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Abstract 
This research investigated the technical efficiency of tax collection units in Balochistan, Pakistan, utilizing a two-

stage DEA-Tobit model. The study was motivated by the province's persistent fiscal deficits and the ongoing 

transition from manual, fragmented tax administration to a data-driven digital system. Data from 15 district tax 

offices was analyzed. The DEA results revealed an average technical inefficiency of 30%, primarily driven by 

managerial factors rather than scale. The Tobit regression identified that the adoption of digital systems (big data 

informatization) significantly enhances efficiency, while institutional fragmentation significantly hinders it. The 

study concludes that investment in digital infrastructure and the consolidation of tax agencies are imperative for 

improving fiscal capacity in Balochistan. 
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Introduction 

The capacity of a state to mobilize domestic resources through efficient tax collection is the 

cornerstone of fiscal sovereignty and sustainable development. For developing economies, 

particularly those facing complex geopolitical and geographical challenges, the efficiency of 

tax administration is not merely a matter of revenue generation but a determinant of governance 

quality and public service delivery (Bird & Zolt, 2005). Balochistan, the largest province of 

Pakistan by landmass, presents a paradoxical case. Despite being endowed with vast natural 

resources, including natural gas, minerals, and a strategic coastline, the province remains 

perennially dependent on federal transfers, with its own tax-to-GDP ratio stagnating at 

significantly lower levels compared to its counterparts in Punjab and Sindh (World Bank, 

2020). 

Historically, the tax collection apparatus in Balochistan has been characterized by institutional 

fragmentation, operating through multiple entities such as the Board of Revenue (BOR), the 

Excise and Taxation Department, and the Balochistan Revenue Authority (BRA). This 

fragmentation has led to operational inefficiencies, overlapping jurisdictions, and a lack of a 

unified taxpayer database (Asian Development Bank, 2019). For decades, the administration 

relied on outdated manual processes, resulting in low compliance rates, high costs of collection, 

and a narrow tax base heavily reliant on a few sectors (Khan & Ahmad, 2021; Shahzad & 

Ahmed, 2026). 

In recent years, however, the global paradigm of tax administration has shifted dramatically 

with the advent of big data informatization. The integration of digital technologies, data 

analytics, and automation has enabled tax authorities worldwide to move from reactive 

compliance to proactive risk management (OECD, 2020). In Pakistan, the Pakistan Revenue 

Automation Limited (PRAL) has been instrumental in digitizing tax processes. For 

Balochistan, this digital transformation is critical. Recent data-sharing agreements between the 
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Federal Board of Revenue (FBR) and the Board of Revenue Balochistan regarding land and 

property ownership, alongside the digitization of workflows by PRAL for provincial 

departments, have begun to create the data infrastructure necessary for modern fiscal 

management (FBR, 2023). 

Against this backdrop of transitioning from a fragmented, manual system to a data-driven 

environment, a rigorous assessment of tax collection efficiency is imperative. The Data 

Envelopment Analysis (DEA) methodology offers a non-parametric, frontier-based approach 

to evaluate the relative efficiency of decision-making units (DMUs) in this case, the various 

tax-collecting departments or districts within Balochistan, without requiring a pre-defined 

production function (Charnes, Cooper, & Rhodes, 1978). While DEA measures the efficiency 

frontier, the Tobit regression model serves as an ideal second-stage tool to explain the variation 

in these efficiency scores, identifying the environmental and institutional factors such as the 

level of digitalization, administrative fragmentation, and taxpayer density that drive 

inefficiency (Greene, 2012). 

Despite the increasing policy focus on fiscal decentralization and digital governance in 

Pakistan, a significant lacuna exists in the empirical literature regarding the operational 

efficiency of tax collection at the sub-national level, particularly in Balochistan. Firstly, the 

majority of efficiency studies in Pakistan have concentrated on the Federal Board of Revenue 

(FBR) or aggregated provincial tax efforts. Studies analyzing the efficiency of tax collection 

often use macro-level indicators such as the tax-to-GDP ratio or the "collection cost" as a 

percentage of revenue (Ahmad & Ahmed, 2019). While informative, these aggregate metrics 

obscure the micro-level inefficiencies embedded within specific departments or geographic 

regions. There is a distinct lack of disaggregated analysis that treats the various revenue-

collecting entities within a single province as distinct Decision-Making Units (DMUs), 

allowing for a peer-to-peer efficiency comparison. Secondly, while the challenges of 

institutional fragmentation in Balochistan are well-documented in qualitative policy reports 

(World Bank, 2020; UNDP, 2021), there is no quantitative study that measures the cost of this 

fragmentation in terms of technical efficiency. The DEA-Tobit methodology is uniquely suited 

to quantify how factors such as "number of agencies involved per tax head" or "administrative 

redundancy" impact overall efficiency, yet no such application exists for Balochistan's context. 

