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Climate Forecasts in US
v Categorical (below normal, normal, above normal)
v with probabilities

v Examples

VALID Apr 2002
0.5 MO LL MONTHLY
PCPN OTLK
LEGEND
A-EXCESS LIKELIHOOD (>33.3 %) OF ABOVE
B-EXCESS LIKELIHOOD (>33.3 %) OF BELOW
N-EXCESS LIKELIHOOD (>33.3 %) OF NORMAL
CL-USE CLIMATOLOGY-INSUFFICIENT SKILL A,B,N EQUALLY (33.3%) LIKELY

NOAA 1-month probabilistic precipitation outlook for April 2002

25%
50%

25%
r33.3 r66.7

*
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v Also categorical (below, near, above normal)
v with verbal expression (“Temperature this month

would be  near normal”)
v Examples

Climate Forecasts in Korea

MIMI 
(Monthly Industrial Meteorology 
Information) 

GDAPS
(Global Data Assimilation and Prediction 
System) 
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v Meteorology
ü To assess and improve the forecasting accuracy

v Hydrology
ü To come up with our own methodologies that can handle 

characteristics of the Korean climate forecasts
ü To assess the value of the climate forecasts for water 

resources management

What We Need Are …
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Diagnosis of

Climate Forecasts Accuracy
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Study 1: Accuracy of Climate Forecast

v Citation
ü Lee et al. (2006). “Use of Climate Information for Improving Extended 

Streamflow Prediction in Korea.” Journal of KWRA, 39(9)

v Objectives
ü Investigate climate forecast information available for the Korean Peninsula
ü Measure the accuracy of climate forecasts

Diagnosis of the Accuracy
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MIMI (Monthly Industrial Meteorology Information)

Diagnosis of the Accuracy

v Provider: Korea Meteorological Agency (KMA)

v Variable: temperature and precipitation

v Lead time: monthly and 10-day

v Format: categorical forecast with verbal expression

v Spatial resolution: 6 major cities in Korea

ü Below-normal: below 0.7 times 30-year average
ü Near-normal:  0.7~1.2 times 30-year average
ü Above-normal: above 1.2 times 30-year average
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Accuracy: MIMI
v Test period: Jan, 1991 ~ Dec, 2002
v Measures: hit number and hit ratio by season

ü Monthly and 10-day precipitation forecasts:
inferior to the naïve forecast

ü Monthly and 10-day temperature forecasts: 
superior to the naïve forecast

Lead-time Spring Summer Autumn Winter Average

Precipitation
1-month 0.273 0.306 0.250 0.287 0.279

10-day 0.319 0.347 0.292 0.236 0.299

Temperature
1-month 0.389 0.419 0.338 0.328 0.369

10-day 0.378 0.379 0.455 0.500 0.428

Diagnosis of the Accuracy
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Conclusion

Diagnosis of the Accuracy

MIMI is the climate forecast information that can be 
currently utilized for the hydrological forecasting in 
Korea

ü Temperature forecast is superior to the naïve forecast

ü Precipitation forecast is inferior to the naïve forecast, 
BUT superior to the naïve forecast in the flood season 
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Development of 

Hydrological Forecasting Methodologies

Using Climate Forecasts
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ESP: Basic Concept

Rainfall-Runoff 
Model

Historical 
Rainfall 

Scenarios

…

Initial State

(Soil Moisture)

Forecasted
Streamflow
Scenarios

…
Statistical 
Analysis

v Deterministic + Probabilistic approach
v Conditional Monte Carlo simulation approach

Development of Hydrological Forecasting

v ESP: Ensemble Streamflow Prediction
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The first ESP Application in Korea
Sim

ilarity !

Rainfall-Runoff 
Model

120% Avg. Rain

Avg. Rain

80% Avg. Rain

High Flow

Med. Flow

Low Flow

Meteorological

Ensemble

… … Streamflow

Ensemble

Rainfall-Runoff 
Model

v Korea Water Supply Outlook (KWSO)
ü Using only three rainfall scenarios
ü Patterns of the three rainfall scenarios are same  

v Ensemble Streamflow Prediction
ü The KWSO and ESP are similar in their modeling structure
ü ESP employs more scenarios and patterns than the KWSO

Development of Hydrological Forecasting
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Study 2: EPS using MIMI

v Citation
ü Lee et al. (2006). “Use of Climate Information for Improving Extended 

Streamflow Prediction in Korea.” Journal of KWRA, 39(9)

v Objective
ü Propose a methodology that can incorporate Korean climate forecast 

information into ESP

Development of Hydrological Forecasting
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ESP using MIMI

1966~2002
Historical
Rainfall &

Temperature
Scenarios

Rainfall-Runoff

Model

(SSARR)

.

