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Abstract. Climate change conditions due to long droughts have forced farmers in East
Java to adapt, especially due to limited water supplies. The research evaluates production
results, considering farmers' income levels and technical efficiency under climate change
conditions. We used a multistage sampling method to determine research locations, and 70
dryland and rainfed corn farmers were selected purposively. As a result, the current level
of farmer income is around IDR 9,175,972 per hectare, lower than other regions in similar
conditions. The Cobb-Douglass frontier function shows that seed input, fertilizer, and land
area significantly influence production. Furthermore, the level of technical efficiency is
82.9%, indicating that agricultural practices still need to be more efficient in climate
change conditions. This research also highlights that farmers' social activities in groups
and the role of stakeholders as instructor are key variables in increasing farmers'
knowledge regarding adaptation strategies in facing climate change.
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1 Introduction

Agriculture has historically played an essential role in improving the livelihoods of poor
people, especially in developed countries, and remains a crucial sector in developing countries
[1]. However, the vital role of the agricultural sector is currently being confronted by a big
challenge, namely climate change [2]. Climate change has hurt all economic activities,
especially in the agricultural sector, and has become a global environmental threat [2], [3].
Climatic factors are characterized by rainfall, increases in minimum and maximum
temperatures, flood fluctuations, drought and other weather factors [4]; [5]. Most studies have
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found that climate factors are changing due to increasing greenhouse gas (GHG) emissions in
the atmosphere worldwide [6], [7]. High GHG emissions significantly cause global warming
and climate variability [8]. The findings show that climate change has several negative
implications for all economic sectors. However, agriculture is the most vulnerable sector
directly affected.

Substantial evidence has often been obtained through previous research results that
temperature levels have increased and impact the activity and productivity of the agricultural
sector [9]. The negative impacts of climate change can be seen in decreasing crop yields,
increasing food prices, changes in land use, increasing pest attacks, and difficulties in
agricultural managemen [10]. Another fact has been found that climate change significantly
impacts farmers' income and technical efficiency [11]. Changes in rainfall patterns, increasing
temperatures and weather anomalies due to climate change can cause a decrease in corn
production. Farmers also face challenges such as increasing pest and disease attacks on crops
[12].

A decrease in corn production due to climate change can reduce farmers' income because
reduced production results in decreased income from the harvest [11]. Research [13], [14] found
that climate change and its negative impacts put greater pressure on society's ability to increase
technical efficiency in agricultural businesses, leading to lower production yields and incomes.
Climate change is prone to pose a high risk to agricultural and coastal areas [15], one example
of which is Indonesia. Meanwhile, in terms of contribution, the agricultural sector is the
backbone of the community economy [18]. The community's high dependence on rain-fed
agriculture increases its vulnerability to the impacts of climate change and variability [16].

Farming production in Indonesia is already below potential yields due to deteriorating
soil conditions. [17] believes that countries with a large part of the coastline with the main
activity of their people as farmers are more at risk of climate change regardless of their insight
in responding to climate change adaptation. Thus, it is evident that the status of people who act
as farmers is very dependent on the climate [18], [19]. This fact can be indicated by climate
shocks such as drought and floods affecting agricultural land throughout the country. Climate
change can disrupt the sustainability of rainfed maize farming, affecting the quality and quantity
of harvests and increasing production costs [20]. In the face of climate change, rainfed corn
farmers may experience declining income and technical efficiency in their agricultural activities.
The vulnerability of rainfed maize farmers to climate change can be seen through changes in
their income and technical efficiency [21].

This climate change has made households and communities in Indonesia vulnerable to
poverty due to low production output. This condition will also impact the low income-of the
farming community, reducing their security and social resilience [22], [23]. Responding to the
impact of climate change, farmers are involved in implementing several adaptation strategies to
gain technical efficiency during farming management. Insight into climate change is necessary
to increase production and income [24].

Several studies have found that climate change has a significant impact on agricultural
production and results in an increase in plant diseases and insect pests. Production and income
risks may also increase, decreasing land quality [25], [26]. Research on the impact of climate
change on rainfed corn farmers is scarce but only focuses on rice crops in general [27]-[30]. In
addition, previous research also examined farmers' adaptation strategies to climate change [31]-
[34], which were not linked to technical efficiency in corn crops and climate change. Therefore,
to fill the gap in previous research, this research will examine the specific impacts of climate
change on rain-fed corn farmers.



The approach used by the objectives of this research has yet to be studied extensively
and provides a new perspective on understanding the impacts of climate change on rain-fed
maize farmers. In addition, through this research, we will explore the adaptation strategies of
corn farmers and highlight other potential contributions that will be found in this research so
that rain-fed corn farmers can use the results of this research as a reference for reducing the
impact of climate change. Although there have been many previous studies discussing the
impact of climate change on rice farmers' income [35], the impact of climate change on food
crop production [36], the impact of climate change on the productivity and income of chilli
farmers [37], the impact of climate change on nutmeg production [38], the impact of climate
change on rice production [39], Adaptation to climate change and the income structure of corn
farmers [40]. However, climate change that focuses on climate change associated with
production and income and the technical efficiency of rainfed corn farmers is rarely
implemented. Most previous studies also analyzed and measured climate change and its
relationship to production and income using different analyses to those carried out in this
research.

