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Climate change impacts on rice yield and yield variability: The case of Vietnam
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ABSTRACT

This study combines Vietnam’s rice production data from the Vietnam Household Living Standards Survey (VHLSS) with
climate data to estimate the stochastic impact of climate on rice productivity (yield) in Vietnam. The analysis utilizes the
Just-Pope production function to assess how annual weather fluctuations or cross-sectional variance in long-term climate affect
the expected value and variability of rice productivity. Also, the impact of climate change on current productivity levels is
measured using a simulation method. The estimation results reveal that rising temperatures would initially increase the
expected value of rice productivity to a certain threshold, but then would decrease it beyond that level. Furthermore,
temperature rise could reduce variability in rice yield. Increased rainfall would reduce expected productivity while increasing
variability. This study estimates multiple specifications of the Just-Pope function to assess the robustness of the results across
varying model specifications. Simulations using historical climate data confirm that climate change has already reduced the
expected value of rice productivity. Results are mixed in terms of variability, as simulations show that climate change has
reduced the variability of northern regions while increasing that of southern regions. A comparison of the individual effects
of temperature and rainfall suggests that these two variables tend to have opposite effects on expected value and variability,
where the effects of rainfall tend to outweigh those of temperature. Also, models incorporating climate variables show a
greater magnitude of change in expected value and variability than models based on short-term weather variables. These
findings highlight that climate change is already affecting current agricultural productivity levels, emphasizing the urgency of

implementing appropriate adaptation measures.
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APgolu 7haA Wgke A 9d, FEER g UEd
Aoy, 1 Hste] U o2 FEH= UErd 71 2o
A3 5 B4 vHEe ASEA 0] 2agt Agolt
webs] 71 S5 AR ofd JFE 7 AHE A4
o] X3 QLEAC] disfAe A AANA o 7HA] BHo
= Rosenzweig et al. (2014)°0] A]

o] Ao] whdRt & LRl v ZHEHE Y (crop
model) E450°] 131, T3t Mendelsohn et al. (1994)&
AEHO R sto] B2 A ARE HolFes AFAEAS
2 (econometric) (R3] T2 H|R4A]) -2\ E Q)
o Eile o] T 7HA ti#A AW Jhed BEst
(biophysical) #AHQ1l ZEHPHTh= AFHAH
TS A 85t 71T HETS] & P =
I 1 7Pl PA = 9 A A StA gt
7|1 HS}o] WE 2= A5 AAlE L= AGoA T
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Al HZESte FE 7HE S 12 QIR Hsi7t =i
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Bank)¥} HEH ARVt o= JfE-#stal Sle
VHLSS (Vietnamese Household Living Standards Survey)

= AHo] YAt=ZE ARE-SHH(VHLSS [date unknown)).
2004 ~ 20187t ZAFE VHLSS A=7F ARRE|H, o] =}
B MEEATo2A= v FusHA A 7NE
5719 Al A AEE ZR VA REE e
3| ¥t} 71 % (National
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3. =4 GIoH

3.1. VHLSS H[o[E]

s7HE ARCE 9, A9 B4, 7 54 )= HIE
F9 7H &9 HERAF A&l VHLSS A2E 7155t
of ARgRIT). 7]9-7]/4H o= NOAA PSD % CHIRPS
o] ARE L8

HEH] 57} B4 Al5ste A=<l VHLSS= AlA
= HEY FAFC] HEY 79 4% +& 2
< AA| FFZ ettt AAlske 7 B9 AEE
ARZ 20029 o]F Ao $REI Qlrk. HlolE o] A
Al FE-Z 30,0007HE ofFelm AEA H ARG A A
HE, 7H9] BA AR, 15, B 59 23] =3
Aok 2 oA VHLSSY 20044 ~201849] Z
UAtRE E40 285, BS Bitshe 57 24
dog the HEHY FPHFHL A(province),
(district), HH(commune) T2 EIEHE=H 2 d7=
57 2919 GRS AADE 3 (aggregation)SHA]
21 N S 240 AR AREE

VHLSSS] A1t HlojE= sib=s 5422004, 2006,
2008k HloJE A= 55%), § 4719 FELOE R
o A2 AF Al B, AL-w A, 57 4, 7R
AL A ge A, 3 U] 59 77 f8oE o
ot 24 dido] e & Al 57 = ol BRE A

