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Application of Urban Stream Discharge Simulation Using Short-term Rainfall Forecast
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Abstract

In this study, we developed real-time urban stream discharge forecasting model using short-term rainfall forecasts data simulated by a regional climate
model (RCM). The National Centers for Environmental Prediction (NCEP) Climate Forecasting System (CFS) data was used as a boundary condition for
the RCM, namely the Global/Regional Integrated Model System(GRIMs)-Regional Model Program (RMP). In addition, we make ensemble (ESB)
forecast with different lead time from 1-day to 3-day and its accuracy was validated through temporal correlation coefficient (TCC). The simulated
rainfall is compared to observed data, which are automatic weather stations (AWS) data and Tropical Rainfall Measuring Mission (TRMM) Multisatellite
Precipitation Analysis (TMPA 3B43; 3 hourly rainfall with 0.25°x0.25° resolution) data over midland of Korea in July 26-29, 2011. Moreover, we
evaluated urban rainfall-runoff relationship using Storm Water Management Model (SWMM). Several statistical measures (e.g., percent error of peak,
precent error of volume, and time of peak) are used to validate the rainfall-runoff model’s performance. The correlation coefficient (CC) and the
Nash-Sutcliffe efficiency (NSE) are evaluated. The result shows that the high correlation was lead time (LT) 33-hour, LT 27-hour, and ESB forecasts,
and the NSE shows positive values in LT 33-hour, and ESB forecasts. Through this study, it can be expected to utilizing the real-time urban flood alert

using short-term weather forecast.
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Fig. 2 Study area of the Uicheon watershed: (a) shows location of Uicheon stream, and (b) shows drainage sewer system
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Fig. 3 Thiessen polygon network and observed areal rainfall hyetograph over Uicheon basin: (a) shows AWS locations and their Thiessen
polygon network, and (b) shows observed AWS rainfall in Jul—27, 2011
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B9 A 105 TS| AWS ] 3 -9} -7 b9k
Ehu Afolch. ol o WABT AL S
el WA 7SR 5 (406) X170] 0.6022 71 =
e O H, AL (414) 0.274, S (408) 0.075, =¥
(407) 0.049 <=0 & BAE|9IT} (Table 1).

Lt TRMM X2

Tropical Rainfall Measuring Mission (TRMM) £]/3¢]] 7]
S TRMM Mutisatellite Precipitation Analysis (TMPA
3B43; 3 hourly rainfall with 0.25°x0.25° resolution)+= &
7P ae] o] 8= o2 E AbEE A5 (50S-50N) 7
oF 2}z o)t} (Huffman et al., 1997). Z3paf AbZ T4 of A
ARE-E= TRMM microwave imager (TMI)Q] 8-X] 7y
A FalE|Eo] = uls SRl A 2 Hlo|EHo] A5
2 7 o] ol A ofghe] @ AE 7A|AL Q7] SHARE
(Ryuetal.,2011), TMPA &) A& 74 5 X|AF4=%]4 (rain
eage)ol] 27212 SR o] 9l B R ThE of2] 4 A1R
of u L ) TMPAZL 2|42} 7 ATat 2hS
W Irh(Sohn et al., 2010). T}ehA], B Ao A o 2] 7}
45 A%317] 9191 TMPA 742 RS o] g3tk

Table 1 Location of weather stations and their Thiessen’s weighting

Ct. CFS Xt=

Climate Forecast System (CFS)&= %1 x| 719 sl %} 2| H,
2|7 7)) A B RG-S Jsla 0 2 1 o]t Al Agolh
o] X &2 National Centers for Environmental Prediction
(NCEP)o|A] of 2] A2zl ofsf 7HU =] lom, thef?t 7|
AFg=Eo]| tate] 0.5° (2F 56 km) SJAFES] 3AI7F T+ A

2 AAzke R oF 6714l ol 7HA] AN Alchitps:/
www.ncdc.noaa.gov/data-access/model-data/model-datasets/
climate-forecast-system-version2-cfsv2). & ¢ Lof| A= CFS
5 Aoi713ugel 27 9 AARACR Asto] ke
Fol thet B7HE AA e, X]7|9 Ky Foto] &2
of] A= TRMM 3 250} vl 45315 ol 41
AZE 717135 RS 83 A B o A E A AH]
Fzo] g AR Theo] Ptk

3. AIERY

7t GRIMs—RMP 2&

7] 714 el=-8- 915te] AR Global/Regional Integrated
Model System (GRIMs; Hong et al., 2013) 22 A+ 23
T 29 7]9- ©3do] 3k A|AH o] 50]9)= Multi-Scale X3

Station Station Longitude Latitude Altitude Thiessen'’s
ID Name (dd) (dd) (EL.m) Weighting
406 Dobong 127.0352 37.6633 56.0 0.602
407 Nowon 127.0894 37.6194 53.0 0.049
408 Dongdaemun 127.0501 37.5772 35.0 0.075
414 Seongbuk 126,9993 37.6105 127.0 0.274
Table 2 GRIMs—RMP physics package
Physical parameterization V3.1
Deep convection RAS

Shallow convection

Hong et al. (2012)

Cloud microphysics

Hong et al, (1998)

Longwave radiation

Chou et al, (1999)

Shortwave radiation Chou and Lee (2005), Chou and Suarez (1999)
Cloudiness Ham et al, (2009), Hong et al. (1998)
Vertical  diffusion Hong et al. (2006), Noh et al. (2003)

Stable  boundary layer

Hong (2010)

Orographic  gravity wave drag

Hong et al, (2008), Kim and Arakawa (1995)

Convective  gravity wave drag

Jeon et al, (2010), Chun and Baik (1998)

Land surface layer

Yhang and Hong (2008a), Ek et al, (2003)

Ocean surface layer

Kim and Hong (2010)

Ozone chemistry

Prognostic
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Table 3 Statistical comparison between observed and forecasted discharge by a set of short—term rainfall forecasting experiments during

July 27, 2011
Forecass ) 5 i N ce i
TRMM 79 -0.4 55.6 0.69 0.88 0.77
LT 33 6.5 —54.2 11.1 0.33 0.83 0.70
LT 27 -12.2 —61.2 22.2 0.02 0.71 0.51
LT 21 =171 517 55.6 —-0.02 0.58 0.34
LT 15 26.4 —28.8 55.6 —0.09 0.58 0.34
LT 09 —26.2 —68.8 55.6 —0.42 0.44 0.19
LT 03 —25.8 —56.6 55.6 —-0.20 0.48 0.23
ESB —-38.0 —58.3 55.6 0.14 0.80 0.63
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Fig. 8 Scatter plots between observed and forecasted discharge corresponding to different lead times. (a) to (h) show TRMM observation,
experimental results associated with different lead times, and ESB forecast result, respectively
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