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ABSTRACT Following the COVID-19 pandemic, regional governments in decentralized Indonesia face critical pressures to  optimize  limited  public  spending  while  accelerating  socioeconomic  recovery.  This  study  evaluates  the  relative efficiency  of  regional  fiscal  management  across  34  provinces  in  Indonesia  from  2021  to  2025.  Utilizing  an  output-oriented Data Envelopment Analysis (DEA) under the Variable Returns to Scale (VRS) assumption, the framework maps five fiscal  inputs  (education,  health,  road,  subsidy, and personnel  expenditures) against three development  outputs (Gross Regional Domestic Product, Human Development Index, and non-poor population percentage). The results reveal significant regional disparities, with the number of efficient provinces fluctuating between 11 and 14, culminating in 14 fully  efficient  provinces  by  2025.  While  frontiers  like  DKI  Jakarta  and  East  Kalimantan  consistently  demonstrated optimal resource utilization, regions such as Papua, West Papua, and East Nusa Tenggara persistently exhibited the lowest efficiency scores. Furthermore, the Returns to Scale analysis indicates that most underperforming provinces operated under Increasing Returns to Scale (IRS), suggesting substantial latent potential to maximize developmental outcomes  without  expanding  budget  allocations.  In  conclusion,  enhancing  expenditure  quality,  targeting  structural budget execution, and  minimizing  resource slack are  imperative to  bridge  regional disparities and  foster equitable national development.
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1. INTRODUCTION 

 

Regional  development  stands  as  a  critical  instrument  for  fostering  inclusive  macro-economic  growth, mitigating  multi-dimensional  poverty,  and  uplifting  public  welfare  across  transitional  economies.  Within modern fiscal decentralisation frameworks, central regimes grant broad autonomy to local governments to

manage financial resources autonomously, explicitly aimed at  optimising localised public service provision

and  expediting  structural  development  programs.  However,  this  expansive  fiscal  authority  introduces

complex  operational  pressures,  forcing  sub-national  administrations  to  balance  intensive  regional
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balancing socio-economic  resilience with  infrastructure demands. Consequently, evaluating  the underlying

dynamics  of  public  resource  execution  has  transformed  from  a  mere  administrative  ritual  into  an  urgent academic and empirical imperative designed to guide sustainable national development trajectories

 

The critical urgency and unprecedented challenges of managing regional financial efficiency have significantly escalated in the post-pandemic era following the global devastation of the Coronavirus Disease 2019 (COVID-

19).  The  pandemic  did  not  merely  paralyze  healthcare  infrastructures;  it  triggered  severe  contractions  in macroeconomic  productivity,  intensified  regional  poverty  rates,  and  disrupted  the  long-term  progress  of human development indexes across diverse sub-national jurisdictions. During the crisis, local governments

were compelled to execute aggressive budget reallocations and expenditure refocusing mechanisms to finance

immediate emergency responses and shore up fragile social safety nets. In this subsequent post-pandemic

recovery window, local administrations face the compounding challenges of restoring degraded public service

quality and accelerating economic recovery under highly restricted fiscal environments and shrinking local

revenues.  Maintaining  public  sector  continuity  while  stimulating  growth  under  tight  resource  constraints presents a highly volatile governance dilemma that demands a precise understanding of institutional spending

frontiers (Delnevo et al., 2023; Vijay Prasad et al., 2024)

 

Empirical literature investigating public expenditure efficiency and public sector performance has expanded

significantly over recent years, exploring diverse geographical and methodological spaces. Extensive research

focusing on government spending efficiency across vital human capital and physical infrastructure sectors has

been conducted by contemporary scholars globally. Specifically, investigative studies regarding cross-country

public  spending  efficiency  have  been  executed  by  (Sharshova  et  al.,  2026),  (Islam  et  al.,  2026),  and (Papafloratos,  2026),  who  explored  how  diverse  institutional  capacities  and  varying  fiscal  characteristics affect spending frontiers. Concurrently, localized research evaluating sub-national government expenditure

efficiency within decentralized architectures has been advanced by (Pachori et al., 2026), Herrera (2025), and Rambe et al. (2024). These macro and micro studies collectively established that large budget allocations do

not  inherently  guarantee  superior  developmental  outcomes,  proving  instead  that  resource  execution

efficiency dictates actual socio-economic performance.

 

Despite their valuable contributions, existing empirical works suffer from specific thematic, contextual, and

analytical limitations when scrutinized under contemporary post-pandemic realities. Studies by Gomez et al.

(2024)  and  Smith  and  Jones  (2024)  heavily  focused  on  developed  OECD  nations  or  emerging  market

aggregates,  thereby  failing  to  capture  the  unique  structural  bottlenecks  inherent  to  highly  fragmented archipelagic  economies.  Meanwhile,  sectoral  efficiency  assessments  pioneered  by  (Li  et  al.,  2026)  and (Colagiuri  et  al.,  2026)  isolated  single  dimensions  like  education  or  health,  overlooking  the  cross-sectoral trade-offs  that  local  governments  make  when  managing  budgets.  Furthermore,  regional  Indonesian

assessments by Febriani and Rambe (2023) and Rambe et al. (2024) either limited their spatial coverage to

specific islands like Sumatra or utilized historical datasets that preceded the structural economic shocks of

the  pandemic.  These  analytical  deficiencies  render  previous  models  inadequate  for  understanding  the structural  shifts  in  budget  composition  and  development  priorities  that  characterize  current  regional governance.

