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Use of Downscaled Seasonal 
Forecast Information for Water 

Resource Management  



Overview 

Water storage level forecasting  1. 

Water quality forecasting  2. 

Dam inflow forecasting  3. 

Forest fire forecasting  4. 



Forecasting Water Storage Level of 
Agricultural Reservoirs  



Agricultural reservoirs in Korea  

Agricultural  
Facilities 

Managed by  
KRCC 

Managed by  
City 

Total 

Count Area(ha) Count Area(ha) Count Area(ha) 

Reservoirs 3,363 
340,984 
(65.4%) 

14,206 
112,327 
(39.3%) 

17,569 
453,311 
(56.2%) 

Pumping Stations 4,077 
166,142 
(31.9%) 

3,390 
34,611 
(12.1%) 

7,467 
200,753 
(24.9%) 

Weirs 5,887 
13,669 
(2.6%) 

38,401 
138,742 
(48.6%) 

44,288 
152,411 
(18.9%) 

Total 13,327 520,795 55,997 285,680 69,324 806,475 

(Source; KRCC, 2011) 

Å 62% of total water resources are used for agricultural water  (2007) 

Å 80% of agricultural water are used for paddy irrigation during Apr -Sep. 

Å 80% of irrigation water for paddy areas are supplied from agricultural facilities  

Å 56% of total irrigated areas are supplied by agricultural reservoirs  
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Integrated Downscaling System for Seasonal Prediction  
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Observed 
weather 

Long-term climatology  
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Monthly 
Water  

Storage 
Estimation  4 

Downscaling  

Reservoir Modeling  



Time-series of seasonal forecast  

Å December precipitation forecast, 1 -month lead time  

Variations of MME  
precipitation decreased  
(MME underestimated in wet  
years and overestimated in  
dry years) 

Observed  Forecasted (MME)  



Seasonal Forecast Application for Kicheon  Reservoir  

Å Kicheon reservoir 

ïWatershed area: 755 ha 

ï Irrigation area: 270.7 ha 

 

Å HOMWRS modeling  

ï Period: 1996 ~ 1997 

ï 6 months forecast at every 
March 

Irrigation area  

Watershed 

Land use 

Kicheon  Reservoir  

 

HOMWRS: Hydrological Operation  Model  for Water Resources System 



Seasonal Forecast Application for Kicheon  Reservoir  

Å 1996 shows good agreement in storage level  

Å Underestimation of precipitation on May, 1997 resulted in 
overestimated water supply and underestimated storage level  

Precipitation Inflow 

Outflow Storage 

July May  

Supply water demand  



Monthly storage level forecast at Jun. 20  
(462 Reservoirs, forecast issued at Jan. 15)  

Å6-month lead forecasting  

 

30 year (1984~2013) average of accumulated 
precipitation amount for JAN to JUN  

ÅWet years: 1998, 2003 
Å Normal years: 2006, 2010 
Å Dry years: 1995, 2005  
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Storage level(%) using  
observed weather  

Observed Forecasted 
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Observed Forecasted 
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Observed Forecasted 
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Result of monthly storage level forecast at Jun. 20  
(462 Reservoirs, forecast issued at Jan. 15)  
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Storage level using observed weather  

1995 

2000 

2006 

2010 

1998 

2003 

Dry years are underestimated  Wet years are overestimated  



Drought alerting for June 20, Reservoir Level  

ÅForecasted on January 15, 1995 

Observed  Forecasted  



Drought alerting  level for Jun. 20 based on daily modeling 
(branch Level, forecast issued on Jan. 15)  
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Seasonal Forecasting of 
Water Quality  

International Association of Hydrological Sciences Red Book series  



Procedure for seasonal water quality forecasting  



Elev. 

Water  

Urban  

Paddy 

Upland  

Orchard  

Forest  

Pasture  

Wetland  

Barren  

Study Area  
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Watershed modeling  

ÅInitialization of streamflow and water 
quality was not considered  

SWAT  

(Soil and Water  

Assessment Tool)  



SWAT Verification Results  

Performance meas

ures 
Calibration  Validation  

% Error  -1.6 -1.1 

Monthly NSE  0.95 0.92 

Streamflow  

Total Nitrogen (TN) Loads  

Total Phosphorus (TP) Loads  

CAL  

VAL  

VAL  
CAL  



Monthly prediction of TN and TP Loads  

 1 



Monthly Temporal Correlation Coefficient  

Month  

Total Nitrogen (TN)  Total Phosphorus (TP)  