.

.

.

.

.

Streamflow
Scenarios

For this month

Initial State MIMI

ü All
ü Union
ü Intersection

ü Basic Application

Development of Hydrological Forecasting
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Selection of Scenarios

ü All:                     All the historical scenarios 

ü Union: 

Rainfall
scenarios
matching

MIMI

Temperature
scenarios 
matching
MIIMI

ü Intersection: 

Development of Hydrological Forecasting
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Conclusion

When these methods were applied to Chungju Dam, 

ü The accuracies with all three methods are better than the 
naïve forecast,

ü The Intersection and Union scenarios are superior to the 
All scenarios for the flood season, 

ü The Intersection and Union scenarios are superior to the 
All scenarios if the forecast accuracy is improved

Diagnosis of the Accuracy
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Study 3: Scenario Weighting with Pdf-ratio

v Citation
ü Stedinger and Kim (2010). “Probabilities for ensemble forecasts 

reflecting climate information.” Journal of Hydrology, 391(1-2)

v Objective
ü Update probabilities associated with meteorological and hydrologic 

series using forecast information

Development of Hydrological Forecasting
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Scenario Weighting Methods

Development of Hydrological Forecasting
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Scenario Weighting Methods

v xb and xa: the below-normal and above-normal 
terciles, respectively,

v pb, pn, and pa: the probabilities of the below-normal, 
normal, and above-normal ranges, respectively

qi = 1/N

xb xa

qi = ?

xb xa

0.333 0.333 0.333 pb pn pa

Development of Hydrological Forecasting



International Conference on Climate, 
Water and Policy 2012

Croley-Wilks Method: Theory
v Proposed independently by Croley (1996, 1997, 

2000, 2001) and Wilks (2001)

v The two approaches are identical for the univariate 
problem

Let Sb, Sn, Sa = set of indices for which xi < xb, xb <xi <xa, xa<xi
Nb, Nn, Na = number of elements in Sb, Sn, Sa 

where N = Nb+ Nn+ Na
Then for points xi in Sb, Sn, Sa, the probability for xi is changed to

qi = pb/Nb,  pn/Nn,  pa/Na

Development of Hydrological Forecasting
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Croley-Wilks Method: Limitation

v The block adjustment: 
ü The same constant adjustment to all the points   xi < xb

ü A completely different adjustment to all points for which xb
< xi < xa, and xb < xi

v No physical importance associated with the values of 
xb and xa

v A discontinuity in the probabilities assigned to points 
on either side of xb and of xa

Development of Hydrological Forecasting
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The expectation of G(X):

The new interest:

where f1(X) is the pdf for X corresponding to f(x|H)
The needed revisions of the original probabilities {1/N}:

The revised probabilities for each xi corresponding to vi:

§ Computational Concern: normalization

dXXfXGXGE )()()}({ 0ò=

1{ ( )} ( ) ( )E G X G X f X dX= ò

dXXfXfXfXGdXXfXGXGE )()}(/)(){()()()}({ 0011 ò=ò=

1 0(1/ ){ ( ) / ( )}iq N f X f X=
Pdf-Ratio
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v Case: {µ0 = 3, s0 = 1} → {µ1 = 3, s1 = 0.5}

0.0
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§ very simple and flexible

§ makes use of the entire D[g(v)|H] distribution

§ generally provides an adequate description of the target 
conditional distribution if the initial sample is large 
enough

§ can be used with different families of distributions
describing the initial and target distributions for climate 
variables

§ can deal with the multivariate forecast case without any 
difficulty

Advantages of the Pdf-Ratio Method
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Study 4: ESP using Pre- & Post-processor
v Citation

ü Kang et al. (2010). “Comparison of pre- and post-processors for 
ensemble streamflow prediction.” Atmospheric Science Letters, 
11(2).

