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Abstract: Indonesian rubber farming has the largest area in the world, but its implementation faces
various risks that decrease productivity and farm income. This study is designed to specify the risk
perception, risk attitude and determinant factors for smallholder rubber farmers. The research
location was in four subdistricts in West Kalimantan Province, with a sample size of 200 farmers.
Data collection was carried out by interview using a structured questionnaire. The risk matrix, Holt
and Laury’s method and the logit model were used to identify risk perception, risk attitude and
determinant factors. The study results showed that most rubber farmers were risk-averse and
perceived climate change, plant diseases and price change as high risks. The logit model found that
farmers’ age, education, rubber plantation size, rubber age, distance and use of rubber clones had a
positive and significant effect on farmers’ risk perception, while the family size and farming
experience had a negative effect. Regarding risk attitude, the logit model found that rubber age,
distance and risk perception of price change had a positive and significant effect on farmers’ risk
aversion, while farmers’ age and use of rubber clones had a negative effect. This study recommends
providing informal education to the farmers through training and counseling, encouraging the
farmers to replant old or damaged rubber trees and adopt rubber clones. Furthermore, it is also
necessary to improve road facilities and infrastructure, communication and transportation access to
facilitate farming activities.
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1. Introduction

Risk and uncertainty are significant issues in the agricultural sector [1,2], which cause
vulnerabilities in yields and losses in crop production [2—4]. Risks in the agricultural sector can affect
the input and output allocation decisions [2], affect farmers’ household income [5,6] and cause
unstable economic growth in developing countries [7]. In the last few years, risks in the agricultural
sector have continued to rise, making it essential for farmers to manage the risks and keep farming
activities stable [6,8,9].

The risks faced by farmers significantly affect an individual’s decision-making behavior, which
may differ from the actual condition. Farmers often make decisions based on their feelings,
expectations and observation [10]. The assessment of agricultural risks is critical for two reasons. First,
a risk strategy cannot be evaluated based on the expected outcomes without considering the magnitude
of the risks. Second, risk assessment can help farmers develop effective risk strategies to reduce the
likelihood of significant losses and avoid extreme events, such as business bankruptcy [11].

Risk assessment can be conducted by identifying farmers’ risk perception based on farming
experience, observation and learning from previous events [11-13]. This assessment is beneficial for
stakeholders and policymakers in understanding environmental conditions [14], addressing agricultural
risks [15,16] and planning an efficient risk strategy [9,17]. Huet et al. and The World Bank [7,18]
suggested two indicators to identify risk perception in the agricultural sector based on risk likelihood
and consequences. It is essential to assess these indicators, as farmers can have the same perception
regarding risk probability but different in evaluating the impact [19]. In addition, Sjoberg et al. [20]
stated that accurate and precise risk perception could raise farmers’ ability to predict and manage risks.

Furthermore, agricultural decision-making is also based on risk attitudes [2,17,21], whether
farmers are risk-averse, risk-neutral or risk-taking. The difference in risk attitude is closely related to
the farmers’ financial condition and readiness to face the consequences of profit or loss from taking
risks. A risk-averse attitude becomes a reasonable option for farmers with small capital and inability
to accept losses, but this can be problematic for farmers’ income and well-being [12]. Risk aversion
will also impact the inefficient allocation of resources and business management decisions [11].

The subject of this study is Indonesian rubber farming, which has the largest rubber area in the
world and produces around 23.8% of the world’s rubber supplies [22]. Indonesian total rubber exports
in 2020 were recorded at 2.28 million tonnes, with an export value of US$ 3.01 billion [22]. The export
destinations for rubber include the United States, Japan, China, India and other countries. In Indonesia,
most rubber plantations (90%) are handled by 2.3 million smallholder farmers [22]. These conditions
were also similar in other rubber-producing countries, such as Thailand [23], Malaysia [24-26] and
China [27-29]. Smallholder farmers are characterized by a lack of capital, low assets and poor
managerial skills, which makes them vulnerable to price fluctuations and market uncertainties [25,26,30].
Based on statistical data, Indonesia has the largest rubber area in the world. However, rubber
production is in the second position after Thailand, which shows low rubber productivity in
Indonesia [22]. Rubber productivity in Indonesia in 2020 was 1,018 kg/ha/year [22], while rubber-
producing countries such as Thailand and Malaysia have higher productivity.

The low productivity of rubber plantations is due to various risk factors, such as climate change,
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plant disease and price change risks [31]. The climate change risk in rubber farming is related to high
rainfall and rainy days, causing a decrease in tapping frequency and latex productivity [24,32,33]. The
disease risks in rubber plants are rubber leaf fall and white root fungus, causing a decrease in rubber
productivity [34-36]. The price change risk is related to the decline in rubber prices influenced by
global market conditions. In 2011, the rubber price reached its highest value and has continued to
decline until now [37-40]. The increasing volatility in rubber prices and a long period of low prices
are thought to be among the main reasons for the decline in production [30,38,40-42]. The rubber
price decline also decreases housechold income, farmers’ welfare and purchasing power for primary
and secondary goods [28,31].

