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Introduction

Rainfall is the main motivator in the hydrologic cycle of the basin and it is an element of
meteorological phenomena undergoing severe changes in time and place. The suitability of density
and distribution of rain gauges in the rain gauge networks of each area is an effective step in the
success of the water plans, regional projecting and effective use of the information (Karamouz et al.,
2010). Many researchers have shown that the geostatistical prediction method provides better
estimates of the regional rainfall than the traditional methods. Tanaka and Putthividhya (2013) used
the geostatistical method to assess the quality of the rainfall estimation in the Basin of Chao Phraya.
They tried to calculate the difference between the rainfall data and the results obtained from the
above methods by plotting Thiessen Network and the co-ordinate lines by nverse Distance Weighting
and Ordinary Kriging methods. They also examined the correlation between the height, humidity and
temperature with the recorded rainfall values. The findings showed that height had a significant
correlation with Monsoon rainfall, while humidity and temperature correlated with the monthly
rainfalls. Yang and He (2013), using the super innovative firefly algorithm concluded that this
algorithm is more suitable than the optimal search strategy. Considering the problems of Urmia Lake
located in the northwest of Iran, comprehensive studies with an inclusive approach to the problems in
this basin are considered necessary. Indeed, it is necessary to concentrate more on the process used in
the design of the rain gauge networks and begin to redesign the existing networks in order to refine
and complete them.

Methodology
Region of study

The Basin of Urmia Lake is located in the northwest of Iran between the geographical longitudes
of 44°12' to 47°55'E and the geographical latitudes of 35°40' to 38°5'N. Its height above sea level is
1275 meters. In this study, the rainfall data included a 42-year statistical period from 1350 to 1392
including 36 stations of the Eastern Basin of Urmia Lake. The reconstruction of the statistics also
occured in the formation of this statistical period. Indeed, the rate of statistics reconstruction at all
stations was less than 20% of the length of the statistical period.
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Methods of estimation in geostatistics
Kriging method

Z7(xi) = Xitg M- Z(xy) (1)

Inverse Distance Weighting (IDW)
Z(x) = =% 7(x) )

Firefly Algorithm
Firefly Algorithm (FA) was developed by Yang (2009) based on the behavior and flashing
patterns of fireflies. Charm’s relationship with the changes of the insects’ distance:

B=Boe™" ®)
The distance of i insects from j™ insect:
2 2
Tij = \/(Xi —x)" + (vi — ) 4)

Moving of i insect toward j" insect:
X; = X; + Boe ¥ (x; — x;) + a(rand — 0.5) (5)

Results and Discussion:

Considering the fact that precipitation occurred in all twelve months of the year in the basin and
there was no zero rainfall in any month, therefore the data from April to March were considered for
the analysis. Due to the correlation coefficient of less than 0.6 for the rain and height in all months,
Kriging and IDW methods were used for the spatial analysis of rainfall. Considering that the error
value of the IDW method was lower, this method was also suitable for the regions with many ups and
downs. Therefore, this method was used to calculate the variance of the estimation error in this
research. After calculating the variance of the estimation error of each month, the layers of different
months were weighed, and ultimately the final layer of the estimation variance was obtained for the
basin. In this layer, it was possible to identify the points with high estimates which required more
sampling. However, it cannot be commented in relation to the number of stations and their
simultaneous effects when constructed. The maximum estimation variance was found to be greater in
the northern, eastern, and southern boundaries of the basin where the distance between the stations
was greater. Besides, in the mountainous areas where rainfall changes were more, the maximum
estimation variance was greater.

Conclusions

e The spatial analysis of rainfall was carried out by using IDW geostatistical method in the basin.
The monthly variance layers of the estimate were weighed after calculating the variance of the
rainfall estimates for each month, based on the weight of rainfall in each month, equaling to the
long-term average of the rainfall of the stations in the month. Then, the final layer of the
estimation variance was obtained from the weighted average method which was prepared for the
future studies and finding the potential points with the highest value of the error variance. One of
the selected criteria in the structure of the rain gauge network optimization model was used to
localize the rain gauge stations. According to the results of the maximum estimation variance, the
more variance was observed in the northern, eastern, and southern boundaries of the basin where



