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Figure 1- Location of Taleghan water shed and stations used in this study.
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Table 1- The main parameter s of the HSPF model for daily stream flow simulation (6)

SOy 23l
. Suggested values . .
ol 2l % <ol
Parameter Unit SSlas o Description
M ax Min
INFILT In/hr 0.5 0.001 > e s L ,
Index of infiltration capacity
bu" g S
AGWRC none 0999 0.85 w2l S e
Base groundwater recession
4 i 4l 083 ol b
LZSN inches 15 2 o m u”?bf‘w uﬁ)b
Lower zone nominal soil moisture storage
Doed 4l o s | s s
UZSN inches 2 0.05 9 b ol C)f
Upper zone nominal soil moisture storage
DEEPFR none 0.5 0 Mo Ol JU s e ) ol 48 e Sl i
Fraction of groundwater inflow to deep recharge
INTFW none 10 1 SrEn) Ol 2009 el
Interflow inflow parameter
805 by (SUSuS ol yielyl
IRC none  0.85 0.3 SrBR S (SIS D Sk
Interflow recession parameter
S o o b ol 518 Jeasly 505 5 e j| i
BASETP none 02 0 i ogo 4l Db 1 el 88 g s o
Fraction of remaining ET from base flow
LZETP none 0.9 0.1 D 095 8 5 S el

Lower zone ET parameter
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Table 2- Result of BLRPM modéd fit to the hourly rainfall data.

slbs o s slad ube
ool saly (o)) obde haalie (g3l . 039 T/;'vg dht o 39
Statistic Unit  Scale(day) Observed Simulated Rgative  Weight sanre Averagg
squar
error error
oo
Mean mm  0.041666667 0.012 0.012 0 10 0
oy
Variance mm2  0.041666667 0.06 0.07 0.2 1 0.04
V30 bS5
Lag 1 mm2  0.041666667 0.031 0.035 0.13 1 0.01
autocovariance
S S () 0.041666667 0.99 0.99 0 1 0
Proportion dry
ol mm 1 0.31 031 0 10 0
olE5y] clmodls L Mean
Jb S8 o mm2 1 6.16 4.07 -0.33 1 0.11 1.03
. Variance ’
With Kalk Chal Co /|
station data set Vb ul)lsS
Lagl mm2 1 0.41 0.06 20.83 1 0.7
autocovariance
IS Cand ) 1 0.97 0.92 -0.05 1 0.003
Proportion dry
oSl [mm] 2 0.62 0.62 0 10 0
Mean
"'“,5["')]9 mm?2 2 13.3 8.27 -0.37 1 0.14
Variance
V53 uilleS 1
Lagl mm2 2 0.05 0.06 0.2 1 0.04
autocovariance
S S ©) 2 0.95 0.85 -0.11 1 0.01
Proportion dry
oo mm  0.041666667 0.008 0.008 0 10 0
Mean
J%L{)ls mm2  0.041666667 0.03 0.03 0 1 0
Variance
V3l el S 51
Lagl mm2  0.041666667 0.016 0.017 0.07 1 0.005
Autocovariance
(S S () 0.041666667 0.99 0.99 0 1 0
Proportion dry
ol mm 1 0.21 0.21 0 10 0
Mean
laosh g odbly mm2 1 3.87 3.63 -0.06 1 0.003
Jl I8 oKy Variance
Without Kalk V36 uillsS 0.36
Chal station data Lagl mm?2 1 0.44 0.32 -0.27 1 0.07
set autocovariance
IS Sand ) 1 0.97 0.97 0 1 0
Proportion dry
oSl [mm] 2 0.42 0.42 0 10 0
Mean
"'“fl"')ls mm2 2 8.73 7.92 -0.09 1 0.008
Variance
V3L uilleS o1
Lagl mm2 2 0.27 0.32 0.2 1 0.04
autocovariance
S S © 2 0.96 0.95 -0.01 1 0.0002
Proportion dry
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Table 3- Optimized values of the BLRPM model.

5 5 3 g palhe

sl )

Par ameter Unit Jlo SIS ol

R A 5 (g diake p23le
Jb SIS ol

Optimized valueswith Kalk Chal station  Optimized valueswithout Kalk Chal station

A d-1 0.07
k=pMm - 0.30
o=1vMm - 0.75

a - 0.99

v d 2.74

pux mmd-1 98.9

X mmd-1 98.9

0.02
0.59
0.02
0.99
0.33
98.9
98.9
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Figure 6- Rainfall disaggregation using the BLRPM model
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Figure 7- Calibration (up) and validation (down) of the HSPF model (without Kalk Chal station)
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Table 4- Performance evaluation criteria for the HSPF model