The risk accumulation can cause production variability and affect productivity and farm income.
Therefore, we address this study to understand rubber farmers’ environmental conditions and direct
the appropriate risk management. The research objective was to identify farmers’ risk perception, risk
attitude and determinant factors for smallholder rubber farmers. The study’s findings assist
stakeholders and policymakers in comprehending the risk and facilitate providing the farmers with
programs and policies to mitigate the risks. Furthermore, this paper enriches the literature on risk
perception and attitude in the agricultural sector in three ways. First, it focused on plantation crops
(especially rubber crops), while previous studies were concerned with food crops [1,11,43,44],
fishery [12,45,46] and livestock [10,47,48]. Second, the study identified perceptions based on each
type of risk because the risk differences will affect the risk perception [2,11,15,43]. Third, the study
identifies risk perceptions and attitudes that are critical in shaping the management capabilities of
farmers and directs appropriate decision-making in addressing agricultural risks [15,16].

1.1. Farmers’ risk perception and risk attitude

Risk refers to uncertain consequences or the likelihood of exposure leading to unfavorable
conditions [6]. Previous research mainly focused on two risk categories: production risk and market
risk [5,9]. Production risk occurs due to factors related to biological, ecological and technological
changes [5,7,49]. This risk is closely associated with climate variability [4,50-53] and plant
diseases [2,4,9,11]. Market risk is related to the fluctuation and volatility of input and output prices in
farming activities [11,13,47,51]. Market risk often burdens farmers because the causative factors are
beyond farmers’ control and directly impact household income [5,49]. Multiple agricultural risks can
happen simultaneously, so several policy interventions are needed to overcome these risks.

Decision-making in risky situations always makes a trade-off between losses and profits. If there is
a possibility of experiencing losses, then there is an opportunity to get profit. Farmers must be able to
decide on various alternative strategies that can be done with multiple risks. The ability of farmers to
deal with risk depends mainly on risk perception, which is influenced by farming experience,
observation and learning from previous events [11,12]. Risk perception is a person’s subjective
assessment of the probability and consequence of an event [7]. Every risk perception can differ
depending on farmer and farm characteristics [19]. Previous research has found determining factors of
farmers’ risk perception, such as farmers’ age [2,11,15,44], education [44,54], farming
experience [2,44,54-56], farm area [11,44,54,55] and family size [2,44].

Differences in perceptions of each farmer will determine farmers’ risk attitudes and strategies for
dealing with risks. Risk attitude is a person’s response due to their perception while facing significant
risk [57]. An individual’s attitude will vary depending on how the individual or group understands the
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risks. A situation that is considered too risky by one person can be regarded as less risky and acceptable
to others [57]. Risk attitudes are generally grouped into three categories: risk averse, risk neutral, and
risk loving [58]. Being risk-averse is a typical attitude shown by most smallholder farmers [1,2,11,16,21].
Farmers’ risk attitudes are relevant to their decision to adopt risk strategies [21,53]. A risk-averse
farmer will avoid the risks and try to reduce, transfer or avoid the risks [59]. A risk-averse attitude
becomes an obstacle for farmers in increasing their income and household welfare [12], impacting the
inefficient allocation of resources and the ability to mitigate the risks [11]. Based on previous
studies, farmers’ risk aversion is influenced by various factors, such as age [2,15,44,47],
education [2,15,44,47,48], farming experience [16,44], farm size [16,21,47], family size [16,21] and
farmers’ risk perception [16].

2. Materials and methods
2.1. Research area

The research was conducted from October 2021 until March 2022. The research location was
selected in West Kalimantan Province, as one of the main centers for rubber plantations in Indonesia,
with contributions to land area and rubber production of 10.68% and 8.27%, respectively [22].
Furthermore, the implementation of rubber farming in this region has experienced various risks,
causing low rubber productivity (960 kg/ha/year), which is lower than Indonesia’s productivity (1,018
kg/halyear) [60]. The risks of climate change, plant disease attacks and decreased rubber prices have
resulted in low productivity in West Kalimantan [61].

2.2. Sampling framework and data collection

The research location was selected using a multistage sampling technique. The first step is to
determine the location of the district with the criteria for the main rubber production center in West
Kalimantan, namely, in Sanggau, Sintang and Sambas districts, with contributions of 23.87%, 15.03%,
and 6.64% of the total production, respectively [62]. The second step determines the subdistrict’s site:
Balai and Parindu in Sanggau district, Sepauk in Sintang district and Sajad in Sambas district (Figure 1).
The selection of subdistricts considers the main area for rubber production in each district. In addition,
the selected locations also have a Rubber Processing and Marketing Unit (RPMU), which helps
farmers to improve rubber quality and acts as an intermediary for farmers to market rubber directly to
factories. Next, in the third step, we select the sample using simple random sampling based on the
proportional size of the rubber farmers’ population in each subdistrict. The selected sample was 200
farmers (53 farmers in Balai, 49 in Sepauk, 50 in Parindu and 48 in Sajad).