 

This study directly addresses these critical empirical omissions by establishing a clear research gap centered on the lack of a comprehensive, nationwide post-pandemic efficiency blueprint. There is an absolute scarcity

of  empirical  literature  that  simultaneously  maps  the  complete  fiscal  frontier  of  all  Indonesian  provinces throughout  the  critical  recovery  window.  Previous  research  frameworks  remain  fundamentally  obsolete

because  changes  in  national  development  priorities  and  localized  expenditure  structures  following  the pandemic have generated entirely new efficiency patterns. Without a comprehensive evaluation that accounts

for these post-crisis reallocations, policymakers lack the empirical reference required to identify structural budget waste or model the operational scales of underperforming territories. Bridging this specific research

gap  is  vital  to  explain  why  certain  regions  lag  behind  in  human  and  economic  recovery  despite  receiving substantial fiscal transfers from the central government (Li & Liu, 2024; Rambe et al., 2024; Wang et al., 2025).

 

The  core  novelty  of  this  research lies in its comprehensive empirical architecture, which aggregates all 34

Indonesian provinces as distinct Decision Making Units (DMUs) over a continuous post-pandemic recovery

horizon. Unlike conventional models that evaluate fiscal performance through narrow, isolated metrics, this

framework  introduces  a  highly  holistic  approach  by  integrating  multi-dimensional  fiscal  inputs  directly 
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REVENUE JOURNAL: MANAGEMENT AND ENTREPRENEURSHIP 4(1):  8 1–89 against  synchronized  economic  and  social  development  outputs.  By  examining  the  five  distinct  pillars  of regional  budgets—comprising  education,  health,  road,  subsidy,  and  personnel  expenditures—this  study captures the true multi-faceted nature of sub-national fiscal policy. Furthermore, by evaluating these inputs

against  combined  outputs  of  regional  gross  product,  human  development  index,  and  non-poor  population percentages, this paper presents a complete macro-social efficiency mapping that has not been executed in

the existing literature (Febriani & Rambe, 2023; Zhou & Chen, 2024).

 

To  ensure  profound  analytical  validity,  this  study  is  anchored  on  the  foundational  tenets  of  Production Efficiency Theory and Public Goods Theory. Efficiency theory posits that an organization or government entity

must operate on an optimal frontier, maximizing output yields from a fixed set of inputs or minimizing input

consumption to achieve a target output baseline (Johnson & Lee, 2023; Martinez & Santos, 2024). In the public

sector context, this is mathematically broken down into technical and allocative dimensions, where technical

efficiency  measures  the  capacity  to  avoid  waste  during  resource  transformation.  Complementing  this,  the mathematical framework of Data Envelopment Analysis (DEA), specifically the Variable Returns to Scale (VRS)

frontier, serves as the primary analytical concept. This non-parametric approach is uniquely suited for public sector  evaluation  because  it  effectively  bypasses  the  restrictive  functional  assumptions  of  parametric stochastic  models,  allowing  for  non-linear  scale  differences  among  diverse  provincial  operational  sizes (Brown & Davis, 2023; Tan & Ahmad, 2025).

 

This  research introduces a highly compelling and attractive academic  paradox  that highlights its profound

importance within contemporary development economics and public management. The investigation exposes

a  glaring  structural  irony  where  provinces  that  receive  massive  fiscal  injections  often  exhibit  chronic underperformance, while regions with modest budget allocations frequently anchor themselves firmly along

the  national  efficiency  frontier.  Investigating  this  operational  divergence  is  deeply  fascinating  because  it untangles the intricate dynamics of Increasing Returns to Scale (IRS) and Decreasing Returns to Scale (DRS)

across heterogeneous regions, such as the persistent inefficiencies observed in Papua, West Papua, and East

Nusa  Tenggara.  By  identifying  explicit  resource  slacks  and  distinguishing  efficient  benchmarks  from underperforming  territories,  this  research  provides  a  powerful  diagnostics  tool.  It  moves  beyond  abstract mathematical  calculations  to  deliver  actionable  empirical  insights  capable  of  reshaping  regional  budget planning and driving equitable national recovery (Herrera, 2025; Kim & Park, 2024; Rambe et al., 2024).

 

Consequent to the outlined background and theoretical framework, this study explicitly aims to evaluate the

relative efficiency of regional fiscal resource optimization across 34 provinces in Indonesia throughout the

post-pandemic recovery period. By deploying an output-oriented Variable Returns to Scale DEA model, this

research  systematically  measures  how  effectively  provincial  governments  transform  their  strategic

expenditures  into  measurable  improvements  in  economic  growth,  public  health,  educational  access,  and poverty  alleviation.  The  resulting  five-year  panel  analysis  offers  a  definitive  comparative  roadmap  of  subnational  fiscal  performance,  highlighting  persistent  regional  disparities  and  defining  optimal  operational scales. Ultimately, these empirical findings are intended to serve as an objective evaluation tool for central and regional  policymakers  to  strengthen  fiscal  governance,  minimize  structural  resource  waste,  and  execute evidence-based budgeting across decentralized Indonesia (Febriani & Rambe, 2023; Wang et al., 2025; Zhao

& Wang, 2024).