Ak AA7E golsct

E}), 2. Northeast(5+), 3. Northwest(A &)= o| 22 3}
= EXo] £3}9, 4. North Central Coast(EZH), 5.
South Central Coast(‘d%%5), 6. Central Highland(A]5-11
A dY)), 7. Southeast(-52%4-), 8. Mekong River Delta(H|g
Weht ARte ol o] Lk WEYe] P

3) HAE BEHe 2R BPor S wddel A (1), 4 ) €2 33| 7P (additive)o]oloF StaL, 3942l H]AHF
BEL EX FIZXE zHofoful 3t (Cameron and Trivedi, 2005, pp. 780-785).

4) JPRE-L FGLS(feasible generalized least squares) 4] 0.2 A3 4L QIthi(Just and Pope, 1979). ©]

SAMEE Bels) FA4ska, ool HA 2P of4ld(heteroskedasticity) EAE AT she 39A FAWA, I IOl LPEY
o

FHE TIT = Aok SHAE JPA9] FGLS 42 MLE F40| B8] A4 244 SHdM A9 24

3] Z H} Qltk(Saha et al., 1997).

5) VHLSS ¥ 7|3-7137 59 & 7hgo Qlol HEWY dX ALZHe] HEYIE &8s FIE 7|stES stith Mekong
Tu

Development Research Institute(MDRI)] Dr. Phung Duc
6

=

ngZ} Dr. Nguyen Viet Cuong®] A} Zdlo] Az g% AES sfF3ict
VHLSS9] 4l 2ARAE= 202204, AAS0] H36k1L Qs AE+= 2002 ~2018W 9] Akzolth 20029 A== o] A|7|9 HwsH

2 ) A% o] odolols BAolA Aotk £ A7 ZAL A7) wE el H: 24 selsh Aol ok, Y
713050 A4Hgo] o] BHSHEAS Tofshs ZolEE 2004~ 20189 717b0) 83] ZARE A7EAL AT & e Aolh
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Table 1. Regions of Vietnam
. Map of Vietnam
No. Region . .
(Wikimedia Commons, 2020)
1 Red River Delta (27 2E}N
2 Northeast (B%)
3 NorthweSt (}\;I _!.:]T) \!\orlh Central
‘ Coast
4 North Central Coast (535 *‘-
5 South Central Coast (‘g5
Central
6 Central Highlands (A512A]d)) Hghlands
Mekong River
7 Southeast (BE%) Delta ‘%‘
1 Southeast
3 Mekong River Delta (W32 E})
Note: Korean names of each region are in parentheses.
Table 2. Number of rice farms surveyed in each region by year
. North South
Red River Central Mekong
Year Northeast Northwest Central Central . Southeast . Total
Delta Highlands River Delta
Coast Coast
2004 1,149 900 256 662 428 176 200 696 4467
(25.7%) (20.2%) (5.7%) (14.8%) (9.6%) (3.9%) (4.5%) (15.6%) ’
2006 1,110 884 248 653 435 174 162 620 4286
(25.9%) (20.6%) (5.8%) (15.2%) (10.2%) (4.1%) (3.8%) (14.5%) ’
2008 1,098 877 248 614 429 170 150 596 418
(26.3%) (21.0%) (5.9%) (14.7%) (10.3%) (4.1%) (3.6%) (14.3%) ’
2010 1,110 888 234 608 410 174 120 552 4,09
(27.1%) (21.7%) (5.7%) (14.8%) (10.0%) (4.3%) (2.9%) (13.5%) ’
012 1,038 865 228 607 416 180 116 521 3971
(26.1%) (21.8%) (5.7%) (15.3%) (10.5%) (4.5%) (2.9%) (13.1%) ’
2014 976 856 218 570 379 180 120 518 3817
(25.6%) (22.4%) (5.7%) (14.9%) (9.9%) (4.7%) (3.1%) (13.6%) ’
2016 805 743 201 532 318 171 82 401 3504
(24.8%) (22.8%) (6.2%) (16.4%) (9.8%) (5.3%) (2.5%) (12.3%) ’
2018 878 828 209 585 364 170 101 459 3953
(24.4%) (23.0%) (5.8%) (16.3%) (10.1%) (4.7%) (2.8%) (12.8%) ’
Total 8,164 6,841 1,842 4,831 3,179 1,395 1,051 4,363 31,666
ota
(25.8%) (21.6%) (5.8%) (15.3%) (10.0%) (4.4%) (3.3%) (13.8%) (100%)

Note: The numbers in parentheses indicate each region's share of the total number of farms.

