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Rooted in the Anthropogenic Global Warming (AGW) theory, which underscores
the human-induced drivers of climate instability, this study responds to the
mounting financial challenges smallholder farmers face in adapting to climate
change. Adapting to climate change presents mounting financial challenges for
smallholder farmers, especially in developing countries where climate variability
threatens agricultural productivity and economic stability. Within this context,
climate financing behaviour—defined as farmers’ financial decisions explicitly
aimed at managing climate-related risks—plays a critical role in building
resilience. This study examines how financial literacy influences climate
financing behaviour among horticultural farmers in East Java, Indonesia, with
a specific focus on two adaptive strategies: accessing formal climate credit to
support climate-resilient investments, and allocating post-harvest income into
precautionary savings to buffer against future climate shocks. Using an
Instrumental Variable (IV) approach, this study employs IV-Probit models to
evaluate the effect of financial literacy on farmers’ decisions to utilize formal
climate-oriented credit and engage in adaptive savings behaviour. IV-Tobit
models are applied to analyze the influence of financial literacy on the
amount of climate credit obtained and the volume of climate-related savings.
Results indicate that financial literacy significantly increases the likelihood of
adopting both climate credit and adaptive savings behaviours, although it does
not significantly affect the financial volume associated with either. A
disaggregated analysis shows that financial literacy enhances credit access
primarily among middle-income farmers and promotes savings accumulation
particularly among low-income farmers, suggesting that climate financing
behaviour is moderated by income level. These findings emphasize the
importance of targeted financial education and accessible climate finance
instruments—such as tailored agricultural credit products and incentivized
climate savings schemes—in strengthening smallholder farmers’ adaptive
capacity in the face of escalating climate-related financial risks. By aligning
with the Sustainable Development Goals, this study contributes to SDG 13
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(Climate Action) through promoting climate-resilient behaviours and to SDG 10
(Reduced Inequalities) by highlighting differentiated impacts across income groups,
thereby supporting inclusive adaptation strategies.

KEYWORDS

climate financing, financial literacy, financial behaviour, rural farmers, Indonesia

1 Introduction

Climate change, driven by human-induced emissions and energy
use as posited in the Anthropogenic Global Warming (AGW) theory,
has emerged as a global crisis disrupting ecosystems, economies, and
household livelihoods—particularly in the agricultural sector (Mehta,
2024; Rahman et al., 2025a). Agricultural productivity is increasingly
threatened by extreme weather events such as droughts, floods, and
tropical storms (Ali and Mujahid, 2025). Without adequate
adaptation strategies, food security will remain at risk, especially
for smallholder farmers in vulnerable regions (Rahman et al.,
2022a). Prolonged droughts and unpredictable rainfall patterns
have significantly reduced crop yields, jeopardizing the livelihoods
of rural populations dependent on agriculture (Rahman et al., 2023b).
These challenges are further exacerbated by slow governmental
responses and inadequate infrastructure, demanding immediate
adaptation measures by farmers.

Beyond ecological impacts, climate change also intensifies the
financial vulnerability of smallholder farmers (Yang et al., 2022;
Oosthuizen, 2014). Climate-induced harvest failures lead to sharp
revenue fluctuations, destabilizing household financial flows
(Rahman et al., 2021; Toiba et al., 2024; Hanani AR et al., 2024).
Studies by Samuel et al. (2021); Lasco, Espaldon, and Habito (2016)
reported that 70% of smallholder farmers experienced a 40% decline
in income during prolonged droughts. This instability hampers
farmers’ ability to invest in adaptive technologies (Touch et al.,
2024). In Vietnam, for instance, farmers risk losing assets as they rely
on high-interest informal loans, using land as collateral (Migheli,
2024). Limited access to agricultural insurance further compounds
their vulnerability; in India, only 4% of farmers are covered by
climate insurance (Biswal and Chandra, 2025). Consequently,
financial pressures drive widespread migration and unsustainable
farming practices that worsen environmental degradation.

In this context, AGW theory does not merely provide an ecological
background but also frames smallholders’ financial vulnerability as a
systemic risk constraint. Specifically, AGW underscores how human-
induced climate instability generates uncertainty in agricultural returns,
thereby shaping farmers’ utility-maximizing financial behavior under
risk. This connection has been emphasized in recent literature linking
AGWwith rural financial decision-making (Letourneau and Davidson,
2022). Building on this foundation, our study extends AGW theory into
the behavioral and financial domain by examining how financial
literacy influences climate-adaptive credit and precautionary
savings—two climate financing behaviors explicitly designed to
buffer households against AGW-driven risks.

Structural barriers such as complex bureaucratic procedures,
lack of collateral, and limited rural banking infrastructure further
restrict farmers’ access to formal financial services (Saqib et al.,
2018). Many farmers, prioritizing short-term financial needs, resort
to informal lenders with exorbitant interest rates or forego
investments in climate-resilient inputs such as improved seeds

and irrigation systems (Shisanya and Mafongoya, 2016). This
entrenches a cycle of financial instability, undermining
smallholder resilience (Babatolu and Akinnubi, 2016).

To better conceptualize these financial responses, following Cui,
Zhang, and Xia (2022); Jokinen (2018) we define climate financing
behavior as farmers’ financial decisions that are explicitly aimed at
managing climate-related risks. This includes two forms: 1) climate-
adaptive credit—formal borrowing targeted to support climate-resilient
agricultural investments, and 2) precautionary savings—allocating
income to create buffers against future climate shocks. This definition
differentiates climate financing behavior from ordinary agricultural
financial practices by emphasizing its climate-specific orientation.

