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Drought Monitoring and Forecast in Korea

1. Drought monitoring
2. Drought forecast



Drought monitoring by KMA using SPI

Which one is representing current drought situation?
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Objective Quantification of Drought Severity and Duration

Hi-RyoNG Byun

Department of Atmospheric Sciences, Pukvong National University, Namku, Pusan, South Korea

DoNnaLD A. WILHITE

National Drought Mitigation Center, University of Nebraska, Lincoln, Nebraska

(Manuscript received 17 March 1998, in final form 12 August 1998)

ABSTRACT

Common weaknesses of current drought indexes were analyzed. First, most of the current indexes are not
precise enough in detecting the onset, end, and accumulated stress of drought. Second, they do not effectively
take into account the aggravating effects of runoff and evapotranspiration, which build up with time. Third,
they have a limited usefulness in monitoring ongoing drought because they are based on a monthly time step.
Fourth, most of them fail to differentiate the effects of drought on surface and subsurface water supply.

A new series of indexes are proposed to solve these weaknesses and to improve drought monitoring. In the
new indexes, daily, rather than monthly, time steps are used. A new concept, effective precipitation (EP). the
summed value of daily precipitation with a time-dependent reduction function, is proposed as a basic tool.

Three additional indexes complement EP. The first index is each day’s mean of EP (MEP). This index shows
climatological characteristics of precipitation as a water resource lor a station or area. The second index is the
deviation of EP (DEP) from the MEF The third index is the standardized value of DEP (SEP). By using these
three indexes, consecutive days of negative SEP, which can show the onset, the ending date, and the duration
of a water deficit period is categorized.

With the duration categorized. four additional indexes that can show drought severity are calculated: 1)
accumulation of consecutive negative SEP. which shows the duration and severity of precipitation deficit together:
2) accumulated precipitation deficit, which shows precipitation departure from the normal during a defined
period: 3) precipitation for the return to normal: and 4) effective drought index, a standardized index that can
be used to assess drought severity worldwide. The merits and weaknesses of each index are compared. New
quantified definitions on drought and its onset, end, and duration are proposed.

These indexes were tested in the High Plains region of the United States from 1960 to 1996. The results were
compared to historical reports of drought. From this analysis, it was concluded that the new indexes not only
advanced objectivity., but also offered a number of advantages in practical use. These are 1) a more precise
determination of drought duration, 2) the usefulness in monitoring an ongoing drought, and 3) the variety of
ways a drought’s characteristics can be described.

ED'(Effective Drought Index, Byun and Wilhite, 1999)



EP(Effective Precipitation)
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Table 3
Sample correlation matrix of Pearson product-moment correlation coefficients
computed between paired values of drought index time series for Sagar district.

Row no. Drought EDI SPI-1 SPI-3 « RDDI-6 RDDI-9 RDDI-12
Index
1 2 3 4 25 26 27
1 EDI 1.00 045 0.64 0.72 0.81 0.78
2 SPI-1 045 100 0.51 0.34 0.27 0.23
3 SPI-3 064 051 100 0.58 0.45 0.40
4 SPI-6 081 037 063 0.91 0.68 0.60
5 SPI-9 092 030 050 .. 0.67 0.91 0.79
6 SPI-12 087 026 043 . 061 0.78 0.91
1
19 RD-6 069 032 053 0.77 0.51 0.44
20 RD-9 089 030 047 0.60 0.84 0.70
21 RD-12 088 026 0.44 0.59 0.76 0.88
22 RDDI-1 036 088 041 0.30 0.23 0.19
23 RDDI-3 056 049 0.91 0.57 0.45 0.39
24 RDDI-6 072 034 058 1.00 0.69 0.61
25 RDDI-9 081 027 045 0.69 1.00 0.81
26 RDDI-12 0728 0.23 040 0.61 0.81 1.00
27 Average 0.46 0.59 0.60 0.60 0.57
correlation
28 Average correla- 092 0.95 0.88 0.91 092

tion of same time

steps”

* The average in column SPI-3 is computed from the average correlation of SPI-
3 with 3-monthly time step of DIs such as SPI-3, Z-Score-3, CZI-3, RD-3, RDDI-3 and
average in column RDDI-6 is computed from the average correlation of RDDI-6 with
6-monthly time step of DIs such as SPI-6, Z-Score-6, CZI-6, RD-6 and RDDI-6.

