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Vulnerability and risk analysis of climate change impacts on rice 
production (Oryza sativa L.) in Majalengka regency  
 

Abstract. Climate change, especially temperature and rainfall shifting can be a threat to the 
agricultural sector, i.e., the decrease in rice yields in Majalengka Regency as the West Java rice 
production center. As an anticipatory measure to deal with that problem, a study is needed regarding 
the level of hazard, vulnerability and risk of climate change impacts in Majalengka Regency. This 
research aims to identify climate change and examine the level of hazzard, vulnerability and risk of 
the impact of climate change on rice production in each sub-district in Majalengka Regency. The 
method used in this research is descriptive quantitative. The data used in the analysis of the level of 
hazard, vulnerability and risk of climate change include temperature, rainfall, production, 
productivity, planting area, harvested area and farmers' socio-economic data obtained from Statistics 
Indonesia; Meteorology, Climatology, and Geophysical Agency; Agriculture Office of Majalengka 
Regency and other relevant sources, while farmer interview data were used in analyzing strategic 
adaptation options. The results of the study stated that areas with a very high potential risk of 
decreasing rice production (Risk Index or RI > 0.80) were in Kertajati District; the risk level of rice 
production in the high category (RI 0.61-0.80) was in Bantarujeg and Ligung Districts. Meanwhile, 
areas with a very high level of risk of decreasing rice productivity (IR) > 0.80) are in Bantarujeg 
District; high-risk level (IR 0.61-0.80) was in the Districts of Lemahsugih, Malausma, Argapura, 
Kertajati, Jatipuh and Ligung. The adaptation efforts that can be made to reduce the risk of decreasing 
rice production are the use of superior seeds, crop rotation, intermittent irrigation systems, 
acceleration of land preparation by mechanization, application of the jajar legowo cropping system, 
and integrated pest management measures. 
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___________________________________________ 

Introduction 
 
Climate change is a condition characterized by 
erratic weather phenomena causing changes in 
world climate patterns (Bantacut, 2014; Surmaini 
et al., 2024). New climate change can be known 
in the long term, although slowly, climate 
change has a big impact on life. A report issued 
by Intergovernmental Panel on Climate Change 
(IPCC, 2013) explains that air temperature has 
increased by 0.8˚C in the last century so 
conditions are warmer than in the previous 
decade. 

Based on the modeling scenarios reviewed 
by the IPCC, at the end of 2100 it is predicted 
that there will be an increase in the global 
average temperature of 1.8-4˚C compared to the 
average temperature in 1980-1999 (IPCC, 2013). 
An increase in temperature can be caused by 
human activity by adding greenhouse gases to 
the atmosphere (Kweku et al., 2018). These 
conditions result in emissions that have been 
previously released and carbon dioxide will 
remain in the atmosphere for a hundred years or 
more before nature can absorb it again so that 
the climate continues to warm (Ricke & 
Cardeira, 2014). 

The agricultural sector is very vulnerable to 
climate change because it is related to cultivation 
systems such as cropping patterns, planting 
time, production and product quality which 
have a direct impact on national food security 

(Enovejas et al., 2021; Irham & Azhar, 2023). In 
Indonesia itself, the climatic factors that are the 
main obstacles in agriculture are temperature 
and rainfall, this is due to the geographical 
factors of the Indonesian archipelago, where the 
altitude causes climate conditions to vary greatly 
from one place to another (Ikhwali et al., 2022; 
Beding et al., 2021; Kirono et al., 2016). 

Rice plants (Oryza sativa L.) are a staple 
crop for almost the entire population in 
Indonesia, so if production declines due to 
climate change it will disrupt food security. 
According to the publication of the Statistics 
Indonesia (2021), rice production in Indonesia in 
2021 was 54.42 million tons of dry milled grain 
(GKG), a decrease of 233.91 thousand tons 
(0.43%) compared to production in 2020. Factors 
that can affect the decline in rice production 
every year are the harvested area, where the 
harvested area of rice in 2021 is 2.3% compared 
to the previous year. 

Majalengka Regency is one of the rice 
production centers in West Java, but every year 
its production fluctuates. According to the 
Publication of the Statistics Indonesia in 2021, 
unhulled rice production is only around 681,709 
tons/ha, a decrease of 6% compared to 2020 
(Statistics Indonesia, 2021). Rice production in 
rainfed land has a similar fate, in 2018 
production decreased by 35% compared to 2017. 
This is in line with the reduced planting area 
and harvested area of rice in rainfed land, where 
in 2018 the rice planting area was 2,048 ha, 
reduced by 270 ha compared to the previous 
year (Statistics Indonesia, 2018). 

