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A Bayesian GLM Model Based Regional Frequency Analysis Using
Scaling Properties of Extreme Rainfalls

ABSTRACT

Design rainfalls are one of the most important hydrologic data for river management, hydraulic structure design and risk analysis. The
design rainfalls are first estimated by a point frequency analysis and the IDF (intensity-duration-frequency) curve is then constructed
by a nonlinear regression to either interpolate or extrapolate the design rainfalls for other durations which are not used in the frequency
analysis. It has been widely recognised that the more reliable approaches are required to better account for uncertainties associated with
the model parameters under circumstances where limited hydrologic data are available for the watershed of interest. For these reasons,
this study developed a hierarchical Bayesian based GLM (generalized linear model) for a regional frequency analysis in conjunction
with a scaling function of the parameters in probability distribution. The proposed model provided a reliable estimation of a set of
parameters for each individual station, as well as offered a regional estimate of the parameters, which allow us to have a regional IDF
curve. Overall, we expected the proposed model can be used for different aspects of water resources planning at various stages and in
addition for the ungaged basin.
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Fig. 1. Goodness-of-fit Test Through Gumbel Probability Plot at Gunsan Station
Table 1. Basic Statistics of Annual Maximum Data According to Different Durations Over the Six Stations
Station Duration (hour) | Mean (mm) | Stan. Dev. (mm) | Skewness Kurtosis | Minimum (mm) |Maximum (mm)| Period (year)
Gunsan 37.52 12.49 1.14 491 18.90 81.00
Jeonju 39.58 14.25 1.21 433 20.40 85.00
Buan . 37.17 13.41 0.98 3.02 21.00 70.50
Jeongeup 37.47 10.35 0.33 2.54 20.00 63.00
Namwon 41.68 15.46 0.89 2.97 18.00 80.50
Imsil 37.35 11.20 0.13 2.20 17.00 58.50 1973-2014
Gunsan 110.21 51.86 1.38 4.07 54.00 261.10 42)
Jeonju 100.16 4135 1.10 3.71 37.00 211.50
Buan g 104.79 40.92 1.80 7.29 48.50 267.50
Jeongeup 97.71 3743 1.08 3.51 52.50 201.50
Namwon 102.57 42.96 2.46 10.83 58.00 294.50
Imsil 94.57 31.30 0.62 2.79 37.50 173.00
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Table 1. Basic Statistics of Annual Maximum Data According to Different Durations Over the Six Stations (Continue)

Station Duration (hour) | Mean (mm) | Stan. Dev. (mm) |  Skewness Kurtosis | Minimum (mm) |Maximum (mm)| Period (year)
Gunsan 120.91 55.91 1.47 4.31 58.50 269.50
Jeonju 113.67 45.35 1.25 4.43 53.80 256.00
Buan 118.50 41.55 1.51 5.74 64.00 269.50
Jeongeup 12 110.12 42.11 1.11 3.30 62.00 213.50
Namwon 116.96 53.26 2.84 13.69 60.50 372.00
Imsil 109.50 37.30 0.62 2.76 51.00 208.50
Gunsan 142.60 66.03 1.52 4.77 58.90 347.50
Jeonju 136.57 48.25 0.66 3.30 63.50 279.50
Buan 140.83 46.95 0.95 3.88 77.50 293.00
Jeongeup # 136.38 47.25 0.70 2.60 69.50 248.00
Namwon 139.12 62.24 2.39 11.03 68.80 420.00
Imsil 136.79 40.05 0.51 2.93 63.50 236.00
Gunsan 158.77 78.94 1.55 4.80 68.50 407.50
Jeonju 151.70 51.96 0.39 2.68 65.50 279.50
Buan 36 155.96 56.42 1.17 4.78 77.50 352.50 1973-2014
Jeongeup 151.25 52.33 0.89 3.30 80.90 307.00 (42)
Namwon 153.98 68.06 1.81 7.16 74.50 421.50
Imsil 152.48 45.46 0.59 2.81 69.50 261.50
Gunsan 168.04 85.10 1.80 6.23 73.80 475.10
Jeonju 163.35 54.46 0.33 2.38 65.50 280.50
Buan 168.64 60.03 0.83 3.67 77.50 356.00
Jeongeup ® 162.13 58.21 1.01 3.64 83.60 325.00
Namwon 163.68 74.43 1.89 7.71 74.50 464.00
Imsil 167.07 57.19 0.95 3.44 74.00 315.20
Gunsan 183.58 97.48 2.09 8.19 84.10 579.50
Jeonju 180.53 58.91 0.44 2.27 76.60 310.50
Buan 184.90 68.48 0.80 345 77.50 376.50
Jeongeup 7 178.14 63.97 0.97 335 84.50 352.00
Namwon 181.69 79.63 1.55 6.09 83.50 479.00
Imsil 184.47 68.51 1.11 4.05 75.00 380.40
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Fig. 2. Estimated Parameters of Gumbel Distribution using Bayesian GLM Model with Scaling Properties, Their Uncertainty for Each Station.
The Black Stars Indicate at Site Estimates and the Red Line Indicates a Median Value Estimated from the Scaling Function
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Fig. 3. Comparison of IDF Curve between the Point Rainfall Frequency Analysis and the Scaling Function Based Regional Frequency
Analysis, According to Duration and Return Period

