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Climate (Change

A Climate Variation
- Uncertainty \

A Longterm Climate
- Adaptation

- Mitigation

A Impact Assessment
- Sensitivity

_ Vulnerability Y,
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Sustainable Development



APEC CLIMATE CENTER

Agriculture

AFarms, Fields, Crofddyestock¥X  Food Security
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Soll RiantzAtmaesphere

ASoilc Plantc Atmosphere
(SPAC)

- normally mentioned SPAC is the




APEC CLIMATE CENTER

Envirenment.temporal & spatial

A Planting > Growing > Harvesting

A Local Environment




Weather Station

A where crops are grown




Synoptic WeatherrObsenzation

A Local Weather / Climate
- Representative sites

- Issues: homogenous terrains/land cower
various terrains/land cover




Terrain, Landuse

A Terrain : Land cover
- Plain < Homogenous
- Mountain (Highland) area, Urban < Complex, Various




Homogenous

A Synoptic weather station
- iIsothermal line
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A Mountain/Highland
- various weather/climate; agrp mountairr climate
- not directly use synoptic weather/climate data
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APCC

APEC

or where trees are grown

Local\Weather
A where crops are grown




Clmate WModels

APCC

B KMA ASOS

Admin

N el Kilometers

@

Synoptic weather station maps of each countries

(average distance over 50km, 100km)
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Local/Stte Specificcenvironment

ASite-specific climate: topography, vegetation, lacaver
- distance, elevation,
- slope effect,
- heat island effect, cold air drainage effect etc.

ADownscaling methods
- temporal
- Spatia| CHRA (10-15km)

Troposphere




Models

A Climatic forecasting information produced in climate
models

A need Application models in other sectors
- Agricultural models

- Hydrological models
-+ NA2dza Y2RSfa X SG0o®



Issues//(Conecerns

A When Applied to Other Models of Fields
- using climate prediction information as input information

A Its Uncertainties
- systematic
- downscaling




Uncerntainty of Downs

APEC CLIMATE CENTER

A Model Evaluation
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Uncentainty of IDownseahng

APEC CLIMATE CENTER

A Evaluation Framework

Evaluation method

PRCP

Criteria

PRCPTCT

soil
Time-series
Related Tau, annual
(Criteria 1) average
Distributed Distribution of
Related values
(Criteria 2)
Multi-day CDD & CWD
Persistence
(Criteria 3)

RxSday

Rx1day

R95pTOT
Extremes R99pTOT
(Criteria 4)

Spatial correlation

between stations

Spatial structure
(Criteria 5)

Source: DiEumHyungL f Qa

Distance of RMSEs
from the perfect

value

RMSE of tau between
observed and
simulated values

K-S D statistic

Distance of RMSEs
from the perfect

value

RMSE of spatial
correlations between
observed and

simulated values

ID
DIR
GSL

Tau, annual

average

Distribution of

values

WsDI

TX10p
TX90p

Spatial correlation

between stations

NI K

Distance of RMSEs
from the perfect score

RMSE of tau between
observed and
simulated values

K-S D statistic

Distance of RMSEs
from the perfect value

RMSE of spatial
correlations between
observed and
simulated values

TR
DTR
GSL

Tau, annual
average

Distribution of
values

CsDl

TN
Thx
TN10p
TN9Op

Spatial correlation b
etween stations

Distance of RMSEs
from the perfect

value

RMSE of tau between
observed and
simulated values

K-S D statistic

Distance of RMSEs
from the perfect

value

RMSE of spatial
correlations between
observed and simulat
ed values



Uncentainty of IDownseahng

u PRCP u TMAX u TMIN

CMCC-CM
CcCsm4
CESM1-BGC
CESM1-CAMS
BCC-CSM1-1-M
MRI-CGCM3
CNRM-CM5
MIROCS
HadGEMZ2-A0
HadGEM2-CC
HadGEM2-ES
INM-CM4
IPSL-CM5A-MR
CMCC-CMS
MPI-ESM-LR
MPI-ESM-MR
FGOALS-s2
NorESM1-M
GFDL-ESM2G
GFDL-ESM2M
IPSL-CM5A-LR
IPSL-CM5B-LR
BCC-CSM1-1
CanESM2
MIROC-ESM-CHEM
MIROC-ESM

