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The impacts of ENSO and its associated climate variability on Thailand’s rice 

production, area harvested and yield during 1961-2016 were examined. Analysis 

showed that year-to-year weather-related variations in Thailand’s rice production, 

area harvested and yield which accounted for about one third of total interannual 

variance tended to vary in response to the phase reversals of ENSO events, with 

large decreases occurred during El Niño events. Rice production, area harvested 

and yield also exhibited lower (higher) than normal during the years when 

Thailand experienced deficit (excess) rainfall and lower (greater) number of rainy 

days. These results in combination with the previous studies suggest that ENSO 

exerts its influence on rice production and yield in Thailand via inducing 

anomalies in rainfall and temperature. Another noteworthy finding was the 

asymmetrical ENSO-Thailand’s rice production relationship. Significant decline 

was observed only during El Niño events, highlighting a much greater influence 

of El Niño events on Thailand’s rice production, area harvested and yield than La 

Niña events. This observation provides additional evidence extending the 

previously reported asymmetry in the ENSO-rainfall relationship in Thailand to 

rice production and yield as well. Hence, the asymmetrical ENSO-rice 

relationship should be taken into account when developing linearly predictive 

model. 
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1. INTRODUCTION 

Agricultural production depends strongly on 

climate. It is known that agriculture is adversely 

affected by climate variability and weather extreme 

events especially those associated with ENSO     

(Tao et al., 2004; Iizumi et al., 2014; Ray et al., 

2015; Nobre et al., 2017). ENSO is the dominant 

mode of coupled ocean-atmosphere variability in 

tropical oceans on interannual timescales, strongly 

influencing the global climate system (Brönnimann, 

2007; Sarachik and Cane, 2010; Trenberth, 2013; 

Zhang et al., 2016) and substantially exerting 

impacts on society, economy and agriculture 

(Marlier et al., 2012; Cashin et al., 2017; Gutierrez, 

2017). Large amplitude and anomalous fluctuations 

of ENSO-generated climate variability and weather 

extreme events can lead to crop failure, food 

insecurity, famine and loss of property and life 

(Marlier et al., 2012; Trenberth, 2013; Iizumi et al., 

2014; Al-Amin and Alam, 2016). 

Numerous studies have demonstrated the 

relationships between ENSO and its associated 

climate variability and agricultural production in 

different regions around the world (Cantelaube et al., 

2004; Tao et al., 2004; Xiangzheng et al., 2010; 

Bhuvaneswari et al., 2013; Iizumi et al., 2014; Ray 

et al., 2015). In Southeast Asia (SEA), for example, 

ENSO-related climate variability exerts strong 

influences on agricultural production and food 

security (Naylor et al., 2007; Roberts et al., 2009; 

Angulo et al., 2012; Chung et al., 2015; Reda et al., 

2015; Al-Amin and Alam, 2016; Pheakdey et al., 

2017). Production of rice and corn in Indonesia is 

especially vulnerable to climate variability 

associated with ENSO events (Naylor et al., 2007). 

Roberts et al. (2009) found that Philippine rice 

production in both irrigated and rainfed systems is 

affected by an El Niño event. In addition, recent 

studies have shown that El-Niño generated climate 

variability exerts many negative impacts on the 

agriculture sector in Malaysia, Thailand and 

Cambodia (Reda et al., 2015; Al-Amin and Alam, 

2016; Pheakdey et al., 2017). 

In the face of on-going anthropogenic climate 

change, scientific knowledge of the impacts of large-

scale climate variability on crop production is 

essential for identifying the effective adaptation 

options to improve current food production and to 
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increase resilience of crop system to future climate 

variability. A better understanding of plausible 

linking mechanisms between global and regional 

climate variability and crop yield is also necessary to 

improve model accuracy for further yield prediction. 

Therefore, this study is designed to address an 

important question as to how ENSO and its 

associated climate variability affect national-level 

rice production, area harvested and yield in Thailand 

where the relationships are not fully understood. 

Asymmetry in the relationships between ENSO and 

Thailand’s rice production, area harvested and yield 

is further examined. If such a relationship exists, 

knowledge of the phase reversals of ENSO will be 

able to provide additional predictability for climate-

related variability in rice production and yield in 

Thailand. 
 

2. METHODOLOGY 

2.1 Data and quality control tests 

In this study, 46 (44) records of monthly 

rainfall (mean surface air temperature) data routinely 

measured at the surface weather stations of the Thai 

Meteorological Department (TMD) distributed 

across Thailand were used. The data were first 

selected on the basis of record length being available 

from 1961 to 2016 and completeness with missing 

data less than 1%. All selected data were subjected 

to a further statistical quality control (QC) algorithm. 

