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12. Mean monthly flow
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1. Introduction

Recently, according to the water crisis, special ecological conditions of Urmia lake and the importance of
predicting and estimating the environmental requirement of rivers in the Urmia lake watershed, the present
study was carried out in the Zarrinerud river basin. It is noted that the Zarrinerud river supplies the majority
of water for urmia lake. This research is presented in two main sections. The first part predicts the monthly
flow at the station without data using two intelligent methods including ANFIS and GEP. In the second section,
the estimation of environmental flow was done through two methods of FDC shifting and DRM.

2. Methodology
2.1. Watershed

The Khorkhoreh Chay river is a branch of the Saghez river in Kurdistan, which was emerged from the rift
between the three branches of Raghjou, Irab, Pirsoliman, in the Khorkhoreh Chay village.

2.2. Methods

In the present study, monthly run-off data in Safakhaneh hydro-metery station on SaroughChay stream
during 21 years were used to predict Khorkhoreh Chay river flow in Senteh station. Observational of the
monthly flow were used during the years 1370 to 1390 (252 months). In this research, the performance of
ANFIS and GEP methods was investigated to predict the Senteh station flow using Safakhaneh station data.
Also, in this research, the monthly and seasonal effects of the monthly flow on the predictive performance of
models were evaluated by adding a coefficient (a). An adaptive neuro-fuzzy inference scheme program was
codified in the MATLAB software (Kennedy et al, 2003). It should be noted that in this research, the used
method for the fuzzy-neural pattern is of the type of separation. GeneXpro software was used to excute GEP
(Aytek and Kisi, 2008). In order to test the performance of the used models in this research, several statistical
indices including Rz, RMSE and MAE were used. High determination coefficients indicate better performance
of the model. The low values for the root mean square error and the absolute magnitude of the error indicate a
better performance of the model (Sanikhani and Kisi, 2012). After predicting the flow, in the second part of the
study, the environmental flow of the SaroughChay river was estimated using two Eco-Hydrological methods of
DRM and FDC Shifting. The FDC shifting method, which provides a hydrological regime for river protection in
an optimal ecological state, is referred to as the "flow transmission curve", and it was first introduced by
Smakhtin and Anputhas in 2006 (Smakhtin and Anputhas, 2006). The mentioned method was presented to
evaluate the environmental flow in the river system. The methodology of DRM modeling was proposed by
Hughes and Henart in 2003 to assess the environmental requirement of river (Hughes and Hannart, 2003). The

* Corresponding Author
E-mail addresses: j.behmanesh@urmia.ac.ir (Javad Behmanesh), mostafavism87@yahoo.com (Somayeh Mostafavi),
snzghavidel@gmail.com (Sarvin Zamanzad Ghavidel).


mailto:j.behmanesh@urmia.ac.ir
mailto:mostafavism87@yahoo.com
mailto:snzghavidel@gmail.com

Javad Behmanesh et al. /J. Civ. Env. Eng. 47 (2017)

DRM model can calculate the ecological flow requirement in a situation where a quick assessment is required
and the available data are limited.

3. Results and discussion
3.1. Prediction of Run-off using nearby station data

In order to predict the run-off of the current month, for the station of Senteh, the run-off data of the present
and past months of Safakhaneh station was used as an input of smart models. The main structure of the ANFIS
was based on the grid partition method, with different inputs and trial and error (Table 1). The ANFIS
(seasonal) model is meant to be a model in which the seasonal coefficient a is interfered. The statistical
indicators related to the performance of the GEP pattern are presented in Table 2.

