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Training Overview

Background Information1.

DS of Climate Change Scenarios2.

DS of Seasonal Forecast3.

Indtroduction
Hands-on using sforecast package

Introduction
Hands-on using rcmip5 package



We are familiar with global warming

 Global average surface temperature change (IPCC AR5 WG1)

Global mean temperature change averaged across all Coupled Model Intercomparison Project Phase 5 (CMIP5) models (relative to 1986–2005)
for the four Representative Concentration Pathway (RCP) scenarios: RCP2.6 (dark blue), RCP4.5 (light blue), RCP6.0 (orange) and RCP8.5 (red); 32, 42, 25 and 39
models were used respectively for these 4 scenarios. Likely ranges for global temperature change by the end of the 21st century are indicated by vertical bars. Note that
these ranges apply to the difference between two 20-year means, 2081–2100 relative to 1986–2005, which accounts for the bars being centred at a smaller value than
the end point of the annual trajectories. For the highest (RCP8.5) and lowest (RCP2.6) scenario, illustrative maps of surface temperature change at the end of the 21st
century (2081–2100 relative to 1986–2005) are shown for two CMIP5 models. These models are chosen to show a rather broad range of response, but this particular
set is not representative of any measure of model response uncertainty.



Climate Change Impact on National Scale

International Displacement Monitoring Centre and Norwegian Refugee Council Illustration: iDMC/NRC



Social and Economic Factors in Vulnerability

World Risk Index: nations’ risk to natural disasters
 "Extreme natural events do not necessarily cause 

disasters, because risk not only depends on the hazard, 
but is very much determined by social and economic 
factors”
 Susceptibility: a function of public infrastructure, housing conditions, 

nutrition and economic prosperity.
 Coping capacity: a function of governance, disaster preparedness, early 

warning systems, medical services and social security.
 Adaptive capacity: the potential and capability to adapt to future natural 

events and climate change.



Social and Economic Factors in Vulnerability
Source: The United Nations University



Climate Information Created Using GCMs

 General Circulation Models (GCMs) and Output

CC (Climate Chage)

SF (Seasonal Forecast)



Available Climate Information and Applications

 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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Required Tools and Understandings



Required Tools and Packages

Tools: R (programming language)



Tools: RStudio

 R user interface
 Integrated Development 

Environment(IDE)

 Cross-platform
 Windows, Linux, Mac 

OS X
 License

 GNU Affero GPL v3
 Website

 http://www.rstudio.com/

http://www.rstudio.com/


Tools: Panoply

 Cross-platform
 Windows, Linux, Mac OS X 

 Website
 http://www.giss.nasa.gov/tool

s/panoply/download.html

http://www.giss.nasa.gov/tools/panoply/download.html


What’s in the USB drive?

Parent directory for this session

 Example script and data

 Provided by APCC

 You brought

 You brought

 Created through CC downscaling

Common database folder

 Created through SF downscaling

 PPT file and manuals

 Tools for data process and downscaling



Install required R-packages

 Convert observed data format
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: Install_packages.R



Basic R Understandings



Reading NetCDF files using R (ncdf4 package, Cont’d)

 Load required packages and directory location, files



Reading NetCDF files using R (ncdf4 package, Cont’d)

 Get the file information



Reading NetCDF files using R (ncdf4 package, Cont’d)

 Load required packages and directory location, files

Why number of days are different?
• GCMs with 360 days a year
• GCMs with 365 days a year



Example of Qmap package

 fitQmap(obs, mod, method=c("PTF","DIST","RQUANT","QUANT","SSPLIN"),...)
 obs: numeric vector, column matrix or data.frame with observed 

time series
 mod: numeric vector, column matrix or data.frame with modelled 

time series corresponding to obs
 method

 DIST: fits  a theoretical distribution to observed and to modelled time series and 
returns these parameters as well as a transfer function derived from the 
distribution

 PTF: fits  a parametric transformations to the quantile-quantile relation of observed 
and modelled values

 QUANT: estimates values of the empirical cumulative distribution function of 
observed and modelled time series for regularly spaced quantiles

 RQUANT: estimates the values of the quantile-quantile relation of observed and 
modelled time series for regularly spaced quantiles using local linear least square 
regression

 SSPLIN: fits  a smoothing spline to the quantile-quantile plot of observed and 
modelled time series

 doQmap(x, fobj, ...)
 x: numeric vector or a column matrix of modelled time series. 