SWAT-Forecast vs. O

bserved-WQ 

SWAT-Forecast vs

. SWAT-Observed 

SWAT-Forecast vs

. Observed-WQ 

SWAT-Forecast vs. SW

AT-Observed 

JAN -0.47 -0.27 -0.38 -0.08 

FEB 0.01 0.00 -0.34 0.26 

MAR  0.72 0.67 0.45 0.68 

APR 0.40 0.80 -0.20 0.71 

MAY  -0.34 0.58 -0.26 0.74 

JUN -0.05 0.00 -0.15 -0.10 

JUL -0.04 0.30 -0.46 0.27 

AUG -0.25 0.14 -0.30 0.14 

SEP 0.31 0.29 0.31 0.07 

OCT -0.30 0.25 -0.14 -0.09 

NOV 0.37 0.22 0.24 0.13 

DEC -0.62 0.37 -0.39 -0.02 



Dam Inflow Forecasting  



Methodology for dam inflow forecast based 
on teleconnection  



Selected climate indices for precipitation 
prediction  



SWAT calibration and validation results  



Comparison of forecasting skill  



Forest Fire Forecasting  
(Toward a Fire and Haze Early Warning System for 

Southeast Asia) 



Why do we need to downscale for forest fire management? 

Å In Indonesia, there is a high risk of sever biomass burning when se
asonal precipitation falls below region -specific threshold values (Fie
ld et al., 2008).  

 

 

 

4-month total precipitation  
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Source: Field, R.D., and S.S.P. Shen. 2008. Predictability of carbon emissions from biomass burning in Indonesia from 1997 to 2006,  Journal of Geophysical Research, 113. 



Why do we need to downscale for forest fire 

management? (contôd) 

Model  Institution  Raw Resolution  
Ensemble siz

e 

MSC_CANCM3 
Meteorological Service of Canada  

(Canada) 

T63L31 (AGCM) 

1.41Áȫ0.94Á L40 (OGCM) 
10 

MSC_CANCM4 
Meteorological Service of Canada  

(Canada) 

T63L35 (AGCM) 

1.41Áȫ0.94Á L40 (OGCM) 
10 

NASA 

National Aeronautics and Space Admi

nistration  

(USA) 

2Álatȫ2.5Álon, L34 

(AGCM) 

1/3 by 5/8, 27L (OGCM)  

10 

NCEP  

Climate Prediction Center / NCEP/NW

S/NOAA  

(USA) 

T62L64 17 

PNU 
Pusan National University  

(R. of Korea) 

T42L18 (AGCM) 

0.7/1.4/2.8Álatȫ2.815Álon, L29 (OGCM) 
4 

POAMA  

Centre for Australian Weather and Cli

mate Research/ Bureau of Meteorolog

y  

(Australia) 

T47L17 (AGCM) 

0.5~1.5Álatȫ2Álon, L25 (OGCM) 
30 

¸ Global climate models (GCMs) cannot simulate climate at the 
regional scale 

Table: Description of dynamical seasonal prediction models used in the study.  
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Evaluation of original GCMs without bias correction 

- Time-serie and Scatter plot 
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Temporal trend  

Systematic Bias  

Observation (APHRODITE), Forecast models (1-month lead time)  
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Evaluation of original GCMs without bias correction 

- Time-serie and Scatter plot (contôd) 
E
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Systematic Bias  



Spatial distribution of temporal correlation coefficient (TCC) 

Temporal correlation coefficient between forecast models and 
Observation(GPCP ), period: 1983~2005 ASO, forecasted on July  

GPCP: Global Precipitation Climatology Project -NASA  
(Webpage: http://precip.gsfc.nasa.gov /) 



Performance measures (TCC and NOF) for ASO total 

precipitation (forecasted on July without BC) 
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Two different downscaling approaches 

Source: Cooney, 2012, Downscaling Climate Models: Sharpening the Focus on Local -Level Changes, Environ Health 
Perspect 120:a22-a28 

Research procedures for 1 st year of APN project  



Dynamical Downscaling Experiment 

Å Dynamical downscaling using the 
Weather Research and Forecasting 
(WRF) model  

Source: WMO 

  Domain 1  Domain 2  

Horizontal grid  138 Ǝ 112 283 Ǝ 145 

Horizontal resol

ution  
45 km  15 km 

Vertical layers  28 

Physical options  

Kain-Frisch(new Eta) cumulus scheme 

YSU scheme 

CAM scheme 

WSM 6-class graupel  scheme 

Noah land -surface model  

Initial data  CCSM3/APCC 

Time Period  2006/5/27 ~ 2010/8/31 (JJA)  



Evaluation Dynamical Downscaling 

Precipitation  Temperature 

Expensive but fail to simulate the precipitation center: excluded from the study  



Development of EWS Prototype 

- Overall structure- 

GCM 1 - SME 
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GCM 2 - SME 
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Climate Index 3  
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Development of EWS Prototype 

- Translating precipitation to fire danger rating 


