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Abstract: The purpose of this empirical study is to evaluate and explain the fiscal performance of Indian states
from 2009-10 to 2014-15 using a network DEA approach. While previous research has compared India’s fiscal
and developmental performance at the sub-national level, this study departs from the extant literature by evaluating
state-wise performance at a disaggregated level. The states are first compared based on their tax mobilization and
then evaluated in terms of development spending and overall financial performance. Censored regression analysis is
also used to explore the impact of outstanding liabilities on GDP ratio, Gross Capital Formation, and GDP growth
rate. The results indicate a positive association between efficiency scores and GDP growth rate and log of Gross
Capital Formation. However, the linkage between efficiency and the outstanding liabilities ratio is negative. These
findings suggest the need for a balanced approach to government spending to avoid the recurrence of the debt crisis
in the future.

Keywords: Network DEA; Technical efficiency; Indian states; Sub-national fiscal performance; Development
spending

1 Introduction

The objective of sub-national governments is to spend resources on developmental activities, which requires
financial resources generated in a two-stage process. The first stage involves the generation of financial resources,
while the second stage involves the expenditure of such resources on developmental activities. However, the limited
ability of governments to mobilize taxes, coupled with other factors, means that financing government spending
through taxation and borrowing may not have equivalent effects on the economy as posited by the Ricardian
equivalence proposition.

In India, states have limited power to mobilize taxes independently, and financial constraints arising from limited
tax mobilization capacity remain a major area of concern. The fiscal situation of Indian states gradually worsened up
to the end of the preceding century. However, in the current millennium, the central government and the Indian states
have adopted rule-based paths toward fiscal consolidation through the passage of Fiscal Responsibility and Budgetary
Management legislations. State governments have also initiated necessary measures to promote revenue mobilization
and reduce unproductive expenditures. Efforts have also been made to improve the quality of expenditure to foster
long-term economic growth.

The majority of research studies on public finance have focused on addressing the problem of sub-national fiscal
deficit and debt sustainability. In India, Dholakia and Karan [1] and Goyal et al. [2] are notable examples of such
studies. However, there are fewer research studies that have examined the comparative fiscal or macroeconomic
performance in the national or sub-national setting.

In the national and international context, a few research studies have estimated the tax administration efficiency
of governments. In the global context, studies such as [3–7] have examined tax performance in various countries.
In the Indian context, notable research studies include [8] and [9]. Chatterjee and Chitkara [9] applied a stochastic
frontier approach to evaluate the tax mobilization efficiency of fifteen Indian states covering the period from 1980-81
to 1992-93. The study identified a moral hazard problem in the allocation of grants, which reduces sub-national tax
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effort. The relatively affluent states mobilize tax more efficiently since they receive fewer grants. The study thus
suggested providing more weightage to own tax performance for releasing more grants. Tax efficiency was evaluated
using Gross State Domestic Product (GSDP), the share of agriculture in GSDP, and the poverty index. Variations in
tax efficiency were found to be due to size differences in tax jurisdiction.

Coondoo et al. [10] estimated the comparative tax performance of Indian states from 1986-87 to 1996-97 using
the quantile regression method. The study linked the Aggregate Tax Revenue-Net State Domestic Product ratio
with per capita Net State Domestic Product based on 1980-81 prices. Based on the outcome, the study grouped the
observed states into four categories: best, medium, declining, and worst. Garg et al. [8] evaluated the tax capacity
and tax effort of fourteen states (from 1992-92 to 2010-11) using the Battese-Coelli stochastic frontier model. In their
estimated model, explanatory variables were linearly related to the inefficiency term. Tax efficiency was analyzed
using a series of explanatory variables in a second-stage regression, and it was found that economic and structural
variables contribute significantly to tax efficiency.

Sinha [11, 12], Mundle et al. [13], and Mohanty and Mishra [14] have constructed fiscal performance indices
in the Indian context. Bhide and Panda [15] have presented a budget quality composite index based on several
indicators, including net interest payments, subsidies, and defense, net of defense, the ratio of net tax revenue of the
center, the fiscal deficit-GDP, and the revenue deficit-GDP ratio.

Dholakia and Karan [1] eveloped an index of fiscal performance by combining three indices - a deficit index,
an own revenue effort index, and an expenditure and debt service index. From 1990-91 to 2002-03, Dholakia and
Karan [1] ranked the performance of Indian states using the Fiscal Performance Index.

