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Figure 1. Position of the 27 selected synoptic stations in the study area.
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Table 1. Geographical properties and establishment year of the selected stations.

el s gl sl e Lbilis Uk oSl ol ozl
Establishment Year Elevation Latitude Longitude Station Province
1986 1363 33.59 46.4 (lam) (3|
1999 1170 33.76 46.36 (Eyvan Gharb) — & ol 5| U
1987 232 32.68 47.28 (Dehloran) ol kas Ilam
2004 150 33.11 46.18 (Mehran) o ge
1986 2022 33.41 497 (Aliguodarz) ;3,5
1989 1629 33.91 48.76 (Borojerd) > 3 »
1982 1148 33.43 4828 (Khoramabad) st
Poldokhtar) sl
1998 714 33.15 4772 (Poldokhtar) =l e
1997 1198 33.52 47.65 (Koohdasht) =ius S Lorestan
2000 1859 34.05 48.0 (Noorabad) LT,
2000 1871.8 33.45 49.41 (Azna) ;|
2000 15223 33.52 49.0 (Doroud) 5,55
1999 1600 36.01 45.89 (Baneh) L
1987 1883 35.89 47.62 (Bijar) ;=
1989 2143 35.18 47.79 (Zarineh) «.
. Sl
1982 1523 36.22 46.31 (Saghez) ;i e
Kurdistan
1982 1373 35.25 47.01 (Sanandaj) o
1989 1906 35.88 47.621 (Ghorveh) o5 3
1992 1287 35.49 46.15 (Marivan) 0l
1992 1778 34.25 48.86 (Malayer) 5
Ol dos
1982 1742 34.87 48.53 (Hamedan) &les °
Hamedan
1996 1677.8 34.14 48.41 (Nahavand) & 5lg
1987 1348.8 34.12 46.47 (Eslamabad) sLleS|
1988 1379.7 34.72 46.65 (Ravansar) ;1)
. oLisle
1987 545 34.45 45.87 (Sarpol Zahab) Clas | 4
Kermanshah
1987 1319 34 47.15 (Kermanshah) oLzl S
1987 1468.3 34.50 47.98 (Kangavar) 555
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Table 2. Probablity occurrence of 6, 12 and 24 hours torrential extreme rainfalls in the studied stations.

b sl Jlexl b sl Jlexl b sl Jlexs
oomm ;| aels Y¢ gomm | aels VY Yemm | aele oS! ol
Propability of 24-hour Propability of 12-hour Propability of 6-hour Station Province
precipitation >50mm precipitation >40mm precipitation >30mm
64.7 67.1 67.3 (Ilam) (%}
89.2 94.9 96.5 (Eyvan Gharb) o & 0l “
(e
32.7 44.0 56.6 (Dehloran) ol Las Ilam
21.5 28.2 30.0 (Mehran) ol e
27.4 38.1 24.8 (Aliguodarz) ;5,5\
45.1 50.9 423 (Borojerd) >, »
64.0 45.6 34.6 (Khoramabad) s\ =
Poldokht: ool
433 55.1 69.9 (Poldokhtar) =, o)
31.8 472 552 (Koohdasht) c.ias S Lorestan
38.9 28.6 16.9 (Noorabad) 3L,
38.9 51.7 60.2 (Azna) Ul
91.7 96.8 97.8 (Doroud) 35,3
60.2 57.9 63.6 (Baneh) <L
10.3 13.8 12.9 Bijar) =y
22.1 22.8 18.1 (Zarineh) .,
22.1 19.1 17.1 (Saghez) s Ol
Kurdistan
16.8 15.3 8.2 (Sanandaj) s
16.2 21.0 18.5 (Ghorveh) 5,5
90.4 89.4 76.5 (Marivan) Ol e
22.8 28.1 19.6 (Malayer) M.
5.4 5.1 63 (Hamedan) ol Oles
Hamedan
28.7 41.3 45.1 (Nahavand) . l¢
393 45.5 36.6 (Eslamabad) sUle>l|
43.8 48.6 32.7 (Ravansar) ,.ils,
29.7 38.7 37.6 (Sarpol Zahab) a3 J; i
Kermanshah
19.8 20.5 17.2 (Kermanshah) eLzile S
143 202 13.1 (Kangavar) s
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Figure 2. Geographic zone of the divided regions with their located stations.
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Table 3. Three-Dimentional gradient equations between the risk occurrence of the 6, 12 and 24 hours
torrential extreme rainfalls with longitude (X), latidude (Y) and elevation (H) for three divided regions.
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Table 4. Three-dimentional gradient equations between the auxillary variable of P1 (the long-term average of
the number of days per year with precipitation greater than 1 mm) with longitude(X), latidude (Y) and

elevation (H) for 1 and 3 regions.
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Table 5. Multiple linear regression equations between the risk occurrence of the 6, 12 and 24 hours torrential
extreme rainfalls with longitude (X), latidude (Y), elevation (H) and the long-term average of the number of
days per year with precipitation greater than 1 mm (P1) for regions 1 and 3.

