
문서번호 APCC-출장-17-0294(2017-03-24)
결

재

팀장 부서장 원장
03/23 03/24 03/24

TRAVEL REPORT FORM
출장보고서

조재필 김형진 정홍상

협

조

Department
소속

Position
직위(직급)

Name
성명

Travel Date
날짜

Note
비고

응용사업본부 선임연구원 조재필 2017.03.03. ~
2017.03.09

 I. Reporter 보고자

II. Major Activities 주요업무 수행내용

 1. Main Contents and Activities 주요내용 및 활동

□ 13th International Drainage Workshop 참석
- KWPA, KRC 그룹 미팅 및 일부 발표 참석

□ KRC-KWPA JTC 미팅 참석
- 실질적인 파일럿 프로젝트에 대한 논의가 끝난 상황에서 형식적으로 진행됨.
- 교환 연구원 파견에 대한 KRC의 요청이 있었음
- 저수지 수면에 태양광 발전소 건설에 관하여 KRC 측의 요청이 있었음

□ 이란 KWPA 수탁사업 내용 구체화
○ 계약방법 변경
- 이란 기상청을 통한 기후서비스가 안되고 있는 상황에서 물관리 기관인 KWPA에서 외국기관

인 APCC와 연구 중심의 계약을 단독으로 맺는 것은 어려움 (이란 내 전문가로는 불가능한 
영역임을 설명해야 함)

- 농어촌공사와 협의되고 있는 파일럿 프로젝트의 일부로 연구를 진행할 것을 제안받음
- 농어촌공사의 파일럿 프로젝트의 경우도 아이에스테크놀로지(주)와 공동참여 방법에서 KRC

와의 단독계약에 포함시켜 진행하는 방향으로 결정됨
- 전체 사업비의 경우 30개지점에 대한 200만불 규모에서 계측지점을 100개 지점으로 늘리고 

250만불로 조정됨
- APCC의 연구비의 경우 KRC와 논의하여 결정하여야 하나 KRC의 경우 많은 사업비 조정으

로 APCC에 2~3천만원 수준의 사업비를 제안함

○ KWPA-APCC 협의 내용
- 가뭄 모니터링/예측 및 유출량 예측을 중심으로 발표
- 가뭄 모니터링/예측은 Effective Drought Index (EDI)를 기반으로 진행하기로 결정
- 유량예측의 경우 현재 이란에서 사용하고 있는 모델과의 연계만을 고려하고 SWAT+ 등의 모

델링은 향후 본 사업에 추가하여 진행
- 기 제출된 Concept Note 중에서 계절예측 상세화와의 연계성을 고려하여 Climate Zone 구

분은 포함되어야 하며
- 시공간적으로 일관성 있는 관측자료의 생산을 위해서 격자 자료 생산 관련 내용을 추가할 것

을 요청 받음 (프리즘기반의 외삽기법 기반)
- 연구비에 맞게 내용 조정을 하고 최소 비용 산정 (최소 8만불 이상이 최소경비이나, KWPA

에서 생각하는 5만~6만불 수준의 연구비 산정)



- YSSP 및 위성자료기반 관측자료 생산 (IRI) 관련 내용을 추가적으로 고려해 줄 것에 대한 요
청에 KRC 전체사업비 증액의 경우에 고려해 볼 것을 언급함

- 센터에서 제시한 MoU에 싸인을 하고 센터에서 이견이 없는 경우 메일로 MoU 원본을 
KWPA에 보내 주기로 함

○ 향후 추진 방향
- 향후 1개월 이내에 계약서 검토 후 최종 계약 예정
- KWPA에서 요청한 추가적인 내용을 고려하여 연구비 증액여부 결정
- MoU 결정

○ 사업의 의미
- KRC와 APCC의 MoU 후속 조치로서의 의미 (APCC 단독 사업 추진이 어려운 상황에서 향후 

KRC와의 협력관계를 통한 해외사업 추진)
- 파일럿 프로젝트 이후 계획되고 있는 본 사업에 공동 참여 가능성
- 해외에서의 수요자 중심의 사례 창출 (국내에서도 동일한 과정을 거쳤음)
- 태국 프로젝트의 경우 기후-응용분야 융합 측면에서 의미가 있는 반면, 이란 사업의 경우는 

