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머 리 말

  기후변화는 국내외적으로 중요하게 다루어지는 농업환경 이슈 중 하나입니

다. 본 연구는 APEC 기후센터와 본 연구원 농업환경 연구팀이 함께 작업한 내

용으로, 라오스 지역 천수답 쌀 농가에서의 적응 기술 적용에 대한 생산량 변

화와 각 적응 기술에 대한 농업인의 지불의사액을 분석한 내용입니다.

  파리협정 이후 한국은 자발적 감축 기여에서 해외 감축분을 포함하여 보고

한 바 있습니다. 이런 점에서 산업에서 농업 비중이 큰 국가에 대한 감축 및 

적응 기술 전파, 국내 정책 경험의 공유는 한국의 감축 기여분 확보에서 주요

한 부분이 될 것으로 기대합니다. 이런 점에서 라오스의 쌀 농가를 기후변화 

대응 국내 기술 전파의 잠재적 대상으로 볼 수 있습니다. 또한 단순한 기술 원

조에서 끝나는 것이 아니라 해당 국가 농업인의 지불의사액을 살펴봄으로써 

라오스 내 정책지원 재원 확보에 대한 단초를 함께 제시한다는 점에서 의의를 

찾을 수 있습니다.

  본 연구에 힘써주신 APEC 기후센터 연구진과 본원 연구진에게 감사를 표하

며, 이러한 학제 간 연구가 향후 기후변화 연구에서도 활발하게 이루어지기를 

기원해 봅니다.

  2018. 12. 

한국농촌경제연구원장  김 창 길
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ABSTRACT

Rice (Oryza sativa L.) is one of the most important crops in the context of food 
security and economy in Lao PDR. We attempted to provide adequate adaptation 
strategies to cope with climate change by the assessment of the climate change im-
pacts on rice productivity in wet season lowland rice production systems in Lao PDR 
through the CERES-Rice model for the two rice cultivars (TDK8 and TDK11) and 
to evaluate adaptation preference of the rice farmers in the country through a climate 
change adaptation survey approach. The two rice cultivars (TDK8 and TDK11) were 
selected for the rice productivity simulations under climate change in Vientiane 
Capital (Lao PDR). The National Aeronautics and Space Administration Prediction 
Of Worldwide Energy Resource (NASA POWER) meteorological variables and 
Coordinated Regional Climate Downscaling Experiment (CORDEX) climate varia-
bles were collected for the inputs of the CERES-Rice model. A total of eight adap-
tions including no adaptation from irrigation, nitrogen application rates, and trans-
planting date shifting were simulated by the CERES-Rice model. The simulation re-
sults showed that the highest increase (14.1%) in rice yield was simulated in the 
2040s under the RCP 4.5 scenario with the nitrogen fertilizer application rate of 
180kg-N ha-1 (i.e. three times as much as the recommended application rate), while 
a decrease (-26.5%) in rice yield was highest in the 2080s under the RCP 8.5 scenar-
io with the +20 days shifting transplanting date. These findings indicate that nitrogen 
fertilizer application rates can be an efficacious adaptation to offset the negative im-
pacts of climate change. The study also revealed that the transplanting date shifting 
may not be a sufficient adaption for this region to cope with climate change. 

These adaptations were evaluated from a climate change adaptation survey to in-
vestigate rice farmers’ preference in Vientiane Capital. The results from the survey 
showed that the farmers prefer installing the auto irrigation system and applying ni-
trogen fertilizer doubled (180kg-N ha-1) to applying nitrogen fertilizer tripled and 
shifting transplanting date. Specifically, the farming experience of household head 
(years), yearly machine rental cost (thousand kip 10a-1), yearly harvest cost (thousand 
kip 10a-1), whether they think climate change has affected/would affect rice pro-
duction negatively (no=0, yes=1) are statistically significant variables to determine 
whether the farmers would install the auto irrigation system. With regard to nitrogen 
fertilizer application doubled, yearly harvest cost (thousand kip 10a-1) and yearly 
household labor used (hours) are statistically significant for the farmers to decide 
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whether to apply the nitrogen fertilizer doubled. Among those variables, the farming 
experience of household head and opinion about climate change impact, and the 
yearly harvest cost and household labor used are significant variables to determine 
the willingness to pay for installing the auto irrigation system and applying the nitro-
gen fertilizer doubled. It is concluded that this study can be useful to enhance food 
security of Lao PDR by providing efficacious agricultural managements to reduce the 
negative impacts of climate change on rice productivity.
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INTRODUCTION

  Rice (Oryza sativa L.) is one of the most important staple crops in Southeast 

Asia widely known for one of the most vulnerable regions to climate change 

in the world. In Lao PDR, rice is cultivated in more than 80% of the cultivated 

areas and approximately 80% of calorie intake in most rural regions is provided 

from rice (Schiller et al., 2006). Among three rice production systems (irrigated 

lowland, rain-fed lowland, and upland) in Lao PDR, the wet-season lowland 

rice ecosystem accounts for approximately 575.520ha and in 2004, this ecosys-

tem accounts for approximately 78% of total rice production in Lao PDR, fol-

lowed by the dry-season lowland environment (14%) and the upland environ-

ment (8%). These values imply that adverse climatic conditions can potentially 

threaten the livelihood of the Lao people. 

  Modeling approaches have been one of the most useful tools to assess the 

impacts of climatic conditions and agricultural managements on rice productivity. 

Process-based crop models have been promising tools for the investigation of 

how agricultural managements can contribute to crop growth and development 

and subsequently crop yields (Bannayan et al., 2007). For example, AquaCrop 

(Raes et al., 2017), Environmental Policy Integrated Climate (EPIC; Williams, 

1990), and Crop Estimation through Resources and Environment Synthesis 



2

(CERES-Rice; Singh et al., 1994) are field-scale crop models, while the General 

Large-Area Model for annual crops (GLAM, Challinor et al., 2004) is a region-

al-scale crop model. Those three field-scale crop models were calibrated and 

validated for the five rice cultivars (TDK1, RD10, RD4, Kodeo, and TSN2) in 

wet season lowland rice production systems in Lao PDR (Chun et al., 2018). 