Data collection was carried out by individual interviews with farmers using questionnaires that
contain three main sections. Section 1 is about farmers and farm characteristics. Section 2 includes
indicators to assess risk perceptions based on risk likelihood and consequences. Section 3 contains
Holt and Laury’s experiment to identify risk attitudes. The data included in the questionnaires (farmers,
farm characteristics and indicators) were based on a literature review. The pretest questionnaire was
conducted to test the validity and reliability using 30 samples, and the findings indicated that the
instrument was valid and reliable.
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Figure 1. Map of the research area.
2.3. Data analysis
2.3.1. Risk perception

The measurement of risk perception was carried out for climate change, plant disease and price
change risks based on their likelihood and consequence using a Likert scale, as presented in Table 1.
The likelihood category is based on the percentage of risk probability in rubber farming with a
percentage of 0-100% and then divided by the number of classes. Consequence categories were based
on the percentage of losses in yields due to risk, and the indicators were adopted from The World
Bank’s guidelines in agricultural risk assessment [7]. Following earlier studies from Akhtar et al. and
Khan et al. [11,17], the next step of risk assessment is combining the two indicators using a risk matrix
and determining the risk category (Figure 2). A risk matrix is compiled by placing the likelihood score
on the vertical dimension and the consequence score on the horizontal dimension and then adding up
the scores to get a total score of 2-10. The risk is low if the total score is 2-5 and high if the total score
is 6-10 [2,11,17]. The total score was calculated for each farmer for each type of risk because farmers
can have different perceptions of different risk types.
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Table 1. Risk likelihood and consequence category.

Likertscale  Likelihood category Consequence category
5 Very often (risk probability > 80%) Very high (losses in yields > 50 %)
4 Often (risk probability 60-80%) High (losses in yields 30-50%)
3 Occasionally (risk probability 40-60%) Middle (losses in yields 15-30%)
2 Rare (risk probability 20-40%) Low (losses in yields 5-15%)
1 Very rare (Risk probability 0-20%) Very low (losses in yields < 5%)

3

Risk Likelihood

Risk Consequence

Figure 2. Risk matrix.
2.3.2. Risk attitude

Risk attitude analysis was conducted using Holt and Laury’s experiments, and other
researchers have widely used this method [12,47,63,64]. Experiments were designed explicitly by
modifying the Holt and Laury method based on agricultural activities in the research area. Farmers
were asked to select between two types of farming activities (A and B), as presented in Table 2.
The A activity generates IDR 1,083,000 (highest income) and IDR 733,300 (lowest income), while
the B activity generates IDR 1,616,700 (highest income) and IDR 366,700 (lowest income).
Respondents were asked to choose between two options (choice A or B) 10 times in each scenario
with a different income probability. The probability of generating the highest income increased
from 0% to 100% (probability 1). In contrast, the probability of generating the lowest income
decreased from 100% to 0% (probability 2).
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Table 2. The scenario of measuring farmers’ risk attitude in Holt and Laury’s experiments.

Scenario  Probability 1 Activity A Activity B Net CRRA ranges Risk
Vs. (IDR) (IDR) expected aversion
Probability 2 value class

1 10% vs 90% 1,083,000 vs 733,300 1,616,700 vs 366,700 276,600 r<-2.06 RL4

2 20% vs 80% 1,083,000 vs 733,300 1,616,700 vs 366,700 186,600 —2.06<r<-1.13 RL3

3 30% vs 70% 1,083,000 vs 733,300 1,616,700 vs 366,700 96,600 -1.13<r<-0.53 RL2

4 40% vs 60% 1,083,000 vs 733,300 1,616,700 vs 366,700 6,600 —0.53<r<-0.04 RL1

5 50% vs 50% 1,083,000 vs 733,300 1,616,700 vs 366,700 —83,400 —0.04 <r<0.41 RN

6 60% vs 40% 1,083,000 vs 733,300 1,616,700 vs 366,700 —173,400 0.41 <r<0.85 RA1

7 70% vs 30% 1,083,000 vs 733,300 1,616,700 vs 366,700 —263,400 0.85<r<1.32 RA2

8 80% vs 20% 1,083,000 vs 733,300 1,616,700 vs 366,700 —353,400 1.32<r<1.88 RA3

9 90% vs 10% 1,083,000 vs 733,300 1,616,700 vs 366,700 —443,400 1.88<r<2.72 RA4

10 100% vs 0% 1,083,000 vs 733,300 1,616,700 vs 366,700 —533,400 2.72<r RA5

Source: Author’s calculation.

The net expected value of each respondent’s choice was calculated as follows (equation 1):

2 2
Net expected value = z P(A)A, — Z P(B,)B;

s=1

(1)

s=1

For each activity (A or B), s = 1 indicates the preferred condition with the highest income, and
s = 2 indicates the unpreferred condition with the lowest income. Both options have high and low
expected values, but activity B has a higher risk (variance) because the expected yield varies more than
A. Therefore, the A activity is considered a relatively safe option, and the B activity is risky. The
expectation of B activity increases relative to the A activity when the question continues to the
following scenario. Furthermore, this experiment assumes constant relative risk aversion / CRRA (r),
which was defined (equation 2) as follows [47,64]:

1-r
() =1 @

r

The number of options in the A activity illustrates the risk attitude. Risk-taker farmers select the
safe choice (the A activity) fewer than five times, whereas risk-averse farmers select the A activity
more than five times. Risk-indifferent farmers will select the A activity five times and switch to riskier
alternatives (the B activity) [53,64,65]. The questionnaires were visualized using colored images to
make it easier for respondents to understand this experiment [63].