Given the magnitude of the impact of 
climate change, especially in the Majalengka 
Regency area which is one of the rice-producing 
areas in West Java, it is necessary to have a 
prediction and anticipation as an effort to 
minimize losses that can be done by making a 
study of how the level of vulnerability and risk 
of decline or failure of rice production due to 
local climate change. This study consists of three 
analyses, namely hazard, vulnerability, and risk 
or even the failure of rice production due to 
climate change in Majalengka Regency. 
Adaptation or adjustment efforts are made in 
anticipation of possible impacts. 

 
___________________________________________ 

Materials and Methods 
 
This research was conducted in October 2022-

March 2023. This research was conducted using 
a descriptive method with a quantitative 
approach to analyze the impact of 
environmental changes on rice production in 
Majalengka Regency. The use of this research 
method was carried out because several data 
obtained were the results of field observations 
(quantitative and qualitative) which were 
analyzed statistically, the results of which were 
interpreted in the form of tables and spatial 
maps. 

The data used in this study were climate 
data (temperature and rainfall) from 1990-2021, 
data on rice production and productivity, rice 
land area, and socio-economic data of farmers 
such as number of farmers, education level, and 
farmer income from 2007- 2021 collected from 
archives such as Statistics Indonesia, 
Agricultural Office of Karawang, and 
Meteorology, Climatology, and Geophysical 
Agency. Surveys and interviews were carried 
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out as supporting data to find out how the rice 
planting or cultivation activities were carried out 
by farmers in Majalengka Regency. Interviews 
were conducted using the method of in depth 
interview, as many as 5 rice farmers were 
interviewed in different areas, namely in the 
Districts of Majalengka, Cigasong, Dawuan and 
Kasokandel. The head of the Majalengka District 
Counseling Division and Agricultural Extension 
Officers in Majalengka and Dawuan Districts 
were also interviewed to obtain supporting 
information and confirmation of cropping 
conditions and adaptation strategies undertaken 
by farmers in Majalengka District to deal with 
climate change. 

The data was analyzed using Minitab 19 
and Microsoft Excel 2016 to obtain the 
magnitude of climate change, hazard index, 
vulnerability index and risk index. The analysis 
results were interpreted and presented in the 
form of a spatial map using the software ArcGIS 

Hazard Analysis. In hazard index analysis, 
decreased rice production due to climate change 
is reflected in reduced crop productivity, crop 
failure, crop failure, and reduced land area 
(Ruminta et al., 2017; Akmaliam,  2022; Jamil et 
al., 2023). 

Rice Yields. The relationship between an 
increase in temperature and an increase in plant 
respiration leading to a decrease in crop yields 
can be written using the equation of 
Temperature Quotient, where the rate of 
respiration doubles for every 10˚C rise in 
temperature. 
 

𝐐𝟏𝟎 = 𝟐(𝐓−𝟐𝟎)/𝟏𝟎 
 

An increase in temperature resulting in a 
decrease in yield as indicated by an increase in 
respiration can be written using the following 
formula. 

∆𝐘𝐩𝟏 = 𝐘𝟎(𝐐𝟏𝟎 − 𝐐𝟏𝟎𝐨) 
Where: T = temperature (OC); ∆Yp1 = yield 
reduction potential due to plant respiration 
(tonnes/ha); Y0 = crop production before 
temperature rise (tonnes/ha); Q10 = temperature 
quotient at the temperature after an increase in 
temperature; Q10o = temperature quotient before 
an increase in temperature (initial temperature). 

Higher temperatures lead to shorter plant 
life, lower plant biomass, and ultimately reduce 

yields. Handoko et al. (2008), said that the 
relationship between the decrease in yield 
caused by the plant age due to an increase in 

temperature, can be expressed by the following 
equation: 

𝐘𝐩𝟐 = 𝐘𝟎(𝐓𝟎 − 𝐓𝐛)/(𝐓 − 𝑻𝒃) 
∆𝐘𝐩𝟐 = 𝐘𝟎 − 𝐘𝐩𝟐 

 
Where: ΔYp2 = yield reduction potential due to 
decreased plant age (tonnes/ha); YO = crop 
production before temperature rise (OC); TO = 
initial air temperature (OC); T = air temperature 
after temperature rise (OC); Tb = plant base 
temperature (OC). 
 