관측기반의 의사결정 시스템에 센터의 예측기반 의사결정 절차를 통합하여 하나의 시스템화
하는 데 의미가 있음

 2. Relevance to APEC Climate Center’s Activities 결론 및 소감

   III. References 참고사항

(with attachment of any information or report in case of attendance of conferences, 
workshops and meetings) 학술대회, 워크숍, 회의 등 참석 시 관련 정보 및 문서 첨부

1. Presented and Collected Materials 주요 수집자료

2. Suggestions and Remarks 건의사항
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Contents 

1. Drought Monitoring and Forecast in Korea 

2. APCC’s Seasonal Forecast 

3. Hydrological Forecast 

4. Cli-WARA project in Thailand 

5. KWPA-APCC Collaborative Project 

 



Drought Monitoring and Forecast in Korea 

1. Drought monitoring 
2. Drought forecast 
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Drought monitoring by KMA using SPI 

SPI(Standardized Precipitation Index, McKee and others, 1993) 

Which one is representing current drought situation? 
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Drought monitoring in Korea using EDI 

EDI(Effective Drought Index, Byun and Wilhite, 1999) 
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Concept of EDI: Effective Precipitation  
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Concept of EDI: Flexible Time Window 
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Kim et al., 2009(Evaluation, modification, and application of the Effective 
Drought Index to 200-Year drought climatology of Seoul, Korea) Long-term drought situation 
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Consistent drought diagnosis for short-term drought  

Effective Drought Index (EDI) 
Standardized Precipitation Index(SPI)  
China Z-Index (CZI) 
Statistical Z-Score (Z-Score) 
Rainfall deciles based drought index(RD) 
Rainfall deciles based drought index (RDDI)  

Jain et al.(2015) Comparison of drought indices for appraisal of drought characteristics in the Ken River Basin, Weather and Climate Extremes  

Jain et al.(2015) Comparison of drought indices for appraisal of drought characteristics in the Ken River Basin, Weather and Climate Extremes  

Kim et al., 2009(Evaluation, modification, and application of the Effective 
Drought Index to 200-Year drought climatology of Seoul, Korea) 

 EDI: determined drought diagnosis 

 SPIs: incosistent drought diagnosis 
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Operational drought monitoring system 

http://atmos.pknu.ac.kr/~intra2 
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APEC Climate Center Drought forecast 

KMA’s drought forecast (3 months) 

Daily real time 
observed 

precipitation data 

Daily  
EDI 

Monthly  
EDI 

APCC’s 6-month 
seasonal forecast 
(daily & monthly) 

1-month 2-month 

3-month 4-month 

5-month 6-month 

Lead Time 
or or 

For KWPA project 
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APEC Climate Center Other drought indices that KWPA might be interested 

The EDI was found to be more responsive to the 
emerging drought conditions compared with the DI and 
the SPI, particularly during the 1998–2001 drought spell. 
Also, compared to other indices, the EDI was found to be 
able to describe developing drought conditions well – 
spatially and temporally. The EDI efficiency can be 
related to the concept of effective precipitation (EP) that 
the index uses. However, the requirement of a 
continuous daily precipitation record can be a serious 
limitation for the wider use of the EDI. 

EDI is preferable for monitoring long term droughts in 
arid/semi-arid regions even if the input is monthly 
rainfall data. EDI is recommended for use in comparison 
studies, since it is timestep independent index and has 
good correlations with various timesteps of other DIs. 



APCC’s Seasonal Forecast 

1. List of GCMs for real-time forecast 
2. Added value of APCC-MME 

3. Downscaling of seasonal forecast 
4. User interface 
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Climate Prediction : APCC’s Seasonal Forecast 

APCC has developed a climate prediction system 
based on a Multi-Model Ensemble (MME) 
technique, which collects seasonal forecast data 
from 17 institutes in 11 economies 
– In order to enhance the reliability of its MME 

climate services, APCC continuously performs 
forecast verification against observational data 

Multi-Model Ensemble (MME) 



14 

Predictability of APCC MME (2007) 

Climate Prediction : Predictability of APCC MME  

Rainfall hindcast ACC (08-15) 

