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Figure 1- The geographical location of the selected stations in Urmia lake basin
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Table 1 - The geographical location of the selected stations and their rainfall statistics in Urmia lake basin

ELECIWeY uosE Jsb () gs,f Yl i, JS dlaxs Jxe 1,3 N oo
bl bl Annual LS (mm)
Station Latitude Longitude Altitude precipitation 741 pgof ~ Standard Skewness
(mm) storms deviation
s 372807 45°53'41" 1326 2455 37 93.14 1.07
Ajabshir
Fep 37°4504 45°5839 1416 241.12 100 76.45 -0.64
Azarshahr
<k 372416 46°0131" 1292 259.88 52 101.59 0.72
Bonab
ST s et o
37°5057 46°49'60 1733 258.98 126 95.46 0.04
BostanAbad
© ol 37°49'57 462556 2274 352.68 202 88.17 0.16
Ligvan

5l o ol ya (ly osd el ()bl 0,93 )3 o osnlie (slmodls 4 dxgi b BT gt sl )3 zyske (sl oylel an g
Note: The statistics in the last four columns obtained from the time period of each station.
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Table 2- Number of used storms in the selected stations.

Storm duration (hr)(celw) U5, olsd ©ae

SESIRT Ylas Gy WET Y L JS aen
Station name <2 2-6 6-12 12> Total sum
s 13 10 1 3 37
Ajabshir
2] 30 39 20 1 100
Azarshahr
ol
e 15 19 13 5 52
Bonab
sl 58 34 25 9 126
Bostan Abad
ol 49 89 40 24 202
Ligvan
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Table 3- The values of the percentage of precipitation received in the selected stations in the distinct precipitation classes

Celw +-Y u..MS
Class 0-2 hours
& 0| FU Jg‘ J)lé ©92 J,l; Qg ‘5}\; P)LQ% ‘S)l%
Station name First Quartile Second Quartile Third Quartile Fourth Quartile
Ajabshir 36(14) 35(30) 22(27) 7(29)
A3
Azarshahr 36(7) 3323) 21(37) 10(33)
olo
Bonab 4417) 39(50) 14(23) 3(10)
3Bl
Bostan Abad 288) 42(20) 22(41) 8(31)
Olsid
Ligvan 30) 24(17) 30(37) 13(37)
Celo V=5 oS
Class 2-6 hours
Ajabshir 34(10) 23(12) 21(40) 22(38)
s3]
Azarshahr 394 27(19) 19(35) 15(42)
ol
o 2 34(20 19(28 20(45
Bonab 7 (20) 9(28) (45)
3Ly
Bostan Abad 23 312) 28(36) 18(46)
olsdd
Ligvan 25(7) 27(16) 28(34) 20(43)
Celw F-VY LS
Class 6-12 hours
Ajabshir 23(10) 31(19) 18(24) 28(47)
A3
Azarshahr 225) 31(12) 27(42) 20(41)
<l
- 19(7) 22(16) 33(28) 26(49)
3Ll
Bostan Abad 28(7) 30(20) 18(16) 24(57)
Olsid
Ligvan 256) 27(19) 29(28) 19(48)
Celo WY Gl oS
Class more than12 hours
A3
Azarshahr 35(17) 23(18) 18(17) 24(48)
olo
B 26(11) 30(14) 25(12) 19(63)
3Ll
Bostan Abad 28(20) 30(23) 29(28) 13(29)
Olsid
Ligvan 17(8) 24(12) 32(29) 27(51)
B)LS) e
All storms
Ajabshir 28(11) 28(19) 25(29) 1941)
b3l
Azarshahr 31®) 31(14) 23(35) 15(43)
ol
Bk 29(7) 34(19) 22(34) 15(40)
3Bl
Bostan Abad 26(7) 37(16) 25(36) 12(41)
Olsid
Ligvan 2507) 28(15) 29(34) 18(44)

bl ge o yd Ve GBla i 4y bayype j5lL 30 pB)l g ao)d B Bla e 4y baype (5L By Moy Jobd Jodo S5 slaelias g
Note: Digits in the table are the percent of precipitation received with respect of 50 percent Huff curve and the digits in parentheses
are relevant to 90 percent Huff curve.
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Table 4- The values of Logistic model parameters and the coefficient of correlation and t statistics for the selected stations
and different precipitation classes

8] o PSR Y
Station name Class 0-2 hours
a b [ r t
lns *
Ajabshir 97.65 12.58 97.65 0.994 27.18
eyl N
Azarshahr 100.40 11.10 0.06 0.993 24.87
ol 97.67 15.48 0.10 0.997 38.79"
Bonab
3Bl .
Bostan Abad 98.34 20.48 0.08 0.997 41.86
."’]’Q’J 103.39 10.40 0.05 0.993 25.23"
Ligvan
sl V=5 oS
Class 2-6 hours
lains *
Ajabshir 104.44 8.89 0.05 0.984 16.72
eyl .
Azarshahr 98.58 8.10 0.06 0.999 19.87
ol 95.82 15.10 0.07 0.986 17.52"
Bonab
3Bl .
Bostan Abad 103.09 16.03 0.06 0.998 44.77
."’]’n’} 106.92 12.77 0.05 0.995 29.19°
Ligvan
Celw F-VY LM
Class 6-12 hours
bz 110.68 12.01 0.04 0.991 22.03"
Ajabshir
eyl .
Azarshahr 103.20 18.11 0.06 0.996 35.14
ol 110.13 17.56 0.05 0.995 29.35"
Bonab
bl .
Bostan Abad 108.99 9.81 0.04 0.991 22.37
."’]’n’} 104.89 13.45 0.05 0.996 35.61°
Ligvan

