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Topics

e Short Introduction to IBSNAT, DSSAT,
|CASA

e Introduction to TRF
e Situations in Agricultural Systems

e Assessing impacts of climate change on
crops in Thailand

 Collaborative research agenda



Institutional Aspects: History

« ended in 1982: Soil Project, technology transfer via soil taxonomy
e 1982-93: IBSNAT Project

e 1983-86: Minimum Data Set Concept
 Initial models were CERES-Maize, CERES-Wheat and SOYGRO soybean model.

e 1986, 1994: Data standards for compatibility of models

e 1986: DSSAT v2.1 released

e 1994: ICASA formed

« Fall 2002 — Spring 2003: ICASA Re-structured

o 1998: DSSAT v3.5 released (after project ended).

e 2003: DSSAT Cropping System Model, DSSAT v4 released
o 2015: DSSAT v4.6 released

e DSSAT.net



IBSNAT Project (1982-1993)

e Based at University of Hawali (G: Uehara, Pl; F.
Beinroth, Co-Pl)

* Funded by US-Aid

* H. Nix, Joe Ritchie, Barry Dent, Tony Hunt, Paul Teng, Juan
Comerma on Technical Advisory Board

e International Network of Researchers Interested In
Applying Systems-Tools to Cropping Systems, and
Systems Scientists

e Products:

« DSSAT (Last Version Released in 1998, Version 3.5)
« Data, Data Standards
* Network of Trained Users (>2,000)

e DSSAT Version 4.6 in 2015



Rationale

* Increased demands for agricultural products
* Increased pressures on natural-resources

e Rapid changes in technology, ...

» Globalization of trade, economies

« Information needed for decision making

o Gap between information needed and that created by
disciplimary research

 Trial & Error approach toagricultural research is
Inadequate

Integration of knowledge is essential
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Integration of knowledge is essential



Three connecting research efforts: A systems approach

Understanding
research

Prediction
research

Management
research

Uehara, 1996 & 1998




ﬁ TRF: Thailand Research Fund

s n D
T = =

0 Research funding agency under PM office. One of_six research funding
agencies in Thailand.

4 Est. in 1992, annual budget ~ 50-60 M _USD.

O Three main mandates;
» Research and Development,
e Basic research and researcher development,
« Strategic and special ‘assignments.

O My interactions with TRF since 1994,
e 1994-1998: Sugarcane simulation model to estimate yield in large areas.

e 1997-2001:

e DSS for Rural Community
» DSS for Rice,
e DSS for ARM.
« 2002-2010:
» TRF-DSS Research Network Coordinator,
 MWCropDSS for the assessment of impacts of climate change on crops in Thailand.

e 2014: TRF-DSS-ASEAN Research Network Coordinator
e 2015-2017: TRF-PA (Precision Agriculture) Research Network Coordinator



Situations of Agricultural Systems

* 50% of population is dependent .on Agriculture.
« 35% of land area Is under_agricultural activities.

e Food grains production (Rice and Maize) approx. 30-
35 Mt. at the national level.

e Provides about 20-80% of the-Provincial GPP
livelihood (NESDB, 2013).

* A risky business.
e Sensitive to weather & climate conditions.



Chiang Mai maximum temperature (°C)




Chiang Mai minimum temperature (°C)




Chiang Mai monthly rainfall (mm)







End
users

Joint recommendations/Solutions
Next

users

Research
teams

Uehara (1998); Kovanich (2009); Jintrawet et al. (2012) 14/21



Real world Model

>\

Natural and agro-ecosystems: Same
photosynthesis process. System approach: Putting parts of rice production

into one picture

Soil Water Assessment Tool
(SWAT Watershed System)

Sunlight
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Channel/Flood Plain
Processes
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Applications

™ Mae Nem Cht Bac , At samat watershed
4 Mae Nam Chi Basin I

. Sengigmb = 732 km?