2004404 20189 AR =
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WHE A} (repeated cross-sectional data)©f]
o, 8719] XY ZZof| &5k 57F 5 A
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Table 3. Annual trend of rice yield in VHLSS data

e HIEHS A2 215

Vear Rice Yield (kg/m?)

Mean Std. dev. Min. Max.
2004 0.46 0.12 0.02 1.17
2006 0.48 0.12 0.01 123
2008 0.49 0.12 0.03 1.00
2010 0.48 0.13 0.03 1.62
2012 0.51 0.12 0.04 1.10
2014 0.51 0.17 0.05 6.06
2016 0.52 0.14 0.05 420
2018 0.52 0.14 0.06 3.48

Table 4. Classification of region based on rice production conditions

Group Region Northern or Southern region Rice production period % of farms
Group 1 (2734dEhH Red River Delta {2, 3}, {7, 8 26%
North
Northeast
Group 2 (B8 (two harvests per year) {3, 4}, {8, 9} 27%
Northwest
_ North Central Coast
Group 3 (FF-51%tA ) {1, 2}, {5, 6}, {8 9} 25%
South Central Coast
- South
Group 4 Central Highlands (three h . ) 2,31, (6. T}, 18, 9 8%
ree harvests per year , 33, {6, 7}, {8,
(FFEIAH LA H) Southeast ’
Group 5 (HZ2EH Mekong River Delta {12, 1}, {4, 5}, {7, 8} 14%

Note 1) Korean names of each group are in parentheses.

2) Months grouped by { } in the last column make up each growing season of rice. For example, in “Group 17, February and March

are months when winter-spring season rice is cultivated.

3) ‘Rice production period’ is based on the information of the VHLSS 2004 operational handbook.

i

o ¢

A&

e A9 FHAHOE o] 7RIt & 501, o
T2 ok B7tOlAl A A 270 100m*9] 52 of A
50 kg &S AYakstal, & WA Z7|o] 22 SR oA
45 kg9 A5 BASIITHA o] w71e] A &, de
(50+45)/(100+100)=0.4752 AAtgTh & T4 A
7| 2B A Table 30] UERd viel Zrom, 71& 4fof
ofsf] &7t AlZto] Ay olAl= FAN7F Sl&ol gl