APCC WMOLC ECMWF NCEP UKMO JMA 

AN 0.57 0.54 0.54 0.53 0.53 0.53 

NN 0.52 0.52 0.54 0.52 0.52 0.51 

BN 0.57 0.53 0.52 0.54 0.52 0.53 

Real time rainfall forecast ROC score (12-15) 
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Available individual models for real-time forecast 

3MON: 4 GCMs, 6MON: 7 GCMs (1983~ current) 
    Data can be downloaded from ADSS using sforecast package 

Model  
acronym Institution(country) Lead time Ensemble 

 size 
BCC Beijing Climate Center (China) 3 month 8 

CWB Central Weather Bureau (Taipei) 3 month 10 

HMC Hydrometeorological Centre of Russia (Russia) 3 month 20 

IRI_CA 
International Research Institute for Climate and 

Society (USA) 
3 month 24 

APCC APEC Climate Center (Korea) 6 month 10 

CMCC 
Centro Euro-Mediterraneo sui Cambiamenti Climatici 

(Italy) 
6 month 9 

MSC Meteorological Service of Canada (Canada) 6 month 20 

NASA National Aeronautics and Space Administration (USA) 6 month 9 

NCEP NCEP Climate Prediction Center (USA) 6 month 15 

PNU Pusan National University (Korea) 6 month 5 

POAMA 
Centre for Australian Weather and Climate Research 

/Bureau of Meteorology (Australia) 
6 month 10 
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Seasonal Forecast Data Services 

 APEC Climate Center Data Service System (ADSS) 

 Global scale data 
 2.5°ⅹ2.5° spatial 

resolution 
 Monthly time-scale 
 3- and 6-month lead 

time 
 MME and Individual 

models 
 Login is required 
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Mean = 6.4 
Mean = 4.9 

• Temporal: same 
• Spatial: same 
• Variable: same 

Simple Bias Correction (SBC) 
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What is the added value of APCC MME? 

TCC 

Lead Time 

1-month 2-month 3-month 4-month 5-month 6-month 

NCEP MME NCEP MME NCEP MME NCEP MME NCEP MME NCEP MME 

JAN   0.42    0.42                  

FEB 0.45  0.45  0.45  0.45  0.45  0.45  0.45  0.45  0.45  0.45      

MAR 0.48  0.48  0.48  0.48                  

APR 0.44  0.72  0.69  0.72  0.42  0.70  0.46  0.70  0.45  0.64  0.45  0.65  

MAY 0.42  0.60  0.42  0.57  0.42  0.53  0.42  0.52  0.42  0.49  0.44  0.44  

JUN   0.44    0.44    0.44    0.44    0.44    0.44  

JUL   0.62    0.40    0.40    0.40    0.40      

AUG   0.81    0.81    0.77    0.77    0.50    0.50  

SEP                         

OCT   0.43    0.43    0.43    0.43          

NOV   0.72    0.72    0.63    0.55    0.55      

DEC   0.40    0.40    0.40              

TCC: Temporal correlation coefficient 
NCEP: CSFv2 

Prediction skill for monthly precipitation on NorthEastern region in Thailand 
after bias correction using SBC 
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Water Quality  
Modeling 

Hydrology  
Modeling . . . . 
Reservoir  
Modeling 

Forecast 
data 

Reanalysis 
data 

Climate 
indices 

Integrated Downscaling System 
- 3 more approaches to the SBC 
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Models: BCC, CWB, HMC, IRI_CA, APCC, CMCC, 
MSC, NASA, NCEP, PNU, POAMA 

Variables: PREC, T2M, T850, U200, V200, U850, 
V850, Z500, SLP, SST (JAN, 1983~2005) 

Observed Forecasted 

Temperature  
(JAN, 1983~2005,Korea) 

Temporal Correlation Coefficient (TCC) 

Best Variable & Location 
SLP 

Temp = a *SLP + b 

• Temporal: same 
• Spatial: different 
• Variable: different 

Moving Window Regression (MWR): Indirect use of 
forecasts 
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http://www.apcc21.org/ser/indic.do?lang=en 

Pacific Ocean Indices 

Atlantic Ocean Indices 

Atmospheric Indices 

Temporal variation and current status of climate 
variability are effectively monitored in terms of 
indices. Monthly data of climate indices 
representing major climate variability with 
significant implication in the seasonal climate 
prediction are provided.  