The most commonly used objective approaches 

which include tests of outliers, data missing 

interpolation and homogeneity checks were 

employed to assess the quality of data (Feng et al., 

2004; Wang et al., 2007; Klein Tank et al., 2009).  

A second step was to assess homogeneity of 

data based on the penalized t-test (Wang et al., 2007) 

and the penalized maximal F-test (Wang, 2008). This 

stepwise testing algorithm is capable for detecting 

single or multiple changepoints in a time series based 

on a two-phase regression model (Wang, 2008). 

Monthly total rainfall and averaged temperature series 

were used to analyze homogeneity, based on the 

relative approach as described by Limsakul and 

Singhruck (2016). On the basis of the intensive 

quality control procedures, 41 and 40 high-quality 

records of rainfall and mean surface air temperature, 

respectively, for the period 1961 to 2016 was obtained  

(Figure 1) for further analysis. 

As long-term records of digitized rice data   

are not available in Thailand, the annual rice 

production including area harvested and yield 

aggregated and/or averaged for whole Thailand 

during 1961-2016 were then extracted from the  

Food and Agriculture Organization Corporate 

Statistical Database (FAOSTAT) (FAO, 2018a). 

FAOSTAT is the world’s most comprehensive 

database of food and agriculture statistics, with free 

access to national-level data for over 245 countries 

and territories from 1961 to the most recent year 

available. It is a major component of FAO’s 

information system, contributing to multiple 

stakeholders use. The FAOSTAT database is used 

widely in peer-reviewed literature including many 

agriculture, forestry and other land use (AFOLU)-

related analyses from global agriculture perspective 

studies (Foley et al., 2011) to land use change 

assessments and carbon cycle studies (Friedlingstein 

et al., 2011). Some of the FAOSTAT-derived 

indicators have been used to assess and measure 

progress towards the targets set in the 2030 Agenda 

for Sustainable Development, and to monitor 

national actions for climate change adaptation and 

mitigation in the context of Paris Agreement    

(FAO, 2018a). It typically receives around 200,000 

visits per month from national statisticians, 

government officials, researchers, the private sectors, 

international agencies, civil society and the media 

from all over the world (FAO, 2018a). 

In working directly with the member 

countries, typically via National Agriculture 

Statistical Offices, the Statistics Division of the FAO 

has been able to compile most of the official data 

and information. This process results in an 

internationally approved, coherent data platform 

covering key information for a large range of 

agriculture and forestry products worldwide 

(Tubiello et al., 2013; FAO, 2018a). FAO has been 

employing Statistics Quality Assurance Framework 

as a part of quality management system for  

statistics, and the structure for implementing   

quality assurance activities of the FAOSTAT (FAO, 

2018a). Comparison of the rice production data 

extracted from FAOSTAT with the data obtained 

from Office of Agricultural Economics of Thailand 

for the short period of 2008-2016 shows that the 

values from both sources are almost the same. 
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Figure 1. Geographical distribution of the TMD's surface weather stations with long-running quality controlled monthly 

mean surface air temperature and rainfall records during 1960-2016.  Locations of the stations are basically divided into 

five topographic regions: 1) North, 2) Northeast, 3) Central, 4) East and 5) South, respectively. 
 

2.2 Analysis methods 

Long-term trends often present in the rice 

production, area harvested and yield data as a result 

of technological advances and additional farming 

techniques. The Ordinary Least Square (OLR) 

method (Tiamiyu et al., 2015; Pheakdey et al., 2017; 

Rahman et al., 2017) was then used to detrend for 

each of those time series. This method is robust to 

the effect of outliers in the series and is more 

suitable for estimating linear trend of non-normally 

distributed data. Anomaly time series, after linear 

trends had been removed, were then constructed as 

indices of short-term variations. Figure 2 shows 

actual  data,  trends  and  anomalies  of  the  whole of  

Thailand’s rice production, area harvested and yield. 

Spearman’s rank order correlation was 

employed to examine their degree of relationships 

among ENSO index, climate variables and rice data. 

A correlation was taken to be significant when the no-

correlation null hypothesis was exceeded with a 

probability of 95% and highly significant when the 

probability was 99% (Zubair, 2002; Asada and 

Matsumoto, 2009). A multiple linear regression was 

also analyzed to quantify the impact of ENSO and 

climate variability on rice production and yield where 

significant correlations had been found (Roberts et al., 

2009; Tiamiyu et al., 2015; Rahman et al., 2017). 

