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Orographic Precipitation Analysis with Regional Frequency Analysis
and Multiple Linear Regression
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Abstract

In this study, single and multiple linear regression model were used to derive the relationship
between precipitation and altitude, latitude and longitude in Jejudo. The single linear regression
analysis was focused on whether orographic effect was existed in Jejudo by annual average
precipitation, and the multiple linear regression analysis on whether orographic effect was applied to
each duration and return period of quantile from regional frequancy analysis by index flood method.
As results of the regression analysis, it shows the relationship between altitude and precipitation
strongly form a linear relationship as the length of duration and return period increase. The multiple
linear regression precipitation estimates(which used altitude, latitude, and longitude information) were
found to be more resonable than estimates obtained using altitude only or altitude-latitude and
altitude—longitude. Especially, as results of spatial distribution analysis by kriging method using GIS,
it also provides realistic estimates for precipitation that the precipitation was occurred the southeast
region as real climate of Jejudo. However, the accuracy of regression model was decrease which
derived a short duration of precipitation or estimated high region precipitation even had long duration.
Consequently the other factor caused orographic effect would be needed to estimate precipitation to
improve accuracy.

keywords : orographic effect, annual average precipitation, quantile, index flood method, multiple linear
regression
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Fig. 1. Elevation and Slope in Jeju Island
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Table 1. Overview of Weather Stations

Station Notation Longitude Latitude Elm Data Period Type
Eorimok EM 126°29 7 33°23 7 1010.0 1999-2007 AWS
Seongpanak SP 126°37 7 330227 777.0 1999-2007 AWS
Odeung OD 126°32 7 33°25 7 574.0 2002-2007 AWS
Yusuam YS 126°23 33°24 7 429.0 1998-2007 AWS
Hawon HW 126°27 7 33°17° 417.0 2002-2007 AWS
Seonheul SH 126°42 7 33°27° 345.0 1997-2007 AWS
Seogwang SW 126°18 7 33°16 146.0 1997-2007 AWS
Gasi GA 126°46 7 33217 120.0 2000-2007 AWS
Jungmun JM 126°24 7 33°14° 76.0 2002-2007 AWS
Namwon NW 126°43 7 33°16 ° 73.0 1995-2007 AWS
Gosan GS 126°10 ’ 33°17 71.2 1988-2007 Meteorological office
Seogwipo SG 126°34 7 33°15 7 50.5 1977-2007 Meteorological office
Hallim HL 126°16 33°24 7 48.0 1995-2007 AWS
Gujwa GJ 126°51 7 33°31° 40.0 1996-2007 AWS
Jeju JJ 126°32 7 33°31 7 20.0 1981-2007 Meteorological office
Moselpo MS 126°15 7 33°12° 20.0 2000-2007 AWS
Seongsanpo SS 126°18 ° 33°16 7 18.6 1981-2007 Meteorological office
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Table 2. The Results of Each Test, Considering Jeju Island as One Region

) Discordancy Heterogeneity Goodness-of—fit (Z-statistic)
Duration  p 3 T h >3 | & H, H | GLO | GEV | GN | PTI | GPA
1hr 17 - -0.66 -1.72 -2.25 -0.04 -1.31 -1.45 -1.86 -4.07
2hr 16 1 -1.06 -1.63 -2.13 0.53 -0.79 -0.93 -1.35 -3.66
3hr 17 - -0.45 -1.19 -1.84 0.90 -0.38 -0.58 -1.06 -3.22
4hr 17 - -0.61 -1.56 -2.22 1.02 -0.25 -0.46 -0.97 -3.07
6hr 17 - -0.72 -1.66 -2.45 1.25 -0.12 -0.27 -0.71 -3.08
9hr 16 1 -0.60 -1.89 -3.06 1.36 -0.02 -0.16 -0.59 -3.01
12hr 17 - -1.20 -2.06 -3.22 1.40 -0.01 -0.13 -0.54 -3.05
15hr 17 - -1.08 -1.98 -3.44 1.41 -0.05 -0.13 -0.50 -3.16
19hr 17 - -0.98 -1.72 -3.18 1.37 -0.11 -0.16 -0.51 -3.24
24hr 17 - -0.87 -1.82 -3.16 1.45 -0.08 -0.10 -0.41 -3.28
Table 3. The Regional Quantile by GEV Distribution
Regional quantile
Station Elm 6hr 24hr
1.01yr 10yr 100y 1000yr 1.01yr 10yr 100yr 1000yr
EM 1010.0 54.29 318.87 482.28 641.86 79.07 534.13 775.81 986.39
SP 777.0 65.59 385.22 582.64 775.42 94.83 640.64 930.52 1183.09
OD 574.0 54.38 319.39 483.07 642.92 81.62 551.36 800.83 1018.20
YS 429.0 35.25 207.04 313.14 416.76 52.56 355.04 515.68 655.65
HW 417.0 51.80 304.25 460.17 612.44 66.59 449.84 653.39 830.73
SH 345.0 39.22 230.37 348.43 463.72 55.54 375.19 544.95 692.87
SW 146.0 24.97 146.64 221.79 295.17 34.68 234.25 340.24 432.60
GA 120.0 41.31 242.61 366.94 488.35 52.59 355.23 515.97 656.02
M 76.0 31.18 183.13 276.98 368.63 38.37 259.18 376.45 478.63
NW 73.0 36.01 211.52 319.92 425.77 45.04 304.24 441.90 561.84
GS 71.2 23.55 138.29 209.16 278.37 32.41 218.92 317.98 404.29
SG 50.5 31.14 182.90 276.63 368.17 45.01 304.09 441.68 561.57
HL 48.0 27.31 160.42 242.62 322.91 32.85 221.94 322.37 409.87
GJ 40.0 31.81 186.82 285.56 376.05 40.97 276.80 402.04 511.17
JJ 20.0 30.89 181.41 274.37 365.16 44.88 303.15 440.32 559.83
MS 20.0 24.08 141.40 213.86 284.62 30.86 208.49 302.82 385.01
SS 18.6 35.42 208.01 314.61 418.71 45.41 306.73 445.52 566.45
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Fig. 3. Isohyetal Map of Annual Average
Precipitation
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Table 4. Discription of Each Model