Financial literacy emerges as a crucial strategy to disrupt this
cycle. Farmers with access to financial education—covering risk
management, savings, and budgeting—are better equipped to make
sound financial decisions (Amosah, Lukman, and Ghana, 2023).
Empirical studies have shown that financial education fosters a
greater propensity to save and invest in adaptive technologies
(Amosah, Lukman, and Ghana, 2023; Mutaqin and Usami,
2019). Moreover, integrating financial literacy initiatives with
accessible financial products, such as group-based microcredit
programs, significantly enhances farmers’ ability to withstand
climate-related risks (Donatti et al., 2017).

From a theoretical perspective, this study is guided by Random
Utility Theory (RUT) (Putri et al., 2024; Rahman et al., 2025a),
which provides a behavioral framework to understand farmers’
financial decision-making under risk. In this framework, farmers
are assumed to choose between alternative financial actions (e.g.,
borrowing or saving) to maximize expected utility given climate
uncertainty, financial literacy, and resource constraints. By adopting
RUT, we establish a logical chain: financial literacy enhances
farmers’ ability to evaluate options, which shapes behavioral
intention and ultimately leads to adaptive financial actions.

Despite an expanding literature on financial inclusion and
behavior, relatively few studies have explored how financial literacy
shapes climate-related financial decisions among smallholder farmers
in developing countries. Recent works applying IV-Tobit approaches
(Drall and Mandal, 2024; Yang et al., 2024; Zhang Hepei et al., 2025;
Zhang et al., 2024) have advanced our understanding of financial
behavior in rural development and agricultural contexts, yet limited
attention is given to the intersection between financial literacy,
savings, credit, and climate adaptation. Moreover, previous studies
rarely account for income heterogeneity or the systemic constraints of
rural credit policies such as Indonesia’s KUR Tani program, both of
which are crucial in shaping adaptive financial choices (Rahman et al.,
2025c; Rahman et al., 2025a). This gap limits the policy applicability of
earlier findings. Addressing this gap, this study examines how
financial literacy affects smallholder farmers’ decisions regarding
access to formal credit and the allocation of post-harvest income
to savings—both critical steps toward adaptation in a changing
climate. This study pursues three key objectives: 1) to investigate
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how financial literacy influences farmers’ access to formal credit; 2) to
assess its effect on precautionary saving behavior; and 3) to examine
how these relationships vary across different income groups.

This study makes two primary contributions to the literature. First, it
provides empirical evidence on the role of financial literacy in enhancing
farmers’ financial behaviors to build climate resilience. Second, it focuses

on the financial vulnerabilities of smallholder farmers in rural Indonesia,
aligning with the Sustainable Development Goals (SDG 13: Climate
Action; SDG 10: Reducing Inequalities). By highlighting financial literacy
as a key adaptation strategy, this research aims to inform policies that
promote financial inclusion and long-term economic sustainability for
farmers confronting climate-related challenges.

FIGURE 1
Location of the study area (Geospasia, 2024).
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By incorporating AGW theory and Random Utility Theory, this
study contributes twofold: First, it provides a theoretically grounded
explanation of why financial literacy matters for climate financing
behavior under systemic risk constraints. Second, it highlights
income heterogeneity and rural policy contexts, particularly
Indonesia’s smallholder finance environment, as key dimensions
shaping adaptive financial behavior.

The remainder of the paper is structured as follows: Section 2
details the research setting, data collection, and variable construction.
Section 3 outlines the empirical model and estimation strategy.
Section 4 presents the key results and discussion. Section 5
concludes by offering policy implications, acknowledging study
limitations, and suggesting directions for future research.

2 Materials and methods

2.1 Research location, sampling, and data
collection

This study was conducted in East Java Province (Figure 1), a
major contributor to Indonesia’s horticultural production. The
selected regions—Malang, Probolinggo, and Kediri—were chosen
due to their strategic role in horticulture and their increasing
exposure to climate-induced challenges such as temperature
variability, drought, and unpredictable rainfall patterns (Purwanti
et al., 2022; Rahman et al., 2025b). To obtain a representative
sample, a multi-stage purposive and stratified random sampling
technique was applied. In the first stage, three regencies—Malang,
Probolinggo, and Kediri—were purposively selected based on their
relevance to horticultural production and their vulnerability to
climate-related risks such as soil degradation and erratic
cropping seasons. In the second stage, four sub-districts were
randomly drawn from each regency using updated administrative
records from the local agricultural offices. In the third stage, two
rural villages were randomly selected from each sub-district, and a
complete listing of horticultural farmers was compiled in
coordination with local extension agents. From this sampling
frame, 73 smallholder farmers were selected per village using
simple random sampling, yielding a total sample of
584 respondents. Data collection occurred between August and
December 2023. Data were gathered through enumerator-
administered structured surveys. The questionnaire was developed
based on an extensive review of relevant literature and validated
through consultations with agricultural officers, farmer organizations,
and local practitioners. Enumerator training was conducted prior to
fieldwork to ensure consistency in administering the survey. All
surveys were conducted in Bahasa Indonesia, the predominant
local language, to ensure clarity, accuracy, and cultural
appropriateness in capturing farmer responses.