Multivariate ENSO Index (MEI) was used to 

represent the state of ENSO. It is calculated from six 

different parameters, which are sea level pressure, 

zonal and meridional components of the surface wind, 

sea surface temperature, surface air temperature and 

cloudiness in the tropic Pacific (Wolter and Timlin, 

1998). Principal Component Analysis is used to 

determine MEI as the leading mode of those 

variables. MEI integrates more meteorological and 
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oceanographic information than other indices, and is 

more suitable for representing the nature of ENSO 

phenomenon than Southern Oscillation Index (SOI) or 

sea surface temperature (SST)-based indices (Wolter 

and Timlin, 1998; Hanley et al., 2003). High negative 

values of MEI represent the cold ENSO phase (La 

Niña) while high positive MEI values represent the 

warm ENSO phase (El Niño). 

 

a) Rice yield 

 
b) Rice production 

 
c) Rice area harvested  

 
 

Figure 2. Annual time series of national-level rice production, area harvested and yield in Thailand during 1961-2016: 

general trends (solid line) and anomalies (points). 
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3. RESULTS AND DISCUSSION 

3.1 Variability and trends in whole Thailand’s 

rice production, area harvested and yield 

Similar to other countries (Zubair, 2002; 

Selvaraju, 2003; Asada and Matsumoto, 2009; 

Roberts et al., 2009), annual time series of Thailand’s 

rice production, area harvested and yield as a whole 

during 1961-2016 were dominated by technological 

trends due to notable improvement in farming 

technologies and techniques and land use change 

(Figure 2). Rice production aggregated for whole 

Thailand almost tripled over the past fifty-six years 

with a growth rate of 4.53% per year (Figure 2). Over 

this period, the area harvested also grew by 41.8%, 

expanding from 6.12 million hectares in 1960 to 8.68 

million hectares in 2016 (Figure 2). As a result, the 

yield per hectare gained 75.6% from 16.59 tons in 

1960 to 29.12 tons in 2016. It should be noted that 

most of the increased rice production was due to 

higher yields, which increased at an annual average 

rate of 1.70%, compared with an annual average 

growth rate of 1.38 for the area harvested. Sharp 

decline in rice production and area harvested was 

observed in the recent years corresponding to the 

period when Thailand has experienced the 2015/2016 

severe drought (FAO, 2015; Naruchaikusol, 2016; 

World Bank Group, 2017).  

Climate and non-climate-related anomalies 

which explain the variability around the trend are the 

other important component presented in the annual 

time series of Thailand’s rice production, area 

harvested and yield (Figure 2). Anomaly time series 

after the technological trends had been removed 

showed substantial year-to-year variations which rice 

production and area harvested deviated around the 

long-term trends ranging from -6.52 to 5.37 million 

tons and -2.65 to 1.11 million hectares, respectively 

(Figure 2). Rice production, area harvested and yield 

had more than twenty years when anomalies 

exceeding one standard deviation which correspond  

to 36.7%, 17.1% and 21.6% of the long-term means, 

respectively. A closer observation revealed that 

anomalies in rice production were relatively larger 

than those in yield, perhaps implying that the effects 

of climate variability are compounded through 

changes in both yields and area harvested. To further 

examine the relationships between ENSO index, 

climate variables and rice data, only the anomaly  

time series were used in the following section. 

3.2 Relationships between Thailand’s rice 

production, area harvested and yield and ENSO 

index and climate variables  

From the correlation analysis, it was clear that 

Thailand’s rice production, area harvested and yield 

aggregated and/or averaged at a country level 

negatively correlated with ENSO index (Figure 3). 

The inverse relationships between MEI and the 

anomalies of rice production (r=-0.49), area 

harvested (r=-0.40) and yield (r=0.39) were 

significant at the 1% level, and account for 24.2%, 

19% and 17% of total variability, respectively 

(Figure 3). Similar significant relationships have 

been detected in many regions of the world (Iizumi 

et al., 2014) including Indonesia (Naylor et al., 

2007), Sri Lanka (Zubair, 2002), India (Selvaraju, 

2003), Philippines (Roberts et al., 2009; Stuecker et 

al., 2018) and China (Zhang et al., 2008; Shuai et al., 

2013). It was also evident that rice production 

showed a highest correlation with MEI, consistent 

with the study of Yahiya et al. (2010) illustrating that 

rice production in Sri Lanka had a higher correlation 

with ENSO events than rice yield for both “Maha” 

(October to March) and “Yala” (April to September) 

cultivation seasons. Moreover, Roberts et al. (2009) 

reported that ENSO events exerted greater impact on 

rice production than area harvested and yield for the 

rain-fed systems in Luzon, the Philippines. 