Should have the same number of columns as obs.
 fobj: output from fitQmap

More Information: https://cran.r-project.org/web/packages/qmap/qmap.pdf



Example of QMap package (cont’d)

 Exercise of Quantile Mapping
 Directory: D:/APCC_TP_SDM_Aug2016/2Cho/Examples
 File: Test_Qmap_Package.R

Compare mean (monthly average precipitation, mm/day)

Write outputs

Fit and Do QMap
 qmfit: difference bw obs, mod for each quantile
 mod.adj: Adjusted historical data
 rcp.adj: Adjusted future scenario data

Read data files



Example of QMap package (cont’d)

 Changes in monthly mean

 Changes in maximum precipitation amount

Data Before BC/Original After BC

Observed 0.565

Historical 0.768 0.559

RCP4.5 0.697 0.486

Data Before BC/Original After BC

Observed

Historical

RCP4.5



How to use functions for precipitation indices?

 Open below R script
 Location: D:/APCC_TP_SDM_Aug2016/2Cho/Examples
 File: Precipitation Indices.R



DS of Climate Change Scenario



Introduction

Climate Change Scenarios



RCP Scenarios

 Four RCPs are defined by their 
total radiative forcing (cumulative 
measure of human emissions of 
GHGs from all sources expressed in 
Watts per square meter) pathway 
and level by 2100

 Each RCP could result from 
different combinations of economic, 
technological, demographic, policy, 
and institutional futures

 Representative Concentration Pathways (RCPs)

RCPs Description

RCP8.5
Rising radiative forcing pathway leading to 
8.5 W/m2 in 2100.

RCP6.0
Stabilization without overshoot pathway to 
6 W/m2 at stabilization after 2100

RCP4.5
Stabilization without overshoot pathway to 
4.5 W/m2 at stabilization after 2100

RCP2.6
Peak in radiative forcing at ~ 3 W/m2 befor
e 2100 and decline

Source: IPCC



Available Models in CMIP5 Data Portal

 http://cmip-pcmdi.llnl.gov/cmip5/availability.html
 28 Modeling Centers and 61 Models

http://cmip-pcmdi.llnl.gov/cmip5/availability.html


CMIP5 Daily Data

 Daily 6 weather variables (Precipitation, Min/Max Temperature, Wind speed, 
Relative humidity, Solar radiation)  1 RCM & 33 GCMs 

RCP8.5 Scenario
• KMA RCM 
• 10 GCMs

Climate Data
 Precipitation
 Min. temperature
 Max. temperature
 Wind speed
 Relative humidity
 Solar radiation

Downscaling is required



 Jeonju (1976~2005, Before Bias-Correction)

Comparing Monthly Mean Values

Historical (1976~2005)
after Bias-Correction

Future (XXXX~XXXX5)
after Bias-Correction

? ?



For future scenarios

Uncertainty of Future Projections

 How decisions can be utilized when 
opposite signals are projected in the 
same watershed?

Scenarios Inflow % Change
Historical 988.5

RCP8.5: GFDL-ESM2G 1198.0 21.2
RCP8.5: inmcm4 953.7 -3.5

 Even though MME-based projection 
shows same projection, what kind of 
additional information should be 
provided for decision-making?

Even though we have same 
future projection ..

High uncertainty

Low uncertainty

 How reliable are projections of future climate change scenarios?



