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Abstract

In the past decade, machine learning is considered to be a
promising approach for empirical rainfall-runoff modeling as
a useful complement to hydrologic models, particularly in
basins where data to support process-based models are limited.
In this paper, we used black-box models (i.e. neuro-fuzzy and
support vector machine) and gray-box models (i.e.
TOPMODEL and HBV) for simulating the transformation of
daily rainfall-runoff process in the Nodeh Khormaloo
watershed located in Gorganrood River Basin and compare
their performance in terms of predictive accuracy. For the
black-box models, the three input vectors including discharge,
temperature and rainfall were selected in nine different
scenarios based on the sequential time series data. Our result
showed that the neuro-fuzzy model which consisted of three
antecedent values of flow and one antecedent values of
temperature outperformed other models when the root mean
square error and coefficient of determination were used as
quality indicators. In general, the black- box models
outperformed the HBV and TOPMODEL simulations for the
calibration and validation data sets. A detailed comparison of
the overall performance indicated that the neuro-fuzzy and
SVM models predicted runoff in warm months were
consistently lower than that in the cold months.
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Table 1- HBV model parameters range for Khormaloo basin
oy 0393 jusul adgs (5l HBV Juo (b el yl 23900 —) Joua

No. Symbol Parameter definition Under limit  Upper Limit
1 TS Threshold Temperature (c) 3 -3
2 CFMAX Degree day factor (mm/C) 20 0
3 CFR Refreezing factor 1 0
4 CWH Water holding capacity of snow 0.8 0
5 BETA Exponential parameter in soil routine 7 0
6 LP Limit for potential evapotranspiration 1 0.3
7 FC Maximum soil moisture content(mm) 2000 1
8 PERC Maximum flux from Upper to Lower Zone (mm/Dt) 100 0
9 K1 Recession coefficient for upper tank (1/Dt) 1 0.01
10 K2 Recession coefficient for lower tank (1/Dt) 0.10 0.05
11 KO Near surface flow coefficient (1/Dt) 2 0.05
12 uzZL Near surface flow threshold (mm) 100 0
13 MAXBAS Transfer function parameter 6 1

(SVM) (Jgam 5y (lasiniy 4132 cymile —¥-¥
e ipsle &4 SVM il o 3l lizee &ygo & laodly 31
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Table 2- TOPMODEL model range of parameters for Khormaloo basin
Jloyd 0395 sl Adgs 51y TOPMODEL Juw (s yiol by 03500 - Joua

No. Symbol Parameter definition Under limit ~ Upper limit
1 Qs0 Initial subsurface flow per unit area (m) 0.0004 0
2 LnTe Log of the areal averz;ge of transmissivity 3 5

0 (m?/h)
3 M quel paramete_r c_or_1tro_II|ng the_rate o_f 01 0.03
decline of transmissivity in the soil profile

4 .. .

Sro Initial root zone storage deficit (m) 0.3 0
S Srmax Maximum root zone storage deficit (m) 0.5 0.01
6 Unsaturated zone time delay per unit

Td storage deficit (h/m) 1000 0
7 Vr Channel flow inside catchment (m/h) 2500 100
8 Ko Surface hydraulic conductivity (m/h) 3 0
9 CD Capillary drive S 0
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Table 3- Combination of inputs
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Scenario  Output Model Input
No.
1 Qt Qu1
2 Qt Qui Qr2
3 Qt Qt1 Q2 Qs
4 Qt Qt1 Qt2 Q3 Qs
5 Qt Q1 Q2 Qrz Ru
6 Qt Q1 Q2 Quz  Tu
7 Qt Q1 Qt2 Qtz3 Rtr R
8 Qt Q1 Qtz Qw3 T T
9 Qt Q1 Qtz Qw3 R Tu
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Table 4- Statistical characteristics of runoff, rainfall and temperature of the Khormaloo River in period of
2000-2004

Qrmean(M?sT) Rmin(Mm) Rmean(Mm) Rmax(MM) Trmin(C) Trean(C) Tmax(C)

October 157 0.00 2.02 35.00 750 14.96 2350
November 1.35 0.00 2.47 49.00 0.00 9.62 18.00
December 1.34 0.00 2.63 52.50 -3.50 3.36 11.00
January 1.55 0.00 1.95 47.00 -5.00 2.47 11.50
February 2.14 0.00 3.18 63.00 -7.00 1.39 13.00
March 3.79 0.00 3.48 42.00 -6.50 5.58 19.00
April 3.04 0.00 471 48.50 -4.00 9.21 23.00
May 2.60 0.00 2.39 31.50 0.00 13.07 22.00
Jun 1.29 0.00 1.96 47.50 9.00 16.40 25.50
July 0.66 0.00 1.87 40.00 10.60 18.82 26.50
August 0.86 0.00 1.79 56.00 12.00 20.12 26.50
September 1.04 0.00 2.07 58.00 10.00 18.25 25.00

o (Q) 5 525 (R) o> (T)
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Table 5- Results of statistical criteria for ANFIS and SVM with different input combination
liseo (63959 S 5 L SVM g ANFIS Juse 4 bospo (5 bl (b bre gl -0 Jou>

Membership function

Scenario SVM parameters Train Test

RMSE RZ MBE MEF RMSE RZ  MBE  MEF

1 Trimf 128 052 000 250 160 061 012 258

2 Gbellmf 126 053 000 249 163 060 -015 248

3 Trimf 123 056 000 238 151 066 0.2 240

4 Gbellmf 110 064 000 245 150 068 000 250

ANFIS ¢ Trimf 108 065 000 240 138 071 009 252
6 Psigmf 117 060 000 235 123 077 006 242

7 Pimf 102 069 000 235 134 072 004 242

8 Trimf 110 065 000 256 141 070 002 262

9 Trimf 110 065 000 240 165 065 -004 252

1 C=1500, £=0.005, 7-0.35 132 050 -012 230 157 063 023 238

2 C=2300, £=0.03, y-0.54 129 053 -015 220 152 067 028 226

3 =900, £=0.09, y-0.43 127 054 -010 225 152 064 018 230

4 C=4100, £=0.1,7-0.91 123 057 014 227 148 066 -018 232

SVM 5 €=500, £=0.003,y-0.76 115 063 -001 230 141 072 -013 239
6 C=6100, £=0.07, y-0.21 120 060 -015 230 142 070 006 239

7 C=17500, 6=0.01, 7-0.66 101 071 -001 231 144 070 014 238

8 C=120, £=0.009, y-0.03 117 062 -010 226 141 070 011 231

9 C=1150, £=0.06, y-0.042 124 056 -010 126 146 068 012 126
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Fig. 1- Observational and computational fit line at test stage in scenarios 3, 5 and 6
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Table 6- Results of evaluation criteria for HBV and TOPMODEL models
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Fig. 3- Observed discharge and discharge simulated with HBV and TOPMODEL in test phase
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