; v , 1,356 - 1,659 mm/year
Landuses

79.9% Ag

7.1% Forest
4.3% Urban
1.2% Water
6.3% Other uses

25 Main Basin of

Thailand
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Namchi subregion

Graiprab et al. (2010)




WSWAT

Locations of the nine rainfall stations used for the At Samat SWAT simulation study
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——— Observed «—— Simulated
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Figure 4 SWAT Calibration result for station E.2 located at Yasothon, at the outlet of the Mae Nam Chi River basin
(Source: adapted from MRC, 2004)

Graiprab et al. (2010)
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Figure 9 Average monthly flow change for Huai Yang Cher Figure 10 Average monthly flow change for Huai Sai Kai
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Crop areas

. . Roi Et Series
Soil Series d TH01370001

Climate zone

GCM & RCMs: SWF

Logisti&v

A

Population

Jintrawet (2009); Morohn et al. (2013)

DSSAT 4.6
FILE-X &
OTHER INPUTS

Production
Scenarios
For 24+ crops

OUTPUT
FILES

Decision Support System
for Agrotechnolagy Transfer

5. Hoogenboom, J W. Jones, B'W . Wilkens,
C.H. Farles, K.J. Bocte, LA, Hunt, U. Singh,
AL Lizasa, JW. White, 0. Unpasev, F.5. Foyce,
FOgeshi J. Koo, V. Shelia and G, Tsuji.

Copyright B DSSAT Foundation 2013 All Rights Reserved
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ANALYSIS
PROGRAMS
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DSSAT |20

Cocmon Gpoer Srven b Trarster

Yield
& Production

3-6 Months
in advance




Crop production levels Crop Model Concepts

A o COZ
Defining factors ragjation

1 Potential —— o0 ratre
crop characteristics

-physiology, phenology
-canopy architecture

L[¥miting factors a.: water
“ - -  Bhnutrients

=nitrogen

J > -phosphorous
Y1eld¥icreasing
feasures

2 | Attainable

Weeds
Reducing factors pests
diseases
————— > pollutants

3 Actual —

[
»

|| | |
T 10,000 ' 20,000 Production level (kg ha™®)

Source: World Food Production: Biophysical Factors of Agricultural Production, 1992; Bouman et al., 1996.



Overview of the components and modular structure of the DSSAT/CSM.

Environmental Modifications

Primary Modules

CERES Rice

Othercrops

|
l |
——I Planting |
Main Weather ——l Harvesting |
Program
g ——l Irrigation |
_—I Fertilizer Application |
—-l Residue Placement |
Run Land U nlt
Initialization Module A M ama g &m eat —’i SoilDynamics |
4§ ——i Soil Temperature |
Scasonal _bl Soil Water
Initialization |
_,i —-I Sail Nitrogen & Carbon |
Soil
. 1RTR' (The Land Unit | Template Crop Models
alculations Module is called by > /
the Main Program ya Soybean /
S l to perform each step
$ ofprocessing and in / Peanut /
2 turm calls each of the Z
Integration Primary Modules.y /
~ Dry bean /
y
I Soil= Plant« Atmosphere Y
~7 Tomato /
Output // Other crops /
la—V { Pest & Disease Damage :
Summary
CROPGRO Plant Template Plant Modules
i CERES Maize |
— CERES Wheat |
—| SUBSTOR Potato |
Plant : |

Jones al. (2003) 22




Climate Change and Crop Productivity
Temperature and CO, — Rice Growth
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Baker and Allen, 1993



Climate Change and Crop Productivity
Temperature and CO, — Rice Yield
12

® 330 ppm
10 + H m 660 ppm .

Rice yield, t ha™L
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Climate Model Resolution

PROGRESSION OF CLIMATE MODELS

19908
0 x 2r0km
19 levels n
atmaaphere
1.25% 1.25

SOAMCE: Haoley Canite

ARS: ~70km maximum horizontal

resolution; up to 90 layers in the
atmaosphere and over 60N the ocean.

http://www.climatechangeinaustralia.gov.au/en/climate-campus/modelling-and-projections/climate-models/resolution/



7,500 W :
Evaluation of CERES-Rice model
Simulated main season rice yield (kg/ha)
6,250
5,000
3,750 -
2,500
'S Y=427.19 + 5.38X
| R?=0.75
1,250 RMSE = 478.06
D-stat =0.92
U T T T T T 1
0 1,250 2,500 3,750 5,000 6,250 7,500

Pannangpetch et al, 2009 Observed main season rice yield (kg/ha)




