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ABSTRACT  ARTICLE INFO 

Research Originality – This research shifts from yearly national datasets to 
a quarterly sub-national analysis using a dual Fixed Effect Model (FEM) and 
output-oriented Data Envelopment Analysis (DEA) framework. It establishes 
an empirical benchmark for sub-national climate finance synergy, 
addressing a significant gap in global literature. 
Research Objectives – The study aims to determine the impacts of 
agricultural credit and climate spending on regional GRDP, construct 
provincial efficiency benchmarks via DEA, and assess credit-expenditure 
synergy to inform performance-based fiscal management. 
Research Methods – A two-stage analysis was employed. First, an FEM—
validated by Chow and Hausman tests—measured input impacts on 
agricultural GRDP. Second, a DEA based on Variable Returns to Scale (VRS) 
captured structural differences and economic capacities for benchmarking. 
Empirical Results – The FEM analysis shows that although credit 
instruments generated substantial marginal returns, the impact of climate-
tagged expenditures was mixed. CA_SE demonstrated positive multipliers, 
while CM_SE and AGRI_LE were either non-significant or associated with 
negative impacts, indicating potential fiscal inefficiencies. The model had a 
high degree of fitness and passed the robust diagnostic tests, validating the 
coefficients. The analysis revealed a resource-performance gap where high-
input provinces did not achieve efficient outputs, whereas eight provinces 
achieved an optimal resource-output efficiency ratio. 
Implications – The study advocates for performance-based fiscal policies 
over volume-based finance. It highlights that credit access requires 
optimized governance to ensure effectiveness and recommends 
transitioning from administrative mitigation spending toward performance-
based infrastructural investments. 

Keywords: Agricultural Credit; Agriculture GDRP; Climate-tagged 
Government Budget; DEA Efficiency; Sustainable Economy. 
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INTRODUCTION 

Indonesia has a long history of a strong economy in recent years. Still in 2024, this country's economic 
output is indeed substantial, with a nominal Gross Domestic Product (GDP) of about IDR 22,138.96 trillion 
and a real GDP growth rate of 5.03% year-on-year (yoy) (See Figure 1). However, it provides a view of 
Indonesia's growth (as an emerging market) and investment prospects as a stable economy. 

This economic success is the result of a wide spectrum of close that varies from sectors. Over the five 
years from 2019 to 2024, the five sectors with the largest nominal value added were Manufacturing, 
Wholesale and Retail Trade, Agriculture, Construction, and Mining. In 2024, the value of the manufacturing 
sector reached 20.000 trillion IDR, which in 2019 had contributed 3.068,04 trillion IDR as a sector, but 
increased to 4.202,87 trillion IDR. As illustrated in Figure 2, the shares of the Wholesale and Retail Trade, 
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Agriculture, Construction, and Mining sectors are 
projected to reach 13.1%, 12.6%, 10.1% and 9.2%, 
respectively, in the year 2024. In addition, Table 1 
shows the Share-to-Growth (STG) outputs across 
these five sectors. The manufacturing zone 
recorded an economic increase of 4.43 percent 
(yoy) over 2023, equivalent to approximately zero, 
9 percent (yoy), weighted-in contribution out of the 
full financial increase in 2024. The Construction 
sector was also the main driver of growth in 2024, 
followed by Wholesale and Retail Trade, 
Agriculture, and Mining in third, fourth, and fifth 
place, respectively.  

As shown in Figure 2 and Table 1, the 
agriculture sector, covering farming, forestry, and 
fishery activities, is also a major contributor to 
Indonesia’s GDP output. This is important, as, from a provincial perspective, this sector contributed up to 
39,2% of Gross Domestic Regional Product (GDRP) in 2024 especially in Sulawesi Barat/West Sulawesi (see 
Figure 3). Agriculture is a central aspect of economic and social development, especially in the developing 
parts of the world, with impacts not only on output but also on broader socio-economic concerns 
(Havemann et al., 2020; Kifle, 2020). In addition, inclusive economic development helped reduce poverty 
(Ali & Imran, 2021), ranged employment and income in rural areas (Khumalo et al., 2024), and supplied 
input to other value-added industries (Raihan et al., 2023). 

Figure 1 Indonesia GDP and Yearly Economic Growth (2019 – 2024)  

 
Source: BPS-Statistics Indonesia 

Figure 2 Sectoral Contribution of GDP from 2019 to 2024 

 
Source: BPS -Statistics Indonesia 
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APPLICATIONS FOR PRACTICE 
• Scale low‑cost rural loans (BPR, KUR) and 

make them easier to access in remote areas 
to boost farm investment and incomes. 

• Link climate budgets to on‑the‑ground needs 
(irrigation, seeds, extension) so spending 
raises farm output. 

• Pair credit with training and simple 
insurance to ensure funds are used 
productively and reduce risk. 

• Improve coordination between national and 
local governments and copy successful 
provincial practices to raise efficiency 
nationwide. 
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Table 1 Sectoral Share-to-Growth to Indonesia Real GDP Change in 2019 to 2024 
Sectors 2020 2021 2022 2023 2024 

Growth (yoy)      
Manufacturing -2,93% 3,39% 4,89% 4,64% 4,43% 
Construction -3,26% 2,81% 2,01% 4,91% 7,02% 
Wholesale and Retail Trade -3,79% 4,63% 5,53% 4,85% 4,86% 
Mining -1,95% 4,00% 4,38% 6,12% 4,90% 
Agriculture 1,77% 1,87% 2,25% 1,31% 0,67% 
Sum of Other (12) Sectors -1,94% 4,38% 7,60% 6,40% 6,30% 

Share-to-Growth      
Manufacturing -0,61% 0,70% 1,01% 0,95% 0,90% 
Construction -0,33% 0,28% 0,20% 0,47% 0,67% 
Wholesale and Retail Trade -0,50% 0,60% 0,72% 0,63% 0,63% 
Mining -0,14% 0,29% 0,32% 0,45% 0,36% 
Agriculture 0,22% 0,24% 0,28% 0,16% 0,08% 
Sum of Other (12) Sectors -0,70% 1,59% 2,77% 2,38% 2,38% 