2.3.3.  Factors determine risk perception and risk attitude
Following the previous study by Huong et al. [54] and focusing on the dichotomous dependent

variable, this research applied the logit model to identify the determinant factors of farmers’ risk
perception and attitude. Based on Hosmer et al. [66], the logit model is written in equations 3 and 4:
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where Pi is the probability of farmers’ risk perception and attitude, fo is an intercept, and B1, B2 and Bn
are the estimated coefficients. X1, Xz, ... and Xn are explanatory variables, and | is the error term.
Logit analysis was carried out four times: risk perception analysis for three different types of risk
(climate change, plant disease and price changes) and risk attitude analysis. This study uses
independent variables adopted from previous studies (farmers’ age, education, family size, farm
experience, farm size) combined with characteristics of rubber farming (rubber age, rubber plantation
distance and use of rubber clones). Because the model was derived from the logit distribution, it is
precise to measure the impact of the independent variables on the outcome probability, called the
marginal effects. The marginal effects are calculated in equation 5 [67]:

SE (Y]X) B el?o+l?ixiﬁi ( eﬁﬂw"xiﬁi ) eﬁ0+ﬁixiﬁ1

X 14 pPotBiXi - (5)

1 + eﬁ()"'ﬁixi (1 + eBO"‘BLXL)Z

The logit model was calculated using the maximum likelihood estimation and STATA 16
software. Before starting the analysis, we verified for multicollinearity using the Variance Inflation
Factor and Tolerance test. The results showed that there was no multicollinearity in the model.

3. Results
3.1. Descriptive statistics

Table 3 presents the descriptive statistics of explanatory variables in this research. Farmers’ and
farm characteristics have important influences on the farmers’ ability to assess and mitigate the
risk [17]. In this study, farmers are in the productive age category (44 years), with a minimum of 25
years and a maximum of 75 years. Farmers’ age generally affects their physical condition, mindset and
ability to adopt technologies and innovations in farming activities. Farmers have an average of eight
years of schooling (with a minimum of 2 years and a maximum of 17 years), but at least they can read,
write and count, which can assist them in managing their farms. Farmers have an average experience
of 17 years (with a minimum of 7 years and a maximum of 50 years). Even though farmers’ education
is relatively low, farmers have a high level of farming experience, which can help them to assess and
mitigate the risks.

In terms of farm size, farmers have an average of 1.49 hectares of rubber area (minimum of 1
hectare and maximum of 3 hectares), owned privately and managed by farmers and their household
members. Farmers have an average of four family members (with a minimum of 2 persons and a
maximum of 7 persons). If the family members were in productive age, they could be alternative labor
for farming activities. Most farmers have rubber trees in their productive age of 10-20 years, with an
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average of 13 years, thereby giving farmers opportunities to increase rubber production and farm
income. The mean distance from the rubber plantation to the village center was 2.32 km (with a
minimum of 0.5 km and a maximum of 6 km). From the interview results, farmers tap the trees quite
often (at least every two days and sometimes more), and the distance is more important in this situation.
The long distance from the rubber plantation to the village center will make it difficult for farmers to
maintain and tap the trees. Next, the study results indicated that most rubber farmers (76%) use rubber
clones (PB 260), and the rest use local seeds. These results were similar to earlier research which stated
that the use of cloned rubber in Indonesia is still low, resulting in lower productivity [68].

Table 3. Descriptive statistics.

Variables Description Min  Max Mean  Std. Dev.

Farmers’ and farm characteristics

Farmers’ age Age of farmer (years) 25 75 43.85 9.17

Education Formal education of farmer (years) 2 17 8.2 2.43

Family size Number of family members (persons) 2 7 4.46 1.03

Farming experience Farming experience (years) 7 50 1734  7.45

Rubber plantation size Total rubber plantation area (hectares) 1 3 1.49 0.50

Rubber age Age of rubber trees (years) 6 27 13.08 4.00

Distance (km) The distance from the plantation to the 0.5 6 2.32 111
village center (km)

Use of rubber clone 1 = apply rubber clone, 0 = otherwise 0 1 0.76 0.43

Risk perception

Climate change 1 = if perceived as high risk, 0 = otherwise 0 1 0.81 0.40

Plant disease 1 = if perceived as high risk, 0 = otherwise 0 1 0.69 0.46

Price change 1 = if perceived as high risk, 0 = otherwise 0 1 0.75 0.43

Risk attitude

Risk aversion 1 =risk averse, 0 = otherwise 0 1 0.80 0.40

Source: Data analysis, 2022.

The farmers’ risk perception results showed that most farmers perceive climate change, plant
diseases and price changes as high risks, with percentages of 81%, 69% and 75%, respectively. The
details of farmer risk perception based on the likelihood and consequence categories are presented in
Figures 3 and 4. Regarding the risk of climate change, most farmers (48%) perceived the risk
probability in the occasional category and the risk consequence in the middle category (48%). The
probability response in the often-very often happens categories was 35.5%, and the response in the
rare-very rare categories was 16.5%. In the risk consequence response, the response in the high-very
high categories was 31%, and the response in the low-very low categories was 21%. This result shows
that most farmers perceive climate change as an occasional-often risk with a middle-high impact on
yield loss, and based on the risk matrix, this risk was categorized as high risk.

Regarding the risk of plant diseases, most farmers (42.5%) perceived the risk probability in the
occasional category and the risk consequence in the middle category (39%). The probability response
in the often-very often happens categories was 30.5%, and the response in the rare-very rare categories
was 27%. In the risk consequence response, the response in the high-very high categories was 17.5%,
and the response in the low-very low categories was 43.5%. This result shows that most farmers
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perceive plant diseases as an occasional-often risk but with a low-middle impact on yield loss. In the
risk matrix, even though the risk has a low-middle impact on farming, if the risk probability is in the
occasional-often category, then the risk is categorized as high risk.
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Figure 3. Risk perception based on likelihood category.
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Figure 4. Risk perception based on consequence category.

