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Climate Change

 Climate Models

- various climate models (global climate models, regional
climate models)

e Ensemble

- coupled

- multi-disciplinary



Future Climate Change Scenarios

APCC
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Issues / Concerns

APCC

* When applied Climate Information of climate modes
to Other Models
- Hydrological Models

- Agricultural Models ... (crop models or pest/disease models)



Local/Site-Specific Environment

* Site-specific climate: topography, vegetation, land cover
- distance, elevation,
- slope effect,
- heat island effect, cold air drainage effect etc.

* Downscaling methods
- temporal

- Spatial CHRA (10-15km)

Troposphere

- Tkm

- mEEAA




Uncertainty of Downscaling

APEC CLIMATE CENTER
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Uncertainty of Downscaling

* PRCP * TMAX * TMIN

CMCC-CM
CcCsm4
CESM1-BGC
CESM1-CAMS
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MPI-ESM-MR
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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
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Models vs. Models:



Growth Stage of Soybean

* Growing season: timing of planting, flowering, pod
development, and seed filling

T Days of R Stages

Start flowering

Growing Period or Growing Season



Criteria abnormal temperature

* 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)




Crop model simulation:



Crop models

* Crop
- Cereal: Rice, Maize,
- Legume: Soybean, Peanut ...

- Root: Potato, Taro ...

-~

Production situation

* Potential Yield 1 |potentia

‘defining factors: CO,

2 | attainable

<

radiation

temperature

crop characteristics

- physiology, phenology,

- canopy architecture ... etc

Iimiting factors: water

3 | actual

Yield-increasing measures

>

nutrients

reducing factors: weeds

Yield-protecting measures

pests
diseases
pollutants

v

Production level (t/ha)



Climate information:

Observation, ...
Long-term climate change scenarios



Simulation APCC

* Observation climate:
- Normal year:
- Normal 8110: no high temperature during growing seasons

- High temp. : high(extreme) temperature occurred during
critical periods

e Climate change scenarios:



Results: Observation Climate

e Pod number
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Results: Climate change scenarios

* Normal vs. High temperature
- gray & black line: no high temperature

- red dot line: high temperature occurred
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Shift growth stages

* Planting Season
- mid- May to mid-June (to end-June)

ﬁ

May June

* Changing flowering and grain filling time
- mid-July and late- August

*

July August

N J
Y

high temperature frequently occur




Shift growth stages

* Change planting time: easy way to avoid extreme cases,
such as high temperature or no rainy days (i.e., conditions
in which crops can not grow/cultivate well)

* |n the case of Korean soybean, usually plant June 10 in
the southern region
- shift (+/-) 5 days (shorten / delay)
- for example,

» shorten — May 25, June 5 with based on June 10
» delay — June 15 etc...



Results

Chung et al., 2016: Responses of soybean yield to high
temperature stress during growing season: A Case
study of the Korean soybean. Korean Journal of

G
h

Agricultural and Forest Meteorology, 18(4), 188~198 APCC
(doi: 10.5532/KJAFM.2016.18.4.188)

PEC

* Relative change on yield planted at June 10

Jeonju

Relative yield change (%)

Relative yield change (%)

Miryang

-8

1981-2010

Positive effect
B Negative effect

Positive effect

= Negative effect

Sowing date

Relative change (%)

Relative change (%)

2003-2010

I |
5 June 15. zor

ENormal
mHigh temp.

! [
5 June 15 20

HNormal
m High temp.

Sowing date



Results

Chung et al., 2016: Responses of soybean yield to high
temperature stress during growing season: A Case
study of the Korean soybean. Korean Journal of
Agricultural and Forest Meteorology, 18(4), 188~198 A

PCC

PEC C

(doi: 10.5532/KJAFM.2016.18.4.188)

* Relative change on yield planted at June 10
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Reproducibility:



Future Climate Change Scenarios

* 9 Climate Change Scenarios (among many scenarios)
- 8 GCMs
e Simple Quantile Mapping
Model Origin Country Resolution
KMA-12km Korea Meteorological Administation Korea 12.5km x 12.5km
CanESM?2 Canadian Centre for Clitpate Modeling and Canada 2.8°x 2.8
Analysis
GFDL-ESM2G NOAA/GFDL (Geophysical Fluid Dynamic USA 25952 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°
[PSL-CM5A-LR Institute Pierre Simon Laplace France 3.75°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

APCC



Reproducibility of predicted

* Reproducibility

- past climate(weather) at
the growth stages

- necessary to analyze in
more detail whether the
downscaled climate data
from GCMs during the
major crop growth periods
reproduced the observed
climate accurately enough,
and to evaluate the plant
responses in the crop
model.