Real GDP Growth -2,07% 3,70% 5,31% 5,05% 5,03% 

Source: BPS -Statistics Indonesia  

Figure 3 Agriculture Sector’s Share of Gross Domestic Regional Product in 2024 

 
Source: BPS -Statistics Indonesia  

But climate change represents a serious threat to the agriculture sector as a lasting economic growth 
engine. So, changing weather patterns, extreme climate events, and shifts in pest and disease prevalence 
are already affecting agricultural output, lifting the likelihood of food insecurity (Fusco et al., 2020). 
Moreover, its tenuous growth once again emphasized the already considerable difficulties in advancing the 
development of Indonesia's agriculture (see again Table 1). In Indonesia, according to Abdillah et al. (2023) 
and Wurarah (2024), climate change is accelerating, with dire consequences such as rising sea levels and 
floods, increasing greenhouse gas emissions, erratic rainfall patterns, and higher surface temperatures that 
will result in reduced output of some crops and increased environmental risk. In line with this, it was also 
reported recently that the agriculture and land-use sector is one of the sectors most vulnerable to climate 
extremes and variability (Intergovernmental Panel on Climate Change [IPCC], 2023). Also, the continued 
growth of the population will only worsen this scenario if it is not properly monitored, since its effects are 
most strongly reaped by impoverished communities (Sylviani & Sakuntaladewi, 2024). 

In light of increasing climate change risks, governments and financial institutions should prioritize 
targeted policy instruments to sustain agriculture's prospects as an economic driver. The government 
should be able to deftly provide supporting infrastructure development, such as irrigation systems and 
roads (Khumalo et al., 2024) improve efficiency and expand market access. Both the central and local 
governments can also promote investment in agricultural research, development, and extension services 
(Segbefia et al., 2023) and climate-smart agricultural practices (Bongay & Turay, 2024). In addition, more 
inclusive access to credit for small-scale farmers is crucial for maintaining the sector’s sustainability 
(Segbefia et al., 2023). Moreover, direct engagement by governments and financial institutions in climate 
change mitigation and adaptation is highly beneficial for supporting the agricultural sector (Muhammad et 
al., 2025; Pendyala & Nainggolan, 2024; Primambudi, 2023; Wurarah & Mulyanto, 2024). Through these 
interventions, the agriculture sector can fulfill its dual role of driving economic growth and building 
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resilience to climate change impacts, which ultimately supports sustainable development goals in the future 
(Nhemachena et al., 2018). 

Nevertheless, existing studies provide limited analysis of the interaction between selected policy 
instruments and regional agricultural economic output. For instance, Segbefia et al. (2023) analyzed a five-
country panel using annual data spanning 1990 to 2020. However, their analysis was restricted to macro-
level metrics such as carbon emissions, demographic growth, and human capital. A similar reliance on 
macro-level, annual data characterizes the work of Khalatur et al. (2023) and Luo et al. (2024). On the other 
hand, qualitative examinations of climate-related interventions by Muhammad et al. (2025), Abdillah et al. 
(2023), Fusco et al. (2020), and Wurarah & Mulyanto (2024) provide valuable conceptual frameworks for 
climate-aligned agricultural development. Nevertheless, these studies omit direct, disaggregated empirical 
measurements regarding the efficiency and effectiveness of localized financial interventions on agricultural 
economic output.  

Examining the effects of these instruments may help identify which combinations of variables are most 
influential in shaping Indonesia’s agricultural sector. This paper uses some public expenditures, such as 
climate-related spending on mitigation and adaptation activities of the central government and agricultural 
spending for the agriculture subfunction conducted by the local government, along with targeted credit to 
farmers – People's Business Credit (KUR) for Micro, Small, and Medium Enterprises (MSME) and Rural Bank 
(BPR) Credit. The effectiveness of these instruments was estimated using panel data regression analysis. In 
addition, Data Envelopment Analysis (DEA) was conducted to assess the relative efficiency of regions in 
utilizing these instruments. The quarterly dataset from 34 Indonesian provinces from the year 2023 to 2024 
enables authors to conduct an empirical study on the effect of selected government interventions and 
financial instruments on agriculture Gross Domestic Regional Product (GDRP). Furthermore, the relative 
efficiency of provinces in generating agricultural GDRP may serve as a benchmark for developing a more 
efficient agricultural economy. Although Indonesia introduced a national climate budget tagging scheme for 
all public expenditures in 2023, making earlier comparisons difficult, the use of quarterly data intervals 
enabled the study to generate 272 observations in the sample. 

LITERATURE REVIEW 
The agriculture sector makes the greatest contribution to GDP, employment generation, exports, and 

rural empowerment in many developing economies (Alromaihi & Omri, 2025). There has been an 
acknowledged correlation between agricultural and economic development, with food security as a key 
parameter (Adelaja & George, 2021). But as the new global reality brings larger, more frequent challenges 
such as erratic economic cycles, natural calamities, wars, and trade friction between nations, there are ever-
growing operational risks for agriculture today (Berry et al., 2022; Luo et al., 2024). Uncertainties and 
interacting drivers necessitate strengthening resilience for the sustainable development of agriculture (Luo 
et al., 2024). Thus, enhancing the resilience of agricultural industries has become a primary focus globally 
(Luo et al., 2024). 

In addition, the agricultural domain is highly vulnerable worldwide, but several challenges in this 
domain persist, especially in developing countries. Infrastructure gaps, including constrained fiscal space, 
poor transportation networks, unreliable energy supply, underdeveloped water-rainwater distribution 
systems, and storage locations, further hurt its development (Omit in Ngenoh et al., 2019). Economically, 
farmers are frequently distressed by instability in commodity prices, rising input costs, and low access to 
markets (Adisa et al., 2024). Limited access to credit and investment capital remains a key barrier to the 
adoption of new technologies and productivity enhancements (Khalatur et al., 2023). 

Water scarcity, soil degradation, and increased spread of pests & diseases are among the impacts of 
climate change on agriculture. Moreover, both changing temperature and precipitation patterns, as well as 
the day-to-day recurrence of extraordinary climate occasions expand the danger of harvest disappointment 
and compromise occupations (Malau et al., 2024; Namozov et al., 2024). Unsustainable land and water use 
also negatively affects soil health, biodiversity, and therefore the provision of ecosystem services to the 
agricultural system (Namozov et al., 2024). Labor shortages, the aging of farming’s population, succession 
issues, and shifting attitudes towards agriculture all combine to increase pressure on a sector already facing 
myriad challenges (Spiegel et al., 2020; Tahom, 2024). The sector's ability to respond rapidly to these major 
challenges is exacerbated by weak institutional frameworks, lack of policy integration, and limited 
bargaining power among farmer organizations (Tahom, 2024). 

