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The impacts of climate change factors on rice production and climate-smart

agriculture in the watershed areas of central Thailand
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Abstract
This study aims to analyze the impact of climate change on rice production and study the climate-smart
agricultural practice for rice production. We apply the Feasible Generalized Least Squares (FGLS) to obtain the efficiency
estimators of rice production function. The panel data of rice production from 6 watershed areas in central provinces
classify by planting season, namely, in-season rice (during 1981 to 2017) and off-season rice (during 1987 to 2017). The

model for the future impact of 2030, 2060 and 2090 found that weather variability during growing season had a negative
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impact on rice production, especially the off-season rice in watershed areas. If the total rainfall increases by 1%, the

downside risk of rice production will increase by 5.16% as the result of the watershed areas. Moreover, if the average

maximum temperature increases by 1%, the downside risk of rice production will increase by 28.25% at 0.05 statistically

significant level. Consequently, by simulating future effects, the average yield of rice will decrease by 3.05% to 28.97%, the

variability of rice production will increase by 52.81% to 167.12% and the chance of loss on rice production will

increase by 49.43% to 584.67%. The results of in-depth interviews from the sample of academics and model farmers

found that a good practice for rice cultivation in the climate-smart agricultural framework are 1) adjusting production

systems 2) implementing mobility and social network 3) introducing farm financial management 4) increasing

diversification on and off the farm income and 5) applying knowledge management and regulations.
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Table 1 Estimated parameters for mean, variance, and skewness function under Cobb-Douglas

functional forms.

in-season rice

off-season rice

mean: RE FGLS variance: PLS

skewness: PLS

mean: FE FGLS variance: PLS skewness: PLS

INPAREA, 0.84(0.02) 0.65 (0.24) 2.477(0.51) 0.937(0.03) 1.817(0.49) 4.047(0.85)
INTRA, -1.28 (0.79) -2.42"%(1.42) 0.00 *(0.06) 5.16 (1.97)
INVRAL -0.05" (0.01) 0.49 %(0.21) 0.61(0.44) 0.27 %(0.37) -2.32°(0.94)
INATEM, 0.98(1.24) 7.73%8.12)

INVTEM, 0.77'(0.39)

INAMTE, -1.77"4(0.74) 4.46(8.17) 0.27(1.05) 28.25 *(14.50)
INVMTE, 0.32(0.37) 1.62'(0.66)
INAMITit -0.72(0.61) 3.43" (6.28) 29.06 %(13.13) -0.20 %(0.35)

LnVMITt 0.78(0.55)
INTIME, 0.237(0.01) -0.14 (0.19) -0.18 (0.32) 0.000.02)  -0.85 (0.26) -1.847(0.53)
Constant 9.80" (3.32) -35.16(36.23)  -120.44 (41.60) -3.26(2.79) -55.65(28.58) -176.37 (56.37)
R’ 0.86 0.06 0.21 0.83 0.14 0.47
Prob F 0.00 0.03 0.00 0.00 0.00 0.00

Note: Robust standard errors in parentheses *p<0.10, b p<0.05 and p<0.01.

" The main climate variables for rice impact projection.
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Table 2 Results on percentage change in rice average yield, yield variance and yield skewness

under projections of climate change.

SRES in-season rice off-season rice
mean yield
2030 A2 -15.13 -6.43
B2 -8.29 -3.05
2060 A2 -11.72 -9.69
B2 -11.82 -5.33
2090 A2 -28.97 -11.04
B2 -8.73 -6.15
variance of yield
2030 A2 70.89 107.82
B2 100.76 80.57
2060 A2 54.77 124.30
B2 79.24 132.81
2090 A2 126.36 167.12
B2 52.81 145.61
skewness of yield
2030 A2 277.86 49.43
B2 417.43 197.13
2060 A2 527.29 176.75
B2 512.90 121.49
2090 A2 509.19 584.67
B2 516.02 642.12
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Table 3 Climate smart agricultural practices for rice production in the watershed areas of central Thailand.

climate change adaptation and
productivity impacts
resilience implications (increase

mitigation impacts

(reduction in

practice (incremental yield; references
in incomes, decreasing greenhouse gases
return to labor, capital)
dependence on weather) emission)
1. adjusting production systems
changing the planting reduced tendency of production under changing -Khunwishit,

dates on the dry season

(1-2 rice crop per year)

crop failure rainfall and temperature patterns

is maintained

Rammanee, &

Somboonsuk

(2015)
-Paothong (2019)

site-specific nutrient
management (SSNM)
(apply fertilizer based on
the soil testing, the need
of rice, appropriate time,
the amount and the type

of the fertilizer)

-the rice quality
improves

-reduce cost because
fertilizer used in

farming decrease

-Thai Rice

Department (2017)

-Arunrat,

Sereenonchai, &

Pumijumnong

(2018)

using ammonium sulfate

instead of urea (AS)

positive mitigation

-Arunrat,

Sereenonchai, &

Pumijumnong

(2018)

rice straw and stubble

management (straw

into bales, use effective

microorganisms (EM)

and chop the straw and

leave it to decompose

on the ground)

increase soil fertility

and yield

positive

mitigation

-Inmuong (2013)

irrigation

improved crop reduced yield variability and

production and greater climate resilience

productivity

mitigation
potential due to

energy efficiency

- Sinnarong,
Thaeye, Phuntulee,
hanthana, &

Aiikulola (2019)

mixed cropping increased yield increase resilience against mitigation -Panyakun (2012)

climate change potential -Inmuong (2013)
cover cropping on the increase soil fertility improved soil fertility increases  positive -Inmuong (2013)
dry season and yield resilience to climate change mitigation,

increased soil

carbon storage
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Table 3 Climate smart agricultural practices for rice production in the watershed areas of central