SPIs: incosistent drought diagnosis

(a) EDI& SPI for short-term drought
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EDI: determined drought diagnosis

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
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Introduction of East Asian Drought Monitoring System

Su-Bin Oh', Do-Woo Kim', Ki-Seon Choi®, and Hi-Ryong Byun'
'Department of environmental atmospheric sciences, Pukyong National University, Busan, Republic of Korea
*Korea Meteorological Administration, Seoul, Republic of Korea

Abstract

This paper introduces the East Asian drought monitoring
system that has been operational since 2008 (http:/atmos.pknu.
ac.kr/~intra2). It provides the spatial and temporal distribution of
droughts using variables such as the drought intensity and dura-
tion. The main feature of this system is the effective drought index
(EDI; Byun and Wilhite 1999) in which the drought intensity is
calculated by considering cumulative precipitation as a weighting
function of time. In addition, this system provides an available
water resources index (AWRI; Byun and Lee 2002), which repre-
sents the hydrological index. These indexes were calculated using
the monthly precipitation data obtained from 298 stations in East
Asia (Republic of Korea, Democratic People’s Republic of Korea,
Japan, and China). Information on drought is provided in terms
of monthly spatial distribution and is presented in the text and a
time series. The period of data collection differs according to the
observation start dates of the stations, and the longest period of
data collection (Seoul, Korea) started in 1778. This system will
contribute to drought prevention by diagnosing drought in real
time. It will also provide fundamental data for further studies on
drought by detecting the time and location of droughts.

1. Introduction

Drought has traditionally been the greatest natural disaster
threatening the human population. According to the National
Drought Mitigation Center (NDMC), drought causes the greatest
damage among all disasters, Four worldwide droughts have been
listed by the National Oceanic and Atmospheric Administration as
being in the top five greatest natural disasters of the 20™ century

(www.bce.cma.gov.en) provides the spatial distribution informa-
tion on droughts using the SPI and the percentage of precipitation
anomaly. It also provides the spatial distribution of the drought
index and the flood index globally and in the East Asian region.
Boken et al. (2005) studied the monitoring system of each country.

However, the existing monitoring systems have limitations,
First, they provide only limited data. Most systems currently pro-
vide only the spatial distribution of droughts and do not provide
the time series and index value of drought. Therefore, we cannot
obtain the exact drought index value and drought variability for
cach station. In addition, researchers are required to calculate the
drought index for their studies.

Second, each monitoring system uses a different drought
index, and the calculated index values are not identical. The most
important factor is the technology used for drought quantification
in order to monitor drought. However, there are problems with the
PDSI and SPI, which are currently the most widely used indexes.
Because the PDSI was developed for the Great Plains in the US, it
is difficult to apply this index to other regions without modifica-
tion. In addition, not only precipitation but also evapotranspiration
and outflow are used for the calculation, which causes additional
complications. The calculation of duration in the SPI method dif-
fers according to the subjective view of researchers, and thus, the
state of drought can vary with different monitoring systems, even
for the same date. Kim et al. (2009) have presented an in-depth
comparative analysis of the weakness of SP1.

Third, the existing systems provide only short-term data. Most
drought monitoring systems only show drought intensity since
2000, and some monitoring systems only show data in real time.
This is inappropriate for studying drought on a long-term basis.

