl g (miwly pshaie 4 GLUE g, 5l pol dllie )
SDDWB 5 (4512 ©y5ea) DWB. Jas 55 sl sl copesd
lrodgize gaw 1> Ol My silodse sl (i ©rpa)
ol 4 (Beven and Binley, 1992) ai a5 o0 Slles
s d1Y Jgdo )3 450l b gubate Jio L yzel )y agl asels ¢jolaio
390 Jde i)l Cua (lagh Bun 4 dogi b b w5 e
slodgize maw 0 Ol My ceadie 3)5ly gly dnwg
P9 oyed 4 dog b @aVle Gloj elde 5 Sllas
)3 Sllas 039ae 93 b (gl lgsul pa Sl (slmodls
Nash and Sutcliff (1970) (¢,lol alis jlxo ol g leMb]
o pogMe piren Cul oad edlainl sledcunyd jlre lgicas
Gars bl glagasls L5 5l (6)%0 glite glaln jINS
5 Bl slas (RMSE) las clasye (:S5ke aidyy (R?) (e
15 Sl (5o ai) (g 20y olyed & (MBE) b
by cas 3 (PMBE) las Célysul s doy> 9 (PRMSE)

Lol 04 05wl SDDWB. o 3, Slas

Gy g sl -F

NDVI Lad W oy -V -F

g 5 (NDVI) (a8 by a5l sl oot
Solal 0)9d (b )3 Jlo o (el sl 9 &5 Slllae (slaodgioea

Lol 04 djbl Y Jg-\? 22wy R D90

o Bl e Jits it g 4 NDVI (a3l 5l ol
ity (Sloyiite plois 4 (02 5 01 byialb) Jao (sl piel b
N gamo 5yl ol Gy 5 bl gl gt el 003 o3lizul
4 pladl (http://modis/gsfc/nasa/gov) MODIS i ysd
b (L3) dus gelaws (sloodls 05,5 535 b im0l yygbas il o
dox 5l LS slayedls Jols a5 MODI13AL awsuie &S
V5 iloy SuSE b g yie Do Ko KSE g3 L NDVI
390 Al A (g )lol 6,93 4 dngi b Liawly () 55 s odldiusl il o
o olyis @ gl S ool ol irgh ool )
0)93 slp pypal VF Sl a3 5 g (LS e Cundy
Sl ly iy poiie 4 4l > 05 Ll 5 3,90 (6o
ET (D5 Y(1) X(1) sloadlso 3,900 clp e ©ygas Jto
Sbyall (sl b 3 0ad S5 G la elel g Sy 2

1A odlazwl SDDWB  Juo 3 4 balsy sl w2 5 w1

w1=axNDVI+b (%)
02=cXNDVI+e ()
B X, (1)
X()=P(t) x(1+ (P(t) )
X (t) axNDVI+b axN];W (;)
(1+ ( ° > )
P(t)
3 " ETP()+S max
Y ()= W(t) x(1+ <W7(t))-<1+
_ 1 (v)
ETP(t)+SmaX cXNDVI+e\ cxNDVI+e
o)
- 3 ETP(Y)
ET(t)= W(t) x(1+ (W—(t)>_<1+
_ 1 )
ETP(t) cXNDVI+e\ cxNDVI+e
( W( )

Table 1- Selected initial range for the model parameters
Jo g ol )b (gl (1G] adgl alold - Joua

Modeling approach Parameter name Lower limit Upper limit

d 0 1

DWEB smax 0 500
wl 1 5
w2 1 5

Cet 0.7 15

Cp 0.2 15
Pgw 0 1
SDDWB a 0 1
b 15 5
c 0 1
e 15 5
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Table 2- Statistical Characteristics of the NDVI Index of the study areas
FWlhae odgue PNDVI adli g,bl Gluwogasd —Y Jous

Water year

Case Study  Index — = > 138,83 138364 138485 138580 138607 133788 1388.89 Period Average
Min  -012  -013  -018 012 015 015 014  -018 015
Neyshabur ~Max  0.86 0.82 0.83 0.82 0.85 0.82 0.78 0.79 0.82
Ave 0159 0156 0159 0156 0149 0158 011  0.56 0.15
Min 02 012 016 013 019 017 011 _ -0.16 -0.16
Rokh Max 086 0.85 0.85 0.83 0.82 0.84 0.78 0.85 0.84
Ave 0156 0157 0153 0454 0141 0146 0107  0.159 0.15
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Fig. 3- The posterior distribution of DWB model parameters
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Table 3- Observed and estimated values of aquifer volume changes by DWB model
DWB Juo dluwgs diwi (65 lwdund 9 (Tl ylgdu] pors Ol pundi jadlie Y Jouo