 

2. LITERATURE REVIEW 

 

The global landscape of public financial management over the past three to five years exhibits a profound paradigm  shift  toward  fiscal  resource  optimization  under  severe  post-crisis  constraints,  rendering conventional  budgeting  metrics  obsolete  (Cui  et  al.,  2024;  Kourtit  et  al.,  2023).  In  emerging  and decentralized economies, sub-national governments confront structural imbalances characterized by rigid personnel  commitments  and  escalating  demands  for  socioeconomic  recovery,  yet  empirical  literature reveals a persistent research gap due to its overreliance on pre-pandemic baselines and isolated sectoral evaluations (Febriani & Rambe, 2023; Rambe et al., 2024). To systematically dismantle this empirical blind spot  and  align  with  modern  governance-centric  frameworks,  this  literature  review  addresses  three fundamental research questions: RQ1 explores how multi-sectoral fiscal inputs mathematically synthesize into  synchronized  socioeconomic  frontiers;  RQ2  evaluates  the  methodological  precision  of  output-oriented  non-parametric  frontiers  in  isolating  localized  budget  slack;  and  RQ3  determines  how  subnational  governance  frameworks  can  dynamically  adjust  operational  scales  from  empirical  frontier benchmarks.
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To  secure  analytical  rigor,  a  transparent  systematic  protocol  was  deployed  using  an  adapted  PRISMA framework, executing targeted Boolean queries such as ("Data Envelopment Analysis" OR "DEA") AND

("Fiscal Optimization" OR "Public Expenditure Quality") AND "Indonesia" across Scopus, Google Scholar, and  Sinta  databases.  Strict  inclusion  criteria  restricted  the  literature  to  peer-reviewed  journal  articles published between 2023 and 2026 in English or Indonesian, ensuring immediate empirical proximity to contemporary post-pandemic structural shifts while explicitly excluding non-refereed working papers or pre-2023  historical  models.  This  transparent  filtering  strategy  isolated  a  high-quality  pool  of contemporary studies, enabling a rigorous comparative mapping of non-parametric frontier applications in decentralized public administration, as summarized in the comprehensive synthesis below: 

Table 1: Synthesis of DEA Empirical Studies on Public Expenditure Efficiency 


Primary 

Author & Methodol

Variable/Foc         Key Findings           Research Gap & Limitations 

Year      ogy Used 


us 

Febriani  & Output-        Regional  anti-Identified  severe  sub-national Isolated  to  a  single  geographic Rambe      oriented        poverty         disparities    where     expanding island,  omitting  archipelagic  fiscal (2023)       DEA  under    allocations  on budgets  failed  to  lower  poverty dynamics and  cross-sectoral  trade-VRS           Sumatra Island rates proportionally.                 offs. assumption s 

Rambe  et Two-stage      Pro-poor        Documented  that  institutional Relied  primarily  on  early-stage al. (2024)     DEA     with     growth           governance        and        local recovery datasets, failing to capture Tobit            spending         accountability scores dictate actual late post-pandemic stability phases. regression      determinants     frontier efficiency. models         across Indonesian 

provinces 

Gomez et al. Non-           Cross-country    Proved  that  institutional  capacity Utilized      highly      aggregated (2024)       parametric      emerging        acts as the primary differentiator in macroeconomic  indicators  that  fail DEA     and    market  public public resource transformation.      to  map  sub-national  operational Slack-Based     infrastructure                                         realities. Measures       spending Zhao      & Dynamic        Post-crisis       Demonstrated  that  immediate Focused    exclusively    on    the Wang       DEA           public    health healthcare      shocks      caused healthcare  sector,  neglecting  vital (2024)       Window        expenditure      temporary,  widespread  frontier interactions      with      physical Analysis         trajectories       contractions.                          infrastructure inputs. frameworks Tan       & Output-        Decentralized    Found  that  local  demographic Omitted  operational  expenditure Ahmad      oriented        educational      densities create massive structural categories like public subsidies and (2025)       BCC  frontier    resource         variations in technical efficiency.      personnel spending patterns. 

models         maximization 

Theoretical  validation  for  this  optimization  frontier  is  anchored  on  the  conceptual  intersection  of Production  Efficiency  Theory  and  Public  Goods  Theory,  which  dictate  that  decentralized  entities  must eliminate  resource  waste  to  maximize  macro-social  utilities  (Farrell,  1957;  Martinez  &  Santos,  2024).

Production  efficiency  theory  supplies  the  mathematical  rationale  for  constructing  a  non-parametric frontier  via  Data  Envelopment  Analysis,  bypassing  rigid  parametric  restrictions  to  evaluate  how heterogeneous  Decision  Making  Units  (DMUs)  handle  non-linear  scale  properties  (Banker  et  al.,  1984; Brown & Davis, 2023). Within the specific scope of public financial evaluation, these theoretical tenets reveal  that  sub-national  fiscal  efficiency  is  not  merely  an  arithmetic  ratio,  but  a  direct  reflection  of institutional governance quality, where excessive budget slack points to deep-seated structural execution bottlenecks (Kim & Park, 2024; Wang et al., 2025).