The relationships observed from this analysis 

suggest that year-to-year weather-related anomalies 

of Thailand’s rice production, area harvested and 

yield at a country level tended to vary in response to 

the phase reversals of ENSO events. This is 

particularly true for the negative anomalies of 

Thailand’s rice production, area harvested and yield 

which corresponded well to the warm phase of 

ENSO (positive MEI). During the 5 strongest 

historic El Niño events (1982/83, 1987, 1992/93, 

1997 and 2015/16), for example, rice production and 

yield declined on an average by 16% and 8.8% from 

the long-term means, respectively. It was reported 

that rice production especially the second dry season 

decreased about 10 million tons as a result of the 

2015/2016 severe drought driven by recent El Niño 

events (Thaiturapaisan, 2016; World Bank Group, 

2017). Slightly higher than normal of rice production 

and yield could be seen during the La Niña years 

such as those observed in 1971, 1974/75, 1999 and 

2011.
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Figure 3. Correlations between annual values of MEI and anomalies of Thailand’s rice production, area harvested and 

yield for the period 1961-2016. 

 

Correlation analysis further disclosed that, in 

addition to MEI, the country-scale anomalies of rice 

production, area harvested and yield exhibited 

significant positive correlations with interannual 

variations in annual rainfall total and annual number 

of rainy days averaged over Thailand as a whole 

(Figure 4 and Figure 5). Such observed relationships 

indicate that rice production, area harvested and 

yield tended to be lower (higher) than normal   

during the years when Thailand experienced deficit 

(excess) rainfall and lower (greater) number of rainy 

days. Similar to the relationship with MEI, higher 

correlation coefficients were in general found for 

rice production and yield which percentages of 

variability explained by each of these climate 

variables were, on an average, 23% (Figure 3, Figure 

4, and Figure 5). Strong relationships between 

rainfall variability and rice production and yield 

were previously reported in the Ganges-Brahmaputra 

Basin (Asada and Matsumoto, 2009), Vietnam 

(Chung et al., 2015), Nigeria (Tiamiyu et al., 2015) 

and Cambodia (Pheakdey et al., 2017). In addition, 

Thailand’s rice production, area harvested and yield 

showed negative correlations with annual mean 

surface air temperature but only the correlation 

coefficient of production was significant at the 95 

confidence level (Figure 6). These results are in line 

with the recent findings of Pheakdey et al. (2017) 

showing that difference between maximum and 

minimum temperatures rather than variability in 

mean air temperature exerted significant effect on 

rice yield in Cambodia. Previous studies have been 

documented that ENSO phenomenon is an important 

remote driver of Thailand’s climate variability 

(Limsakul and Goes, 2008; Wikarmpapraharn and 

Kositsakulchai, 2010; Limsakul and Singhruck, 

2016; Limsakul et al., 2007; Limsakul et al., 2017). 

These results in combination with the above-

mentioned previous findings suggest that ENSO 

exerts its influence on rice production and yield in 

Thailand via inducing anomalies in rainfall and 

temperature.
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Figure 4. Correlations of the anomaly values between annual rainfall total and Thailand’s rice production, area harvested 

and yield for the period 1961-2016. 

 

3.3 Asymmetrical relationships between ENSO 

index and Thailand’s rice production, area 

harvested and yield  

It is well known that the asymmetry is an 

intrinsic nonlinear characteristic of ENSO 

phenomenon which makes El Niño events often 

stronger than La Niña events (An and Jin, 2004; 

Sarachik and Cane, 2010; Trenberth, 2013; 

Kohyama et al., 2018). Thus, symmetry and 

asymmetry in relationships between anomalies of 

Thailand’s rice production, area harvested and yield 

and MEI were examined. The relationships were 

determined separately for MEI-positive and MEI-

negative years. As shown in Figure 7, the 

asymmetrical ENSO-Thailand’s rice production 

relationship did exist. That is to say, significant 

decline in Thailand’s rice production, area harvested 

and yield occurred only during the warm phase of 

ENSO corresponding to the El Niño events (positive 

MEI) (Figure 7). Stronger El Niño events were 

usually associated with large decrease in Thailand’s 

rice production, area harvested and yield such as in 

1982/1983, 1992/1993 and 2015/2016. Such 

asymmetrical relationships highlight that the strength 

of El Niño years exerts a much greater influence on 

Thailand’s rice production, area harvested and yield 

than the magnitude of La Niña years does. The 

results from this analysis are in line with the studies 

of Ubilawa (2012) and Ubilawa and Holt (2013) 

demonstrating that El Niño and La Niña events 

exerted asymmetric effects on wheat yields, prices, 

stock-to-use ratios and exports for all export 

countries. Gutierrez (2017) also showed that La Niña 

exerted, on average, a stronger and negative impact 

on wheat yield anomalies, exports and stock-to-use 

ratios than El Niño. Moreover, similar asymmetry in 

relationship could be seen between the MEI and 

country-level anomalies of annual total rainfall in 

Thailand. It was evident that the magnitude of El 

Niño events had significant influence on annual total 

rainfall, while the strength of La Niña events had no 

significant effect. This observation shows that the 
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previously reported asymmetry in the ENSO-rainfall 

relationship in Thailand (Limsakul and Singhruck, 

2016) can be extended to rice production and yield 

as well. 