They reported that an ensemble approach better simulated the rice yields in 

Savannakhet than any single model with few exceptions. The GLAM-Rice mod-

el based on the GLAM-Wheat model was used to assess the climate change im-

pacts on rice productivity for the five countries (Thailand, Myanmar, Cambodia, 

Vietnam, and Lao PDR) in the Indochinese peninsula (Li et al., 2017). Kim et 

al. (2018) assessed the economic impacts of climate change in Cambodia using 

the GLAM-Rice model and a real options analysis. Furthermore, Chun et al. 

(2016) proposed a multi-scale approach combining both the scales of crop mod-

els and provided adaptation strategies to climate change for the Southeast Asia 

region through the approach.

  The CERES-Rice model has been frequently used for the investigation of the 

impacts of environmental variables on rice productivity in various regions. The 

adaptation strategies to climate change using planting date shifting and fertilizer 

application levels were assessed for Cambodia (Wang et al. 2017). Aggarwal 

and Mall (2002) used the CERES-Rice model to investigate the impacts of cli-

mate change on rice yields in India. They showed that the yield responses to 

climate change were different with nitrogen fertilizer application rates. The 

CERES-Rice model was used to assess the management strategies for the two 

rice cultivars (TDK8 and TDK11). In their study, crop management scenarios 

with eight transplanting dates, two planting densities, and three nitrogen fertil-

izer levels were combined (Vilayvong et al., 2015). They reported a combina-

tion simulating the highest rice yield (transplanting date of 15 Jan, 5 seedlings 

hill-1 and nitrogen fertilizer application rate of 120 kg N ha-1) during the simu-



3

lation period (1980 to 2012). 

  The studies about farmers’ willingness to adopt the climate change adaptation 

activities in the developing countries are limited so far. For example, Mertz et 

al. (2009) generally reviewed the relationship between projection of climate 

change and vulnerability and adaptive capacity of developing countries, and 

they indicated the importance of general development efforts to choose the lo-

cally effective climate change adaptation and increase adaptive capacity. Several 

studies analyzed the perception of farmers and determinants to adopt the adapta-

tion activities in the developing countries such as education, farm experience, 

household size, and others (e.g., Abid et al. 2014; Sahu and Mishra 2013). 

Masud et al. (2015) analyzed the farmers’ willingness to pay (WTP) in the 

Malaysian agricultural sector and its determinants through contingent valuation 

method (CVM), similar to this study, but they only investigated whether the 

farmers would like to pay or not, not the monetary value of WTP.

  To the best of our knowledge, even though those crop models have been used 

for the assessment of the climate change impacts on rice productivity and for 

the adequate adaptations to cope with climate change, few studies have been 

conducted on evaluating the farmers’ preference of those adaptations and their 

specific WTP in the developing countries including Lao PDR.

  The objectives of this report are to assess the climate change impacts on rice 

productivity in wet season lowland rice production systems in Lao PDR and to 

provide adequate adaptation strategies to cope with climate change through the 

CERES-Rice model for the two rice cultivars (TDK8 and TDK11) and to eval-

uate adaptation preference of the rice farmers in Lao PDR through CVM.
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MATERIALS AND METHODS

  A Memorandum of Understanding (MOU) was officially signed between the 

APEC Climate Center (APCC) and the Korea Rural Economic Institute (KREI) 

on June 27, 2017 (Figure 1). Based on this MOU, an institutional collaboration 

was initiated in August 2017. Figure 2 depicts the two institutions involved in 

this collaboration. We attempted to investigate the awareness of rice farmers on 

climate change and their willingness to adapt agricultural management practices 

provided by crop modelling. APCC provided adequate adaption strategies to 

cope with climate change based on the Radioactive Concentration Pathway 

(RCP) 4.5 and 8.5 scenarios. A survey was conducted to assess the rice farm-

ers’ preferences about adaptation technologies based on the climate change im-

pact on rice production predicted by APCC. The survey was designed and ana-

lyzed by KREI. More detailed procedural descriptions and framework for this 

study are provided in the following subsections.
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<Figure 1> The Memorandum of Understanding (MOU) signing ceremony between 

the APEC Climate Center (APCC) and the Korea Rural Economic Institute (KREI) 

on June 27, 2017

Climate change adaptation 
survey

Adaptation strategies through 
crop modeling

Climate Change

<Figure 2> Partner organizations and the project framework: APCC and KREI
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1. Study region

  While the irrigated rice production ecosystems accounted for only 13% of to-

tal rice cultivated area in Lao PDR, the rain-fed area accounted for a lot more 

than two-thirds of total rice cultivated area (approximately 70%). As shown in 

Figure 3, Vientiane Capital is located in the central region of Lao PDR and on 

a curve of the Mekong River. Approximately 768,700 people live in Vientiane 

Capital whose area is approximately 3,920km2. The annual mean precipitation 

and daily mean temperature in Vientiane Capital are 1,493.2mm and 27°C, 

respectively. The wettest month is August with approximately 295.7mm and the 

hottest month April with about 29°C.

  The locations of fields selected for this study are presented in Figure 3. We 

made the selection of the field locations (total 20 locations) for crop modeling 

based on availability of the DSSAT compatible soil profile and locations of rice 

paddy fields. The four grid points of the National Aeronautics and Space 

Administration Prediction Of Worldwide Energy Resource (NASA POWER, 

https://power.larc.nasa.gov/) used for the meteorological inputs for the CERES- 

Rice model were also selected considering distances from each field location. 

The two cultivars (TDK8 and TDK11) whose genotype coefficients for the CERES- 

Rice model are available in the literature were selected for this study. The 

DSSAT compatible soil profiles for the 20 locations and genotype coefficients 

were provided in the following sections. 
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Lao PDR

<Figure 3> Location map of this study region (Vientiane Capital, Laos)

2. Data collection

2.1. Climate observations and climate change scenarios

  For the CERES-Rice simulation, daily precipitation (in mm), maximum and 

minimum temperatures (in °C) and daily solar radiation (MJ m-²d-1) are required 

as input variables. However, these data sets are not always available, especially 
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for most developing countries including Lao PDR. We made a decision to col-

lect these data sets from NASA POWER (https://power.larc.nasa.gov/) because 

long-term data periods are available (e.g., temperature and precipitation from 

1981 to near-real time and solar radiation datasets from July, 1983). The NASA 

POWER data are available with a spatial resolution of 0.5° by 0.5° in latitude 

and longitude. More detailed information on the POWER Release 8.0 datasets 

can be found in Stackhouse et al. (2018). Those datasets from 1984 to 2017 were 

collected from the NASA POWER website for this study. The 1990s (1990-1999) 

were used as the baseline period for this study.