Mundle et al. [13] examined subnational governance performance from 2001-02 and 2011-12 as measured
by services, infrastructure, social services, fiscal performance, justice, law and order, and quality of law-making.
Several indicators were used to assess fiscal performance, including the ratio of development expenditures to total
expenditures and the ratio of own tax revenues to total tax revenues. Among the states with the best fiscal performance,
three were high-income, two were middle-income, and one was low-income. Five major sub-indices contribute to the
Fiscal Performance Index: the Deficit Index, Revenue Efficiency Index, Expenditure Quality Index, Debt Index, and
Debt Sustainability Index. The study found significant inter-state variations as reflected by the respective indices.

In the international context, Lovell et al. [16, 17] constructed macroeconomic performance frontiers of OECD
and Asian economies, respectively. Other notable international studies related to the estimation of macroeconomic
performance indicators include Sinha [11, 12, 18], and Acharya and Sahoo [19]. In India, Sahoo and Acharya [20]
constructed macroeconomic performance indices at the sub-national/national level.

Sahoo and Acharya [20] developed a macroeconomic performance index for twenty-two Indian states applying
radial and non-radial approaches from 1994-1995 to 2001-2002. The index incorporates three output indicators: the
Gross State Domestic Product (GSDP), the fiscal balance, and the price index. The radial and non-radial models
provided significantly different rankings according to Kendall’s tau-b rank correlation score of 0.777 at the 1 percent
significance level.

Acharya and Sahoo [19] used three macro indicators, namely GSDP, fiscal deficit as a percentage of GSDP, and
inflation expressed in the GSDP deflator, to estimate Dynamic Macroeconomic Performance (DMEP) for fifteen
major Indian states. The study found that states with higher macroeconomic performance had lower levels of poverty
and inequality.

Non-parametric frontier estimation techniques were used by Sinha [11, 12, 18] to estimate state fiscal performance
efficiency using outstanding liabilities and gross capital formation as independent variables. Data envelopment
analysis was applied to the Indian economy by Mohanty et al. [21] to construct a measure of macroeconomic
performance (MEP). The study estimated the Indian economy’s MEP and Eco-MEP indices from 1980-1981 to
2018-2019 based on macro indicators such as international terms of trade, economic growth rate, pollution, fiscal
deficit, employment rate, inflation rate, and climate change. The two indices have captured the major events that
adversely impacted the Indian economy simultaneously.

The current research differs from previous studies in several ways. Firstly, the study employs a two-stage relational
network model of the production process for efficiency evaluation, which allows for performance estimation at a
disaggregated level. The study computes both tax mobilization (first stage) and composite efficiency (indicating
development spending and fiscal stability) in the second stage, while also assessing the impact of GDP growth rate,
outstanding liability (to GDP) ratio, and Gross Capital Formation using censored regression.

This study is organized into five sections. Section 1 provides an introduction and a brief review of related
literature. Section 2 describes the network DEA methodology and second phase censored regression method used
in the present study, as well as the variables used in the estimation process. Results and discussion are presented in
Section 3. The final section is the conclusion.
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2 Methodology
2.1 Estimation of Efficiency

To estimate the technical efficiency of a productive unit, observed productivity is compared with benchmark
productivity. In the econometric approach, observed productivity may deviate from benchmark productivity due
to external and internal factors. The mathematical programming approach, including DEA, only accounts for
inefficiency due to internal factors. However, DEA has two advantages over parametric approaches: it does not
require assuming a parametric functional form of the relationship between inputs and outputs, and it can easily
accommodate multiple outputs into the analysis framework.

Both the DEA and econometric approaches consider a one-sector input-output transformation process, which
does not allow for identifying divisional performance. To address this weakness, the present study uses the Network
DEA method to evaluate the fiscal performance of Indian states.

Performance benchmarking of a productive unit often involves comparing actual output (or input usage) with
benchmark levels. An observed dataset is used to construct a performance frontier, and a productive unit’s per-
formance is measured based on its proximity to the frontier. DEA is widely used for estimating the frontier (and
efficiency) in most research studies due to several associated advantages.

Conventional DEA models use a black-box approach to estimate the efficiency of observed productive units as a
whole, without considering their internal sub-processes. This approach assumes that the relative DMU’s productive
system is a black box, deploying certain inputs to produce certain outputs. However, this approach may make it
difficult to identify weaknesses in DMUs properly.

Charnes et al. [22] recognized that the army recruitment process is a two-stage activity that includes creating
awareness and executing employment contracts. This is perhaps the earliest DEA study that acknowledges the
internal processes of a productive process. The study found that advertisements are used to create awareness among
youth, and contracts are executed during the second stage.

