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Abstract. Rapid population growth is expected to be the main cause of the 
70% rise in rice consumption over the next 30 years. On the other side, 
carbon dioxide concentrations are rising due to the use of the fossil fuels that 
are burnt for energy. Previous studies indicated that increases in carbon 
dioxide are likely to help rice production by increasing photosynthesis, 
growth, and grain yield. This study assesses the impact of higher rate of 
carbon dioxide on Rice Production in Indonesia by using Quadratic Function 
Approach with Dynamic Ordinary Least Square method. The study 
concludes that, initially, increases in carbon dioxide is helping rice 
production until certain point. Then, more increase in carbon dioxide is 
reducing rice production in Indonesia. This study concludes that higher level 
of carbon dioxide emissions concentration is hurting rice production in 
Indonesia. Therefore, it is important for the Government to reduce carbon 
dioxide level by introducing policies that adopt the wide implementation of 
clean energy technology, including renewable energy sources. 

1 Introduction 
Rice (Oryza sativa) is the predominant staple food in Indonesia, consumed by more than 95% 
of the population and playing a crucial role in national food security and the economy of rural 
areas. Over the next three decades, the demand for rice is forecast to increase by 70%, driven 
largely by accelerated population growth [1]. [2] predicted that rice demand in Asia would 
increase from approximately 524 Mt in 1997 to exceed 700 Mt by 2025. Indonesia is among 
the world's leading rice producers, with China and India, with an annual output of around 
35.3 million tons of milled rice as of 2023 [3]. In addition, Indonesia is one of the five largest 
rice-consuming nations worldwide, with an average per capita consumption that varies 
between 97 to 120 kg annually. According to the National Socioeconomic Survey 
(SUSENAS), more than 90% of the population consumes rice on a daily basis. This pattern 
is especially evident in rural regions, where rice serves as the primary source of calorie 
consumption.  
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Rice agriculture in the country is mostly located on the islands of Java, Sumatra, and 
Sulawesi, with Java contributing over 50% of total production despite its comparatively little 
geographical area. Although Indonesia has met self-sufficiency goals in certain years, it 
continues to import rice occasionally to stabilise local supplies, especially in reaction to 
climatological turbulences or seasonal shortages. Climate change, land-use change, and water 
scarcity pose significant concerns to the sustainability of rice production. The agricultural 
industry, especially rice cultivation, sustains rural livelihoods, employing over 30% of the 
workforce [4]. This elevated productivity is facilitated by comprehensive irrigation systems, 
advantageous agroclimatic conditions, and availability of agricultural infrastructure. In 
addition, rice production in Indonesia is predominantly by small-scale. More than 90% of 
farmers cultivate on less than 1 hectare of land [4].  

More than 80% of rice farmers operate small businesses that make the industry vulnerable 
to changes in input costs, climate issues, and market inefficiencies. These small-scale farmers 
often face encounters like an aging farmers’ population, unstable market, and restricted 
access to high quality inputs. Therefore, Government programs, such as subsidies for 
fertilizers and seeds, minimum price guarantees through the National Logistics Agency 
(Badan Urusan Logistik) and investments in irrigation programs, play an important role in 
refining output and stabilizing rice prices [5].  

Several interconnected challenges influence rice production in Indonesia. A major 
obstacle in rice production is the effect of elevated carbon dioxide (CO2) levels because of 
human activities. Rice production and CO₂ emissions are closely connected in complex and 
sometimes resulted in opposing ways. CO₂ is an essential element in plant photosynthesis 
and directly stimuluses paddy yield.  As a C3 plant, rice relies significantly on ambient CO₂, 
as it directly influences the rate of carbon fixation and the growth of the plant.  Researchers 
have found that rising CO₂ concentrations provide both beneficial benefits on rice production 
and issues associated with wider environmental consequences.  

