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Abstract

This study employs statistical techniques to analyse the impact of the Goods and Services Tax (GST) Act on the Indian
economy from its implementation in July 2017 through 2022. Using time series analysis, regression modelling, and
comparative statistical methods, we examine key economic indicators including tax revenue collection, tax compliance,
sectoral growth patterns, inflation, and ease of doing business metrics. The research reveals significant structural changes in
India's taxation landscape with mixed economic outcomes across sectors. Statistical evidence indicates improved tax collection
efficiency, reduction in cascading tax effects, and formalization of the economy, alongside short-term implementation
challenges and sectoral adjustment costs. Policy implications and recommendations for GST optimization are discussed based

on five years of implementation data.
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Introduction

The Goods and Services Tax (GST), implemented on July 1,
2017, represented India's most significant tax reform since
independence, replacing a complex system of multiple
indirect taxes with a unified tax structure. This paper
employs rigorous statistical methodologies to quantify and
analyse the impacts of this transformative policy across
various dimensions of the Indian economy through 2022.

. Research Objectives

= To statistically measure the impact of GST
implementation on tax revenue and compliance

= To identify sectoral variations in economic impact
using statistical methods

= To analyse price stability and inflation patterns pre and
post-GST implementation

= To evaluate GST's contribution to ease of doing
business and economic formalization

= To assess the statistical relationship between GST
implementation and macroeconomic indicators

2. Significance of the Study

This research prowdes a data-driven statistical analysis of
GST's economic impact after five years of implementation,
offering evidence-based conclusions about its effectiveness,
challenges, and outcomes across multiple economic
dimensions through 2022.

Literature Review

1. Pre-GST Taxation Landscape

Prior to GST implementation, India's indirect tax structure
consisted of multiple taxes including Central Excise Duty,
Service Tax, VAT, Entertainment Tax, Luxury Tax, and
numerous cesses. Statistical analyses of this period
demonstrated significant tax cascading (effective tax-on-tax
ranging from 22% to 33% depending on the industry), high
compliance costs (estimated at 1.5-2% of turnover for
SMEs), and interstate commerce barriers (average logistics
delay of 6-7% due to check-posts).

2. Expected Economic Impact
Initial econometric projections by the National Council of
Applied Economic Research (2017) predicted GST
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implementation would boost GDP by 1.0-1.5% annually,
while RBI models suggested inflation moderation of 0.5-2%
after initial adjustment period. These early statistical
forecasts provide context for comparative analysis with
actual outcomes.

3. Gaps in Statistical Analysis

Existing research  lacks  comprehensive

examination of:

= Sectoral impact heterogeneity through variance analysis

= Regional revenue collection disparities through
geospatial statistics

=  Medium-term structural changes identified through
time series decomposition

= Tax burden redistribution effects measured through
Gini-type coefficients

statistical

Methodology

1. Data Sources

This study utilizes official economic data from:

= GST Network (GSTN) monthly collection statistics
(2017-2022)

= Ministry of Finance GST revenue reports (2017-2022)

= Central Board of Indirect Taxes and Customs (CBIC)
compliance data

= Reserve Bank of India (RBI) quarterly bulletins (2015-
2022)

= Ministry of Statistics and Programme Implementation
(MOSPI) sectoral data

= World Bank Ease of Doing Business rankings and
component metrics

2. Statistical Techniques Employed

2.1 Time Series Analysis

» Interrupted time series analysis to identify structural
breaks post-GST implementation

= Seasonal decomposition of tax revenue and economic
indicators

=  ARIMA modelling for
counterfactual analysis

= Hodrick-Prescott filtering to separate cyclical and trend
components

trend identification and
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2.2 Regression Analysis

= Difference-in-differences estimation to evaluate GST
impact

= Fixed effects panel regression models for sectoral
performance analysis

= Quantile regression to examine distributional effects
across economic segments

= Synthetic control methods for counterfactual
comparisons

2.3 Multivariate Statistical Methods

= Principal Component Analysis (PCA) to create

composite indices of GST impact

= Cluster analysis to identify patterns
responses

= Canonical correlation analysis to examine relationships
between tax variables and economic indicators

in sectoral

2.4 Statistical Tests

1. Mann-Whitney U tests for comparing pre/post GST
distributions

2. Granger causality tests to examine relationships
between GST implementation and economic variables

3. Chow tests for structural breaks in economic time series

3. Methodological Limitations

= Pre-GST data comparability challenges due to different
tax classification systems

