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This research focused on the application of Support Vector Machine (SVM)
and Boosted Trees (BT) algorithms for simulating precipitation and runoff
in two stations, Akhula and Pole Senikh, in the Tabriz Plain, Iran.
Meteorological and hydrometric data were collected from 24 stations in the
Tabriz watershed, obtained from the Regional Water Company and East
Azerbaijan Meteorological Organization. Precipitation and runoff values
were used as input to the model with a one-day time lag, and monthly
runoff values were estimated and compared with monthly observations
using evaluation criteria. The results showed that for both study periods,
SVM model performed better than BT model for Akhula station, while BT
model performed better than SVM model for Pole Senikh station.
Additionally, the cross-correlation coefficient for the two study periods was
found to be 0.83 and 0.82 for Akhula station, and 0.83 and 0.77 for Pole
Senikh station, respectively. In the time series results, there was no clear
trend in precipitation over the observation period. However, river flows at
the Ahvaz and Pole Senikh stations, particularly after 1995, showed a
significant decline, mainly due to factors such as runoff, agricultural
expansion, and industrial development.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

aims to develop runoff estimation methods by
utilizing longer-term precipitation data and

The statement emphasizes the importance of
estimating runoff resulting from rainfall in order
to effectively plan water resources, especially in
regions with limited hydrometric station
information like East Azarbaijan province in
Iran. To overcome the lack of data, this research
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statistical modeling techniques. The specific goal
is to simulate the rainfall-runoff process in the
terminal hydrometric stations of Tabriz plain,
Iran using STATISTICA software and create a
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Rainfall-Runoff Modeling

rainfall-runoff model based on Support Vector
Machine and Boosted Tree models.

Material and Methods

The study area is located in the Tabriz plain, East
Azarbaijan province, in northwest Iran. The
Tabriz sub-basin has an area of 5428 km2, with
an average annual rainfall of 230.7 mm and
average daily temperature of 12.1°C. The
research utilized monthly rainfall, average
monthly temperature, and outlet monthly flow
data from two stations in the area, collected from
1976 to 2019. The data was divided into two
periods: 1976-1994 and 1995-2019. The average
rainfall of the Tabriz plain was calculated using a
polygonal method and combined with the
discharge from Akhula and Pole Senikh stations
with a one-day time lag. Two models, Support
Vector Machine (SVM) and Boosted Trees (BT),
were used to simulate rainfall-runoff, with the
data split into 70% for training and 30% for
validation. Different combinations of runoff and
rainfall inputs were evaluated, and the best-
performing combinations were selected. The
models were evaluated using statistical metrics
including RMSE, correlation coefficient (r),

coefficient of determination (R2), and Nash-
Sutcliffe Efficiency Coefficient (NSE). Thiessen
polygons were used to define rainfall polygons,
weighting rainfall based on the covered surface
area. Support Vector Machines are data mining
algorithms used for classification and regression
tasks. The mentioned statistical metrics were
employed to evaluate and compare the efficiency
of the models in this research.

Results

Table 1 provides rainfall and runoff statistics
(average, minimum, maximum) for Akhula and
Pole Senikh stations in two study periods: the
first period (1976-1994) and the second period
(1995-2019). The analysis of the time series data
indicates that there is no clear trend in rainfall for
both stations, with some years showing an
increasing trend and others showing a decreasing
trend. However, in the second study period, a
downward trend in outflow from both stations is
observed, indicating a significant decrease in
recent years. This decline in outflow raises
concerns about the declining water level in Lake
Urmia.

Table 1 Statistical parameters of the rainfall and runoff data during 1976-1994 and (1995-2019)

Entire data

Station Parameter 1976-1994 Training set Test set
(1995-2019)
P (mm/month) Q (m’/s) BT SVM BT SVM
21.97 11.74 11.32 10.46 11.13 11.90
Mean (22.40) (5.07) (4.53) (5.73) (5.97) (3.38)
Akhula Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum (0.81) (0.00) (0.00) (0.00) (0.00) (0.00)
74.31 92.50 76.85 76.85 53.85 75.48
(77.66) (47.47) (47.47) 47.47) (41.65) (36.15)
18.97 (8'22) 0.85 0.86 0.93 0.91
M (20.39) O. 00 (4.53) (0.54) (0.51) (0.41)
ean .
Pole senikh ~ Minimum 0.00 (0.00) 0.00 0.00 0.00 0.00
Maximum (0.00) (0.00) (0.00) (0.00) (0.00)
61.38 163 3.63 3.86 3.86 3.70
(81.25) (3: 55) (3.55) (2.73) (2.21) (2.23)

Based on the table, it is evident that in both
sections, the Akhula station has the highest
average rainfall and runoff values, while the Pole
Senikh station has the lowest average rainfall and
runoff values. Since the selected data for the two
training sets differ for each model, it is expected
that the statistical parameters of these two
models would also differ from each other.
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Rainfall-runoff modeling using SVM and BT
models