Thailand (continue).

practice

productivity impacts

(incremental yield; return

to labor, capital)

climate change adaptation and
resilience implications (increase

in incomes, decreasing

mitigation impacts
(reduction in

greenhouse gases

references

dependence on weather) emission)
2. mobility and social network
joining, membership to  productivity (grain reduced yield variability - Paothong (2019)
the large rice plots project  yield)
joining, membership to  productivity (grain increase resilience against mitigate - Thai Rice

the Thai rice nationally
appropriate mitigation
action project (Thai rice

NAMA)

yield)

climate change (adapt rice
production systems to

changing climate)

greenhouse gas

emissions

Department (2017)

membership to

cooperative societies

benefit from rotational
savings and labor
from fellow members.

increased productivity

increase income

-Omyeneke, Igberi,
Uwadoka, & Aligbe
(2017)

level the land surface

with the laser (land

-reduced tendency of

crop failure

the spending for petrol needed

for pumping water will be cut

reduce methane

emissions by

-Thai Rice
Department (2017)

laser leveling: LLL) -increased crop yield by 50% improved water

and productivity management
improved varieties of -reduced tendency of  reduced yield variability and positive -Paothong (2019)
paddy (RD 41) crop failure greater climate resilience mitigation

-increased crop yield

and productivity
using rice breed short -increase crop yield reduced yield variability and positive -Paothong (2019)
plant (from 120 and productivity greater climate resilience mitigation

day/crop to 105
day/crop (RD 41) and
95 day/crop (RD 43))

-reduced tendency of

crop failure

broadcasting or direct

sowing rice culture

reduce cost

reduce methane
emissions ( 2
time for compare
with transplanting

rice culture)

-Jirmsawatpong
et al. (2005)
-Maneesuwan

(2002)
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Table 3 Climate smart agricultural practices for rice production in the watershed areas of central

Thailand (continue).

practice

productivity impacts

(incremental yield; return

to labor, capital)

climate change adaptation and
resilience implications (increase

in incomes, decreasing

mitigation impacts

(reduction in

greenhouse gases

references

dependence on weather) emission)
rice straw for improved increase soil fertility improved soil fertility increases  positive -Jirmsawatpong
soil fertility and yield (straw 3-4 resilience to climate change mitigation, etal. (2005)
(Incorporation of rice ton/rai to yield 659.9- increased soil
straw into paddy soil 757.4 kg/rai) carbon storage
can maintain and
enhance soil fertility
with a proper
management)
- alternate wetting and -reduce cost of -Increase resilience against reduce methane -Chumvong, &

drying (AWD) pumping water (save climate change emissions 20- Kwanyuen (2008)
water) -cut irrigation cost 20-50% 81% -Thai Rice
Department (2017)
. ) . -Arunrat,
- mid-season drainage positive
Sereenonchai, &
(MD) mitigation
Pumijumnong (2018)
3. farm financial management
reduce investment in productivity gains maintained production under positive - Kerdsuk,
the farm by reducing from scale of changing climatic patterns mitigation Kongtong, &
land area cultivated production, and such as changes in the timing Attachai (2004)
reduced likelihood of of rains or erratic rainfall
crop failure patterns
insurance insurance for crop guaranteed income -Omyeneke, Igberi,
failure, and reduced Uwadoka, & Aligbe
risk (2017)
4. diversification on and off the farm
mixed cropping increased yield increase resilience against mitigation -Panyakun (2012)
climate change potential -Inmuong (2013)

non-agricultural

employment

benefits in terms of
livelihood

diversification

less dependence on weather

and increased income

- Khunwishit,
Rammanee, &
Somboonsuk

(2015)
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Table 3 Climate smart agricultural practices for rice production in the watershed areas of central

Thailand (continue).

practice

productivity impacts

(incremental yield; return

to labor, capital)

climate change adaptation and
resilience implications (increase
in incomes, decreasing

dependence on weather)

mitigation impacts
(reduction in
greenhouse gases

emission)

references

5. knowledge management and regulations

regulations on flood

catchment

increased yields due
to drainage of
agricultural lands in
areas where flooding

is problematic

reduced yield variability under
heavy rainfall conditions due to

improved water management

positive
mitigation
improved
productivity and

hence increased

-Omyeneke, Igberi,
Uwadoka, &
Aligbe, (2017)
-Lasco, Habito,
Delfi, Pulhin, &

Concepcion (2011)

soil carbon

good agricultural increased yield increase resilience against mitigation -Thai Rice
practices: GAP climate change potential Department

(2017)
national master plan for  increase soil fertility increase resilience against -reduce -Pollution Contral
open burning control. and yield climate change greenhouse Department (2011)
(straw into bales, use gases emission -Rattanaphon

2016
effective - reduce ¢ )

-Thai Rice
microorganisms (EM) particulate matter

Department (2017)
and chop the straw and (PM)
leave it to decompose
on the ground)
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