1=
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Table 5. Descriptive statistics of the past climate data
Total precipitation (mm)
Year Min. Temp. (C) Max. Temp. (C) Momn Sl dov. M Man
2004 3.3 36.7 1,419 524 360 2,955
2006 25 36.3 1,437 598 341 2,806
2008 22 36.0 1,497 561 325 3,357
2010 43 373 1,453 746 428 3,883
2012 3.1 373 1,592 730 339 2,731
2014 1.0 36.7 1,384 423 346 3,082
2016 1.9 38.4 1,616 746 364 3,410
2018 52 36.2 1,617 495 394 3,158
HO] o A Rof| A= o] FAFEA] = A7 1083} WS Hsty] {13k AlEgoldE AARITE =4 A
€S A Qe 459 AHvt2 ARERIT AYHTR 7)1/ HeTE ANSSHE 7SR ARES
= AlEFolAoAN = Y EA 7124 1A 7Ex
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Table 6. Estimation results using annual weather data
Variable (a) Model 1 (b) Model 2
B, f(X:8) wZy,) ) Xy :8) h(Z,; )
0.3953"" -0.1728" 0.4008"" -0.1730™
Avg. Temp.
(0.0406) (0.0050) (0.0406) (0.0050)
-0.0069™" -0.0070""
Avg. Temp.’
(0.0008) (0.0008)
‘ -0.0512" 0.1365™" -0.1149"" 0.1424™
Rainfall < 10°
(0.0299) (0.0133) (0.0064) 0.0131)
, -0.0208™
Rainfall*< 10°
(0.0095)
0.2778""" -1.2616™ 0.2782"" -1.2595™
Group 1
(0.0152) (0.0330) (0.0152) (0.0330)
0.0995™" -0.7814™ 0.0998™" -0.7799™
Group 2
(0.0166) (0.0375) (0.0166) (0.0375)
0.0338" -0.2792" 0.0295" -0.2776™
Group 3
(0.0145) (0.0300) (0.0144) (0.0300)
-0.0768"" -0.0854™ -0.0795"" -0.0880"
Group 4
(0.0197) (0.0389) (0.0196) (0.0389)
-0.0285™ 0.0194"" -0.0285™" 0.0186™
Group 1Xt
(0.0022) (0.0061) (0.0022) (0.0060)
-0.0108"" -0.0196™ -0.0109"" -0.0204™"
Group 2 Xt
(0.0024) (0.0062) (0.0024) (0.0062)
-0.0141™ 0.0066 -0.0137"" 0.0064
Group 3 X<t
(0.0026) (0.0061) (0.0026) (0.0061)
0.0048 -0.0065 0.0049 -0.0064
Group 4X<t
(0.0038) (0.0080) (0.0038) (0.0080)
0.0357"" -0.0260"" 0.0355™ -0.0256™"
Year (t)
(0.0020) (0.0049) (0.0020) (0.0049)
-6.3861"" 3.5994™" -6.4043""" 3.5951™"
Constant
(0.5013) (0.1478) (0.5013) (0.1479)
Obs. 31,666 31,666

Note: 1) Standard errors are in parentheses.

Aok

2) "™p < 0.01. "p < 0.05. p < 0.1.

3) Avg. Temp. is calculated as the annual average of daily mean temperature (i.e., the arithmetic mean of daily maximum temperature

and daily minimum temperature), excluding the months October and November.

4) Rainfall is calculated as the annual total of daily precipitation, excluding the months October and November.
5) Group 1: Red River Delta, Group 2: Northeast/Northwest, Group 3: North Central Coast/South Central Coast, Group 4: Central
Highlands/Southeast, Group 5: Mekong River Delta (base = Group 5)

ZF+= T4 (Chen et al., 2004)E A =
Fol 739 =9 vwd Az AL gies
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Table 7. Estimation results using long—run climate data
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Variable (a) Model 3 (b) Model 4
8.7 f(X‘,[zJ :B) h(Z[z] ) f<Xz[1] ) h(Z[z] )
0.8636™" -0.2509™" 0.8307"" -0.2500"""
Ave. Temp. (0.0526) (0.0060) (0.0516) (0.0059)
s -0.0157"" -0.0150™"
Ave. Temp. (0.0011) (0.0010)
Rainfall X 10° -0.39827" 0.2598™" 025117 0.2532™"
(0.0491) (0.0184) (0.0090) (0.0182)
Rainfall? < 10° 0.0519
(0.0170)
Group 1 0.3388™" -1.50217" 0.3428™" -1.5017""
(0.0160) (0.0327) (0.0160) (0.0327)
Group 2 0.2063"" -1.1284™" 0.2118™ -1.1249"™
(0.0174) (0.0378) (0.0173) (0.0378)
0.0252" -0.3479"™" 0.0311™ -0.3490"""
Group 3 (0.0142) (0.0293) (0.0141) (0.0293)
-0.0773™" -0.1754™" -0.0702"" -0.1712"
Group 4 (0.0184) (0.0389) (0.0184) (0.0389)
Group 11 -0.0326™" 0.0190" -0.0326™" 0.0197"
(0.0021) (0.0059) (0.0021) (0.0059)
Group 25t -0.0154™" -0.0222™ -0.0154™" -0.0217"
(0.0023) (0.0060) (0.0023) (0.0060)
Group 35t -0.0155™" -0.0142" -0.0155™" -0.0140™
(0.0024) (0.0059) (0.0024) (0.0059)
Group 45t 0.0097™" -0.0240™" 0.0099™" -0.0243™
(0.0036) (0.0080) (0.0036) (0.0080)
0.0359™" -0.0189™" 0.0358™" -0.0194™"
Year () (0.0020) (0.0048) (0.0020) (0.0048)
123017 5.5689™" -12.0069™" 5.5555™"
Constant (0.6380) (0.1765) (0.6310) (0.1763)
Obs. 31,666 31,666

Note: 1) Standard errors are in parentheses.
“p < 0.05. p < 0.1.

ok

2)

p < 0.01.