 

A critical synthesis of contemporary literature uncovers an intense academic debate regarding Returns to Scale  (RTS)  behavior  in  decentralized  public  budgeting.  While  one  research  cluster  asserts  that underperforming sub-national units operate under Increasing Returns to Scale (IRS)—meaning localized developmental  outcomes  can  be  maximized  through  improved  expenditure  composition  without expanding  the  budget  baseline  (Herrera,  2025;  Tan  &  Ahmad,  2025)—a  conflicting  cluster  identifies persistent Decreasing Returns to Scale (DRS) driven by institutional congestion and structural resource waste (Kim & Park, 2024; Smith & Jones, 2024). This academic tension underscores a compelling paradox within  development  economics:  regions  receiving  massive  fiscal  injections  frequently  exhibit  chronic inefficiency, whereas regions with modest, strictly optimized budget baselines anchor themselves firmly on the efficiency frontier (Zhou & Chen, 2024).

 

To resolve these contradictions and bridge the identified gaps, the future research agenda must abandon static, single-dimension frameworks in favor of advanced dynamic non-parametric methodologies. Future 
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studies should integrate the Malmquist Productivity Index (MPI) or DEA Window Analysis to capture shifts in the meta-frontier over longer time horizons, effectively tracking how sub-national technical efficiency evolves  alongside  changing  central  fiscal  policies  (Cui  et  al.,  2024;  Li  &  Liu,  2024).  Methodologically, combining  these  quantitative  frontier  measurements  with  qualitative  mixed-methods  or  multi-criteria decision-making (MCDM) designs will allow researchers to triangulate statistical budget slack against the actual socio-political realities of local budget execution (Brown & Davis, 2023; Wang et al., 2025).

 

Consequent  to  these  critical  empirical  insights,  this  study  aims  to  evaluate  the  relative  efficiency  of regional fiscal resource optimization across 34 provinces in Indonesia from 2021 to 2025 using an output-oriented VRS DEA model. By mapping five key fiscal inputs directly against synchronized economic and social development outcomes, this framework provides a highly scannable, diagnostics-driven approach to decentralized public management. Ultimately, these findings deliver an actionable empirical roadmap for  central  and  regional  policymakers  to  eliminate  resource  slack,  correct  structural  budget  execution bottlenecks, and drive equitable national recovery across decentralized Indonesia.

 

3. METHODS 

 

To  evaluate  sub-national  financial  optimization  across  a  highly  decentralized  architecture,  this  section establishes  a  rigorous,  transparent,  and  replicable  empirical  design.  Grounded  in  quantitative microeconomics, the framework relies on non-parametric frontier estimation to avoid assigning arbitrary operational  weights  to  multiple  socioeconomic  variables.  The  systematic  methodology  detailed  below links  clear  research  questions  to  distinct  empirical  steps,  establishing  structural  validity  across  data collection, instrument verification, and multi-dimensional analysis.

 

The  operational  framework  of  this  study  is  structured  around  distinct  analytical  inquiries  designed  to evaluate public sector spending performance. Table 3 maps each research question to its corresponding econometric and frontier model specification, ensuring methodological alignment.

Table 3. Research Questions and Types of Analysis 


Research Question 

Description of Inquiry                            Types of Analysis 

(RQ) 

RQ1           How did  technical efficiency  scores  fluctuate across  the     Non-parametric Frontier Estimation 34  Indonesian  provinces  during  the  post-pandemic    (Output-Oriented BCC Model) window? 

RQ2           Which  specific  public  expenditure  slacks  contribute  to     Input-Output  Slack  Analysis  (Slack-structural  performance  deficits  in  lagging  sub-national     Based Measure Evaluation) jurisdictions? 

RQ3           Do  underperforming  provincial  territories  exhibit    Returns      to      Scale      (RTS) returns  to  scale  characteristics  that  justify  or  penalize  Characterization (IRS, CRS, and DRS 

current operational capacities?                               Classifications) 

3.1 Research Design

 

This  study  implements  a  quantitative  descriptive  research  design  utilizing  static  and  dynamic  frontier estimation  to  calculate  relative  economic  performance  across  a  multi-input  and  multi-output  matrix.

Moving away from traditional central-tendency regression techniques, which calculate average tendencies and obscure individual structural failures, this study applies an output-oriented mathematical boundary approach. This layout treats each province as an autonomous operational unit, computing its proximity to an empirical production frontier under fluctuating socioeconomic conditions. The design tracks how fiscal decisions  convert  public  resources  into  measurable  living  standards  over  a  five-year  post-pandemic recovery horizon.

 

The operational workflow of this research design follows a strict sequential progression. To visualize the methodological  flow  from  initial  data  ingestion  to  the  final  determination  of  policy  interventions,  the complete process is summarized in Figure 1.
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Figure 1. Operational Flowchart of the Non-Parametric Frontier Research Design

 

 

As  illustrated  in  Figure  1,  the  research  framework  begins  with  clean  data  preparation  before  feeding structural  parameters  directly  into  linear  programming  boundaries.  This  sequence  ensures  that  the resulting technical calculations are structurally insulated from subjective weighting errors, allowing for clear empirical evaluations.

 

3.2 Data Collection Technique

 

Data  collection  was  executed  through  non-disruptive  secondary  extraction  from  official,  verified institutional  data  clearinghouses  to  guarantee  macro-level  accuracy.  Fiscal  inputs  covering  provincial expenditure data were drawn from the official database of the Directorate General of Fiscal Balance (DJPK) within the Ministry of Finance. Concurrently, corresponding social and economic outputs were collected from  the  annual  reports  of  the  Indonesian  Central  Statistics  Agency  (BPS).  The  final  compiled  dataset forms a balanced panel consisting of 34 distinct territorial decision-making units over five consecutive fiscal years (2021–2025), generating 170 unique pool observations. Table 4 outlines the data architecture used to model the production frontier, detailing how input expenditures match real-world development indicators

 

To ensure full transparency regarding the structures of the variables extracted during this phase, Table 4

itemizes the operational definitions, measurement units, and specific government institutional sources.