Increased CO₂ emissions levels has a two-fold effect on rice farming. Previous studies 
show that increased CO₂ emission levels may at first encourage rice growth by expanding 
photosynthesis; however, the long-term impacts on rice production are significantly more 
complex and potentially detrimental. On one hand, higher CO₂ level may augment 
photosynthesis in C3 crops such as rice, potentially improving crops under ideal conditions 
[6]. Moreover, certain studies indicate that rice typically exhibits enhanced photosynthetic 
rates in response to elevated CO₂ emission levels ([7] & [8]). This effect is called the “CO₂ 
fertilization effect”. It refers to increased photosynthetic activity and water use efficiency in 
crops due to elevated atmospheric CO₂ levels. 

Some studies showed CO₂ has a fertilisation effect on rice production. Nonetheless, the 
negative side effects are also acknowledged. Previous studies have aimed to quantify the 
direct and indirect effects of CO₂ emissions on rice production in Indonesia. There is an 
indirect effect of CO₂ emissions on rice production through higher temperature. Historical 
data and future climate models indicate that global warming is approximately exactly 
proportional to the rise in atmospheric CO2 concentrations. Specifically, for every 10 ppm 
(parts per million) increase in CO2 concentrations, the mean global temperature rises by 
0.1°C [9]. [10] and [11] determined that rising temperatures will interfere with rice growth, 
decrease the crop's lifespan, and ultimately diminish rice yield. [12] demonstrated that the 
reduction in rainfall in Bali over recent years adversely affected the land's potential for rice 
cultivation. Consequently, rice output will persist in its decrease without change.  

Previous research on the effects of CO2 emissions on rice production is inconclusive;  for 
example, meta-analyses indicate that increased CO₂ levels might enhance rice yields (e.g., 
[7]), although field research reveal that increasing nocturnal temperatures and limitations in 
nutrients and water can undermine these benefits ([13]), resulting in variable net impacts 
depending on area, cultivar, and management practices. Previous studies generally assume 

that there is a one-way direction only of the impact of higher CO2 emissions on rice 
production. (For examples, see [7] & [8] for positive direction and [10] and [11) for negative 
direction). This research posits that rice production can be modelled as a quadratic function 
of CO2 to examine the presence of an inverted U-shape, in contrast to prior findings. The 
expression of a quadratic function of the impact CO2 emissions on rice production will form 
inverted U-shape curve as shown in figure 1. The inverted U-shape indicates that initially, 
rising CO2 emissions enhance rice output, but above a certain threshold, further increases in 
CO2 emissions diminish rice productivity. This study aimed to examine the effect of CO2 
emissions on rice production in Indonesia, considering the potential for an inverted U-shaped 
relationship. To the best of our knowledge, there is no analysis regarding the influence of the 
inverted U-shape in Indonesia utilising a quadratic function. This study substantially 
enhances the current body of literature about the impact of CO2 emissions on rice cultivation 
in Indonesia. This work proposes a novel empirical method utilising Dynamic Ordinary Least 
Squares to address the existing gap in the literature.  

 
 

 
Figure 1.  The quadratic function of the conceptual inverted U-shape relationship between CO2 
emissions and rice production 

The paper is arranged as follow: Section 1 serves as an introduction that briefly addresses 
the relationship between deforestation and carbon dioxide emissions. Section 2 outlines the 
empirical methodology. Section 3 presents the discussion of the results, while Section 4 
provides the conclusion.  

2 Research Method  
This study uses Rice Production as the dependent variable and Carbon Dioxide Emission as 
the independent variable. This study additionally incorporates three more independent factors 
in the model: Inflation, Gross Domestic Product per Capita, and Temperature, which are 
anticipated to influence Rice Production. This study utilises econometric methods, 
specifically Dynamic Ordinary Least Squares (DOLS), to primarily investigate the effect of 
CO2 emissions on rice production in Indonesia from 1990 to 2023.  DOLS is an econometric 
method used to evaluate long-run correlations among non-stationary variables.  DOLS was 
selected because it has ability to address problems like as endogeneity and serial correlation. 
The lead-lag structure in DOLS regression integrates leads and lags of the first-differenced 
independent variables as additional regressors to mitigate endogeneity and serial correlation, 
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addition, rice production in Indonesia is predominantly by small-scale. More than 90% of 
farmers cultivate on less than 1 hectare of land [4].  

