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1- Kriging
2- Entropy
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Figure 1- The location map of rain gauge stations in the study area
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1- Linear Interpolation

2- Inverse Distance Weighted

3- Co- Kriging

4- Integrated Land and Water Information System
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Figure 2- Rainfall histogram charts for the Beheshtabad and Gandoman stations
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Table 2- Values of some entropy indices along with ranking of rain gauge stations related to the Meteorological Organization
in the area based on the Ni index

ol 0 o o] 00 Ho Ty) 1Tl Nio %2
Station number Station name Rank

1 Blslgl Abooeshagh 263 232 0.76 -0.037 38
2 Lol Armand 3.26 301 087 0.01 13
3 Syl Abtorki 271 256 0.84 -0.055 42
4 ol Aloni 313 270 0.76 -0.004 27
5 o6l Avargan 312 312 1.00 0 19
6 o3l Bardeh 323 233 0.62 0.093 1
7 b Barez 3.00 255 0.73 -0.016 33
9 oo Borujen 313 251 0.67 0.001 17
10 0350 0y Bare mordeh 293 214 0.63 0.084 2
11 o Ben 313 239 063 0.014 11
12 Sbl g Beheshtabad 3.06 272 0.80 -0.005 30
13 ols Joneghan 280 256 0.86 0.014 10
14 5S> Chelgerd 3.14 287 0.86 0.021 8
15 ol Chelo 259 205 0.62 -0.048 41
17 e Kharaji 275 232 0.73 -0.001 23
18 &5 0 DareZari 267 216 0.66 -0.025 35
19 NAPESH Dezakabad 3.09 232 0.63 0.038 3
20 [ Dastena 289 267 0.85 -0.008 31
21 S Dashtak 276 228 071 0 20
22 bl S)9 Dorak anari 254 205 0.63 -0.064 43
23 A ) Zarin derakht 3.08 282 085 0 21
24 O Sarkhoon 3.09 255 071 0.006 14
25 Cubd po Sardasht 275 219 0.68 0.024 6
26 Ol ygm Soresgjan 2.44 1.99 0.72 0.035 4
27 oo Solegan 313 219 055 0.016
28 le>w aws  Seyed mohammad 2.78 250 0.83 0.023 7
29 wazg ol Shah najaf 275 246 0.81 0.001 18
30 3)S o Shahrekord 312 265 0.74 0 22
31 olbed b Sheikh shaban 272 268 092 -0.047 40
32 olaco Samsami 3 271 0.79 -0.036 37
33 sUl ol Abasabad 228 159 055 0.024 5
34 blgse Azizabad 274 264 093 -0.001 24
35 ey Farsan 3.13 240 0.62 0.001 16
36 S5 adls Ghaletak 3.05 282 0.86 -0.005 29
37 solsa S Kordshami 3.14 274 077 -0.002 25
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Continuation of Table 2- Values of some entropy indices and ranking of rain gauge stations related to the Meteorological
Organization in the area based on the Ni index

ol oylos Bl el Tky) T 45
Station number  Station name Rank
38 olesss Gandoman 2.98 257 073 -0.038 39
39 o)) Lordegan 3.08 266 076 -0.002 26
40 sy Lirabi 3.04 2.38 0.64 0.005 15
41 aalsdle Malkhalifeh ~ 3.09 229 0.60 0.014 12
42 So yo Marghmalek  2.90 239 068 -0.027 26
43 o monj 3.06 260 073 -0.019 34
44 dgo Miheh 2.92 211 056 -0.016 32
46 OB Hirgan 3.11 257 0.70 -0.004 28
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Figure 3- Rainfall interpolation map and its error related to rain gauge stations in Chaharmahal and Bakhtiari
province in 2007
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Table 3- Error values after interpolating the spatial distribution of annual rainfall data

oK | Bl 2000- 2003- 2005- 2010- 2015-
1,20 - 0.61 0.61 0.61 061 061 0.61 0.61 0.64
2 0.63 0.61 0.61 0.61 0.61 0.64