19 21 23 25 27 1 11 13 15 17 19 21 23 25 27 1 19 21 23 25 27

Ranking Ranking Ranking

NI K

&
QX
(V)]

Source: DiEumHyungL f Q& N



Agro -Climatology:



Agro-Climaticimformation

A Provide important information for cropping calendar
(farming activities)
- sowing/planting
- Irrigation/sprayschedule,
- harvest crop

A Addedvalue
- to produce information to manage agricultutosystem



Agro-Climatic | ntex

A Growing Degree Days (GDD)

- Isa weatherbased indicator for assessing crop
development

- Isa calculation used by crop producers that is a measure of
heat accumulation used to predict plant and pest
development rates such as the date that a crop reaches
maturity (source: in google search).



Agro-Climatic | intexcGDD

A GDD by calculating from daily temperature data

GDD ¢ )y

- T dally Maximum Temperature

- T .. daily MinimumTemperature
- T,.se Dase temperature which a crop stagsowth



Agro-Climatic|intex:c:GDD

A GDD by calculating with monthly temperature data

GDD § R A )

-N : the number of month
- T ... monthly MaximumTlemperature

max

- . monthly Minimum Temperature

min *
- T, Dase temperature which a crop stagsowth
- L : constant

- » . the standard deviation of the monthly Average
temperature



Agro-Climatic | intdex:GDD

APCC

A 8 GCMs and one RCM used in the calculation of GDI

Model Origin Country Resolution
KMA -12km Korea Meteorological Administation Korea 12.5km x 12.5km
CanESM?2 Canadian Centre for C.Ilmate Modeling and Canada Py 2P
Analysis
GFDL-ESM2G i i -
NOAA/GFDL (Geophysical Fluid Dynamic USA 2y 2 P
GFDL-ESM2M Laboratory)
HadGEM2CC MeteorologicalOffice Hadley Center UK 1.88x 1.25
inmcm4 Institute for Numerical Mathematics Russia 2°x 1.5
IPSL-CM5A-LR Institute Pierre Simon Laplace France 3.79x 1.8
MIROC-ESM Atmosphere and Ocean Research Institute, Natic
MIROC-ESM- Institute for Environmentabtudies, and Japan Japan 2.8x2.8

CHEM

Agency for MarineEarth Science and Technolog




Agro-Climatic | intdex:GDD

APCC

AT, ...5°C GDDy calculating from daily temperature data

0.6

a) -e-0BS
CanESM
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« GFDL-ESM2M
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04 4
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:nf. MIROC-CHEM
12.5km
02 —MME
0.1
0.0
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03 4 .
mmemd
IPSL-CM5A
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Probability density function
(up) and boxplot (down) of
growing degree days (right)
and plant period (left) on
base temperature 8 under
each GCM during 1978005.
In each box plot, horizontal
lines represent, from left to
right, the 10th percentile,
25th percentile, median,
75th percentile and 90th
percentile of calculations on
each climate sets (from
observed to each 8
individual GCM and one
RCN.

Reference: Churd, Cho JF5eoMC, Jung WS (2015) Evaluation of AGlionatic index in Korean Peninsular using rnmtidel ensemble
downscaled climate prediction of CIMP5. Abstract book of International Scientific Conferg@cdmily 2015 Paris, Franpp316317.



Agro-Climatic | intdex:GDD

AT, .. 5°C GDDy calculating from daily temperature data

Observed

Observed

MME(0.85) KMA-12.5km(0.43) HadGEM(0.82)

CanESM(0.73) GFDL-ESM2G(0.81)  GFDL-ESM2M(0.81)

® 76SMN
SIGUN
GDD (C)

] <3.186
| BEs
o -
I 3451 -
I 3601 -

3.751 -
I 300 -
| REAl

. 76 STN

SIGUN

PLP (days)

o

MIROC-ESM(0.74)

Inmcm4(0.62) Inmecm4(0.73) IPSL-CM5A(0.81)

MIROC-CHEM(0.75)

in Korean Peninsular using nmtidel ensemble
downscaled climate prediction of CIMP5. Abstract book of International Scientific Conferédckyly 2015 Paris, Franpp316317.