3) Avg. Temp. is calculated as the 30-year average (1989 ~2018) of the annual average of daily average temperature (i.e., the arithmetic

mean of daily maximum temperature and daily minimum temperature), excluding the months October and November.

4) Rainfall is calculated as the 30-year average (1989 ~2018) of annual total precipitation, excluding the months October and November.
5) Group 1: Red River Delta, Group 2: Northeast/Northwest, Group 3: North Central Coast/South Central Coast, Group 4: Central

Highlands/Southeast, Group 5: Mekong River Delta (base = Group 5)
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Table 8. Mean Temperature and Precipitation in each group

(a) Mean Temperature () (b) Mean Precipitation (mm)
2004 ~ 2018 1981 ~ 1995 2004 ~2018 1981 ~ 1995
Group 1 25.01 24.73 1517.76 1395.46
Group 2 23.80 23.67 1550.71 1492.58
Group 3 26.33 26.14 1365.47 1110.67
Group 4 26.06 25.90 1689.54 1463.73
Group 5 27.92 27.98 1264.55 1181.27
Note: 1) Mean Temperature is calculated as the 15-year average (2004 ~2018 or 1981 ~1995) of the annual average of daily average

temperature (i.e., the arithmetic mean of daily maximum temperature and daily minimum temperature), excluding the months October

and November.

2) Mean Precipitation is calculated as the 15-year average (2004 ~2018 or 1981 ~ 1995) of annual total precipitation, excluding the

months October and November.

3) Group I: Red River Delta, Group 2: Northeast/Northwest, Group 3: North Central Coast/South Central Coast, Group 4: Central

Highlands/Southeast, Group 5: Mekong River Delta

Y S JATH(9): Lobell et al., 2011; Ortiz-Bobea et al.,
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Table 9. Simulation results: climate change impacts

(unit: %)
Simulation using annual weather results (Model 1 & Model 2)

Type Group 1 Group 2 Group 3 Group 4 Group 5

. 0.10 0.07 2617 225" -1.29™

Changes in Temp. S %Kiy :B) (0.17) (0.06) (0.30) (0.22) 0.11)

& Rainfall 317 -1.33™ 0.24 0.39 2,01

Model h(Zy =) (0.25) (0.11) (0.37) (033) ©.11)
1 X ) 223" 0.90™" 0.89™" 1.09™ -0.07"
Change in ' (0.09) (0.04) (0.07) (0.04) (0.04)

Temp. only Wz, ) 491" -2.14™ -3.29™ 2.72" 0.89™"

(0.15) (0.06) (0.10) (0.08) (0.03)

f(X,B) 0.03 0.08 -2.98" -1.97" -1.46™"

Changes in Temp. (0.17) (0.06) (0.24) (0.18) (0.08)

& Rainfall h(Zy ) -3.10™" -1.30™ 0.39 0.52 2.06™

Model (0.24) (0.11) 0.37) (0.32) (0.10)
2 X ) 222" 0.90™" 0.87"" 1.09™ -0.06"
Change in ' (0.09) (0.04) (0.07) (0.04) (0.04)

Temp. only 492" -2.14™ -3.29™ 2.73" 0.89™"

W(Zy )
(0.15) (0.06) (0.10) (0.08) (0.03)
Simulation using long-run climate results (Model 3 & Model 4)

Type Group 1 Group 2 Group 3 Group 4 Group 5

FE ) -1.12™ -0.13 -7.59™" 3677 -3.22™

Changes in Temp. it (0.23) (0.09) (0.38) (0.39) (0.13)

& Rainfall WZor i) -3.86" -1.58" 1.90" 1.95™ 3.40"

Model it Y (0.33) (0.15) (0.50) (0.44) (0.14)
3 o 3.54™" 1.49™" 1.13™ 1777 0.09"
Change in S Xigy ) (0.12) (0.04) (0.09) (0.05) (0.05)

