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Abstract

Many hydraulic structures are designed by using the design
precipitation with return periods and duration based on
concentration time. Therefore, and especially in regions
without adequate rain gauge stations Intensity-Duration-
Frequency (IDF) curves play a significant role in the design of
dimensions and components of these structures. However, the
precipitation patterns has changed in various regions of the
world following climate change as a consequence of the
increasing human activities. Therefore, the historical IDF
curves are no longer reliable. In this study, IDF curves were
developed for Isfahan meteorological synoptic station.
Extraction of precipitation intensity with continuous short-
term 24-hour precipitation has been done by using fractal
theory. In the present study, extractions of the IDF curves were
divided into three periods: the historical period (1967-1993),
the present period (1994-2016), and the future period (2017-
2035). It was perceived that precipitation intensity with short-
term duration increased because of changes in the climatology
and IDF curves are shifted upwards. In this study, to predict
the daily precipitation weighted output 15 AOGCM maodels
were used under the A2 emission scenario related to the Fourth
Assessment Report (AR4) IPCC, as the most reliable tool.
Results showed that the predicted IDF for future (2017-2035)
will increase even over 52 percent related to past IDF (1967-
1993) in this region.
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Table 1- Ranking goodness of fit for different distribution for the 24 hours rainfall
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Number Distribution Kolmogorov Smirnov Anderson Darling Chi-Squared

Statistic Rank Statistic Rank Statistic Rank
1 Gumbel Max 0.13455 4 0.51091 6 0.98963 1
2 Gumbel Min 0.2683 10 3.3433 10 3.6207 7
3 Log-Pearson type 3 0.12551 3 0.33018 1 3.3306 6
4 Lognormal 0.13699 6 0.4241 5 3.1805 5
5 Lognormal (3P) 0.11672 1 0.33246 2 5.6984 10
6 Normal 0.20316 9 1.1942 9 2.998 2
7 Pearson 5 0.13475 5 0.36026 4 5.2337 8
8 Pearson 5 (3P) 0.12524 2 0.35591 3 5.6086 9
9 Log-Gamma No Fit
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Moment
Q1 16.43 8.55 6.41 4.30 3.31 2.81 2.17 1.69 0.81
Q2 370.39 19.57 14.53 92.02 81.65 59.38 48.99 42.06 19.24
Qs 9892.51 714.45 48.22 35.24 23.79 19.76 10.35 91.58 29.22
Q4 302450 107313 980.52 692.12 539.26 417.45 310.90 260.48 149.00
Qs 10060737 4232902 2925854 2135292 1727691 1421535 1030589 8338630 495501

2 bise whis e aS” 15,8 Ly Menabde et al. (1999)
el ol V USS s sddidinbre (:0ke Cud lon 2 dlayl,
b &85 ks ) blas 5:0ke ud bl N L ebie ol

5 VY B VASY o 5l ailjg, iSls @ud slaosly l edlatwl b

Gy ool ous ey zlstwl 4 (Y daly)) JuS s day,
A A3y GleolieS (slap gl

it V] i 4 b o5 (Ke) Lo e ol
JUS 8 aasly sl L edg ols gl o (el osbesls
U5 olen N g el YE o)l slaedls bl eSike E(lpy)
/J&J))}A ragl..\f uLon PRI W Id 9 )235)94 r=9|.)5 d ‘u.:b‘)B g}“’b’-’

o) g Glase ol jasuie V JSS 53 a5 45S5les
sty )b polds 4y s il la ASye b (g (slayglidS
Bl leodls > o (LS Egdge ul g Kol (glge (o)
b i layg p (JUS 3 Sluogad I Gledal Sty ol
o assly 35y (i Y o)) JIS 8 (6355 5 Cnlo & s
G50 Sle 4 b cawlal ool olde goxmalis Vv JSs
Llyy 5l olgie W g ad wliie (5558 pas > ol

2,5 oalatwl A B Y

o 450 5ol (gl oaosly (55l blad ol ) S5 allas
i ol 45 ye 3gliiS (el AR ollas s L=+ /DAY
oyt pows Ay ylitS gy o [AAYD illas (s b —+/DAYA
Ayt pgd dsiye sgliiS (sl AFY G5 copd b —IVAAY
ol 4550 158 (el Bl 5 +/ARXY 55 o ps | —/OVAS
35l s Cplplo ool 0AAYA Bl oy b —+/0VF iy

R?=0.9938

0 0.5 1 15

LOG(DURATION)

