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A Study on the Changes of Return Period Considering Nonstationarity
of Rainfall Data
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Abstract

This research focuses on the changes of return period for nonstationary rainfall data in which exceedance
or nonexceedance probability varies depending on time. We examined two definitions of return period under
nonstationarity and also performed nonstationary frequency analysis using the nonstationary Gumbel model
to investigate variations of return period in Korea. Seogwipo, Inje, Jecheon, Gumi, Mungyeong, and Geochang
were selected as subject sites of application. These sites have a trend in rainfall data as well as having more
than 30 years data. As the results of application, the return periods considering nonstationarity are different
with those considering stationarity. The differences of return periods between nonstationarity and stationarity
increase as growing return period increases. In addition, the return period using the expected waiting time
method shows lower value than that using the expected number of event method.

Keywords : return period, nonstationarity, nonstationary Gumbel model, expected waiting time, expected
number of exceedance event
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Fig. 1. Schematic Plot of Exceedance and Nonex-
ceedance Probabilities under Stationary Condition
(Salas and Obeysekera, 2013)

Table 1. Parameter and Cumulative Distribution Function of Nonstationary Gumbel Model

Model Parameters Cumulative Distribution Function
; - +e,t
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€ X —€
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Condition (Salas and Obeysekera, 2013)
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Table 2. Trend Test Results for Rainfall Data in Korea

Site Sample size | Table. | Com. | Trend Site Sample size | Table. | Com. | Trend
Sokcho 43 1.960 | 0.042 X Yangpyeong 38 1.960 | 1.748 X
Daegwallyeong 39 1.960 | 0.726 X Icheon 38 1.960 | 1.433 X
Chuncheon 45 1.960 | 1.242 X Inje 38 1.960 | 2.263 (0]
Gangneung 50 1.960 | 1.163 X Hongcheon 38 1.960 1.811 X
Seoul 50 1.960 | 1.422 X Jecheon 38 1.960 | 2.301 O
Incheon 50 1.960 | 1.690 X Boeun 38 1.960 | 0.377 X
Wonju 39 1.960 | 1.077 X Cheonan 38 1.960 | 0.176 X
Suwon 47 1.960 | 0.835 X Boryeong 38 1.960 | 0.339 X
Chungju 38 1.960 | 1.169 X Buyeo 38 1.960 | 0.402 X
Seosan 43 1.960 | 0.827 X Geumsan 38 1.960 | 0.239 X
Uljin 40 1.960 | 0.851 X Buan 38 1.960 | 0.905 X
Cheongju 44 1.960 | 1.578 X Imsil 38 1.960 | 1.370 X
Daejeon 42 1.960 | 0.856 X Jeongeup 38 1.960 | 0.239 X
Chupungnyeong 50 1.960 | 1.230 X Namwon 38 1.960 | 0.654 X
Andong 33 1.960 | 1.395 X Suncheon 38 1.960 | 1.270 X
Pohang 50 1.960 | 0.142 X Jangheung 38 1.960 | 0.113 X
Gunsan 43 1.960 | 1.057 X Haenam 38 1.960 | 0.314 X
Daegu 50 1.960 | 0.803 X Goheung 38 1.960 | 0.000 X
Jeonju 50 1.960 | 0.460 X Yeongju 38 1.960 | 1.182 X
Ulsan 50 1.960 | 0.251 X Mungyeong 38 1.960 | 2.075 O
Gwangju 50 1.960 | 1.246 X Yeongdeok 38 1.960 | 0.327 X
Busan 50 1.960 | 0.184 X Uiseong 38 1.960 | 0.201 X
Tongyeong 43 1.960 | 0.335 X Gumi 38 1.960 | 2.653 O
Mokpo 50 1.960 | 0.418 X Yeongcheon 38 1.960 | 0.453 X
Yoesu 50 1.960 | 0.059 X Geochang 38 1.960 1.974 O
Wando 39 1.960 | 0.302 X Hapcheon 38 1.960 | 1.031 X
Jeju 50 1.960 | 1.029 X Miryang 38 1.960 | 1.081 X
Seongsan 38 1.960 | 0.981 X Sancheong 38 1.960 | 0.842 X
Seogwipo 50 1.960 | 2.267 O Geoje 38 1.960 | 0.302 X
Jinju 42 1.960 | 0.347 X Namhae 38 1.960 | 0.968 X
Ganghwa 38 1.960 | 0.779 X
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Parameters Seogwipo Inje Jecheon Mungyeong Gumi Geochang
€ 127.786 90.519 95.112 97.474 93.269 107.067
€ 0.650 1.838 1.642 0.574 0.450 0.607
« 45.539 45.485 44516 26.958 27.597 36.540
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Table 4. Return Period Estimation with Two Definitions in Geochang

Return Period (Stationary) i D; f(z;) z,f (z;) v dfla) | Dwfla)
1 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
2 0.2030 0.1624 0.3248 0.4030 0.3624 0.5248
3 0.2060 0.1314 0.3941 0.6090 0.4938 0.9189
4 0.2091 0.1058 0.4234 0.8181 0.5996 1.3423
5 0.2122 0.0850 0.4248 1.0303 0.6846 1.7671
6 0.2153 0.0679 0.4075 0.7525 2.1746
7 0.2185 0.0541 0.3786 0.8066 2.5532
8 0.2217 0.0429 0.3431 0.8495 2.8963
9 0.2250 0.0339 0.3049 0.8834 3.2012
10 0.2283 0.0266 0.2664 0.9100 3.4676
11 0.2316 0.0209 0.2294 0.9309 3.6970
12 0.2350 0.0163 0.1951 0.9472 3.8921
13 0.2384 0.0126 0.1641 0.9598 4.0562
14 0.2419 0.0098 0.1365 0.9696 4.1927
15 0.2454 0.0075 0.1125 09771 4.3052