155
Valipour et al. 42 (4) 2019 DOI: 10.22055/jise.2018.20549.1477

the distance between the stations was more, and also in the mountainous areas where rainfall
changes were higher.

e Inthis research, Alpha parameter was investigated and its value was proposed to be 0.1 according
to the optimal value of the Sphere function. In order to carry out the process of the optimization, a
model was, thus, developed to determine the appropriate points for the establishment of new
stations in the basin. The main goals of the model are to maximize the minimum entropy of the
data transmission, minimize the value of the variance of the error, and eventually determine the
potential points for the establishment of the new station by using the firefly algorithm. By
implementing the proposed model in the basin of Urmia Lake, there were 9 new rain gauge
stations to be added to the localization network. The proposed stations were localized in the
border regions and mountainous areas with high rainfall variations. The results of this research
are effectively used in planning for the development of the rainfall measurement network, and the
allocation of the available budget in places where the density of the stations is low. Finally, it is
suggested to compare the results obtained from geostatistical methods with the physical realities
and the conditions of installation and operation of the station by conducting field observations.
This way, we may realize some of the reasons of the changes in the station’s operation from the
results of this method without doing field observations or spending more time and money.
Obviously, the results of any scientific method based on the statistics and recorded information in
monitoring stations will always be affected by the quality, accuracy and quantity of the statistics
and the data used. Thus, systematic development of the monitoring networks and improving the
quality of data gathering should be considered in conducting future studies.
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End if

Attractivenees varies with distance r via exp [—yr]
Evaluate new solutions and update light intensity
End for j

End for i

Rank the fireflies and find the current best

End while

Postprocess results and visualization.

End.
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Table 1- Correlation coefficient of altitude with mean monthly rainfall of basin stations

Esf. Bah. Dey Aza. Aba. Meh. Sha. Mor. Tir Kho. Ord. Far. Month

017 013 -015 -023 -014 -014 -018 -025 -035 022 -001 014 Ccorrelation
coefficient

Kuzm 5 9 IDW by 559, b s Ol o (uSlbo 590x0 5lde -F Jgae
Table 2- Root mean squared error with IDW and kriging methods

Root mean squared error with Root mean squared error with Month
kriging methods IDW

24.97 18.21 Far.
31.33 22.58 Ord.
17.93 13.26 Kho.
9.19 6.98 Tir
9.48 7.50 Mor.
11.19 14.55 Sha.
18.71 14.74 Meh.
14.67 11.78 Aba.
12.33 9.43 Aza.
12.96 10.41 Dey
18.07 13.48 Bah.
79.15 42.12 Esf.

Legend @® Loading.:

Legend
S
.
[ ] e -
o
Varlance of Estimation (mm) Vi of s o (i}
Value Vae
High : 79.2937 Migh: T08%8s
c 20 40 & 120 160 - o 2 w0 80 120 160
Low : 5.50365 Low : 1R4022

Fig. 2 - Estimated variance layers at basin level; a) Bahman layer b) final layer
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Table 3. Coefficients (mm) for each month to weigh the estimated variance layers

Esf. Bah. Dey Aza. Aba. Meh.

Mor. Tir Kho. Ord Far.

30.09 25.08 2257 2771 4173 27.01

19.01 15.61 1847 32.25 60.03 42.51
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Fig. 3- Results of the best values obtained based on the standard FA algorithm
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Fig. 4- Results of the best values obtained based on the proposed algorithm FA with all the movementss
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Fig.5 - Location map of the study area and added new stations located at East Basin of Urmia Lake
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Table 4 - Characteristics of the new rain gauge stations obtained from the structure of the proposed
network optimization
Geographical characteristics

Type of station - - - Station name
P Altitude (m) latitudes longitudes
Meteorolog 1690 37°57’ 47°22' Yengaja
Meteorology 1730 3818’ 46°51' Goyijeh bel
Meteorology 935 39°05’ 47°12' Mulan
Meteorology 660 38°52’ 46°00’ Siyah roud
Meteorology 1244 38728’ 4536’ Kashk saray
Meteorology 1370 37°37 45°51' Rahdar khane shohid madani
Meteorology 1990 37°08’ 46’55’ Mostafa kandy
Meteorology 1310 37°17’' 47°36’ Kale bouz
Meteorology 1092 37°37 47°51' Garm roud
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