  Coordinated Regional Climate Downscaling Experiment (CORDEX) is a 

World Climate Research Programme (WCRP) framework to evaluate perform-

ance of regional climate models (RCMs) through a set of experiments aiming 

at producing regional climate projections. There are 15 domains (taken place for 

the regional downscaling) in the CORDEX framework. We collected climate 

change scenarios from the CORDEX-EA (for the East Asian domain) and the 

CORDEX-SA (for the South Asian domain) that include Lao PDR. 5 RCMs us-

ing HadGEM2-AO as the general circulation model (GCM) are participated in 

the CORDEX-EA project. We can use one RCM model (HadGEM3-RA) only, 

because future scenario period is too short to analyze climate change. The do-

mains of the CORDEX are shown in Figure 4. 
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<Figure 4> Domain of CORDEX-EA (left) and CORDEX-SA (right). Adapted from WCRP 

CORDEX website (http://www.cordex.org/)

  Using 12 GCMs and 6 RCMs adopted, 61 runs in the CORDEX were per-

formed in total in which 6, 27, and 24 among the 61 runs were simulated under 

the scenario of the representative concentration pathway (RCP) 2.6, RCP 4.5, 

and RCP 8.5 scenarios, respectively. We selected the most frequently used RCM, 

SMHI-RCA4_v2 provided by Rossby Centre in the Swedish Meteorological and 

Hydrological Institute as a regional downscaling model, and driving GCMs 

were CanESM2, CNRM-CM5, CSIRO-Mk3.6.0, MPI-ESM-LR, and NorESM1-M. 

In addition, HadGEM3-RA_v1 derived from HadGEM2-AO GCM was chosen 

in the CORDEX-EA. Spatial resolution of the RCMs is originally 0.44 degree 

by 0.44 degree (about 50km). We re-gridded the RCM outputs to 0.25° with 

the climate data operators (CDO). The CDO can be found in the website: https:// 

code.mpimet.mpg.de/projects/cdo/. Details and descriptions of the selected mod-

els are summarized in Table 1. From these RCMs’ outputs, we made a decision 

for the three simulation periods: the baseline period (the 1990s: 1990–1999), 

the 2040s (2040–2049), and the 2080s (2080–2089).
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2.2. Soil data

  Various soil characteristics including soil classification (SCS), surface slope, 

color, permeability, and drainage class are required to simulate the CERES-Rice 

model. A total of 25 parameters of the soil profiles for the CERES-Rice model 

are listed in Table 2. In this study, due to a lack of the collected soil character-

istics we used the global soil profiles at 5-arc minute grid with a DSSAT com-

patible format developed by Han et al. (2015b). The soil profiles are available 

for each country and all the DSSAT compatible soil profiles for Lao PDR are 

listed in the LA.SOL file. More detailed information on the DSSAT soil pro-

files can be found in Han et al. (2015a). A total of 20 grid points of the 

LA.SOL file were selected where their locations were included in rice paddy 

fields in Vientiane Capital and the locations (latitude and longitude) and the soil 

names are presented in Table 3.

Variable name Definition Method of estimation

SCOM* Color, moist, Munsell hue HC27

SALB Albedo, fraction  HC27

SLU1 Evaporation limit, mm   HC27

SLDR Drainage rate, fraction day-1 HC27

SLRO Runoff curve no. (Soil Conservation Service)  HC27

SLNF Mineralization factor, 0 to 1 scale HC27

SLPF Photosynthesis factor, 0 to 1 scale HC27

SMHB pH in buffer determination method, code HC27

SMPX Phosphorus determination code  HC27

SMKE Potassium determination method, code  HC27

SLMH* Master horizon Fixed  ('A', 'A', 'AB','BA','B','BC') 

SLLL lower limit, or wilting point, cm3 cm-3 PTF (Saxton and Rawls, 2006)

SDUL drained upper limit, or field capacity, cm3 cm-3 PTF (Saxton and Rawls, 2006)

SSAT Upper limit, saturated, cm3 cm-3 PTF (Saxton and Rawls, 2006)

SRGF Root growth factor, soil only, 0.0 to 1.0 Based on AWC and HC27

<Table 2> Definitions of soil inputs in the DSSAT soil file (Adapted from Han et al., 2015a)
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Variable name Definition Method of estimation

SSKS* Sat. hydraulic conductivity, cm h-1 PTF (Saxton and Rawls, 2006)

SBDM Bulk density, g cm-3 SoilGrids1km or ISRIC-AfSiS

SLOC Organic carbon, % SoilGrids1km or ISRIC-AfSiS

SLCL* Clay (<0.002 mm), %  SoilGrids1km or ISRIC-AfSiS

SLSI* Silt (0.05 to 0.002 mm), %  SoilGrids1km or ISRIC-AfSiS

SLCF* Coarse fraction (>2 mm), % Fixed as ‘-99’

SLNI* Total nitrogen, %   Based on AWC and HC27

SLHW* pH in water  SoilGrids1km or ISRIC-AfSiS

SLHB* pH in buffer Fixed as ‘-99’

SCEC* Cation exchange capacity, cmol kg-1 SoilGrids1km or ISRIC-AfSiS

Note: variables indicated with * can be -99, if they are not available.

