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Fig.1 The changes of annual maximum precipitation with different short
durations in Linfen of Shanxi Province from 1981 to 2013
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Fig.2 The 10 - day distribution of the strongest precipitation with different

short durations in Linfen of Shanxi Province from 1981 to 2013



1064 B s T 35 %
5 5
30 min 60 min
4 4 4 4
%] % ]
T2 4 -~ 24
]l ‘||||| 11011 |‘||| “|||||||‘ |||| | ‘
0 [0 o o e o e o o s o s e e e e e e e e
21 23 01 03 05 07 09 11 13 15 17 19 21 23 01 03 05 07 09 11 13 15 17 19
|31y demnd
5 5
90 min 120 min
4 A 4 4
5 % ]
.2 ~ o9 J
g |||‘ I L] M g ||I”| |H|| I I |||
0 0 +r~rrrrrrrrrYrr77TTTITTTTOTT
21 23 01 03 05 07 09 11 13 15 17 19 21 23 01 03 05 07 09 11 13 15 17 19
bt | 4=1in)
5 5
150 min 180 min
4 4
5 ] % ]
21 .24
1 ||| ”lllll |l ” 1l ||| Ml‘ll L1111 ‘
oO+rrrrrrrr1r U 7T TTTTTTTTTTTOT g+rrrrrrrrr7Y7Y7TTTTTTTTTTTT
21 23 01 03 05 07 09 11 13 15 17 19 21 23 01 03 05 07 09 11 13 15 17 19
Bl yying S| A=Yin)
B3 1981—2013 4RI v [ I A7 55 5 R K 28 1 43 AT
Fig.3 The hourly distribution of the strongest precipitation with different
short durations in Linfen of Shanxi Province from 1981 to 2013
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Tab.1 The rainfall intensity with different short durations under different
experience frequencies (reappearing periods) B{T ;mm + min~'
= A [l g Bt/ min

e W/a 5 10 15 20 30 45 60 90 120 150 180

0.029  34.000 3.680 3.300 .953 .535  2.240  1.844 1.498 1.039 .791  0.640  0.539
0.059 17.000 3.400 2.340 . 600 .456  1.290 1.160 1.099 0.770 .579  0.464  0.388
0.088 11.333 2.300 1.890 . 547 .430  1.283  1.044 0.830 0.580 .452 0.369 0.314
0.118 8.500 2.280 1.750 .513 .205  0.875 0.668 0.596  0.479 .426  0.356 0.311
0.147 6.800 2.240 1.680 .347 .075  0.817 0.643 0.545 0.417 .328  0.272 0.236
0.176 5.667 1.730 1.655 .227 .065 0.803 0.632 0.541 0.408 315 0.267  0.233
0.206 4.857 1.690 1.458 .220 .015  0.792  0.604 0.500 0.405 .314  0.264  0.231
0.235 4.250 1.654 1.400 .130 .960  0.766 0.600 0.500 0.386 L3122 0.259  0.231
0.265 3.778 1.636 1.340 L1111 .945  0.723  0.582 0.478 0.383 .310 0 0.258  0.226
0.294 3.400 1.620 1.336 .107 .935  0.723  0.538 0.472  0.374 .302 0.254  0.224
0.324 3.091 1.620 1.240 .093 .917  0.713  0.520 0.458 0.374 .292 0.253  0.221
0.353 2.833 1.616 1.220 . 067 .905  0.710 0.516 0.430 0.363 .290  0.252  0.220
0.382 2.615 1.580 1.216 . 060 .903  0.640 0.514 0.416 0.355 .286  0.252  0.215
0.412 2.429 1.520 1.197 . 058 .845 0.630 0.511 0.415 0.335 .276 - 0.250  0.212
0.441 2.267 1.514 1.160 .027 .843  0.617 0.507 0.413  0.300 .273  0.240  0.208
0.471 2.125 1.418 1.135 . 004 .798  0.605 0.502 0.406 0.296 .268  0.231 0.193
0.500 2.000 1.342 1.112 .970 .793  0.596  0.496  0.404  0.288 .251  0.209 0.189
0.529 1.889 1.340 1.090 .920 .788  0.588  0.487 0.403 0.287 .244  0.205 0.180
0.559 1.789 1.314 1.040 .913 779 0.576 0 0.475  0.391  0.286 .226 0.201  0.178
0.588 1.700 1.310 0.976 .857 .760  0.568 0.470 0.388 0.282 .224 0.186  0.168
0.618 1.619 1.260 0.974 . 841 .734  0.567 0.452  0.347 0.281 .223 0.183  0.159
0.647 1.545 1.242 0.958 L7199 .728  0.563  0.433  0.337 0.269 .218  0.183  0.155
0.676 1.478 1.208 0.924 L7191 L7270 0.554  0.398  0.330 0.239 .202 0.174  0.149
0.706 1.417 1.188 0.903 .775 .705  0.547  0.397 0.328 0.232 .189  0.161  0.145
0.735 1.360 1.168 0.898 L771 .646  0.527 0.396 0.325 0.226 174 0.159  0.145
0.765 1.308 1.104 0.862 .743 .636 0.526  0.379 0.324 0.219 .174  0.141  0.136
0.794 1.259 1.040 0.855 .713 .632 0.513  0.378 0.305 0.213 .170  0.140  0.131
0.824 1.214 1.000 0.842 . 688 .628 0.506 0.375 0.285 0.192 .148  0.140 0.118
0.853 1.172 0.912  0.800 .677 .600 0.442  0.361 0.284 0.190 .146  0.127  0.117
0.882 1.133  0.874 0.757 .611 515 0.373 0.297  0.243  0.174 .144  0.121  0.107
0.912 1.097 0.852 0.738 .591 .488  0.342  0.293  0.233  0.166 .143 0.115  0.104
0.941 1.063 0.822 0.649 .522 .454  0.337  0.283 0.224 0.157 136 0.114  0.102
0.971 1.030 0.816  0.569 .451 .391 0.328  0.243  0.193  0.144 121 0.110  0.099
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Tab.2 The parameters of Gumbel and Pearson III distributions

