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Analysis of Storm Event Characteristics for Stormwater Best Management Practices Design
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Abstract

The objective of this study is to investigate whether the daily rainfall depth derived from daily data represents the event rainfall depth derived from hourly
data. For analysis, the 85th, 90th, and 95th percentile daily rainfall depths were first computed using daily rainfall data (1986~2015) collected at 63
weather stations. In addition, the storm event was separated by the interevent time definition (IETD) of 6, 12, 18, and 24 hr using hourly rainfall data.
Based on the separated storm events, the 85th, 90th, and 95th percentile event rainfall depths were calculated and compared with the using hourly rainfall
data with the 85th, 90th, and 95th percentile daily rainfall depths. The event rainfall depths computed using the IETD were greater than the daily rainfall
depths. The difference between the event rainfall depth and the daily rainfall depth affects the design and size of the facility for controlling the
stormwater. Therefore, the designer and policy decision-maker in designing the stormwater best management practices need to take into account the
difference generated by the difference of the used rainfall data and the selected IETD.
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Fig. 1 Location of the rainfall station used in this study
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Table 1 Percentile daily rainfall and event rainfall (mm) at the selected stations
Average 95th percentile rainfall (mm) 90th percentile rainfall (mm) 85th percentile rainfall (mm)
Station Cﬁ,ze f:,:;’;: | 6hr[12hr|[18hr|24hr| | 6hr |12 hr (18 hr |24 hr| | 6hr |12 hr |18 hr |24 hr
. Daily 3 Daily Daily

(mm) IETD" | IETD | IETD | IETD IETD | IETD | IETD | IETD IETD | IETD | IETD | IETD

Sokcho 90 | 13882 | 692 | 999 | 1128 | 1164 [ 1215 | 480 | 674 | 739 | 803 | 834 | 37.3 | 498 | 56.4 | 59.0 | 60.9
Daegwanryeong | 100 | 1784.7 | 73,5 |104.0| 1205|1255 | 137.6 | 50.8 | 68.6 | 80,1 | 83.6 | 887 | 385 | 527 | 61.1 | 64.9 | 66.9
Chuncheon 101 | 13567 | 755 | 955 | 104.3| 110.1 | 1171 | 51.0 | 612 | 67.7 | 679 | 704 | 382 | 442 | 492 | 51.0 | 54.1
Gangneung 105 | 14574 | 67.2 |104.3 | 1148 | 1235|1267 | 47.3 | 651 | 716 | 76.3 | 81.1 | 36.4 | 488 | 520 | 55.7 | 60.5
Seoul 108 | 1468.0 | 829 | 975 | 1150 | 1175|1283 | 555 | 662 | 744 | 782 | 81.0 | 425 | 490 | 520 | 552 | 56.6
Incheon 112 | 12497 | 794 | 99.3 | 1075|1134 | 1261 | 51.0 | 596 | 626 | 69,7 | 727 | 389 | 46,7 | 487 | 535 | 54.0
Wonju 114 | 13622 | 69.8 | 919 | 102.9 | 1142|1203 | 484 | 559 | 641 | 689 | 744 | 37.0 | 421 | 459 | 485 | 50.8
Ulleungdo 115 | 14184 | 555 | 758 | 789 | 852 | 908 | 370 | 511 | 555 | 603 | 648 | 280 | 395 | 430 | 459 | 486
Suwon 119 | 13370 | 746 | 954 | 1104 | 1122 | 1272 | 505 | 59.6 | 64.7 | 688 | 765 | 385 | 458 | 505 | 515 | 533
Chungju 127 | 12496 | 669 | 875 | 971 | 1051 | 1171 | 455 | 570 | 658 | 685 | 709 | 365 | 415 | 469 | 49.0 | 49.3
Seosan 129 | 12842 | 759 | 89.9 |100.0 (1059|1105 | 514 | 615 | 682 | 71.2 | 76.0 | 37.7 | 435 | 480 | 50.5 | 5635
Uljin 130 | 11537 | 60.8 | 85.3 | 86.5 | 942 {100.0| 42.0 | 553 | 584 | 60.6 | 64.8 | 340 | 444 | 464 | 480 | 520
Cheongju 131 | 12526 | 63.0 | 82.0 | 95.8 | 101.1 1072 | 464 | 571 | 622 | 658 | 69.3 | 375 | 435 | 47.7 | 499 | 50.0
Dagejeon 133 | 13707 | 711 | 852 | 97.2 |109.4 | 1179 | 481 | 57.7 | 66,7 | 722 | 742 | 371 | 446 | 478 | 511 | 534
Chupungnyeong | 135 | 11863 | 60.6 | 755 | 855 | 895 | 956 | 420 | 537 | 588 | 61.9 | 64.8 | 329 | 39.7 | 435 | 455 | 491
Andong 136 | 10497 | 591 | 744 | 821 | 853 | 915 | 431 | 531 | 581 | 61.3 | 63.0 | 327 | 405 | 440 | 465 | 482
Pohang 138 | 1169.2 | 60.4 | 78.7 | 86.3 | 93.8 [100.8| 43.8 | 56,8 | 61.7 | 64.0 | 66,8 | 335 | 445 | 479 | 499 | 525
Gunsan 140 | 12466 | 649 | 79.4 | 87.0 | 96.7 | 1027 | 46,5 | 558 | 63.0 | 65,1 | 68,0 | 36.0 | 415 | 48,0 | 51.2 | 54.5
Daegu 143 | 1070.4 | 59.5 | 786 | 851 | 90.3 | 97.1 | 431 | 54,0 | 555 | 58.0 | 63.7 | 339 | 40.0 | 426 | 44.2 | 456
Jeonju 146 | 12987 | 58,5 | 70.8 | 80.5 | 89.8 [100.2| 43.1 | 50,0 | 56.6 | 63.0 | 65.8 | 34.1 | 40.0 | 435 | 46.3 | 49.5
Ulsan 152 | 12634 | 675 | 89.1 | 982 |1029|1056| 465 | 60.2 | 643 | 677 | 70.9 | 36.9 | 485 | 52.3 | 54.0 | 56.8
Changwon 155 | 15172 | 842 | 1163 | 1241|1321 |138.6| 60.0 | 798 | 83,7 | 886 | 934 | 462 | 60.0 | 651 | 69.7 | 71.7
Gwangju 156 | 13911 | 67.5 | 827 | 94.8 |101.0[1069| 485 | 587 | 648 | 689 | 734 | 358 | 447 | 484 | 526 | 57.0
Busan 159 | 15111 | 81.3 [104.3[1082| 116.1 | 1257 | 59.0 | 757 | 81,7 | 90.8 | 97.0 | 455 | 589 | 633 | 685 | 71.2
Tongyeong 162 | 14439 | 743 | 98.3 |106,0|114.9 | 1218 | 553 | 715 | 79.3 | 84.8 | 881 | 422 | 556 | 62.8 | 65.1 | 68,0

