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A Study of the Urbanization Effect on the Precipitation Pattern
in Urban Areas
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Oh, Tae Suk / Ahn, Jae Hyun / Moon, Young-Il / Kim, Jong Suk

Abstract

Since the 1970s, rapid industrialization has brought urbanization nationwide. In this paper, thirty one
years data(1973-2003) are used to evaluate variability of major cities. Before assessing the context
between urbanization and variability of rainfall, the rural areas are selected to compare with urban
ones. Thus, average, trends, variations, and nonparametric frequency analysis methods were employed
for evaluating variation of annual precipitation, seasonal precipitation, 1 hour annual maximum design
rainfall and 24 hour annual maximum design rainfall for both urban and rural areas. The result have
shown that summer precipitation relatively increased in urban areas compared to that in rural areas.

keywords : urbanization, precipitation, trend, variation, nonparametric frequency analysis
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Table 1. Comparison of average precipitation according to the selected period in urban area

Average and variability of rainfall at the selected period
Station Year . .
Amount of Spring Summer Fall Winter Amnual | lhour max | 24hour max
fluctuation
73-87 22991 709.53 214.56 65.59 1223.11 38.95 159.31
Seoul 83-03 216.54 936.87 253.89 71.79 1474.93 49.24 189.87
(mm) -13.38 227.34 39.33 6.20 251.82 10.28 30.56
(%) -6.00 27.49 16.75 9.01 18.61 23.24 17.46
73-87 399.64 642.84 324.80 87.46 1461.43 4791 170.29
Busan 88-03 372.01 837.84 239.06 124.11 1569.85 4151 175.29
{mm) -27.63 195.00 -85.74 36.65 108.42 -6.41 499
(%) -7.17 26.23 -30.56 34.46 715 -14.36 2.89
73-87 199.58 551.79 215.09 52.75 1023.67 31.10 126.10
Dacgu 88-03 208.30 594.46 214.35 75.61 1091.56 29.36 121.06
(mm) 8.72 42.68 -0.74 22.85 67.88 -1.74 -5.04
(%) 4.27 7.44 -0.34 35.40 6.41 -5.75 -4.08
73-87 209.37 590.15 198.37 59.39 1059.41 38.35 146.29
Incheon 33-03 194.21 744.99 238.33 67.66 1241.79 42.17 165.48
(mm) -15.16 154.85 39.96 3.28 182.38 3.82 19.18
(%) -7.52 23.11 18.25 13.00 1581 9.46 12.28
73-87 280.71 713.15 261.21 106.73 1365.81 34.93 147.98
Gwangiu 88-03 231.61 793.17 230.83 121.96 1375.47 41.09 157.22
(mm) -49.09 80.02 -30.38 15.22 9.66 6.15 9.24
(96) -19.22 10.61 -12.37 13.28 0.70 16.15 6.05
73-87 250.71 735.89 240.17 89.24 1322.11 39.03 139.27
Dacieon 88-03 233.99 791.78 245.25 101.27 1370.65 45.06 173.14
(mm) -16.72 55.88 5.08 12.03 4854 6.03 33.86
(%) -6.91 7.31 2.09 12.60 3.60 1431 21.60
73-87 281.40 554.01 308.12 31.57 1229.86 33.39 151.05
Ulsan 33-03 280.91 699.03 234.83 11875 1332.18 32.06 14853
(mm) -0.49 145.01 -73.30 37.18 102.32 -1.34 -2.52
(%) -0.18 23.06 -27.12 36.90 7.98 -4.09 -1.68
73-87 264.48 642.48 251.76 7753 1240.77 37.67 148.61
Mean 33-03 248.23 771.16 236.65 97.31 1350.92 40.07 161.51
(mm) -16.25 128.68 -15.11 19.77 110.15 2.40 12.90
(%) -6.34 18.21 -6.19 22.62 850 6.18 8.32
384 #1095 20054 10H 887



Table 2. Comparison of average precipitation according to the selected period in rural area