Tk LR 7 igiieiiy | it
J B/ min
E, a B E, C, C, c./C,
5 1.524 1.751 1.216 1.520 0.410 1.700 4.150
10 1.220 2.131 0.967 1.220 0. 440 1.780 4.050
15 1.021 2.539 0.809 1.020 0.440 1.800 4.090
20 0.874 2.956 0.692 0.870 0.440 1.850 4.200
30 0.687 3.228 0.520 0.690 0.460 1.880 4.090
45 0.545 3.806 0.404 0.550 0.470 1.970 4.190
60 0.453 4.457 0.332 0.450 0.480 1.910 3.980
90 0.337 6.339 0.252 0.340 0.500 1.930 3.860
120 0.271 8.403 0.207 0.270 0.500 1.960 3.920
150 0.229 10.529 0.178 0.230 0.500 1.980 3.960
180 0.199 12.721 0.157 0.200 0.500 1.980 3.960
(a) (b)
HY/a FIHA/a
10 000 1 000 200 20 10 5 252 1.25 1.0526 1000 100 2010 5 2.5 1.251.0526 1.001
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;\ 6 5 min [ - 5 \\\QOmin
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g }2\0‘Lm.in N g 3 P\301min AN
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Fig.4 The fitting curves of frequency of rainstorm intensity with different

durations based on Gumbel (a) and Pearson III (b) distribution
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Tab.3 The relation between intensity, duration and recurrence period of

rainstorm in Linfen of Shanxi Province during 1981 —2013 BAf{L:mm » min~'

FEINH/a 5 min 10 min @ 15 min 20 min 30 min 45 min 60 min 90 min 120 min 150 min 180 min

2 1.353 1.070 0.894 0.760 0.597 0.472 0.386 0.2890 0.229 0.195 0.170
3 1.615 1.294  1.081 0.918 0.728 0.577 0.475 0.359 0.284 0.242 0.210
5 1.931 1.567  1.309 1.113  0.890 0.709 0.585 0.446 0.353 0.300 0.261
10 2.345 1.928 1.611 1.373 1.106 0.887 0.733 0.562 0.446 0.380 0.330
20 2.749  2.283 1.909 1.630 1.321 1.065 0.880 0.678 0.539 0.459 0.399
30 2.982 2.488 2.082 1.779 1.446 1.169 0.965 0.746 0.593 0.506  0.440
50 3.274 2.745 2.298 1.967 1.602 1.300 1.073 0.831 0.661 0.564 0.491
100 3.667 3.093 2.591 2.220 1.814 1.478 1.219 0.947 0.754 0.643  0.559
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Tab.4 The theoretical value of rainstorm intensity based on rainstorm

intensity formula in Linfen of Shanxi Province

BT .mm - min '