®Percentile value derived from daily rainfall data
®Percentile value derived from hourly rainfall data with an interevent time definition
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Table 1 Percentile daily rainfall and event rainfall (mm) at the selected stations (continued)

Average | 95th percentile rainfall (mm) 90th percentile rainfall (mm) 85th percentile rainfall (mm)
. Code| annual

Station No. | rainfall |pgiy| 6 NF |12 hr| 18 hr|24 hr| . |6 hr |12 hr |18 hr|24 hr| . |6 hr |12 hr |18 hr|24 hr
(mm) Y IETD®| IETD | IETD | IETD Y IETD | IETD | IETD | IETD Y IETD | IETD | IETD | IETD

Mokpo 165 | 11557 | 616 | 759 | 832 | 882 | 941 | 440 | 535|579 | 61.3 | 647 | 325 | 419 | 445 | 469 | 50.4
Yeosu 168 | 14375 | 768 | 950 [ 1102|1166 |1279 | 544 | 694 | 743 | 80.0 | 846 | 43.0 | 549 | 595 | 629 | 66.9
Wando 170 | 1533.8 | 81,0 [102.4| 1115 | 1188 (1264 | 558 | 714 | 81.0 | 825 | 855 | 445 | 566 | 629 | 66.4 | 691
Jeju 184 | 1509.1 | 67.3 | 93,5 |103.9|109.1|116.0| 436 | 543 | 60.8 | 671 | 724 | 33.7 | 420 | 471 | 499 | 52,6

Seongsan 188 | 19615 | 85.0 |110.2 | 18,1 | 1356 147.0| 57.8 | 745 | 82,0 | 880 | 96,5 | 440 | 552 | 62.0 | 67.2 | 74.0