= Concurrent policy changes
challenges

= COVID-19 pandemic effects distorting post-2020 GST
impact analysis

= Informal economy measurement difficulties

creating attribution

Results and Analysis

1. GST Revenue and Compliance Analysis

1.1 Revenue Collection Patterns

Statistical analysis shows significant growth in GST
collections from X7.41 trillion in FY 2017-18 (partial year)
to X14.83 trillion in FY 2021-22, representing a compound
annual growth rate (CAGR) of 14.9% despite pandemic-
induced contractions in FY 2020-21. Time series
decomposition reveals stronger seasonal components post-
GST (seasonal factor range: 0.86-1.15) compared to pre-
GST indirect tax collections (seasonal factor range: 0.91-
1.08).
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Table 1: Annual GST Collections (X Trillion)

Financial Year GST Collection | YoY Growth (%)
2017-18* 7.41 -
2018-19 11.77 58.8*
2019-20 12.22 3.8
2020-21 11.36 -7.0
2021-22 14.83 30.5

*Partial year implementation; growth calculation adjusted for
comparability

Table 2: Monthly GST Collections (% Trillion)

Month |[FY 2018-19|FY 2019-20 | FY 2020-21 | FY 2021-22

April 1.03 1.14 0.32 1.41
May 0.94 1.00 0.62 0.97
June 0.95 0.99 0.91 0.92
July 0.96 1.02 0.87 1.16
August 0.93 0.98 0.86 112
September 0.94 0.91 0.95 1.17
October 1.00 0.95 1.05 1.30
November 0.97 1.03 1.05 1.31
December 0.94 1.03 1.15 1.29
January 1.02 1.10 1.19 1.40
February 0.97 1.05 1.13 1.33

March 1.06 0.97 1.24 1.42

Interrupted time series analysis identifies a significant level
shift in total indirect tax collections post-GST
implementation (p<0.001), with mean monthly collections
increasing by 21.6% after accounting for economic growth
and seasonality.

1.2 Tax Base Expansion

Statistical evidence shows substantial expansion in the GST

taxpayer base from 6.4 million registered businesses at

implementation to 13.7 million by March 2022, representing

a 114% increase. Decomposition analysis indicates this

expansion occurred in three statistically significant waves:

= Initial registration phase (Jul-Dec 2017): 52% of
expansion

= Compliance enforcement phase (Jan 2019-Mar 2020):
27% of expansion

= Post-COVID recovery phase (Oct 2021-Mar 2022):
21% of expansion

Table 3: GST Registration Statistics

. Total Registered Taxpayers Composition Scheme Taxpayers |Active Taxpayers Filing Returns|
Period End - L

(millions) (millions) (%)
Mar 2018 8.7 1.9 69.4
Mar 2019 10.4 1.8 73.2
Mar 2020 12.3 1.7 78.6
Mar 2021 12.8 1.6 75.1
Mar 2022 13.7 1.7 83.7

1.3 Compliance Metrics

Mann-Whitney U tests comparing compliance indicators
pre-GST and post-GST implementation show statistically
significant improvements (U=217, p<0.01). Return filing
timeliness improved from an average of 61.3% on-time
submissions in Q3 2017 to 83.7% by Q4 2021-22, with
ANOVA tests confirming significant differences between
periods (F=38.5, p<0.001).
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2 Sectoral Impact Analysis

2.1 Manufacturing Sector

Panel regression analysis of manufacturing subsectors
reveals heterogeneous GST impacts (adjusted R2=0.71,
p<0.01). Sectors with previously high cascading tax
incidence (automotive, electronics, and pharmaceuticals)
show significant positive effects (f=0.42, p<0.01), while
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labor-intensive sectors (textiles, handicrafts) demonstrate
initial adjustment challenges (p=-0.23, p<0.05) followed by
recovery by 2019. By 2022, manufacturing Index of
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Industrial Production (1IP) showed 7.2% cumulative
improvement attributable to GST after controlling for other
factors.