Table 2. Design Rainfalls and Their Uncertainty Bound Estimated from Posterior Distribution

Return GLM GLM GLM Return GLM GLM GLM
S| period | FREA L s | s0%) | 07.5%) | P | period | TREA | (25w | so%) | (97.5%)
2 64.31 60.54 66.37 69.15 2 107.63 | 95.83 10406 | 116.10
Gun 10 10158 | 9339 | 10541 | 111.17 | Gun 10 173.05 | 14979 | 173.41 192.92
san 50 13426 | 12220 | 13394 | 14800 | san 50 23039 | 197.09 | 22583 | 26027
3) 100 14807 | 13437 | 15068 | 16357 | (12) 100 25463 | 217.09 | 25357 | 28874
200 161.83 | 14650 | 16239 | 179.09 200 27879 | 237.02 | 27721 | 317.11
2 6431 58.55 63.00 66.93 2 107.63 | 9186 | 10257 | 111.17
Jeon 10 101.58 | 9008 | 10055 | 106.87 | Jeon 10 173.05 | 14152 | 16379 | 180.67
Ju 50 13426 | 11773 | 13157 | 141.89 | Ju 50 23039 | 185.06 | 21247 | 241.59
3) 100 14807 | 12942 | 14399 | 15669 | (12) 100 25463 | 20347 | 23389 | 26735
200 161.83 | 141.06 | 15847 | 171.44 200 27879 | 22181 | 25803 | 293.01
2 6431 60.89 64.36 68.32 2 107.63 | 97.01 10578 | 11426
B 10 10158 | 9173 | 10028 | 10728 | 10 173.05 | 14488 | 16224 | 180.99
o) 50 13426 [ 1876 [ 13089 [ 14143 | 50 23039 | 18685 | 213.69 | 239.49
100 14807 | 130.19 | 14400 | 15587 100 25463 | 20459 | 23466 | 26422
200 161.83 | 14157 | 15639 | 170.26 200 27879 | 22227 | 25563 | 28886
2 6431 5831 60.63 66.43 2 107.63 | 90.94 99.09 109.20
Jeong 10 101.58 | 87.98 9457 | 10454 | Jeong 10 173.05 | 13585 | 15411 | 17335
Eup 50 13426 | 11399 | 12534 | 13795 | Eup 50 23039 | 17522 | 20247 | 229.59
3) 100 14807 | 12498 | 13692 | 15207 | (12) 100 25463 | 19187 | 21949 | 25336
200 161.83 | 13594 | 14998 | 166.14 200 27879 | 20845 | 24144 | 277.05
2 6431 60.04 63.84 68.51 2 107.63 | 10071 | 10352 | 112.83
Nam 10 10158 | 91.00 | 10002 | 107.65 | Nam 10 173.05 | 15268 | 160.78 | 18024
Won 50 13426 | 118.14 | 12947 | 14196 | Won 50 23039 | 19824 | 21197 | 239.34
3) 100 14807 | 12961 | 14458 | 15646 | (12) 100 25463 | 21750 | 233.19 | 26433
200 161.83 | 141.04 | 15735 | 17091 200 27879 | 23669 | 25433 | 28922
2 6431 58.63 61.79 66.49 2 107.63 | 9197 | 102.88 | 109.88
10 101.58 | 89.10 9497 | 10478 10 173.05 | 13819 | 15624 | 17381
“gs;'l 50 13426 | 11582 | 12899 | 13834 1?11;1 50 23039 | 17871 | 20491 | 229.86
100 14807 | 127.11 | 14068 | 15253 100 25463 | 19584 | 22506 | 253.55
200 161.83 | 13836 | 15532 | 166.66 200 27879 | 21291 | 247.13 | 277.16
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Fig. 4. Marginal Posterior Distribution of the Parameters Derived from the Hierarchical Bayesian Model Parameters. The Blue Lines
Indicates a Marginal Posterior Distribution for Each Station and the Red Line Indicates a Hyper-Parameter (i.e. Regional Parameters)

