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Abstract

Rainfall-runoff process is one of the most important and
complex phenomena in the hydrological cycle and therefore
different views have been presented for modeling the
phenomenon. Obviously, the recognition of the behavior of the
catchment can play an important role in selecting the
appropriate model as well as saving time on the simulation.
Previous studies have shown that the multi-linear models have
an acceptable performance in the case of watersheds which
usually have a regular rainfall pattern. In this study, the multi-
linear Wavelet-M5 model was introduced and the rainfall-
runoff process in the Aji Chay catchment was investigated. At
first, the main rainfall and runoff time series were decomposed
to several sub-time series by the wavelet transform to
overcome its non-stationarity. Then the obtained sub-time
series were imposed as input data to M5 model tree to forecast
the runoff values and also the results were compared to the
other models (i.e. ANN, M5 and WANN) by the root mean
squared error and determination coefficient criteria. The
results showed that the performance of the proposed hybrid
Wavelet-M5 model increased up to 69% compared to the sole
M5 model tree for the Aji Chay catchment.
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Table 1- Statistics and SNHT results of daily and monthly rainfall-runoff time series in Vanyar Station
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Time Scale Time Series Statistical Parameters SNHT
Min 0 k 376578
Rainfall (mm) Max 37 t 5785
Mean 0.66 p-value 0.026
Daily SD" 2.38 a 0.05
(1996-2016) Min 0 k 4249443
Max 190 t 3434
Runoff (cms) Mean 8.39 p-value <0.001
SD 16.69 (i} 0.05
Min 0 k 7198
Rainfall (mm) Max 137.60 t 177
Mean 19.01 p-value 0.002
Monthly SD 22.88 a 0.05
(1977-2016) Min 0 k 3869
Max 178.29 t 129
Runoff (cms) Mean 15.01 p-value 0.263
SD 22.80 o 0.05
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2

_ Z?l=1(5pre _Sobs)

NSE =1 = ()
§V=1(Sobs - 5)2
2
RMSE = \/Z?jzl(spre_sobs) (V)
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Table 2- Results of different modeling for Vanyar Station at both daily and monthly scales
Sbig ol (6150 il g diljg, sla wlio 43 Fluwlro sld o 5l dlols G -Y Joas

Time

Scale Inputs Output Model an Epoch NSE RMSE"
Train Verify Train Verify
ANN 3 50 0.72 0.68 0.02 0.02
Daily WANN 4 70 0.97 0.92 0.01 0.01
M5 - - 0.70 0.66 0.02 0.04
I, Qt Qt+1 WT-M5" - - 0.97 0.92 0.02 0.03
ANN 7 20 0.59 0.51 0.06 0.05
Monthly WANN 5 10 0.98 0.82 0.01 0.04
M5 - - 0.55 0.54 0.11 0.14
WT-M5 - - 0.93 0.92 0.03 0.07

"RMSE is normalized, "Hn: Hidden neuron, "WT-M5: Wavelet-M5
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Table 3- The performance evaluation of the hybrid models compared to ANN and M5 model tree
M5 9 ANN (sl Juo b dumglio 3 (51 b (50 3,8kae olj,) Y Jga

Time Scale Daily Monthly
Model Train Verify Train Verification
WANN vs ANN 34% 35% 66% 60%
WT-M5" vs ANN 34% 35% 57% 80%
WT-M5 vs M5 38% 39% 69% 70%

"WT-M5: Wavelet-M5
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Fig. 2- Observed versus (detailed) computed runoff and scatter plot in Vanyar Station for a, b) daily and c,
d) monthly time scales
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