More than 80% of rice farmers operate small businesses that make the industry vulnerable 
to changes in input costs, climate issues, and market inefficiencies. These small-scale farmers 
often face encounters like an aging farmers’ population, unstable market, and restricted 
access to high quality inputs. Therefore, Government programs, such as subsidies for 
fertilizers and seeds, minimum price guarantees through the National Logistics Agency 
(Badan Urusan Logistik) and investments in irrigation programs, play an important role in 
refining output and stabilizing rice prices [5].  

Several interconnected challenges influence rice production in Indonesia. A major 
obstacle in rice production is the effect of elevated carbon dioxide (CO2) levels because of 
human activities. Rice production and CO₂ emissions are closely connected in complex and 
sometimes resulted in opposing ways. CO₂ is an essential element in plant photosynthesis 
and directly stimuluses paddy yield.  As a C3 plant, rice relies significantly on ambient CO₂, 
as it directly influences the rate of carbon fixation and the growth of the plant.  Researchers 
have found that rising CO₂ concentrations provide both beneficial benefits on rice production 
and issues associated with wider environmental consequences.  

Increased CO₂ emissions levels has a two-fold effect on rice farming. Previous studies 
show that increased CO₂ emission levels may at first encourage rice growth by expanding 
photosynthesis; however, the long-term impacts on rice production are significantly more 
complex and potentially detrimental. On one hand, higher CO₂ level may augment 
photosynthesis in C3 crops such as rice, potentially improving crops under ideal conditions 
[6]. Moreover, certain studies indicate that rice typically exhibits enhanced photosynthetic 
rates in response to elevated CO₂ emission levels ([7] & [8]). This effect is called the “CO₂ 
fertilization effect”. It refers to increased photosynthetic activity and water use efficiency in 
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negative side effects are also acknowledged. Previous studies have aimed to quantify the 
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data and future climate models indicate that global warming is approximately exactly 
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decrease the crop's lifespan, and ultimately diminish rice yield. [12] demonstrated that the 
reduction in rainfall in Bali over recent years adversely affected the land's potential for rice 
cultivation. Consequently, rice output will persist in its decrease without change.  

Previous research on the effects of CO2 emissions on rice production is inconclusive;  for 
example, meta-analyses indicate that increased CO₂ levels might enhance rice yields (e.g., 
[7]), although field research reveal that increasing nocturnal temperatures and limitations in 
nutrients and water can undermine these benefits ([13]), resulting in variable net impacts 
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Figure 1.  The quadratic function of the conceptual inverted U-shape relationship between CO2 
emissions and rice production 
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empirical methodology. Section 3 presents the discussion of the results, while Section 4 
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2 Research Method  
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the independent variable. This study additionally incorporates three more independent factors 
in the model: Inflation, Gross Domestic Product per Capita, and Temperature, which are 
anticipated to influence Rice Production. This study utilises econometric methods, 
specifically Dynamic Ordinary Least Squares (DOLS), to primarily investigate the effect of 
CO2 emissions on rice production in Indonesia from 1990 to 2023.  DOLS is an econometric 
method used to evaluate long-run correlations among non-stationary variables.  DOLS was 
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which distort standard OLS estimates in cointegrated systems, hence making it a more robust 
and precise alternative to conventional OLS for time-series data. DOLS is especially 
advantageous when variables are cointegrated [14], indicating a long-run relationship. The 
model is articulated as follows: 

 
Log(Rice Production)t = βo + β1 log(CO2t) + β2Log(CO2 Squared)t + β3Inflationt + 
β4Log(Gross Domestic Product per Capita)t + β5Log(Temperature)t + et  (1) 
 
In this context, Log denotes the logarithmic function, whereas βo, β1, β2, β3, β4 and β5 signify 
the coefficients, e represents the model's error term, and t indicates time.  The DOLS models 
must exhibit cointegration prior to their application in the analysis. The cointegrated variables 
indicate that all variables in the models possess a long-run link. This study uses the Hansen 
Parameter Instability test to assess cointegration. 

