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This study aimed to analyze the impact and risk of climate change on wet season rice
production in irrigated areas of Northeastern Thailand. The Feasible Generalized Least Squares (FGLS)
was applied to estimate the rice production function. By using the panel data on rice production from
19 provinces in the northeast classified by irrigation area of wet season rice (2002-2020), the results of
the study showed that Area harvested, Trend Time, Cumulative Precipitation, and Average Temperature
had a positive effect on the yield of wet season rice. At the same time, they were risk factors for rice
production variance. On the other hand, rice production in the irrigated area depended on accumulated
rainfall and average temperature, which had a negative impact on the wet season rice production and
there was a statistically significant increase in the risk of variation in rice production. When considering
dummy variables representing cumulative rainfall events exceeding requirement, there was a negative
effect on rice yield. At the same time, there was a statistically significant increase in the risk of variance
in rice production in all three cases. This study suggests that the characteristics of areas receiving water

from irrigation have differentially influenced rice crop yield.
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Table 1 Descriptive statistics of the date used in the estimations

Variable Obs Mean Std. Dev. Min Max

Wet season rice production (tonnes) 361 604,550.69  332,802.16 111,349 1,432,101
Wet season rice area harvested (rai) 361 1,719,257.60 925,554.46 313,356 4,163,693
Out-irrigated production (tonnes) 361 537,001.18  299,597.16 99,031 1,323,437
Out-irrigated area harvested (rai) 361 1,544,448.10 838,660.74 279,675 3,807,093
In-irrigated production (tonnes) 361 67,549.51  50,736.325 5,534 263,502
In-irrigated area harvested (rai) 361 174,809.50  130,788.80 7,388 614,351
Cumulative precipitation (mm) 361 1,322.477 266.482 846.906 2,540.216
Variance of the precipitation (mm?) 361 1,416.386 2,271.729 0.054  24,774.875
Rain over requirement (>1,290 mm.) (Dummy) 361 0.501 0.501 0.000 1.000
Average temperature (°C) 361 26.699 0.614 24.56 28.036
Variance of the average temperature (°C°) 361 0.006 0.006 0.000 0.032

31N Table 2 nan1snageunaaeuANils  roots) a3ula v dauUsT 9@ nund dnuwaels
Ya3vayalUUNILUA (Panel Unit Root Test) 4 5edu  (stationary) Asgsiutidndsy 0.01 dedulaidndudes
Level %38 1(0) MeAT Im-Pesaran-Shin wud1 duls  Anfiutusesunisuilesuuuudeyauazannsatily

nAUfiasauyfgiunan (all panels contain unit  RswRdayakuunLUaseld

Table 2 Panel unit root test results

Variables Im-Pesaran-Shin
W-t-bar p-value
Linear

Wet season rice production (tonnes) -4.5052 0.0000***

Wet season rice area harvested (rai) -4.6960 0.0000%***

4%% Non-Irrigated area production (tonnes) -3.5882 0.0002***
é Non-Irrigated area harvested (rai) -4.3470 0.0000%**
& Irrigated production (tonnes) -2.8921 0.0019%***
Irrigated area harvested (rai) -2.9858 0.0014%**
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Table 2 (Continued)

Variables Im-Pesaran-Shin

W-t-bar p-value

. Cumulative precipitation (mm) -9.2561 0.0000%**

§ Variance of the precipitation (mm?) -19.0358 0.0000%***

%‘ Average temperature (°C) -8.8796 0.0000***

= Variance of the average temperature (°C°) -12.9698 0.0000%**
Natural logarithm

Wet season rice production (tonnes) -4.4513 0.0000%**

Wet season rice area harvested (rai) -4.7025 0.0000%**

% Non-irrigated area production (tonnes) -3.5108 0.0002%**

é Non-irrigated area harvested (rai) -4.3607 0.0000%***

& Irrigated production (tonnes) -2.9873 0.0014%**

Irricated area harvested (rai) -3.4996 0.0002%**

S Cumulative precipitation (mm) -8.6029 0.0000%%

% Variance of the precipitation (mm?) -14.7481 0.0000%***

é Average temperature (°C) -8.9666 0.0000%**

Variance of the average temperature (°C’) -12.3373 0.0000***

Source: from analysis result

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance

911 Table 3 NANISNAFOUA NWULNT
AUUALUUTIAD Lﬁamaaugmwuamﬁ f2875
Hausman's WUILUUINa0INanNand1Iu1UsiuIasy
wuUTIaeIRanant1IuId uenuasaUsEnu la
aunsaufiasanyfgiunanegnsliiseauiadry
FJeflmnumungausenisly Random Effect Model
\lesanuan1svagey Hausman liufiasanufgiu
nan waneIllianudunusseuinetaduaniy
728 (Individual-specific Effects) nuAkUs8 @
vildaUszunaAn Random Effects dusz@nsan
asnuaglideyadeuszansfianysaind Tuvaisi

wuudnasanandntudluunvalseniu Ufias

a [ 1

aunRgumanegadssdudedidni 0.01 Feflany
winzaun1sld Fixed Effect Model il asa1nwanas
NAaoy Hausman Ufiasauufigiundn Ued1nd
AMNFNNUSIEIstaTuangmeiusuUsdase
Fedndudiosmunuanuuantssginamine il
d41ne (unobserved heterogeneity) i e nnaaan
wodl elevpdeuLUUTIae MmN sUTEL A e
MTIINTALLTAY AN AFIUVBILUUTIADIANNTS
0ANBY IINANINAADU serial correlation A1873
Wooldridge UM UUTIADINANA AT 11UV
WUUTIADINANANT1IUIT UDALURTAUTENIULAY