Reference: Churd, Cho JFBeoMC, Jung WS (2015) Evaluation of AG@lionatic index
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Crop Model:

Growth and Development Stage,
Potential yield



. Agricuiltural Models

U Soil models
- roots

Climate/Weather ot
) Data ‘
U Crop models
- phonological/genetic

U Pest/Disease models “’




APEC CLIMATE CENTER

A DSSAT package

- various crops
- even vegetables and fruit crops

— — —)
DSSAT Version 4.5.0.0 (QLEX)
File Data Model Documentation Help
| New ~ B L Frn v S

Thks Selector Data -

g% p
[+ Cereals
Legumes
Crop Management Data Root Crops
Oil Crops
Vegetables
o Fiber
Graphical Display g Forages
Sugar/Energy
&2 Fruit Crops
Soil Data E YariPus
B~ % Applications s
-} Seasonal L
% -G Sequence
ExperimentalData | |  Spatial
B % Data
- 5 s°;|
@ =@ weather
Weather Data []v- Genetics
[]v- Economics
¥ Pests
----- ¥ Standard Data

Seasonal Analysis

(B4

Accessories

Utilities

Reference

My Shortcuts




Crop rmooteis

A Crops
- Cereal crops: Rice, Maize,
- [ S3dzyYS ONRLAY {2é0Styz tSI
-w220 ONRLIAY t20F02% ¢ N X

4 Production situation

defining factors: CO,

1 | potential < radiation
temperature

A Potential Yield e

- canopy architecture

limiting factors: water
< nutrients

2 | attainable

reducing factors: weeds

3 | actual < pests
diseases
Yield-protecting measures pollutants

o

Production level (t'ha)



ObjectivescoftCaset Stuely

A High temperature Impacts on Growth Stages

- (Obs.1) Assess the reproducibility of temperature on each
growth stage and growth periods

- (Obs.2) Assess the impact of high temperature on yield of
soybean?



Materials andWethots-of . Case Stu

A CROPGROBbybean

- CultivarsTaeGwan@mediumlate maturity)
- Genetics information fronisenCalc
- Applied sitesJeonjuandMiryang + 14 fields

A Critical growth stages
- Vegetative: before flowering
- Reproductive: after flowering

A Criteria abnormal temperature on each growth stage



Geneticlinformation

A TaeGwangmedium and late maturity)
- Korean soybean cultivar

CSDL PPSEN EM-FL FL-SH FL-SD SD-PM FL-LF LFMAX SLAVR SIZLF XFRT WTPSD SFDUR SDPDV PODUR THRSH SDPRO SDLIP
Taegwang 1270 032 1871 492 95 3b8 95 103 35000 30000 100 019 1010 135 2928 7800 040 020

EVALUATE.OUT EVALUATE.OUT
20 5000
o5 | v=11843x-9.4309
R?=0.9213

5 4000 -
£ 60 _ y = 0.8204x - 324.48 0
5 . R? = 0.4581
= )
o 55 = o
& = 3000 -
g =
© 50
k=) = &
1 2 © o
g 45 | § 2000 - o
3 )
Q
=
E 40 -
° 1000 1

35 1

© Anthesis day =~ —{ & (Anthesis day ) © Mat Yield kg/ha — 415 (Mat Yield kg/ha)
30 : : : : : : : 0
30 35 40 45 50 55 60 65 70 ' ‘ ' '
0 1000 2000 3000 4000 5000

Simulated Data (day after planting) Simulated Data (kg/ha)



Geneticlinformation

A Evaluation genetic properties dheGwang
- 16 sites

Estimated potential yield (kg/ha)

4500

4000

3500

3000

2500

2000

1500

1000

S00

A)

M Jeonju (RP=0.41)

[ Miryang (R*= 0.01)
O Deagu (R?= 0.43)

< Jinju (R?= 0.82)

+ Suwon (R?= 0.38)

# Chuncheon (R=0.37)

500 1000 1500 2000 2500 3000 3500 4000 4500

Observed potential yield (kg/ha)

Spatial averaged: 0.40

b 4

Estimated anthesis day (day of year)

225
B) Aldeonju (R*=0.29)  Spatial averaged: 0.58

O Miryang (R?= 0.88)
220 1 o peagu (R?= 0.58)