HEIH/a 5 min 10 min 15 min 20 min 30 min 45 min 60 min 90 min 120 min 150 min 180 min
2 1.315 1.069 0.908 0.793 0.639 0.502 0.417 0.317 0.259 0.221 0.193
3 1.567 1.274 1.082 0.945 0.762 0.598 0.497 0.378 0.309 0.263 0.230
5 1.885 1.533 1.301 1.137 0.916 0.720 0.598 0.455 0.371 0.316 0.277
10 2.317 1.883 1.599 1.397 1.126  0.884  0.735 0.559 0.456 0.389 0.340
20 2.748 2.234 1.897 1.657 1.335 1.049 0.872 0.663 0.541 0.461 0.403
30 3.001 2.439 2.071 1.809 1.458 1.145 0.952 0.724 0.591 0.503 0.440
50 3.319  2.698 2.291 2.001 1.613 1.267 1.053 0.801 0.654  0.557 0.487
100 3.750 3.049 2.589 2.261 1.822 1.431 1.190 0.905 0.739 0.629 0.550
*5 1981—2013 £IGHEM 5
EZREFEHMIEMLE R 45 A
Tab.5 The coefficients of rainstorm 7, 4
peak position with different short durations =351
in Linfen of Shanxi during 1981 -2013 E 2? 1
30 min 60 min 90 min 120 min 150 min 180 min }fh:P( 2
o
E 1.5 1
0.540 0.462 0.443 0.442 0.497 0.503 &1
0.5 4
S = N 0 T —_— — —_—
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(1 6) , vl 2145 g A i A R 5 R B g BRLOG TR0 A,
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&5 NEEHT I 60 min 257 2 naFm 5
Fig.5 The Chicago hyetograph shapes of rainstorm
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Application of Chicago Hyetograph Method in
Design of Short Duration Rainstorm Pattern

DAI Youxue', WANG Zhenhua®, DAI Lindong’, CAO Qiaolian', WANG Tong'

(1. Linfen Meteorological Bureau of Shanxi Province, Linfen 041000, Shanxi, China;
2. Institute of Meteorological Science of Shanxi Province, Taiyuan 030002, China;
3. College of Atmospheric Science, Lanzhou University, Lanzhou 730000, China)

Abstract : Based on the daily precipitation at Linfen weather station of Shanxi Province from 1981 to 2013, the rainstorm intensity for-
mula in Linfen was revised, and on this basis the design of short duration rainstorm pattern was analyzed by using Chicago hyetograph
method. The results show that annual change of maximum precipitation for short duration rainstorm was larger in Linfen of Shanxi Prov-
ince during 1981 —2013, and the extreme value of annual maximum precipitation had an increasing trend with the extension of rainfall
duration. The strongest precipitation concentrated from the early of July to the middle of August, and it frequently occurred in the after-
noon. The peaks of short duration rainstorms occurred in the front of the frequency distribution curves except for the rainstorms with 30
min and 180 min durations in the city area of Linfen, and the heavy rainfall with short duration was more concentrated. The instantane-
ous rainfall intensity presented a single peak distribution, and the change trends and distribution patterns of instantaneous rainfall inten-
sity with different durations were basically the same except in the time distribution. Moreover, the rainfall intensity increased with the
increase of return period. The Chicago hyetograph rainfall intensity was only related to the peak and corresponding time, but it was ir-
relevant to the duration under a certain recurrence period condition. Although the rainfall intensity at rainfall peak presented a fluctua-
tion trend of decreasing — increasing — decreasing as the extension of rainfall duration as a whole, the difference of variation was smal-
ler.

Key words: the annual maximum sampling method ; rainstorm peak position coefficient; rainstorm pattern design; Chicago hyetograph

method