v Objectives
ü Test the applicability of the KMA forecasts to reduce the ESP 

uncertainty
ü Compare various pre- & post- processors for the Korean ESP

Development of Hydrological Forecasting
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ESP with Various Pre- & Post- Processors

CPC: Categorical to Probabilistic forecasts Conversion

DPC: Deterministic to Probabilistic forecasts Conversion

DPC

CPC

Schaake 

Shuffle

Quantile 

Mapping

ESP
Pdf-Ratio

Probabilistic

weather

forecast
q1

q2

qn-1

qn

…

1/N
1/N

1/N
1/N

…

…
…

y*1
y*2

y*n-1
y*n

y1
y2

yn-1
yn

Step 1 Step 2

Pre-processors

Event Bias 

Correction

Quantile 

Mapping

Post-processors

Optimal 

Linear 

Correction

Meteorological 

input ensembles
Streamflow

ensembles

Deterministic

forecast

Categorical

forecast

y : An original meteorological ensemble member

y*: A revised meteorological ensemble member
1/N : Original probability of each ensemble member
q    : Revised probability of each ensemble member

Employing the 
probabilistic 

forecast to adjust 
the meteorological 

ensembles

Diminishing  
hydrological 

bias

Transforming the 
non-probabilistic 
climate forecast 

into a probabilistic 
forecast

Development of Hydrological Forecasting
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n The Chungju Dam (C-Dam) and the Soyanggang Dam (S-Dam) basin in Korea, which have 
no other dams in their upper stream region, were applied

n S-Dam, having the largest storage capability in Korea, is currently supplying 1.2 billion 
m3/year of water to Seoul

n C-Dam has the second largest storage capability

250 km 500 km0

SOYANGGANG DAM

CHUNGJU DAM

CHINA

JAPAN

KOREA

20 km 40 km0

CHUNGJU DAM BASIN

20 km 40 km0

SOYANGGANG DAM BASIN

• Features of S-Dam

Basin area: 2,703 km2

Average rainfall: 1,100 mm

Average runoff: 55.5 m3/sec

• Features of C-Dam

Basin area: 6,648 km2

Average rainfall: 1,197 mm

Average runoff: 154 m3/sec

Study Basin: C- & S-Dam
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Results: RPS

season
Basin Soyanggang Dam Chungju Dam

Pre Post No post EBC QM OLC No post EBC QM OLC

Wet 
season

No pre 0.431 0.435 0.424 0.426 0.504 0.495 0.414 0.484

QM 0.446 0.464 0.433 0.441 0.432 0.398 0.439 0.408

SS 0.437 0.458 0.421 0.429 0.437 0.393 0.392 0.395

PR 0.491 0.485 0.470 0.449 0.474 0.451 0.437 0.446

Dry
Season

No pre 0.847 0.414 0.507 0.525 0.729 0.476 0.455 0.575

QM 0.813 0.418 0.501 0.550 0.649 0.502 0.512 0.56

SS 0.828 0.456 0.540 0.589 0.713 0.515 0.509 0.611

PR 0.822 0.413 0.526 0.511 0.713 0.458 0.457 0.546

v The post processor is more effective in the dry season than in 
the wet season because TANK is more biased in dry season 

v When the hydrologic bias is diminished effectively, 
uncertainty of the probabilistic climate forecast mainly 
contributes to ESP uncertainty

Development of Hydrological Forecasting
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Conclusion

vQM generally performs well except the wet season of S-
Dam 

vWithout post-processors, pre-processors alone can not 
show significant improvement 

vA good pre-processor should be used together with a 
good post-processor that could effectively remove or at 
least reduces the hydrological model uncertainty
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Study 5: Drought Outlook with ESP

v Citation
ü Kim et al. (2012). “A drought outlook in Korea.” Hydrological 

Science Journal (in press)
v Objective

ü Propose a drought outlook methodology appropriate to the 
Korean drought index (Modified SWSI)

Development of Hydrological Forecasting
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Drought Index: M-SWSI

Climate
information

( preci., 
temp. )

abcd
model

Streamflow

Dam inflow

Drought index:
Modified Surface Water
Supply Index(MSWSI)

Climate
information

(PNrs)

(PNpcp)

(PNsf)

Groundwater

(PNgw)