Thirdly, and most critically, there is a temporal and technological gap in the literature. Existing 

scholarly work predates the current wave of big data integration in Balochistan. The signing of 

data-sharing protocols between the FBR and provincial boards in 2023, the ongoing geo-

tagging of properties, and the automation of excise workflows represent a structural break from 

the past. Existing research fails to incorporate these "big data informatization" factors as 

determinants of efficiency. There is no empirical framework that uses variables such as the 

"degree of digital adoption" or "data integration score" to explain why some units perform 

better than others. 

Finally, previous research has often treated tax policy and tax administration as separate 

spheres. However, in the context of a data-driven environment, the boundary between the two 

blurs. The research gap this study addresses is the lack of a holistic, quantitative model that 

simultaneously evaluates the technical efficiency of tax collection units in Balochistan (using 

DEA) and explains the exogenous factors, particularly digitalization, that influence these scores 

(using Tobit), thereby providing a roadmap for evidence-based fiscal reform. 

Problem Statement 

Despite significant federal transfers and the presence of multiple tax-collecting agencies, 

Balochistan struggles with chronic revenue shortfalls, leading to a persistent fiscal gap that 
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hampers development spending. The transition from fragmented, manual tax administration to 

an integrated, data-driven system is underway but lacks empirical guidance. Without a 

quantitative assessment of the technical efficiency of tax collection units and the factors 

influencing this efficiency, policymakers risk investing in digital infrastructure without 

understanding the underlying structural inefficiencies. This study addresses the problem of 

unidentified inefficiencies in Balochistan's tax collection system by employing a DEA-Tobit 

model to measure efficiency and evaluate the role of big data informatization in enhancing 

revenue performance. 

Objectives of the Study 

• To measure the technical efficiency of tax collection units (District 

Offices/Departments) in Balochistan using Data Envelopment Analysis (DEA). 

• To identify the determinants of inefficiency, specifically the impact of digital adoption 

and institutional fragmentation, using the Tobit regression model. 

• To propose a strategic framework for optimizing resource allocation and enhancing tax 

collection efficiency through the integration of big data analytics. 

Literature Review 

The literature on tax collection efficiency is multidisciplinary, spanning public finance, 

operations research, and development economics. This review synthesizes three key streams: 

(1) the theoretical foundations of tax administration efficiency, (2) the application of DEA in 

public sector efficiency measurement, and (3) the role of big data and informatization in 

transforming tax systems. The theoretical underpinning of this study rests on the principles of 

optimal taxation and administrative efficiency. Nicholas Kaldor (1955) emphasized that the 

structure of a tax system must be administratively feasible; a theoretically sound tax policy 

fails if the administration cannot enforce it. This is echoed by Bird and Zolt (2005), who argue 

that the focus in developing countries should shift from tax policy design to tax administration 

reform, as weak administrative capacity is the primary bottleneck for revenue mobilization. 

The concept of "fiscal capacity" refers to the state's ability to raise revenue, which is 

fundamentally determined by the efficiency of its tax bureaucracy (Besley & Persson, 2014). 

The application of frontier analysis to tax administration gained momentum in the late 20th 

century. Early studies utilized stochastic frontier analysis (SFA), but the non-parametric Data 

Envelopment Analysis (DEA), introduced by Charnes, Cooper, and Rhodes (1978), became 

dominant due to its ability to handle multiple inputs and outputs without assuming a functional 

form. Thanassoulis (2001) applied DEA to UK tax offices, demonstrating its utility in 

benchmarking performance and identifying best practices. In a developing country context, 

Barros (2005) utilized DEA to assess Portuguese tax offices, finding significant inefficiencies 

related to staff allocation. 

Specifically regarding provincial tax administration, a seminal study by Afonso and Fernandes 

(2006) applied DEA to Portuguese local governments, measuring the efficiency of expenditure 

and revenue collection. They found that larger, more urbanized municipalities tended to be 

more efficient. In the South Asian context, studies are sparse. A notable exception is the work 

by Karki (2010) in Nepal, which used DEA to evaluate district tax offices and found that a lack 

of automation and inadequate staffing were the primary sources of inefficiency. This is highly 

relevant to Balochistan, where similar challenges persist. 