Regarding the risk of price changes, most farmers (45%) responded to the risk probability in the
occasional category and the risk consequence in the middle category (42.5%). The response in the
probability categories of often or very often happens was 39%, and the response in the rarely-very
rarely categories was 16%. In the risk impact category, the high-very high response was 25.5%, and
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the low-very low response was 32%. This result shows that most farmers perceive price changes as an
occasional-often risk but with a low-middle impact on yield loss. Based on the risk matrix, this risk is
categorized as high risk. Other findings in Holt and Laury’s method showed that most rubber farmers
were risk-averse (80%), only 5.5% were risk-loving, and the rest were risk-neutral (14.50%).

3.2. Factors determining farmers’ risk perception

The logit model results in Tables 4 and 5 present the parameter estimates and marginal effects of
the influences of farmers and farm characteristics on risk perceptions and attitudes. Marginal effects
provide a more detailed discussion about the average effect of changes in independent variables on the
change in the outcome probability. Based on the logit results, all p values were less than 0.000,
meaning that the models are fit. In addition, Pseudo R-squared in the model ranges from 0.300 to 0.446,
showing that the models are fit to clarify the risk perception and attitude.

Table 4. Estimates of the parameters from the logit models.

Variable Risk perception Risk attitude
Climate change Plant disease Price change
Farmers’ and farm characteristics
Farmers’ age 0.094**(0.042) 0.116***(0.036)  0.168***(0.044)  —0.195***(0.054)
Education —0.124 (0.097) —0.139 (0.088) 0.566***(0.130)  —0.174 (0.138)
Family size —0.481**(0.245)  0.045 (0.204) —1.108***(0.286) 0.449 (0.330)
Farming experience —0.263***(0.058) —0.170***(0.047) —0.063 (0.048) —0.026 (0.059)
Rubber plantation size  —0.668 (0.490) 1.137***(0.414)  —0.546 (0.479) 0.338 (0.574)
Rubber age —0.090 (0.066) 0.134**(0.066) 0.173**(0.079) 0.687***(0.137)
Distance 0.671*** (0.267)  0.889***(0.220)  0.717***(0.258)  0.552** (0.277)
Use of rubber clone —0.218 (0.642) —1.744***(0.631) 1.672***(0.557)  —2.421***(0.852)
Risk perception
Climate change NA NA NA —0.235 (0.953)
Plant disease —0.902 (0.646)
Price change 1.499**(0.617)
Constant 6.636***(2.179)  —3.985**(1.760)  —8.37***(2.137)  2.105 (2.552)
LR statistic (Prob) 65.869*** 74.326%** 72.991%** 89.313***
R-squared 0.339 0.300 0.328 0.446

*** < 0.01, ** p<0.05 *p<0.1, standard errors in parentheses. Source: Data analysis, 2022.

Farmers’ age has a significant and positive effect on risk perceptions of climate change (p < 0.05),
plant disease (p < 0.01) and price change (p < 0.01). The marginal effects show that a unit increase in
the farmers’ age will increase farmers’ probabilities of perceiving climate change, plant diseases and
price change as high risks by 0.9%, 1.6% and 2.0%, respectively. Farmers’ education significantly
affects price change risk perception (p < 0.01) but not that for climate change and plant disease. The
marginal effects show that a unit increase in education will increase farmers’ probability of perceiving
price change as high risk by 6.8%. Regarding family size, the logit results found that this variable has
a significant negative effect on risk perception of climate change (p < 0.05) and price change (p <0.01)
but not for plant disease. According to the marginal effects, a unit increase in family members will
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decrease the farmers’ probabilities of perceiving climate change and price change as high risks by 4.8%
and 13.3%, respectively.

Table 5. Marginal effects from the logit models.

Variable

Risk perception
Climate change

Plant disease

Price change

Risk attitude

Farmers’ and farm characteristics

Farmers’ age 0.009%*(0.004)  0.016***(0.005)  0.020***(0.005)  —0.017***(0.004)
Education ~0.012 (0.009) ~0.019 (0.012) 0.068***(0.013)  —0.015 (0.012)
Family size ~0.048%*(0.024)  0.006 (0.029) ~0.133***(0.029)  0.039 (0.028)
Farming experience  —0.026***(0.005)  —0.024***(0.006) —0.008 (0.006) ~0.002 (0.005)
Rubber plantation size  —0.066 (0.048) 0.161***(0.054)  —0.655 (0.057) 0.029 (0.049)
Rubber age ~0.009 (0.007) 0.019%*%(0.009)  0.021**(0.009)  0.059***(0.008)
Distance 0.067*** (0.025)  0.126***(0.026)  0.086***(0.029)  0.048**(0.023)
Use of rubber clone ~0.021 (0.061) —0.227***%(0.065)  0.222***(0.072)  —0.173***(0.044)

Risk perception
Climate change NA NA NA
Plant disease
Price change
***p<0.01, ** p <0.05 *p<0.1, standard errors in parentheses. Source: Data analysis, 2022.

