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Abstract

In this study, distributed Precipitation-Runoff-Modeling-
System (PRMS) was used to estimate the spatiotemporal
pattern of recharge in Neishaboor Plain in monthly time steps.
In this regard, first, it was illustrated based on a sensitivity
analysis of PRMS model that the most effective parameters
controlling the hydrologic budget components in the study area
are evapotranspiration, preferential flow density, water-
holding capacity of soil zone, and contributing area in the
runoff. Then the calibration of the PRMS was performed using
PEST, using runoff in hydrometric stations and actual
evapotranspiration (ETEns1.0). The model calibration and
validation periods were 7 years (2002-2009) and 2 years
(2009-2011), respectively. PRMS calibration based on the two
components of the hydrologic budget (runoff and actual ET)
led to increase in reliability of calculated recharge. The results
revealed that actual ET which was equal to 87 percent of the
total rainfall and irrigation water, was the most important
component in the hydrologic budget. The second most
important component was recharge which covered 12.5
percent of the total rainfall and irrigation water. The PRMS
simulation showed that annually 295 MCM of water enters the
aquifer as recharge from surface water, most of which occurs
in mountains foothill and irrigated areas. This recharge
happens from November to the following May. Thus, there is
insignificant recharge during the warm months due to the high
amount of evapotranspiration and soil water deficit in root
zone.
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Fig. 1- Neishaboor land use, main rivers, and synoptic and hydrometric stations
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Fig. 2- Schematic of input data, (temperature, precipitation and radiation) in PRMS model

PRMS Juo (sl g (w9,b cbod) (53959 sW0315 Syilowd (slod - JSi

IFAY Lo o) o ylownd (o3, Jlur oyl ! O @l Coliyies
Volume 14, No. 1, Spring 2018 (IR-WRR)
yya


https://wwwbrr.cr.usgs.gov/%20projects/SW_MoWS/PRMS.html
https://wwwbrr.cr.usgs.gov/%20projects/SW_MoWS/PRMS.html

5 ol )8 asi (DEM) el 068, aiiis jl ool b
95 30 Jdo (oximly 905 gl sl 1) la ] polie ddlaie SB adiss
w38 Clidd 4 g b ol p5 b pbul ab
Cherkauer, 2004; Ely, 2006; Fang et al., 2015;)
Hay et al., 2006; Lake, 2013; Markstrom et al., 2016;

(Mazi et al., 2004; Qi et al., 2009; Salvettia et al., 2002
38 QL] (eiwly (sl gl Vo olas (Jae (sl el (g ]
ol e e sy g (oxiwly sl elituldyge slayielil
CALs @ do gl b g ilodd 00l Livled V Jgds j0 by 2elyl
O olos &8 38) (1)) (608 4l (S A cadlato 35290
3 odel Cund a4 lagall aly g (95, el (cladhie
cslio pdlie V Jod )3 39290 sbayial)l (gl andiS Clisios
ol g e ol Judod 51 s pgd p 50 i 03l oliazs]
plosl 5355 5l & 5 PEST s Lawgs oty cy35e csli sl

Sy slale Sloj pl8 15 5 003,85 |yal aljs, Jloj p8 0 Jio
w29 0SSz e g Egemogyd )l (loolSiy|
2 Cagby JeB bl pdlie 4 oy sl el 035 (il
WAV Ll Jlo 09 (sl Jde e muimly 5 8 S asls
o o) dlocan (glamoygd (gly (o 03,3 1ya WAN-VYA
B AYAAWYAA o L) dlogs g (ZWAASITYA B AYAY=YYAY
ol 3 S B oecone g (oxiwly 3yse (VWA-ITAR
ol gy ()b el oKl Ve wiljg, (slaodls I v
ol ol oo cawl 04 3lais] (4 yiog ydus oS! Hlp> 5 Lod

ol o o3l inles V S5

S S0 9(5""“’.’ '9 S [N Lul?v“ 5j-Y-Y
s ol )by cpl 51 (3 01 299 4ol VYD 51 i PRMS o jo
OlFse 9 035 dilate (SIS0 38 9 (S5 008 Cluoguas 4 by pe

Tabel 1- Parameters used for PRMS calibration
PRMS Jao Suwwly 4 03! 3,90 (51 ol,b =) Joos