Platform-based National CC Impact Assessment

GCMs DS/BC #1

DS/BC #2

DS/BC #3

Application #1

Application #2

Application #3

Application #4

Application #100

...Provide Climate Data

 Provide clipped full set of CMIP5 data at national/state level
 Provide R package for downscaling

Return Evaluation Results

APCC



Procedure of Daily Quantile Mapping DS

Historical (1976~2005)

Observed or Historical
Before quantile mapping

January

Quantile mapping information
After quantile mapping

Future (2011~2040)

Daily
Stations

Non-parametric Quantile 
Mapping methods



Uncertainties of weather variables after bias correction

 RCP8.5 (2011~2040, Jeonju)
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Analysis for Agricultural Reservoirs
 Hydrological Operation Model for Water Resources System (HOMWRS)

Reservoir
(storage)

Upstream
watershed
(Inflow)

Irrigation
(Demand)

Reservoir CC Information



Impact Assessment Report at Branch Level

Inflow

Demand

Storage

Drought



Impact Assessment: Inflow

 Goksung Branch

total J1 J2 J3 F1 F2 F3
Observed Inflow (1000 m3) 79613 380 458 501 321 660 860

Inflow (1000 m3) 77983 323 385 379 328 456 523
% Difference -2.0 -15 -16 -24 2 -31 -39
Inflow (1000 m3) 83104 301 360 415 326 518 602
% Change 6.6 -7 -7 10 0 14 15
Inflow (1000 m3) 82835 296 460 453 352 496 525
% Change 6.2 -9 20 20 7 9 0

순(10-Days)

Historical

RCP4.5

RCP8.5

Reproducibility

Future Climate 
Change Impact

Observed vs Historical
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Climate Change Impact on Agricultural Reservoir

 Based on 3372 reservoirs managed by KRC for 2011~2040

Inflow Demand Storage Drought    



Downscaled data can be used for impact assessemt

1. Borja, N., J . Cho, K.S., Choi. 2016. The influence of climate change on irrigation water requirements for corn in the 
coastal region of Ecuador. Paddy Water Environment. DOI 10.1007/s10333-016-0529-z

2. Cho, J ., G. Ko, K. Kim, and C. Oh. 2016.  Climate change impacts on agricultural drought with consideration of 
uncertainty in CMIP5 scenarios. Irrigation and Drainage. DOI: 10.1002/ird.2035

3. Cho, J ., C. Oh, J . Choi, and Y, Cho. 2016. Climate change impacts on agricultural non-point source pollution with 
consideration of uncertainty in CMIP5. Irrigation and Drainage. DOI: 10.1002/ird.2036

4. Rhee, J ., J . Cho. 2015. Future changes in drought characteristics: Regional analysis for South Korea under CMIP5 
projections. Journal of Hydrometeorology. doi: 10.1175/JHM-D-15-0027.1

5. Kim, K.H., J . Cho. 2015. Predicting potential epidemics of rice diseases in Korea using multi-model ensembles for 
assessment of climate change impacts with uncertainty information. Climate Change, DOI 10.1007/s10584-015-1503-2 

6. Kim, K. H., J . Cho, Y.H. Lee, and W.S. Lee., 2015.04.  Predicting potential epidemics of rice leaf blast and sheath blight 
in South Korea under the RCP 4.5 and RCP 8.5 climate change scenarios using a rice disease epidemiology model, 
EPIRICE. Agricultural and Forest Meteorology 203: 191-207.

7. Cho, J ., I.W. Jung, C.G. Kim, and T.G. Kim. 2016. One-month lead dam inflow forecast using climate indices based on 
tele-connection. J . Korea Water Resour. Assoc. 49(5): 361-372.

8. Cho, J ., S.W. Hwang, G.D. Ko, K.Y. Kim, J .D. Kim. 2015. Assessing the Climate Change Impacts on Agricultural Reservoirs 
using the SWAT model and CMIP5 GCMs. Journal of the Korean Society of Agricultural Engineers, 57(5):1-12.

9. Yoon, S.K. and J . Cho. 2015. The Uncertainty of Extreme Rainfall in the Near Future and its  Frequency Analysis over the 
Korean Peninsula using CMIP5 GCMs. J . Korea Water Resour. Assoc. 48(10):817-830.

10. Chung, U., J . Cho, and E.J . Lee. 2015. Evaluation of Agro-Climatic Index Using Multi-Model Ensemble Downscaled Climate 
Prediction of CMIP5. Korean Journal of Agricultural and Forest Meteorology, 17( 2):108~125. DOI: 
10.5532/KJAFM.2015.17.2.108

11. Nam, W.H., E.M. Hong, J .Y. Choi, J . Cho, M.J . Hayes, 2015, Uncertainty Characteristics in Future Prediction of 
Agrometeorological Indicators using a Climatic Water Budget Approach. Journal of the Korean Society of Agricultural 
Engineers, 57(2):1-13 (in Korean).