~0.020 (0.078)
~0.075 (0.050)
0.144**(0.062)

In the case of farming experience, this variable has a negative effect on the risk perception of
climate change (p < 0.01) and plant disease (p < 0.01). The marginal effects show that a unit increase
in farming experience will decrease the farmers’ probabilities of perceiving climate change and plant
disease as high risks by 2.6% and 2.4%, respectively. Rubber plantation size positively affects the risk
perception of plant disease (p < 0.01), and the marginal effects show that a unit increase in rubber area
will increase the farmers’ probability of perceiving plant disease as high risk by 16.1%. Rubber age
positively affects the risk perception of plant disease (p < 0.05) and price change (p < 0.05). The
marginal effects show that a unit increase in rubber age will increase farmers’ probabilities of
perceiving plant diseases and price change as high risks by 1.9% and 2.1%, respectively.

The distance from the rubber plantation to the village center positively affects all risk
perceptions (p < 0.01), which means that farmers whose plantations are far from the village center
tend to perceive climate change, plant diseases and price changes as high risks. The marginal effects
show that a unit increase in rubber plantation distance will increase the farmer’s probabilities of
perceiving climate change, plant diseases and price change as high risks by 6.7%, 12.6% and 8.6%,
respectively. The study results also indicated that using a rubber clone affects risk perception
differently. This variable positively affects the price change risk perception (p < 0.01) but negatively
affects that of plant disease (p < 0.01). The marginal effects show that if farmers use rubber clones,
they will have a 22.2% higher probability of perceiving price change as high risk and a 22.7% lower
probability of perceiving plant diseases as high risk.

3.3. Factors determining farmers’ risk attitude

Tables 4 and 5 also describe the determinant factors of farmers’ risk attitudes. Farmers’ age

AIMS Agriculture and Food Volume 8, Issue 1, 164-186.



176

negatively affects risk aversion (p <0.01), and the marginal effects show that a unit increase in farmers’
age will decrease the probability of farmers’ risk aversion by 1.7%. In the case of rubber age, this
variable positively affects risk aversion (p < 0.01), and the marginal effects show that a unit increase
in rubber age will increase the probability of farmers’ risk aversion by 5.9%. The distance from the
plantation to the village center positively affects risk aversion (p < 0.05). The marginal effects show
that a unit increase in plantation distance to the village center will increase the probability of farmers’
risk aversion by 4.8%.

In contrast, using rubber clones negatively affects risk aversion (p < 0.01). The marginal effects
indicate that if farmers use rubber clones, the probability of their being risk-averse will decrease by
17.3%. Furthermore, the logit models also found that price change risk perception positively affects
farmers’ risk aversion (p < 0.05). The marginal effects indicate that if farmers perceive price change
as high risk, they will have a 14.4% higher probability of being risk-averse.

3.4. The schematic framework of research

Figure 5 shows the schematic framework to describe the research comprehensively. The results
of parameters and marginal effects in the logit model are summarized in a flowchart. The left and right
sides of the framework present the influence of rubber farmers’ and farm characteristics on risk
perception and attitude, respectively. The flowchart also shows the influence of risk perception on risk
aversion. The black connectors in the flowchart indicate a positive effect on the variables, while the
red connectors indicate a negative effect. The values in connector lines show the significance levels
and marginal effects, and the value in square parentheses for each characteristic shows the variable’s mean.

Farm

Farmers' f
characteristics

characteristics _

" Climate change

A - -
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| —p<0.05 (0.9%).
L—p<0.01 (1.6%)——
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(1.49)
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Figure 5. The schematic framework of research.
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4. Discussion

This research focuses on three main risks in rubber farming: climate change, plant diseases and
price change. The study found that most rubber farmers perceived climate change, plant diseases and
price change as high risks. The risk of climate change in rubber plantations is related to increased
rainfall and rainy days, significantly affecting farming activities. The rainy season makes it difficult
for farmers to tap latex, which reduces latex production. The main climatic factors that affect rubber
tapping are rainfall intensity, quantity, time and duration [33]. Farmers typically tap the latex at dawn
or very early in the morning. Farmers will delay the tapping if persistent and heavy rain occurs. If the
rain occurs during tapping time, rainwater will fall onto the tree flow to the tree trunk and branches
and then enter the tapping cup. The tapping results will be wasted since they are mixed with rainwater.
If there is frequent rain in a certain period, it will significantly reduce rubber production. Ruangsri et
al. and Sdoodee & Rongsawat [23,69] stated that increased rainfall and rainy days in Thailand cause
decreases in tapping frequency and rubber productivity. Rubber farmers in Myanmar also experienced the
negative impact of climate change on irregular tapping days, low productivity and high tapping cost [32].

Regarding rubber plant diseases, the majority of farmers perceived rubber diseases as high risk.
Previous studies reported a severe attack of leaf fall disease, which decreased rubber production in
Indonesia, Malaysia, India and Thailand [33,70]. Leaf fall disease also attacks rubber plantations in
Latin America, causing repeated defoliation of rubber trees [34]. In Indonesia, leaf fall disease causes
leaf drop of up to 75-90%, and rubber production decreases by 25-45% [36]. In addition, rubber trees
are also susceptible to white root fungal disease that causes latex yield loss and tree death [71].
Previous research also reported the presence of this disease in several rubber-producing countries,
including Malaysia [35,71] and Thailand [72].

Moreover, most rubber farmers also perceived price change as a high risk since it is related to the
decline in output prices, which significantly impacts rubber farming. Rubber is an export commodity,
and global market conditions influence the rubber price. The fluctuations in rubber prices have led to
the vulnerability of rubber farmers’ livelihoods in Thailand [38,42], China [29,37], Indonesia [73] and
other rubber-producing countries. The decline in rubber prices has a multiplier effect on reduced
income, farmers’ investment ability, purchasing power and land conversion to more prospective
crops [74]. Previous studies highlighted farmers’ efforts to overcome the risk and reduce the
dependence on rubber farming, for example, through income diversification [37,41,42].

