/—J J. Korea Water Resour. Assoc. Vol. 49, No. 12 (2016), pp. 1007-1014 pISSN 1226-6280
@ doi: 10.3741/JKWRA.2016.49.12.1007 eISSN 2287-6138

Development of spatial dependence formula of FORGEX method using rainfall
data in Korea

Kim, Sunghun? - Ahn, Hyunjun® - Shin, Hongjoon® - Heo, Jun-Haeng®*

*School of Civil and Environmental Engineering, Yonsei University

Paper number: 16-040
Received: 15 April 2016; Revised: 11 November 2016 / 15 November 2016; Accepted: 15 November 2016

Abstract

The FORGEX (Focused Rainfall Growth Extension) method was developed to estimate rainfall quantiles in the United Kingdom. This
method does not need any regional grouping and can estimate rainfall quantiles with relatively long return period. The spatial
dependence formula (In N.) was derived to consider the distance from growth curve of proper population to the distributed network
maximum (netmax) data using the UK rainfall data. For this reason, there is an inaccurate problem in rainfall quantiles when this formula
is applied in Korea. In this study, the new formula was derived in order to improve such shortcomings using rainfall data of 64 sites from
the Korea Meteorological Administration (KMA). A 42-year period (1973~2014) was taken as the reference period from rainfall data,
then the formula was derived using three parameters such as rainfall duration, number of site, area of network. Then the new formula
was applied to the FORGEX method for regional rainfall frequency analysis. In addition, rainfall quantiles were compared with those
from the UK formula. As a result, the new formula shows more accurate results than the UK formula, in which the FORGEX method
by the UK formula underestimates rainfall quantiles. Finally, the new improved formula may estimate accurate rainfall quantiles for long
return period.
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I Abstracting annual maximum rainfall data I
|

I Standardising by using the median of annual maximum data I
|

I Organizing the network(1~6) focused on the subject site I
|

I Plotting y-slices of interval 1.0 on a Gumbel probability paper I
|

Plotting pooled data points over 25 within each y-slice by
using Gringoten (1963) plotting position formula

|

I Extracting netmax data from each network I
|

I Calculating In/V, in order to considering the spatial dependence I
}

I Shifting netmax data to the right as much as InV, I
|

I Deriving growth curve I
|

I Estimating rainfall quantiles for return period I

Fig. 1. Procedure of FORGEX method
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Standardising the data by using mean of annual maximum data
(RBAR)

}

Estimating the parameters by using the PWM
for standardised data

|

Extending the network focused on the subject site (2") I

}

Calculating ] each network

(B = mean of the annual maximum)

}

Bl

EStimating ]VF = (B[Jri ‘X;wolt nd)/(B(: 7)(lmund)

|

I Deriving the In/V, formula I

Fig. 2. Procedure to determine InV, formula
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Table 1. V. Values at seoul station

Number Seoul

of Sites | N (1day) | N.(2day) | N.(4day) | N, (8day)
2(21) 1.484 1.436 1414 1.376
4(22) 2.356 2.195 2.176 2.047
8(23) 3.659 3.208 3.035 2.806
16(24) 6.108 4.957 4.836 4315
32(2"’) 12.257 9.427 9.224 8.393
64(2") 23.102 19.093 17.999 15917
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Relaté:’z)Ermr 12.38 11.78 11.59 10.02
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Fig. 3. Growth curve from new regression method (seoul)
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Table 3. Average of relative difference to KOR3 (64 sites) (unit:%)

Return Period 1 hour 2 hour
(yr) UK2 | UK3 [KOR2| UK2 | UK3 |KOR2
100 3.06 | -0.50 | 953 | 1.77 | -1.45 | 8.88
200 323 | -0.75 | 1098 | 1.78 | -1.83 | 10.21
500 344 | -1.09 | 1297 | 1.78 | -2.35 | 11.96
1000 3.58 | -1.38 | 1450 | 1.77 | -2.74 | 13.30
Return Period 3 hour 6 hour
(yr) UK2 | UK3 [KOR2| UK2 | UK3 |KOR2
100 0.80 | -2.21 | 830 | -0.85 | -3.20 | 6.92
200 0.70 | -2.65 | 9.51 | -1.18 | -3.81 | 7.96
500 0.56 | -3.24 | 11.10 | -1.62 | -4.63 | 9.35
1000 0.45 | -3.69 | 12.30 | -1.96 | -5.25 | 10.41
Return Period 9 hour 12 hour
(yr) UK2 | UK3 |KOR2 | UK2 | UK3 |KOR2
100 22,05 | -4.02 | 593 | -2.86 | -4.60 | 5.16
200 249 | -4.69 | 681 | -3.41 | -537 | 5.96
500 -3.08 | -5.58 | 7.99 | -4.14 | -6.37 | 7.04
1000 353 | -6.26 | 8.89 | -4.70 | -7.12 | 7.87
Return Period 15 hour 18 hour
(yr) UK2 | UK3 |KOR2 | UK2 | UK3 | KOR2
100 352 | -5.09 | 4.62 | -4.03 | -536 | 4.11
200 420 | -5.97 | 542 | -4.80 | -6.32 | 4.85
500 -5.10 | -7.13 | 6.51 | -5.83 | -7.58 | 5.85
1000 -5.80 | -8.01 | 7.34 | -6.61 | -8.55 | 6.62
Return Period 24 hour 48 hour
(yr) UK2 | UK3 |KOR2 | UK2 | UK3 | KOR2
100 494 | -596 | 333 | -7.34 | -7.64 | 138
200 -5.80 | -6.97 | 3.90 | -8.54 | -891 | 1.62
500 -6.94 | -829 | 4.66 |-10.09|-10.56 | 1.93
1000 2779 | 929 | 524 |-11.24|-11.77| 2.16
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