Average and variability of rainfall at the selected period
Year
Station . .
Amount of| Spring Summer Fall Winter Annual | lhour max | 24hour max
fluctuation
73-87 232.12 728.79 214.05 60.45 1238.89 41.28 159.53
Yangpyeong 83-03 199.97 859.44 247.36 74.39 1376.40 41.00 182.98
(mm) -32.15 130.66 33.30 13.94 137.51 -0.28 23.45
(%) -14.92 16.41 14.40 20.61 10.50 -0.68 13.67
73-87 404.50 647.27 261.09 82.45 1401.65 35.90 166.50
Tongyoung 33-03 348.17 775.69 233.36 115.56 1469.28 41.16 160.65
(mm) -56.33 128.43 -27.72 33.12 67.62 5.26 -5.85
(%) -15.00 18.00 -11.23 33.27 471 13.63 -3.58
73-87 193.94 520.99 202.58 52.49 97457 30.22 118.01
Uiseong 83-03 199.63 579.57 181.09 65.51 1024.71 30.14 101.34
(mm) 5.69 53.58 -21.49 13.01 50.15 -0.08 -16.67
(%) 2.89 10.63 -11.22 21.98 5.01 -0.25 -15.24
73-87 253.71 715.73 218.73 63.23 1260.74 35.75 146.38
Icheon 83-03 214.75 322.96 279.06 79.08 1393.40 42.89 187.23
(mm) -38.96 107.24 60.33 10.85 132.66 7.14 40.85
. (%) -16.68 13.91 24.14 14.69 9.98 18.11 24.39
73-87 247.66 672.06 263.17 121.05 1309.38 41.47 124.94
Jeongeup 83-03 229.95 683.66 253.36 12453 1289.48 36.94 127.06
(mm) ~17.71 11.60 -9.80 3.48 -19.90 -4.53 212
(%) ~-7.42 171 -3.80 2.83 ~-1.53 -11.57 1.68
73-87 237.71 696.93 240.39 36.36 1266.09 39.40 143.12
Kumsan 88-03 221.43 714.59 227.36 104.32 1266.83 34.55 135.37
(mm) -16.29 17.65 -13.03 17.96 0.74 -4.85 -7.75
(%) -7.10 2.50 -5.58 18.78 0.06 -13.14 -5.57
73-87 205.99 418.28 299.41 113.59 1041.49 22.07 109.40
Uliin 33-03 202.22 510.87 342.49 145.82 1201.92 26.53 141.24
(mm) -3.77 92.59 43.09 32.23 160.43 4.46 31.84
(%) -1.85 19.87 13.40 2475 14.27 18.29 25.31
73-87 253.66 628.58 242.77 33.52 1213.26 35.16 138.27
88-03 230.87 706.68 252.01 101.32 1288.86 35.17 147.98
Average (mm) -22.79 78.11 9.24 17.80 75.60 1.02 9.71
(%) -941 11.70 3.73 19.26 6.04 2.85 6.79
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Table 3. Result of trend analysis
. . Regression Coefficient
Rainfall Data Station
g ay
. Seoul 1056.669 18.526
Annual Rainfall Incheon 933.910 13.727
1 hr annual Seoul 28.469 31.435
maximum rainfall Incheon 0.987 0.555
24 hr annual Seoul 119.282 3.487
maximum rainfall Daejeon 112.685 2.7154
gidol glome were wely) ojwck she WPEe A W ES REsA I Hleh AR
oAF A 5o A, dAT 34 AHE A HEs|dog s 4 ok B dydie xddg 3
slatn 2% Aol drkn BT A% G8 FEPe st 2A80) e ge 7t
W AR B ARE FA OB FrTwel 4 B BA Sad AT T o ass W sae
N ARE AT 1071 A AN AgAe] e Aoz e 22 FAAE Esla o] X HEe &8 7
AN, AEYS Yeldie 718717F B4 2|99 s 243 gste] vlasted ool ok
HEA AEnt 22 4+ k. webd A4l 3 AR N e A, BAR A Bgel
o gekE 2ol i HEAd B8 skl Aol AAHE= vl BXgo] AAE uf H23
Table 59 ¥&4 24 AFoME, He¢Y B SO 2 ojulgt FEHREFo] HelEtof we} FES
SR A AR ofF Fedel o 2A R S Aol E UEhvdth B4, Hoe) BEe AYnE
Ao2 FAAC o] SHIEFFE(000)0 o2/ AA] Ao X<
Azhd SERIFS AT 24 BUsy FFE Y
33 H[OAHAE BIE AMS olgE Z4at Xf BEETE WA AH dRshd ARy
= HA £ H-&3ly BEAFFE Gt e, ols A&
o AR e FEREFL 48T 9ol 94 9y
2 2159 HEsdS B g5 e A o] WA Flgalr] wjEolh Al A H FEAMFY
Table 4. Tendency analysis result of rainfall the summer
Station Seoul Busan Daegu Incheon Ulsan
Regression ) 545.803 479.369 470.674 472.476 467.028
Coefficient ay 17.566 16.507 6.446 12.350 10.114
Station Yangpyeong Tongyoung Uiseong Icheon Uljin
Regression ay 646.361 504.612 467.474 643.730 362.768
Coefficient o 9.366 13.059 5.234 7.959 6.456
Table 5. Result of change analysis for summer seasonal rainfall
Station Seoul Busan Daegue Incheon Ulsan
Average Before change 653.877 669.637 537.779 536.369 534.857
rainfall
(mm) after change 951.800 996.673 697.357 766.628 706.271
Variation(mm) 297.923 327.036 159.578 230.259 171.414
Changing point 13 24 24 13 14
Station Yangpyeong Tongyoung Uiseong Icheon Uljin
Average Before change 694.562 644,533 525.279 664.993 406.836
rainfall
(mm) after change 869.644 950.186 640.171 858.435 514.806
Variation(mm) 175.082 305.653 114.892 193.442 107.920
Changing point 13 24 24 14 14
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Table 6. Estimation of 2 year design rainfall by using summer seasonal rainfall

P38 ZH10%K

Area

Fig. 8. Variation of 2 year design rainfall according to the changing point(%)

20054 10H

Station Seoul Busan Daegue Incheon Ulsan
Design Before change 656.05 651.31 545.64 555.13 545.69
Rainfall after change 920.48 975.65 696.04 719.84 631.27
(mm) Total period 768.70 721.41 580.21 628.71 599.12
Station Yangpyeong Tongyoung Uiseong Icheon Uljin
Design Before change 672.10 631.29 533.89 664.79 400.75
Rainfall after change 806.96 887.78 643.74 786.59 473.30
(mm) Total period 750.89 691.06 542.99 744,60 430.78
Return Period : 2 year
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