< Jinju (R?= 0.87)
715 | tSuwon (R?= 0.39)

* Chuncheon (R?= 0.45)

O

210 -+
205 4
200 4
195 4
190 4 T T T T T

190 195 200 205 210 215 220

Observed anthesis day (day of year)

225



Growth Stage-ot:Soybean

A Growing season: timingf planting, flowering pod
development, and seed filling

T Days of R Stages

Start flowering

Growing Period or Growing Season



Criteria @abnormaktemperature

A Critical growth stages

Vegetation period

Reproduction period

Range of Range of .
Crop Base Temp. Opt. Temp. Opt. Temp. Failure Temp.
25-30 (DT), 26-32 (DT),
Soybean 10 19-24 (NT) 22-27 (NT) 37

(Holmberg, 1973, Gibson and Mullen, 1996 )




Abnormal tempetrature

U before and aftetAnthesis

5 4 5 4
—B-before Anthesis
4 - —8—After Anthesis (R5~R7) 4 4
3 S 3 S
2 2
o o
. 1 4 . 1 4
@ @
2 2
) 0 - ) 0 -
) i} )
= =
a5 - a 1 - \3/'3/
) -2 A
-3 -3

2003 2004 2005 2006 2007 2008 20092 2010 2003 2004 2005 2006 2007 2008 2009 2010

Year Year

Jeonju Miryang



Impact ongrowthperiod

A During Vegetative stage

80 -

® Simulated
70 4 OX Observed
60 -

47

47
O: Miryang
X:Jeonju

Planting to Anthesis

Duration (days)

51 ~ 22
50 -
40 -
30 -
20 -
10
0

Planting to Anthesis

Not high temp. High Temp.

Within 4~5 days

Vegetative stages



Impact ongrowthperiod

A During Reproductive stage

Duration (days)

80
70
60
50
40
30
20
10

0

m Simulated
65 1<% 66 OX Observed

51 52

O: Miryang
i X:Jeonju
Anthesis to P-Maturity | Anthesis to P-Maturity
Not high temp High Temp. 14~16 days

(two weeks)

Reproductive stages



Summary((0Obs.1.)

U Period of vegetatiostages (before flowerings
shortened

U Reproductive stages is also shortened, especially hic
temperatures occur in the period of R4(R@R6, and
AlQa aK2ZNIUSNE |yR Ftaz |

A1.5°C ~ 2.6C compared with criteria temperature



Yield Components((©bs)2)

A How much the impact of high (abnormal)
temperature on yieldf soybean?



Shift growth stages

A Planting Season

- May to June
May sune LA 7tE AS--HllF SAF 99
\ / U 20170530(23:32) | =% 2017,0530(23:38) | & &1 e

~
Range: one month
1.5 month




Shiift growth stages

A Shift Planting time easy way to avoid extreme case, such
as high temperature or no rainy days (i.e., conditions In
which crops can not grow/cultivate well)

A In the case of Korean soybean, usually plant June 10 in
the southern region
- shift (++) 5 days (shorten / delay)

- for example,
U shortenc May 25, June 5 with based on June 10
U delayc June 1%etcX



Chung et al., 201&Responses of soybean yield to high temperatur

stress during growing season: A Case study of the Korean
soybeanKoreanJournal of Agricultural and Forest Meteorology
18(4), 188~198doi: 10.5532/KIAFM.2016.18.4.138 APCC

A Relative change on yield planted at June 10

1981-2010 2003-2010
4 4 -
2 2
)
e 0 = 0 I :
g 5 5 June 15 20
£ -2 A 5 -2 4
© <
T ]
o -4 4 o -4 7
> 2
H S 6 5 6
Jeonju % g
o
e -8 1 zPositive effect -8 = Normal
ENegative effect mHigh temp.
10 ¢ 10 - ° P
4 4
- 2 2 -
E.Q —
=
$ 0 - r
< o
Z c
s 2 g -2 A
T 3]
.g -4 _g -4
s 8
> J T -6 -
E -6 2 6
L]
1 @ -8 4 ©Positive effect 8 ENormal
M I ryang @ Negative effect m High temp.
10 -10 -

Sowing date Sowing date



Apply to future climate:seenarios -

A Compare two cases:

- Occurrence of high temperature during critical perids
- Just common temperature as Normal year

A Future Climate Scenarios
- a preliminary result of KMA25km



Results

TR
AECS

A Relative change on a yield component in Normal vs.
High temperature

Pod numner {#m?)