Such problems are repeating themselves in Indonesia right now, where a structural and demographic 
crisis threatens the longevity of its sector. The workforce on farms is heading for a crisis, with almost 60% 
of workers aged 45 or over as opposed to only 14.8 percent who were under the age of 35. Moreover, from 
2005 onwards, the share of older workers increased from 12.6% to 21.2% in 2020. Simultaneously, the total 
agricultural labor force has fallen from 41.3 million to 38.22 million as younger generations increasingly 
turn their back on agriculture-related jobs (Alkausar et al., 2021; Ngadi et al., 2023; Guo et al. in Rambuda 



 
Evaluating Agricultural Credit and Climate-Related... (Priambodo, et. al) 127 

 

et al., 2025). With that, the busy transformation of land from agriculture to infrastructure and construction 
leads to a loss of arable lands, which range from 150,000 to 200,000 hectares annually, leading to an 
increasingly small area of rice fields, while real estate developers attack them (Askar in Affandi et al., 2025; 
Alkausar et al., 2021; Setiartiti, 2021). In addition, however, limited funding and capital investment still 
impede modernization; banks have a tendency to focus on the more stable and profitable sectors such as 
traditional products (Aziz et al., 2024; Yazid et al., 2021). With the combination of modern technology and 
good agricultural practice still a limited experience, it improves only product quality and not overall 
productivity, as the continuing economic crisis and increasing land pressures are maintained. A bottleneck 
to most of the progress that we have seen in agricultural development comes from this technical stagnation, 
which is limited by the high cost of these mechanisms, limited access, and the absence of infrastructure to 
put forth improvements on a large scale. 

Such structural problems have exacerbated long-standing welfare and governance issues, further 
reducing the sector’s resilience. Decreasing purchasing power due to low wage rates, land ownership, and 
international commodity price fluctuations leads to a disinclination towards labor force participation in the 
sector (Cakranegara, 2022; Setiartiti, 2021). Weaknesses at institutional level include uneven attention to 
human capital development since the village fund is focused on building physical infrastructure rather than 
that pertaining to people, low smallholder involvement in development decision-making and connection to 
local government mechanisms for implementing programs equitably, are among those factors that 
constrain the contribution of subsidies, upskilling, and infrastructure investments supposed to enhance 
productivity and farmers income (Novita, 2023; Penggalih et al., 2023; Tobing et al., 2024). Combined 
demographic aging, land loss, financing gap, slow adoption of technology, and insufficient institutional 
abilities signify an interconnected boundary that urges amelioration to achieve food security and 
sustainable agricultural growth in Indonesia. 

However, several key instruments are available to address such challenges in the agricultural world. A 
lot of empirical evidence suggests a positive association between agricultural credit and agricultural GDP in 
most countries. The pattern shows that increased provision of agricultural credit leads to greater 
agricultural productivity in both intra-country and cross-country analyses. For instance, research in 
Bangladesh shows long-run relationships between bank agricultural credit, pesticides, and cropped area 
with agricultural output (Patwary et al., 2023). Using an Indian dataset, a 10% increase in agricultural credit 
increases agricultural GDP by about 2.7%. On the other hand, a U.S. study found that a one percentage-point 
increase in agricultural loans generates about 10% higher state-level agricultural GDP (Chakraborty & 
Shukla, 2020). Cross-country studies estimate that a 1% increase in agricultural credit can raise agricultural 
value added by approximately 0.19% in the long run. These studies also reveal a bidirectional causal 
relationship between credit access and agricultural value added (Ozdemir, 2024). National studies in 
Turkey, Nigeria, and Angola likewise document positive effects, with Turkey finding that a 1% credit 
increase raised agricultural output per hectare by 0.17% (0.05% direct, 0.12% spillovers) (Bahşi & Çetin, 
2020). Multiple Nigerian analyses report significant positive impacts of formal bank lending and credit 
schemes on agricultural growth (Ajao et al., 2020; Akinniran et al., 2020; Ighoroje et al., 2021). 

The government launched the subsidized Kredit Usaha Rakyat (KUR) to increase low-interest credit 
access for more micro, small, and medium enterprises in Indonesia. It also expands the farmer-offer 
program, which attempts to cut down on borrowing costs and alleviate collateral constraints, enabling 
farmers to purchase inputs and start commercializing more. This specialized form of lending may better 
convert credit into farm investments, which are more accessible. Yet a bigger pooled literature shows that 
simply expanding access to credit is not a foolproof recipe for perennial growth in agriculture(see Huseynov 
et al., 2024; Ozdemir, 2024; Sogah et al., 2024). Outcomes are contingent on program design, targeting, risk 
management, and the associated availability of complementary services (ag extension, accessible inputs, 
broader access to markets). Therefore, while KUR can be a vital tool for promoting the agricultural 
development sector, it will not work effectively if appropriate assistance and cross-factor pre- and post-
production support are not combined with the credit. 

Government spending on climate adaptation and mitigation in agriculture, particularly in irrigation, 
research, and development, is consistently associated with improved agricultural productivity, even as 
rising CO₂ emissions continue to negatively affect output (Gao et al., 2022). Empirical estimates show 
substantial gains from well‑targeted public spending. One study reported that government agricultural 
expenditure raised total factor productivity by about 4% in the short run and 18.5% in the long run (Ngepah 
& Sunge, 2023). Climate variability compounded these impacts, with every 1% increase in average 
temperature and rainfall corresponding to productivity increases of 2.7% and 1.4%, respectively (Ngepah 
& Sunge, 2023). In addition to research focused on innovation in adaptation technologies in a particular 
place or sector, including precipitation, fertilizers, and improved seeds, tractors, or the diffusion of generally 
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more innovative practices in R&D and technology adoption, can also play an important role in increasing 
productivity under moderate climate conditions across countries (Chandio et al., 2023; Usman et al., 2021). 