Table 3. The Estimated Parameters and Their Uncertainty Bound for Each Station and Hyper-Parameter using a Hierarchical Bayesian

Model
Parameter Station Uncertainty bounds Parameter Uncertainty bounds
2.5% 50% 97.5% 2.5% 50% 97.5%
Gunsan 37.760 37.870 37.945 0.328 0.338 0.321
Jeonju 39.020 39.020 39.260 0.348 0.354 0.340
Buan 40.830 40.505 41.200 0.365 0.369 0.356
Alphal Jeongeup 36.690 36.840 36.785 Alpha2 0.325 0.323 0.327
Namwon 38.510 38.620 38.430 0.342 0.339 0.344
Imsil 39.770 39.890 39.700 0.362 0.356 0.361
Common 37.690 38.810 39.980 0.276 0.345 0.412
Gunsan 11.770 11.550 11.540 0.358 0.317 0.322
Jeonju 12.710 12.610 12.560 0.398 0.351 0.356
Buan 13.825 13.500 13.500 0.435 0.388 0.392
Alpha3 Jeongeup 11.680 11.340 11.625 Alpha4 0.328 0.299 0.301
Namwon 12.670 12.470 12.600 0.363 0.335 0.334
Imsil 13.670 13.390 13.535 0.400 0.376 0.370
Common 11.730 12.600 13.430 0.280 0.356 0.432
o] Atk(Kwon et al., 2013, Kim et al., 2014). o]= A& GLM RFo 72 =29 Xdu/fHSe] AJSEYEE vEeRdCh

Bayesian R3] 43 T shjekar & 4 glom, AR ARE

TRl ARk Wl

S REERECE SRt

2P & ¢ 9l Aol Fig. 40K 679] shehd A A3

SIS AF RS

o, WEZR L8 Bayesian

RIS,

Table 32 7} wj7fige] B8 F7HS

Aot}

#5402 Bayesian GLM 27]uke] Scaling 32 53
Z49 nyeige] B34 T7H2.5, 50, 97.5%)S Egato]

ek o2 A AT
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Fig. 5. The IDF Curve Based on Hierarchical Bayesian Model Based
Regional Frequency Model using Scaling Function
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Ul 7P BEa A7) TR E o] B, T3t Alsxt
o] ARFf7t FIH O R o]FolR = Ao R AT & Qlrk
4] AH319=0] Bayesian 72 fARE BA1A AdEE Ad
Fe] v 94 BEAPVES Fofr o] 91om|(Gelman
et al,, 2004), 399 BEATHe] B e Ao s
Ao ZH B AF-Ave] 2#dS st Table 4).
FEA 0 2 Fig. 62 & A7ol4] At S B3 =2%
Hyper-parameter, < X|SulypA<Re] AREE 25 Monte-Carlo
RojE AAstgon, A SEdEs APge Aot 1
A} A= F9U BE #5524 ARer 98 SEdEo]

Table 4. The Design Rainfalls and Their Uncertainties using the Scaling Function Based Regional Frequency Analysis

Design Rainfall 50% (2.5%, 97.5%)

Time span 2 3 5 10 20 30 50 100 150 200

| 43.24 49.89 57.30 66.62 75.55 80.69 87.11 95.78 100.83 104.41
(41.8,44.8) | (48.1,51.9) | (55.2, 59.9) | (64.0,69.9) | (72.5,79.4) | (77.3, 85.0) | (83.4,91.9) [(91.6, 101.2)(96.4, 106.6)|(99.8, 110.4)

5 27.51 31.78 36.54 42.52 48.25 51.55 55.68 61.24 64.49 66.79
(25.4,29.8) | (29.2, 34.7) | (33.5, 40.0) | (38.9, 46.8) | (44.0, 53.3) | (47.0, 57.0) | (50.7, 61.7) | (55.7, 68.0) | (58.6, 71.7) | (60.7, 74.3)

3 21.11 24.41 28.08 32.70 37.12 39.67 42.85 47.15 49.65 5143
(18.9,23.5) | (21.8,27.4) | (25.0,31.6) | (29.0,37.0) | (32.9, 42.2) | (35.1,45.2) | (37.9, 48.9) | (41.6, 53.9) | (43.8, 56.8) | (45.3, 58.9)