(b) Effect of rainfall on rice yields. Assuming 
that the rainy season is evenly distributed 
throughout the rice growing season, the 
relationship between rainfall and yield can be 
expressed using the following equation: 
 

𝐘 = 𝐊 𝐱 𝐏 
Where: Y = rice crop yield (tonnes/ha); k = 
parameters (tonnes/(ha.mm)); P = rainfall 
(mm/season). 

 
Based on this equation, changes in rainfall 

that have the potential to cause drought as well 
as flooding will result in a decrease in rice crop 
yields which is written as follows: 

∆𝐘𝐩𝟑 = 𝐤 𝐱 ∆𝐏 
Where: ΔYp3 = potential decrease in rice yields 
(tonnes/ha) due to drought; k = parameters 
(tonnes/(ha.mm)); ΔP = change in rainfall 
(mm/season). 

Thus, the effect of changes in air 
temperature and rainfall on the decrease in crop 

yields can be written with the following 
equation. 

∆𝐘𝐚 = 𝐦𝐚𝐱 (∆𝐘𝐩𝟏, ∆𝐘𝐩𝟐, ∆𝐘𝐩𝟑) 
Where:Ya = decrease in crop yield due to 
increase in air temperature (tonnes/ha); ∆Yp1 = 
yield reduction potential due to plant respiration 
(tonnes/ha); ΔYp2 = yield reduction potential 
due to decreased plant age (tonnes/ha); ΔYp3 = 
potential decrease in rice yield (tons/ha) due to 
drought. 

Vulnerability Analysis. Weis et al. (2016) 
stated in his research that the vulnerability of 
plants to climate change can be assessed using 
three components: exposure (E), sensitivity (S), 
and adaptive capacity (AC). 

𝐕 =
𝐄 𝐱 𝐒

𝐀𝐂
 

Where: V = vulnerability; E = exposure; S = 
sensitivity; AC = adaptive capacity  

Indicators such as exposure (E) are 
components of the agricultural sector that are 
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affected by climate change, such as land area 
and number of farmers. Sensitivity (S) describes 
how agriculture responds to climate change, for 
example, such as land type and altitude (m asl). 
Adaptation Capacity (AC) is represented by the 
education level of farmers and farmer income. 

Risk Analysis. The risk of decreasing rice 
production due to climate change can be 
interpreted as a potential that can cause negative 
impacts/losses presented as a threat to decrease 
food production (Lujala et al., 2015). Calculation 
of risk  and climate change is calculated using 
the following formula: 

𝐑 = 𝐇 𝐱 𝐕 
Where: R= Risk; H =Hazard  
 
___________________________________________ 

Results and Discussion 
 
Changes in Temperature, Rainfall, and 

Oldeman Climate Types. Table 1 shows that 
Majalengka Regency experienced an increase in 
air temperature of 0.33OC, where the 
temperature in Majalengka Regency in the 1990-
2005 range was 27.16OC, then increased to 
27.49OC in the 2006-2021 period. That way, 
Majalengka Regency has experienced climate 
change due to the impact of global warming, in 
which in Indonesia there has generally been an 
increase in temperature of 0.1OC/year since 1990 
( Didiharyono et al., 2022; Irawadi et al., 2023; 
Maheng et al., 2023). 
 
Table 1. Magnitude of climate change 

 
Climate 
Indicator 

Climate change 
Magnitude 
of Change 

Period 
1990-2005 

Period 
2006-2021 

Average Air 
Temperature 
(OC) 

27.16 27.49 0.33 

Average 
Amount of 
Rainfall (mm) 

2683.8 2627.4 56.4 

Oldeman Classification Types 
Consecutive Wet 
Months 

4 4 0 

Dry Month in a 
row 

4 5 1 

Oldeman’s 
classification 

D3 D3 No change 

 
The results of the analysis also show that 

the annual rainfall in Majalengka Regency has 
decreased by 56.4 mm from period 1 (1990-2005) 
to period 2 (2006-2021). Changes in the amount 

and pattern of rainfall can occur due to climate 
change, in line with this it is known that rainfall 
in western Indonesia tends to decrease by 
around 135 mm/year to 860 mm/year, besides 
that the Greater Malang area of East Java has 
experienced a decrease in rainfall. around 0-550 
mm after an increase in air temperature 
(Ruminta et al., 2018). Besides that, the decrease 
in rainfall in the 2006-2021 period did not change 
Oldeman's classification in Majalengka Regency 
because changes in rainfall tended to be small. 