Moreover, climate-driven public expenditure effects are heterogeneous and may be constrained by 
financial and institutional constraints. Using credit markets to fund R&D and infrastructure investments 
can mitigate some of the climate impacts, but not all, it finds: For example, temperature variability has a 
negative effect on agricultural credit supply while precipitation increases it; however, government spending 
did not significantly decrease those adverse effects for temperature variability only for precipitation 
(Dziwornu et al., 2024). Taken together, these mixed findings suggest that climate-oriented spending on 
agriculture is most effective when accompanied by other enabling measures, such as financial instruments 
and targeted credit programs, in addition to country-specific implementation strategies capable of ensuring 
that investments translate into lasting gains in productivity and resilience (Chandio et al., 2023; Gao et al., 
2022; Ngepah & Sunge, 2023). 

As an adaptation, the Indonesian government has been working with local context tools such as 
National Adaptation Plans (NAP's) and National Action Plan for Climate Change Adaptation (RAN-API). The 
perceived threats of climate change were also described. These initiatives identify farmer characteristics 
that influence adaptation capacity and emphasize the importance of government programs such as rice 
farming insurance (AUTP) (Rokhani et al., 2021). Additionally, in their study, Sekaranom et al. (2021) note 
the Kebumen government’s response to climate adoption strategy through microfinance and agricultural 
insurance. However, these policies must be strengthened and more effectively integrated with financial, 
technical, and institutional measures to achieve their intended impact. 

METHODS 
This study incorporates five independent variables that are theoretically expected to influence 

agricultural Gross Domestic Regional Product (GDRP_AGRI): agricultural rural bank credit (BPR_AGRI), 
KUR financing for agricultural MSMEs (KUR_AGRI), state expenditure on climate adaptation (CA_SE), state 
expenditure on climate mitigation (CM_SE), and local government expenditure on the agricultural 
subfunction (AGRI_LE). This data source consists of official data from the Ministry of Finance, the BPS, and 
the Financial Services Authority (OJK). which covered quarterly data for 34 provinces in Indonesia for the 
years 2023-2024. The dataset consists of data from 34 provinces in Indonesia from the year 2023–2024 
quarter. This specific timeframe was selected to ensure the availability and consistency of data for certain 
variables. More detailed information according to the research variables is provided in Table 2. 

Table 2 Research Variable Information 
Variable Definition Category Source 
GDRP_AGRI Constant value of GDRP in agriculture sector in billion 

IDR 
Dependent 
(Output) 

Statistics 
Indonesia (BPS) 
[bps.go.id] 

BPR_AGRI Rural Bank Credit for agriculture activity in billion IDR Independent 
(Input) 

Financial 
Services 
Authority (OJK) 
[data.ojk.go.id] 

KUR_AGRI People's Business Credit (KUR) realization to agriculture 
MSMEs in billion IDR 

Independent 
(Input) 

Ministry of 
Finance (MoF) 
[kemenkeu.go.id]  

CA_SE Climate-tagged state budget for climate mitigation in 
billion IDR 

Independent 
(Input) 

MoF 

CM_SE Climate-tagged state budget for climate adaptation in 
billion IDR 

Independent 
(Input) 

MoF 

AGRI_LE Local government spending within agriculture 
subfunctions in billion IDR 

Independent 
(Input) 

MoF 

Source: Processed by the authors  

The relevance of these specific and thematic instruments is underscored by several considerations. 
Achieving the Nationally Determined Contribution (NDC) targets for reducing greenhouse gas emissions 
requires the implementation of sustainable finance mechanisms that support environmentally friendly 
business activities (Nugrahaeni & Muharam, 2023). From a climate justice perspective, policies and 
investments should specifically target poor communities that are most affected by climate change but have 
contributed least to such events (Sahu et al., 2020). This can be achieved through KUR (Purnawan et al., 
2023) and BPR credit (Wasiaturrahma et al., 2020). As a fiscal policy instrument, green budget tagging 
(GBT) can be used to track climate-related expenditures and revenues within government budgets (Funke 
et al., 2021). As a fiscal instrument, climate budget tagging in public finance offers significant potential for 
addressing climate-related challenges (Mukhi et al., 2020). 

https://www.bps.go.id/en/statistics-table/2/MjI2NyMy/-seri-2010--pdrb-triwulanan-atas-dasar-harga-konstan-menurut-lapangan-usaha-di-provinsi-seluruh-indonesia--milyar-rupiah-.html
https://data.ojk.go.id/SJKPublic
https://sikp.kemenkeu.go.id/login
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As stated earlier, this study utilizes panel data regression analysis, specifically employing the Common 
Effect Model (CEM), Fixed Effect Model (FEM), or Random Effect Model (REM)(Rahmawati & Intan, 2020). 
The Chow Test and the Hausman Test are used to select the best model among CEM, FEM, and REM (Amin, 
2024). The use of panel regression aims to measure the influence of each independent variable, thereby 
identifying which instruments effectively promote agricultural economic output. This method is commonly 
used to analyze data collected from multiple entities (provinces) over several time periods (from Q1 2023 
to Q4 2024) (Hardi et al., 2024). To ensure the robustness of the model, classical assumption tests are also 
conducted (Priambodo & Djirimu, 2024), alongside simultaneous and partial testing. Within the assumption 
testing, multicollinearity is assessed through  theVariance Inflation Factor (VIF) calculation (Ohaegbulem & 
Iheaka, 2024), while the heteroscedasticity condition is analyzed using the Goldfeld-Quandt Test 
(Priambodo & Djirimu, 2024). In this research, the panel regression will be performed in EViews and Python 
Programming, using the regression model specified in Equation (1). 

𝐺𝐷𝑅𝑃_𝐴𝐺𝑅𝐼𝑖𝑗 = 𝛼 + 𝛽1𝐵𝑃𝑅_𝐴𝐺𝑅𝐼𝑖𝑗 + 𝛽2𝐾𝑈𝑅_𝐴𝐺𝑅𝐼𝑖𝑗 + 𝛽3𝐶𝐴_𝑆𝐸𝑖𝑗 + 𝛽4𝐶𝑀_𝑆𝐸𝑖𝑗 + 𝛽5𝐴𝐺𝑅𝐼_𝐿𝐸𝑖𝑗  (1) 

Apart from the variables in Table 2, 𝛼  stands for model’s constant. 𝛽  represents the coefficient of 
corresponding independent variable. Meanwhile, j represents the entity variant, and i represents the time 
series iteration. 