Seogwipo 189 | 19684 | 86.8 | 1165 |127.4 1385|1469 | 61.0 | 79.4 | 87.3 | 96.7 |1029| 465 | 59.3 | 655 | 705 | 75.8

Jinju 192 | 156154 | 775 (1089|1189 (1294|1337 | 584 | 77.7 | 827 | 86.0 | 924 | 452 | 60.4 | 669 | 70.1 | 720

Ganghwa 201 | 13449 | 822 |104.6| 1215 |126.4|130.0| 56,0 | 70.1 | 77.0 | 824 | 833 | 45.0 | 521 | 575 | 60.5 | 61.5

Yangpyeong | 202 | 14249 | 80.5 | 101.5 1239 |131.0|136.6| 559 | 64.0 | 728 | 783 | 823 | 429 | 485 | 525 | 65,5 | 57.0

Icheon 203 | 13777 | 751 | 956 |109.5|116.0 | 123.3| 541 | 649 | 727 | 76.8 | 795 | 39.8 | 47.0 | 53.3 | 56.9 | 59.9

Inje 211 | 11975 | 647 | 821 | 949 |100.0|102.6| 448 | 533 | 59.6 | 63.0 | 67.1 | 35.0 | 385 | 43.7 | 46.0 | 475

Hongcheon 212 | 13755 | 784 | 97.0 | 110.0 | 119.4 (1285 | 525 | 619 | 701 | 76.4 | 811 | 41,0 | 452 | 51,0 | 525 | 5644

Taebaek 216 | 13194 | 625|838 | 926 | 99.0 |1054| 455 | 572 | 631 | 678 | 73,0 | 345 | 445 | 490 | 513 | 544

Jecheon 221 | 14219 | 741 (102,0| 115 | 117,7 {1215 | 50,1 | 63,6 | 68,5 | 752 | 82,0 | 39.0 | 465 | 52,0 | 545 | 54.7

Boeun 226 | 13089 | 645 | 7971906 | 978 | 1122 | 455 | 556 | 609 | 659 | 722 | 358 | 422 | 46,5 | 50.0 | 525

Cheonan 232 | 12462 | 711 | 87.0 | 943 | 99.0 | 109,1| 485 | 56,5 | 61,5 | 657 | 720 | 36.7 | 435 | 47.0 | 48.0 | 49.6

Boryeong 235 | 12449 | 664 | 815 | 90.4 | 98,0 |106.0| 46,0 | 54.0 | 62,0 | 65,5 | 69,5 | 36.0 | 41.7 | 47.0 | 47.6 | 50.5

Buyeo 236 | 13659 | 71.3 | 86.7 | 99.0 | 1075|1176 | 50.9 | 60.0 | 680 | 720 | 77.5 | 40,0 | 472 | 532 | 853 | 57.2
Geumsan 238 | 12876 | 658 | 81.8 | 91.3 | 946 | 99.4 | 46,0 | 55,0 | 625 | 639 | 66,5 | 341 | 40.0 | 45,3 | 48,0 | 50.8
Buan 243 | 12264 | 651 | 814 | 852 90,9 | 99,0 | 46,0 | 56,5 | 62,0 | 644 | 67.6 | 335 | 426 | 456 | 495 | 51.5
Imsil 244 | 13529 | 647 | 815|904 | 984 |1075| 46,0 | 575 | 62,0 | 645 | 70,7 | 35.0 | 428 | 477 | 52,0 | 56.0

Jeongeup 245 | 13283 | 625 | 7185 | 86.6 | 97.8 |102.6| 447 | 559 | 615 | 635 | 665 | 35.3 | 41.0 | 475 | 50.5 | 52.7

Namwon 247 | 13464 | 69.7 | 821 | 90,0 (1048|1183 | 46,7 | 58,0 | 64,0 | 69,6 | 71.8 | 36,1 | 435 | 48.0 | 511 | 55,0

Jangheung 260 | 1484.0 | 78,5 (1054|1149 |126.8 (136.5| 54.8 | 69.2 | 75.0 | 79.0 | 85,7 | 42.0 | 50.2 | 57.8 | 61.4 | 65.3

Haenam 261 | 13086 | 71.5 | 91.4 | 98,4 |1055| 1138 | 485 | 50,5 | 64.5 | 68.8 | 728 | 37.1 | 46,0 | 50.0 | 52.0 | 54.2