wuuTIaeINandnv1lulunvauseniu UgLas

210



Journal of Agri. Research & Extension 42(3): 204-220

aunfgundnegadsedutivddai 0.1 aguldi
wuushaewsauilsnanduius nnelususuiinis
LLﬁzEjﬂﬁwmﬂm’iwmaaUﬂiym Heteroscedasticity
#1875 Wald Test for Groupwise Heteroskedasticity
WUTIUUUTIADI 981 Ufiasauyfgnunanagedl
seRueddni 0.05 agUled uuudiassdanani
Aaaaadouianunlsuslined nanalagagy
WAILUUTIB0INANAAT1IUITTIULAZLUUTIAD
nandnT U dusnaYalTENIU AAINLALZE
#1514 Random Effect Model Tuvaigfiuuusiaes

nanant U Ululnralseniu daumunyaunis
19 Fixed Effect Model AauaninanIsIitAsIzvvaya
Wuwualy Table 3 wiogelsiau wuudiasanana
fYmdsnanduius anelusuduiing wazdan
panLadeuiimundsusiulined demgiisdaony
winnzaud 951935 nsUsruaA1d 1835 Mdsans
toeiigauuuluildululs (FOLS) iteurlutigm
A1AURUTUTINRIRIALANAa LAd auldAeT
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Table 3 Model specification of all wet season rice, non-irrigated area and irrigated area

Type of test Hypothesis Wet season Non-irrigated Irrigated area
rice area

Hausman Test: H,: Difference in X2 (6) X2 (6) p1 m X (6)
Choice between fixed coefficients not =10.06 =8.15 = 30 Q9¥¥**
and random effects systematic
Wooldridge Test Ho: no first-order F(1, 18) F(1, 18) F(1, 18)
for serial correlation autocorrelation = 25.199%** = 27.854%** = 4.353%
Modified Wald Test Hy: sigma(i)’ = X2 (19) X2 (19) X2 (19)
for group wise sigma” for all i = 144 50%** = 228.31%** = 297.56***

heteroskedasticity

Source: from analysis result

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance
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Table 4 Mean function with cross-sectional time-series FGLS regression

Variables

Wet season rice

Non-irrigated area

Irrigated area

Wet season rice area harvested (rai)

Non-irrigated area harvested (rai)

Irrigated area harvested (rai)

Trend time (technology change)

Cumulative precipitation (mm)

Variance of the precipitation (mm?)

Rain over requirement

(>1,290 mm = 1, over water)

Average temperature (°C)

Variance of the average temperature (°C°)

Constant

Observations

Number of province and period

Model significance wald y* (7)

0.98983***

(0.00191)

0.03115%*
(0.00046)

0.04399%**
(0.00259)

0.00173%**
(0.00007)
-0.00214%**

(0.00064)
-0.31118***
(0.01742)
-0.00041%**
(0.00008)
-0.27304%**
(0.06589)

361
19

402,719.35%**

0.98799***
(0.00263)

0.03316***
(0.00158)

0.05736***
(0.00460)

0.00188***
(0.00015)
-0.00299***

(0.00093)
-0.26498***
(0.04940)
-0.00085%***
(0.00022)
-0.51588%***
(0.16123)

361
19

176,444 67%*

0.9627 1***
(0.00258)

0.00744*
(0.00409)
-0.10128***
(0.00910)

0.0051 1%
(0.00049)
-0.00333

(0.00290)
0.36673***
(0.05658)
0.00314***
(0.00053)
-1.01127%%
(0.15317)

361
19

387,852.66***

Source: from analysis result

Numbers in parentheses are standard errors.

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance
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Table 5 Risk of Wet Season Rice Production from Variance Function

Variables All rice in season Non-irrigated area Irrigated area

Wet season rice area harvested (rai) -0.00139

(0.00123)
Out-irrigated area harvested (rai) -0.00098

(0.00132)
In-irrigated area harvested (rai) -0.01385%**
(0.00340)

Trend time (technology change) -0.00427%*** -0.00412%** -0.01268***

(0.00093) (0.00100) (0.00374)
Cumulative precipitation (mm) -0.00748 -0.00684 -0.01567

(0.00598) (0.00643) (0.02391)
Variance of the precipitation (mm?) 0.00016 0.00019 0.00034

(0.00033) (0.00035) (0.00131)
Rain over requirement 0.00300 0.00302 0.00983
(>1,290 mm = 1, over water)

(0.00227) (0.00245) (0.00911)
Average temperature (°C) -0.08103** -0.09373** 0.23338*

(0.03582) (0.03838) (0.13777)
Variance of the average temperature (°C’) 0.00074** 0.00073** 0.00006

(0.00034) (0.00037) (0.00137)
Constant 0.35645%** 0.38744%** -0.45670

(0.12218) (0.13118) (0.48773)
Observations 361 361 361
R-squared 0.1220 0.1084 0.0838
Adjusted R-squared 0.1050 0.0908 0.0656
Root MSE 0.0132 0.0142 0.0529
Model significance F-test 7.008*** 6.136*** 4.613%%%

Source: from analysis result.

Numbers in parentheses are standard errors.

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance
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