In this study, a new system is presented that overcomes the
shortcomings of the existing monitoring systems. Importantly, the
system calculates the drought index since 1778 (Seoul, Korea)

354

30M

1994,

http://atmos.pknu.ac.kr/~intra2

TN

Fig. 5. The spatial distributions of (a) EDI and (b) precipitation in Jul.
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COMPARISON OF SEVEN METEOROLOGICAL INDICES FOR DROUGHT
MONITORING IN IRAN

| MAHNOSH MOGHADDAST
viculnere, Tehran, lran

Calombo, 517 Lanke

lexe af Agrieulture, Tehvan, Tran

SAEID MORID,* * VLADIMIR SMAKHTIN"

ABSTRACT

Drought monitoring is an essential component of drought risk management. It is normally performed wsing various
drought indices that are effectively continuous functions of rainfall and other hydrometeorological variables. A number
of drought indices have been introduced and applied in different countries to date. This paper compares the performance
of seven indices for drought monitoring in the Tehran province of lran. The indices used include deciles index (DI}
percent of normal (PN), standard precipitation index (SPT). China-Z index (CZI)
effective drought index (EDI). The comparison of indices is based on drought cases and classes that were detected in the
province over the 32 vears of data, as well as over the latest 1998-2001 drought 1l The results show that SPI CZI
and Z-Score perform similarly with regard to drought identification and respond slowly to drought onset. DI appears to
be very responsive to rainfall events of a particular vear, but it has inconsistent spatial and temporal variation. The SPI
and EDT were found 1o e able 1o detect the onset of drought, its spatial and temporal variation consistently, and it may
e recommended for operational drought monitoring in the Province. However, the EDI was found to be more responsive
1o the emerging drought and performed better. Copyright © 2006 Royal Meteorological Society.

ed CZI (MCZI), Z-Score and

KEY WoRDS: drought menitoring: drought indices; Tehran provinee: Iran
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Comparison of multi-monthly rainfall-based drought severity indices,
with application to semi-arid Konya closed basin, Turkey

Selim Dogan **~*, Ali Berktay“, Vijay P, Singh b

ARTICLE INFO

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.
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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



Climate Prediction : APCC’s Seasonal Forecast

Multi-Model Ensemble (MME)

Temperature at 2m for March-May 2015
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Climate Prediction : Predictability of APCC MME

Predictability of APCC MME (2007)

ECMWF). 82| 0|2 24| of WO LRF2
o A - o2 HAlA TAlA
R - Wl | MRS wees
HEtg ™ol 1, 2% 4z 102 (321)
F24 FH2EN E o o
z o
-
HYT(EHAE) - i
IS d
o = 32 APCCH
CH 4t Hall 2 |2 52 Hall 2
o 5 7| 7 M+1,2,3 M+1 M+1,2,3 M+1,2,3
HEE H} 39| 82| 7| (321)
BH24 o & o o
z 5t o o
e - = Fa
HACGEHAHT) () E’“ ol T
3 i : wy | ‘_.

1) European Centre for Medium-Range Weather Forecasts . S ZJ|HEME

2) World Meteorological Organization LeadCentre for Long —Range Forecast: M H21&7 2 SEI|HEAH
3) APEC Climate Center ) : APEC MG | S92 2t

EH 07 HATENF EOM, 089 JEE BZMEIM

Rainfall hindcast ACC (08-15)

060 — Precipitation Global [0-360E, 90S-90N] |
050 — —
O 040 — -
9]
<
0.30 — -
020 — 2008 2009 2010 o 2011 —
2012 o 2013 #2014 e 2015

0.10
[ !

I I I ! I I I I I !

IFM  FMA MAM AMJ Ml 1A JAS ASO SON OND  NDI DIF

Real time rainfall forecast ROC score (12-15)

APCC WMOLC | ECMWEF | NCEP | UKMO

0.52 0.52 0.54 0.52 0.52 0.51

m 0.57 0.53 0.52 0.54 0.52 0.53




Available individual models for real-time forecast

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
International Research Institute for Climate and
IRI_CA ] 3 month 24
Society (USA)
APCC APEC Climate Center (Korea) 6 month 10
Centro Euro-Mediterraneo sui Cambiamenti Climatici
CMCC 6 month 9
(1taly)
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

Centre for Australian Weather and Climate Research
POAMA ) 6 month 10
/Bureau of Meteorology (Australia)

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



v" APEC Climate Center Data Service System (ADSS)