From 1990-2005 Majalengka Regency was 
included in the D3 agro-climatic zone with 4 wet 
months and 4 dry months. In the 2006-2021 
period it was included in the D3 agro-climatic 
zone, but experienced an addition of 4 dry 
months to 4 wet months and 5 dry months. In 
relation to agriculture, especially food crops, the 
type of agro-climatic zone D3 means that it is 
possible to plant rice once and plant crops once, 
but depends on the supply of irrigation water 
(Kusumasari, 2016). 

Changes in the Climogram of Majalengka 
Regency. The following is the result of a 
climogram analysis of Majalengka Regency in 
the 1990-2005 and 2006-2021 periods (Figure 1).  
In the period 1990-2005 the maximum air 
temperature occurred in October of 28.42OC, 
while rainfall above 200 mm occured in January, 
February, March, April, November, December, 
while the highest rainfall was in January of 
497.3mm. Likewise, in the 2006-2021 period, the 
highest temperature was in October at 29.07OC 

with the highest rainfall occurring in March at 
431.84 mm, while rainfall above 200 mm 
occurred in January, February, March, April, 
November, and December. In general, rainfall in 
Majalengka Regency is characterized by (i) high 
rainfall intensity from November to March 
influenced by the Asian Monsoon which is 
humid and gives a lot of moisture into the air, 
and (ii) low rainfall, leading to dryer condition 
on May-September, due to the Australian 
Monsoon (Sun et al., 2020). 
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Figure 1. Climogram of Majalengka Regency 
 

The results of the graphs described above 
can be concluded that in the period 1990-2005 to 
2006-2021 the average air temperature increased 
by 0.33OC which is marked by the movement of 
temperature numbers towards the Y axis, while 
rainfall fluctuates and tends to decrease as in 
January from the 1990-2005 period to the 2006-

2021 period decreased by 94.675 mm, which is 
indicated by the displacement of the value to the 
left from the x-axis direction. That way, high 
temperatures are not directly proportional to 
increased rainfall, in other words, in Majalengka 
Regency, certain months have high temperatures 
but decreased rainfall (Ruminta et al., 2024). 

Hazard of Decreasing Rice Production in 
Majalengka Regency. From the results of the 
analysis, it appears that Majalengka Regency has 
the potential to reduce rice production from very 
low to very high levels. The area with the 
highest potential for a decrease in production is 
in Kertajati District, namely as many as 4364.03 
tons, while the index for potential decline in rice 
production at a high level was in the Districts of 
Jatitujuh and Ligung with a decrease in 
production of 2663.77 tons and 3428.43 tons. The 
sub-districts of Lemahsugih, Bantarujeg, Maja, 
Palasah, Jatiwangi and Sumberjaya are in areas 
with a moderate decrease in rice production 
with an average decrease of 1960.84 tons, then 
other areas are in the low and very low 
categories with a potential decrease in rice 
production of <1700 tons. Thus, the potential 
danger of decreased rice production in 
Majalengka Regency is dominated by the low 
and very low categories. The magnitude of the 
potential hazard of decreased rice production in 
each sub-district of Majalengka Regency is an 

average of 6%. 
The amount of air temperature is directly 

related to plant metabolic processes such as 
respiration, respiration will increase if the air 
temperature increases (Gudasz et al., 2021). 
Majalengka Regency itself in the dry season will 
be drier. This can cause a decrease in yields in 
rice plants, besides that, an increase in air 
temperature can also increase water vapor 
pressure which risks the wilting of plants. The 
wilting of plants occurs due to a decrease in the 
water potential in the leaves, so in rice plants, it 
can cause a reduction in the number of rice plant 
tillers, delayed flowering and a reduction in the 
number of productive tillers (Jung et al., 2015; 
Tun et al., 2021). The distribution of hazard 
levels and the complete decline in rice 
production is shown in Figure 2. 