This research will evaluate production results, considering farmers' income levels and
technical efficiency under climate change conditions. The stochastic frontier analysis (SFA)
method used in this research aims to estimate technical efficiency, while previous research used
the Data Envelopment Analysis (DEA) method. DEA is a nonparametric estimation method that
does not require a particular estimation function. More suitable for comprehensively evaluating
company efficiency. Agricultural production involves many uncertain factors, which can affect
the outcome. In this context, DEA methods can overestimate technical efficiency without
considering random errors. In this study, we decided to use stochastic frontier analysis (SFA)
because the SFA method is a parametric method that can effectively control random errors
caused by data problems. Measuring and analysis tools that use stochastic frontier analysis
(SFA) on the technical efficiency of corn farmers due to climate change are rarely discussed in
previous research.

2 Method

2.1 Research Data

This research used the Multistage sampling method to determine the location. The first
stage selects a province and selects two districts or cities. Sumenep and Pamekasan were chosen
deliberately because they have corn commodity potential and are dry land areas (figure 1). The
second stage selects sub-districts and villages based on information from authorized institutions
(Agriculture Department and Agricultural Extension Center). Lenteng sub-district represents
Sumenep, and Larangan sub-district represents Pamekasan in this study.

Corn farmer respondents were chosen deliberately by considering that the respondents
were corn farmers with a rain-fed farming system and had access to information that was easier
to obtain. We selected 35 farmers in each district as respondents, so the total respondents in this
study were 70 farmers. The enumerators in this research were local university students who
understand Indonesian and Madurese. Data was collected from interviews and structured
surveys using questionnaires focused on rain-fed corn farming activities.
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Fig. 1. The Location of the study area in East Java, Indonesia

2.2 Data Analysist
2.2.1 Income Farmers Analysis

Estimating farming costs is essential to determine the level of income of corn farmers on rainfed
land during climate change, following the following functions:

m =TR-TC (D)
where 7 is the level of income, TR is total income and TC is total costs.

2.2.2 Technical Efficiency

We use the Cobb-Douglas Stochastic Frontier production function to estimate production
factors and technical efficiency that influence corn farming production. The dependent variable
is production level, and the independent variable is production input. The Cobb-Douglas
Stochastic Frontier production function model is as follows:

ny = ,80 + BilnXl- + Vi —U; (2)
Where In Y is the logarithmic result of the production level, g; is coefficient vi-ui is a source of
inefficiency and error terms. So the function for estimating technical efficiency is as follows:

BTe = (1) 2k G- ®)

n
ETy is the result of estimating the technical efficiency of the respondent group, Y; is the amount
of output-I, ¥;" is the production quantity estimated at the first observation obtained from the

Cobb-Douglass frontier production function. The technical efficiency value ranges from 0 — 1.
To estimate the effect of technical inefficiency, follow the following function:

ui = 60 + SiZi (4)
Where ui is the effect of technical inefficiency, §; is a constant Z; is variable i. To help analyze
technical efficiency and inefficiency factors, we use help from the Frontier 4.1 application.



3 Result and Discussion

3.1 Income Maize Farmers

Cannot be denied that the long dry season due to climate change impacts the income of
rain-fed corn farmers in East Java. Several studies have proven this impact, one of which is [11]
. To examine the income results from rainfed corn farming during climate change, we present
them in Table 1.

Tabel 1. Income Maize Farmers Estimation

Description Average (%) Conversion (hektare) (%)
Requirements Cost Requirements Cost

Fixed Cost
Land tax (Ha) 0.71 IDR 352,857 14.56 1.00 IDR 500,000 13.86
Tool depreciation IDR 275,267 11.36 IDR 435,872 12.08
Total Fixed Cost IDR 628,124 25.93 IDR 935,872 25.94
Variabel Cost
Seed (Kg) 9.81 IDR 294,193 12.14 14 IDR 422,143 11.70
Labor (HOK) 11.84 IDR 743,205 30.68 19.9 IDR 1,159,797 32.14
Pesticide (liter) IDR 153,354 6.33 IDR 238,388 6.61
Fertilizer (Kg) IDR 603,790 24,92 IDR 852,114 23.62
thsf' Variabel IDR 1,794,543 74.07 IDR 2,672,442 74.06
Total Cost IDR 2,422,667 IDR 3,608,313
Revenue
Production 3013.90 IDR 9,041,786 4261.40 IDR 12,784,286
Income IDR 6,619,119 IDR 9,175,972
R/IC 3.70 3.50

Note : Conversion per hectare per crop season

Table 1 shows that the average income level of rainfed land farmers in one planting
season is IDR 6,619,119, while the income level of farmers in conversion to needs per hectare
is IDR 9,175,972. The results in Table 1 above show that the income level of rainfed corn
farmers is lower than before the long dry season, for example, in research [41]. This shows that
there is a need for adaptation strategies, either in the form of farmer management or
contributions from the government, so that the level of productivity of corn farming in East Java
remains optimal and does not reduce farmers' income. This narrative is following research [9],
[37].

