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Abstract

Both exponents of distance and elevation into distance—and-elevation ratio method for estimating missing
rainfall data are expressed as squares together but in this study the two exponents are differently separated
and analyzed. We used 326 hourly rainfall events of precipitation data during 10 years of 2004 to 2013 observed
at a base station of Pyeongchang and the five neighboring index stations-Bangrim, Suju, Cheongoksan, Jinbu,
Yeongwoll-in Han River basin for a case study. As a result, exponent values of distance and elevation
appropriate for a topography of the site appear as 3.7 and 0.57 respectively. The exponents of distance and
elevation difference need to be applied according to topographical characteristics of site where estimating
missing data or interpolation are required.

Keywords : precipitation data complement, modified inverse distance method, distance-and-elevation ratio
method, exponents of distance and elevation, topography
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Table 1. 326 Hourly Rainfall Events of Precipitation Data at 8 Stations during Years of 2004 to 2013

Precipitation Station PZE22§7 ijljfz; Bii?rg; Suju C2E22§7 Ei%rg Jinbu Y;OS%7
Average mm 9.3 8.0 7.8 8.7 89 8.6 6.2 7.0
Standard Deviation | mm 8.6 7.0 75 8.3 7.8 8.2 5.6 76
Maximum mm 6 52 79 953 53 51 39 68
Minimum mm 1 1 1 1 1 1 1 1
Table 2. Precipitation Stations for Application in this Study
T Stton e T e e R
Elevation above Sea Level| E.S.L.m 295 500 680 270 660 360 574 360
Elevation Difference, AE m datum 205 385 -25 365 65 279 65
degree 128 128 128 128 128 128 128 128
East Longitude minute 23 27 17 17 29 25 34 24
second 21 27 54 21 14 28 41 41
degree 37 37 37 37 37 37 37 37
North Latitude minute 22 29 26 17 21 16 39 11
second 30 25 37 7 51 47 32 29
Displacement in Longitude| km Origin | 6.094 | -8.101 | -8919 | 8.745 3.146 | 16.846 | 1.982
Displacement in Latitude km Origin | 12.870 | 7.660 | -10.017 | -1.209 | -10.637 | 31.695 | —20.499
Distance, D km datum | 14.240 | 11.149 | 13412 | 8828 | 11.093 | 35.893 | 20.595
Group I (6 Stations) 1 2 3 4 5 6 - -
Group I (6 Stations) 1 - 2 3 4 - 5 6
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© Pyeongchang Station
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Fig. 1. Precipitation Stations for Application in
this Study
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Table 3. Comparison of Root Mean Squared Errors (RMSE) Calculated by Modified Distance—-and-Elevation
Ratio (MDER) Method and those by the other Methods—Arithmetic Average (AA) Method and Inverse Distance
(ID) Method Based on Precipitation Data of Two Groups