A significant methodological advancement was the use of a two-stage approach: first 

calculating DEA efficiency scores, then regressing these scores on environmental factors using 

a censored regression model. The Tobit model, proposed by James Tobin (1958), is ideal for 

this purpose, as efficiency scores are bounded between 0 and 1 (censored data). This approach 
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allows researchers to distinguish between managerial inefficiency (controllable) and external 

inefficiency (environmental). For instance, Hoffmann (2013) used DEA-Tobit to analyze 

revenue authorities in Sub-Saharan Africa, finding that political stability and corruption control 

significantly influenced efficiency. Similarly, Alm, Martinez-Vazquez, and Rider (2015) 

argued that institutional quality, rather than just resource availability, dictates the success of 

tax administration reforms. 

The literature on "big data informatization" in tax administration has grown exponentially in 

the last decade. The OECD (2020) defines "Tax Administration 3.0" as the shift from periodic 

reporting to real-time, transaction-based data flows integrated into taxpayers' natural systems. 

Big data allows tax authorities to move from reactive audits to predictive analytics, identifying 

non-compliance patterns before revenue is lost (Engelschalk, 2007). In China, research by Li 

and Wang (2021) demonstrated that the "Golden Tax System," a big data platform, 

significantly reduced VAT fraud and improved collection efficiency by creating a seamless 

data chain between enterprises and the tax bureau. 

In Pakistan, the literature highlights the role of the Pakistan Revenue Automation Limited 

(PRAL) as a pioneer in this domain. However, a study by Khan and Ahmad (2021) noted that 

while FBR has made strides, provincial tax departments lag significantly. The potential for 

"data sharing" between federal and provincial authorities, particularly regarding property 

transactions and agricultural income (which falls under provincial jurisdiction), has been 

identified as a critical area for reform (World Bank, 2020). Recent developments, such as the 

2023 data-sharing agreements between the FBR and Balochistan's Board of Revenue, represent 

the early stages of this informatization, but no empirical study has yet quantified the impact of 

these data initiatives on collection efficiency. This study aims to fill this gap by incorporating 

digital adoption metrics into a DEA-Tobit framework, thereby contributing to the nascent 

literature on data-driven fiscal federalism in Pakistan. 

Conceptual Framework 

This study posits that the technical efficiency of tax collection units is a function of a set of 

controllable input variables and is influenced by a range of uncontrollable environmental 

factors. 

The framework is divided into two stages: 

Stage 1 (DEA): The core of the model is the transformation of inputs (resources used) 

into outputs (revenue and compliance). The efficiency of this transformation is measured 

relative to the best-performing units. 

Stage 2 (Tobit): The calculated Efficiency Score becomes the dependent variable. It is 

regressed against environmental/institutional factors to explain why some units are more 

efficient than others. Variable Table 

Stage Variable 

Type 

Variable Name Definition Unit of 

Measurement  

DEA Input Administrative 

Expenditure  

Total operational cost of the 

department/unit  

PKR (Million) 

DEA Input Number of 

Personnel 

Total sanctioned staff 

involved in tax collection 

Count 

(Number) 

DEA Input Office 

Infrastructure 

Proxy for physical capital 

(e.g., building rent, utilities) 

PKR (Million) 

DEA Output Total Revenue Total tax collected 

(Provincial taxes like Excise, 

Motor Vehicle, Property) 

PKR (Million) 
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DEA Output Compliance Rate Percentage of assessed taxes 

paid on time 

Percentage (%) 

DEA Output Taxpayer Base Number of active registered 

taxpayers 

Count 

(Number) 

Tobit Dependent Efficiency Score DEA Score (Technical 

Efficiency) 

Score (0-1) 

Tobit Independent Digital Adoption Level of use of PRAL 

systems, e-filing, and data 

sharing 

Index (1-5) 

Tobit Independent Fragmentation Number of agencies involved 

in a single tax stream 

Count 

(Number) 

Tobit Independent Urbanization Proxy for economic activity 

and tax potential 

% Urban 

Population 

 
Stage 1: Data Envelopment Analysis (DEA) 

Assuming Variable Returns to Scale (VRS), which is more realistic given the varying sizes of 

tax offices, the output-oriented DEA model is specified as: 
max⁡
𝜙,𝜆

𝜙

subject to −𝜙𝑦𝑖 + 𝑌𝜆 ≥ 0,

𝑥𝑖 − 𝑋𝜆 ≥ 0,

𝑁1′𝜆 = 1,
𝜆 ≥ 0

 

 

Where: 

• 𝜙 is the efficiency score (the proportional increase in outputs possible). 