Table 1. Structure and results of ANFIS model in forecasting the flow of the station with different inputs of Safakhaneh

station
. Number of
Number Pattern Membe‘rshlp membership RMSE R?
functions - (m3/s)
functions
1 Q1) Triangular 4 5.54 0.72
2 Q(t), Triangular 3,4 4.88 0.77
3 Q(1),Q (1) Triangular 2,4 5.08 0.73
4 Q(1),Q (t-1), Triangular 2,23 4.98 0.74
5 Q(1), Q (t-1), Q(t-2) Triangular 2,2,3 5.09 0.72
6 Q(1),Q (t-1),Q(t-2), a Triangular 4,2,2,2 6.12 0.62

Table 2. Results of GEP model in forecasting the current station of Senteh station with different inputs of Safakhaneh

station
Number Pattern (I:nl\g?f) R2
1 Q(t) 5.31 0.71
2 Q) « 4.81 0.76
3 Q(t), Q (t-1) 4.89 0.71
4 QM®), Q(t-1), « 4.95 0.74
5 Q(t), Q (t-1), Q(t-2) 498 0.73
6 Q(1), Q (t-1), Q(t-2), « 5.74 0.66

The overall results indicate that both ANFIS and GEP had good performance in predicting river flow. The
mathematical equation extracted with GEP in prediction of discharge at Senteh station is presented using flow
data at Safakhaneh station in equation 1.

Q2 = tan! (a.Qc1) + 1.55Q:! + (a) 043 1)

In the above equation, the parameters involved are described as follows:
Q¢2: Predicted discharge in the current month in the Senteh station
Q¢!: Input discharge in the current month in the Safakhaneh station
a: seasonal and periodic coefficient, which is the value of this coefficient between 1 and 12. For example, in
April, its value is equal to 1, and in March is 12.

3.2. Estimated environmental flow

After predicting the flow of the river, the first version of the GEFC software (2007) was used to calculate the
environmental water requirement using the FDC shifting method. Using the time series, the monthly
environmental flow required was obtained to maintain the river in the C class (Table 3). The DRM method was
used to calculate the environmental water requirement using Desktop Reserve Model (ver.2) software. In order
to better compare the results of this method with the average monthly flow of SaroughChay river, a summary
of the results obtained from the DRM model is presented in Table 3.



Javad Behmanesh et al. /J. Civ. Env. Eng. 47 (2017)

Table 3. Monthly distribution of environmental flow obtained from the FDC shifting and DRM in the C class

month model
ANFIS GEP
EWR EWR
(m3/s) MMF (m3/s) MMF?
FDC (m3/s) FDC (m3/s)
DRM shifting DRM shifting
October 2.12 4.01 4.18 1.17 0.76 1.06
November 2.19 4.03 4.22 1.51 0.78 1.27
December 2.01 4.33 5.52 0.96 1.64 4.45
January 2.10 4.32 6.07 1.24 2.21 6.64
February 2.54 4.52 6.58 1.83 1.93 6.66
March 3.17 4.50 7.47 2.41 3.40 10.05
April 3.25 5.72 14.31 2.39 6.46 17.45
May 2.85 7.92 22.72 2.74 8.79 23.19
June 2.01 7.11 20.07 1.42 7.00 18.40
July 7.14 4.68 7.87 6.98 3.25 9.56
August 1.98 4.13 4.63 0.83 1.23 391
September 211 4.20 4.70 1.16 1.14 2.47
average 2.79 4.95 9.03 2.05 3.21 8.78

4., Conclusions

In the first part of the study, the results showed that neuro-fuzzy (ANFIS) and gene expression
programming (GEP) had acceptable results in river flow prediction. For both patterns, the use of pattern 2
resulted the best results. Whereas, GEP model was better than ANFIS model because of presenting
mathematical governing relationship to studied problem. Regarding river classification to various
environmental management classes, since class C is ecologically favorable, it has been selected as the optimal
managerial class in this research. Given that the DRM method requires quantitative data in calculations, in
addition to the hydrological conditions, it also considers the ecological conditions; it makes the calculation fast;
therefore, it is recommended that the DRM in class C is considered as the minimum environmental flow. The
results of the second part of the research showed that to maintain the Sarou0.ghChay at minimum acceptable
environmental situations (i.e. Class C of environmental management), an average annual flow of 2.05 m3/s
(23% mean annual flow) is to be provided along the river to Urmia lake.
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