 

  

 
 

Figure 5. Correlations of the anomaly values between  annual number of rainy days and Thailand’s rice production, area 

harvested and yield for the period 1961-2016. 

 

 

  
 

Figure 6. Correlations of the anomaly values between annual mean surface air temperature and Thailand’s rice 

production, area harvested and yield for the period 1961-2016. 
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Figure 6. Correlations of the anomaly values between annual mean surface air temperature and Thailand’s rice 

production, area harvested and yield for the period 1961-2016 (cont.). 
 

  

 
 

Figure 7. Correlations between annual values of MEI and anomalies of Thailand’s rice production, area harvested and 

yield for the period 1961-2016. The correlations were determined separately for MEI-positive and MEI-negative values.  
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(Table 1 and Table 2). There was evidence that the 

models built on two independent variables could 

provide better determination of variability in rice 

production and yield than just considering either   the 

MEI or annual rainfall total (Table 1 and Table 2). 

However, the inclusion of annual number of wet days 

and annual mean surface air temperature as the 

independent variables did not improve the model 

performance. The asymmetrical relationships between 

MEI and annual rainfall total and Thailand’s rice 

production and yield as shown in the previous section 

appear to reduce predictive skill of the models 

developed based on a linear combination of 

independent variables for the entire data series. When 

the multiple linear regression was developed only    

for the El Niño phase (positive MEI values), however, 

the model could explain up to 45% and 39% for rice 

production and yield, respectively (Table 3 and Table 

4). These results provide better understanding that 

predictability of ENSO impact on rice production in 

Thailand depends much on its phase. 

 

Table 1. Multiple regression results for whole data series between MEI and annual total rainfall as independent variables 

and rice production as dependent variable. 
 

Independent variables Coefficient (standard errors) t-Statistic p-value 

Constant -0.0890 (0.2944) -0.30 0.76 

MEI  -0.9752 (0.4373) -2.23 0.03 

Annual total rainfall 0.01005 (0.00328) 3.06 0.01 

Analysis of variance 

Source DF SS F p>F 

Regression 

Residual error 

Total 

2 

53 

55 

127.837  

231.257 

359.094 

14.65 

- 

- 

0.001 

- 

- 

Rice production = 0.089 - 0.975* MEI + 0.01005* Annual total rainfall; R2=0.36  

 

Table 2. Multiple regression results for whole data series between MEI and annual total rainfall as independent variables 

and rice yield as dependent variable. 
 

Independent variables Coefficient (standard errors) t-Statistic p-value 

Constant -0.0325 (0.2260) -0.14 0.890 

MEI  -0.4922 (0.3357) -1.47 0.149 

Annual total rainfall 0.00697 (00252) 2.77 0.001 

Analysis of variance 

Source DF SS F p>F 

Regression 

Residual error 

Total 

2 

53 

55 

49.263 

136.269 

185.532  

9.58 

- 

- 

0.001 

- 

- 

Rice yield = -0.032 - 0.492* MEI + 0.00697* Annual total rainfall; R2=0.27 

 

Table 3. Multiple regression results between MEI and annual total rainfall as independent variables and rice production as 

dependent variable. Analysis was done only for the El Niño phase (positive MEI values). 
 

Independent variables Coefficient (standard errors) t-Statistic p-value 

Constant 0.8104 (0.6582) 1.23 0.228 

MEI  -2.1894 (0.8800) -2.49 0.02 

Annual total rainfall 0.01128 (0.00463) 2.44 0.02 

Analysis of variance 

Source DF SS F p>F 

Regression 

Residual error 

Total 

2 

29 

31 

91.366 

115.913 

207.279  

11.43 

- 

- 

0.001 

- 

- 

Rice production = 0.810 - 2.19* MEI + 0.0113* Annual total rainfall; R2=0.45  
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Table 4. Multiple regression results between MEI and annual total rainfall as independent variables and rice yield as 

dependent variable. Analysis was done only for the El Niño phase (positive MEI values). 

 

Independent variables Coefficient (standard errors) t-Statistic p-value 

Constant 0.6720 (0.5351) 1.26 0.219 

MEI  -1.3274 (0.7153) -1.86 0.074 

Annual total rainfall 0.00888 (0.00376) 2.36 0.03 

Analysis of variance 

Source DF SS F p>F 

Regression 

Residual error 

Total 

2 

29 

31 

44.444 

76.599 

121.043  

8.41 

- 

- 

0.001 

- 

- 

Rice production = 0.672 - 1.33* MEI + 0.0887* Annual total rainfall; R2=0.39  

 

4. CONCLUSIONS  

Analysis of the impacts of ENSO and its 

associated climate variability on Thailand’s rice 

production, area harvested and yield can disclose 

some interesting findings. Annual time series of 

Thailand’s rice production, area harvested and yield 

aggregated and/or averaged for whole Thailand 

during 1961-2016 exhibited substantial year-to-year 

variations with large deviations from the long-term 

means. The results showed that the non-climate-

related component including Thai rice policy and 

governmental interventions which have been 

changed over the course of time since the Second 

World War accounted for large variations in 

Thailand’s rice production, area harvested and yield. 

