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Abstract

As the infrastructures and populations are the condensed in the mega city, urban flood management becomes very important due to the
severe loss of lives and properties. For the more accurate calculation of runoft from the urban catchment, hourly or even minute rainfall data
have been utilized. However, the time steps of the measured or forecasted data under climate change scenarios are longer than hourly, which
causes the difficulty on the application. In this study, daily rainfall data was disaggregated into hourly using the stochastic method. Based on
the historical hourly precipitation data, Gram Schmidt orthonormalization process and K-Nearest Neighbor Resampling (KNNR) method
were applied to disaggregate daily precipitation into hourly. This method was originally developed to disaggregate yearly runoff data into
monthly. Precipitation data has smaller probability density than runoff data, therefore, rainfall patterns considering the previous and next days
were proposed as 7 different types. Disaggregated rainfall was resampled from the only same rainfall patterns to improve applicability. The
proposed method was applied rainfall data observed at Seoul weather station where has 52 years hourly rainfall data and the disaggregated
hourly data were compared to the measured data. The proposed method might be applied to disaggregate the climate change scenarios.

Keywords: Gram-Schmidt orthonormalization process; K-Nearest Neighbor Resampling (KNNR) method; Rainfall pattern; Urban
runoff; Stochastic disaggregation of rainfall data
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Develop X matrix (d X n)
d =dimensional hourly precipitation vector (24)
n=number of observed daily precipitation

‘ Develop Z vector (1 X d) |

[ Generate R matrix (d x d) : Tarboton ctal. (1998) |
1

\ Caleulate ¥ by ¥ = RX |

Categorize observed daily precipitation
into 7 groups according to the proposed ¢
rainfall patterns ‘

Determine z*

Select K(=Vn) nearest neighbors from a
corresponding group

Assign a weight W on the selected neighbors
1
wk) = k=12..K
k 1
i=17

]

[ sampling ¥* among selected K ncighbors |

‘ Retransform x* = RTY* ‘

Fig. 3. Flowchart of proposed method
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Fig. 4. Comparison of measured and disaggregated hourly rainfall
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Table 1. KS Test results of disaggregated hourly rainfall without using the rainfall patterns (significance level: 5%)

Hydrological Variables P value Result

Hourly Rainfall Depth (over 1 mm) 0.1191 Accept
Event Duration (threshold 1 mm) 0.1696 Accept
Inter Event Time (threshold 1 mm) 0.0000 Reject
Total Rainfall of Event (threshold 1 mm) 0.0276 Reject

Table 2. KS Test results of disaggregated hourly rainfall using the proposed KNNR method with the rainfall patterns (significance level: 5%)

Hydrological Variables P value Result
Hourly Rainfall Depth (over 1 mm) 0.1663 Accept
Event Duration (threshold 1 mm) 0.9999 Accept
Inter Event Time (threshold 1 mm) 0.0672 Accept
Total Rainfall of Event (threshold 1 mm) 0.7887 Accept
£ £
§ ° | — Original § ° | — Original
E o —— Simulated E o —— Simulated
O e Ty T L — T A L R
0 20 40 60 80 100 0 1000 2000 3000 4000
Hourly Rainfall Depth{mm) Inter Event Time(hr)

08
|
08
|

Cumulative Probability
04

Cumulative Probability
04

_ —— Original _ — Qriginal
= T Tt Slmulated = T TR Slmulated
= T T T T = 1 ! 1 1 T T T

1] 20 40 60 0 100 300 500
Ewent Duration{hr) Total Rainfall of Event{mm)

Fig. 5. Comparison of probability density functions of hydrological variables
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Table 3. KS Test results of yearly maximum rainfall intensity for = 81 e
different durations (significance level: 5%) E ° e
E © =
Duration of Yearly Maximum Z o]
. . P value Result 2 o
Rainfall Intensity £ o3
1 hour 0.4173 Accept N
o~
2 hours 0.7337 Accept = ‘ ‘ ‘ :
6 hours 0.9698 Accept 1 2 6 12 24
12 hours 0.9698 Accept Duration(hr)
24 hours 09979 Accept Fig. 7. I-D-F Analysis of original data
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for 1 hour duration for 2 hour duration Seoul St. g -
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