Rice under ECHAMA4 A2

Simulated main season rice yield (kg/ha)
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Pannangpetch et al, 2009




Rainfed, 60 kg of Urea per ha

Rice yield 60 kg Urea/ha
|:| Provincial boundary

I > 70000

[ 6000 - 7000

[ 5000 - 6000

| 4000-5000

| 3000-4000 N
[ 2000- 3000
IIIIIIIII I 1000 - 2000

0 85 175 350 Kilometers B - 1000

Jintrawet & Chinvanno, 2011



188 -

Evaluation of sugarcane model
Simulated sugarcane yield (Tonnes/ha)
125 |
63 -
¢ Y = 26.8 + 4.5X

R2=0.73

i RMSE =15.1

D-stat = 0.91

0 T T T T 1
0 63 125 188

Pannangpetch et al, 2009

Observed sugarcane yield (Tonnes/ha)



Sugarcane under ECHAM4 A2

Simulated sugarcane yield (Tonnes/ha)
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Pannangpetch et al, 2009
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Evaluation of cassava model
Simulated Cassava yield (Tonnes/ha)
125 |
63 -
¢ Y =26.8 + 4.5X

R2=0.73

: RMSE = 15.1

D-stat = 0.91

0 T T T T 1
0 63 125 188

Pannangpetch et al, 2009

Observed cassava yield (Tonnes/ha)



Cassava under ECHAM4 A2

Simulated Cassava yield (Tonnes/ha)
44

38 4
31
25
19

13 -

6 _

0 | | I I | | | I | | | | | |

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110

Pannangpetch et al, 2009




8,750 -

Evaluation of maize model
7,500
Simulated maize yield (Tonnes/ha)
6,250 -
5,000 A
3,750 AR
2 Y = 780.3 + 124.55X
2 —

2 500 R?=0.86

RMSE = 448.6

D-stat = 0.96
1,250 -

0 L T T T T T

0 200 400 600 800 1000 1200 1400

Pannangpetch et al, 2009 Observed maize yield (Tonnes/ha)




Maize under ECHAM4 A2

Simulated maize yield (Tonnes/ha)

7,500

6,250 -

5,000 -

» .
3,750 0.»“ N ,’ P X ® o

2,500 -

1,250 -

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110

Pannangpetch et al, 2009




Mainstreaming workshop @CMU
May 23-28, 1993

mstnausy

21 Thal
Participants

Crop Modeling and Deeision Support Systems Training @ May 23 - 28, 1993
Multiple Cropping Center, Chiang Mai University

SR



Mainstreaming workshop @CMU

Dec 1-11, 2003

30 Participants;
14 TRF-Funded (2 Cambodia, 2 Lao, 2 Vietnam, 8
Thai),

........

4 Bhutan,
1 Iran,

2 S. Korea,
1 Cambodia, F§
2 Vietnam,

2 Srl Lanka1 Assessing Crop Production, Nutrient Management, Climatic Risk, Environmental
4 Tha| Sustainability with Simulation Models and GIS Tools

December 1-11, 2003

Ch'rang' Mai University, Chiang Mai, Thailand.



Mainstreaming workshop @CMU
June 28-July 9, 2004

g}

21 Participants; T — P
6 Bangladesh, inng _Pros
O Pakistan,

6 Nepal

(APN-CAPaBLE

Program-Funded)



Mainstreaming workshop @CMU
Nov 26-Dec 7, 2007.

27 Participants; Sz
2 Cambodia, | =
1 China,

1 Germany,

1 Indonesia,

9 Thal,

6 Vietham

(RF &

Various sources)

 International Training Program on DSSAT Version 4 and CropDSS
"Assessing Crop Production, Nutrient Management, Climatic Risk and
Environmental Sustainability with Simulation Models and GIS Tools"

. .November 26 - ODecember /7. 2007
Ny o o ) .w.-.:y ’ @ I_./ ‘{pmmx‘ A y
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Mainstreaming workshop @UKM
Mar 30-Apr 10,_ 200.

i ‘&] "m:’v’f;rs =
- - \ > _‘f - upport System for Agro_ Technol _
30 Participants; " A1) gid Climate ¥

T dn 5 afD ’5"
28 Malaysia, b e
1 Iran, il A”“ ‘
1 USA
(Malaysia
& Various sourceg




Mainstreaming workshop @CMU

Feb 11-22, 2013.

