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Abstract

Monthly water balance models (rainfall-runoff models on a
monthly basis) are major tools in long-term planning of water
resources. The basic structure of these models includes
continuity equations for soil moisture storage, subsurface flow
and groundwater. Due to the complexity of the formation
process and the different sources of flow, Rainfall-runoff
models have different structures and need to be improved,
simplified and revised according to the studied catchment
conditions. If there is a karst origin in the study area, because
of its importance in providing drinking water, it cannot be
simply ignored in the modeling. In this study, the structure of
daily reservoir Saturation Area Model (SAM) is modified to
improve the prediction of base-flow and monthly runoff in
Kazeroon and Barm plain karst basins. The results of the
modified model (SAM-KARST) and original model (SAM)
have been compared and then the performance of the proposed
model has been evaluated. The obtained results showed a
relative improvement in the performance parameters of SAM-
KARST in comparison with SAM for the study basins. By
considering the conceptual reservoir for karst origin in the
model, the contribution of base flow obviously increased,
which indicate the important role of karst origin in supplying
base flow.
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Fig. 1- Location of the study area, namely Barm plain and Kazeroon sub-basins of Helle basin (Fars
Province, Iran)
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Table 1- Basin characteristics (October 2000 until September 2017)
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Basi Sub-basi area P (mm) T(c) Runoff (m¥s) ET (mm/month)
asin ub-basin (km?) MAX MIN MAX MIN MAX MIN MAX MIN
Helle Kazeroon & Barm plain 1424 3483 0 355 83 4116 0.36 196.14 19.66
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Table 2- Equations, Variables and Units of developed SAM-KARST
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Variable Equation Parameters Unit Equation
number
ETP = Potential
. _ eq(t) Evapotranspiration mm
Potentlz.al . ETP(t) = 298 * D(t) * m Ta — Temperature month
evapotranspiration ‘g - Celsius 1
(Hamon 1963) e, = Saturation vapor
Pressure Kpa
D= Sunny hours
Pegr (t) = P(t) — ETP(Y)
Effective rain & if P > ETP p— ipitati mm
Eevapotranspiration ETegr (£) = ETP(t) — P(t) = precipitation 2,3
if ETP > P month
Pyp = Upslope rain
Pup () = Pege (1) * (1 — dsat) Psa'lt = Saturated area i
Evapotranspiration  Psat(t) = Pegr (£) — Pyp(0) rEaTm — Upslope ’
& Precipitation up psiope mm
distribution ETyp(t) = ETege (1) * (1 — dsat) evapotranspiration 67
BT, (0) = ET — BT, () ETs,¢ = Saturated area )
sat eff(t) up evapotranspiration
dsat = Saturate Ratio
Sup ® = Sup ®+ Pup(t) -
ETyp (1) + Qup(1); Sup = Upslope storage 8
Seat(D) = Seat (8) + Paae () — Ssat = Saturated storage mm
ES'IE‘“ ®; sat sat Skarst = Karst storage 9
sat ) —
Storages & Skarst () = Skarst(D) + Sgw = Groundwater StOI..age
_ . Qup () = Upslope area discharge 10
Outflows Qsat-karsrt(t) — Qrarst(t); P . mm
Sgw(D) = Sgw () + Qkarst((‘;) = Karst area discharge - 1
t mont
Qkarsrt—gw(t) - ng ®; ng .
Qup(®) = Qup-sat(t) + Qup_rcarst(©) —QGro(lgldwater area discharge
= sat 3
Qrarst(V) = Qrarst—sat(t) = Saturation area discharge m 12.13
+ Qkarst—gw(t) month
Qup—sat(t) = aup—sat(t) * Sup ® Ayup-sat
Qup—karst(t) = aup—karst(t) * Sup ® = upslope — saturated rate 14,15
aup—karst = upslope — karst rate 1
Reservoir outflows  Qiarst-sat(t) = akarst-sat(t) * Skarst(t)  ajarst—sat month 16.17
& Qiarst-gw (t) = akarst-gw (D) * Skarst(t) = karst — saturatedrate rate '
Rate parameter Akarst—gw
Qgw(® = agw(t) * Sgw (V) = karst — groundwater rate 18.19
Qsar(t) = agae(t) * Ssatl+a(t) dgw = groundwater rate 2 _
ag,e = saturated rate m” * 10~
Qtotal = Qsat + ng Qtotal = streamflow month 20
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Table 3- Decision variables and Characteristics of Genetic Algorithm
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Table 4- The optimal values of decision variables of SAM & SAM-KARST
SAM-KARST § SAM (s e (515 paonci (51 puiio dinger p3Uo —F Jous

X - -
. 2 < : 5 a g % 5 .
b 2 Z b g 2 3 B B z g =
s 3 § = 5 3 g g g © <
%) %] i %) © @ < IS @
% % 90-250  450-700 - 5-50 0-1 0-1 - - - 0-1 0-1 0-1
=
< <
o 8
g 200 500 - 28.87 04 04 - - - 0.08 002 0.01
=
= @
5 % g 80-300 500-790 65-350 10-100 0-1 - 0-1 0-2 0-1 0-1 0-1 0-1
Q E€
<
x o
s
5) g 250 729.81 85 58.63 0.4 - 0.38 15 0.5 0.04 0.01 0.01
KT
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Fig. 3- Basin precipitation and computational runoff in SAM & SAM-KARST
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Table 5- Performance evaluation of SAM & SAM-

KARST
SAM-KARST 4 SAM sy Juo d,5dos (b5, -0 Jous
SAM SAM-KARST
NSE 0.69 0.77
calibration RMSE 345 3.02
VE 0.59 0.66
validation RMSE 1.56 1.36
NSE 0.59 0.65

Table 6- Evaluate dry period (MIN) and wet period

(MAX)
(MAX) 55 2,9 9 (MIN) Suid 0,95 23,1 % Jou>
SAM SAM-KARST
VE 0.58 0.53
MIN' —RMSE~ 0.62 0.67
vax _ VE 0.68 0.69
RMSE 5.63 5.60
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