Water Rokh Neyshabur

year AG,,(MCM) AGgin (TCM) AG,,(MCM) AGgin (TCM*)
1381- -45.28 0.00 -189.48 330.3391
1382- -62.37 0.00 -202.24 -115.3651
1383- -46.99 0.00 -198.36 292.5941
1384- -65.79 0.00 -281.26 -454.8964
1385- -57.24 0.00 -207.24 429.7197
1386- -63.22 0.00 -304.94 -468.4803
1387- -74.33 0.00 -251.65 52.1895
1388- -87.15 0.00 -393.76 163.3245
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Fig. 5- Comparison of computed versus observed values of aquifer volume (by SDDWB model) in study

areas A) data dispersion to line 1: 1 B) time trend adaptation
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Table 4- The Annual amounts of surface water balance (mcm) simulated by the DWB and SDDWB models
*SDDWB g DWB Jue dlowgs (o yie (39ahao s ) 83w 83 591 33 s T M (sraidze 4w pdlio -F Joua
LTy 2t | 53 Bud Cd 3l ylod jealiiund (T lalllae 03guxe 31 Zgyd BT &¥lw pdlie 5l Jgua (ol 43)

(ol awd @i )5 )10 S
"*Balance components
Model Year
P Isg ET R Qrin Qrour As U

1381-82 2116.21(715.85) 0.00(0.00) 2115.79(590.31) 0.47(0.06) 113.29(0.00) 17.53(113.29) 0.00(0.01) -95.70(-12.18)
1382-83  1952.80(619.16) 0.00(0.00) 1952.54(522.41) 0.31(0.02) 86.64(0.00) 3.56(86.64) 0.00(0.00) -83.03(-10.09)
1383-84 2372.68(708.57) 0.00(0.00) 2372.04(585.97) 0.71(0.05) 110.55(0.00) 45.35(110.55) 0.00(0.00) -65.12(-12.00)

1384-85  1434.50(410.00) 0.00(0.00) 1434.45(361.37) 0.08(0.00) 42.75(0.00) 1.20(42.75) -0.01(0.00) -41.54(-5.88)
DWB 1385-86  2413.99(758.66) 0.00(0.00) 2413.38(626.12) 0.68(0.06) 119.53(0.00) 27.97(119.53) 0.01(0.02) -91.48(-12.94)
1386-87 1061.03(313.82) 0.00(0.00) 1061.02(283.47) 0.02(0.00) 26.32(0.00) 0.44(26.32) -0.01(0.00) -25.87(-4.03)
1387-88 2276.77(714.18) 0.00(0.00) 2276.69(624.92) 0.10(0.01) 78.53(0.00) 1.39(78.53) 0.00(0.00) -77.11(-10.73)
1388-89  2076.72(628.53) 0.00(0.00) 2076.43(534.86) 0.33(0.02) 83.55(0.00) 6.28(83.55) 0.00(0.00) -77.22(-10.10)

Average 1963.09(608.60) 0.00(0.00) 1962.79(516.18) 0.34(0.03) 82.64(0.00) 12.97(82.64) 0.00(0.00) -69.63(-9.74)

1381-82  1528.38(456.54) 927.32(408.98) 1944.80(779.82) 529.06(39.10) 43.31(0.00) 17.53(43.31) 5.48(0.57) -2.14(-2.71)

1382-83 1410.29(394.70) 961.88(489.65) 1811.19(797.56) 541.10(39.26) 37.78(0.00) 3.56(37.78) 0.27(7.41) -53.82(-2.34)

1383-84  1713.99(451.80) 978.32(417.96) 2052.26(794.87) 581.55(35.00) 39.70(0.00) 45.35(39.70) 12.64(-1.62) -40.20(-1.81)

1384-85  1036.27(261.29) 990.24(459.55) 1468.79(659.94) 529.65(36.80) 24.32(0.00) 1.20(24.32) 1.25(-1.24) -49.94(-1.02)

SDDWB  1385-86  1743.74(483.46) 894.98(469.06) 2060.58(860.95) 557.87(39.31) 45.18(0.00) 27.97(45.18) 7.77(4.51) -29.72(-2.57)
1386-87 765.92(200.12) 1028.29(496.23) 1273.88(647.93) 522.30(35.92) 16.74(0.00) 0.44(16.74) 3.90(-5.01) -10.44(-0.78)