Chung U, Kim YU, Seo BS, Seo MC (2017) Evaluation of
Variation and Uncertainty in the Potential Yield of
Soybeans in South Korea Using Multi-model
Ensemble Climate Change Scenarios.
Agrotechnology 6: 158. doi: 10.4172/2168-
0881.1000158)
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IMulti-IMiodel Ensemble
(MMLE):

Ensemble averaging
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Multi Model Ensemble Methods

Chung U, Kim YU, Seo BS, Seo MC (2017) Evaluation of
Variation and Uncertainty in the Potential Yield of
Soybeans in South Korea Using Multi-model

* Ensemble averaging types

- 4 typess

2000 4

Estimated yield (kg/ha)

500 A

2500

2000 1

Estimated yield (kg/ha)

500 4

APCC

Ensemble Climate Change Scenarios.

Agrot

chnology 6: 158. doi:

4172/2168-
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Number of participating

* Number of participating in MME simulation

- the estimation error decreased as the number of GMCs in
ensemble averaging

700

600 ~

500 ~

400 ~

300 +

RMSE (root mean square error, kg/ha)

200

100 ~

0

M9 M8 M7 M6 MSE M4 M3 M2 M1

Ensemble numbers



Forecast information:

Seasonal (1~6 ms) and
Sub-Seasonal (7~30 days) forecast
information



Additional

» Multi-range climate information

!znarios Centuries CIimate Ch nge (CC)

W ~ Seasonal Forecast (SF)
Prediction | o , easons
Guidance ,E -
ge)
Threats | § ‘ Subseasonal to Seasonal (S2
Assessments =
§ 1 Week
Forecasts | g
- Days
Watches Weather
Wamings & Alert —
Coordination -
Minutes
Applications >
/ S
EERINIRRRRRAE S
e ] §
25 i g E 32y
= Adapted from: NOAA

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



Case study: PI"OjeCt OverVieW

Forecast mixing in daily time-step (S2S and Seasonal)

Hydrology
(watershed
modeling)

Agriculture

(Crop modeling)

{}

week~months

drought forecast information &
weights for models

>

Drought forecast using
machine learning and R/

Drought

forecast using

(SPL ...) Seasonal forecast(EDI)
7}
1
Down- Down- Down-
scaling scaling scaling
A A A
L
Remote S2S Seasonal Climate
Sensing Forecast Forecast Change

T 1T

Risk components
for Risk Assessment Framework

Risk Assessment & management Framework




Crop Responses (Seasonal)

* Crop Model Simulation based on multi-scale climate
information

1) Assessment change of cropping calendar from
Seasonal Forecast information

- example, change planting(sowing) day, or suggest rotated
crop



Crop Responses (Sub-Seasonal: $2S

2) Assessment critical growth stages of crop
responses (or yield components) from S2S
information

- in cropping season: 1~2 weeks (within 7 ~ 15 days)

- 3 critical periods (e.g., 172 weeks after planting, flowering
period, or grain filling period during reproductive period,
those periods are within 7~15 days)
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Winter Seasonal Forecast
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Winter Seasonal Forecast

Yield (kg/ha)
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Conclusions:
Breeding & Plant Physiology: Genetic

information < Big Data
Multi-Disciplinary Researches

< Ensemble




Conclusions - I:
Genetic Information

* example: TaeGwang (medium and late maturity)

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 3H8 95% 103 35000 30000 100 019 1010 135 202 B0 040 02

Anthesis day Potential yield
EVALUATE.OUT EVALUATE.OUT
0 5000
65 | v =11843x-9.4399
R?=0.9213

5 4000 -
£ 60 _ y = 0.8204x- 324.48 o o
g E R? = 0.4581
= )
= 55 - = o
g ~ 3000 -
g =
© 50 E=
3 g ° T e
g 45 | § 2000 - o
3 )
-]
=
E 40
° 1000 -

35

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

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



Genetic Information

Estimated potential yield (kg/ha)

Evaluation genetic properties of TaeGwang

- 16 sites
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Conclusions - Il;

* multi-sectors combined approach

- breeding

- plant physiology Bio-economic approach
(phenology)

- agro-climatology Socios

. Bio-physical g
- crop modeling

- socioeconomics

Chung et al., 2014: Modeling the effect of a heat ~Combined under the extreme weather events
wave on maize production in the USA and its

implications on food security in the developing
world. Weather and Climate Extreme, v5-6, 67-
77.

(doi: 10.1016/j.wace.2014.07.002)
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