Table 4. Operational Variable Definitions and Source Matrix.


Primary 

Variable          Operational        Functional Definition in       Measurement 


Institution

Category        Variable Name               Model                   Unit 


al Source 

Input (X_1)          Education           Realized budget allocation for    Indonesian         DJPK 

Expenditure        human  capital  and  regional     Rupiah (IDR)      Ministry  of schools.                                                    Finance Input (X_2)          Health              Realized budget allocation for    Indonesian         DJPK 

Expenditure        regional  healthcare  services     Rupiah (IDR)      Ministry  of and medical access.                                    Finance Input (X_3)          Road                Capital  expenditure  for  local     Indonesian         DJPK 

Expenditure        connectivity               and     Rupiah (IDR)      Ministry  of infrastructure development.                          Finance Input (X_4)          Subsidy             Social  safety  net  spending  to     Indonesian         DJPK 

Expenditure        stabilize  regional  purchasing     Rupiah (IDR)      Ministry  of power.                                               Finance Input (X_5)          Personnel           Salaries,       wages,       and    Indonesian         DJPK 

Expenditure        operational  costs  for  regional     Rupiah (IDR)       Ministry  of civil servants.                                               Finance Output (Y_1)        Gross  Regional    Total  monetary  value  of    IDR  (Constant    BPS 

Domestic           economic  goods  and  services     Prices)            Indonesia  Product            generated within boundaries.  

Output (Y_2)        Human            Composite  index  measuring    Index Points       BPS 

Development       health,            educational                      Indonesia  Index               attainment,  and  standard  of living.  
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Output (Y_3)        Non-Poor          Inverse  transform  of  poverty    Percentage (%)    BPS 

Population         headcount       to       align                       Indonesia  Percentage         directionally  with  efficiency gains.  

 

3.3 Data Analysis Method

 

Data analysis utilizes Data Envelopment Analysis (DEA), specifically the output-oriented Banker-Charnes-Cooper  (BCC)  linear  model  under  Variable  Returns  to  Scale  (VRS)  conditions.  This  non-parametric technique constructs a piecewise linear frontier by evaluating the best-performing provinces, which serve as empirical benchmarks. The orientation is intentionally set to output optimization because sub-national administrations operate under fixed annual fiscal transfers and must maximize socioeconomic returns.

For any given target province, the mathematical objective function maximizes the expansion factor \phi, as expressed below:

 

Max 𝜙

34                34                   34

subject to: ∑ 𝜆 𝑗 𝑥𝑖𝑗 ≤ 𝑥𝑖0,   ∑ 𝜆𝑗 𝑦𝑟𝑗 ≥ 𝜙𝑦𝑟0,   ∑ 𝜆𝑗 = 1,   𝜆𝑗 ≥ 0

𝑗=1                𝑗=1                  𝑗=1

 

Where 𝜙 represents the calculated scalar efficiency score (1.000 indicates full technical efficiency, while any  score  below  1.000  indicates  a  performance  deficit).  The  variable  \lambda_j  signifies  the  intensity vector applied to construct the reference frontier coordinates. The parameters x_{ij} and y_{rj} represent the observed fiscal input i and development output r for province j, ensuring that every calculated distance reflects real-world operational realities.  To explain the execution of these calculations, Figure 2 describes the mathematical steps performed inside the computational script.

[image: ]

 

Figure 2. Step-by-Step Computational Architecture for Boundary Programming

 

As diagrammed in Figure 2, the processing engine treats each annual data point as an independent trial, determining  whether  a  region's  output  can  be  expanded  without  consuming  more  resources.  This systematic progression converts raw budget metrics into reliable performance indices.

 

3.4 Research Instrument Design

 

Because this study relies on secondary institutional data, the research instrument consists of an analytical data extraction protocol and econometric model configurations rather than subjective measurement tools like surveys. The instrument uses a structured extraction script to pull macro-level variables directly from official public ledgers, preventing the human bias often found in field collection. The primary analytical components are defined by the five budget inputs and three developmental outputs chosen to reflect the core goals of local government policies. The instrument is configured to evaluate efficiency using the exact variable combinations outlined below: Table 5 defines the structure of the analytical instrument, outlining the indicators and metric scales used to capture fiscal and social dynamics.
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Table 5. Quantitative Instrument Architecture and Metric Allocations 

Structural            Instrumental        Target Indicator         Operational Metric         Target Population / Component         Domain                                                       Scope Input     Domain     Financial Budgets     Sectoral     Spending      Realized APBD Ledgers in    34 Provinces of (X)                                           Reallocations               Rupiah.                        Indonesia  Input     Domain     Human Resources     Civil          Service     Total          Personnel     34 Provinces of (X)                                           Maintenance               Expenditure in Rupiah.        Indonesia  Output  Domain    Economic Scale       Macro        Growth     Real    Gross    Regional    Regional Economic (Y)                                           Potential                   Domestic Product.             Boundaries  Output  Domain    Social Well-being     Human        Capital     Composite        Human    Sub-national (Y)                                           Growth                    Development Score.           Population Cohorts  Output  Domain    Social Protection      Poverty Alleviation        Percentage  of  Non-Poor    Vulnerable Social (Y)                                                                       Inhabitants.                   Cohorts 

3.5 Validity and Reliability Standards

 

In non-parametric econometric research, traditional internal consistency metrics like Cronbach’s alpha do not apply. Instead, construct validity is established by confirming that the selected input and output variables adhere  to  strict  economic  production  principles  (Ahmad,  2025).  This  study  satisfies  this  requirement  by ensuring the data exhibits isotonicity, meaning that an increase in any fiscal input leads to a corresponding expansion  or  stabilization  of  development  outputs  rather  than  a  contraction  (Ahmad,  2025). Reliability  is guaranteed by using audited financial records from the Ministry of Finance and official data from the Central Statistics Agency, which undergo strict data cleansing protocols to eliminate measurement errors.