27 Participants (21
TICA-funded);

Bangladesh, Egypt,
Myanmar, Sri Lanka,
Uganda (2 from each
country)

Burundi, Eritrea, India,
Jordan, Kenya,
Pakistan, Paraguay,
Philippines,
Seychelles, Sudan (1
from each country)

And 7 from Thailand.




Mainstreaming workshop @CMU
Feb 10-21, 2014.

19 Participants (8 TICA-

funded);
2 Nepal,
2 Egypt,
1 Sri Lanka,
1 Madagascatr,

1 Jordan
1 El Salvador

2 Fiji, 1 India *

4 Thai self-funded

MS student: 2 Germany, 1
Lao, 1 Thai



Mainstreaming workshop @PAFO, Luang Prabang, Lao PDR
Oct 20-24, 2014.

21 Lao Participants;

ll
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Mainstreaming workshop @Citeko Bogor

Nov 17-20, 2014.
35 Participants;

1 Cambodia,
4 Lao,
3 India,

13 Indonesia, L F
3 MalaySia, , \ oK TH“ \ﬁgmscggﬁm smgﬁmsr S
4 Philippines, |
3 Thailand,

4 Vietnam.




The Southeast Asia Regional Climate Downsealing (SEACLID) /

CORDEX Southeast Asia Project

Fredolin Tangang

Coordinator
SEACLID/CORDEX SEA
The National University of Malaysia

On behalf of colleagues involved in SEACLID/
CORDEX Southeast Asia

ATTJ'ﬁ*

05‘1 CHANGEIESEARCH lu s‘» m Puﬁ

ST PO 225
‘ﬂ Sy //’ 8 '

(http://www.ukm.edu. my/seaclld-cordex)

11 Countries, 15 Institutions
involved in the project
14 GCMs will be downscaled

October 2013-September 2016



CORDEX domains
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Southeast Asia Regional Climate Initiative
(SEARCI)

Initial Member Countries: Malaysia, Indonesia, Vietnam,
Philippines, Thailand

First Workshop hosted by Hanoi University of Science, Vietham, 2-3 Aug 2012



CORDEX SEA Domain

Original plan:

Domain: Z0E-145E, 15S-
40N

Resolution: 36 km x 36 km

Revised plan :

Domain: 90E-145E, 15S-
27N

Resolution: 25 km x 25 km




SEACLID team

Country

Vietham

Philippines
Thailand
Thailand

Indonesia

Malaysia

Malaysia
Malaysia

Australia

Australia
Australia

Hong Kong SAR

United Kingdom

South Korea
Sweden

Sweden
Germany

GCMs

CNRM-CM5

HadGEM?2

MPI-ESM-MR

EC-Earth
CSIRO MK3.6

CanESM2

IPSL-CM5A-LR
GFDL-ESM2M

CNRM-CM5

CCSM4
ACCESS1.3

CCSM4 or CESM

HadGEM2-ES
HadGEM2-AO

CNRM-CM5

HadGEM2-ES
MPI-ESM-LR

Country and Institution
developed the GCMs
Centre national de
Recherches
Meteorologiques, France
Hadley Centre, UK

Max Planck Institute for
Meteorology, Germany
EC-Earth consortium

CSIRO, Australia

Canadian Centre for Climate

Modeling and Analysis,
Canada

Institute Pierre-Simon
Laplace, France

GFDL, USA

Centre national de
Recherches
Meteorologiques, France
NCAR, USA

CSIRO, Australia

NCAR, USA
Hadley Centre, UKMO

Hadley Centre, UKMO
Centre national de
Recherches
Meteorologiques, France
Hadley Centre, UKMO
Hadley Centre, UKMO