It should be noted that the survey was intentionally designed
to focus on horticultural smallholders in East Java, given their
high exposure to climate risks and their strategic role in
Indonesia’s food systems (Purwanti et al., 2022). As such, the
results cannot be generalized to all farmer groups, including
those engaged in staple crops or part-time non-farm
employment. This scope limitation is explicitly acknowledged
in the discussion section. Income grouping in this study was

based on household net income distribution, with farmers
classified into tertiles (low, middle, high) (Rahman et al.,
2022b; Rahman et al., 2023b). This approach follows standard
practice in rural household studies, but we recognize that
alternative grouping strategies may yield different results. This
issue of robustness is transparently discussed as a limitation of
the study. While the survey covered key demographic and farm-
related variables, it did not include certain dimensions such as
social capital and household-specific climate shock history. We
acknowledge this omission as a limitation and propose it as an
avenue for future research.

2.2 The measurement of key variables

2.2.1 Financial literacy
The core explanatory variable in this study is financial literacy,

defined as an individual’s ability to make informed financial
decisions based on basic understanding of financial principles.
Consistent with prior research (Lusardi and Mitchell, 2014),
financial literacy was assessed using six multiple-choice items
covering fundamental concepts: borrowing, saving, interest rates,
funding options, time value of money, and basic numeracy (Lusardi
and Mitchell, 2007; Meier and Sprenger, 2010). Each correct answer
was assigned a value of 1, resulting in a composite financial literacy
score ranging from 0 to 6.

While financial literacy is multidimensional, often
distinguishing between basic numeracy and applied knowledge
such as understanding of insurance or climate-linked financial
products, our dataset is limited to the standardized six-question
module. This module has been widely validated across international
studies (Ephrem andWamatu, 2021; Rehman and Mia, 2024) and is
recognized as a reliable measure without requiring additional
reliability tests such as Cronbach’s α. We acknowledge, however,
that future research could benefit from a more comprehensive
measurement that includes knowledge of climate-specific
financial products.

2.2.2 Climate financial behaviour
This study captures climate financing behaviour using two key

dependent variables: 1) access to formal credit, and 2) precautionary
saving behavior. We explicitly define climate financing behaviour as
financial decisions made by farmers with the primary purpose of
adapting to climate-related risks (Zheng andMa, 2025; Zhang Jialan
et al., 2025). In this study, credit is coded as one if the farmer
accessed credit from a formal institution (e.g., banks, cooperatives,
or government-backed schemes such as KUR Tani) and 0 otherwise
(Li et al., 2020). The total amount of credit accessed is also recorded
as a continuous variable in local currency. Saving behavior is
similarly measured using a binary variable: one indicates the
farmer saved part of their post-harvest income, while 0 indicates
no saving. The total value of savings is captured as a continuous
variable in Indonesian Rupiah. This definition distinguishes climate
financing behaviour from ordinary agricultural financial practices,
as the focus is on borrowing or saving in ways that enhance
resilience to climate variability. Examples include using credit to
invest in irrigation systems or allocating savings for future shocks
such as crop failures.
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2.2.3 Controlled variables
To examine the impact of financial literacy on climate financial

behavior, various farmer characteristics were incorporated into the
model to control for heterogeneity among smallholder households
(Tan et al., 2022). In addition to general demographic factors such
as age, years of education, and marital status (Xu et al., 2020),
several farm-related attributes were included: farming experience,
land size, land ownership (Dzadze et al., 2012; Mazumder,
Dastidar, and Bhandari, 2017; Motsoari, Cloete, and Van
Schalkwyk, 2015), risk-seeking tendency (J. Verteramo Chiu,
Verteramo Chiu et al., 2014), distance to the nearest formal
financial institution (Lee and Sawada, 2010; Nguyen and
Huyen, 2015; Okten and Una Okonkwo Osili, 2004; Petersen
and Rajan 2002), and exposure to media (Hilgert, Hogarth, and
Beverly, 2003).

Household size was also considered, defined as the total number
of household members residing or legally entitled to reside in the
same household unit. Previous studies suggest that larger
households may exhibit lower saving propensity (Twumasi et al.,
2020) and higher borrowing demand (Xu et al., 2020). Land size is
also a key productive asset that may function as collateral, facilitating
access to formal credit (Mazumder, Dastidar, and Bhandari, 2017).
We acknowledge that some potentially important control variables,
such as measures of social capital and household-specific climate
shock history, were not collected in this survey. This omission limits
the explanatory scope of the model and is explicitly recognized as a
limitation in the discussion.

2.3 Model estimation

To investigate the impact of financial literacy on climate
financial behavior, this study assumes that such behaviours are
influenced by financial literacy along with farmers’ demographic
and farm operation-related characteristics (Li et al., 2020). In this
context, climate financial behavior specifically refers to farmers’
adaptive financial decisions to either access formal credit or allocate
savings. Therefore, the functional relationship is expressed
as follows:

FBj
i � α + β1FLi + β2 Xi + εi . . .with FB � 1, if FBi > 0

0, if FBi ≤ 0
{ (1)

where FBj
i is climate financial behavior regarding farmers’ financial

decisions j of the ith farmers, i = 1, 2, 3, . . . n, and j = 1, 2 (j =
1 corresponds to credit decisions, and j = 2 to savings decisions). FLi
represents financial literacy, and Xi denotes both demographic and
farm operation-related variables. α, β1, and β2 are the vector of
parameters to be estimated, and εi is the error term. Since both
dependent variables are binary, we estimate this model using an
Instrumental Variable Probit (IV-Probit) framework to account for
potential endogeneity in FLi.