12. Yoon, S.K., J . Cho*, Y.I. Moon, 2014, Non-Parametric Low-Flow Frequency Analysis Using RCPs Scenario Data: A Case 
Study of the Gwangdong Storage Reservoir, Korea. Journal of the Korean Society of Civil Engineering 34(4):1125-1138 (in 
Korean).



Hands-on using rcmip5



Overall Procedures

Download CMIP5 data
(Daily & Monthly)

Clipping on your area

Extracting point values

Bias correction

CMIP5 DB
(Global, NC)

CMIP5 DB
(National, NC)

User Input
Observed weather

(Station, ASCII)

Bias-corrected
Climate Scenarios
(Station, ASCII)

CMIP5 DB
(Station, ASCII)

Data 
AnalysisTools and Softwares

Already done 
by APCC



CMIP5 daily data at national level

 29 Global Climate Models (GCMs)
 6 Weather variables

 Precipitation, Min. temperature, Max. temperature, Wind speed, Relative humidity, 
Solar radiation

 National CMIP5 Data
 APCC’ s ADSS : http://adss.apcc21.org/

http://adss.apcc21.org/


Nation and Country Code List

Country name ncode for CMIP5 cntry for GHCN

Burma MM (9.1 GB) BM

Chile CL (69.7 GB) CI

Federated States of Micronesia FM (9.1 GB) FM

India IN (23.3 GB) IN

Indonesia ID (23.3 GB) ID

Malaysia MY (8.7 GB) MY

Marshall Islands MH (5.8 GB) RM

Nepal NP (4.6 GB) NP

Pakistan PK (10.4 GB) PK

Thailand TH (7.4 GB) TH

Vietnam VN (7.0 GB) VM



Set the working environment

 Set the working environment
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: rcmip5_daily_qmap.R

 Change basedir, prjname, envfile with your own (prjname = envfile)
 ncode can be selected at http://adss.apcc21.org/adss/DataSet/CMIP5/cmip5.php

Check the created folders

http://adss.apcc21.org/adss/DataSet/CMIP5/cmip5.php


Download clipped national CMIP5 daily data

 Set the working environment
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: rcmip5_daily_qmap.R

 Change the ncode and run the function (Download.CMIP5.ADSS)\
 Daily CMIP5 data (total 4073 NC files) will be saved at 

D:\APCC_TP_SDM_Aug2016\2Cho\CMIP5\0_DBase\cmip5_daily_VN

We will copy CMIP5 data from D:/APCC_TP_SDM_Aug2016/0Dbase/NCData for saving time

prjdir ncode



Preparing observed data (your own data)

 Convert observed data format
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: Convert_weather_data_format.R

Edit the box area and run the script
Copy stnfile to D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5/0_Dbase/station-info

prjdir



Preparing observed data (your own data, cont'd)

 Check the output files
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\CMIP5\0_DBase\observed 
 D:\APCC_TP_SDM_Aug2016\2Cho\CMIP5\0_DBase\station-info
 File: your own file names

Station information

Station weather data



Preparing observed data (using GHCN data)

 Download GHCN daily weather data
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: rcmip5_daily_qmap.R

 Change the cntry and run the function (ghcn.daily.update)
 Station weather data and station information files will be saved under 

D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5/0_Dbase/observed and 
D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5/0_Dbase/station-info, respectively

Before we use, we have to check missing data in each station weather data file



Edit the EnvList file

 Open and edit the environment list file (EnvList) under prjdir
 Location: D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5
 File: envfile (in here, Vietnam.txt)

 2005 was defined as the last year of historical period in CMIP5 
 Bias-correction for future period will be conducted separately based on 

syear_scn and eyear_scn (1st period: 2010~2039, 2nd period: 2040~2069, 3rd

period: 2070~2099)
 bndfile and SRadiation variables are not used in the training