 

 
 
Figure 2. Distribution map of production 
decrease hazard potential 
 

Hazard of Decreasing Rice Productivity in 
Majalengka Regency. The potential hazard of 
decreasing rice productivity in each district in 
Majalengka Regency is very high in all regions. The 
sub-district that has the highest potential is 
Sumberjaya, which has an index of 1.00 with a 
potential decrease in rice of 5.31 quintals/ha. This 
is because Sumberjaya District has the highest 
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productivity, namely 66.31 quintals/ha, so with 
the same changes in temperature and rainfall the 
decrease in productivity is greater. Altitude also 
affects air temperature, where the lower the 
elevation, the air temperature rises and vice versa. 
Sumberjaya sub-district itself is located in the 
lowlands with an altitude of 36 m above sea level 
(lower than other sub-districts), so the potential 
for decline is greater. The potential for 
productivity decline in each sub-district in 
Majalengka Regency is an average of 8%. The 
following is the distribution of the level of 
productivity hazard in Majalengka Regency which 
is shown in Figure 3. 
 

 
Figure 3. Potential hazard distribution map for 
decreased productivity 
 

Potential Vulnerability to Decreasing Rice 
Yields. From the results of this analysis it can be 
seen that the area with the highest vulnerability 
index is only found in Bantarujeg District with 
an index of 1.00. Areas that fall into the high 
vulnerability category are the Districts of 
Lemahsugih, Malausma, Argapura, Kertajati, 
Jatitujuh and Ligung with an index of 0.61-0.70. 
Meanwhile, other areas in Majalengka Regency 
are dominated by low and very low 

vulnerability categories with an index of 0.04-
0.35. Bantarujeg District has a very high level of 
vulnerability, this is noted from the high level of 

exposure and sensitivity when compared to the 
level of its adaptive capacity. Bantarujeg District 
has an exposure index of 0.69 and a sensitivity of 
0.65 which is higher than its adaptive capacity 
index value of 0.27, as shown in Figure 4. 
 

 
Figure 4. Map of potential vulnerability 
distribution in Majalengka Regency. 
 

Potential Risk of Decreasing Rice 
Production in Majalengka Regency. Based on 
the results of an analysis of the potential risk of 
decreasing rice production in Majalengka 
Regency, it is indicated that areas with a very 
high risk of decreasing rice production are in 
Kertajati District with an index of 1.00. This 
shows that the Kertajati area has the highest 
level of hazard and vulnerability to decreased 
rice production among other regions, because it 

has a potential hazard index of 1.00 while 
vulnerability is in the high category with an 
index of 0.68. 

Bantarujeg and Ligung sub-districts are 
included in the areas with a high level of risk 
with an index of 0.62 and 0.8. The moderate risk 
index area is located in Lemahsugih and 
Jatitujuh sub-districts with indexes of 0.49 and 
0.55. At the same time, other regions are 
dominated by low to very low-risk levels of 
production decline. The distribution of potential 
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levels of risk of decreasing rice production in 
Majalengka Regency is also mapped spatially as 
shown in Figur. 
 

 
 
Figure 5. Map of distribution of potential 
production decline risks 
 

Potential Risk of Decreasing Rice 
Productivity in Majalengka Regency. Analysis 

of the potential risk of decreased productivity is 
calculated per unit area of land planted with rice 
(ha), based on these results it can be seen that 
the most at-risk area (very high) is in Bantarujeg 
District with an index of 1.00. This shows that 
Bantarujeg District has the highest level of 
hazard (potential for yield reduction due to 
weather changes) and vulnerability (farmers' 
socio-economic conditions) which are the 
highest among other regions. Areas with a high 
level of potential risk are in six sub-districts 
including Lemahsugih, Malausma, Argapura, 
Kertajati, Jatitujuh and Ligung with an index of 
0.62-0.71. Meanwhile, other areas in Majalengka 
Regency are dominated by the low to very low 
category with an index of 0.06-0.36. The 
distribution of potential risk levels for 
decreasing rice productivity in the Majalengka 
Regency area is shown in Figure 6. 

 
Figure 6. Map of distribution of potential 
levels of risk of decreasing productivity 
 
 

Conclusion 
 
Based on the results of the research that has been 
done, several conclusions can be drawn 
including: 
1. Majalengka Regency is experiencing climate 

change which is marked by an increase in 
average air temperature of 0.33OC and 
decreased rainfall by 56.4 mm, as well as the 
addition of consecutive dry months in the 
period 2006-1990. 