Goheung 262 | 14395 | 785 |100.2| 112,7 | 1182|1235 | 53,9 | 675 | 76,4 | 825 | 833 | 419 | 52,0 | 60.5 | 64.9 | 668

Yeongju 272 | 13238 | 74,5 | 96.0 | 1087|1158 | 1195| 50.1 | 67.0 | 738 | 78,7 | 80.5 | 40,5 | 48,5 | 53,0 | 57.0 | 59.0

Mungyeong | 273 | 12916 | 71.0 | 87.6 | 97.8 | 1061|1127 | 51.2 | 64,2 | 689 | 745 | 76,9 | 39.9 | 50,0 | 539 | 56,5 | 58.1

Yeongdeok | 277 | 10759 | 62,8 | 837 | 90.7 | 91.8 | 96,3 | 445 | 54,0 | 58,0 | 61.5 | 65,9 | 35,0 | 453 | 48.4 | 51,0 | 52,0

Uiseong 278 | 10151 | 61,0 | 756 | 843 | 893 | 946 | 423 | 522 | 589 | 615 | 646 | 33.0 | 40.0 | 44.0 | 48.0 | 485

Gumi 279 | 1086.8 | 584 | 775 | 857 | 877 | 944|443 | 515 | 552 | 584 | 630 | 355 | 415 | 454 | 469 | 49.0

Yeongcheon | 281 | 1069.5 | 60.0 | 77.2 | 888 | 97.6 |104.5| 435 | 625 | 56,3 | 685 | 62,0 | 343 | 427 | 449 | 470 | 475

Geochang 284 | 13111 | 735|958 |110.0|113.0 | 1221 | 525 | 645 | 708 | 740 | 795 | 405 | 485 | 52.0 | 545 | 57.5

Hapcheon 285 | 12895 | 74.0 | 959 |105.7|120.1 |133.6| 535 | 615 | 70.5 | 77.6 | 83.1 | 40.4 | 509 | 54.2 | 57.0 | 59.0

Miryang 288 | 12193 | 668|820 | 97.0 |101.8|109.0| 50.0 | 61.0 | 66.1 | 69.5 | 720 | 380 | 462 | 51.5 | 63,9 | 559

Sancheong 280 | 15549 | 876 |115,0|1325|153.7| 1613 | 56,0 | 73,7 | 823 | 89,1 | 93,8 | 455 | 559 | 588 | 61.9 | 651

Geoje 204 | 1830.1 | 935 |117,5| 1281|1369 |149.7| 65,9 | 88.0 | 952 [100.2|106.0| 50.1 | 66.0 | 75.6 | 81.7 | 87.4

Namhae 205 | 18785 | 96,0 |126.2|140.3|148.6|158.8| 70.0 | 91.5 |103.5(107.5| 1109 | 54.0 | 70.5 | 80.5 | 88.6 | 921

Percentile value derived from daily rainfall data
®Percentile value derived from hourly rainfall data with an interevent time definition
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90th, and 95th percentile event rainfall defined by the
interevent time definition (IETD) of 24 hr
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Fig. 3 Regression equation between the 95th percentile daily rainfall and 95th percentile event rainfall with the interevent time definition

(IETD) of 6, 12, 18, and 24 hr
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Fig. 4 Regression equation between the 90th percentile daily rainfall and 90th percentile event rainfall with the interevent time definition

(IETD) of 6, 12, 18, and 24 hr
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Fig. 5 Regression equation between the 85th percentile daily rainfall and 85th percentile event rainfall with the interevent time definition

(IETD) of 6, 12, 18, and 24 hr

Blm3el3l =i A50d A6E, 2017 © 79



LRSS HAANC| IS IF BSAM EX BY
A = 243 REFERENCE

2174 9o RS B8 Ao 2 Aol A 5]
WA AL o] 510l IETDM 792k AP 4= 918 Aol e,

270] H2)2 9le)

70].0 0 2 X]Z:,]' \;14 a}@g%ﬂ% _9_
A A0 AN AR 0] i g
& ATl 9o w9 Fagh e dojrk 2 Aol A= A