3
4,5,6,12, 19, 23, 24, 27, 31, 32, 35, 36,

37,96, 42, 45 48 063 061 061 . . . 0.64
7 063 [HOGZNNNO620N 0.64
8, 10, 13, 15, 17, 12,421, 22,25, 28,29, 061 06l 061
9,30 0.64
11 0.61 061 061 0.64
41 0.61 0.61 061 061 0.64
16 - 0.61 0.61 061 o061 [HNGESEN
26 - 061 061 0.61 061 061 -
33 - - 061 061 061 061 0.64
14,39, 40, 43, 44 063 061 061 061 061 061 061 061 0.64
S g 063 061 061 061 061 061 061 061 0.64
No removal
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Introduction: Rainfall data are required for planning, designing, developing and managing water resources
projects as well as hydrological studies. Some previous studies have suggested increasing the density of the rain
gauge network to reduce the estimation error. However, more operational stations require more installation costs
and monitoring. Some common techniques including statistical methods, spatial interpolation, information-based
theory and combination are used to evaluate and design the network. Chaharmahal va Bakhtiari province is a
mountainous region; hence, a denser rainfall network is expected in this mountainous environment. The aim of
this study was to evaluate the condition of rain gauge stations in Chaharmahal va Bakhtiari province using two
approaches, i.e. geostatistical methods and entropy theory.

Materials and Methods: The main required data set for this study is a time series of rainfall data. These data
were collected on a daily scale from the Regional Water Company of Chaharmahal va Bakhtiari. After
performing statistical tests, the annual data series was prepared for 46 rain gauge stations. A statistical period of
2000 to 2016 was used. The homogeneity of data was investigated by double mass test and histogram drawing
methods using Excel and SPSS software, and the existence of trend in the time series of data was investigated by
applying a Spearman test. Then, the adequacy of rain gauges in the gauging network was investigated. Annual
rainfall interpolation maps and their standard error maps were prepared using the kriging method. Contribution
of each station in reducing or increasing the error in the rain gauge network was investigated by removing each
station in a cross validation procedure. The efficiency of the rain gauge network was evaluated using the concept
of discrete entropy and the values of entropy indices. The value of keeping the rain gauge stations was
determined using the net exchange information index.

Results and Discussion: There was no homogeneity problem and significant trend in the data series.
Considering the permissible error percentage of 5%, there is a need to add 15 new rain gauge stations to the
network. To apply the geostatistical method, we applied it once without deleting any station; then, the kriging
interpolation error was calculated for the precipitation data. Then, only one station was removed at each stage,
and both the error and the contribution of each station in increasing or decreasing the error compared to the case
without Station deletion were obtained. The results indicated that Ab-Turki, Shahrekord, Borujen and Barez
stations were more important than other stations. Two stations namely Chaman-Goli and Ben stations can also be
considered as the influential stations in error due to the density of stations in the region and error maps.
Similarly, the results of the entropy theory method were found effective in evaluating the design of the rain
gauge network. The highest value of H(x) was observed in the data of Armand station (3.26) and the lowest
value was observed in Abbasabad station (2.28). Since H(x) shows the uncertainty of measuring data, the
maximum and minimum uncertainty were found for Armand and Abbasabad sites, respectively. Based on the
Net Exchange Information Index, Bardeh, Bareh Mardeh and Dezkabad stations were ranked 1 to 3, respectively,
indicating that they transmit and receive more information than other stations. On the other hand, a number of
stations including Dorak anari, Abtorki and Chelo stations had the lowest values.

Conclusion: Due to the vast extent of the area and also considering the permissible error percentage of 5%,
the number of the stations in this area was found to be insufficient. Thus, although calculating the kriging error
maps showed that some stations do not have a significant share in increasing the error, removing the stations is
not recommendable. Regarding the new stations, new 15 rain gauge stations are needed to check out the error
maps. According to the field observations, the higher priority should be given to the northwestern area (which
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had the largest interpolation error) in the first place. For the regions with lower error, such as northeast, east,
southeast, west and southwest that do not have rain gauge stations, additional rain gauge stations should be
constructed.
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