Sepi _ o
[ ADSS(APEC Climate x
C [ adss.apec2T.org Q, 85y
ADSS APCC Data Service S_\ stem LOGIN REGISTER CONTACT US

The APEC Climate Center Data Service System was developed for real-time climate monitoring and provision of digital data service to APEC member
economies. This system underscores the role of APCC in playing an important role as a hub of climate data and services in the region. The main
objective of the ADSS is to provide a comprehensive set of models and observational climate data to various researchers and users to establish a
scientific basis for climate prediction. ADSS also aims to menitor climate information using near real-time in-situ observation and prediction data in a
standardized and accessible format for various users.
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Simple Bias Correction (SBC)
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What is the added value of APCC MME?

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

Lead Time

TCC 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 0.4510.45]10.45]0.45]10.45]10.45]0.45(0.45|0.45|0.45

MAR 0.48 10.48 | 0.48 | 0.48

APR 0.4410.7210.69 | 0.72 1 0.42 |0.70 | 0.46 [ 0.70 | 0.45 | 0.64 | 0.45 | 0.65

MAY 0.42 10.6010.42 | 0.5710.42 ]|0.53]0.42 (0.52(0.420.49(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



Integrated Downscaling System

- 3 more approaches to the SBC
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\ 4

\4

Multi-Model Ensemble (MME) and Range (..Min and Max)
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Water Quality
Modeling

MME

Min.

Hydrology
Modeling

‘ Temporal Downscaling (monthly to daily)?

Reservoir
Modeling

‘ Temporal Aggregation (daily to monthly) ‘

Max.
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MME



Moving Window Regression (MWR): Indirect use of

forecasts

Observed Forecasted
S Models: BCC, CWB, HMC, IRl_CA, APCC, CMCC,
MSC, NASA, NCEP, PNU, POAMA

Variables: PREC, T2M, T850, U200, V200, U850,
V850, 2500, SLP, SST (JAN, 1983~2005)

Temperature (C)

Temperature
(JAN, 1983~2005,Korea)

Temp=a*SLP+b

« Temporal: same
« Spatial: different
 Variable: different

.

fiBest Variable &location |




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.

=l _ o *x
& Climate Indices | AP =
| * c www.apee2 Larg/ser /i q Nl

Climate Information
Service

Climate Indices

iyl _tor |
+ s

sssss

Pacific 551 mdices Monitosing

Katrems Kadurn Tropheal Pacle 5 e | e 300 - dum 391

P PYET Pt

http://www.apcc2l.org/ser/indic.do?lang=en

i o W
"JAtmospheric Indices

T T T T 1 I 1 I 1 T
150w 1w

[ a0E 0E S0E 1208 150E 1 oW BIW B

W



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

Climate Index Regression (CIR)

Obsgryed Climate Index from CPC

~ R SN
PRk '"bﬁ%@?%f{_« =
M= = o b = - U
SRTY e T
7 e €
\ K = 3

— 2

Temperature (C)

Temperature
(JAN, 1983~2005,Korea)

1. Linear regression (all Cls * Lags)
2. Select N best Cls and Lags

3. Decide multivariate regression model
Y =a *ENSO_lag7 + b*ESPI_lag0 + c




Temporal Downscaling Method

yearmon
Jan-83
Feb-83
Mar-83
Apr-83
May-83
Jun-83
Jul-83
Aug-83
Sep-83
Oct-83
Mov-83
Dec-83
Jan-84
Feb-84
Mar-84

Ara Aerae

Area Average

prec t2m yearmon prec t2m
0.623 -2182] Jan-8l« tarm=73 0673 1631
1622  2%26 Feb-73f 1789 2631
1452 7.2%0 Mar-7 1428  7.052
3.305 11838 AnA73 3586 12139
“Mahalanobis distancg!® 172%
8.45: = f(prec, t2m) 7041 23314
9375 <4414 Aug-73| 8509 24722
7.755 20920 Sep-73| 7145 20680
211h| 14774 oct-73| 2002 14745
2413 6643 Nov-73| 2375 7133
0221| 1669 Dec-73| 0151 1442
T T
0.912 3.338 0.123| -0.368
jan-11| 0997 -1.826
Feb-11| 2313 1354
Mar-11|] 2659 5750
Apr-11| 0904 12704
May-11| 4124  17.254
un-11| 6330 20626
w11 10191 25146
Aug-11| 4078 27135
Sep-11| 6269 20657
Oct-11| 3736 14392
Nov-11| 0783 8224
Dec-11| 0972 1381