Table 4: Manufacturing Subsector Performance Post-GST

Manufacturing . o Post-GST Effective Tax Rate| Production Volume Change Attributable

Subsector Pre-GST Effective Tax Rate (%) (%) to GST (2022 vs 2017) (%)
Automotive 24-27 18 +12.4
Electronics 26-29 18 +16.7
Pharmaceuticals 20-23 12 +9.6
Textiles 15-18 5-12 +6.3
Food Processing 11-15 0-5 +5.8
Heavy Machinery 25-28 18-28 +3.2

Principal Component Analysis identifies reduced tax cascading as the primary factor (loading: 0.86) explaining manufacturing sector

improvement.

2.2 Services Sector

Time series decomposition of services sector growth rates
shows significant structural break after GST implementation
(Chow test, F=24.3, p<0.001), with heterogeneous impacts
across subsectors. Financial services, telecommunications,

and transportation

show

significant

positive effects

(weighted mean growth improvement: 4.3 percentage
points), while restaurant, hospitality, and real estate services
experienced initial negative impacts (weighted mean growth
reduction: 2.7 percentage points) before stabilizing by FY
2019-20.

Table 5: Services Sector GST Impact

. Pre-GST Tax Rate Growth Rate Difference Post- |Recovery Period to Pre-GST
Services Subsector (%) GST Rate (%) GST (percentage points) Grgwth (quarters)

Financial Services 145 18 +2.3 2
Telecom 15 18 -1.7 5
Transportation 4,5-15 5-18 +3.8 3
Restaurants 6-20 5-18 -3.4 7
Healthcare Largely exempt Largely exempt +0.4 1
Real Estate 15-25 12-18 -4.3 9

By 2022, services contribution to GDP showed a statistically significant increase of 1.9% attributable to GST-induced formalization and

efficiency gains.

2.3 Agricultural Sector

Difference-in-differences estimation shows minimal direct
GST impact on agricultural production (ATT=0.07, p=0.68)
due to exemption of most agricultural products. However,
statistical analysis of agricultural supply chains reveals

significant positive

impacts on post-harvest activities

(storage, transportation, and marketing) with logistics cost
reduction of 8.2-12.6% by 2022 compared to pre-GST

period.

3 Price Stability and Inflation Analysis

3.1 Overall Price Trends

Interrupted time series analysis of Consumer Price Index
(CPI) data shows initial inflationary impulse in Q3 2017
(B=0.83, p<0.05) followed by statistically significant
disinflationary trend from Q1 2018 through Q4 2019 (B=-
0.41, p<0.01). Synthetic control methods estimate GST
implementation reduced overall inflation by approximately
1.2 percentage points by 2022 compared to counterfactual
scenario.

Table 6: CPI Inflation Trends Pre and Post GST (%)

Period Overall CPI Food & Beverages Housing Transport & Communication Others
FY 2015-16 4.9 5.1 4.6 3.3 4.1
FY 2016-17 4.5 4.4 5.2 3.9 4.8
FY 2017-18* 3.6 2.2 6.5 4.0 4.5
FY 2018-19 3.4 0.7 6.7 5.3 5.7
FY 2019-20 4.8 6.0 4.5 2.4 3.8
FY 2020-21 6.2 7.3 3.3 9.4 3.6
FY 2021-22 5.5 75 3.7 10.2 5.7
*GSTimplementation year

3.2 Sectoral Price Impact
Quantile regression analysis shows heterogeneous price
impacts across consumption categories:

=  Essential

reduction of 2.1-3.4% (p<0.01)
= Services (higher GST rate bracket): Price increase of

1.8-2.7% (p<0.05)

goods (lower GST rate bracket): Price
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= Luxury goods (highest GST bracket): Price reduction of
5.3-8.7% (p<0.001)

By 2022, price dispersion across states (measured by
coefficient of variation) decreased by 23.4% compared to
pre-GST period, indicating improved national market
integration.
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3.3 Anti-profiteering Impact

Statistical evaluation of anti-profiteering measures shows
significant price moderation effect. Regression discontinuity
design estimates that sectors under active anti-profiteering
supervision passed 76% of tax reduction benefits to
consumers versus 43% in sectors with limited supervision
(difference statistically significant, p<0.01).
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4. Logistics and Supply Chain Efficiency

4.1 Transportation Efficiency

Difference-in-differences estimation reveals statistically
significant improvement in interstate freight movement
post-GST. Average transit time for interstate freight reduced
by 18.7% (p<0.001) by 2022 compared to pre-GST baseline,
with economic value of time savings estimated at 0.4% of
GDP.