The logit model found that farmers’ and farm characteristics were important in shaping the ability
of farmers to perceive the risks. Farmers’ age and the distance from the plantation to the village center
affect all risk perceptions (climate change, plant disease and price change). In the case of several other
variables (education, family size, farming experience, rubber plantation size, rubber age and use of
rubber clones), there are different findings. One variable can affect the perception of one type of risk
but not affect another risk. Previous studies also reported different results regarding the effects of
independent variables on different risk perceptions [11,15,54,75,76].

Our logit model found that farmers’ age positively affects risk perception. The oldest farmers will
perceive climate change, plant disease and price change as a high risk. This finding confirmed previous
studies, which showed that farmers’ age had a positive effect on the risk perception of climate
change [11,43,77,78], plant disease [43] and price change [2,15,76,78]. Elderly farmers generally
experience a decrease in physical ability in farming activities. Meanwhile, rubber farming requires
more energy and time for tapping and plant maintenance [79]. In a risky situation, it will be more
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difficult for elderly farmers to run their farms. This is why farmers perceive climate change, plant
diseases and price changes as major threats to their rubber farming.

The positive effect of farmers’ education on risk perception means that educated farmers perceive
price change as a high risk. The same result was similar to previous studies, which found that
experienced farmers perceive price change as high risk [14,44]. Education is essential for farmers
because it can increase farmers’ insight, skills, managerial abilities and technology adoption [80-82].
Based on the survey results, most farmers have low education, which affects their ability to obtain
information and technology related to agricultural activities. This variable had no significant effect on
the risk perception of climate change and plant diseases. This could happen due to a lack of education,
making it difficult for farmers to predict and mitigate the risks. Previous studies also reported different
results regarding the effect of education on the different types of risk [11,76]. Since the farmers’ formal
education is relatively low, this study suggests developing and increasing informal education
programs such as training and counseling to increase farmers’ knowledge about farming
management and risk mitigation.

Furthermore, the family size variable shows a negative effect on risk perception. Farmers with
many family members perceive climate and price changes as low risk. A case study in Pakistan also
identified the negative effect of family size on risk perception of climate change and price change [2].
Based on our survey, most farmers use family labor (wife, son or other family members) to carry out
activities on the rubber plantation: for example, to maintain and tap the rubber. Farmers can save
production costs by using labor families, which makes them perceive the climate and price changes as
low risk. Research from Tongkaemkaew & Chambon [83] showed the same result, stating that family
members are the primary source of labor in smallholder rubber plantations.

Regarding farming experience, this variable has a negative effect on the risk perception of climate
change and plant disease, which means that experienced farmers perceived climate change and plant
disease as low risk. This result is consistent with previous studies, which stated that experienced
farmers show a low-risk perception of climate change [11,56] and plant disease [11,76,78]. In general,
experienced farmers can predict the probability of climate change, know the plant disease symptoms,
prevent and control the disease and overcome the risk impact. Experienced farmers can also determine
the right time to tap during the rainy season and can minimize the possibility of latex mixing with
water during the rainy season. On the other hand, this variable does not affect price change risk
perception because the rubber price depends on global market prices. Most farmers also sell their
rubber through collectors, which makes them not have a bargaining position. The results aligned with
previous studies stated that farming experience affects the risk perception of climate change and plant
diseases but does not affect the risk perception of price change [56].

The logit analysis also revealed that the rubber plantation area positively affects the risk
perception of plant disease. The rubber plant diseases such as leaf fall disease and white root fungus
result in decreased latex production [36,71]. Larger farm areas make it difficult for farmers to perform
more intensive farm maintenance, making them perceive plant diseases as a high risk. Furthermore,
the high costs that farmers must incur to prevent and control rubber plant diseases are the main obstacle
to overcoming this risk [35].

Regarding the age of rubber trees, this variable positively affects the risk perception of plant
disease and price change. Farmers consider plant disease a high risk since old rubber trees are more
prone to disease and produce less latex, mainly after the productive age (20 years) [84]. Furthermore,
the decline in production and rubber price will decrease farm income, leading farmers to perceive price
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changes as a high risk. In contrast, the rubber age has no significant effect on climate change risk.
Climate change affects rubber plants throughout their growth period. The rainy season affects farmers’
activities in maintaining trees, clearing weeds and tapping [23,33,69].

The distance from the rubber plantation to the village center positively affects risk perceptions.
Farmers whose plantations are far from the village center tend to perceive climate change, plant
diseases and price changes as high risks. Previous research also found the positive effects of farm
distance to the city on risk perception of climate change [15], price change [14,15,44,76] and plant
disease [2]. Generally, the village center is the primary location for providing input facilities,
marketing and a place to access information. It is difficult for the farmers to perform farm maintenance,
tap and transport the rubber to the collector if the farm is far from the village center. Similarly, Akhtar
et al. and Igbal et al. [11,15] stated that farmers near the village center could better access information
and communicate more efficiently with input sub-dealers or collectors.