CDEA is then used to calculate the efficiency of 34 provinces in converting a set of inputs into outputs 
across eight periods (Q1 2023 to Q4 2024). DEA generates efficiency scores by comparing each unit with 
the best-performing units in the sample. Its fundamental limitation lies in the calculation process, which 
accounts only for predetermined inputs and outputs (Mujtaba et al., 2025), and in the relative efficiency 
score rather than the absolute value (Nepomuceno, 2023). Basically, DEA models can be constructed with 
two main orientations: input-oriented and output-oriented (Perovic et al., 2017; Suzigan et al., 2020), which 
are subject to specific mathematical constraints within a linear programming framework. Linear 
programming can be performed using Microsoft Excel’s Solver add-in, which is beneficial for ensuring 
simplicity and replicability. In this research, the author accommodates an output-oriented model, further 
elaborated in Equation (2). 

Efficiency Function: 

𝜏(𝑥0, 𝑦0) =
1

𝜃∗
 

Target: 

𝜃∗ = max 𝜃 

Subject to (constrained by): 

∑𝜆𝑖𝑦𝑗

𝑁

𝑗=1

≥ 𝜃𝑦0 

∑𝜆𝑗𝑥𝑗

𝑁

𝑗=1

≥ 𝑥0 

∑𝜆𝑗

𝑁

𝑗=1

= 1 

𝜆 ≥ 0 

(2) 

Where τ(…) represents the efficiency function or technical efficiency; θ denotes the theta score for the 
evaluated entity; X represents the bundle of inputs; xᵢ represents a specific type of input; Y represents the 
bundle of outputs; yᵣ represents a specific type of output; and j denotes the currently observed entity. The 
bundle of inputs covers BPR_AGRI, KUR_AGRI, CA_SE, CM_SE, and AGRI_LE, while the bundle of outputs refers 
to GDRP_AGRI. Due to the vast structural heterogeneity and economic scales difference among Indonesia's 
34 provinces, this study specifically adopts the Variable Returns to Scale (VRS) assumption, which defined 
by convexity constraint  ∑𝜆 = 1. This is an important part of isolating Pure Technical Efficiency (PTE). This 
way, the analysis can successfully eliminate scale biases that disadvantage smaller provinces, or, 
alternatively, it can accommodate the declining marginal returns rates that are frequently found in large 
agricultural regions. Ultimately, the resulting efficiency scores potentially become more precise, 
representing genuine management performance and strategic resources optimization, rather than serving 
as a proxy for a region's geographical size or total budget. 
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In simpler terms, this research begins with the stages of data collection and preparation, covering 34 
provinces over an eight-quarter period. The analysis incorporates both panel data regression and DEA 
models. These approaches allow the study to identify how effectively agricultural and climate-related policy 
instruments translate into Agricultural GRDP, while also quantifying both effectiveness and efficiency 
aspects. Both regression models and DEA were employed in prominent research, such as Nurhani & Zen 
(2023), Mujtaba et al. (2025), and Durur & Akbulut (2026). By adopting this dual-lens framework, the study 
can effectively isolate specific input drivers through regression analysis while simultaneously establishing 
a rigorous efficiency benchmark for each unit or entity using DEA.  The flow of this research is summarized 
in Figure 4. 

Figure 4 Research Flow 

 
Source: Processed by the authors 

The utilization of a sequential mixed-method econometric design in this study offers a more nuanced 
and multidimensional perspective on agricultural interventions. While panel regression is effective in 
identifying the average effectiveness and marginal contribution of specific instruments to GRDP, it tends to 
overlook operational differences across provinces and may fail to identify the most suitable candidates for 
operational benchmarking. It tells us what works on average, but not how that plays out on the ground. 
Therefore, DEA is utilized to assess relative technical efficiency, determining how effectively individual 
provinces transform these specific inputs into economic output. This identifies which provinces are truly 
maximizing their inputs to generate agricultural economic output. The study combines the two approaches 
to bridge the theoretical effect of policy instruments with their real-world regional implementation. Such 
an approach allows us to separate whether low agricultural productivity is driven by poor policy 
instruments, or by poor resource management at the subnational levels. 

RESULT AND DISCUSSION 
To analyze the clarity of the research variables, Table 3 is presented. From this dataset summary 

(based on 272 observations), we can see significant variability across the variables. For GDRP_AGRI, 
agricultural output ranged from at least under IDR 341.69 billion and up to more than IDR51.12 trillion 
with an average of IDR10.79 trillion. This points to a long tail in economic activity, where only a few 
observations at the high end bring up the average. BPR_AGRI, representing rural bank credit for the 
agriculture sector, averages around IDR 290.16 billion IDR, which suggesting that, given its high standard 
deviation, some observations received less credit while a few received substantial amounts. Similarly, 
KUR_AGRI, which is dedicated to agricultural sector MSMEs, ranged from IDR 4.95 trillion to 6.11 billion, 
with an average of approximately IDR 685.41 billion. In terms of climate-tagged state expenditure, both 
CA_SE and CM_SE exhibited substantial variation across observations. Finally, AGRI_LE (Local Expenditure 
for the Agricultural Subfunction) averaged approximately IDR 158.04 billion. 

Shown in Figure 5, BPR and KUR credit for agricultural sector businesses was absorbed primarily in 
Java Island, particularly in East Java (Jawa Timur), Central Java (Jawa Tengah), and West Java (Jawa Barat). 
Specifically, BPR_AGRI for the agricultural sector showed a high concentration in provinces like Jawa Tengah 
(averaging over IDR 12 trillion) and Jawa Timur (averaging over IDR 10 trillion), while other provinces, 
such as Gorontalo and Maluku, received negligible amounts. Complementing this pattern, Kredit Usaha 
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Rakyat (KUR_AGRI), the government’s MSME credit program, also consistently disbursed larger amounts to 
provinces within the Java region. East Java and Central Java accounted for the major beneficiaries, with 
average utilization of over 15 trillion IDR and 12 trillion IDR, respectively. This highlights a dual-target 
approach to inclusive and sustainable agricultural financing, as both BPR_AGRI and KUR_AGRI generally 
provide substantial direct support to MSMEs (Wiwoho et al., 2021; Priambodo & Djirimu, 2024). 