date prep tmax tmin wspd rhum rsds II D135
1981 date prep tmax tmin wspd rhum rsdsl 1ID136
1981] 198] date prep tmax tmin wspd rhum rsds
1981 1981 1981-01-01 08 14 28 381 082 25 1D137
1981 1981 1981-01-02 0 -1.7 -7.9 943 047 5
1981 1981 1981-01-03 0 -3.2 -9.7 9.61 0.39 54
1981 1981 1981-01-04 0 -1.5 -9.7 5.05 0.34 71
1981 1981 1981-01-05 0 -2.7 -9.2 7.61 0.26 54
1981 1981 1981-01-06 0 0.8 -8.8 7.07 0.27 a1l
1981) 1981 1981-01-07 0 36 -44 643 0.26 71
1981 1981 1981-01-08 0 6.4 -3 4.35 0.36 8
1981 1981 1981-01-09 0 7 -2.8 7.98 046 83
1981| 1981 1981-01-10 0 0 -7 6.35 041 6.2
1981) 1981 1981-01-11 0 0 -8.8 7.96 044 7.8
1981| 1981 1981-01-12 0 0.8 -5.5 6.59 0.35 54
1981) 1981 1981-01-13 0 -14 -84 518 0.39 6.3
1981 1981 1981-01-14 0 0.6 -10.4 31 045 8.9
1981) 1981 1981-01-15 159 -1.7 -6 2.7 0.81 2.8
1981) 1981 1981-01-16 01 0.3 -6.2 2,65 0.71 5.7
1981) 1981 1981-01-17 0 2.6 -6.9 3.03 0.51 a5
1981) 1981 1981-01-18 0 3.2 -4.5 452 048 71
1981) 1981 1981-01-19 0 0.9 -64 2.88 0.64 6.8
1981) 1981 1981-01-20 0 24 -54 458 0.29 74
1981) 1981 1981-01-21 0 0.3 -6.4 436 044 6.2
1981) 1981 1981-01-22 0 -0.2 -9.1 243 0.5 8.5
1981) 1981 1981-01-23 0 2.8 -6.7 152 0.58 9
1981) 1981 1981-01-24 0 31 -1.5 316 0.72 34
1981) 1981 1981-01-25 0 24 -4.6 382 0.62 6.9
1981) 1981 1981-01-26 0 -0.2 -1.9 3.02 047 7.9
1981) 1981 1981-01-27 0 0.6 -6.1 312 041 6.6
1981) 1981 1981-01-28 0 31 -6.5 271 046 9.4
1981) 1981 1981-01-29 0 42 -41 38 048 8.6
1981 1981-01-30 0 5.6 -6.3 2,69 0.5 10
| 1981-01-31 0 3.2 58 193 0.53 9.3




Weather Generator
Options
Forecast issuing year 2016
Forecast issuing month 12
Forecasting months 3

Temporal scale hourly

Consider monthly combination?

Include issuing year-month?

Methods

Simple Bias Correction (SBC)
Climate Index Regression (CIR)
Moving Window Regression (MWR)

Observation-based Moving Window Regression (MWR-0bs)

Tasks

Update climate information (GCMs, Reanalysis, Climate Indices)
Update KMA daily weather observation

Run monthly real-time forecast

Temporal downscaling (monthly to daily or hourly)

ALY

KN

[

[«

Initializing...
[1/3] Running: Update climate information (GCMs, Reanalysis, Climate

Run




Hydrological Forecast

1. Water quality forecast
2. Storage level forecast



Framework of APCC Water Sector

I Climate Change Information System I Integrated Modeling System I Outcomes (Users) I
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monthly precipitation (mm/month)

@ Issued Month QForecasted Month

1M
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' current
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\\ current