As mentioned, in order to model rainfall-runoff
data using SVM and BT models, part of the data
was used for training and another part was used
for validation. Table 2 shows the values of the
calculated statistical indicators related to the
results of the training and validation section in
both SVM and BT models.
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Table 2 Performance of SVM and BT models in the training and testing sets during 1994-2019

Entire data Cross Correlation R? NSE RMSE
Station (1976-2019) BT SVM BT SVM BT SVM BT SVM
1976-1994
Akhula Train 0.90 0.90 0.82 0.8l 0.81 0.81 6.86 6.59
Test 0.81 0.89 0.65  0.80 0.64 0.72 8.13 8.09
Pole senikh Train 0.84 0.83 0.70  0.69 0.70 0.69 0.45 0.46
Test 0.83 0.82 0.69  0.67 0.69 0.67 0.51 0.54
1995-2019
Akhula Train 0.79 0.83 0.62 0.68 0.62 0.67 423 4.53
Test 0.69 0.75 0.48 0.57 0.47 0.55 6.00 3.65
Pole senikh Train 0.80 0.80 0.65 0.64 0.64 0.64 0.31 0.29
Test 0.77 0.76 0.59 0.58 0.58 0.57 0.35 0.32

The results from Tables 2 indicate that the SVM
model outperformed the BT model in simulating
flow rate and monthly rainfall in Akhula station
during both study periods. Conversely, the BT
model exhibited better performance than the
SVM model in the case of the Pole Senikh
station for the same periods. The test set results
showed that the Cross Correlation values for
Akhula station were 0.89 and 0.75 for the first
and second study periods, respectively.
Similarly, for the Pole Senikh station, the Cross
Correlation values were 0.83 and 0.77.

Conclusions

This research used intelligent artificial neural
network models, specifically Support Vector
Machine (SVM) with kernel function and
Boosted Tree (BT), to estimate monthly runoff in
Akhula and Pole Senikh stations. The models
were trained using rainfall and runoff data with a
one-day time lag as inputs, and the observed
monthly runoff values were used for evaluation.
The results indicated that the SVM model with
kernel function performed better than the BT
model for the Akhula station, while the BT
model performed better for the Pole Senikh
station, in both study periods. The mutual
correlation values for the test sets were 0.89 and
0.75 for Akhula station, and 0.83 and 0.77 for
Pole Senikh station, in the first and second study
periods, respectively. The time series analysis
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revealed that there was no significant trend in
rainfall for both stations. However, a declining
trend in water flow was observed in Ajichai and
Pole Senikh rivers over a 43-year period,
possibly attributed to water usage in agriculture
and industry. The successful performance of the
machine learning models in simulating rainfall-
runoff suggests their potential applicability in
other stations within the Lake Urmia region.
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Table 1 Statistical parameters of the rainfall and runoff data during 1976-1994 and (1995-2019)

Entire data

Station Parameter  1976-1994 Training set Test set
(1995-2019)
P (mm/month)  Q (m?%/s) BT SVM BT SVM
21.97 11.74 11.32 10.46 11.13 11.90
Mean (22.40) (5.07) (4.53) (5.73) (5.97) (3.38)
Akhula Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum (0.81) (0.00) (0.00) (0.00) (0.00) (0.00)
74.31 92.50 76.85 76.85 53.85 75.48
(77.66) (47.47) (47.47) (47.47) (41.65) (36.15)
18.97 ?68562) 0.85 0.86 0.93 0.91
(20.39) : (4.53) (0.54) (0.51) (0.41)
Mean 0.00 0.00 0.00 0.00 0.00 0.00
Pole senikh Minimum : (0.00) . : : .
Maximum (0.00) (0.00) (0.00) (0.00) (0.00)
61.38 363 3.63 3.86 3.86 3.70
(81.25) (é. 55) (3.55) (2.73) (2.21) (2.23)
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Table 2 Performance of SVM and BT models in the training and testing sets during 1976-2019

Entire data Cross Correlation R? NSE RMSE
Station (1976-2019) BT SVM BT SVM BT SVM BT SVM
1976-1994
Akhula Train 0.90 0.90 0.82 0.81 0.81 0.81 6.86 6.59
Test 0.81 0.89 0.65 0.80 0.64 0.72 8.13 8.09
Pole senikh Train 0.84 0.83 0.70 0.69 0.70 0.69 0.45 0.46
Test 0.83 0.82 0.69 0.67 0.69 0.67 0.51 0.54
1995-2019
Akhula Train 0.79 0.83 0.62 0.68 0.62 0.67 423 4.53
Test 0.69 0.75 0.48 0.57 0.47 0.55 6.00 3.65
Pole senikh Train 0.80 0.80 0.65 0.64 0.64 0.64 0.31 0.29
Test 0.77 0.76 0.59 0.58 0.58 0.57 0.35 0.32
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