Type Response variable Predictor variable
Model 1 Elevation
Annual average precipitation (a) Elevation, Longitude
Model 2 (AAP) (b) Elevation, Latitude
(c) Elevation, Longitude, Latitude
Model 3 . Elevation
Quantile - - -
Model 4 Elevation, Longitude, Latitude
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Table 5. The Summary of Results from Multiple Linear Regression

- Return _ Regression Coefficients

Model Precipitation Period Duration Ran‘
Data (years) (hours) Const. EL TM-X TM-Y !

1 AAP - - 1464.761 2.264 - - 0.687
2(a) AAP - - -914.497 2.251 15.299 - 0.829
2(b) AAP - - 1502.245 2.248 - 2.243 0.665
2(c) AAP - - -1620.629 2.342 18.360 -13.769 0.845
3 Quantile 1.01 1 17.857 0.007 - - 0.298
3 Quantile 1.01 6 28.951 0.034 - - 0.697
3 Quantile 1.01 12 32.120 0.048 - - 0.764
3 Quantile 1.01 24 37.468 0.056 - - 0.775
3 Quantile 10 1 67.592 0.028 - - 0.298
3 Quantile 10 6 170.036 0.203 - - 0.697
3 Quantile 10 12 216.687 0.326 - - 0.764
3 Quantile 10 24 253.112 0.377 - - 0.775
3 Quantile 100 1 98.351 0.040 - - 0.298
3 Quantile 100 6 257.175 0.306 - - 0.697
3 Quantile 100 12 326.667 0.492 - - 0.764
3 Quantile 100 24 367.638 0.547 - - 0.775
3 Quantile 1000 1 128.421 0.052 - - 0.298
3 Quantile 1000 6 342.271 0.408 - - 0.697
3 Quantile 1000 12 431.187 0.650 - - 0.764
3 Quantile 1000 24 467.427 0.696 - - 0.775
4 Quantile 1.01 1 -5.064 0.008 0.139 -0.082 0.751
4 Quantile 1.01 6 -10.578 0.035 0.240 -0.137 0.808
4 Quantile 1.01 12 -8.062 0.049 0.251 -0.071 0.831
4 Quantile 1.01 24 -7.957 0.056 0.285 -0.068 0.843
4 Quantile 10 1 -19.171 0.029 0.525 -0.311 0.751
4 Quantile 10 6 -62.130 0.207 1.407 -0.802 0.808
4 Quantile 10 12 -54.392 0.328 1.692 -0.480 0.831
4 Quantile 10 24 -53.756 0.378 1.924 -0.461 0.843
4 Quantile 100 1 -27.899 0.043 0.736 -0.452 0.751
4 Quantile 100 6 -93.969 0.313 2.128 -1.213 0.808
4 Quantile 100 12 -81.998 0.495 2.550 -0.724 0.831
4 Quantile 100 24 -78.081 0.550 2.794 -0.670 0.843
4 Quantile 1000 1 -36.427 0.056 0.997 -0.590 0.751
4 Quantile 1000 6 -125.062 0.416 2.832 -1.615 0.808
4 Quantile 1000 12 -108.234 0.653 3.366 -0.955 0.831
4 Quantile 1000 24 -99.275 0.699 3.553 -0.852 0.843
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