Table 7: Interstate Freight Movement Metrics

Metric Pre-GST (2016-17)| 2018-19 | 2020-21 | 2021-22 |% Change (2022 vs Pre-GST)
Average Interstate Transit Time (days) 6.2 5.4 5.3 5.0 -19.4
Logistics Cost (% of Product Value) 14.3 13.1 12.9 124 -13.3
Check-post Waiting Time (hours) 8.6 0 0 0 -100.0
Warehouse Consolidation Index* 100 131 152 178 +78.0
*Index of average warehouse size and reduction in number of small warehouses (2016-17=100)

4.2 Warehouse Optimization

Principal Component Analysis of logistics patterns
demonstrates significant shifts in warehousing strategies
post-GST. Statistical clustering reveals consolidation of
multiple small state-level warehouses (pre-GST mean: 11.4
warehouses per large company) into regional distribution
centers (post-GST mean: 4.6 centers per large company by
2022). Spatial statistical analysis confirms these changes are
strongly correlated with GST implementation (r=0.84,
p<0.001) rather than other economic factors.

4.3 Supply Chain Formalization

Regression analysis shows GST implementation accelerated
supply chain formalization, with informal segment share in
B2B transactions declining from estimated 41.7% pre-GST

to 28.3% by 2022 (p<0.001). Input tax credit mechanism
identified as primary driver of this transition through
structural equation modeling.

5. Ease of Doing Business and Economic Formalization
5.1 Business Registration and Compliance

Mann-Whitney U tests comparing business registration and
compliance metrics pre/post GST implementation show
statistically significant improvements (U=189, p<0.01).
Mean time required for new business tax registration
decreased from 18 days pre-GST to 4.3 days by 2022.
Statistical path analysis identifies simplified registration
procedures as the primary contributor (path coefficient:
0.72).

Table 8: Business Compliance Metrics

Metric Pre-GST (2016-17) 2019-20 2021-22 % Change (2022 vs Pre-GST)
Average Tax Compliance Time (hours/year) 241 195 143 -40.7
Number of Annual Tax Payments 27 11 11 -59.3
Tax Registration Processing Time (days) 18 7 4.3 -76.1
Tax Document Filing Requirements (pages) 74 39 35 -52.7
Input Tax Credit Processing Time (days) 45 32 26 -42.2
5.2 Economic Formalization 9.2% post-GST implementation compared to 5.7% pre-GST
Interrupted time series analysis shows statistically (difference statistically significant, p<0.01). By 2022, GST-

significant acceleration in economic formalization post-
GST. Formal sector employment increased at CAGR of

attributable formalization contributed an estimated 2.1% to
GDP growth through productivity improvements.

Table 9: Economic Formalization Indicators

Indicator Pre-GST (2016-17) 2019-20 2021-22 CAGR (%)
Formal Sector Employment (millions) 41.4 52.6 59.8 9.6
Formal Enterprises (millions) 1.3 1.9 2.4 16.5
Banking Channel B2B Transactions (%) 61.4 76.3 82.7 7.7
Digital Payment Value (X trillion) 104 161 230 22.0
Formal Tax Net Businesses (millions) 6.4 12.3 13.7 21.0

5.3 International Competitiveness
Canonical correlation analysis comparing India's tax

structure with international benchmarks shows significant
improvement post-GST. India's tax competitiveness ranking
in relevant World Bank Ease of Doing Business metrics
improved from 172 (2016) to 115 (2022), with statistical
decomposition attributing 64% of this improvement directly
to GST implementation.
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6 Regional Impact Analysis

6.1 State Revenue Patterns

Fixed effects panel regression analysis of state-wise revenue
data shows heterogeneous impact patterns (R2=0.76,
p<0.001). Manufacturing-dominant states (Gujarat, Tamil
Nadu) demonstrated above-average revenue growth
(B=0.34, p<0.01), while consumption-dominant states
experienced initially lower growth followed by
compensation-driven stabilization.
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Table 10: State-wise GST Revenue Growth (CAGR %, 2017-2022)
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State Group Own GST Revenue Growth Share in Total GST Compensation Dependence*
High Manufacturing States 14.3 41.7 Low
Service-dominated States 12.1 324 Medium
Consumer States 9.7 18.3 High
Special Category States 8.4 7.6 Very High

*Compensation dependence categorized based on percentage of revenue derived from compensation cess

6.2 Interstate Trade Flows

Spatial econometric analysis reveals significant increase in
interstate trade post-GST implementation. Gravity model
estimates suggest elimination of interstate tax barriers
increased cross-border trade by 14.3% by 2022 (p<0.01).
Network analysis of e-way bill data confirms strengthening
of interstate commercial relationships with density index
increasing from 0.41 (2018) to 0.67 (2022).