Fowly 0,93 i C 8,9
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Performance evaluation criteria (1995-2000) Vm(lg:&ogo%%r)l od
R L [T
o 0 0.89 0.89
Correlation coefficient (R)
(R-Square) e o 0.80 0.79
Coefficient of determination (R-square)
(RMSE) o olopyo 550k 55z 7.02 7.11
Root mean square error (RMSE)
() o w2 0.9 0.92
Index of agreement (d)
(B) lsilm 2 o8 0.73 0.76
Nash-Sutcliff coefficient (E)
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Figure 8- comparison between HSPF resultswith and without Kalk Chal station.
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Introduction: The proper management of water resources in a watershed requires precise understanding and
modelling of the hydrological processes. HSPF model uses an infiltration excess mechanism to simulate
streamflow and requires the hourly precipitation data as input. Despite the high accuracy of the HSPF model, the
lack of rainfall data at short time scales (hour and less than hour) restricts implementation of the model
especially for long time simulations. Some studies have applied simple division for daily rainfall disaggregation
into the hourly values to provide data required by the HSPF model. In simple division, each rainfall event is
divided into 24 pulse stochastically and the peak flows may not be simulated correctly due to the lower rainfall
intensities.

Materials and Methods: In this study, Random Parameter Bartlet-Lewis Rectangular Pluse (BLRPM)
model was used for daily rainfall disaggregation into the hourly values to provide data needed by the HSPF
model. The model parameters were calibrated using the 1, 24 and 48 hour rainfall data time series of the rain
gauge stations inside (Jovestan and Zidasht) and outside (Kalk Chal) the watershed for the period of 2006-2009.
To cluster the wet days, the BLRPM model was run several times and a generated sequence which had the best
match with the original one in terms of daily totals was selected. Then, the synthetic sequence of hourly rainfall
depths was modified based on a proportional adjusting procedure to add up exactly to the given daily depths. The
calibrated model was then implemented to disaggregate the daily rainfall data of the watershed for the period of
1995-2005. The resultant hourly rainfall data were then fed into the HSPF hydrologic model to simulate the daily
runoff. Parameterization of the BLRPM and HSPF models was also done while keeping the Kalk Chal station
out of the calibration.

Resultsand Discussion: Sum of weighted squared error was calculated to be 1.03 when the data recorded in
Kalk Chal station was also considered for parameter estimation of the BLRPM model. Maximum weighted
square error was equal to 0.7 for lag-1 auto covariance of daily rainfall data. Keeping the Kalk Chal station out
of the BLRPM model parameterization resulted in improved performance of the model. Sum of the weighted
error decreased to 0.36 by removing the Kalk Chal station data. The results indicated that the weighted square
error values decreased for all of the BLRPM model parameters when Kalk Chal station was not considered for
calibration. The lag-1 auto covariance of daily rainfall data had the greatest reduction in weighted square error
from 0.7 to 0.07 with and without including the Kalk Chal data set, respectively. The BLRPM model parameters
also varied when data of the Kalk Chal station were removed from the calibration process. The k parameter value
increased and the values of 4, ¢ and v decreased due to removal of the Kalk chal station data. The highest
variation was observed for v decreased from 2.74 to 0.33 by removing the Kalk Chal station. The calibrated
BLRPM model, with and without taking into account the Kalk Chal station data set, was employed to
disaggregate daily rainfall data into the hourly values. The HSPF model was calibrated using the daily observed
streamflow data recorded in Galinak station to simulate daily streamflow in reach 27. The daily streamflow
simulations in reach 27 were conducted by implementing the hourly generated rainfall data sets. The results
showed that inclusion of the hourly rainfall data recorded in Kalk chal station for parameterization of the
BLRPM model caused the reproduction of high-intensity rainfall data in disaggregation process and
consequently led to the overestimation of peak flows by HSPF model. Exclusion of the Kalk Chal station for
BLRPM model parameterization improved the daily streamflow simulation with Nash-Sutcliff efficiency = 0.76,
coefficient of determination = 0.79 and RMSE = 7.11 m’.s™. These results demonstrated the sensitivity of HSPF
model to the weather station selection and rainfall intensities.

Conclusions: The Kalk Chal station located outside of the studied region, with high intensity-short duration
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rainfall pattern caused heterogeneity of the input hourly rainfall data for parameter estimation of BLRPM model.
Parameter estimation of the BLRPM model with inclusion of the hourly rainfall data of Kalk Chal station
resulted in generation of greater intensities in disaggregation process. Despite the same values of daily rainfall
data in streamflow simulations, the high rainfall intensities caused by the data set of Kalk Chal station led to the
overestimation of peak flows. The results indicated the high sensitivity of HSPF model to the rainfall intensities.

Keywords: Infiltration, Hourly precipitation, Peak flow, Rainfall disaggregation
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