Temp. only WZs i) 7217 23127 481" -3.98" 1.29™

i (0.18) (0.08) (0.12) (0.10) (0.03)

FZ ) -1.16™ -0.25™" -7.01°" -4.60"" 297"

Changes in Temp. it (0.23) (0.08) (0.34) (0.24) (0.10)

& Rainfall WZor i) -3.92" -1.617 1.75" 1.817 3.34™

Model it Y (0.33) (0.15) (0.50) (0.44) (0.14)
4 o 3.56™" 1.48"" 1.18™ 1.75™ 0.06
Change in S Xigy ) (0.12) (0.04) (0.09) (0.05) (0.05)

Temp. only WZs i) -7.18™ 311 -4.80"" -3.97" 1.28™

i (0.18) (0.08) (0.12) (0.10) (0.03)

Note: 1) Percentage difference
= ((result of 2004 ~2018 climate) - (result of 1981 ~ 1995 climate)) <100 / (result of 2004 ~ 2018 climate)
2) f(+)=Elyyl, h(-)= Wy ]°°, where y;, = In(rice yield) (kg/m’)
3) Standard errors are in parentheses.
4) ™p < 0.01. "p < 0.05. p < 0.1.
5) Group 1: Red River Delta, Group 2: Northeast/Northwest, Group 3: North Central Coast/South Central Coast, Group 4: Central
Highlands/Southeast, Group 5: Mekong River Delta

10) A= 715 WEAo] ARl Aol WAL G HlLaly] Aol 1981~ 19959 7|F ThAl 1982~ 199649] 71 FE ABe ol
o] Z83ko] Table 99] Ao} U] THALLE, Table 09| Ao} FAT AEL EEFAT
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Table A1. Estimation results using annual weather data & household variables

Variable Variable
F( X :8) h(Z,, ) f( X :8) h(Z,,;:7)
B, 7) Y " 8. ) " "
0.3692"" -0.1373™ 0.2371™ -1.0297
Avg. Temp. Group 1
(0.0395) (0.0050) (0.0151) (0.0342)
-0.0066™" 0.0759™" -0.6704™
Avg. Temp.’ Group 2
(0.0008) (0.0162) (0.0374)
-0.1031" 0.1231°"" 0.0226 -0.2168™"
Rainfall x 10° Group 3
(0.0062) (0.0133) (0.0144) (0.0307)
0.4227"" -0.5773" -0.0647"" -0.0899"
Planted areax 10° Group 4
(0.0836) (0.2684) (0.0192) (0.0394)
0.0006"" -0.0051"" -0.0280""" 0.0230""
Age Group 1Xt
(0.0001) (0.0003) (0.0022) (0.0060)
0.0576"™" -0.1749™" -0.0114™ -0.0167™"
Primary School Group 2Xt
(0.0047) 0.0113) (0.0023) (0.0061)
0.0793"" -0.3475™ -0.0151" 0.0185™"
Secondary School Group 3 Xt
(0.0044) 0.0113) (0.0025) (0.0061)
0.0701"™" -0.3315™ 0.0033 0.0024
Vocational school Group 4Xt
(0.0066) (0.0217) (0.0037) (0.0080)
0.0640"" -0.2812"™ 0.0337"" -0.0233"™
Vocational College Year (t)
(0.0079) (0.0250) (0.0020) (0.0049)
0.0881"" -0.1764™ -5.9763"" 3.0130™
College and above Constant
(0.0132) (0.0397) (0.4875) (0.1462)
0.0668 0.1357
Other type of education Obs. 31,666
(0.0836) (0.1895)

Note: 1) Standard errors are in parentheses
2) ™p < 0.01. "p < 0.05. p < 0.1.

3) Avg. Temp. is calculated as the annual average of daily mean temperature (i.e., the arithmetic mean of daily maximum temperature

and daily minimum temperature), excluding the months October and November.
4) Rainfall is calculated as the annual total of daily precipitation, excluding the months October and November.

5) Planted area = area of rice-planted area (m?). Age = age of houschold head.

6) Group 1: Red River Delta, Group 2: Northeast/Northwest, Group 3: North Central Coast/South Central Coast, Group 4: Central

Highlands/Southeast, Group 5: Mekong River Delta (base = Group 5)
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