In addition to assess the effect of financial literacy on credit and
saving decisions, this study further explores its effect on the amounts
of credit and savings being acquired. In this study, it assumes that
the amount of credit and savings is a function of financial literacy
individually, alongside farmers’ demographics and variables related
to farm operations. It is formulated as follows:

FAj
i � α + β1FLi + β2 Xi + εi (2)

where FAj
i is the amount of credit (j = 1) and saving (j = 2), measured

in US dollar (USD). FLi is the financial literacy, Xi denotes farmers’
demographics and farm operation related variables. The parameters
α, β1 and β2 are to be estimated, and εi is the error term.

Equation 1 is suitable to be assessed using a Probit model,
considering that the dependent variables (credit and saving
decisions) are represented by dichotomous values. On the other
hand, Equation 2 will be determined by a Tobit model due to the fact
that not all of the respondents have acquired credit and savings,
leading to censored observations. However, farmers’ financial
literacy may also be affected by some unobservable variables,
such as mathematical skills and competency. These factors are
potentially endogenous and cannot be neglected in the estimation
if unbiased results are sought. To address the endogeneity issue, an
instrumental variable (IV) estimation can be employed, as suggested
by Lusardi and Mitchell (2014) and Rahman et al. (2022a).

The financial literacy in Equations 1, 2 can be assumed to be a
function of at least one instrumental variable, FLi(IVi). Following
the approach of Fernandes, Lynch Jr, and Netemeyer (2014) and
Jappelli and Padula (2013), this study adapts farmers’ mathematical
skills as an instrumental variable. This is measured by farmers’
mathematics scores from the elementary school. Jappelli and Padula
(2013) argue that the initial stock of financial literacy is closely
linked to mathematical skills, with the stock potentially depreciating
over time at varying rates among individuals. Initial disparities may
either attenuate or compound depending on individual investment
in financial literacy. Given that the instrumental variables and the
endogenous variables are strongly correlated, mathematics skill
proves suitable as the instrumental variable for financial literacy.

2.3.1 Justification of instrumental variable
Financial literacy may be affected by unobservable variables,

such as innate mathematical skills, which in turn could bias
estimations. To address this, farmers’ elementary school
mathematics scores are used as the instrumental variable.
Following Pesando (2018) mathematics skills are strongly
correlated with the initial stock of financial literacy but are
assumed to be exogenous to current climate financing decisions.
To reinforce the validity of this instrument, we note that elementary
math scores are predetermined long before current farming and
borrowing/saving choices, reducing the likelihood of correlation
with the error term. Nevertheless, we acknowledge in the discussion
that full exogeneity cannot be guaranteed, and this remains a
limitation.

2.3.2 Link to theoretical framework
The estimation strategy is consistent with Random Utility

Theory (RUT) (Rahman et al., 2023a), under which farmers are
modeled as rational decision-makers who maximize expected utility
when choosing financial strategies (credit or savings) under climate
uncertainty. Financial literacy enhances the ability to evaluate these
options, thereby influencing adaptive financial behavior.
Furthermore, the AGW theory highlights that systemic climate
risks (e.g., extreme weather and yield variability) create financial
instability, which this model captures through the inclusion of
adaptive financial outcomes.
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3 Results

3.1 Descriptive statistics

Table 1 summarizes the descriptive statistics and variable
definitions. Regarding financial literacy, approximately 62.33%
of farmers accessed credit from formal financial institutions,
such as microfinance organizations, banks, or cooperatives,
while 37.67% did not. In terms of saving behavior, 50.86% of
farmers reported setting aside part of their income, whereas
49.14% did not.

Financial literacy was assessed using six questions, as detailed in
Appendix A. The average financial literacy score was 3.47 out of a
maximum of 6, indicating a relatively low level of financial
understanding among respondents. Mathematical skills were
evaluated using elementary-level mathematics scores, categorized
using a Likert scale from one to 4: “Very Good” (score >8.0), “Good”
(6.1–8.0), “Bad” (5.0–6.0), and “Poor” (<5.0), based on Indonesia’s
10-point grading system. The average mathematics score was 2.85,
suggesting generally unsatisfactory numeracy skills within
the sample.

The average amount of credit obtained was approximately US$
662.36, while the average amount saved was around US$ 432.03.
Demographic characteristics show that 94.01% of the farmers were
married, with an average age of 47.72 years and an average
education level of 7.21 years. Farmers had approximately

25 years of farming experience, and the average landholding
size was relatively small, at less than 0.5 ha, with 76.20% of the
farmers owning their land.

Additionally, 34.08% of the farmers self-identified as risk
seekers. The average distance from farmers’ residences to the
nearest formal financial institution was about 7.30 km. Only
18.49% of farmers reported accessing financial information
through media sources such as radio, television, or
printed materials.

Income heterogeneity was analyzed by dividing the sample
into tertiles (low, middle, and high) based on household net
income distribution. The first tertile represents the lowest 33%
of households, the second tertile the middle 33%, and the third
tertile the top 33% (Rahman et al., 2023a; Rahman et al.,
2023b). While this approach is consistent with rural
household studies, we recognize that the robustness of group
differences could be further tested using alternative thresholds,
which remains a limitation of this study. It is also important to
note that the survey was limited to horticultural smallholders in
East Java, which may restrict the generalizability of findings to
other farmer groups, such as staple crop producers or
households engaged in part-time non-farm employment.
Moreover, key variables such as social capital and
household-specific climate shock history were not included
in the dataset, which we acknowledge as a limitation and
suggest for future research.