Table 3 Research Variables Summary 
 GDRP_AGRI BPR_AGRI KUR_AGRI CA_SE CM_SE AGRI_LE 

observtion 272,00 272,00 272,00 272,00 272,00 272,00 
mean 10786,45 290,16 685,41 9,00 12,70 158,04 

std 11790,71 669,50 913,14 28,59 39,40 216,01 
min 341,69 0,00 6,11 0,00 0,06 1,77 
25% 3094,94 15,26 90,77 0,17 1,60 23,38 
50% 5948,42 51,83 369,22 0,50 4,84 64,51 
75% 11767,04 218,34 810,29 3,87 11,28 210,84 
max 51119,86 3289,47 4948,00 263,37 493,51 1451,65 

All variables are denoted in billion IDR 
Source: Processed by the authors 

Figure 5 Agriculture-targeted BPR and KUR by Province (2023 – 2024) in Billion IDR 

 
Source: Processed by the authors 

Figure 6 Climate Adaptation, Mitigation, and Agricultural Government Expenditures 

 
Source: Processed by the authors 
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In regard to government interventions (Figure 6), the budgets realization of CA_SE and CM_SE from 
the central governments was generally lower than the dedicated agricultural credit allocation. Nonetheless, 
those spending rose significantly in 2024 in a number of provinces including Banten, West Java (Jawa Barat), 
and Central Java (Jawa Tengah), where there's now more focus than ever on climate resilience. The highest 
climate‑tagged expenditures by DKI Jakarta were highlighted, especially for mitigation in 2023. On the other 
hand, however, AGRI_LE from regional government budgets often exceeds central government spending on 
climate-related issues, which in 2023 were significant (West Java and East Java over IDR 3 trillion). Despite 
that fact, however, many provinces saw a decrease in agricultural subfunction expenditure in 2024. Taken 
together, these trends highlight a decentralized commitment to agricultural development but with focus on 
climate- resilient interventions. 

Table 4 Best Model Selection Result 
Test Statistics P-value Result 

Chow Test 175,49 0,00 FEM 
Hausman Test 70,41 0,00 FEM 

Source: Processed by the authors 

Performing regression analysis is required to measure the extent to which the independent variables 
influence the dependent variable. First, the Chow Test and Hausman Test were performed to determine the 
most appropriate model specification. As delivered in Table 4, these tests collectively resulted in the 
selection of FEM as the best model. Specifically, the Chow Test returned a p-value of 0,00, indicating a 
preference for FEM over the CEM. Furthermore, the application of the Hausman Test supported the 
selection of FEM over REM.  

Second, we examined the presence of classical assumption issues in the selected model using the 
Variance Inflation Factor (VIF) and the Goldfeld–Quandt test. Severe multicollinearity is generally indicated 
when the VIF value exceeds 10 (Ahmad et al., 2021). Therefore, there is no multicollinearity in this research, 
as all independent variables’ VIF is below 3 points. Additionally, there was no significant evidence of 
heteroscedasticity in the FEM regression model. The presence of heteroscedasticity was assessed using a p-
value criterion, where values above the 5% threshold indicated the absence of heteroscedasticity 
(Priambodo & Djirimu, 2024; Raza et al., 2023). Hereby, as summarized in Table 5, this research is free from 
multicollinearity and heteroscedasticity problems, allowing for a reliable interpretation of the regression 
results. 

Table 5 Classical Assumptions Testing Results 
Multicollinearity Heteroscedasticity 

Variable VIF Statistics P-Value 
BPR_AGRI 2,48 

0,2479 0,9999 
KUR_AGRI 2,70 

CA_SE 1,52 
CM_SE 1,42 

AGRI_LE 1,30 
Source: Processed by the authors 

Finally, this study could safely proceed with testing the effectiveness or impact of BPR_AGRI, KUR_AGRI, 
CA_SE, CM_SE, and AGRI_LE on GDRP_AGRI using the FEM. The regression results are summarized in Table 
6.  

The model yielded an R-squared value of 98.91%, indicating that the independent variables explain a 
very high proportion of the variation in agricultural GDRP. Consequently, only around 1.09% of the 
variation can be attributed to factors outside the scope of this research model. The regression results 
further highlight a significant simultaneous effect of the independent variables on the dependent variable, 
as indicated by an F-statistical probability below the 1% threshold. In the partial context, the model 
identifies BPR_AGRI (p-value < 10%) and AGRI_LE (p-value < 1%) as significant key determinants. The 
regression results can be expressed in Equation X(3). 

The empirical results from the Fixed Effect Model (FEM) highlight the varying degrees of effectiveness 
among financial and fiscal instruments in stimulating agricultural output. First, private and inclusive credit 
streams (BPR and KUR) emerge as primary drivers of agricultural GDRP growth. In particular, BPR_AGRI 
indicates a large and interesting marginal effect of IDR 1 billion in realized credit, causing approximately 
IDR 2.65 billion in agricultural GRDP. This strengthens the arguments presented by Adigun et al. in 
Rambuda et al. (2025), which shows that the provision of rural banking services plays a vital role in 
increasing agricultural productivity at the local level. KUR_AGRI follows with a positive but smaller 
multiplier (0.39) than the BPR. This result suggests that while KUR_AGRI promotes inclusive growth as 
envisaged in 20, its impact on agricultural output, respectively, is more modest (Priambodo, 2025). 
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Table 6 FEM Regression Results 
Method: Panel Least Squares  
Date: 07/03/25   Time: 09:55  
Sample: 2023Q1 2024Q4   
Periods included: 8   
Cross-sections included: 34  
Total panel (balanced) observations: 272 

Variable Coefficient Std. Error t-Statistic Prob.   
C 9.981,8700 497,50490 20,06390 0,0000 

BPR_AGRI* 2,6532 1,55926 1,70158 0,0902 
KUR_AGRI 0,3931 0,32368 1,21448 0,2258 

CA_SE 3,3628 3,82469 0,87930 0,3802 
CM_SE -0,8216 3,37683 -0,24330 0,8080 

AGRI_LE*** -1,6106 0,51404 -3,13320 0,0020 
Cross-section fixed (dummy variables) 

R-squared 0,9891     Mean dependent var 10786,4500 
Adjusted R-squared 0,9873     S.D. dependent var 11790,7100 
F-statistic 555,3308     Akaike info criterion 17,3540 
Prob(F-statistic) *** 0,0000     Durbin-Watson stat  2,2154 