Climate Monitoring: Climate Indices 

 

http://www.apcc21.org/ser/indic.do?lang=en
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Climate Index Regression (CIR) 

Observed 

Temperature  
(JAN, 1983~2005,Korea) 

Climate Index from CPC 

ESPI Lag = 0~12 month 

CIP 

QBO ENSO 

SWM 

1. Linear regression (all CIs * Lags) 

ENSO 

SWM 

ESPI 

Lag = 4 

Lag = 7 

Lag = 0 

2. Select N best CIs and Lags 
3. Decide multivariate regression model 
    Y = a *ENSO_lag7 + b*ESPI_lag0 + c 
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Forecasted  
Area Average 

Mahalanobis distance 
= f(prec, t2m) 

Jan-81 ID135 
ID136 

ID137 

Temporal Downscaling Method 
Observed  

Area Average 
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User interface for real-time forecast 



Hydrological Forecast 

1. Water quality forecast 
2. Storage level forecast 
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Climate Change Information System 
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Risk Management 
Platform 
- Runoff, Flooding 
- Water Quality 
- Groundwater 
- Ecosystem 
- Drought 

Managers  
Policy Makers  

: Expected Outcomes : Researches of Water Sector 

Land Surface 
Modeling 

Reconstruction of W
atershed-scale 

W
eather/Clim

ate  Data 

CO
RDEX 

M
odel Evaluation 

Weather 
Generators 

Spatial 
Interpolation 

Researchers 

Public 

Hydrologic & Water 
Quality Outlooks 
- Flooding map 
- Drought map 
- Water quality map (River) 
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Climate Change Research 
Toolkits 
- Open GIS plugins 

Watershed Modeling 
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Soil and Water  
Assessement  
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SWAT Verification Results 

Performance m

easures 
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 
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Monthly prediction of TN and TP Loads 
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Monthly Temporal Correlation Coefficient 

Month 
Total Nitrogen (TN) Total Phosphorus (TP) 

SWAT-Forecast vs.  
Observed-WQ 

SWAT-Forecast vs. 
SWAT-Observed 

SWAT-Forecast vs. 
Observed-WQ 

SWAT-Forecast vs.  
SWAT-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 
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HOMWRS for Long-term Water Level Prediction 
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 Kicheon reservoir 
 Watershed area: 755 ha 
 Irrigation area: 270.7 ha 

 HOMWRS modeling 
 Period: 1996 ~ 1997 
 6 months forecast at 

every March 

관개지역 

상류유역경계 

토지이용 

Kicheon 
Reservoir 

Seasonal Forecast Application for Kicheon Reservoir 
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Seasonal forecast application result for Kicheon 
reservoir 

 1996 shows good agreement in storage level 
 Underestimation of precipitation on May, 1997 resulted in 

overestimated water supply and underestimated storage level 

Precipitation Inflow 

Outflow Storage 
Supply water demand 



34 

Reservoir
s 

KRC Branchs Individual reservoirs 

Drought alerting  levels 

Drought alerting level for June 20th  
(Forecast issued on January 15th ) 

Expected outcome for decision-making 
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SWAT+ 



Introduction to Cli-WARA 

Climate information-based 
Water-Agriculture Risk 

Assessment 
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Seamless Prediction and Services Framework 

Source: http://slideplayer.com/slide/1447561/ 

Weather 

Seasonal Forecast (SF) 

Climate Change (CC) 

Subseasonal to Seasonal (S2S) 
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Objectives 

1. To analyze the impact of various scales of climate variability, e.g., 
BSISO, Indian Ocean Dipole (IOD), and El Nino Southern Oscillation (ENSO), 
and climate change on droughts in Thailand   

2. To apply downscaled climate information to agriculture and water 
resources for understanding the impacts of climactic variability on 
Thailand's agricultural-water system  

3. To test improvement of the predictability of drought, water resources, 
and agricultural production by employing probabilistic climate information in 
regional applications based on the combined inputs of drought 
prediction, S2S, and seasonal forecasts  

4. To develop a drought risk assessment (1st year) and management 
(2nd year) framework to support decision-making for water management 
and agricultural production improvement  