€ql HQ2 g3 g4 g5
8
7 y = -0.593x + 7.5511
R2 = 0.9944

76
L
[a) y =-0.5818x + 6.0082
o 5 R2 = 0.9825
LL
E 4 y = -0.7082x + 4.8843
z R2 = 0.9403
w3
> _
o y =-0.5796x + 3.1689
s > R2=0.9931
0]
1
- y = -0.5916x + 1.8352

2 25 3 35

Fig. 1- The weighted moment of maximum rainfall for different duration
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IV (Adams and Russ, 1992; Garcia-Marin et al., 2013)
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Table 3- Coefficient of Ky in Gumble extreme value distribution
ool g ol 20395 )3 Ky (1ol yd gy Y Joo

Return Period (year)

Sample Number 2 5 10 20 25 50 100 1000
15 0.793 0.967 1.703 2410 2.632 3.321 4.005 6.265
20 0.711 0.919 1.625 2.302 2.517 3.179 3.836 6.006
25 0.689 0.888 1.575 2.235 2.444 3.088 3.729 5.824
30 0.613 0.866 1.541 2.188 2.393 3.026 3.653 5.727
35 0.584 0.851 1.516 2.152 2.354 2.979 3.598 5.602
40 0.562 0.838 1.495 2.126 2.326 2.943 3.554 5.476

Table 4- The maximum rainfall for different short-term durations and return periods (1967-1993)

(YAPY-124Y) bt CuiS 5L (00,95 (5l eolisS s eglad 15 (W,b Cuwd SSTus —F Joua

Duration (min)

Return Period (year) 10 30 60 120 180 240 360 540
2 16.375 8.874 6.646 4.324 3.444 2.877 2.219 1.713
5 24.990 12.700 9.260 5.893 4.633 3.834 3.123 2.493
10 30.319 15.368 10.985 6.925 5.413 4.463 3.724 3.007
20 35.415 17.835 12.620 7.910 6.613 5.069 4.298 3.500
50 42.018 20.911 14.702 9.175 7.103 5.854 4.937 4.043
100 46.857 23.266 16.248 10.119 7.856 6.444 5.456 4.485
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Fig. 2- The IDF curves based on statistical data of 1967 to 1993
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Table 5- Percentage of error in fractal theory
JUS 5 (5,98 glbs 203 -0 Jgu
Time (min) 10 30 60 120 180 240 360 540
Percentage of error 11.23 9.68 10.93 8.70 10 8.91 9.81 10.23

Table 6- The maximum intensity of precipitation for different return periods (1994-2016)
(Y22F-Y+15) ciliseo CuiS 3L (5,95 (1 waedliss sLeglad 13 (i b Cud yiSTas -5 Joua

Duration (min)

Return Period (year) 30 60 120 180 240 360 540
2 22.507 11.262 7.883 4.730 3.689 3.062 2.450 1.96

5 34.371 17.223 12.031 7.219 5.361 4.637 3.739 2.991

10 41.709 20.818 14.596 8.758 6.831 5.670 4.536 3.629

20 48.827 34.357 17.050 10.230 7.980 6.623 5.289 4.239

50 57.707 28.898 20.229 12.137 9.467 7.858 6.286 5.029

100 64.497 32.226 22.558 13.535 10.558 8.762 7.010 5.608
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Fig. 3- The IDF curves based on statistical data of 1994 to 2016
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Table 7- The maximum precipitation for different short-term durations and return periods (2017-2035)
(Yo IV-Y+¥0) ciliseo CuiS 3L (0,95 (1 waedligs sLeglad 13 (i b Cud yiSTas -V Joua

Duration (min)

Return Period (year) 10 30 120 180 240 360 540
2 25.002 14.264 10.390 6.333 4.912 3.976 3.264 2.612

5 38.186  21.756 15.864 9.672 7.503 6.075 4.961 3.994

10 46.291  26.400 19.249  11.737 9.105 7.373 6.201 4.848

20 54.072 30.834 22478 13.712  10.637 8.614 7.035 5.665

50 64.155 36,581  26.682  16.271  12.623  10.222 8.349 6.723

100 71543  40.792 29.756  18.146  14.079  11.401 9.312 7.500

sl awled 5l s obsS sla b s iuli8l cddlaio

Table 8- Quantitative comparison of the results for
three time periods

Pl 8,90 dw gl 08 A lio —A Jgan

Ratio of variations in periods Percent of
changes
The second period to the first period +28.1
The third period to the second period +19.1
The third period to the first period +52.3
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Fig. 4- The IDF curves based on projected data under climate change (2017 to 2035)
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