* Indicates significancy under 10%; ** indicates significancy under 5%; and *** indicates significancy under 1% 
Source: Processed by the authors 

Second, the analysis reveals a significant misalignment in fiscal climate interventions. While climate 
adaptation expenditure (CA_SE) has a relatively high potential multiplier of 3.36, its non-significance 
indicates wide variance or inefficient use across provinces. This finding echo Pizarro et al. (2021), 
suggesting that climate funding often lacks the necessary policy infrastructure to translate into consistent 
economic outcomes. More concerning is the performance of climate mitigation (CM_SE) and local 
government expenditure (AGRI_LE). Both variables exhibit negative or statistically insignificant coefficients. 
The competing negative discovery (AGRI_LE(−1.61)) is even more striking, since it means that most local 
agricultural spending support goes to administration or less productive subsidies rather than to 
infrastructure credit. But this finding reveals the importance of a thorough reassessment of local fiscal 
management and spending priorities. 

In summary, the FEM analysis indicates that while the regional agricultural sector can naturally 
generate approximately IDR 9.98 trillion, BPR_AGRI, KUR_AGRI, and CA_SE simultaneously contribute to 
boosting agricultural economic output. The positive effects of BPR and KUR align with the existing literature 
on rural credit and inclusive growth (see Ajay, 2023; Chanda, 2020; G & Rajashekar, 2024), especially in 
community-based jobs such as the agriculture sector. While climate adaptation state expenditure 
demonstrates a positive multiplier effect, climate mitigation expenditure and local government spending 
on agricultural sub-functions exhibit insignificant or even counterproductive coefficients. 

The current effectiveness of targeted public budget execution highlights the need for further 
evaluation and elaboration. In their study, Ilicic et al. (2021) analyzed the challenges of climate-tagging 
public budget in developing the agriculture sector. Agricultural support programs financed through 
climate-tagged funds often entail substantial costs, despite their crucial role in supporting and influencing 
the sector (Ilicic et al., 2021). Furthermore, in local government targeted funds, the execution of agriculture-
supporting programs has been limited by local fiscal capacity. Therefore, while promoting performance-
based policies, budget limitations must be carefully considered. Consequently, prioritizing programs within 
existing budget constraints is essential. 

As stated before, this research evaluates the efficiency of observed provinces using the DEA approach. 
Specifically, DEA provides a relative efficiency score for each province, which serves as a benchmark in 
generating output (GDRP_AGRI) through a set of inputs: BPR_AGRI, KUR_AGRI, CA_SE, CM_SE, and AGRI_LE. 
These results are summarized in Table 7. 

DEA is typically used to analyze efficiency, so this should have the result that is consistent with what 
we found in Mujtaba et al. (2025). Based on Q1 2023 GADE used DEA to stratify Indonesia province 
performance by agricultural interventions up to Q4 2024. and Nepomuceno (2023), which highlight that 
efficiency scores originating from DEA capture systemic and institutional differences in the use of resources. 
A total of eight provinces scored a full efficiency score of 1.0 at all-time points during the study period, 
namely Aceh, Banten, Gorontalo, Lampung, Maluku, North Maluku (Maluku Utara), Riau, and North Sumatra 
(Sumatera Utara). These provinces have presented their agricultural sectors as efficient users of public 
resources and have provided blueprints for other regions. However, other normally high-performing 
provinces, such as South Sulawesi (Sulawesi Selatan) (avg. 0.991) and East Java (Jawa Timur) (avg. 0.990), 
seemingly experienced only limited losses in efficiency. On the other hand, North Kalimantan (Kalimantan 
Utara) (avg. We subsisted each region in large size according to the extents of 0.975), East Kalimantan 
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(Kalimantan Timur) (avg. 0.969) and North Sulawesi (avg. While resource optimization challenges were 
most pronounced but ultimately temporal (r=0.956). 

Conversely, a considerable number of provinces demonstrated persistent inefficiency trends. Regions 
such as Papua (avg. 0.948), Central Sulawesi (Sulawesi Tengah) (avg. Stockholm, Sweden: 0.945), Bangka-
Belitung Islands (Kepulauan Bangka Belitung) (avg. 0.936), Bengkulu (avg. Riau Islands (Kepulauan Riau) 
(avg. Preparations of research in Banten (avg. Moderate but varying efficiency, with an average fully filled 
level of 0.925). However, they are still classified as rather efficient DMUs. Meanwhile, Nusa Tenggara Timur 
(Avg. 0,862), Jawa Tengah (Avg. 0,834), Jambi (Avg. 0,826), Papua Barat (Avg. 0,804), Sulawesi Barat (Avg. 
0,743), and Sulawesi Tenggara (Avg. Noticeably, the 4 series 0,736 consistently retained a low average 
efficiency margin, while reporting drops in each quarter. West Kalimantan (Kalimantan Barat), Central 
Kalimantan (Kalimantan Tengah) South Sumatra (Sumatera Selatan), Bali, West Nusa Tenggara (Nusa 
Tenggara Barat), DI Yogyakarta, West Sumatra (Sumatera Barat), and South Kalimantan (Kalimantan 
Selatan) also had lower efficiency levels relative to other provinces. The lowest average efficiency score was 
recorded by DKI Jakarta at 0.230 Thus, DEA results point to significant opportunities for better natural 
resource management for agriculture and climate target resources in these regions.  

These efficiency disparities underscore a critical divergence between resource availability and 
administrative capacity across Indonesia’s provinces. The consistent frontier performance of provinces 
such as Aceh and Banten suggests the presence of robust institutional frameworks capable of effectively 
channeling diverse funding streams, both private credit and public climate expenditures, into tangible 
agricultural growth.  