=

S aA wEE AR S este] IETD “@Pﬂ
W AT B 637) AN BEE 2%
o jul

<

2k 9l A 7198k AR S o] 85to] B A, A|7-eF
AaE o 1%6}04 IETDef| ujet A et 85, 90, 95w Allebed 73
Sako] Ao AR E 7|uEo 2 FHo] ARKE 7S] 1)

a2 &42& Vel 2790 2 AVee 29 Fate) 3}
o] IETD7} 37k3k4% A= 70 2 hehgieh
730 2= M2 Q3 A| Q] T W e A
Z9S TIO B AL AR e AR
2 ARk B o] AT A 0.2 7] o] o
S5 2 2179] Asjol ot o] QS o
AL IETDS Tefet AAZS- St Aol
2 ARl v4 ok 3l, IETDE= 7-5-0-22= Tha) A4 9] 4]
FAIZE AT, M AL AT SO] Ao U e B
do] 317 whzell IETDS aLejste] AP Alrkstal
275 o] Basick
A9 B AT, 718 4 9-RES RIS 994
7S 2 P 71 A AR S8 TRk R sl
SN Ao Ao-rEa S7HR

Ao A=
Bigi = :@}6‘}71 %6}04 IETDE 24A] 7ho 2 5o A

o oY ruz

3 lo
A u B TS A =5

Pct _121
2

_{

ML

e >!'EJ

N rE

AC

>,

w

o
>
R}
S o
SN

ilﬁ}Ei AT A% ARttt
o EAH Ag LAste] Aok
4875 714, ¥l Ao 24,
o 7% ol S b B 5

ek

N ~IO
ﬁ“

M rh
(0]
‘Q,
M3
A Q
o >,
o
o >
U ot
we 2
I
ifin} J:Fl
of

[o
i
ol
\
2
b=
T
il
i)
fo
N

¢

B ATEe g7ie] Aglo e Fuslelee) 8
AAR R 147 0] X9 ol AT Q5T
(2016000200001).

80 * Journal of the Korean Society of Agricultural Engineers, 59(6), 2017, 11

10.

11.

. Adams, B. J. and F. Papa, 2000. Urban Stormwater Management

Planning with Analytical Probabilistic Models, Wiley, New
York, USA.

. Choi, B., D. Jo, J. Lee, and S. Kim, 2015. Design of water

quality capture volume for infiltration trench. Journal of Korean
Society Hazard Mitigation 15(4): 317-323 (in Korean).

. Choi, D,, J. K. Kim, J. K. Lee, and S. Kim, 2011. Optimal volume

estimation for non-point source control retention considering
spatio-temporal variation of land surface. Journal of Korean
Society on Water Quality 27(1): 9-18 (in Korean).

. Choi, J. S., M. S. Kang, E. J. Yoon, J. M. Lee, and S. H. Im,

2017. A Study on Introduction Plan of Low Impact Development
Techniques in Multifunctional Administrative City(MAC)(I).
Land and Housing Institute, Daejeon, Korea (in Korean).

. Kim, E., B. Park, Y. Kim, D. Rhew, and K. Jung, 2015. A study

on development of management targets and evaluation of target
achievement for non-point source pollution management in
Saemanguem watershed. Journal of Korean Society Environmental
Engineers 37(8): 480-491 (in Korean).

. Kwon, H., K., Jung, S. Kim, S. Shin, J. Ahn, and G. Kim, 2016.

Analysis of nonpoint source reduction at Andong area considering
changes in CN. Journal of Wetlands Research 18(4): 342-349
(in Korean).

. Ministry of Environment (MOE), 2016. The Manual for Installation,

Management, and Operation of Nonpoint Source Control Facility,
Ministry of Environment, Korea (in Korean).

. National Institute of Environmental Research (NIER), 2014. A

Research on Control Targets and Strategies for Impervious
Surface Management, NIER-SP2014-321, Korea (in Korean)

. Relevant Government Ministries (RGM), 2012. The Second

Comprehensive Countermeasures of Management for Nonpoint
Pollutants. Relevant Government Ministries, Korea (in Korean).
Shrestha S., X. Fang, and W. C. Zech, 2014. What should be
the 95th percentile rainfall event depths? Journal of Irrigation
and Drainage Engineering 140(1): 06013002.

United State Environment Protection Agency (USEPA), 2009.
Technical Guidance on Implementing the Stromwater Runoff
Requirements for Federal Projects under Section 438 of th
Energy Independence and Security Act. EPA 841-B-09-001,
Washington, DC, USA.

. United States Environmental Protection Agency (USEPA),

2014. Municipal Separate Storm Sewer System Permits: Post-
construction Performance Standards and Water Quality-based
Requirements. A Compendium of Permitting Approaches. EPA
833-R-14-003, Washington, DC, USA.