However, it was evident that weather-related 

anomalies of Thailand’s rice production, area 

harvested and yield, which explained about one third 

of total interannual variance, significantly correlated 

with ENSO events and its associated climate 

variability. The observed relationships suggest that 

year-to-year weather-related variations of Thailand’s 

rice production, area harvested and yield at a country 

level tended to vary in response to the phase 

reversals of ENSO events. For example, large 

decrease in Thailand’s rice production, area 

harvested and yield occurred during El Niño events. 

Moreover, there was an indication that rice 

production, area harvested and yield tended to be 

lower (higher) than normal during the years when 

Thailand experienced deficit (excess) rainfall and 

lower (greater) number of rainy days. These results 

in combination with the previous studies suggest that 

ENSO exerts its influence on rice production and 

yield in Thailand via inducing anomalies in rainfall 

and temperature.     

The asymmetrical ENSO-Thailand’s rice 

production relationship is another noteworthy 

finding of weather-related anomalies. Significant 

declines occurred only during El Niño events, 

highlighting a much greater influence of El Niño 

events on Thailand’s rice production, area harvested 

and yield than La Niña events. This analysis 

provides additional evidence extending the 

previously reported asymmetry in the ENSO-rainfall 

relationship in Thailand to rice production and yield 

as well. Moreover, the results shed more light on that 

predictability of ENSO impact on rice production in 

Thailand depends much on its phases, and the 

asymmetrical ENSO-rice relationship should be 

taken into account when developing linearly 

predictive model. This study focused only on 

national-level analysis, due to lack of long-term 

high-quality digitized rice data at sub-national and 

provincial scales. Compilation of those data from 

related governmental agencies is therefore needed 

for further study to fully address the effect of ENSO 

and its associated climate variability on Thailand’s 

rice production, area harvested and yield at sub-

national, provincial and local scales. 
 

ACKNOWLEDGEMENTS  

Author would like to thank Thai 

Meteorological Department for kindly providing 

valuable monthly rainfall and temperature data. 

Special thanks are also extended to the editor and the 

anonymous reviewers for their insightful critiques 

and constructive comments to substantially improve 

the quality of the earlier version of the manuscript. 
 

REFERENCES   

Al-Amin AQ, Alam GM. Impact of El Niño on agro-

economics in Malaysia and the surrounding regions: 



  Limsakul A / Environment and Natural Resources Journal 2019; 17(4): 30-42                                            41 

 

An analysis of the events from 1997-98. Asian Journal 

of Earth Sciences 2016;9:1-8.  

An SI, Jin FF. Nonlinearity and asymmetry of ENSO. 

Journal of Climate 2004;17:2399-412. 

Angulo C, Becker M, Wassmann R. Yield gap analysis 

and assessment of climate-induced yield trends of 

irrigated rice in selected provinces of the Philippines. 

Journal of Agriculture and Rural Development in the 

Tropics and Subtropics 2012;113(1):61-8. 

Asada H, Matsumoto J. Effects of rainfall variation on 

rice production in the Ganges-Brahmaputra Basin. 

Climate Research 2009;38:249-60. 

Bhuvaneswari K, Geethalakshmi V, Lakshmanan A, 

Srinivasan R, Sekhar NU. The impact of El 

Niño/Southern Oscillation on hydrology and rice 

productivity in the Cauvery Basin, India: Application 

of the soil and water assessment tool. Weather and 

Climate Extremes 2013;2:39-47. 

Brönnimann S. Impact of El Niño-Southern Oscillation on 

European climate. Reviews of Geophysics 2007;45: 

G3003. 

Cantelaube P, Terres JM, Doblas-Reyes F. Influence of 

climate variability on European agriculture - Analysis 

of winter wheat production. Climate Research 2004; 

27:135-44. 

Cashin P, Mohaddes K, Raissi M. Fair weather or foul? 

The macroeconomic effects of El Niño. Journal of 

International Economics 2017;106:37-54. 

Chung NT, Jintrawet A, Promburoma P. Impacts of 

seasonal climate variability on rice production in the 

central highlands of Vietnam. Agriculture and 

Agricultural Science Procedia 2015;5:83-8. 

Feng S, Hu Q, Qian W. Quality control of daily 

metrological data in China, 1951-2000: A new dataset. 