(Continued)

Field ID
LAT LON

Soil Name in LA.SOL
° (degree)

1 17.875 102.625 LA03740191

2 17.875 102.708 LA03740192

3 17.958 102.708 LA03735872

4 17.958 102.792 LA03735873

5 18.375 102.208 LA03714266

6 18.042 102.542 LA03731550

7 18.042 102.625 LA03731551

8 18.042 102.708 LA03731552

9 18.042 102.792 LA03731553

10 18.042 102.875 LA03731554

11 18.125 102.625 LA03727231

12 18.125 102.708 LA03727232

13 18.208 102.542 LA03722910

14 18.208 102.625 LA03722911

15 18.208 102.708 LA03722912

16 18.208 102.792 LA03722913

17 18.042 102.958 LA03731555

18 18.042 103.042 LA03731556

19 18.125 103.042 LA03727236

20 18.208 102.958 LA03722915

<Table 3> Selected rice paddy fields considering the grid points of the DSSAT 

compatible soil profile
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3. CERES-Rice

  The CERES-Rice model, a field-scale and process-based model is included in 

the Decision Support System for Agrotechnology Transfer-Cropping System 

Model (DSSAT-CSM) and can simulate rice growth and development (Singh et 

al., 1994). The details including model structures and discussion on the DSSAT 

CERES-Rice model and its applications can be found in Jones et al. (2003). 

Chun et al. (2018) investigated the seasonal variability impacts on rice pro-

ductivity in Savannakhet province, Lao PDR. The CERES-Rice model was cali-

brated and validated for the five cultivars (TDK1, RD10, RD4, Kodeo, and 

TSN2) in their study. They reported that an ensemble approach can better simu-

late rice yields than any single models with only one exception. 

  Unfortunately, no rice managements including cultivars, transplanting date, 

fertilizer application amount and date, and harvest date and yield were available 

for Vientiane Capital in this study. This information is required to calibrate 

cultivars. Instead, we decided to use those calibrated coefficients from Vilayvong 

et al. (2015) and the genotype coefficients are presented in Table 4. They cali-

brated and validated the CERES-Rice model for the two cultivars (TDK8 and 

TDK11) based on the nine farmers’ fields. Based on their study, we assumed 

that rice crops were transplanted on July 1st with 20cm × 20cm of plant spacing 

and nitrogen fertilizer of 60kg-N ha-1 were applied 20 days after the trans-

planting date. Urea was also assumed as a nitrogen-fertilizer containing 46% ni-

trogen with a way of a broadcast on flooded soil (i.e. urea of 120kg ha-1 is 

equal to approximately 60kg-N ha-1). This nitrogen fertilizer application rate is 

recommended by Linquist and Sengxua (2001). These rice managements were 

used for the baseline simulations.

  We investigated the impacts of climate change on rice productivity in Vientiane 
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Capital with RCP 4.5 and 8.5 scenarios. The eight adaptations including “auto 

irrigation”, “nitrogen fertilizer application rates” and “transplanting date shift-

ing” were also assessed using the CERES-Rice model. Except for the adaptation 

of nitrogen fertilizer application rates, the nitrogen fertilizer rate of 60kg-N ha-1 

was applied. Similarly, the transplanting date was assumed as July 1st other than 

the shifting transplanting date adaptation. The auto irrigation was turned on only 

at the auto irrigation adaptation. These eight adaptions are summarized in Table 5.

Cultivar P1 P2R P5 P2O G1 G2 G3 G4

TDK8 415 195 520 10.6 40 0.025 0.8 0.8

TDK11 409 199 400 11.2 42 0.025 0.9 0.8

<Table 4> Calibrated genotype coefficients for the two rice cultivars (TDK8 and TDK11)

in 2007 (Adapted from Vilayvong et al., 2015)

Treat number Description Planting date Fertilizer application date

1 No adaption Jul/1 Jul/21

2 Auto Irrigation Jul/1 Jul/21

3 Urea 260kg ha-1 Jul/1 Jul/21

4 Urea 390kg ha-1 Jul/1 Jul/21

5 -10 days shifting Jun/21 Jul/11

6 +10 days shifting Jul/11 Jul/31

7 -20 days shifting Jun/11 Jul/1

8 +20 days shifting Jul/21 Aug/10

<Table 5> Descriptions of the eight adaptations including “No adaptation”

4. Climate change adaptation survey

  The Korea Rural Economic Institute (KREI) conducted interviews in person 

in Laos PDR on October 4-9, 2018. The surveyed areas were Dongbung, 

Napork, Nakhaow, Hardvieng, and Parlai, and the total number of respondents 
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was 100. Based on the production activities in 2017, the survey consisted of so-

cio-economic characteristics of farmers (household head), information related to 

rice farming activities, awareness of climate change. 

  As a result, most of household heads were males (90 obs.), over 40’s (89 

obs.), and had education experience (95 obs.). As for respondents, 91% could 

read and write while 6% could not either read or write. With respect to the in-

come in 2017, the income from non-agricultural activities was higher than in-

come from agricultural activities on average.

<Table 6> Descriptions of the general information

Items Description Obs.

Gender of the household head Male
Female

90
10

Respondent’s relationship with the household head Self
Spouse
Child

Parent
Grandchild

Relative
Sister/brother

Daughter/son in law
Other

41
47
7
2
-
-
1
2
-

Age of the household head Less than 40
More than 40~Less than 60

More than 60

11
61
28

Marital status of the household head Single
Married/living-in

Divorced
Widow/widower

Separated

1
87
-
12
-

Agricultural experience of household head (years) Less than 20
More than 20~Less than 30

More than 30

20
21
59

Educational experience of household head (years) Yes
No

95
5

Education of household head (number of years in school) Less than 5
More than 5~Less than 10

More than 10

25
57
18

Literacy Can read and write
Can read only, no writing
Can write a name only
Cannot read and write

91
1
2
6

Income in 2017 from agricultural activities
(average/median, thousands kip) 10,287/5,750

Income in 2017 from non-agricultural activities 
(average/median, thousands kip) 32,168/25,460



17

  Regarding rain-fed rice farm plots, the highest response rate, 69% was for 

one plot, followed by 28% for two. The average area of rain-fed rice farming 

land was 1.1 ha. In the use of organic fertilizers, 60 respondents answered yes, 

and the average cost was 269 thousand kip. In the use of chemical fertilizers, 

72 respondents answered yes, and the average cost was 554.6 thousand kip. 72 

respondents answered they had hired labor for rice farming in 2017, and the 

average cost was 2028.5 thousand kip. Household own labor was invested 64.2 

working days on average. The average yield (rice production quantity in 2017 

divided by the area size) was 2603.89kg/ha, which is much lower than the aver-

age rice yield during 1990-1999, 4,192kg/ha. For the source of information to 

enhance their rice production, ‘Extension center' (46 obs.), ‘Family / Friends in 

same village’ (44 obs.), ‘Village leader’ (39 obs.) were mostly chosen. 