3.2 Technical Efficiency Farmers

Many studies have investigated the technical efficiency results of corn farming in various
regions, including East Java. Researchers will present the results of estimating the influence of
input factors on production results and technical efficiency using Stochastic Frontier Analysis
(SFA). In Table 2, we can see the factors that influence the production of rainfed corn farming.



Table 2. Factor Affecting Maize Production

Final MLE Estimates

Variable —
Coefficient Std. Error
Constanta 3.350 0.106
Seed 0.133*** 0.026
Urea fertilizer 0.485*** 0.032
Organic fertilizer 0.267*** 0.045
NPK fertilizer 0.077*** 0.017
Labor 0.062 0.062
sigma-squared -0.016*** 0.001
gamma 0.999*** 0.000

Note : *** *** denote significant on 10%, 5% and 1%

Four of the five variables included in the model have a significant effect within an error level of
1%, namely seed, urea fertilizer, organic fertilizer and NPK fertilizer. The coefficient value of
the urea fertilizer variable has the highest value, namely 0.485. In conditions where the land is
dry and difficult to irrigate because the type of land at the research location is rain-fed, urea
fertilizer will be helpful as a source of nutrition for corn plants, which will support the growth
of stems, leaves and roots. Second, urea fertilizer, which contains nitrogen in one study, also
increased chlorophyll levels, leaf area, photosynthesis rate and corn productivity, especially in
precise doses on dry land [42]. This means that the application of urea fertilizer to rainfed land
could be more optimal and can still be improved to increase productivity. Next, Table 3 will
show the results of the technical efficiency of corn farming on rainfed land in East Java.

Table 3. Technical Efficiency Maize Farmers

Technical Efficiency Farmers %

0-0.2 0 0.000
0.21-0.40 0 0.000
0.41-0.60 1 1.400
0.61-0.80 23 32.900
0.81-1.00 46 65.700
Total Farmers 70

Average 0.829

Min 0.560

Max 0.999




Four of the five variables included in the model have a significant effect within an error level of
1%, namely seed, urea fertilizer, organic fertilizer and NPK fertilizer. The coefficient value of
the urea fertilizer variable has the highest value, namely 0.485. In conditions where the land is
dry and difficult to irrigate due to type I, the estimated average value of technical efficiency for
corn farmers in East Java on rainfed land is 0.829. We can also assess these results as an
illustration of the managerial abilities of rain-fed farmers, especially during extended dry
periods due to climate change. Farmers with a technical efficiency score of 0.81 — 1.00 are the
technical efficiency score group with the highest percentage. Based on this average value,
farmers can be categorized as technically efficient [43]. This average value is lower than
previous research in the same area and is rainfed land [44]. Furthermore, to find out the
estimation results of factors that influence technical inefficiency in rainfed corn farming in East
Java, you can see the results of the Final MLE estimates analysis in Table 4.

Table 4. Factor Affecting Inefficiency

Final MLE Estimates

Variable
Coefficient Std. Error
Constanta -0.137 0.087
Education (years) -0.008 0.073
Experience (years) 0.220*** 0.094
Agricultural counseling (times) -0.060*** 0.002
Farmers group (1 if farmers join farmer group; 0 otherwise) -0.324*** 0.112
sigma-squared -0.016 0.001
gamma 0.999 0.000

Note : *,** *** denote significant on 10%, 5% and 1%

Based on Table 4, we can see the estimation results of farmers' social factors that influence
inefficiency. The variables experience, agricultural counselling and farmers group have a
significant effect at an error level of 1%. Farmers who join farmer's groups can overcome
production inefficiencies and the Agricultural Counseling variable. Farmers' social activities,
joining farmer's groups, and agricultural counselling are an effort to improve farmers'
managerial abilities through training and counselling from authorized parties, one of which is
the government through farmers. The role of farmer's groups and agricultural counselling is
essential so that during the long dry season due to climate change, especially on rainfed
agricultural land, farmers gain new knowledge to adapt to optimize production efficiency and
farmer income.

4 Conclusion

Based on these two research objectives, in the context of climate change, rainfed corn
farmers in East Java experience a decline in performance, especially in income and technical
efficiency. Research findings show that variables such as experience, agricultural extension, and
participation in farmer groups significantly impact farmers' levels of technical inefficiency.
Therefore, the role of government, through agricultural extension and farmer groups, is crucial



in providing knowledge related to climate change. The recommended next step is to conduct
further research to explore adaptation strategies that rainfed corn farmers can implement in the
face of climate change.
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