 Based on your own data

 Based on your own data

 If obs and his periods are different,
use CPeriod=F



Extract daily CMIP5 data for each station

 Extract daily CMIP5 data and adjust based on calendar date
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: rcmip5_daily_qmap.R

 Output will be saved under D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5/Vietnam/QMap_Daily



Extract daily CMIP5 data for each station (cont’d)

 Output folder

Historical

RCP4.5

RCP8.5



Bias-correction using quantile mapping

 Extract daily CMIP5 data and adjust based on calendar date
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: rcmip5_daily_qmap.R

 Output will be saved under D:/APCC_TP_SDM_Aug2016/2Cho/CMIP5/Vietnam/QMap_Daily



Bias-correction using quantile mapping (cont’d)

Output folder

Output will be 
creasted for each 

station

• Observed
• Historical: Bias-corrected historical
• Original: without Bias-correction 
• RCP45 & 85: Bias-corrected RCPs



Data analysis using bias-
corrected CMIP5 data 



For Historical period

Reproducibility for Historical Period

 What should be premised in order 
to have significant meanings within 
the future climate change 
projections?

 Does scenario-based data reproduce 
the characteristics of rainfall 
(extreme, spatial/temporal patterns) 
during the historical period, 
compared to the observations ?

  

Scenarios Inflow (mm) % change
Historical 988.5

1 1

    
  

 
 

  

  

RCP8.5 1078.1 9.1

    
  

 
 

Even though we have same 
future projection….

Good 
Reproducibility

Bad 
Reproducibility

 How well dose a climate change scenario reproduce the spatial and 
temporal  pattern during the historical period?



Changes in precipitation Indices

 Yearly precipitation amount (mm)
 Seasonal precipitation amount (mm)
 Precipitation intensity (mm/d)
 Maximum daily precipitation in each year (mm)
 Number of wet days with more than 80mm rainfall(days)
 Maximum dry spell in each year (days)

Observation
Historical 

MME
RCP4.5
MME

RCP8.5
MME

Individual GCMs

Reproducibility Uncertainty



Do it by yourself using your own data

Define here and run below function

 Open below two R scripts
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 Script containing functions: rcmip5_data_analysis.R 
 Script for running functions: rcmip5_daily_qmap.R



rcmip5_data_analysis.R



Check your own project folder

 Check the output graphs



Comparison of monthly mean precipitation 

 Before (top)  and After (bottom) the Bias-Correction (Historical)



Comparison of monthly mean precipitation 

 After bias-correction for future RCP 4.5 (top) and 8.5 (bottom) 
Scenarios

Uncertainty range



Comparison of monthly mean precipitation 

 Compare the changes in monthly mean precipitation

 Calculate the percent changes using output file
 Location: your own project folder
 File: IDXXX_prcp-****-****.csv

Average changes 
in Monthly mean 

precipitation (RCP8.5)



Do it by yourself using your own data

Define here and run below function

 Open below two R scripts
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 Script containing functions: rcmip5_data_analysis.R 
 Script for running functions: rcmip5_daily_qmap.R



Check your own project folder

 Check the output graphs



Check the precipitation indices of your own data

 Daily Max. Precipitation Amount (mm)



DS of Seasonal Forecast



Introduction



Necessity of seasonal prediction in water resources in Korea

Usefulness

 Survey result targeting water related government agency, public 
enterprise, research institutes in Korea shows …..

1. Credibility

2. User friendliness
 Spatial resolution(50%)
 Temporal scale (20%)
 Data format(20%)

Proactive
Preparedness &

Prevention



APCC Multi-Model Ensemble (MME)

Multi-Model Ensemble (MME)



APCC Multi-Model Ensemble (MME)

Predictability of APCC MME



Framework of APCC Water Sector
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Integrated Downscaling System for Seasonal 
Prediction
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Simple Bias Correction (SBC) 

Mean = 6.4
Mean = 4.9

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



Moving Window Regression (MWR)

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, 
1983~2013)

Observed Forecasted

Temperature 
(JAN, 1983~2005,Korea)

Temporal Correlation Coefficient (TCC)