50
12

gw pcp sf rsa PN b PN c PN d PN´ + ´ + ´ + ´ -

v Modified-SWSI (Surface Water Supply Index)

Development of Hydrological Forecasting
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Monthly Drought Index Outlook

historical
precipitation &

temperature
ensemble

streamflow & 
groundwater

level
ensemble

abcd model

drought 
index

ensemble

MSWSI equation

50
12

pcp gw sf rsa PN b PN c PN d PN´ + ´ + ´ + ´ -Development of Hydrological Forecasting
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Results: Monthly MSWSI Outlook

Observation

January 2001 July 2001 November 2001

Drought outlook

Development of Hydrological Forecasting
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Conclusion

Development of Hydrological Forecasting

vThe monthly drought outlook with ESP is superior to the 
naïve forecast during the dry season 

vTherefore, the ensemble approach is appropriate for the 
monthly drought outlook  in the Korean Peninsula

vHowever, MIMI does not improve the proposed drought 
outlook with ESP because the current MIMI does not 
have skill
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Study 6: Qualitative Meteorological 
Information for Drought Outlook

Development of Hydrological Forecasting

v Citation
ü Ahn et al. (2012). “Manipulating large scale qualitative meteorological 

information for drought outlook.” Monthly Weather Review (on-line 
published).

v Objectives
ü Investigate domestic meteorological information applicable to drought 

outlook
ü Propose a technique to utilize the given meteorological information for 

drought outlook in practice
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Transforming to Quantitative Forecasts

Development of Hydrological Forecasting

v Determination of “alpha”
ü For each basin, change the value of “alpha” from 33% to 

100%  and 
ü Find the optimal value of “alpha” that maximizes a given 

accuracy measure (ex. RPSS)  of the transformed 
probabilistic forecasts

*

< Qualitative > < Quantitative >
Below 
normal

Near 
normal

Above 
normal

r33.3 r66,7 r33.3 r66,7
Precipitation Precipitation

α

(100-α)/2 (100-α)/2
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Conclusion

Development of Hydrological Forecasting

v Propose a methodology that can convert the verbal 
expression of the current climate forecast to the 
quantitative probabilistic  forecast

v Determine “alpha” for each basin with which the 
probabilistic forecasts can be made
ü Sub-basin 2001: alpha = 38.3%

ü Sub-basin 2016: alpha = 43.3 %
r33.3 r66,7

38.4

30.8

r33.3 r66,7

30.8

28.3 28.3

43.3
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The Value of Using Forecasts 

for Water Resources Management



International Conference on Climate, 
Water and Policy 2012

Study 7: Reservoir Operation with ESP
v Citation

ü Eum et al. (2010). “The value of updating ensemble streamflow
prediction in reservoir operations.” Hydrological Processes, 24(20).

v Objectives
ü Propose a methodology that can update the monthly ESP scenario and 

also the SSDP-derived operating rule
ü Examine the value of updating the ESP scenarios in reservoir 

operation

Forecasts for the Water Resources Management
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Outline of the Study

Forecasts for the Water Resources Management

v The monthly operating rules were developed using SSDP 
(Sampling Stochastic Dynamic Programming) optimization 
algorithm
ü To minimize primarily the water shortage in the Geum

River Basin

v The monthly inflow forecasts were made with ESP and 
updated twice a month

v The value of the monthly inflow forecasts and also of 
updating those forecasts were assessed
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Conclusion

Forecasts for the Water Resources Management

v Updating the ESP scenario improves the forecast accuracy by up to 
26 %

v Updating the operating policies every month is valuable: it reduces 
the water shortage by 0.6 × 106 m3/year compared to the policy 
without updating. It is more valuable when the initial storage 
combinations are low

v Updating within a month is also valuable: on average each update of 
ESP has the value equivalent to a decrease of 0.2× 106 m3/year in the 
water shortage 

v The water shortage in the well-forecasted years is reduced by 20% as 
compared to that in the poorly-forecasted year
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Closing
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Summary

v The current KMA climate forecasts should be improved 
in the future but some products are already skillful for the 
hydrological forecasting and also for the water resources 
management

v The direct use of the current KMA climate forecasts seem 
impossible for the hydrologic forecasting but it must be 
possible to utilize them for the operation hydrological 
forecasting with some modification ideas

v Therefore, development of our (Korean) own 
methodologies in hydrology is important
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PAST ESP PROJECTS WITH SNU
v SSDP with ESP by K-water  (2004.07. ~ 2006.03.)

v Monthly Water Supply Outlook (2007.09. ~ 2008.07.)