Table 7 DEA Efficiency Results 

Province 
Efficiency (Quarterly) 

Eff. 
(Avg) 

2023Q
1 2023Q2 2023Q3 2023Q4 2024Q1 

2024
Q2 2024Q3 2024Q4 

Aceh 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Banten 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Gorontalo 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Lampung 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Maluku 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Maluku Utara 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Riau 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Sumatera Utara 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Sulawesi Selatan 1,00 1,00 1,00 0,97 1,00 1,00 1,00 0,96 0,99 
Jawa Timur 1,00 1,00 1,00 0,98 1,00 1,00 1,00 0,94 0,99 
Kalimantan Utara 1,00 1,00 1,00 1,00 1,00 0,90 0,90 1,00 0,97 
Kalimantan Timur 1,00 1,00 1,00 0,75 1,00 1,00 1,00 1,00 0,97 
Sulawesi Utara 0,95 0,86 0,99 0,85 1,00 1,00 1,00 1,00 0,96 
Papua 1,00 1,00 0,92 0,67 1,00 1,00 1,00 1,00 0,95 
Sulawesi Tengah 1,00 1,00 0,87 1,00 1,00 0,88 1,00 0,82 0,95 
Kepulauan Bangka 
Belitung 1,00 0,70 0,79 1,00 1,00 1,00 1,00 1,00 0,94 
Bengkulu 1,00 1,00 1,00 1,00 1,00 0,48 1,00 1,00 0,94 
Kepulauan Riau 1,00 1,00 1,00 1,00 0,44 1,00 1,00 1,00 0,93 
Jawa Barat 0,83 0,92 0,99 0,77 1,00 1,00 1,00 0,89 0,92 
Nusa Tenggara Timur 0,97 0,95 0,88 0,53 1,00 1,00 0,78 0,80 0,86 
Jawa Tengah 1,00 0,86 0,73 0,74 0,87 0,87 0,81 0,78 0,83 
Jambi 1,00 0,57 0,56 0,68 0,91 0,89 1,00 1,00 0,83 
Papua Barat 1,00 1,00 0,55 0,47 0,60 1,00 1,00 0,81 0,80 
Sulawesi Barat 1,00 0,45 0,43 1,00 1,00 0,54 1,00 0,53 0,74 
Sulawesi Tenggara 0,85 0,71 0,66 0,85 0,82 0,74 0,57 0,68 0,74 
Kalimantan Barat 1,00 0,54 0,59 0,57 0,71 1,00 0,63 0,60 0,71 
Kalimantan Tengah 0,93 1,00 0,53 0,55 0,68 0,62 0,59 0,59 0,69 
Sumatera Selatan 0,60 0,72 0,64 0,61 0,71 0,85 0,72 0,55 0,68 
Bali 0,35 0,34 0,68 1,00 0,39 0,37 1,00 0,89 0,63 
Nusa Tenggara Barat 0,60 0,44 1,00 0,83 1,00 0,37 0,37 0,36 0,62 
Di Yogyakarta 1,00 0,25 0,18 1,00 1,00 0,32 0,33 0,55 0,58 
Sumatera Barat 0,46 0,50 0,50 0,52 0,51 0,54 0,53 0,49 0,51 
Kalimantan Selatan 0,38 0,48 0,65 0,33 0,37 0,63 0,55 0,41 0,48 
Dki Jakarta 0,06 0,07 0,10 0,14 0,20 1,00 0,15 0,12 0,23 

Source: Processed by the authors 

In contrast, the significant underperformance in high-input regions and urban centers such as DKI 
Jakarta points to a "diminishing returns" effect or a potential mismatch between the nature of climate-
tagged funds and the specific needs of local agricultural landscapes. From a policy perspective, this 
stratification suggests that a “one-size-fits-all” fiscal strategy is inadequate. The “benchmark provinces” 
identified in this study provide a structural template for resource optimization that less efficient regions 
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may adopt to help bridge the prevailing gap between resource allocation and performance by Mujtaba et al. 
(2025). 

CONCLUSION  
This research evaluated the role of agriculture-targeted credit and climate-related government 

expenditure in supporting regional agricultural value added. Utilizing both the FEM and DEA, the study 
examined the effectiveness and efficiency of rural bank credit for the agricultural sector, KUR financing for 
agricultural MSMEs, climate-tagged state expenditure, and local government expenditure on agricultural 
subfunctions. Our findings indicate that BPR_AGRI, KUR_AGRI, and CE_SE simultaneously influence 
agriculture GDRP. Meanwhile, there is substantial room to improve the effectiveness of the CM_SE and 
AGRI_LE instruments in enhancing regional agricultural economic value added. In terms of efficiency, the 
DEA results identify eight provinces as the most efficient entities in generating agricultural GDRP from their 
corresponding sets of inputs. 

In response to these findings, we recommend directing inclusive credit programs, particularly BPR and 
KUR, toward sustainable business activities within the agricultural sector. Assistance from the OJK or other 
relevant institutions could help optimize BPR's business processes, which, in turn, could lead to a greater 
impact. Furthermore, the central government should consider establishing stronger coordination 
agreements with local governments and partner banks to actively promote KUR, particularly in remote 
areas, thereby significantly expanding the program’s coverage. These strategies can undoubtedly accelerate 
regional agricultural economic growth, particularly in rural areas and median-small microenterprises. 

Second, the central and local governments are supposed to adopt a more results-based budgeting 
process with regards to prioritising agriculture as one of the main sectors that can ensure sustainable 
economic growth. With fiscal constraints amidst the growing impacts of climate change, the central 
government must continue to institutionalise and enhance the implementation of climate budget tagging. 
The tagged budget for climate change adaptation and mitigation should be designed to be more closely 
linked to supporting sectoral outputs. Through such an approach, the government can achieve dual benefits: 
maintaining environmental quality and fostering a new cornerstone of the economy. Local government 
contributions are also crucial in complementing state budget policies. Local government interventions in 
agricultural subfunctions should then cater more towards the needs for essential rather than luxury goods 
and services, with the goal of this work being to inform further speculation into what might be prioritized 
based on local contexts and challenges better understood by locals themselves 

Local government in Aceh, Banten, Gorontalo, Lampung, Maluku, North Maluku, and Riau must be 
forced to implement activities so that regional agricultural output is first potentially optimal, as 
implemented by the local government in North Sumatra. Provinces with the best efficiency performance in 
utilizing BPR_AGRI, KUR_AGRI, CA_SE, CM_SE, and AGRI_LE. We can learn from their resource allocation 
effectiveness, their efficiency in implementing policies and possibly how they integrated financial 
mechanisms and governmental support. Future research may analyze the mechanisms and local contexts 
that stimulate high efficiency in these benchmark provinces, serving as a prescriptive resource for other 
low-efficiency regions. This would be useful in formulating more targeted policy recommendations and 
ensuring that agricultural development across Indonesia is both equitable and environmentally sustainable. 
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