1387-88  1644.50(455.37) 943.44(502.14) 2249.05(881.04) 469.82(24.67) 36.59(0.00) 1.39(36.59) -2.78(13.54) 92.97(-1.66)

1388-89 1500.30(400.68) 1337.69(689.95) 2190.44(999.39) 679.28(46.02) 31.59(0.00) 6.28(31.59) 6.73(14.80) 13.14(1.17)

Average  1417.92(388.00) 1007.77(491.69) 1881.38(802.69) 551.33(37.01) 34.40(0.00) 12.97(34.40) 4.41(4.12) -10.02(-1.46)

ale> ‘(AG) uJLJUa.o 039 {J‘?”‘j o2 Ol s ‘(GOUT) ‘_JUUM 03gd>e 5l 9> SRS ubp S(GIN) U?LJUM 039450 4y (6399 (o)) ubp 5lasyle 4Vl u)/w 5].&74&]‘54 Jg,\? Q_{\ AR
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Table 5- Annual values of simulated groundwater discharge (mcm) components by DWB and SDDWB
models *

*SDDWB § DWB Juto dlawgs (caxSeo pio (yguabes o> 520 8wid 03591 ot oo 3525 & Wy (soadlio ai¥lus pdlio -0 Jou
(ol 205 48,8 )55 Flanlio ydlio lod ¢ Flelllas (gWodgame (ylgdul po il puis ¥ lw pdlie gl Jgso cpl ,2)

**Balance Components

Model year
Gin Gour lg R AG M2
1381-82 0.00(0.00) 25.72(0.00) 0.00(0.00) 0.47(0.06) -189.48(-45.28)  -164.23(-45.34)
1382-83 0.00(0.00) 25.74(0.00) 0.00(0.00) 0.31(0.02) -202.24(-62.37)  -176.81(-62.39)
1383-84 0.00(0.00) 26.92(0.00) 0.00(0.00) 0.71(0.05) -198.36(-46.99)  -172.15(-47.04)
1384-85 0.00(0.00) 29.46(0.00) 0.00(0.00) 0.08(0.00) -281.26(-65.79)  -251.88(-65.79)
DWB 1385-86 0.00(0.00) 28.52(0.00) 0.00(0.00) 0.68(0.06) -207.24(-57.24)  -179.40(-57.30)
1386-87 0.00(0.00) 30.75(0.00) 0.00(0.00) 0.02(0.00) -304.94(-63.22)  -274.21(-63.22)
1387-88 0.00(0.00) 33.09(0.00) 0.00(0.00) 0.10(0.01) -251.65(-74.33)  -218.66(-74.34)
1388-89 0.00(0.00) 35.00(0.00) 0.00(0.00) 0.33(0.02) -393.76(-87.15)  -359.09(-87.17)
Average 0.00(0.00) 29.40(0.00) 0.00(0.00) 0.34(0.03) -253.62(-62.80)  -224.56(-62.82)
1381-82 0.00(0.00) 25.72(0.00) 733.74(82.40) 529.06(39.10)  -189.48(-45.28) 40.92(-1.99)
1382-83 0.00(0.00) 25.74(0.00) 761.09(98.65) 541.10(39.26)  -202.24(-62.37) 43.49(-2.98)
1383-84 0.00(0.00) 26.92(0.00) 774.09(84.21) 581.55(35.00)  -198.36(-46.99) 21.10(2.22)
1384-85 0.00(0.00) 29.46(0.00) 783.53(92.59) 529.65(36.80)  -281.26(-65.79) 2.07(-10.00)
SDDWB 1385-86 0.00(0.00) 28.52(0.00) 708.15(94.50) 557.87(39.31)  -207.24(-57.24) -28.43(-2.05)
1386-87 0.00(0.00) 30.75(0.00) 813.64(99.98) 522.30(35.92)  -304.94(-63.22) 17.15(0.84)
1387-88 0.00(0.00) 33.09(0.00) 746.49(101.17)  469.82(24.67)  -251.65(-74.33) 58.11(2.05)
1388-89 0.00(0.00) 35.00(0.00) 1058.45(139.00)  679.28(46.02)  -393.76(-87.15) 20.42(5.83)
Average 0.00(0.00) 29.40(0.00) 918.00(99.06) 551.33(37.01) -253.62(-62.80) 85.21(-0.76)
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Fig. 7- Spatiotemporal variations of the parameter 2 in the Neyshabur study area (The images of
November 10 and April 18, 2005)
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