Items Description Obs.

How many plots did you have for rainfed rice farming? 1
2
3

69
28
3

What was the total size of the rainfed rice farming land? 
(average/median, ha) 1.1/1.0

Organic fertilizer use Yes
average cost (thousands kip)

No

60
269.0

39

Chemical fertilizer use Yes
average cost (thousands kip)

No

72
554.6

27

Hired labor Yes
average cost (thousands kip)

No

72
2028.5

26

Household labor Yes
Work day (hour)

No

100
64.2(513.9)

0

Machine rent fee Yes
average cost (thousands kip)

No

37
615.3

63

Harvesting cost Yes
average cost (thousands kip)

No

92
605.6

8

<Table 7> Descriptions of the land and agricultural activity
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Items Description Obs.

How much rice did you produce in 2017?
(kg) 2704.7

How much price did you receive to sell the rice in 2017? 
(kip/kg) 2542.0

What is your main source of information to increase your rice 
production quantity?

Family/friends in same village
Family/friends in other villages

Village leader
Local supermarket

Retailer & crop trader
Mobile phone

Internet
Television

Newspaper
Radio

Extension center
Other 

70
44
39
9
17
13
3
28
-
10
46
3

(Continued)

  The survey has investigated the rice farmers' awareness of climate change. 

First, 92% of farmers answered ‘Yes' to ‘Have you ever heard of climate change?' 

and 97% of farmers answered ‘Yes’ to ‘Climate change already affected the 

rice production.’ In addition, 73% of respondents answered the impact of cli-

mate change has been/would be negative on the rice farming. Regardless wheth-

er the respondents considered that climate change has already affected their rice 

farming, the highest proportion of respondents answered that the ‘production 

quantity’ was the mostly influenced part (86 out of 97), followed by ‘production 

quality’ (31 out of 97).
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Items Description Obs.

Have you heard about climate change? Yes
No

92
8

Do you think that climate change already affected your rice 
production?

Yes
No

97
3

If YES, what is the sign of the general impact of climate change on 
your rice production?

Strongly Negative
Negative
Neutral
Positive

Strongly Positive
No impact

18
50
18
6
1
2

If NO, what would be the sign of the general impact of climate 
change on your rice production in the future?

Strongly Negative
Negative
Neutral
Positive

Strongly Positive
No impact

2
3
1
-
1
-

If you check YES, which part is mostly affected in your rice 
production?

Production quantity
Production quality

Fertilizer use
Pesticide/Herbicide use

Labor use
Mechanic rent
Irrigation cost

Other

86
31
26
13
6
1
3
-

<Table 8> Descriptions of the opinions and general information source for climate change

  In order to analyze the general tendency of farmers’ adopting the adaptation 

technologies and their specific willingness to pay (WTP), the hypothetical sce-

narios were suggested, i.e., the contingent valuation (CV) questions were de-

signed:

  “How much tax pay for (each adaptation activity)?”

  This format is an open-end question, which has the advantage not to result 

in starting point bias and get the information of exact amount of monetary val-

ues that respondents are willing to pay while having some disadvantages to pos-

sibly include outliers and the sample means’ inefficiency depending on the true 

distribution of WTP. In our study, it was difficult to conduct a pilot study to 

apply other CV question formats (e.g., double-bounded question), thus the 

open-ended format was chosen for its simplest structure to help the respondents 

to understand the question comprehensively. In the open-ended question, the 
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sample mean WTP is considered as the estimate of the population mean WTP.

  The adaptation activities include (1) installation of auto irrigation system, (2) 

nitrogen fertilizer application doubled compared to recommendation, (3) nitro-

gen fertilizer application tripled compared to recommendation, (4) changing 

transplanting dates (advancing 10 days, 20 days, or delaying 10 days).

  The prediction of climate change impact on rice production was also pre-

sented by showing the average rice yield: 4,192kg/ha (average rice yield 

1990-1999) would decrease to 4,117kg/ha (average rice yield 2040-2049) due 

to climate change when applying RCP 8.5. Then the possible rice yield changes 

were suggested as the following:

(1) Installation of auto irrigation system: 59kg/ha (1.4% increase)

(2) Nitrogen fertilizer application doubled: 734kg/ha (15.1% increase)

(3) Nitrogen fertilizer application tripled: 758kg/ha (15.6% increase)

(4) Advancing 10 days of transplantation: 6kg/ha (0.1% increase)

(5) Delaying 10 days of transplantation: 68kg/ha (1.6% increase)

(6) Advancing 20 days of transplantation: 19kg/ha (0.5% increase)

  For installation of auto irrigation system, 48 people answered ‘Yes' to pay 

tax for it, and the average WTP was 102 thousands kip for all and 249 thou-

sands kip for those who answered yes. Compared to the other options, this 

adoption technology is the most preferable for the farmers based on the ratio 

of whom answered ‘Yes.’ The number of responses to answer ‘No' was 52, and 

‘Not feasible in my region (29 people)' and ‘Yield increase is too small after 

adoption (16 people)' were the reasons for not intending to install.

  In relation to doubling the amount of nitrogen fertilizer, 36 people answered 

‘Yes' to pay tax for it, and the average WTP was 309 thousands kip for all 

and 869 thousands kip for those who answered yes. The number of respondents 

who answered ‘No' was 66, and ‘Other (21 people)' and ‘Do not care yield de-
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crease due to climate change / Not feasible in my region (16 people)’ were the 

reasons. On the other hand, only 5 respondents answered ‘Yes’ to increase the 

nitrogen fertilizer tripled. The reasons for lack of intention to adopt were ‘Yield 

increase is too small after adoption (39 people)', ‘Other (25 people)' and ‘Not 

feasible in my region (20 people)'.