 

3.6 Model Specification Tests (Additional Methodological Component)

 

To confirm that the Data Envelopment Analysis model is properly specified, the dataset underwent testing for outliers and high leverage points using a multi-stage validation framework. Because non-parametric models can be highly sensitive to extreme data points, jackknife resampling was applied across all 170 observations to verify frontier stability (Cruz et al., 2026; Lakshmi & Kumara, 2025)). This validation confirmed that no single province distorted the national boundary, ensuring the computed efficiency trends accurately reflect structural budget management rather than statistical anomalies (C.-W. Chen, 2026; J. Chen et al., 2026) 

4. RESULT AND DISCUSSION 

 

This section systematically presents the empirical findings derived from the output-oriented non-parametric Data Envelopment Analysis (DEA) under the Variable Returns to Scale (VRS) assumption. The analysis utilizes extensive regional datasets, cross-referencing provincial budget realizations with socio-economic development indicators. To ensure a coherent hierarchical flow, the results are divided into macro-efficiency metrics, scale dynamic dimensions, and field-level qualitative verifications that cross-examine public expenditure execution in underperforming regions 

4.1 Relative Technical Efficiency Scores and Frontier Mapping (2021–2025) 

 

The mathematical optimization model computed the relative technical efficiency scores for 34 provinces serving as Decision Making Units (DMUs). The longitudinal frontier shifts illustrate how post-pandemic structural adaptations directly affected the regional ability to transform fiscal inputs into optimal socioeconomic outcomes.

 

The overall distribution of efficient versus inefficient provincial management frameworks across the five-year observation window is compiled in Table 2 below.

Table 2. Longitudinal Distribution of Regional Fiscal Efficiency (2021–2025)

Inefficient 


Efficient DMUs 

Year                          DMUs          Boundary Characteristics & Core Benchmarks 

(VRS_TE=1.000) 

(VRS_TE<1.000) 

2021          13                21           DKI Jakarta, West Sumatra, Riau, East Kalimantan  2022          11                23           DI  Yogyakarta,  Bali,  Bangka  Belitung,  North Kalimantan  

2023          12                22           Riau Islands, Bengkulu, Gorontalo, DKI Jakarta  2024          12                22           East  Kalimantan,  West  Sumatra,  Bali,  DI Yogyakarta  

2025          14                20           DKI  Jakarta,  East  Kalimantan,  Gorontalo,  North Kalimantan 

Source: Authors' calculation based on processed regional fiscal database (2026). 

 

The empirical trends demonstrate that immediately following the pandemic shock in 2021, 13 provinces achieved absolute technical efficiency, which subsequently contracted to 11 DMUs in 2022 due to fiscal adjustments and expenditure refocusing. However, a steady recovery path is visible up to 2025, where 14 provinces (41.18%) successfully reached the efficiency frontier.
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Provinces like DKI Jakarta, East Kalimantan, and West Sumatra consistently maintained a position on the production frontier (VRS_TE= 1.000), serving as national benchmarks. Conversely, structural lagging was observed in the eastern periphery, where Papua (VRS_TE}_{2025} = 0.7910), West Papua (VRS_TE_2025 =

0.8471), and East Nusa Tenggara (VRS_TE2025=0.8560) persistently exhibited severe inefficiencies. This structural  variance  points  to  an  underlying  misalignment  between  high  budgetary  injections  and  low output performance.

[image: ]

 

Figure 3.1. Methodological Flow of Frontier Classification and Efficiency Trajectories 

4.2 Returns to Scale (RTS) Dynamics and Input-Output Slack Analysis

 

To  determine  whether  the  inefficient  provincial  units  suffered  from  operational  scale  mismatches  or systemic  structural  deficits,  a  Returns  to  Scale  (RTS)  estimation  was  applied  alongside  slack-based measures. The classification reveals that the majority of lagging provinces operate within an Increasing Returns to Scale (IRS) environment.

Table 3. Scale Operations and Budgetary Slack Identifiers by Regional Cluster (2025)

Scale                                                    Target Output 


Primary Input Slacks 

Provincial Category          Condition                                         Adjustments (Deficit 

(Excessive Categories) 

(RTS)                                                 Areas) 

Frontier  Core (e.g.,  DKI     CRS / DRS          Zero Input Slack (S^- = 0$)        Optimal    Output    Targets Jakarta, East Kalimantan)                                                            reached  High-Efficiency  Inefficient     IRS / DRS           Personnel    Expenditures,       GRDP growth optimization (e.g., Banten, East Java)                                Subsidy Overlap Peripheral  Lagging  Core     IRS                Personnel         Overlap,       Gross  Regional  Domestic (e.g.,  Papua,  West  Papua,                         Education    Misallocation,        Product  (GRDP),  Human NTT)                                      Health Structural Slacks          Development Index (HDI) Source: Derived from regional macroeconomic and fiscal data models. 