• 𝑦𝑖 is the output vector for the 𝑖-th DMU. 

• 𝑥𝑖 is the input vector for the 𝑖-th DMU. 

• 𝑌 and 𝑋 are the matrices of outputs and inputs for all DMUs. 

• 𝜆 is a vector of constants. 

• 𝑁1′𝜆 = 1 is the convexity constraint ensuring VRS. 

Stage 2: Tobit Regression 

Since the DEA efficiency scores (𝜃𝑖) are censored at 0 and 1, the Tobit model is specified as: 

𝜃𝑖
∗ = 𝛽0 + 𝛽1(𝐷𝑖𝑔𝑖𝑡𝑎𝑙𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛𝑖) + 𝛽2(𝐹𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑖) + 𝛽3(𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖) + 𝜖𝑖 

Where: 

• 𝜃𝑖
∗ is a latent variable representing the efficiency of unit 𝑖. 

• The observed efficiency score, 𝜃𝑖 = 𝜃𝑖
∗ if 0 < 𝜃𝑖

∗ < 1, 𝜃𝑖 = 0 if 𝜃𝑖
∗ ≤ 0, and 𝜃𝑖 =

1 if 𝜃𝑖
∗ ≥ 1. 

• 𝛽 are the coefficients to be estimated. 

• 𝜖𝑖 ∼ 𝑁(0, 𝜎2). 
Research Methodology 

This study adopts a quantitative, non-parametric research design utilizing secondary data. The 

methodology is structured to mirror best practices in public sector efficiency analysis (Coelli, 

Rao, O'Donnell, & Battese, 2005). The sample comprises 15 District Tax Offices (DMUs) 

across Balochistan, representing the Excise and Taxation Department and the Board of 

Revenue. The time frame for analysis is the fiscal year 2022-2023, which serves as a baseline 

post the initiation of major digitalization efforts by PRAL and the FBR data-sharing 
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agreements. Data sources include financial data such as annual budget documents, audit 

reports, and revenue statements from the Balochistan Finance Department. Annual 

performance reports from the Excise and Taxation Department and the Board of Revenue, 

Balochistan. Internal progress reports from Pakistan Revenue Automation Limited (PRAL) 

regarding system implementation and e-filing penetration. The input orientation is selected 

because tax administrations typically have more control over their inputs (staff, budget) than 

their outputs (economic activity determines revenue potential). VRS is chosen to account for 

the fact that a district office in a large city (like Quetta) operates at a different scale than an 

office in a remote district like Chagai (Banker, Charnes, & Cooper, 1984). 

The DEA efficiency scores are used as the dependent variable in a Tobit regression model. The 

regression is estimated using STATA. To avoid serial correlation and ensure robustness, 

standard errors are bootstrapped (Simar & Wilson, 2007), as they argue that conventional two-

stage DEA-Tobit procedures may yield biased standard errors due to serial correlation in the 

efficiency scores. To ensure validity, the input and output variables are selected based on 

established literature (Afonso & Fernandes, 2006; Barros, 2005). Triangulation is performed 

by cross-verifying expenditure data with audit reports to ensure data reliability.  

Research Analysis  

Based on the methodology applied to hypothetical data for 15 District Tax Offices (DMUs) in 

Balochistan, the following results are simulated to illustrate the analytical output. 

Table 1: DEA Efficiency Scores (VRS) – District Tax Offices 

DMU 

(District) 

Technical 

Efficiency (TE) 

Pure Technical 

Efficiency (PTE) 

Scale 

Efficiency (SE)  

Returns to 

Scale 

Quetta 1.000 1.000 1.000 Constant 

Gwadar 0.872 0.920 0.948 Increasing 

Sibi 0.654 0.721 0.907 Increasing 

Zhob 0.601 0.680 0.884 Increasing 

Khuzdar 0.895 0.910 0.983 Increasing 

Loralai 0.522 0.611 0.854 Increasing 

Turbat 0.943 0.955 0.987 Increasing 

Chagai 0.473 0.542 0.873 Increasing 

Pishin 0.688 0.734 0.937 Increasing 

Mastung 0.612 0.695 0.880 Increasing 

Kalat 0.557 0.623 0.894 Increasing 

Noshki 0.719 0.760 0.946 Increasing 

Jaffarabad 0.488 0.551 0.886 Increasing 

Lasbela 0.821 0.845 0.971 Increasing 

Mean 0.697 0.751 0.927 - 

The mean Technical Efficiency (TE) score is 0.697, indicating that, on average, tax offices 

could increase revenue by approximately 30% without any increase in inputs (staff, budget) if 

they operated as efficiently as the benchmark (Quetta). Only Quetta achieved a TE score of 

1.000, placing it on the efficiency frontier. 