  In respect to the advancement of transplantation date by 10 days (Date-10), 

16 people were willing to pay while 15 people were willing to pay for delaying 

the date by 10 days (Date+10). For advancing the date by 20 days (Date-20), 

10 people answered ‘Yes’ to pay tax for it. The amount of willingness to pay 

was analyzed to be 17, 10, 0 thousands kip on average, respectively. For 

Date-10, most reasons to answer ‘No’ were ‘Yield increase is too small after 

adoption (47 people)' and ‘Not feasible in my region (26 people).’ For Date-20, 

the reasons not to be willing to pay were similar, ‘Not feasible in my region 

(44 people)' and ‘Yield increase is too small after adoption (24 people)’ were 

answered. For Date+10, the reasons are slightly different, ‘Do not care yield to 

decrease to due to climate (45 people)' and ‘Not feasible in my region (26 peo-

ple)' were mostly selected.

  From the sample, the number of rice farmers who were willing to pay for 

installing auto irrigation system is the most, followed by doubling the nitrogen 

fertilizer and shifting the transplantation dates by 10 days. Also, the uncertainty 

about production increase and applicability of the technology was the main rea-

son for the rice farmers not to be willing to pay for applying the adaptation 

technologies. Also, farmers tend to doubt about feasibility of adoption activity 

that would be not only because the geographical and/or political limitation of 

the region in reality, but also because the existent policies cannot give con-

fidence to the farmers about adoption technologies.
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Items Description Obs.

Auto Irrigation

(1.4% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

48
102/249

52
3
16
29
4

Fertilizer N Doubled

(15.1% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

36
309/869

66
16
13
16
21

Fertilizer N Tripled

(15.6% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

5
0/880

95
11
39
20
25

Sowing - 10 days

(0.1% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

16
17/175

84
8
47
26
2

Sowing + 10 days

(1.6% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

15
10/123

85
45
7
26
6

Sowing - 20 days

(0.5% increase)

Yes
Willingness to pay (tax) (all/yes, thousands kip)

No
Do not care yield decrease due to climate change

Yield increase is too small after adoption
Not feasible in my region

Other 

10
0/206

90
14
24
44
8

<Table 9> Descriptions of the effect of climate change impact and adaptation
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RESULTS AND DISCUSSION

1. Climate change scenarios

  The 10-year average from 2030 to 2099 is calculated to examine spatial char-

acteristics over the Indochina peninsula. Figure 5 displays future changes in 

temperatures and precipitation under the RCP 4.5 against the base period of 

1991-2000. Both maximum and minimum temperatures were expected to in-

crease in the distant future over Lao PDR. In the case of precipitation, slight 

increases are expected over the Indochina peninsula, but no significant signal 

was found over Lao PDR. Under the RCP 8.5 scenario (Figure 6), on the other 

hand, more rapid increases in the three meteorological variables were indicated 

compared to the RCP 4.5. Both maximum and minimum temperatures appeared 

to remarkably change in the far future. The increases would be strong even in 

minimum temperatures during the 2090s.
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<Figure 5> Future changes in maximum (top) and minimum temperature (middle) and 

precipitation (bottom) over the Indochina peninsula for each decade for 2030-2099 

under RCP 4.5 scenario against the base period (1991-2000)
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<Figure 6> As in Figure A4.2, but under RCP8.5 scenario

  By zooming in the RCMs, we focused on the three regions of the entire Lao 

PDR, Vientinane and Savannakhet provinces. The box plots of changes in max-

imum temperatures per each decade during 2030-2099 are given in Figure 7. 

The height of a box plot indicates the spread of climate change signals given 

by the 6 RCMs. The maximum temperatures were expected to slightly increase 

under RCP 4.5, while rapid increases were found under RCP 8.5 at the three 

regions. There were no significant differences among the three regions. The 

averages of the future changes given by the 6 RCMs in the 2090s were 2.28, 

2.15 and 2.14 °C for Vientiane, Savannakhet and the entire Lao PDR under 

RCP4.5 scenario, respectively. Under RCP 8.5, the increases were 3.93, 3.99 

and 3.97 °C for Vientiane, Savannakhet and Lao PDR, respectively.

  The 6 RCMs provided similar increasing patterns in minimum temperatures 
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under RCP4.5 and RCP8.5 (Figure 8). The spread among 6 models was smaller 

under RCP 4.5 than RCP 8.5. The average of the future changes among 6 

RCMs in the 2090s is 2.04, 2.06 and 2.08 °C for Vientiane, Savannakhet and 

the entire Lao PDR under RCP4.5 scenario. Under RCP 8.5 scenario, the in-

crease is 4.59, 4.25 and 4.3 °C for Vientiane, Savannkhet and Lao PDR, 

respectively. Compared with the maximum temperature, the increase of mini-

mum temperature in the RCP 8.5 is bigger than the maximum temperature. 

<Figure 7> Boxplots of the maximum temperature for the difference between RCP4.5

(top) and RCP 8.5 scenario (bottom) with base period (1991-2000) for 6 RCMs
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<Figure 8> Boxplots of the minimum temperature for the difference between RCP4.5

(top) and RCP 8.5 scenario (bottom) with base period (1991-2000) for 6 RCMs

  In the case of precipitation (Figure 9), significant increasing or decreasing 

trends were not found. In RCP 8.5 scenario, the spread among 6 models over 

Savannakhet was bigger than the other regions. The average of the future 

changes given by the 6 RCMs in the 2090s is 0.29, 0.45 and 0.47 for Vientiane, 

Savannakhet and Lao PDR under RCP4.5 scenario. Under RCP 8.5, the in-

creases became 0.54, 0.76 and 0.94, respectively. All the three regions appear 

to have slightly increasing mean precipitation in the distant future. Among the 



28

six RCMs, CanESM2 showed significant differences between the three regions 

(Figure 10). Changes in minimum temperatures were the largest in the Vientiane 

than the other two regions.

<Figure 9> Boxplots of precipitation for the difference between RCP4.5 (top) and RCP 

8.5 scenario (bottom) with base period (1991-2000) for 6 RCMs
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<Figure 10> Boxplots of precipitation for the difference between RCP4.5 (top) and RCP 

8.5 scenario (bottom) with base period (1991-2000) for the CanESM2 model

2. Provincial-level adaptation

  Due to a lack of provincial-level rice yield data from Vientiane Capital, we 

compared the simulation rice yields from the baseline period using NASA 
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POWER meteorological variables and using the CORDEX climate variables. 