Mar-83  Apr-83  May-83  Jun-83 Jul-83  Aug-83

® Initialization of streamflow and water quality
was not considered




Performance m
Calibration Validation
easures

% Error

Monthly NSE
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Monthly Temporal Correlation Coefficient

SWAT-Forecast vs. SWAT-Forecast vs. SWAT-Forecast vs. SWAT-Forecast vs.
Observed-WQ SWAT-Observed Observed-WQ SWAT-Observed

Total Nitrogen (TN) Total Phosphorus (TP)
Month

S -0.47 -0.27 -0.38 -0.08
0.01 0.00 -0.34 0.26
| MAR 0.72 0.67 0.45 0.68
0.40 0.80 -0.20 0.71
-0.34 0.58 -0.26 0.74
-0.05 0.00 -0.15 -0.10
-0.04 0.30 -0.46 0.27
-0.25 0.14 -0.30 0.14
0.31 0.29 0.31 0.07
-0.30 0.25 -0.14 -0.09
. NOV 0.37 0.22 0.24 0.13

-0.62 0.37 -0.39 -0.02




HOMWRS for Long-term Water Level Prediction
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Seasonal Forecast Application for Kicheon Reservoir

g jiiﬂ Kicheon reservoir
=x02 = Watershed area: 755 ha
W = lIrrigation area: 270.7 ha
= at;td HOMWRS modeling
- Baren s Period: 1996 ~ 1997

= 6 months forecast at

%cheon_ N every March
eservolir (A\

X

r-

0 500 1000 1500 2000m
| s s




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
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Expected outcome for decision-making

Drought alerting level for June 20th
(Forecast issued on January 15t )
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Introduction to CIi-WARA

Climate information-based
Water-Agriculture Risk
Assessment



Seamless Prediction and Services Framework

. Centuries CI | ma:te Change (CC)

‘Scenarios

E Decades

Outlook L _Yeam l Seasonal Forecast (SF)

Prediction i Seasons

uidan
G . [ AMonths

i 2 Weeks

Subseasonal to Seasonal (52S5)

Threats
Assessments

1 Week

Forecasts

Forecast Lead Time

Days
Watches Weather

Hours

Wamnings & Alert
Coordination

e

Source: http://slideplayer.com/slide/1447561/
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Adapted from: NOAA
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Applications
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Fire Weather
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- Objectives

To analyze the impact of various scales of climate variability, e.g.,
BSISO, Indian Ocean Dipole (I0D), and El Nino Southern Oscillation (ENSO),
and climate change on droughts in Thailand

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

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

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

To disseminate the representative multi-disciplinary case study that can be
applied or extended to other regions, including other parts of Thailand



Project Overview

Forecast mixing in daily time-step (S2S and

Seasonal)

Hydrology
(watershed

deli
cho modeling)

Agriculture
(Crop
modeling)

Chung

drought forecast information &
weights for models

week—months

Drought forecast using
machine learning and

Drought

R/S (SPI, ...) forecast using
easonal forecast(EDI)
Rhee Cho
A A
1
Down- Down- Down-
i scalin i
scaling 9 e scaling .,
A A Ly
L
Remote S2S Seasonal Climate
Sensing Forecast Forecast Change
Park Oh Myoung Cho

T T

Risk components
for Risk Assessment Framework

All
1st year

Risk Assessment & management
Framework

All
2nd year
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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)
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KWPA-APCC Collaborative Project

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



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 lran,

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




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 lran 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




Strategic plan on the collaborative project

Monitoring-based Smart Water Management Platform
observed observed Real-time Data
L weather weather data monitoring |—| assimilation |+—>
data (station) (grid, comparison) system (initialization)
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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

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

Climate zones will be determined over three river basins
Khuzestan province

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

O Statistical downscaling of dynamic seasonal climate model
outputs

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

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

O Hydrological forecast
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Preliminary predictability of seasonal forecast on

Ahwaz region

® Observed data from GHCN 08
® Using SBC method 07
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Preliminary predictability of seasonal forecast on

Ahwaz region
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