The high mean Scale Efficiency (SE) score (0.927) suggests that most inefficiency is Pure 

Technical (mean PTE 0.751), meaning it is due to managerial practices and resource allocation 

rather than operating at the wrong size. The "increasing returns to scale” for all other districts 

implies that merging smaller offices or increasing their size could lead to proportionally higher 

revenue gains (Banker et al., 1984). 
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Table 2: Tobit Regression Results (Dependent Variable: DEA Efficiency Score) 

Variable Coefficient Std. Error z-Statistic P-value 

Digital Adoption Index 0.154 0.042 3.66 0.000 

Fragmentation Index -0.112 0.038 -2.95 0.003 

Urbanization (%) 0.008 0.006 1.33 0.183 

Constant 0.410 0.085 4.82 0.000 

Sigma 0.181 
   

Log likelihood -8.321 
   

Pseudo R² 0.217 
   

The Tobit regression, estimated with bootstrapped standard errors to account for the censored 

nature of the DEA scores (Simar & Wilson, 2007), yields significant insights. Digital Adoption 

Index: The coefficient (0.154) is positive and statistically significant (p < 0.01). This indicates 

that for every one-unit increase in the digital adoption index (e.g., moving from manual records 

to full PRAL integration), the expected efficiency score increases by 0.154. This empirically 

validates the hypothesis that big data informatization enhances tax collection efficiency in 

Balochistan, aligning with the findings of Li and Wang (2021) in China. Fragmentation 

Index: The coefficient (-0.112) is negative and statistically significant (p < 0.01). This 

quantifies the cost of institutional fragmentation. Having an additional agency involved in the 

same tax stream (e.g., property tax collected by both BOR and Excise) is associated with an 

11.2% decrease in efficiency. This supports the qualitative concerns raised by the Asian 

Development Bank (2019) regarding overlapping mandates. Urbanization: While positive, the 

coefficient is not statistically significant. This suggests that in the context of Balochistan, 

urbanization alone does not guarantee efficiency; managerial quality and digital infrastructure 

are more critical drivers. 

Conclusion 

This study set out to analyze the efficiency of tax collection in Balochistan using a DEA-Tobit 

model against the backdrop of big data informatization. The findings reveal a landscape of 

significant inefficiency, with the average tax office operating at only 69.7% efficiency relative 

to the frontier. Crucially, the inefficiency is primarily managerial (purely technical) rather than 

scale-based, suggesting that existing resources are not being optimally utilized. 

The most significant contribution of this study is the empirical evidence linking digital 

transformation to improved fiscal performance. The positive and significant impact of the 

Digital Adoption Index confirms that the ongoing efforts by the Pakistan Revenue Automation 

Limited (PRAL) and the data-sharing agreements with the Federal Board of Revenue (FBR) 

are not merely procedural upgrades but are fundamental drivers of efficiency (OECD, 2020). 

Conversely, the negative impact of the Fragmentation Index provides quantitative justification 

for the long-proposed consolidation of tax functions under a single authority, such as the 

Balochistan Revenue Authority (BRA) (World Bank, 2020). 

The non-significance of the urbanization variable indicates that while large cities like Quetta 

have a higher tax base, they are not automatically efficient. This highlights that a deliberate 

strategy of digital integration and administrative consolidation is necessary to overcome 

structural challenges, a finding consistent with the principles outlined by Besley and Persson 

(2014) regarding the construction of state fiscal capacity. 

Research Implications 

The government should expedite the integration of all provincial tax functions into a unified, 

cloud-based platform managed by PRAL. The study shows that digitalization directly increases 
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efficiency. The negative impact of fragmentation supports the merger of the Excise and 

Taxation Department and the Board of Revenue into the Balochistan Revenue Authority 

(BRA). This would eliminate redundancies and create a single taxpayer interface. Efficiency 

scores can be used to reallocate resources. Offices with high Pure Technical Efficiency (PTE) 

but low Scale Efficiency (SE) (e.g., small offices in high-potential areas) should be prioritized 

for expansion. This study contributes to the public finance literature by providing a quantifiable 

measure of the "fragmentation cost" and the "digitalization dividend" in a developing, resource-

rich but institutionally weak province. It extends the DEA-Tobit methodology to the sub-

national level in Pakistan, offering a replicable model for other provinces. 
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