Caelo WYl Gy oS
Class more than 12 hours

eyl "
Azarshahr 109.07 6.71 0.04 0.978 14.17
< 97.68 12.26 0.06 0.989 20.71°
Bonab
3Ly .
Bostan Abad 103.19 13.67 0.06 0.997 39.83
."’]’“"J 112.67 22.04 0.05 0.998 47.49"
Ligvan
)Ly e
All storms
lans *
Ajabshir 103.87 10.78 0.05 0.992 22.89
eyl *
Azarshahr 99.52 10.81 0.06 0.995 29.31
ok 98.54 13.05 0.06 0.996 31.90°
Bonab
3L Bliwy «
Bostan Abad 101.44 15.23 0.06 0.998 42.57
."’]’“"J 106.96 13.70 0.05 0.997 38.56"
Ligvan

Bl o 1o )3 O a3 ()13 ixe 02O LS o)l CaoMe i g3
Note: Asterisks are denoted to be significant in 5 percent level.
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Figure 2- The Huff curves for the 0-2 hours storm duration for the selected stations
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Figure 3- The Huff curves for the 2-6 hours storm duration for the selected stations
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Figure 4- The Huff curves for the 6-12 hours storm duration for the selected stations
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Figure 5- The Huff curves for the more than 12 hours storm duration for the selected stations
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Introduction: Water is an important element of all living things. Availability of fresh water in any region is very
important. Therefore, understanding the rainfall characteristics is so crucial in water resources management. One of the
main tools in analyzing storms is Huff curve. Many investigators used this method for rainfall analysis with different
duration. The main aim of this study is plotting and analyzing storms characteristics in the five stations namely
Ajabshir, Azarshahr, Bonab, Bostan-Abad and Ligvan.

Materials and Methods: In this study, using the 517 storms in the selected stations (located in the East of Urmia
Lake), the Huff curves were extracted. The time period used is from 2001 to 2015. Quality of data was checked
carefully prior to analysis. In the first step, the total selected storms were classified into the four distinct classes
according to their rainfall duration including i) 0-2, ii) 2-6, iii) 6-12 and more than 12 hours. Then the Huff curves of
each category were plotted for different probabilities of 10 percent, 20 percent, ... and 90 percent. Analysis conducted
for each of the classes, separately. Moreover, the Huff curves were plotted using the information of all events (i.e.
without classification). In this study, some commonly used statistical distributions in hydrology were utilized. The three
newly defined indices namely S, I, and Qwere defined and used in the present study. The design storm hyetographs for
the selected stations and all the events (without classification) prepared for 50 percent Huff curves. The mathematical
model of Huff curves were extracted as the Logistic model. The model parameters were estimated using the Curve
Expert software.

Results and Discussion: According to the 50 percent probability for Huff curves, the following results were
obtained. For the short- time (0-2 hours) storms, the most proportion of rain received in the first and second quartiles. In
the first quartile, between 28 to 44 percent of the total rainfall depth received in the selected stations. In the other words,
short storms initiated with high intensity and followed by mild intensity. In the case of 2-6 hours storms class, in the
two stations, a large portion of the rain (about 34 up to 39 percent) received in the first quartile. However, in the other
two stations about 31 up to 34 percent of total rain received in the second quartile. In the station namely Ligvan (about
28percent of total precipitation depth) received in the third quartile. In some of the stations, and in the case of rainfall
duration class of 2-6 hours storms starts with high intensity. However, in some of the other sites rain begin with mild
intensity. In addition, for the storms with 6-12 hours duration, three stations can be included in the second quartile,
because about 3 1percent of total precipitation received in this time quartile. However, in the two stations, (about 29 up
to 33percent of the precipitation depth) received in the third quartile. In the class of duration 6 to 12 hours, storms
begins with mild intensity and the intensity of rain increases as time advances then, finally the intensity of rain
decreases till rain ceases. In addition, it can be concluded that for the storms with duration of more than 12 hours, for
the station namely Azarshahr a large portion of precipitation (about 35percent of precipitation depth) received in the
first quartile. Furthermore, in the two stations about 30 percent of total precipitation received in the second quartile.
However, in a station namely Ligvan about 32 percent of total precipitation depth received in the third quartile. In other
words, storms with duration of more than 12 hours, different stations had different temporal patterns. Based on 90
percent probability Huff curve, it was found that in the case of short- time storm class, almost in all of the stations,
rainfall begins with mild intensity. Then the intensity increases gradually to reach peak in the end of the third quartile.
In the 25 percent of remaining time (i.e. the last quartile) the intensity decreased again until the rain terminated. For the
rainfall classes of duration more than 2 hours, precipitation reaches to the peak in the last quartile. In the other words,
the precipitation begins with low intensity and gradually increases its intensity till the end of rain. In this study, three
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new indices that represent the ratio of precipitation at 50 to 90 percent probabilities were introduced and the values of
these indices were calculated for the selected stations.

Conclusions: It can be concluded that the most portion of rainfall received in first quartile and or second quartile for
storms having duration less than 6 hours. Whereas for storms with duration more than 6 hours, rainfall started with low
intensity and then the intensity increased through the rainfall duration. The results indicated that at all of the stations
and for each of the duration time classes, the order of changing the values of S, I and Q indices was as S>[>Q. The
modeling of the cumulative percent of precipitation as a function of cumulative percent of rainfall duration time
performed using the Logistic model for each of the time classes and then its parameters were calculated which are
presented in the Table 4. Based on the results, it was found that the Logistic model is able to fit the mentioned curve
very well for all of the selected stations. The correlation coefficients estimated between the observed and modeled
values were found to be between 0.978 and 0.998 for the sites. The results of this study anticipated to be useful in
design of urban drainage structures and rainfall- runoff modeling.

Keywords: Design storm, Huff Curves, Rainfall Temporal Distribution, Urmia Lake