Wang et al. [23] considered a two-stage banking production process to capture the impact of information
technology on the sector. Färe et al. [24] introduced a network structure of the production process to efficiently
estimate the entire production system and its components.

Tone and Tsutsui [25] presented an SBM (Slacks-Based Measure) approach for evaluating the overall (system)
and stage (process) efficiencies of productive units having a network structure. The approach compares observed
DMUs to efficient points lying on the frontier to assess the productive units’ performance.

To explain the SBM network DEA technique briefly, we consider a set of n productive units (DMUs) under
observation, where each DMU consists of two divisions. Let pi and qi be the inputs and outputs numbers for division
i, respectively. The link connecting the two divisions is denoted by (12). The experimental data on inputs, outputs,
and links are represented by Xij (j=1,2,. . . ,n;i=1,2) for the inputs, Yij (j=1,2,. . . ,n;i=1,2) for the outputs, and L(12)
for the link. The production structure is graphically displayed in Figure 1.

Figure 1. The network of production process

The production possibility set
[(
Xi,Yi,L(12)

)]
is characterized by
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Output-oriented technical efficiency = 1
θ∗
0

.
Output-oriented divisional efficiency is calculated as follows:θDi =

1

1+ 1
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r=
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yi
r0

) .

where, θDi is the output-oriented technical efficiency of division i (i=1,2). The overall output-oriented efficiency is
calculated as the weighted harmonic mean of divisional scores.

2.2 Contextual Variables Influence

An important aspect of the study is to evaluate the impact of contextual variables on efficiency, which can be
achieved through econometric modeling. However, the conventional least square method cannot be used due to the
bounded efficiency scores (with lower and upper bounds of 0 and 1). Therefore, data transformation is necessary to
compute the efficiency score.

Besides the standard Tobit model, the censored regression model can also be used. This model allows censoring
of the dependent variable on the left, right, or both, with no lower or upper limits on the dependent variable. The
censored regression model can be represented as follows:

YL = x2β + u

Y = m if Y ∗ ≤ 0, Y = YL if m < YL < n and Y = n if y∗ ≥ 0
(1)

in which YL and Y are latent (unobserved) and observed variables, respectively, x is the explanatory variable vector,
m and n are dependent variable lower and upper limits, β is the unknown parameters vector, and u represents the
disturbance term.

The Maximum Likelihood Estimation (MLE) method is commonly used to estimate censored regression models.
Assuming that u is a normally distributed disturbance term with mean 0 and variance σ2, the log-likelihood function
can be expressed as:

log L =
∑[

Im logφ

(
a− x′β

σ

)
+ In logφ

(
x′β − b

σ

)
+ (1− Im−In)

{
log θ

(
θ − x′β

σ

)
− log σ

}]
(2)

Here, φ(.) and θ(.) denote the cumulative distribution and probability density function of standard normal
distribution, respectively. On the other hand, Im & In are the indicator functions with Im = 1 if y = m and
Im = 0 if y > m and In = 1 if y = n and In = 0 if y > n.

2.3 Description of Variables

The evaluation of sub-national efficiency performance depends on the input-output framework used by the model.
Therefore, appropriate performance indicators need to be identified for efficiency evaluation. Since a state works for
public welfare, its ability to undertake developmental activities depends on the devolution of resources and its own
tax mobilization. This, in turn, is dependent on the state’s Gross Domestic Output (GDP). Thus, we have included
State GDP as the input variable and Own Tax Revenue as the output variable in stage one.

In the next stage, we have considered the Devolution of Funds and the first stage output (Own Tax Revenue) as
the two inputs, and Development Expenditure and Revenue-Expenditure Ratio as the final stage outputs. The quality
of the state’s development expenditure influences the quality of human capital and can play a major role in fostering
economic growth. Several research studies have examined the impact of the state’s development spending on the
economic growth process. Diamond [26] showed that capital expenditure on welfare, housing, and health promotes
economic growth. Ram´ırez [27] found a highly significant positive impact of public infrastructure investment and
private capital formation on output growth. Erden and Holcombe [28] found that public investment facilitates private
investment, and on average, a ten percent public investment growth is linked to a two percent upswing in private
investment. A summary view of the evaluation indicators is presented in Table 1.