800 -
700 -
600 -
200 -
400 -
300 -
200 -
100 +

== rrcpds
== rCp85
== R2to RY high-rcp45
== R2 10 RY high-rcp85s

83 a0 a7 104 111

Day after planting (days)

Yield change (%)

20

10

RCP45

RCP85



Results

APCC

A Relative change on yield planted at June 10

Jeonju

Miryang

Relative change (%)

Difference (%)

10 -
[ T w
-10 -
20 -
30 -
-40 -
20 -

10 -

10

-20

40 A

RCP45 (2021-2050)

5 June 15. ZOr

E Normal
m High temp.

Sowing date

Relative change (%)

Relative change (%)

20 -

10 +

-10 -

20 -

-30 A

40 A

20 ~

10 ~

-10

-20 A

-30

40 -

RCP85 (2021-2050)

‘ —
5 June 15 June 20r

Sowing date



Summary((®bs.2.)

U by shortening theplantingtime, it is possible to
avoid the decrease of thgeld of soybean bgvoiding
the hightemperature during critical growth stage (e.g.,
grain filling period)

U more negative impact on delay of the planting time



Multi Model Ensemble
Simulation:

Reproduciblility of yield in CROP
Model



ObjectivescoftCaset Stuel/

A Multi Models Ensemble Simulation

- (Obs.3)

evaluateyield reproducibility & investigate appropriate
ensembleaveraging method to average the predictgelds
from various climate modes&

build database for multi models ensemble simulation of crop
model



Climate ((Weather) dnformation

APCC

Historical RCP4.5 RCP8.5
mdInms
. PR TX TN WD SR RH |PR TX TN WD SR RH [PR TX TN WD SR RH
A9 Scenarios ACCESST0 7 T 3 7 3
bcc-csm1-1-m 1 TR 1 £ 4 1
bec-csm1-1 4. 4% £+ i+ 4 1 3 a2 #MFE 3 1 4 A g
_ 8 GCMS CanESM2 (I O S T A O L B | U T O N
CCSM4 1 4 4 1 1 1 r 4 1
CESM1-BGC i @ A | O OO |
1 RCM CESM1-CAMS 1 4 A T 1 1 A
- CMCC-CM I w4 0 & i
CMCC-CMS il 1 1 1 1 At 1
CNRM-CM5 i o T 1 1 1 9 1
A t I 1 CSIRO-Mk3-6-0 I 4 1 (O
Uan I emapplng FGOALS-g2 1 1 1 1 i P % |
FGOALS-s2 I % A S
GFDL-CM3 ) T 4 i % 1
Model Origin Country Resolution
KMA-12km Korea Meteorological Administation Korea 12.5km x 12.5km
CanESMD2 Canadian Centre for Cllmate Modeling and Canada 28°x 2 8°
Analysis
GFDL-ESM2G / ' ' i
NOAA/GFDL (Geophysical Fluid Dynamic USA 25°%2.0°
GFDL-ESM2M Laboratory)
HadGEM2-CC Meteorological Office Hadley Center UK 1.88° x 1.25°
inmcm4 Institute for Numerical Mathematics Russia 2°x1.5°
IPSL-CM5A-LR Institute Pierre Simon Laplace France 375°x1.8°
MIROC-ESM Atmosphere and Ocean Research Institute, National
MIROC-ESM- Institute for Environmental Studies, and Japan Japan 2.8°x2.8°

CHEM Agency for Marine-Earth Science and Technology




Reproduciility

wield

A Reproduce

- past climate(weather

- necessaryo analyze i
downscaled climate c
growth periods repro
accurately enough, a
the crop model.

Correlation
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Multi Model Ensemble Methods .

Chung U, Kim YU,SeoBS, SeoMC (2017) Evaluation of Variation

A M M E types and Uncertainty in the Potential Yield of Soybeans in South Koree

Using Multi-model Ensemble Climate Change Scenarios.
4 types Agrotechnology6: 158.doi: 10.4172/2168881.1000158