TABLE 1 Descriptive statistics.

Variable Measurement Mean Std. Dev

Treatment Variables

Financial Literacy Financial literacy score (0–6) 3.4709 1.6439

Instrumental Variables

Mathematic Score Mathematic Score (1is the poorest; 4 is the best) 2.8459 1.0576

Control Variables

Age Age of farmers (years) 47.7243 11.7997

Education Farmers’ education levels (years) 7.2089 2.7809

Farming experience Farmers’ farming experience (years) 24.6096 13.4754

Marital status Dummy; 1 if the farmer is married, 0 otherwise 0.9401 0.2376

Land Size Total land area (m2) 4885.1110 4373.2120

Distance to formal financial institution Distance to the nearest formal financial institution (km) 7.3022 4.7851

Land ownership Dummy; 1 if the farmer owns the land, 0 otherwise 0.7620 0.4262

Risk Seeker Dummy; 1 if the farmer is self-reported to be a risk seeker, 0 otherwise 0.3408 0.4779

Media 1 if farmer read/listen to finance related program from media; 0 otherwise 0.1849 0.4305

Outcome Variables

Credits decision Dummy; 1 if the farmer acquires credits, 0 otherwise 0.6233 0.4850

Savings decision Dummy; 1 if the farmer has a saving account, 0 otherwise 0.5086 0.5004

Credits amount Total credits (USD) 662.3642 1992.0090

Saving amount Total savings (USD) 432.0303 1273.6300
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3.2 The effect of financial literacy on climate
financing savings decisions

Table 2 presents the results of the IV-Probit and IV-Tobit
models assessing the impact of financial literacy on savings. The
IV-Probit model shows a statistically significant positive effect of
financial literacy on the likelihood of engaging in savings behavior
(p < 0.01). However, the IV-Tobit results suggest that financial
literacy does not significantly affect the amount of savings, a finding
consistent with prior studies in climate-vulnerable regions (Zhang
Hepei et al., 2025). This implies that while financial knowledge
enables saving initiation, budget constraints or structural barriers
may limit accumulation levels.

This result is consistent with earlier studies by Grohmann (2018)
and Gaurav and Singh (2012), who found a positive relationship
between financial literacy and the likelihood of saving. In the context
of climate financing, maintaining a savings account serves not only
as a means of fund accumulation but also as a gateway to accessing
climate credit products and financial assistance programs. Thus,
savings behavior reflects both a financial decision and a strategic tool
for building resilience against climate risks.

Several control variables also significantly influence saving
decisions. Higher education levels are positively associated with
savings behavior, supporting findings by (Bernheim, Garrett, and

Maki, 2001; Isiorhovoja, Solomon, and Nwachi, 2020), who argue
that education enhances financial knowledge and the ability to adopt
new financial instruments—both critical for climate risk
management.

Landholding size also exhibits a strong positive relationship
with saving behavior. Farmers with larger land areas, often
involved in more capital-intensive agriculture, are more likely
to save (Mulatu, 2020). Greater financial stability from land
ownership enables these farmers to allocate surplus income
towards future-oriented financial goals, including climate
adaptation investments.

Although farming experience positively influences saving
decisions, the effect is relatively modest. While experienced
farmers may recognize the need for financial preparedness,
limited income streams or insufficient institutional support can
constrain their ability to save meaningfully.

Interestingly, distance to financial institutions is positively
associated with saving behavior. This finding suggests that
physical distance is no longer a major barrier, likely due to the
expansion of mobile banking and digital financial services in rural
areas. Additionally, farmers who exhibit risk-tolerant behavior are
more likely to engage in saving, perceiving it as a strategic move to
capture future opportunities rather than merely as a
precautionary measure.

TABLE 2 The effect of financial literacy on saving decisions and amounts.

Variables Saving decision (dummy) Saving amount (USD)

IV-probit Average marginal effect IV-tobit

Coefficients (Std. Err) Coefficients (Std. Err)

Financial Literacy 0.3247 (0.1078)** 0.1107 (0.0359)** 21.4650 (17.015)

Age −0.0150 (0.0067)* −0.0051 (0.0023)* −0.3882 (1.0397)

Education 0.0599 (0.0230)** 0.0204 (0.0077)** 6.7535 (3.3271)*

Farming experience 0.0142 (0.0063)* 0.0048 (0.0021)* 0.4134 (0.9851)

Marital status 0.2080 (0.2412) 0.0709 (0.0820) 53.2459 (38.8303)

Land Size (Ln) 0.2345 (0.0708)** 0.0799 (0.0235)** 7.2498 (10.8749)

Distance to formal financial institution 0.0559 (0.0114)** 0.0190 (0.0037)** 10.5048 (1.6463)**

Land ownership 0.0003 (0.1426) 0.0001 (0.0486) 24.0577 (22.5489)

Risk Seeker 0.5308 (0.1431)** 0.1809 (0.0470)** 86.4501 (21.6371)**

Media 0.7291 (0.1640)** 0.2485 (0.0532)** 63.3004 (19.9426)**

Constant −3.8558 (0.8983)** - −384.1832 (138.2725)**

Log-likelihood −349.66684 −2125.7769

LR chi2 (14) 110.09 92.09

Prob > chi2 0.000 0.000

Observations 584 584

Pseudo R2 0.1360 0.1212

Endogenous Wald X2 15.46** 2.39

Correctly predicted value 68.66% -

** is significant at the 1% level, * is significant at the 5% level.
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Media exposure also plays a crucial role in shaping saving
decisions. Farmers who frequently access financial information
through media platforms are more aware of the benefits of
formal savings and are more likely to take proactive steps toward
establishing financial security.