The study results indicated that using a rubber clone affects risk perception differently. This
variable positively affects price change risk perception but negatively affects that of plant disease.
Adopting rubber clones requires more farm maintenance and inputs than local seeds. Hence, farmers
feel difficulties when the output price decreases. On the contrary, farmers who use rubber clones
perceived plant disease as low risk because rubber clones are more resistant to disease than the local
ones. A similar previous study also stated the potential high production and resistance to disease as
advantages of rubber clones [39,68,85].

Based on Holt and Laury’s experimental method, we can conclude that most farmers were risk-
averse. Farming activities vulnerable to uncertainty are the main reason for farmers’ risk aversion.
Ouattara et al. [86] stated that under conditions of uncertainty, risk-averse farmers tend to reduce their
land allocation for perennial crops and switch to annual crops. In line with this research, Djanibekov
& Villamor stated that the higher the farmer’s risk aversion, the larger the rubber agroforestry
area [87]. Furthermore, Moser & Mubhoff’s research found that rubber farmers in Indonesia were risk
averse, influencing farmers’ decision to use inputs such as fertilizer and herbicide [63]. Risk-averse
farmers make production and management decisions that are less risky and with lower returns [21].

Regarding farmers’ risk attitude, we found that age has a negative effect on risk aversion, which
means that older farmers were less risk-averse. In other words, older farmers are more willing to take
risks than young farmers. This might happen due to their confidence and desire to manage their farming
activities. The same results were also relevant for farmers in Pakistan [2,15,75]. The variable of rubber
age had a positive effect on risk aversion, which means that increasing the rubber age will make
farmers more risk averse. Typically, rubber trees start to produce at five years [61]. However, in the
case of smallholder farmers with limited input, rubber trees are rarely tapped before seven years.
Rubber trees can reach optimal production at 15-20 years, and the production will decrease after 20
years. This condition decreases farm income and makes the farmers more risk-averse. Farmers can
increase production by replanting rubber trees older than 30 by using rubber clones. Rubber tree
replanting could maintain the productivity of natural rubber by substituting unproductive trees with
productive rubber trees [88,89].

The distance from the plantation to the village center positively affected risk aversion, indicating
that the location of the plantation being far from the village center will increase farmers’ risk aversion.
The remote area of the farm will make it difficult for the farmers to carry out farming activities
(fertilization, farm maintenance and tapping). It will require additional transportation costs, thus
making farmers more risk-averse. Previous research also stated that the farm’s distance from the city
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positively affects risk-averse attitudes [78].

Regarding rubber clones, the results also found that this variable had a negative effect on risk
aversion. Farmers who adopt rubber clones are less risk-averse than farmers who use local ones
because rubber clones have higher production potential and income. Farmers who use rubber clones
show a more adaptive attitude toward innovation and technology, which can encourage the farmers to
increase production and income. In the research location, farmers adopted the PB 260 clone. This clone
shows the best performance among other clones even in low input conditions, provides more latex and
increases rubber productivity [68,85,89]. Given the importance of using rubber clones, this research
suggests that the government can develop and reproduce rubber clones and provide motivation and
assistance to farmers in using rubber clones [26].

The price change risk perception positively affected farmers’ risk aversion. Farmers who perceive
price change as high risk will be more risk-averse. The decline in global rubber prices for several years
has reduced rubber production and farm incomes. As a result, farmers will perceive price changes as
high risk, making them more risk-averse. Previous research conducted by Saqib et al. [16] confirmed
this finding, stating that farmers with high-risk perceptions were more risk-averse than farmers with
low-risk perceptions.

This study had several limitations. First, this study was based mainly on survey results,
perceptions, experimental methods and interviews. Farmers’ answers depend on how they understand
the questionnaires, which may influence the responses. Second, this study was conducted in West
Kalimantan, Indonesia. Studies in other regions in Indonesia with different geographical areas or
planting systems will improve the study results. Third, the proposed model could be enhanced for
future research in several ways: 1) by adding data regarding farmers’ strategies to minimize and
mitigate the risks; 2) by adding other explanatory variables which could influence farmers’ risk
perception and risk attitudes, such as ethnic group and geographical area; 3) by exploring other possible
types of risk which have a severe impact in rubber farming, such as financial risk and institutional risk.

5. Conclusions

These study results are valid for smallholder rubber farmers in West Kalimantan Province.
However, it may be interesting to study if similar results would be found in other regions of Indonesia
and other rubber-producer countries. Based on the risk likelihood and consequence combination, the
study results indicated that most rubber farmers perceive climate change, plant disease and price
change as high risks. The study also found that most rubber farmers were risk-averse. Logit model
estimation found that all models fit, and most of the farmers’ and farms’ characteristics were significant.
Farmers’ age, education, rubber plantation size, rubber age, distance from the plantation to the village
center and rubber clones positively affected risk perceptions, while family size and farming experience
had a negative effect. Regarding risk attitude, the variables of rubber age, distance from the plantation
to the village center and price change risk perception positively affected farmers’ risk aversion. In
contrast, farmers’ age and the use of rubber clones had a negative effect.

The study results are important for policymakers, because they consider socio-economic
characteristics, risk perceptions and risk attitudes, to develop appropriate policies to help farmers
mitigate the risks: for example, increasing informal education programs such as training and
counseling. The government and stakeholders can motivate and enable farmers to replant old/damaged
rubber trees using rubber clones with higher yield potential and more disease resistance. Additionally,

AIMS Agriculture and Food Volume 8, Issue 1, 164-186.



181

to facilitate farming activities, it is necessary to improve communication, transportation access and
road facilities and infrastructure.
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