Best Variable & Location
SLP

Temp = a *SLP + b

(Kang et al., 2009)

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



Climate Index Regression (CIR)

Observed

Temperature 
(JAN, 1983~2005,Korea)

Climate Index from CPC

ESPILag = 0~12 month

CIP

QBOENSO

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*ESPⓘ lag0 + c• Temporal: different
• Spatial: different
• Variable: different



Observed Moving Window Regression (MWR-Obs)

Variables: PREC, T2M, T850, U200, V200, U850, 
V850, Z500, SLP, SST

Reanalysis 1

Temperature 
(JAN, 1983~2005,Korea)

Temporal Correlation Coefficient (TCC)

Best Variable & Location & Lag
SLP

Temp = a *SLP + b

Lag = 0~12 month

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



Comparison of seasonal forecast modules

 Simple Bias Correction (SBC): Forecast-based direct method
 Moving Window Regression (MWR): Forecast-based indirect method
 Climate Index Regression (CIR): Observation-based indirect method
 Moving Window Regression-Observed (MWR-Obs): Observation-based direct 

method

SBC MWR CIR MWR-Obs

Used climate 
information

Individual 
Seasonal 

Forecast models 
(APCC)

Individual 
Seasonal 

Forecast models 
(APCC)

NOAA/APCC 
climate indices

NCEP/NCAR
Reanalysis1

Are the target variable 
and predictor same? Yes No No No

Are the target area 
and selected area for 

predictor same?
Yes No No No

Are the target variable 
and predictor
simultaneous?

Yes Yes No (lag-time) No (lag-time)



Forecasted 
Area Average

Mahalanobis distance
= f(prec, t2m)

Jan-81 ID135
ID136

ID137

Temporal Downscaling Method

Observed 
Area Average



Elev.

Water

Urban

Paddy

Upland

Orchard

Forest

Pasture

Wetland

Barren

Result of Seasonal Water Quality Predictions

Study Area
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Watershed modeling

 Initialization 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

  



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



Development of an Integrated Method for Long-term Water Quality Prediction 
Using Seasonal Climate Forecast

 International Association of Hydrological Sciences Red Book series 



Hands-on using sforecast
R-package

Model Construction for Hindcast Period
1. Set working environment
2. Download climate information
3. Hindcast run for 4 different modules
4. Integrate individual forecast model

Real-Time Seasonal Forecast
1. Set working environment
2. Update climate information
3. Run real-time forecast for 4 different modules
4. Temporal downscaling for model input



Set the working environment for hindcast run

 Set the working environment
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_hindcast_run.R

 Change basedir, prjname, envfile with your own (prjname = envfile)

Check the created folders



APCC Data Service System (ADSS)

ADSS: http://adss.apcc21.org/

http://adss.apcc21.org/


Available individual models for real-time forecast

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 o

f Meteorology (Australia)
6 month 10

3MON: 4 GCMs, 6MON: 7 GCMs



Monthly climate indices from NOAA

http://www.esrl.noaa.gov/psd/data/climateindices/list/

http://www.esrl.noaa.gov/psd/data/climateindices/list/


Monthly climate indices from APCC

http://www.apcc21.org/ser/indic.do?lang=en

http://www.apcc21.org/ser/indic.do?lang=en


Monthly climate indices for real-time forecast

16 Indices from NOAA
9 indices from NCEP Reanalysis 1 (APCC)

NOAA NOAA APCCAPCC



Download climate information

 Download climate information
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_hindcast_run.R

 Seasonal forecast data will be downloaded under D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\0_DBase\apcc-mme
 updatemode = F : when you download data first time

 Climate indices will be downloaded under D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\0_DBase\climate-index
 Reanalysis1 data will be downloaded D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\0_DBase\reanalysis1

We will copy forecast data from D:\APCC_TP_SDM_Aug2016\0Dbase\MME 
and reanalysis data from D:\APCC_TP_SDM_Aug2016\0Dbase\Reanalysis for saving time



NCEP/NCAR Reanalysis monthly data 

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.derived.pressure.html

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.derived.pressure.html


Preparing observed data
 Preparing observed data

 Same observed station data and station information data are used

Check the D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\0_DBase\var-predictand