Table 2 also presents the results of the IV-Tobit regression,
revealing that financial literacy does not have a significant effect on
the amount of savings accumulated by farmers. This finding
contrasts with earlier studies, such as Gaurav and Singh (2012),
who reported a positive relationship between financial knowledge
and the volume of savings. One plausible explanation for this
discrepancy lies in the structural and economic challenges faced
by smallholder farmers. Despite possessing financial knowledge,
these farmers often operate under tight budget constraints
characterized by low, unstable incomes and high production
costs, particularly in input-intensive agricultural systems. As
suggested by Beverly and Sherraden (1999), limited financial
resources can impede the ability of smallholders to accumulate
meaningful formal savings.

It is also important to recognize that informal or non-
institutional saving behaviors may still exist among these farmers.
Many allocate portions of their income toward future agricultural
investments or essential household needs, such as school fees, home
repairs, or transportation maintenance. Consequently, savings
behaviors may occur outside formal financial institutions, which
helps explain the absence of a strong relationship between financial
literacy and formally recorded savings amounts.

In contrast, several control variables significantly influence the
amount of savings. Higher education levels, greater distance from
financial institutions, risk-seeking behavior, and media exposure all
show positive associations with savings accumulation.

Farmers with higher levels of education are more likely to
accumulate greater savings, as education enhances financial
planning skills and fosters a long-term investment perspective
(Amponsah et al., 2023; Issahaku, 2011). Educated farmers are
better equipped to manage risk and uncertainty through
disciplined financial behavior.

Interestingly, greater distance from formal financial institutions
is associated with higher savings amounts. Although
counterintuitive, this finding may reflect the effects of targeted
government outreach and financial inclusion programs, which

have expanded access to financial services among rural farmers,
particularly those with substantial landholdings (Mulatu, 2020).

Risk-tolerant farmers also tend to accumulate higher savings.
Their proactive financial management and view of savings as a
strategic reserve for future ventures support greater savings behavior
compared to risk-averse individuals.

Finally, media exposure emerges as a crucial factor in promoting
savings accumulation. Farmers who engage with financial literacy
programs via radio, printed materials, or online platforms are more
likely to prioritize saving behaviors. This finding aligns with
Rahadiantino and Rini (2021), who noted that access to financial
information through media significantly enhances individuals’
propensity to allocate income for productive uses and future
financial security.

3.3 Disaggregated effects of financial
literacy on climate financing behaviour

While the IV-Tobit results in Tables 2 provide average effects of
financial literacy on credit and savings behavior, this study further
investigates these relationships across different income groups
(tertiles). Such disaggregation is critical, as farmers at varying
income levels may respond differently to climate-related financial
decisions, such as borrowing to invest in climate-resilient practices
or saving to mitigate future risks.

The results in Table 3 reveal that financial literacy has a
significant and positive effect on the amount of credit accessed
only among middle-income farmers (tertile 2). This indicates that
financially literate farmers within this group are more likely to
secure higher credit amounts, potentially enabling them to invest in
climate-smart technologies such as irrigation systems, drought-
resistant seeds, or improved farming equipment.

In contrast, financial literacy does not significantly affect
credit amounts among lower-income (tertile 1) or higher-
income farmers (tertile 3). Lower-income farmers may
continue to face structural barriers such as lack of collateral or
fear of indebtedness, even when they understand financial
products. Meanwhile, higher-income farmers may possess
sufficient financial resources and thus rely less on financial
knowledge when making borrowing decisions.

TABLE 3 Disaggregated analysis.

Group Outcome variables

Credit amount Saving amount

Coeff. (Std. Er.) Coeff. (Std. Er.)

Income tertile 1 17.5756 (11.8418) 38.9330 (23.2083)*

Income tertile 2 38.3611 (19.4209)* 13.4379 (19.0822)

Income tertile 3 66.7695 (59.0493) 1.5980 (38.8100)

Control variables Yes Yes

Instrumental variables Yes Yes

Observation 584 584

The * denote significance of 5% level. The values in parentheses represent the standard errors.
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Regarding savings behavior, financial literacy exerts a significant
positive effect only among the lowest-income farmers (tertile 1).
Financially literate farmers in this group tend to save larger
amounts, a crucial strategy in the context of climate change,
where savings can provide a buffer against risks such as crop
failure, extreme weather events, and rising input costs. As noted
in previous studies, low-income farmers often prioritize setting aside
income for essential needs or future agricultural investments, even if
savings occur informally (Beverly and Sherraden, 1999).

4 Discussion

This study provides new empirical evidence on the role of
financial literacy in influencing climate financing
behaviors—namely credit access and savings—among smallholder
farmers in East Java, Indonesia, and contributes to bridging the gap
between climate change adaptation and rural household finance.
Grounded in the Anthropogenic Global Warming (AGW) theory,
our findings are interpreted in light of systemic climate risks that
disrupt agricultural returns and household financial flows. AGW
emphasizes how human-induced climate instability produces
heightened uncertainty (Larminat, 2023), and our results show
that financial literacy operates as a buffer, enabling farmers to
make more informed financial choices under such uncertainty.
By framing farmers’ credit and saving decisions as climate-
specific adaptive responses rather than ordinary financial
behaviors, this study advances the theoretical link between AGW
and rural household economics (Yousafzai et al., 2022).