ü Kim, Y.-O., Eum, H.-I., Lee, E. G., and Ko, I. H., (2007) Optimizing operational policies of a 
Korean multi-reservoir system using sampling stochastic dynamic programming with 
ensemble streamflow prediction. Journal of Water Resources Planning and 
Management, vol. 131, no. 1, pp. 4-14, published
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INTERNATIONAL ESP ACTIVITIES

https://hepex.irstea.fr/
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A NEW PROJECT BY K-WATER: 
BAYESIAN ESP
v Objectives

ü Develop a hydrologic forecasting model based on Bayes’ theorem
ü Utilize climate forecast information for updating prior distribution
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v Likelihood function: the probability of the ESP given the observed streamflow
estimated from historical performance of the ESP based on hindcasts.

Prior distribution:
estimated from historical streamflow series

Likelihood 
function

( | ) ( )( | )
( )

f y q f qf q y
f q

=

Posterior 
distribution

Prior 
distribution

observed streamflow

ES
P 
m
ea
n

Rainfall-
runoff 
mode

Rainfall-
runoff 
mode

Initial conditions

observed forcing 
traces

ESP streamflow 
traces

: :

1 
2 
3 

n 
:

y qa b e= + +

current forecast variance

variance of the residuals

2 2 2 2
2

2 2 2

2
2

2 2 2

( )
( )

y o
p

y o

o
p p

o y

y

e

e

e

s s b s
s

s s s

m b am s
s s s b

+ ×
=

+ +

ì üæ ö-ï ï= + ×í ýç ÷+ï ïè øî þ

ESP

Bias 
Correction

A NEW PROJECT BY K-WATER: 
BAYESIAN ESP
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1 1{ } /{ (1 ) ( )}o a b a bq q p ps - -= - F - -F
1( )o b o bq pm s -= - F

papnpb

prior distribution probabilistic precipitation forecast from KMA

updated 
prior distribution H

below
normal

F

: CDF of the Standard Normal Distribution

0.333 
percentile

0.667 
percentile

above
normal

normal

A NEW PROJECT BY K-WATER: 
BAYESIAN ESP
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v Results

ESP Bayesian ESP Bayesian ESP w/
climate forecast

특성 ESP
Bayesian ESP
(without probabilistic 
precipitation forecast)

Bayesian ESP
(WITH probabilistic 
precipitation forecast)

N-RMSE1) 1.06 1.07 0.98

POD2) 37.6 % 37.4 % 41.2 %
POD

(below normal only) 18.2 % 15.4 % 23.2 %

1) N-RMSE: Normalized - Root Mean Squared Error
2) POD: Probability of Detection (categorical forecast accuracy in terms of terciles-below normal, normal, above normal)

Good

Good

Good

v Utilizing probabilistic climate forecast can lead to additional 
improvement in forecast accuracy 

A NEW PROJECT BY K-WATER: 
BAYESIAN ESP
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FUTURE ESP IN KOREA: 
FROM ESP TO EDP (ENSEMBLE DROUGHT PREDICTION)
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FUTURE ESP IN KOREA: 
FROM ESP TO EDP (ENSEMBLE DROUGHT PREDICTION)
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FUTURE ESP IN KOREA: 
FROM ESP TO EDP (ENSEMBLE DROUGHT PREDICTION)
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SI R=5

min=0

Max=1

0

FUTURE ESP IN KOREA: 
FROM HYDROLOGY TO PLANNING
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ü Case 1

ü Case 2 7%
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7 30
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11 13

13 7

Inflow Probability(%)

4 5

5 10

6 15

7 40

8 15

9 10

10 5

v Inflow Scenarios

FUTURE ESP IN KOREA: 
FROM HYDROLOGY TO PLANNING
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v Damage Function

FUTURE ESP IN KOREA: 
FROM HYDROLOGY TO PLANNING
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FUTURE ESP IN KOREA: 
FROM HYDROLOGY TO PLANNING
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FUTURE ESP IN KOREA: 
FROM HYDROLOGY TO PLANNING



Thank you for your Attentions!

Questions?