Parameter Description Unit Min Max
tmax_lape Monthly maximum air temperature lapse rate temp_units -10 10
tmin_lape Monthly minimum air temperature lapse rate temp_units 10 10
tmax_allsnow Monthly maximum air temperature at which precipitation temp_units 10 40
is snow
potet_sublim  Fraction of potential evapotranspiration sublimated dimensionless 0.1 0.75
jh_coef Monthly air temperature coefficient used in Jensen-Haise temp_units 0.005 0.06
covden_win  Winter plant canopy density dimensionless 1 0
covden_sum  Summer plant canopy density dimensionless 1 0
wrain_intcp Maximum summer rain storage in the plant canopy inches 0 5
srain_intcp Maximum winter rain storage in the plant canopy inches 0 5
pref_flow_den Decimal fraction of the soil available for preferential flow  dimensionless 0 1
smidx_exp Exponent in non-linear contributing area algorithm per inch 0.8 0.2
smidx_coef Coefficient in non-linear contributing area algorithm dimensionless 0.0001 1
soil_moist_ma M§X|mum available capillary water-holding capacity of inches 0 20
X soil
soil_rechr_ma  Maximum value in capillary reservoir where evaporation .
S - inches 0 10
X and transpiration occur simultaneously
slowcoef_lin  Linear flow-routing coefficient for slow interflow per day 0
slowcoef_sq Non-linear flow-routing coefficient for slow interflow per inch-day 0
ssr2gw_rate linear coefficient in the equation used to gravity drainage inches per day 0 1
SSr2gw_ex Exponent in the equation used to compute gravity drainage  dimensionless 0 3
. Maximum value of soil-water excess routed directly to .
soil2gw_max - inch 0 5
- PRMS ground-water reservoir
Linear coefficient to route water in ground-water reservoir
gwflow_coef per day 0 1

to streams
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Tabel 2- Finalized parameters of PRMS
PRMS Jus a5 s ol =¥ Jguo

Parameter Min Max Mean
tmax_lape 0 5 3
tmin_lape 0 5 3
tmax_allsnow 34.67 34.67 34.67
potet_sublim 0.42 0.42 0.42
jh_coef 0.004 0.014 0.01
covden_win 0.02 0.26 0.08
covden_sum 0.13 0.28 0.19
wrain_intcp 0.007 0.04 0.015
srain_intcp 0.01 0.06 0.02
pref_flow_den 1E-08 0.183 0.003
smidx_exp 0.365 0.365 0.365
smidx_coef 0.000002 0.004 0.00018
soil_moist_max 1.38 8.00 3.71
soil_rechr_max 0.94 4.25 1.84
slowcoef_lin 0.00004 0.01 0.004
slowcoef _sq 0.00001 0.0001 0.00002
ssr2gw_rate 0.01 0.07 0.05
SSI2gw_ex 1.00 1.00 1.00
soil2gw_max 0.10 1.50 0.79
gwflow_coef 1.00E-11 1.00E-11 1.00E-11
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Fig. 4- Comparison between Monthly evapotranspiration in PRMS and ETEns1.0 in (a) calibration (b)
validation
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Table 3- Statistical criteria of model in calibration and validation
(PRS0 g (Siawly Ao o 93 33 Jao () b5, Y Jga

Station Calibration Validation
NRMSE%  NSE R? NRMSE% NSE R?
Andar Ab 94 0.67 0.68 9.8 0.50 0.69
Kharve 9.3 0.67 0.82 4.1 0.75 0.79
Hossein Abad 6.9 0.72 0.74 2.3 0.51 0.64
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Fig. 7- Mean annual values for sum of precipitation and irrigation, evapotranspiration, recharge, and runoff
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Table 4- Simulated components of the annual water balance by PRMS
PRMS Juo buwgi oud (6 jlwdami ai¥lw My sadlie -F Jouo

Year Prt_ecip_itation &  Evapotranspitation ~ Recharge  Runoff  Storage changes
Irrigation (mm) (%) (%) (%) (%)
81-82 376 87.30 12.00 0.30 0.30
82-83 355 86.28 13.01 0.64 0.07
83-84 400 78.86 19.43 1.52 0.19
84-85 276 93.20 7.35 0.46 -1.01
85-86 392 77.93 20.32 1.36 0.39
86-87 236 86.11 13.99 0.22 -0.32
87-88 369 89.61 9.43 0.55 0.41
88-89 355 90.84 8.66 0.57 -0.07
89-90 355 91.10 8.70 0.29 -0.10
Mean annual 346 87 12.5 0.66 -0.16
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1-Process Based
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