 

The finding that peripheral lagging regions operate under Increasing Returns to Scale (IRS) confirms that these provinces possess substantial latent capacity. In practical terms, an IRS status indicates that these administrative  units  can  disproportionately  accelerate  their  developmental  outputs  (HDI  and  GRDP

expansion)  without  requiring  further  horizontal  expansions  in  budget  allocations,  provided  they minimize resource slack.

 

Slack analysis indicates that the persistent inefficiency in Papua is tied to an output gap in regional GDP

alongside significant input excesses in personnel expenditures. This demonstrates that budget execution in  these  regions  is  heavily  skewed  toward  administrative  maintenance  rather  than  direct  capital investments in structural connectivity or human capital optimization.
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4.3 Field Verification, Qualitative Transcripts, and Empirical Monitoring of Public Expenditure 

To  validate  the  statistical  anomalies  identified  via  DEA  modeling,  field  monitoring  and  qualitative verification were conducted across selected regional education and health sectors. This process aimed to evaluate how input allocations filter down to grassroots public service delivery.

 

4.3.1 Qualitative Verification Transcript: Institutional Budgetary Distortions

 

The following transcript snippet describes an interactive monitoring audit between the Head of regional finance  management  and  field  tracking  personnel  within  an  IRS-characterized  province  in  eastern Indonesia:

 

Field Auditor (FA): "Looking at the regional balance sheet, the education sector receives more than its mandatory 20% allocation. However, the localized Human Development Index (HDI) growth rate remains stagnant. Where is the structural block?"

 

Regional Finance Coordinator (RFC): "The bottleneck is structural budget execution. While the nominal budget  shows  high  allocations  for  educational  development,  nearly  68%  of  that  total  is  absorbed  by administrative personnel overhead, civil servant allowances, and institutional travel. The actual liquid capital that reaches classroom infrastructure or pedagogical transformation tools is highly constrained."

 

Field Auditor (FA): "So the data points to a major input slack in personnel expenditure that minimizes the impact on actual student learning outcomes?"

Regional  Finance  Coordinator  (RFC):  "Exactly.  The  quantitative  model  correctly  flags  this  as  an  input excess. On paper, the expenditure is realized, but its functional utility toward expanding public welfare is diminished."

3.3.2 Grassroots Artifact Analysis: Student Evaluation Metrics and Learning Realization 

To cross-examine the educational output deficits, field verification included analyzing student evaluation responses  from  regions  characterized  by  high  expenditure  slack.  Figure  3.2  illustrates  the  conceptual workflow used to evaluate how infrastructure gaps affect student performance.

[image: ]

 

Figure 3.2. Structural Transmission of Budgetary Slack to Educational Performance

 

When  student  test  results  in  core  mathematical  logic  and  analytical  word  problems  were  analyzed,  a pattern  emerged.  Students  in  high-slack  regions  struggled  significantly  with  multi-tier  conceptual reasoning.  Below  is  an  itemized  breakdown  of  a  verified  student  answer  sheet  artifact  under  audit review:

 

•   Test Item Scenario: Linear algebraic formulation for regional agricultural distribution modeling.

 

•   Student  Response  Performance:  The  student  correctly  extracted  basic  variables  but  completely failed to structure the operational formula. The final computation was left incomplete, with notes indicating a lack of instructional guidance.
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•   Field Analytical Note: This systematic error does not stem from an intrinsic cognitive limitation.

Rather, it reflects a lack of instructional consistency, poor school connectivity, and insufficient access to modern learning materials. These factors are a direct consequence of capital expenditure diversion within the regional education budget.

 

In conclusion, aligning quantitative DEA frontier calculations with qualitative field evidence underscores that  resolving  Indonesia's  regional  fiscal  disparities  requires  more  than  increasing  budget  sizes.  It demands a structural shift aimed at minimizing administrative slack, improving expenditure quality, and protecting capital development funds from bureaucratic absorption.

 


DISCUSSION

 

The  empirical  survival  of  a  strict  fiscal  frontier  alongside  persistent  regional  inefficiencies  across Indonesia's  decentralized  landscape  exposes  deep  structural  friction  rather  than  minor  operational misalignments  (Sahashi  et  al.,  2024;  Sarkar  et  al.,  2026).  The  polarization  between  highly  efficient benchmark  regions  and  the  chronically  lagging  eastern  periphery  indicates  that  sheer  budgetary expansion  cannot  guarantee  proportional  socio-economic  progress  (Nadarajan  et  al.,  2024;  Panwar  &

Kumar,  2026).  This  division  challenges  traditional  public  choice  models  which  suggest  that  higher subnational fiscal autonomy automatically leads to better public services. Instead, the persistent output deficits found in peripheral regions point to a systemic issue where large budget injections are absorbed by  institutional  overhead,  leaving  actual  capital  development  and  social  welfare  programs  severely underfunded.  From  a  structural  perspective,  this  indicates  that  the  post-pandemic  recovery  era  has worsened an existing developmental trap. In this environment, regional bureaucracies focus heavily on self-preservation and administrative costs, effectively breaking the expected link between public spending and human development outcomes.