2.4 Data and Estimation Model

This study is based on data collected between 2009-2010 and 2014-15. The required information on input, output,
and contextual variables was obtained from the State Finances-A Study of State Budgets published by the Reserve
Bank of India for various years, covering sixteen general category states. We have used the slacks-based network
DEA model proposed by [25] to evaluate state-level performance. The model is output-oriented and estimates under
variable returns to scale.
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Table 1. Key parameters of our model

Variables Usage in the model
State GDP First stage input

Own Tax Revenue First-stage output and second-stage input
Devolution of funds Second stage input

Development Expenditure Second stage output
Receipt-Expenditure Ratio Second stage output

Outstanding liability to GSDP ratio Environment variable
Log of Gross Capital Formation Environment variable

GSDP Growth Rate Environment variable
Source: Author’s Selection

3 Results and Discussion
3.1 Descriptive Statistics of Efficiency Scores

Table 2 presents the mean efficiency scores for the two stages of sub-national performance estimated using the
SBM network DEA model. It is important to note that since efficiency estimates for each of the in-sample years are
derived from individual frontiers, efficiency scores cannot be compared across time. However, the mean efficiency
score provides a sense of how far the current year’s performance diverges from the frontier.

Table 2 indicates that the variability in performance is more pronounced in the second stage compared to the
first stage. The table also shows a growing divergence in performance from 2009-10 to 2013-14. Mean efficiency
improved somewhat in 2013-14 but declined again in 2014-15.

Table 2. Mean overall and stage-wise efficiency scores

Particulars 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15
Stage 1 0.9840 0.9623 0.9112 0.8911 0.9726 0.9365
Stage 2 0.8283 0.8189 0.8709 0.8682 0.8253 0.9085
Overall 0.9062 0.8906 0.8910 0.8797 0.8989 0.9225

Source:Calculated

3.2 Impact of Contextual Variables on Sub-National Performance

In this study, the impact of time and two important contextual variables (outstanding liabilities and log of gross
capital formation) on sub-national fiscal management and development performance was examined. Due to the
bounded efficiency scores, the Tobit model was used for regression estimates, and the results are presented in Table 3
and Table 4.

The regression results for Stage 1 efficiency are displayed in Table 3. The coefficient of the outstanding liability
ratio is found to be negative and statistically significant, indicating a negative relationship between the observed
state’s efficiency and indebtedness. The coefficient of the log of gross capital formation is positive but statistically
insignificant. This implies that better tax mobilization performance was exhibited by more industrialized states (as
indicated by the quantum of gross capital formation), which is consistent with [9]. The coefficient of the GSDP
growth rate is also positive, as expected.

Table 4 presents the regression estimates for Stage 2 efficiency. In this case, the coefficient of outstanding liabilities
to GSDP ratio is also highly significant and negative. Additionally, the coefficient of the log of gross capital formation
is positive and significant, indicating that better efficiency in development expenditure and revenue-expenditure ratio
was observed in states with higher levels of industrialization.

Table 3. Regression of stage-1 efficiency on the contextual variables

Particulars Coefficient Std. Error Observed t ratio p-value
Intercept 1.0481 0.3755 2.791 0.0052

Outstanding Liability-GSDP ratio -0.0125 0.0048 -2.584 0.009
Log of Gross Capital Formation 0.0174 0.0243 0.7170

GDP growth 0.0355 0.0287 1.236 0.4734
Source:Calculated
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Table 4. Regression of stage-2 efficiency on the contextual variables

Particulars Coefficient Std. Error Observed t ratio p-value
Intercept 0.5795 0.5179 1.119 0.2632

Outstanding Liability-GSDP ratio -0.0161 0.0052 -3.086 0.0020
Log of Gross Capital Formation 0.0616 0.03508 1.755 0.0792

GDP growth 0.0100 0.0285 0.3499 0.7264
Source:Calculated

4 Concluding Observations

The fiscal efficiency of Indian general category states regarding stage-wise performance between 2009-10 and
2014-15 has been analyzed in this study. As mentioned earlier, the variability in performance in the second stage
is more pronounced in the second stage efficiency (relating to development spending and fiscal balance) compared
to the first stage efficiency concerning own tax mobilization. While development spending is crucial for economic
development, a long-term financial planning strategy is necessary for the government. This can be achieved by a
two-fold approach, including greater reliance on tax financing of government expenditure and improving the quality
of development expenditure to make it more effective.

However, this study needs to be extended in two ways. Firstly, the study period needs to be extended beyond
2014-15. Secondly, more explanatory variables can be added to the regression analysis to explore their impact on
the first and second-stage performance. These issues can be addressed more effectively in future studies.

Data Availability

The data used to support the findings of this study are available from the corresponding author upon request.
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