> 16 0.2490 0.0057 0.0919 0.9828 4.3971
17 0.2525 0.0044 0.0744 0.9872 44715
18 0.2562 0.0033 0.0597 0.9905 45312
19 0.2599 0.0025 0.0475 0.9930 4.5787
20 0.2636 0.0019 0.0376 0.9949 4.6163
21 0.2673 0.0014 0.0295 0.9963 4.6458
22 0.2712 0.0010 0.0229 0.9973 4.6687
23 0.2750 0.0008 0.0177 0.9981 4.6864
24 0.2789 0.0006 0.0136 0.9987 4.7000
25 0.2828 0.0004 0.0104 0.9991 4.7104
26 0.2868 0.0003 0.0078 0.9994 47182
27 0.2908 0.0002 0.0059 0.9996 4.7241
28 0.2949 0.0002 0.0044 0.9998 4.7285
29 0.2990 0.0001 0.0032 0.9999 47317
30 0.3032 0.0001 0.0024 1.0000 4.7341

9] A= 050450041 0.6843744] 9] ko] Al E}
H

7 ubeRdeh, s 914wl 712719k 09310 W& T vekd z} o1, Fig, 301 et vl
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GUM (10) 239) 9171 wlle] 7197)sh 2o g om AR Az AR717e] 1099 45 234 7H
AL e Sl Aake] A@A717 v 8096 o g ghol ALgH o, A

Table 62 Fig. 33 B3l el 48 Aoz vb  @v|zo] 100802 278 245 444 7Hgekel 4]
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Fig. 3. Relationship between Stationary and Nonstationary Return Period
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Table 5. Correlation Coefficient between

Parameter and Return Period

Bl iod LPenraEat 10 yr 20 yr BOi{nertum Perl4(1)(()1 yr 50 yr 100 yr
o} -0.6362 -0.4637 -0.4128 -0.5287 -0.4278 -0.4436
NE € 0.5045 0.5911 0.6843 0.5780 0.6813 0.6574
€, -0.9889 -0.9346 -0.9340 -0.9694 -0.9440 -0.9482
o -0.5043 -0.4696 -0.4465 -0.6529 -0.4418 -0.4263
WT € 0.6156 0.6325 0.6526 0.6503 0.6534 0.6628
€ -0.9686 -0.9556 -0.9487 -0.9468 -0.9461 -0.9397
Note : NE, Expected number of exceedance event; WT, Expected waiting time.
Table 6. Ratio of Nonstationary Return Period to Stationary Return Period According to Each Definition
Return Period
Site Method
10 yr 20 yr 30 yr 40 yr 50 yr 100 yr
_ NE |10.0 yr (100.0%) | 18.0 yr (90.0%) | 26.0 yr (86.7%) | 32.0 yr (80.0%) | 39.0 yr (78.0%) | 63.0 yr (63.0%)
Seoswivo WT 9.0 yr (90.0%) | 164 yr (82.0%) | 22.8 yr (76.0%) | 28.4yr (71.0%) | 33.4yr (66.8%) | 53.3 yr (53.3%)
) NE 9.0 yr (90.0%) | 15.0 yr (75.0%) | 21.0 yr (70.0%) | 25.0 yr (62.5%) | 28.0 yr (56.0%) | 41.0 yr (41.0%)
fnie WT 79yr (79.0%) | 132yr(66.0%)| 17.3yr (57.7%) | 20.7yr (51.8%) | 23.6 yr (47.2%) | 34.1yr (34.1%)
NE 9.0yr (90.0%) | 16.0yr (80.0%) | 21.0yr (70.0%) | 26.0 yr (65.0%) | 29.0 yr (58.0%) | 43.0 yr (43.0%)
Jecheon WT 8.0yr (80.0%) | 135yr(67.5%)| 17.8yr (59.3%) | 21.4yr (53.5%) | 24.5yr (49.0%) | 35.6 yr (35.6%)
NE |10.0yr (100.0%) | 17.0yr (85.0%) | 24.0 yr (80.0%) | 30.0yr (75.0%) | 35.0 yr (70.0%) | 55.0 yr (55.0%)
Mungyeong
WT 8.7yr (87.0%) | 153yr (76.5%) | 20.8 yr (69.3%) | 255 yr (63.8%) | 29.7 yr (59.4%) | 45.6 yr (45.6%)
) NE |10.0 yr (100.0%) | 18.0yr (90.0%) | 25.0 yr (83.3%) | 32.0yr (80.0%) | 37.0 yr (74.0%) | 60.0 yr (60.0%)
i WT 8.9yr (89.0%) | 16.1yr(80.5%) | 22.1yr (73.7%) | 27.5yr (68.8%) | 32.2yr (64.4%) | 50.7 yr (50.7%)
NE |10.0yr (100.0%) | 180yr (90.0%) | 25.0yr (83.3%) | 31.0yr (77.5%) | 37.0yr (74.0%) | 60.0 yr (60.0%)
eochans WT 8.9yr (89.0%) | 16.0yr (80.0%) | 22.1 yr (73.7%) | 27.3 yr (68.3%) | 32.0 yr (64.0%) | 50.3 yr (50.3%)
Note : NE, Expected number of exceedance event; WT, Expected waiting time.
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