4 17.50 20.24 23.30 27.14 30.82 32.94 35.59 39.16 41.25 42.72
(15.4,19.9) | (17.7,23.1) | (203, 26.8) | (23.6, 31.4) | (26.7, 35.7) | (28.5, 38.3) | (30.8, 41.4) | (33.8,45.7) | (35.6, 48.2) | (36.9, 49.9)

5 15.13 17.51 20.16 23.49 26.68 28.52 30.81 3391 35.72 37.00
(13.1,17.4) | (15.1,20.3) | (17.3,23.5) | (20.1,27.6) | (22.8, 31.4) | (24.3,33.7) | (26.2,36.4) | (28.8,40.2) | (30.3, 42.4) | (31.4, 43.9)

6 13.43 15.55 17.91 20.87 23.71 25.35 27.39 30.15 31.76 32.90
(11.5,15.7) | (13.2,183) | (15.2,21.2) | (17.6,24.8) | (20.0,28.3) | (21.3,30.3) | (23.0,32.8) | (253, 36.2) | (26.6,38.2) | (27.5, 39.6)

3 11.13 12.89 14.86 17.32 19.69 21.05 22.75 25.04 26.38 2733
(93,13.2) | (10.7,15.4) | (12,3, 17.9) | (14.3,21.0) | (162, 24.0) | (17.3,25.7) | (18.7,27.8) | (20.5,30.7) | (21.6, 32.4) | (22.4, 33.6)

9 10.31 11.94 13.76 16.05 18.24 19.51 21.08 23.21 24.45 25.33
(8.6,12.3) | (9.9, 14.4) | (11.3,16.7) | (13.1,19.6) | (14.9,22.4) | (15.9,24.0) | (17.2,26.0) | (18.9,28.7) | (19.9,30.3) | (20.6, 31.4)

10 9.62 11.15 12.85 14.99 17.04 18.22 19.70 21.69 22.85 23.67
(7.97,11.64)| (9.1,13.5) | (10.5,15.7) | (12.2,18.5) | (13.8,21.1) | (14.7,22.6) | (15.9, 24.5) | (17.5, 27.0) | (18.4,28.5) | (19.1,29.5)

12 8.54 9.90 11.42 13.32 15.15 16.20 17.51 19.28 20.31 21.04
(6.9,104) | (8.0,122) | (92, 14.1) | (10.7,16.6) | (12.1,19.0) | (12.9,20.3) | (14.0, 22.0) | (15.3,24.3) | (162, 25.7) | (16.7, 26.6)

15 7.39 8.56 9.88 11.53 13.11 14.02 15.16 16.70 17.59 18.23
(5.9,9.1) | (6.8,10.7) | (7.8,12.4) | (9.1,14.6) | (10.3,16.7) | (11.0,17.9) | (11.9, 19.4) | (13.1,21.4) | (13.8, 22.6) | (14.2, 23.4)

18 6.56 7.61 8.78 10.24 11.65 12.46 13.48 14.84 15.64 16.21
(52,82) | (6.0,9.6) | (69,112) | 8.0,13.1) | (9.0,15.0) | (9.7,16.1) | (10.4,17.5) | (11.5,19.3) | (12.1,20.3) | (12.5, 21.1)

24 543 6.31 7.28 8.50 9.68 10.35 11.19 12.33 12.99 13.46
(42,69) | 4.8,81) | (56,94) | 65 11.1) | (73,12.7) | (7.8,13.6) | (8.5,14.8) | (9.3,16.3) | (9.8,17.2) | (10.1,17.9)

36 4.17 4.85 5.60 6.54 7.44 7.96 8.62 9.49 10.00 10.37
(.1,55) | (3.6,64) | (4.1,7.5) | (4.8,88) | (5.5,10.1) | (5.8,10.8) | (63,11.7) | (69,12.9) | (73,13.7) | (7.6, 14.2)

48 3.46 4.02 4.64 5.43 6.18 6.61 7.15 7.89 8.31 8.61
(2.5,46) | (29,54) | (34,63) | (39,74) | (44,85 | (47,9.1) | (5.1,99) | (56,11.0) | (59,11.6) | (62,12.0)

7 2.65 3.09 3.57 4.17 4.76 5.09 5.51 6.07 6.40 6.63
(19,36) | (22,43) | 25,50) | 29,59 | (33,67) | (35,72) | 38,79 | (42,87 | (44,92) | (4.6,9.5)
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Fig. 6. A Monte-Carlo Simulation Result Based on a Set of Hyper-Parameters Estimated from Hierarchical Bayesian GLM Model. The
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