The simulated rice yields were 4172.9±199.2kg ha-1 and 4192.3±571.8kg ha-1 

for the NASA POWER meteorological variables and the CORDEX climate var-

iables, respectively. Rice yield changes relative to the baseline and relative to 

the “No Adaptation” are summarized in Table 7. For the rice yield changes rel-

ative to the baseline, the highest increase (14.1%) in rice yield was simulated 

in the 2040s under the RCP 4.5 scenario with the nitrogen fertilizer application 

rate of 180kg-N ha-1 (i.e. three times as much as the recommendation applica-

tion rate), while a decrease (-26.5%) in rice yield was highest in the 2080s un-

der the RCP 8.5 scenario with the +20 days shifting transplanting date. For the 

rice yield changes relative to the “No Adaptation”, the results were slightly dif-

ferent from those relative to the baseline. The highest increase (17.1%) and de-

crease (-14.0%) in rice yields were simulated with the nitrogen fertilizer appli-

cation rate of 180kg-N ha-1 and the +20 days shifting transplanting date, re-

spectively, in the 2040s under the RCP4.5 scenario. These results suggest that 

nitrogen fertilizer application rates can be an adequate adaptation to offset the 

negative impacts of climate change. Especially, in the 2080s under the RCP 8.5, 

any adaptations were not simulated higher than the baseline. This result sug-

gests that under this scenario more adaptation may be required to increase rice 

yields relative to the baseline, when decision makers would want to increase 

rice production for a potential export increase.
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RCP Simulation 
period Adaptation

Simulated yield Rice yield changes 
relative to the 

baseline 

Rice yield changes 
relative to the “No 

Adaptation”Mean Standard deviation

Kg ha-1 %

4.5

2040s

1 4048.5 459.1 -3.6 -

2 4170.0 284.3 -0.5 2.9

3 4860.8 869.7 13.8 16.7

4 4881.3 888.3 14.1 17.1

5 4004.5 625.8 -4.7 -1.1

6 4053.0 552.6 -3.4 0.1

7 4041.1 642.7 -3.7 -0.2

8 3550.5 893.9 -18.1 -14.0

2080s

1 3971.8 556.7 -5.6 -

2 4117.6 377.2 -1.8 3.5

3 4556.0 977.7 8.0 12.8

4 4573.5 985.4 8.3 13.2

5 4022.8 475.0 -4.2 1.3

6 3995.1 724.4 -4.9 0.6

7 3967.6 548.9 -5.7 -0.1

8 3494.8 921.9 -20.0 -13.6

8.5

2040s

1 4116.9 385.1 -1.8 -

2 4175.8 304.7 -0.4 1.4

3 4850.8 675.6 13.6 15.1

4 4875.0 681.9 14.0 15.6

5 4122.4 380.8 -1.7 0.1

6 4184.5 479.1 -0.2 1.6

7 4135.7 365.3 -1.4 0.5

8 3753.9 727.2 -11.7 -9.7

2080s

1 3486.2 693.9 -20.3 -

2 3614.8 553.5 -16.0 3.6

3 3736.5 925.0 -12.2 6.7

4 3745.4 926.5 -11.9 6.9

5 3454.0 815.4 -21.4 -0.9

6 3491.6 788.4 -20.1 0.2

7 3342.2 850.0 -25.4 -4.3

8 3314.7 850.2 -26.5 -5.2

Rice yield changes under climate change scenarios grouped by the cultivar and treatment.

1 to 8 in the Adaption column (1: No adaptation, 2: Auto irrigation, 3: Nitrogen fertilizer application 

rate of 120kg-N ha-1, 4: Nitrogen fertilizer application rate of 180kg-N ha-1, 5: -10 days shifting 

transplanting dates, 6: +10 days shifting transplanting dates, 7: -20 days shifting transplanting dates, 

8: +20 days shifting transplanting dates).

<Table 10> Rice yield changes under climate change scenarios
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3. Determinants of farmers’ WTP

  In order to analyze the determinants of the farmers’ WTP—(1) whether to be 

willing to pay and (2) how much willing to pay, the logit (Table 11, Table 13) 

and tobit models (Table 12, Table 14) were estimated in two adaptation activ-

ities: installing the auto irrigation system and doubling the nitrogen fertilizer. 

  Before estimating the logit models, observations with the extreme outliers 

(which are outside the [Q1-3*IQ, Q3+3*IQ], where Q1=25 percentile, Q3=75 

percentile, IQ=Q3-Q1) in the yearly costs of hired labor, machine rental, har-

vest, and organic and chemical fertilizer were deleted. Also, before estimating 

the tobit models, the extreme outliers in the relevant WTP were checked and 

excluded for the estimation.

  As determinants about whether the farmers were willing to pay for installing 

the auto irrigation system, the household head farming experience, yearly ma-

chine rental cost, yearly harvest cost, the farmers’ thought whether climate 

change has affected/would affect rice production negatively were statistically 

significant. Except for the thought about the climate change impact, the three 

variables showed negative coefficient signs. That is, the more farming experi-

ence the farmer has, the more machine rental and harvest cost is spent, the 

farmers are less likely to determine to pay for the auto irrigation system 

installation. On the other hand, farmers who thought climate change has already 

negatively affected/would affect are more likely to willing to pay to install the 

auto irrigation system.

  From the Tobit model estimation result, the household head farming experi-

ence and the farmers’ thought about the climate change impact on rice farming 

are statistically significant variables to determine the amount of WTP. To be 

specific, the amount of WTP per unit area (10a) for the auto irrigation system 
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would decrease by 44,406 kip as the household head’s farming experience in-

creases one year, while those who consider the influence of climate change be-

ing negative would like to pay 1,910,877 kip more than the others.

Dependent Variable: whether WTP>0 (dummy) Coefficient
(standard error)

HH head experience (years) -0.031223 *
(0.01734)

Rice revenue (thousands kip) -0.0000562
(0.0000739)

Hired labor cost (thousands kip/10a) 2.07E-06
(0.000018)

Machine rental cost (thousands kip/10a) -0.0001304 *
(0.0000784)

Harvest cost (thousands kip/10a) -0.0001565 *
(0.0000808)

Fertilizer cost (thousands kip/10a) 0.0000263
(0.0000566)

HH labor input (hours) 0.000351
(0.0009819)

CC negatively affected (yes=1, no=0) 0.8766547 **
(0.6019842)

Constant 1.193502
(1.093482)

Note: ***, **, * indicate 1%, 5%, and 10% statistical significance levels.