One of the key findings is that financial literacy significantly
increases the probability of smallholder farmers engaging in
precautionary savings. This has deep implications for rural
households facing irregular incomes, uncertain yields, and lack of
safety nets—conditions increasingly common under climate stress.
Savings here are conceptualized as climate-adaptive buffers, not
merely household liquidity management (Gikonyo et al., 2022). By
setting aside income—even in small amounts—farmers can smooth
consumption, finance emergency repairs, or reinvest in climate-
resilient inputs, which aligns with climate adaptation objectives
(Wieliczko, Kurdyś-Kujawska, and Sompolska-Rzechuła, 2020).
However, the study also finds that financial literacy does not
significantly affect the amount saved. This knowledge–behavior
gap reflects systemic constraints. While farmers may be willing
and knowledgeable, their ability to save is capped by low and
unstable incomes, high input costs, and limited formal savings
instruments. This aligns with prior evidence in emerging
economies (Xu et al., 2023), but our finding diverges in that
literacy in Indonesia promotes the decision to save but not the
scale. This contradiction with earlier studies suggests that local
financial ecosystems—such as weak savings products or mistrust
in institutions—are decisive factors (Guja, 2022).

Equally important is the finding that financial literacy significantly
increases the likelihood of accessing formal climate credit. Unlike
savings, where structural constraints dominate, access to credit
depends heavily on awareness, documentation, and compliance, all
of which literacy facilitates. Yet, the fact that literacy does not expand
the amount of credit obtained reveals another systemic barrier:
collateral constraints, bureaucratic limits, and land size restrictions,

with average holdings below 0.5 ha. This explains why even middle-
income farmers cannot expand borrowing despite being literate. Such
findings echo AGW’s emphasis on systemic constraints and highlight
that literacy alone cannot overcome structural barriers. The
disaggregated analysis further reveals heterogeneity, with middle-
income farmers benefiting more from literacy in terms of credit
access, likely because they possess collateral or stable income flows
tomeet lender requirements, while low-income farmers use literacy to
strengthen precautionary saving behavior, since credit access remains
restricted. This pattern supports Random Utility Theory (RUT), as
different groups maximize utility within their feasible choice sets
(Toiba et al., 2024). The heterogeneity is therefore not post hoc but
reflects structural credit market segmentation: those with assets
leverage literacy for borrowing, while those without turn to savings.

Interestingly, savings and credit behaviors also interact. For low-
income households, savings serve as a substitute when borrowing is
unattainable. For middle-income groups, savings may complement
credit, providing liquidity tomeet repayment schedules. Although not
formally modeled in this paper, these substitution–complementarity
dynamics between savings and credit are important and should be
explicitly quantified in future research. Beyond individual behavior,
policy context matters. Indonesia’s flagship rural financial
program—Kredit Usaha Rakyat (KUR Tani)—provides subsidized
loans for smallholders but remains underutilized due to lack of
awareness and procedural complexity (Gunawan et al., 2021). Our
findings imply that financial literacy, when combined with reforms to
KUR delivery mechanisms, could substantially increase uptake.
Similarly, programs such as kampung iklim could embed literacy
modules to build resilience (Gilang Prasetyo, Wahyuni, and Solina,
2022). Without integration into national policy instruments, financial
literacy programs risk being too generic to deliver impact.

From a theoretical standpoint, this study shows that financial
literacy improves adaptive financial intentions but interacts with
systemic and contextual constraints. This reinforces AGW’s
perspective that resilience requires more than individual
capability—it requires enabling institutions. The policy
implications are clear: financial literacy programs must be
content-specific, focusing not only on budgeting and numeracy
but also on climate-linked products such as insurance, weather-
indexed credit, and mobile savings. Delivery should be localized,
using trusted channels such as extension services, farmer groups,
and local media including radio and WhatsApp groups. Policies
must also be differentiated by income group, with middle-income
farmers requiring credit-linked training, while low-income farmers
need savings-oriented literacy with incentives for small deposits.

The implications for the Sustainable Development Goals should
also be interpreted cautiously. While the results contribute to SDG
13 (Climate Action) and SDG 1 (No Poverty), claims regarding SDG
10 (Reduced Inequalities) are limited, literacy improved saving
decisions among low-income farmers, but the effect size is
modest and not sufficient to quantify distributional impacts. This
study is therefore better positioned as a contribution to adaptive
capacity rather than direct inequality reduction.

Several limitations should be acknowledged. First, the use of a
cross-sectional dataset restricts the ability to make strong causal
inferences and does not eliminate the possibility of reverse causality,
whereby improved financial outcomes may themselves enhance
financial literacy. Second, the financial literacy measure is
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confined to basic numeracy and does not capture climate-specific
literacy dimensions, such as awareness of weather-indexed
insurance, credit products, or risk-related variables (e.g., risk
perception and trust building). Third, omitted variables, such as
social capital and household-specific histories of climate related
variables, may bias the estimates and should be considered in future
work. Finally, robustness checks—such as alternative instrumental
variables, different econometric specifications, or subsample
regressions—could not be conducted due to data limitations.
Future research should address these gaps by employing panel
datasets, incorporating richer behavioral variables, and applying
multiple robustness strategies.