3 Result and Discussion 
The initial phase of the DOLS model is to determine whether the models demonstrate 
cointegration.  The Hansen Parameter Instability tests, illustrated in Table 1, indicate the 
presence of cointegration in the model.  The model exhibits a probability exceeding 0.2, 
wherein it dismisses non-cointegrating variables.  Consequently, we affirm that all variables 
in the model exhibit a long-run relationship, and the DOLS model is valid for use. 

Table 1. The Results of Cointegration Test 

 Stochastic Deterministic Excluded  
Lc statistic Trends (m) Trends (k) Trends (p2) Prob.* 
 0.109347  5  0  0 > 0.2 

 
After the confirmation of the presence of cointegration, the next stage is to perform the 

DOLS Model.  The results of the DOLS model are presented in Table 2. Table 2 illustrates 
that the coefficient associated with the CO2 emissions variable is positive and it is significant 
at the 99% confident level., indicating that initially, an increase in CO2 emissions correlates 
with a significant rise in rice production in Indonesia. Conversely, the coefficient pertaining 
to the squared term of CO2 emissions is negative significance at at the 90% confident level, 
signifying that beyond a certain threshold, an increase in CO2 emissions significantly 
diminishes rice production. This study establishes the presence of an inverted U-shaped 
relationship between CO2 emissions and rice output, indicating that variations in rice 
production are a result of a quadratic relationship with CO2 emission levels. 

Table 2. The Result of Dynamic Ordinary Least Square 

Explained Variable: Log of Rice Production 
Variable Coefficient 
Constant 28.49828 

(3.561161) *** 
Log of CO₂ 2.083104 

(2.217366)** 
Log of CO2 Squared -0.159578 

(1.899676)* 
Inflation  0.002509 

(1.184782) 

Explained Variable: Log of Rice Production 
Log of Gross Domestic Product per  
Capita 

0.098368 
(3.001094)** 

Log of Temperature -5.644823 
(-2.723090)** 

Adjusted R Square 0.990896 
Note: *** significance at at the 99% confident level; ** significance at at the 95% confident level; * 
significance at at the 90% confident level;; t-statistics are shown in parentheses. 

 
In addition to other controlling variables, this study indicates that there is no impact of 

inflation on the level of Carbon Dioxide. Although inflation is commonly believed to affect 
agricultural productivity, numerous studies indicate that its effect on rice production is either 
minimal, indirect, or statistically negligible. These findings contradict the consensus that 
inflation consistently undermines agricultural productivity. This study supports a study by 
[15] that inflation exerts no influence on rice output Countries such as Indonesia and the 
Philippines have historically exerted significant influence over rice markets, thereby 
protecting producers from macroeconomic fluctuations. In policy-driven contexts, inflation 
may not directly result in diminished rice production. 

The study indicates that Gross Domestic Product per Capita seems to be an important 
factor for the rice production in Indonesia significance at at the 95% confident level. The 
coefficient indicates that a 1% rise in Gross Domestic Product per Capita corresponds to a 
0.10% increase in rice output.  It signifies that an increased Gross Domestic Product per 
Capita results in a stimulus for increasing rice production by farmers. Lastly, the 
corresponding coefficient associated with the temperature variable is negative as expected, 
and it is significant at the 95% confident level. The negative coefficient on temperature 
variable implies that higher level of temperature is associated with lower rice production. The 
coefficient indicates that when the temperature increases by 1 %, the rice production declines 
by 5.64% respectively. Temperature is a fundamental climatic variable affecting rice 
production. Rice, being a temperature-sensitive crop, exhibits a strong response to variations 
in thermal conditions during its growth cycle.  

4 Conclusion 
This study strongly indicates that although CO₂ may confer certain short-term fertilisation 
advantages, the overall effect of increasing emissions on rice production in Indonesia is 
detrimental. the result indicates the present of inverted U-shape relationship between CO2 
emissions and rice production. However, the relationship between CO₂ emissions and rice 
production is intricate, influenced by variables including temperature elevation, alterations 
in precipitation, and a heightened occurrence of climatic extremes as well as macroeconomics 
variables such as income per capita.  Effective adaptation techniques and emission reduction 
regulations are essential for the future sustainability of rice production in Indonesia. 
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