5. To disseminate the representative multi-disciplinary case study that can be 
applied or extended to other regions, including other parts of Thailand  
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Study Area and grid-observations 

Lam Takong  
Watershed 
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Outcomes 
 Climatic Analysis  

 Climatic knowledge information (physical/dynamical mechanism verification, etc.) for improving predictability of 
seasonal forecasting 

 S2S Predictability Assessment in Thailand 
 S2S and seasonal variability of rainfall and key factors in Thailand 
 Meteorological evaluation of statistically-driven seasonal predictors 
 Drought case analysis and key factors 

 Downscaling  
 Downscaling methods of S2S prediction and mixing methods of S2S and seasonal prediction downscaled 
 Generation of downscaled climate projections that preserve multivariable correlations 
 Assessment of future projections of the downscaled climate change scenario data 
 Estimate and evaluate various future extreme climate indices 

 Drought Forecasting 
 Assessment on utilization watershed drought information of ESA Sentinel Satellite 
 Prediction module for Effective Drought Index (EDI) based on downscaled precipitation forecasting 
 Drought forecasting information using spatial information of satellite data in Thailand / the weights between models for 

application of agriculture and water resource modeling 
 Estimation and comparison of drought indices based on forecasted precipitation and machine learning  

 Agricultural and Hydrological Modeling 
 Assessment of agricultural production using downscaled data and drought information which are improved 

predictability 
 The modeling of agricultural production according to change of agricultural managements (e.g., rotation) 



KWPA-APCC Collaborative Project 

1. Original concept note 
2. Preliminary seasonal predictability (SBC) 

3. Discussions 
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Applying Climate Expertise toward Tailored Forecasts 
in Agriculture and Water Resources Management 

 Any reliable climate forecasts will be highly 
valuable for real-time decision making for all 
sectors impacted by climatic conditions in Iran, 
specifically Khuzestan province.  

 Located in a semi-arid area, Khuzestan province is 
highly influenced by repetitive droughts, severe 
floods, high temperature and frequent dust storms.  

 Having a wide range of responsibilities followed by 
complexities associated with uncertain weather and 
climate however, decision makers face serious 
challenges in management side. 

 Therefore, reliable data especially in terms of 
hydroclimate forecasts having appropriate 
spatiotemporal resolution plays a substantial role in 
several aspects 
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Objectives and Contents 

 Understanding of physical mechanisms contributing to 
climate variability at sub-seasonal to interannual time scale 

 Evaluating predictability at sub-seasonal to interannual time 
range over 6 main river basins in Iran will be analyzed 

 Climate zones will be determined over three river basins 
Khuzestan province 

 Producing high resolution gridded datasets for precipitation 
and temperature at daily and monthly time scale  

 Statistical downscaling of dynamic seasonal climate model 
outputs  

 Developing a system to detect and forecast drought based 
on several meteorological drought indices 

 Capacity building programs that might include organizing 
training programs, research exchange 
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Project scope that KWPA is interested 

 Understanding of physical mechanisms contributing to 
climate variability at sub-seasonal to interannual time scale 

 Evaluating predictability at sub-seasonal to interannual time 
range over 6 main river basins in Iran will be analyzed 

 Climate zones will be determined over three river basins 
Khuzestan province 

 Producing high resolution gridded datasets for precipitation 
and temperature at daily and monthly time scale  

 Statistical downscaling of dynamic seasonal climate model 
outputs  

 Developing a system to detect and forecast drought based 
on several meteorological drought indices 

 Capacity building programs that might include organizing 
training programs, research exchange 

 Hydrological forecast 
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Possible Team Members 

Dr. Jaepil Cho (PI) Dr. Boksoon Myoung 

Dr. Ji-Hyun Oh Dr. Jinyoung Rhee 

Dr. KyungWoon Park 

SWAT Group 

PKNU Group 
(Dr. Byun and Kim) 
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Preliminary predictability of seasonal forecast on 
Ahwaz region 

 Observed data from GHCN 
 Using SBC method 

Precipitation 

Temperature 
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Feb- 1LT 

Sep- 1LT 

Preliminary predictability of seasonal forecast on 
Ahwaz region 

Precipitation Temperature 
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