International Journal of Climatology 2004;24:853-70. 

Food and Agriculture Organization (FAO). El Niño in 

Asia: Prolonged dry weather in several countries 

affecting plantings and yield potential of the 2015 

main season food crops [Internet]. 2015 [cited 2018 

Nov 15]. Available from: http://www.fao.org/3/a-

I4829E.pdf. 

Food and Agriculture Organization (FAO). FAOSTAT 

[Internet]. 2018 [cited 2018 Oct 20]. Available from: 

http://www.fao.org/faostat/en/#data/QC. 

Foley JA, Ramankutty N, Brauman KA, Cassidy ES, 

Gerber JS, Johnston M, Mueller ND, O’Connell C, 

Ray DK, West PC, Balzer C, Bennett EM, Carpenter 

SR, Hill J, Monfreda C, Polasky S, Rockström J, 

Sheehan J, Siebert S, Tilman D, Zaks DPM. Solutions 

for a cultivated planet. Nature 2011;478:337-42. 

Friedlingstein P, Solomon S, Plattner G-K, Knutti R, 

Raupach M. Long-term climate implications of 

twenty-first century options for carbon dioxide 

emission mitigation. Nature Climate Change 2011; 

1:457-61. 

Gutierrez L. Impacts of El Niño-Southern Oscillation on 

the wheat market: A global dynamic analysis. PLOS 

ONE 2017;12(6):e0179086. 

Hanley DE, Bourassa MA, O’Brien JJ, Smithm SR, Spade 

ER. A quantitative evaluation of ENSO indices. 

Journal of Climate 2003;16:1249-58. 

Iizumi T, Luo JJ, Challinor AJ, Sakurai G, Yokozawa M, 

Sakuma H, Brown ME, Yamagata T. Impacts of El 

Niño Southern Oscillation on the global yields of 

major crops. Nature Communications 2014;5:3712. 

Klein Tank AMG, Zwiers FW, Zhang Z. Guidelines on 

Analysis of Extremes in a Changing Climate in 

Support of Informed Decisions for Adaptation. 

(Climate Data and Monitoring WCDMP-No. 72). 

Switzerland: World Meteorological Organization 

(WMO); 2009. 

Kohyama T, Hartmann DL, Battisti DS. Weakening of 

nonlinear ENSO under global warming. Geophysical 

Research Letters 2018;45(16):8557-67. 

Limsakul A, Goes JI. Empirical evidence for interannual 

and longer period variability in Thailand surface air 

temperatures. Atmospheric Research 2008;87:89-102. 

Limsakul A, Limjirakan S, Suthamanuswong B. Spatio-

temporal changes in total annual rainfall and the 

annual number of rainy days in Thailand. Journal of 

Environmental Research 2007;29(2):1-21. 

Limsakul A, Singhruck P, Wang L. Climatology and 

spatio-temporal variability of wintertime total and 

extreme rainfall in Thailand during 1970-2012. 

EnvironmentAsia 2017;10(2):162-76. 

Limsakul A, Singhruck P. Long-term trends and 

variability of total and extreme precipitation in 

Thailand. Atmospheric Research 2016;169;301-17. 

Marlier ME, DeFries RS, Voulgarakis A, Kinney PL, 

Randerson JT, Shindell DT, Chen Y, Faluvegi G. El 

Niño and health risks from landscape fire emissions in 

Southeast Asia. Nature Climate Change 2012;3:131-6. 

Naruchaikusol S. Climate change in Thailand. TransRe 

Fact Sheet 2016;2:1-6. 

Naylor RL, Battisti DS, Vimont DJ, Falcon WP, Burke 

MB. Assessing risks of climate variability and climate 

change for Indonesian rice agriculture. Proceedings of 

the National Academy of Sciences 2007;104:7752-7. 

Nobre GG, Hunink JE, Baruth B, Aerts JCJH, Ward PJ. 

Climate   variability  and   the   European   agricultural 

production. Geophysical Research Abstracts 2017;19: 

EGU2017-10105. 

Pheakdey DV, Xuan TD, Khanh TD. Influence of climate 

factors on rice yields in Cambodia. AIMS Geosciences 

2017;3(4):561-75. 

Rahman MA, Kang SC, Nagabhatla N, Macnee R. 

Impacts of temperature and rainfall variation on rice 

productivity in major ecosystems of Bangladesh. 

Agriculture and Food Security 2017;6:10. 



42                                          Limsakul A / Environment and Natural Resources Journal 2019; 17(4): 30-42 

 

Ray DK, Gerber JS, MacDonald GK, West PC. Climate 

variation explains a third of global crop yield 

variability. Nature Communication 2015;6:5989. 