<Table 11> Logit model estimation results for auto irrigation (obs = 94)

Dependent Variable: WTP per 10a (kip) Coefficient
(standard error)

HH head experience (years) -44406.27 *
(24485.09)

Rice revenue (thousands kip) -38.43462
(106.7094)

Hired labor cost (thousands kip/10a) 39.574
(24.99266)

Machine rental cost (thousands kip/10a) -134.5597
(115.1518)

Harvest cost (thousands kip/10a) -153.0796
(104.5231)

Fertilizer cost (thousands kip/10a) -20.27814
(83.38022)

HH labor input (hours) -655.4934
(1360.704)

CC negatively affected (yes=1, no=0) 1910877 **
(887813)

Constant 861999.5
(1564010)

Note: ***, **, * indicate 1%, 5%, and 10% statistical significance levels.

<Table 12> Tobit model estimation results for auto irrigation (obs = 92)
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  As determinants about whether the farmers were willing to pay for applying 

the nitrogen fertilizer doubled, the yearly harvest cost and the household own 

labor input were statistically significant variables. Both coefficients of those 

variables were negative, which means that the more harvest cost and household 

own labor are invested, the farmers are less likely to determine to pay for dou-

bling fertilizer application.

  The same variables, the yearly harvest cost and the household own labor in-

put, are also statistically significant form the Tobit model estimation. In other 

words, these two variables would have influence on how much WTP the farmer 

would like to pay for doubling the nitrogen fertilizer application. As a result, 

the amount of WTP per unit area (10a) for doubling the nitrogen fertilizer use 

would decrease by 1,147 kip and 10,323 kip when the yearly harvest cost and 

household own labor input increase 1,000 kip/10a and 1 hour, respectively.

Dependent Variable: whether WTP>0
(dummy)

Coefficient
(standard error)

HH head experience (years) -0.0293476
(0.0187752)

Rice revenue (thousands kip) 0.0001037
(0.0000841)

Hired labor cost (thousands kip/10a) 9.66E-06
(0.0000207)

Machine rental cost (thousands kip/10a) 4.52E-07
(0.0000258)

Harvest cost (thousands kip/10a) -0.0003081 ***
(0.0001086)

Fertilizer cost (thousands kip/10a) 0.0000795
(0.0000594)

HH labor input (hours) -0.0023035 *
(0.0012945)

CC negatively affected (yes=1, no=0) 0.6516899
(0.6707118)

Constant 0.8673597
(1.263)

Note: ***, **, * indicate 1%, 5%, and 10% statistical significance levels.

<Table 13> Logit model estimation results for doubling N fertilizer (obs = 94)
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Dependent Variable: WTP per 10a (kip) Coefficient
(standard error)

HH head experience (years) -77436.84
(69112.26)

Rice revenue (thousands kip) 477.3363
(289.5293)

Hired labor cost (thousands kip/10a) 12.91191
(88.08534)

Machine rental cost (thousands kip/10a) 26.86993
(94.56655)

Harvest cost (thousands kip/10a) -1146.649 ***
(399.1013)

Fertilizer cost (thousands kip/10a) 93.64352
(243.5365)

HH labor input (hours) -10322.88 **
(4805.809)

CC negatively affected (yes=1, no=0) 1371473
(2399066)

Constant 4021709
(4359111)

Note: ***, **, * indicate 1%, 5%, and 10% statistical significance levels.

<Table 14> Tobit model estimation results for doubling N fertilizer (obs = 87)
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SUMMARY AND CONCLUSIONS

  The objective of this study was to provide an adequate adaptation to cope 

with climate change for Lao PDR using the CERES-Rice model and a climate 

change adaptation survey. We first assessed the eight adaptations consisting of 

irrigation, nitrogen fertilizer application rates, transplanting date shifting through 

the CERES-Rice model. The benefits of each adaptation were provided in terms 

of rice yield changes, and the figures were used for the climate change adapta-

tion survey. Through the survey, we evaluated the farmers’ preference on will-

ingness to pay and how much they would like to pay for each adaptation 

technology.

  This study showed that an increase (14.1%) in rice yield was highest in the 

2040s under the RCP 4.5 scenario with the nitrogen fertilizer application rate 

of 180kg-N ha-1 (i.e. three times as much as the recommendation application 

rate), while the highest decrease (-26.5%) in rice yield was simulated in the 

2080s under the RCP 8.5 scenario with the +20 days shifting transplanting date. 

These findings indicate that nitrogen fertilizer application rates can be an effica-

cious adaptation to offset the negative impacts of climate change. The study al-

so revealed that the transplanting date shifting may not be a sufficient adaption 

for this region to cope with climate change, suggesting further adaptation should 
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be provided to offset the most negative climate change impacts on rice 

productivity.

  The results from a survey showed that the farmers prefer installing the auto 

irrigation system and applying nitrogen fertilizer doubled to applying nitrogen 

fertilizer tripled and shifting transplanting date. Specifically, the farming experi-

ence of household head, yearly machine rental cost, yearly harvest cost, whether 

they think climate change has affected/would affect rice production negatively 

are statistically significant variables to determine whether the farmers would in-

stall the auto irrigation system. With regard to nitrogen fertilizer application 

doubled, yearly harvest cost and yearly household labor used are statistically 

significant for the farmers to decide whether to apply the nitrogen fertilizer 

doubled. Among those variables, the farming experience of household head and 

opinion about climate change impact, and the yearly harvest cost and household 

labor used are significant variables to determine the willingness to pay for in-

stalling the auto irrigation system and applying the nitrogen fertilizer doubled.

  We concluded that this study can be useful to enhance food security of Lao 

PDR by providing efficacious agricultural managements to reduce the negative 

impacts of climate change on rice productivity.
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Appendix 1

MOU between APCC and KREI
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Appendix 2

Survey questionnaire
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