RO SaS exin b ol e (Sdmsans 0Ll S dslee sl mlis
Coefficient of determination 3-dimentional gradient equation with auxiliary variable time scale
2 aele
R"=92.6% PMax-6h = 4446.25 - 67.5862 X - 42.632 Y + 3.95737 P1
6-hour
s aela VY \ aikae
R"=90.4% PMax-12h = 2850.66 - 38.7587 X - 34.3544 Y + 3.58748 P1
12-hour Regionl
s welo Y8
R =91.8% PMax-24h = 2904.24 - 40.5484 X - 33.9496 Y + 3.80894 P1
24-hour
2 aele
R*=82.7% PMax-6h = 750.72 - 26.1884 Y - 0.0188869 H + 4.52072 P1
6-hour
s aela VY ¥ ik
R™=82.6% PMax-12h = 839.394 - 28.9909 Y - 0.0118406 H + 4.52029 P1
12-hour Region 3
s el Ye
R =77.1% PMax-24h = 707.787 - 24.836 Y - 0.0198194 H + 4.45314 P1

24-hour




50
50 .
.
25 25 .
.
. 4
__|; 0.0
5 . *
g as
.
0 .
50
.
15 .
~ 15
2 0 # 0 & o 0 %0 30 40 50 6 ) 80 %0 100

Extreme 6-hour Rainfall (csla? s b 5lu>)

Extreme 12-hour Rainfall ( <5k 1 2.t 5l

20 30 40

50

60

70 80 90 100

Extreme 24-hour Rainfall (<L YF 2l sSlis)

N aali gl Uas alae flas 53 welo YE 9V OV gla 550 2STas palie (S31E s 00 ¥ IS

Figure 3. Graphically plot of the maximum rainfalls of 6, 12 and 24 hour versus the residuals for Region 1.
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Figure 4. Graphically plot of the residual normality test obtained from the regression models to estimating

maximum rainfalls of 6, 12 and 24 hour for Region 1.
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Abstract

Background and Objectives: Occurrence of extreme rainfalls specifically in short-time scales
causes heavy damages to human communities, municipal crowd regions and natural ecosystems.
The studying and precise identifying of extreme rainfalls is essential and crucial in different
agriculture and natural resources, meteorology and hydrology, engineering and natural
environment aspects. The intensity damage of extreme rainfalls does not equally act in different
regions and it is essential to assess the risk extent of such hazardeous rainfalls in regions with
different climatic conditions. Therefore, the aim of this study is to identify and zonning of
extreme rainfall occurrence risk in different 6, 12 and 24-hour time scales for west parts of Iran,
where has a noticeable diversity in terms of the climatic and topographic conditions.

Materials and Methods: To perform this research, about 27 synoptic stations located in five
provinces including Kurdistan, Kermanshah, Hamedan, Ilam and Lorestan were selected, and
the maximum annual values of extreme rainfalls in three time scales of 6, 12 and 24-hours in a
25 year time period (1992-2016) were extracted and by fitting different statistically distributions
to each of these time series and by adopting the Chi-square test, the statistical distributions with
best fit were regoized and were used to performing propabilitistic analyses. The 30, 40 and 50
mm thresholds were used to defining the torrential extreme rainfalls in 6, 12 and 24-hours time
scales, respectively and after calculating the risk extents of the mentioned torrential extreme
rainfalls for all of the studied stations, the risk zoning of torrential extreme rainfalls occurrence
was performed by applying the multiple linear regression models between the risk extents and
geographical properties (longitude, latitude and elevation) for all of the studied region. To
enhancing the models accuracy, the long-term average of the number of days per year with
precipitation greater than 1 mm was employed in the structure of the regression models as
auxiliary variable in some cases and to achieve higher accuracy of regression models, the
studied region was divided into three distinct regions.

Results: The results showed that among different fitted statistical distributions to the time series
of extreme rainfalls of 6, 12 and 24-hours in the studied region, three distributions including
Log-Logistic, Pearson and Gama were recognized as the best fit distributions. In terms of the
accuracy of the multiple linear regression models, the results showed the high accuracy of these
models for all of the three distinct regions and whole of three time scales of 6, 12 and 24-hours.
The overall results of this research showed that the risk occurrence of the torrential extreme
rainfalls in the west part of Iran has a notable diversity so that this risk is very low in some
centarl parts and very high in some west and south parts of the studied region.
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Conclusion: The overall results of this research revealed that the general applied algorithm of
this research to estimating spatial distribution of torrential extreme rainfalls ocuurence risk led
to obtain the appropriate and acceptable accuracy in regional estimation and to generalize the
stational point results to the regional scale. Therefore, it is essential to adopt appropriate tasks
and more attention in contrast to the negative consequences of the extreme rainfalls in the parts

with high degree of probability occurence.
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