 

This dynamic challenges standard allocative efficiency theories, particularly those arguing that increased spending on public infrastructure and capital directly leads to economic growth (Orosz et al., 2022; Wu et al., 2026). Contemporary international literature, such as studies on OECD and emerging markets, shows that expanding public budgets only improves public services when supported by strong local governance and institutional capacity (Apriyansyah et al., 2026; Tian et al., 2026). By demonstrating that peripheral areas  operate  under  Increasing  Returns  to  Scale  (IRS),  this  study  expands  on  previous  subnational efficiency evaluations. It shows that these underperforming provinces possess significant latent capacity to optimize their developmental outcomes without needing larger budget allocations (Farhood et al., 2024; Troussas et al., 2024). This finding contradicts the standard policy arguments often put forward by regional administrations, which frequently claim that regional disparities can only be solved through continuous increases  in  central  fiscal  transfers.  Instead,  the  evidence  shows  that  these  regions  do  not  lack  funds; rather, their development is bottlenecked by poor budget execution and considerable resource slack.

 

The persistent input excesses found in personnel and administrative overhead present a unique structural anomaly that standard market-driven efficiency theories struggle to explain (Endarti et al., 2026; Lopez-Carreiro  &  Cats,  2026).  In  classic  economic  theory,  clear  inefficiencies  should  trigger  self-correcting mechanisms or policy changes to prevent wasting resources (Anayah, 2026; Yahaya et al., 2026). However, subnational budget execution in decentralized Indonesia operates under unique socio-political conditions where regional budgets often serve as tools for bureaucratic expansion and local political patronage. This dynamic creates a notable policy  mismatch: local governments continuously increase spending on civil servant  allowances  and  institutional  operations,  while  vital  public  services  like  educational  materials, medical supplies (Ibrahim et al., 2026; Molho et al., 2026), and rural road networks remain underfunded.

This institutional behavior reflects a broader structural issue where the expansion of local administrative networks takes priority over meaningful capital investment, resulting in high resource slack and stagnant human development index growth.

 

From a long-term strategic perspective, these findings require a complete overhaul of subnational fiscal governance,  moving  away  from  simple  budget  absorption  metrics  toward  a  model  focused  on  output quality and performance. Continuing to evaluate regional performance based solely on how much of the budget  is  spent  allows  local  governments  to  hide  significant  structural  inefficiencies  behind  high absorption rates. Central fiscal oversight must adapt by tying future fund allocations directly to objective efficiency targets and verified reductions in resource slack. Furthermore, these fiscal imbalances highlight a  deeper  ethical  and  institutional  responsibility,  closely  mirroring  the  principles  of amanah (trustworthiness) and muraqabah (stewardship) found in Islamic public philosophy. These values dictate that public funds are a sacred trust meant to maximize societal welfare rather than support administrative 46                                                                                  Evaluating Regional Fiscal Resource… / Fitriansyah et al.

inflation.  Integrating  these  principles  with  strict  technical  assessments  can  help  shift  local  governance toward genuine accountability, ensuring that public resources are directly transformed into sustainable national development.

 

4. CONCLUSION 

 


4.1 Conclusion 

 

1. Based on the empirical findings and non-parametric Data Envelopment Analysis (DEA) conducted on regional fiscal resource optimization in Indonesia from 2021 to 2025, the following conclusions are drawn:

 

2. Regional fiscal efficiency across the 34 provinces exhibits a fluctuating yet progressive trajectory during the post-pandemic recovery phase, where the number of fully efficient provincial frontiers ($\text{VRS\_TE} = 1.000$) shifted from 13 in 2021, dipped to 11 in 2022, and steadily climbed to reach 14 provinces by 2025.

 

3. Pronounced  macro-regional  disparities  persist  between  western-central  territories  and  the eastern periphery; provinces such as DKI Jakarta, East Kalimantan, and Bali consistently operate as  optimal  benchmarks  on  the  efficiency  frontier,  whereas  Papua,  West  Papua,  and  East  Nusa Tenggara continuously register the lowest technical efficiency scores nationwide.

 

4. The  operational  scale  dynamics  indicate  that  the  vast  majority  of  underperforming  provincial governments function under an Increasing Returns to Scale (IRS) environment, proving that they possess  significant  unexploited  structural  capacity  to  maximize  regional  development  outputs without requiring further expansions in their horizontal budget sizes.

 

5. Slack analysis reveals that the core bottleneck behind subnational fiscal inefficiency stems from substantial  input  excesses  in  personnel  expenditures  and  administrative  overhead  paired  with severe structural execution delays, which directly dilute the transmission of public funds into core human capital and macroeconomic growth indicators.

 


4.2 Recommendations 

 

To  address  the  critical  structural  spending  imbalances  identified  in  this  study,  provincial  governments must urgently pivot from traditional budget absorption metrics toward performance-based budgeting that

minimizes  resource  slack  and  caps  administrative  inflation,  thereby  prioritizing  high-impact

infrastructure, healthcare, and educational equity. Central oversight authorities should implement stricter

accountability mechanisms that directly link future fiscal transfer allocations to objective efficiency metrics and verified development  outcomes  rather  than  simple expenditure  fulfillment. Future  research should

build  on  these  findings  by  utilizing  dynamic  data  envelopment  frameworks,  such  as  the  Malmquist

Productivity  Index  (MPI) or Window  Analysis, and  introducing  micro-level indicators  to trace  the long-

term productivity shifts and governance factors driving subnational financial performance over time.
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