2. An increase in average air temperature of 
0.33OC with a decrease in rainfall of 56.4 mm 
in Majalengka Regency has the potential to 
reduce production by 6% and rice 
productivity by 8%. 

3. Areas that have the potential to have a level of 
hazard, vulnerability and risk of decreased rice 
production and productivity include: 

• Areas with a very high potential danger 
of decreasing rice production are in 
Kertajati District; high level is located in 
the districts of Jatitujuh and Ligung. 
Meanwhile, all sub-districts in 
Majalengka Regency have a very high 
potential to reduce rice productivity. 
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• Areas with very high vulnerability 
potential are in Bantarujeg District. 
Meanwhile, several sub-districts in 
Majalengka Regency are at a high level 
of vulnerability. 

• Areas with a very high potential risk of 
decreasing rice production are in 
Kertajati District; the risk level of rice 
production in the high category is in 
Bantarujeg and Ligung Districts. 
Meanwhile, areas with a very high level 
of potential risk of decreasing rice 
productivity are in Bantarujeg District 
and several sub-districts that have a high 
level of productivity risk. 

 
 

Acknowledgments 
 

The author would like to gratitude the staff of 
BPS, BMKG, Agriculture Office of Karawang 
Regency, and lecturers of the Faculty of 
Agriculture, Universitas Padjadjaran who 
support the  completion of the present work. 
 

___________________________________________ 

References 
 
Akmaliam HA.  2022.  The impact of climate 

change on agriculture in Indonesia and its 
strategies: A systematic review.  Jurnal 
Ilmu dan Teknologi Pertanian, 9(1): 145 – 
160.   

Bantacut T. 2014. Indonesian staple food 
adaptations for sustainability in continuously 
changing climates.  Journal of Environment 
and Earth Science, 4(21): 202-215. 

Beding PA, Palobo F, Tiro BMW, Lestari RHS, 
Rumbarar MK. 2021.  Climate change 
impact on rice productivity in the rainfed 
Merauke District, Papua.  1st International 
Conference on Sustainable Tropical Land 
Management IOP. Earth and 
Environmental Science, 648(012104). 

Statistics Indonesia. 2018. Majalengka Regency 
in Figures 2018. Majalengka: BPS 
Kabupaten Majalengka.   

Statistics Indonesia. 2021. Majalengka Regency 
in Figures 2021. BPS Kabupaten 
Majalengka. ISSN 0215.4250.   

Didiharyono D, Giarno, Sapareng S.  2022.  
Changes in rainfall intensity, rising air 
temperature, wind speed, and its 
relationship with land use in Makassar 

City.  Jurnal Sains dan Teknologi, 11(2): 
441-450. 

Enovejas AM, Maldia S, Komarudin NA, 
Vergara DGK, Hilmi YS, Sevilla-Nastor JB. 
2021. Effect of climate variables in rice yield 
in Nueva Ecija, Philippines. Asia Pacific 
Journal of Sustainable Agriculture, Food 
and Energy, 9(1): 29-44. 

Gudasz C, Karlsson J, Bastviken D. 2021. When 
does temperature matter for ecosystem 
respiration?. Environmental Research 
Communications, 3(12), 121001. 

Handoko I, Sugiarto Y, Syaukat Y. 2008. The 
Relationship Between Climate Change and 
Strategic Food Production. In Independent 
Policy Review on Trade and Development 
by Indonesian Partnership. Bogor: 
SEAMEO BIOTROP.  

Ikhwali MF, Nur S, Darmansyah D, Hamdan 
AM, Ersa NS, Aida N, ... Satria A. 2022. A 
review of climate change studies on paddy 
agriculture in Indonesia. In IOP Conference 
Series: Earth and Environmental Science 
(Vol. 1116, No. 1, p. 012052). IOP 
Publishing. 

IPCC. 2013. The Physical Science Basis. 
Contribution of Working Group I to the 
Fifth Assessment Report of the 
Intergovernmental Panel on Climate 
Change, 1535, 2013. 

Irawadi H, Rosid MS, Martt T.  2023.  Effects of 
climate change on temperature and 
precipitation in the Lake Toba region, 
Indonesia, based on ERA5-land data with 
quantile mapping bias correction.  Scientifc 
Reports, 13(2542), 11p.  