Copy station data from D:\APCC_TP_SDM_Aug2016\2Cho\CMIP5\0_DBase\observed
and station information data from D:\APCC_TP_SDM_Aug2016\2Cho\CMIP5\0_DBase\station-info

 Creating monthly mean data (predictand) using observed data



Edit the EnvList file

 Open and edit the environment list file (EnvList) under prjdir
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\SForecast
 File: envfile (in here, Vietnam.txt)

 Based on existing data

 Just select one month

 Based on your observed data
 eyear_mme < eyear_obs



Algorithm for avoiding over-fitting

syear_mme
(1983)

syear_obs
(1976)

eyear_obs
(2013)

eyear_mme
(2007)

Training period
(1983~2007)

Random samples (2/3 of training period)

Model
Selection

eyear_sim
(2015)

Model
Validation



Edit the EnvList file (cont’d)

 Open and edit the environment list file (EnvList) under prjdir
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\SForecast
 File: envfile (in here, Vietnam.txt)

 Based on your own data

 Select forecast module

 Time resolution for temporal DS

 Mode for controlling ensamble members



Run Simple Bias-Correction (SBC) module

 Turn on only BCPointOpt and run below function

Check the 
D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\Vietnam\BCPoint\3MON\02_BiasCorrected

 01_extracted : extracted values without bias-correction
 02_BiasCorrected : forecasted values after bias-correction are saved
 ID48820-prec-HMC-01-BC.csv  means  station ID-target variable-model name-Lead time-BC.csv



Run Climate Index Regression (CIR) module (cont’d)

 Hindcast run takes long time. So, copy the first year output using 
below script.
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_copy_hindcast_years.R



Run Moving Window Regression (MWR) module

 Turn on only MWRegOpt in envfile and run below function

Check the D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\Vietnam\MWReg\3MON\1983

 01_Regression-all : 
 02_BPredictor_TSeries : selected best model output
 03_Run_Regression

 Copy the first year output using below script for both 3MON and 6MON.
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_copy_hindcast_years.R



Run Observation-based MWR (MWR-Obs) module

 Turn on only MWRObsOpt in envfile and run below function

Check the D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\Vietnam\MWRObs\1983

 01_Regression-all : 
 02_BPredictor_TSeries : selected best model output
 03_Run_Regression

 Copy the first year output using below script.
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_copy_hindcast_years.R



Combine individual model output

 Turn on only MWRObsOpt in envfile and run below function

Check the D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\Vietnam\0_Analysis folder and
D:\APCC_TP_SDM_Aug2016\2Cho\SForecast\Vietnam\0_RTForecast folder

 Temporal Correlation Coefficient (TCC) Summary
 RTFcst-Table-prec-AM01.csv
 RTFcst-Table-t2m-AM01.csv

 Monthly-Tseries folder contains time-series output
 RTFcst-t2m-M02-Cont-LT01.csv



Seasonal Forecast Result 
 December precipitation forecast, 1-month lead time



Set the working environment for real-time run

 Set the working environment
 Location: D:\APCC_TP_SDM_Aug2016\2Cho\R-tools
 File: sforecast_real_time_run.R

 Use the same basedir, prjname, envfile to the hindcast run



Run real-time forecast

 Run real-time forecast

 fiyearmon: year and month when the real-time forecast is issued 



Temporal downscaling

 Temporal downscaling

 Have to copy station data from 
D:/APCC_TP_SDM_Aug2016/2Cho/Sforecast/0_Dbase/observed to 
obs_samples folder

 smplmoncnt : define how many months will be downscaled(sampled) 
from 6-month maximum forecast

 Options for creating daily downscaled output
 tscale="daily"
 fcstmode="Cont"
 combnmode=T
 fiyearmode=T



Create ensemble members

Issuing
 

M
o
nth

1 M
o
nth

2 M
o
nth
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o
nth
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A
B
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D
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㉠
㉡
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㉣
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Max
Min

ⅹ Climⅹ
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Max
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ⅹ Climⅹ One ⅹ = Total 27 members
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o
d
els

 combnmode=T



Thank You !
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