Two Exponents RMSE (mm) in Group I RMSE (mm) in Group II
a b AA 1D MDER AA 1D MDER
0.5 0.5 5.431 5.442 5.488 6.166 5.905 5.930
0.5 1 5.431 5.456 5.501 6.166 5.732 5.755
0.5 1.5 5.431 5.473 5514 6.166 5.630 5.613
0.5 2 5.431 5.493 5.530 6.166 5.581 5.503
1 05 5.431 5.442 5.798 6.166 5.905 6.153
1 1 5.431 5.456 5.797 6.166 5.732 6.062
1 15 5.431 5.473 5.798 6.166 5.630 5.977
1 2 5.431 5.493 5.798 6.166 5.581 5.893
15 0.5 5.431 5.442 6.081 6.166 5.905 6.319
15 1 5.431 5.456 6.073 6.166 5.732 6.294
1.5 15 5.431 5.473 6.065 6.166 5.630 6.271
15 2 5.431 5.493 6.058 6.166 5.581 6.245
2 0.5 5.431 5.442 6.252 6.166 5.905 6.400
2 1 5.431 5.456 6.242 6.166 5.732 6.400
2 15 5.431 5473 6.231 6.166 5.630 6.401
2 2 5.431 5.493 6.221 6.166 5.581 6.400
-0.5 0.5 5.431 5.442 5.654 6.166 5.905 6.075
-0.5 1 5.431 5.456 5.647 6.166 5.732 5.939
-0.5 15 5.431 5.473 5.644 6.166 5.630 5.871
-0.5 2 5.431 5.493 5.647 6.166 5.581 5.840
-1 0.5 5.431 5.442 5.859 6.166 5.905 6.200
-1 1 5.431 5.456 5.831 6.166 5.732 6.081
-1 1.5 5.431 5.473 5.809 6.166 5.630 6.015
-1 2 5.431 5.493 5.793 6.166 5.581 5.974
-15 0.5 5.431 5.442 5.989 6.166 5.905 6.253
-15 1 5.431 5.456 5.948 6.166 5.732 6.143
-15 15 5.431 5.473 5.913 6.166 5.630 6.074
-15 2 5.431 5.493 5.886 6.166 5.581 6.027
-2 0.5 5.431 5.442 6.072 6.166 5.905 6.274
-2 1 5.431 5.456 6.023 6.166 5.732 6.171
-2 15 5.431 5473 5.980 6.166 5.630 6.102
-2 2 5.431 5.493 5.945 6.166 5.581 6.050
SBA8%: ZB5E 20154 5] 361
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Table 4. Searching Values of Exponents of a and b into Modified Distance-and-Elevation Ratio Method

based on Data in Group Il

Search No. a b RMSE in mm
1 0.5 2 5.50332
2 05 25 5.42401
3 05 3 5.37409
4 0.5 4 5.35330
5 0.5 5 5.41627
6 0.5 4.5 5.37621
7 0.5 4.2 5.44680
8 0.5 4.1 5.35632
9 0.5 35 5.35145
10 0.5 3.7 5.34943
11 05 3.8 5.34983
13 0.5 3.6 5.34983
14 0.4 3.7 5.38035
15 0.6 3.7 5.34481
16 0.7 3.7 5.37083
17 0.65 3.7 5.35388
18 0.55 3.7 5.34347
19 0.53 3.7 5.34501
20 0.57 3.7 5.34310
21 0.56 3.7 5.34314
22 0.58 3.7 5.34337
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Fig. 2. Comparisons of Observed Data to Calculated Data by Methods—AA, ID (b=2), MDER (a=0.57,
b=3.7) at Pyeongchang Station

Table 5)°]
B} 1548 o)A+

O
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ﬁéi'”?é, A2

T % gk

Obs

A, qﬂﬂJ——J—H]g
1, 24.8%671 A% 4283 4124, 4017 mm
A A g O]%}X]% B3]
53T % (AA in Table 5)
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(b) During Years of 2009 to 2013

Table 5. 14 Rainfall Events Having Rainfall Amount at Pyeongchang Much Larger than Rainfall Amount

at Neighboring Index Station

YearMonthDayHour No Obs Obs/AA AA 1D MDER
2004062023 1 40 2.50 16 14 22
2006071603 2 18 2.57 7 5 4
2009071206 3 33 2.06 16 18 18
2009071207 4 35 1.94 18 21 20
2009071419 5 75 2.59 29 38 44
2009071423 6 39 1.77 22 23 20
2009081212 7 14 1.56 9 8 7
2009081213 8 18 2.25 8 10 9
2009081214 9 15 2.50 6 8 8
2009081215 10 12 2.40 5 5 5
2012070606 11 37 2.64 14 18 19
2013071510 12 45 4.09 11 18 15
2013072208 13 31 2.58 12 13 12
2013072209 14 45 2.37 19 26 32

RMSE in mm No.14 21.801 18.610 17.469
RMSE in mm (N) All 6.165 5.581 5.343
RMSE in mm (M) Except No.14 4.288 4.124 4.017
Reduction (N-M)/N x100 % 30.4 26.1 24.8
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