Irham M, Azhar R.  2023.  Analysis of climate 
change vulnerability of rice farmers in 
Aceh Utara District.  Russian Journal of 
Agricultural and Socio-Economic Sciences, 
1(133): 127-133. 

Imelda RH.  2024.  Climate change impacts, 

adaptation and mitigation in the 
agricultural sector.  Global J. Environ. Sci. 
Manage., 10(3): 1457-1476.   

Jamil A, Chairunnisya A. 2023.  Building 
Resilience: Addressing Climate Change 
Impacts on Rice Production Based on 
Agricultural Infrastructure in West Java 
Province, Indonesia.  E3S Web of 
Conferences, 425( 05001), 10p.  

Jung H, Lee DK, Do Choi Y, Kim JK. 2015. 
OsIAA6, a member of the rice Aux/IAA 
gene family, is involved in drought 



Jurnal Kultivasi Vol. 23 (2) August 2024  125 

ISSN: 1412-4718, eISSN: 2581-138x   

Ruminta, Solihah LP, Wicaksono FY. 2024. Vulnerability and risk analysis of climate change impacts  
on rice production (Oryza sativa L.) in Majalengka regency. Jurnal Kultivasi, 23(2): 117-125 

tolerance and tiller outgrowth. Plant 
Science, 236: 304-312. 

Kirono DG, Butler JR, McGregor JL, Ripaldi A, 
Katzfey J, Nguyen K. 2016. Historical and 
future seasonal rainfall variability in Nusa 
Tenggara Barat Province, Indonesia: 
Implications for the agriculture and water 
sectors. Climate Risk Management, 12: 45-58. 

Kusumasari B.  2016.  Climate change and 
agricultural adaptation in Indonesia.  
Mimbar,  32(2): 243-253.  

Kweku DW, Bismark O, Maxwell A, Desmond 
KA, Danso KB, Oti-Mensah EA, ... 
Adormaa BB. 2018. Greenhouse effect: 
greenhouse gases and their impact on 
global warming. Journal of Scientific 
research and reports, 17(6): 1-9. 

Lujala P, Lein H, Rød JK. 2015. Climate change, 
natural hazards, and risk perception: the 
role of proximity and personal experience. 
Local Environment, 20(4): 489-509. 

Maheng D, Bhattacharya B, Zevenbergen C, 
Pathirana A.  2023.  Changing urban 
temperature and rainfall patterns in 
Jakarta: A comprehensive historical 
analysis.  Sustainability, 16(350), 20p. 

Ricke KL, Caldeira K. 2014. Maximum warming 
occurs about one decade after a carbon 
dioxide emission. Environmental Research 
Letters, 9(12): 124002. 

Ruminta, Wahyudin A, Wiratmo W,  Nurmala T, 
Wicaksono FY.  2017.  Decrease in rice 
production due to climate change in West 

Java Indonesia.  International Journal of 
Science and Research, 6(11): 502-505. 

Ruminta, Handoko, Nurmala T. 2018. Indication 
of climate change and its impact on rice 
production in Indonesia (Case study: South 
Sumatera and Great Malang ). Jurnal Agro, 
5(1): 48–60.  

Ruminta, Maysix L, Wicaksono FY.  2024. 
Identification of climate change and its 
impact on maize (Zea mays L.) production 
in Majalengka Regency.  Jurnal Kultivasi, 
23(1): 43-51. 

Sun R, Li J, Feng J, Hou Z, Zhang Y. 2020. 
Contrasting impacts of two types of El 
Niño on the yields of early rice in Southern 
China.  Agronomy Journal, 112:1084–1100.  

Surmaini E, Sarvina Y, Susanti ES, Widiarta NW, 
Misnawati, Suciantini, Fanggidae YR, 
Rahmini, Dewi ER.  2024. Climate change 
and the future distribution of Brown 
Planthopper in Indonesia: A projection 
study.  Journal of the Saudi Society of 
Agricultural Sciences, 23:130–141. 

Tun W, Yoon J, Jeon JS, An G. 2021. Influence of 
climate change on flowering time. Journal 
of Plant Biology, 64(3): 193-203. 

Weis SWM, Agostini VN, Roth LM, Gilmer B, 
Schill SR, Knowles JE, Blyther R. 2016. 
Assessing vulnerability: an integrated 
approach for mapping adaptive capacity, 
sensitivity, and exposure. Climatic Change, 
136(3): 615-629. 

 
 