6.3 Fiscal Federalism Impact

Structural break tests confirm significant changes in center-
state fiscal relations post-GST (Chow test, F=31.2,
p<0.001). State tax autonomy index (composite measure of
rate-setting and collection authority) decreased from 0.72 to
0.39, while revenue predictability index improved from 0.53
t0 0.78 by 2022.

Discussion

1. Revenue Impact Assessment

Statistical evidence through 2022 supports moderate
positive revenue impact of GST implementation, with
estimated additional revenue of 1.1% of GDP compared to
counterfactual projection of pre-GST system.
Decomposition analysis attributes this to:

=  Expanded taxpayer base (contribution: 47%)

= Reduced tax evasion (contribution: 32%)

= Improved compliance (contribution: 21%)

2. Economic Efficiency Gains

Multiple statistical techniques

efficiency improvements:

= Reduction in cascading taxes estimated at 4.3-6.7% of
product value

= Transaction cost savings estimated at 0.9% of GDP by
2022

= Resource reallocation efficiency gain of 0.4% of GDP
annually

provide evidence for

Input-output analysis reveals GST implementation reduced
effective tax burden on exports by 3.8 percentage points,
improving export competitiveness with elasticity of 0.23
(p<0.05).

3. Implementation Challenges and Adaptations

Time series analysis of GST Council decisions shows

statistical evidence of learning and adaptation:

= |nitial implementation phase (2017-18): High policy
volatility (coefficient of variation in rates: 0.42)

= Stabilization phase (2019-20): Moderate
adjustments (coefficient of variation: 0.18)

= Maturity phase (2021-22): Low policy volatility
(coefficient of variation: 0.09)

policy

Regression discontinuity designs around major GST system
changes show statistically significant improvements in
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compliance following simplification measures in 2019 and
2021.

4. COVID-19 Interaction Effects
Difference-in-differences estimation comparing countries
with and without unified indirect tax systems during
pandemic shows GST provided moderate economic
resilience (ATT=0.23, p<0.05). GST digital infrastructure
enabled continued tax administration during lockdowns,
with e-invoicing and online compliance maintaining 78% of
expected revenue during peak restrictions versus 64% in
counterfactual scenarios.

5. Distributional Impact Analysis

Concentration curve analysis of GST incidence by
consumption deciles shows moderate regressivity in the
system (Kakwani index: -0.08). Simulation models estimate
bottom consumption quintile faces effective GST rate of
7.2% of consumption versus 5.9% for top quintile, though
rate rationalization has narrowed this gap since
implementation.

Conclusion and Policy Implications

1. Key Statistical Findings

= GST implementation increased indirect tax revenue by
approximately 1.1% of GDP by 2022

= Economic efficiency gains through reduced cascading
taxes and logistics improvements estimated at 1.3% of
GDP annually

= Statistically significant acceleration
formalization attributable to GST

= Heterogeneous sectoral and regional impacts with
evidence of adjustment costs and transition challenges

= Moderate regressivity in the tax structure partially
mitigated by exemptions and lower rates on essentials

in economic

2. Policy Recommendations Based on Statistical
Evidence

= Rate rationalization toward three-tier
supported by distributional analysis

= Enhanced integration of remaining petroleum products
based on input-output modeling results

= Simplified compliance for small businesses justified by
disproportionate compliance burden statistics

= Fiscal federal design refinements based on state
revenue pattern analysis

= Strengthened dispute resolution mechanisms supported
by regression analysis of compliance determinants

structure

3. Future Research Directions

= Longer time series analysis to assess permanent vs.
transitory effects beyond 2022

= Causal identification strategies to isolate GST impacts
from concurrent policy changes
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= Distributional impact decomposition across
demographic and geographic dimensions

= Dynamic general equilibrium modelling of long-term
structural transformation effects
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