RCPs

RCP8.5, 4.5

RCP8.5, 4.5

RCP8.5, 4.55
RCP8.5, 4.5
RCP8.5, 4.5

RCP8.5, 4.5

RCP8.5, 4.5
RCP8.5, 4.5

RCP8.5

RCP8.5
RCP8.5

RCP8.5, 4.5

RCP8.5, 4.5
RCP8.5, 4.5

RCP8.5, 4.5

RCP8.5, 4.5
RCP8.5, 4.5

RCMs

RegCM4

RegCM4
RegCM4
RegCM4
RegCM4

RegCM4

RegCM4
RegCM4

CCAM

CCAM
CCAM

WRF

PRECIS
WRF

RCA3

RCA3
ROM



Dr. Jerasorn’s team in Thailand
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Historical data 2006 2006 2 205 2100

Distribution of measurement data from meteorological stations : 2006
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e Downscale CMIP4- GC
« SEACLID/CORDEX SEA

o Further
' ownscali
¢ 10 km X
* Need high qua :& % ata from the whole region



Dr. Chakrit’s team in Thailand

 Dynamic downscaling




D02 Res. = 9 km

- -

» D01 Res: = 27 km
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On going works

1. Seasonal Rice Yield Forecast, 3-6 menths.in advance.
2. Precision Agriculture Research Network.



{ Network & Team'’s Mission SEARY4cast

Rice production (kg) = Area planted & harvested (ha) x Averaged yield (kg/ha)

1. Seasonal Weather
Forecast (SWF
10x10 km

2. Rice & area planted &
harvested (SMU)

» Small area from Drone
 Site-specific from Field
survey/report

Ensemble of GCMs &
RCMs

Stochastic by nature
Report every month

5. Seasonal Rice Yield Forecast System:

SRY4cast]

Reporting &
Consultation

* Reports as
3-6 months
in advance

of harvesting

lboratory works

Calibration & Evaluation at field
level

Response to major inputs

OBSJ.

Jintrawet et al., 2014

4

Participatory Data Collection

(B

ased on SMU)

Site/HH participation

Data on field operations,
resource utilization and yield
(OBS)

Cost-Benefit Analysis




DSS4cast work flow and data collection
Risk reduction @all steps/locations

F‘ DSSAT SMWCropDSS &
31

Foh/avsy DSSAT model

Harvesting

Simulated Yield

Harvesting plan

Field monitoring Check

Observed yield
Evaluate SIM & OBS

Plan

Consumer
networks

Soil attribute data

Plot map

e I-.- .
Planted area map
GISTDA

Pradorn/Patcharapong/Santichai
/Wolfram




Dimensions of PA-DSS (farm-policy = Production+Consumption)

Consumption= _ _ _ _ Production =
« Good products 1. Brainstorming sessions with stakeholders + Precise inputs
« Food security E;edcliiii‘;'tss'o”s
« Fare prices Rice, Longan, Sweet corn
L. . . . - . Cases
Cases l.e, on rice applied existing RTS with farmers “RRC
- Consumer networks to S2>S1 Riceland: 8'Mil. ha -Farmers markets
- Etc. ag:)/eKrElLt}; farms (CMU,
Or to convert S3+N Rigeland > otheraseSi3 Wil. ha
Japan Farm Products, NHK

A 4

Loading up with a bunch of new toys without first establishing a well-defined need can
be costly and counter-productive?

Do you want to be more efficient with inputs?

* Do you want better on-farm record keeping?

* Do you have ideas for management changes that require additional knowledge about
your farm?

4. Analysis/Synthesis/

Manipulation

October 2015 - March 2017

Modified from National Research Council, 1997; Srinivasan, 2006 59/54




SEA A rocllmat|c Zone

e e — e

Huke,




Rice-cropping ecosystems
[ Nonpaddy

- Deepwater rice:3,647,408 ha
Upland rice: 1,207,539 ha

infed rice:20,454,775 ha -

Bridhikitti and Overcamp, 2012




Conclusion

e Climate projections, Models and DSS
can be used as tools and
frameworks_ for integrated natural
and agricultural resource
assessment & management.

*Need team wark, networking &
long-term ‘commitment.

e A system Is more than a sum of its
parts.



Thank you TRF-DSS & TRF-PA teams

UF [FLORID?

Southeasi Aska . . ‘ 4,0,0
START,
[ IEF__ILEF - WiRF ]

Hegional Center APSARA Instic

fute, Cambodia