Despite these limitations, the study provides novel theoretical
and empirical contributions by situating financial literacy within a
systemic climate risk and behavioral decision-making framework.
While the mechanisms could not be fully disentangled, the results
highlight that financial literacy supports adaptive financial behaviors
in rural households, yet its effectiveness is conditioned by resource
endowments and institutional constraints. Importantly, the findings
call for more climate-sensitive and context-specific financial literacy
and policy interventions that move beyond generic inclusion
programs, thereby empowering smallholders to navigate climate
risks more effectively.

5 Conclusion

This study investigated the role of financial literacy in shaping
climate financing behaviors—namely credit access and
precautionary savings—among horticultural smallholders in East
Java, Indonesia. Grounded in the Anthropogenic Global Warming
(AGW) theory and Random Utility Theory (RUT), the results
demonstrate that financial literacy significantly improves the
likelihood of farmers accessing formal credit and engaging in
savings, thereby supporting adaptive financial decisions under
systemic climate risks. However, financial literacy does not
significantly influence the amount of credit or savings, reflecting
structural constraints such as limited collateral, small landholdings,
low incomes, and restricted financial product design. This
knowledge–behavior gap emphasizes that while literacy improves
financial intentions, systemic barriers prevent it from translating
into larger-scale financial outcomes.

The disaggregated results further highlight that the impact of
financial literacy differs by income group. Middle-income farmers
benefit more in terms of credit access, largely because they have
collateral or relatively stable income flows, while low-income
farmers rely more on savings as an adaptive mechanism in the
absence of viable credit opportunities. These patterns reflect
structural segmentation in rural credit markets and confirm that
financial literacy interacts with existing resource endowments to
shape adaptive strategies. Importantly, this differentiation implies
that one-size-fits-all interventions are unlikely to be effective in
strengthening financial resilience to climate risks.

The study also reveals important complementarities and
substitutions between credit and savings. For low-income
households, savings substitute for credit when borrowing is
inaccessible, while for middle-income farmers, savings may
complement credit by providing liquidity for repayments and future

investments. This interaction underscores the need for integrated
approaches that view credit and savings not as isolated financial
actions but as interconnected strategies for climate adaptation.

From a policy perspective, the findings underscore the need to
move beyond generic financial literacy campaigns toward tailored
interventions that explicitly incorporate climate-sensitive content.
Financial education should cover not only basic numeracy and
household budgeting but also climate-specific financial products
such as weather-indexed insurance, mobile savings, and climate-
resilient credit schemes. Delivery channels must be localized through
farmer groups, extension services, cooperatives, and accessible digital
platforms such as radio or WhatsApp groups, which are trusted and
widely used in rural communities. At the same time, national programs
such as Kredit Usaha Rakyat (KUR Tani) should be simplified and
paired with financial literacy modules to bridge the awareness and
procedural barriers that currently limit uptake. Policies should also
differentiate by income group, linking credit training to middle-income
households with collateral capacity and savings promotion to low-
income households where liquidity constraints dominate.

In terms of broader implications, the study contributes directly
to SDG 13 (Climate Action) and SDG 1 (No Poverty) by
demonstrating how financial literacy enhances adaptive capacity
and financial resilience under climate change. However, the
contribution to SDG 10 (Reduced Inequalities) should be
interpreted cautiously, as the effect size on reducing income
disparities through savings among low-income groups is modest
and insufficient to quantify distributional impacts. Rather than
claiming direct effects on inequality reduction, the study is better
positioned as evidence of enhanced adaptive capacity that can
indirectly support more equitable resilience pathways.
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Appendix A

Financial Literacy Questions*

1. If you borrow IDR 2,000,000 from a bank and the bank charges
an interest of 10% per year, what is the total interest you have to
pay after a year?
(a) IDR 100,000 (c) IDR 400,000
(b) IDR 200,000 (d) I do not know

2. If you want to save money in a bank, and Bank A provides
interest at 10% per year, while Bank B provides interest at 6%
per 6 months, which bank will you choose?
(a) Bank A (c) The same
(b) Bank B (d) I do not know

3. If you have savings of IDR 1,000,000 in a bank and 2 years later
your money increases to IDR 1,040,000, what percentage of
interest did the bank give you?
(a) 0.2% (d) 4%
(b) 0.4% (e) I do not know.
(c) 2%

4. If you have savings of IDR 800,000 in a bank, but now you need
money to pay for your child’s school fees of 500,000 IDR, what
will you do?
(a) Withdraw IDR 500,000 from the savings.
(b) Take an IDR 500,000 credit from the bank without

withdrawing the savings.
(c) Withdraw IDR 250,000 from the savings and take a credit

of IDR 250,000.
(d) All the options above are the same.
(e) I do not know.

5. Suppose your friend had IDR 10,000,000 in 2020, while his
sibling had IDR 10,000,000 in 2022. Which one is richer?
(a) My friend (c) No one, both had the same

amount of money
(b) His sibling (d) I do not know

6. If you want to purchase a TV for IDR 1,000,000. Store A offers
discount of IDR 150,000, while Store B provides a 10%
discount. Which store will you choose?
(a) Store A (c) Both stores offer the same discount
(b) Store B (d) I do not know

*Correct answer in bold for the six questions.
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