Reda AG, Tripathi NK, Soni P, Tipdecho T. Rain fed rice 

agriculture under climate variability in Southeast Asia: 

The case of Thailand. Journal of Earth Science and 

Climatic Change 2015;6(8):297. 

Roberts MG, Dawe D, Falcon WP, Naylor RL. El Niño-

Southern Oscillation impacts on rice production in 

Luzon, the Philippines. Journal of Applied 

Meteorology and Climatology 2009;48:1718-24. 

Sarachik ES, Cane MA. The El Niño-Southern Oscillation 

Phenomenon. Cambridge, UK: Cambridge University 

Press; 2010. 

Selvaraju R. Impact of El Niño-Southern Oscillation on 

Indian foodgrain production. International Journal of 

Climatology 2003;23:187-206. 

Shuai J, Zhang Z, Sun DZ, Tao F, Shi P. ENSO, climate 

variability and crop yields in China. Climate Research 

2013;58:133-48. 

Stuecker MF, Tigchelaar M, Kantar MB. Climate 

variability impacts on rice production in the 

Philippines. PLOS ONE 2018;13(8):e0201426. 

Tao F, Yokozawa M, Zhang Z, Hayashi Y, Grass H, Fu C. 

Variability in climatology and agricultural production 

in China in association with the East Asian summer 

monsoon and El Niño Southern Oscillation. Climate 

Research 2004;28:23-30. 

Thaiturapaisan T. Thailand’s drought crisis 2016: 

Understanding it without the panic. Economic 

Intelligence Center of Siam Commercial Bank Public 

Company Limited [Internet]. 2016 [cited 2018 Nov 

10]. Available from: https://www.scbeic.com/en/detail 

/product/2127. 

Tiamiyu SA, Eze JN, Yusuf TM, Maji AT, Bakare SO. 

Rainfall variability and its effect on yield of rice in 

Nigeria. International Letters of Natural Sciences 

2015;49:63-8. 

Trenberth KE. El Niño-Southern Oscillation (ENSO). In: 

Elias S, editor. Reference Module in Earth Systems 

and Environmental Sciences. Elsevier; 2013. p. 1-11. 

Tubiello FN, Salvatore M, Rossi S, Ferrara A, Fitton N, 

Smith P. The FAOSTAT database of greenhouse gas 

emissions from agriculture. Environmental Research 

Letters 2013;8:015009. 

Ubilawa D, Holt M. El Niño southern oscillation and its 

effects on world vegetable oil prices: Assessing 

asymmetries using smooth transition models. The 

Australian Journal of Agricultural and Resource 

Economics 2013;57:273-97. 

Ubilawa D. El Niño, La Niña and world coffee price 

dynamics. Agricultural Economics 2012;43:17-26. 

Wang XL, Wen QH, Wu Y. Penalized maximal t-test for 

detecting undocumented mean change in climate data 

series. Journal of Applied Meteorology and 

Climatology 2007;46:916-31. 

Wang XL. Accounting for autocorrelation in detecting 

mean shifts in climate data series using the penalized 

maximal t or f test. Journal of Applied Meteorology 

and Climatology 2008;47:2423-44. 

Wikarmpapraharn C, Kositsakulchai E. Relationship 

between ENSO and rainfall in the central plain of 

Thailand. Kasetsart Journal (Natural Science) 

2010;44:744-55. 

Wolter K, Timlin MS. Measuring the strength of ENSO-

how does 1997/98 rank. Weather 1998;53:315-24. 

World Bank Group. Thailand economic monitor 2017-

Digital transformation. Bangkok, Thailand: World 

Bank Office; 2017. 

Xiangzheng D, Jikun H, Fangbin Q, Naylor RL, Falcon 

WP, Burke M, Rozelle S, Battisti D. Impacts of El 

Niño-Southern Oscillation events on China’s rice 

production. Journal of Geographical Sciences 2010; 

20:3-16. 

Yahiya SZ, Adhikari S, Weerasekara M, Zubair L. The 

Impacts of El Nino Southern Oscillation (ENSO) 

Events on Rice Production, Area and Yield in Sri 

Lanka. Project Report SEARCA-FAO; 2010. p. 36. 

Zhang T, Zhu J, Yang X, Zhang X. Correlation changes 

between rice yields in north and northwest China and 

ENSO from 1960 to 2004. Agricultural and Forest 

Meteorology 2008;148(6-7):1021-33. 

Zhang W, Li H, Stuecher MF, Jin FF, Turner AG. A new 

understanding of El Niño’s impact over East Asia: 

Dominance of the ENSO combination mode. Journal 

of Climate 2016;29:4347-59. 

Zubair L. El Niño-Southern Oscillation influences on rice 

production in Sri Lanka. International Journal of 

Climatology 2002;22:249-60. 

 


