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Abstract

This study employs multiple statistical techniques to analyse the economic impact of the COVID-19 pandemic on the Indian
economy from 2020 to 2022. Using time series analysis, regression modelling, and comparative statistical methods, we
examine key economic indicators including GDP growth, unemployment, inflation, sectoral performance, and fiscal metrics.
The research reveals significant structural changes in economic patterns during the pandemic, with varying recovery
trajectories across sectors. Statistical evidence supports a K-shaped recovery pattern, with technology and healthcare sectors
demonstrating resilience while tourism, hospitality, and small businesses experienced prolonged depression. Policy
implications and recovery strategies are discussed based on the statistical findings through 2022.
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Introduction

The COVID-19 pandemic represented an unprecedented
economic shock to economies worldwide, with India
experiencing particular challenges due to its demographic
characteristics, economic structure, and policy responses.
This paper employs rigorous statistical methodologies to
quantify and analyse these impacts across various
dimensions of the Indian economy through 2022.

1. Research Obijectives

= To statistically measure the magnitude of COVID-19's
impact on India's macroeconomic indicators

= To identify sectoral variations in economic impact and
recovery using statistical methods

= To analyse the effectiveness of policy interventions
through statistical before-after comparisons

= To model recovery patterns and identify remaining
economic vulnerabilities through 2022

2. Significance of the Study

While numerous qualitative assessments of COVID-19's
economic impact exist, this research provides a data-driven
statistical analysis that quantifies effects, tests hypotheses
about recovery patterns, and establishes evidence-based
conclusions about the pandemic's economic legacy in India
based on concrete data through 2022.

Literature Review

1. Pre-pandemic Economic Trajectory

Prior to the pandemic, India demonstrated mixed economic
performance, with GDP growth slowing from 6.8% in FY
2018-19 to 4.2% in FY 2019-20 (RBI, 2020) X1, Statistical
trend analysis reveals this deceleration preceded the
pandemic, establishing an important baseline for impact
assessment.

2. Early Pandemic Economic Assessments

Initial statistical projections by the International Monetary
Fund (2020) @ predicted a 4.5% contraction in India's
economy for FY 2020-21, while the World Bank's
regression models suggested a 3.2% contraction (World
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Bank, 2020) Bl These early statistical forecasts provide
context for comparative analysis with actual outcomes
observed through 2022.

3. Gaps in Statistical Analysis

Existing research lacks comprehensive

examination of:

= Sectoral recovery disparities using variance analysis

= Regional economic impact heterogeneity through
geospatial statistics

= Short to medium-term structural changes identified
through time series decomposition

=  Policy effectiveness measured through causal statistical
frameworks

statistical

Methodology

1. Data Sources

This study utilizes official economic data from:

= Ministry of Statistics and Programme Implementation
(MOSPI) quarterly reports (2019-2022)

= Reserve Bank of India (RBI) bulletins (2019-2022)

= Centre for Monitoring Indian Economy (CMIE)
databases (2019-2022)

= National Sample Survey Office (NSSO) employment
data (2019-2022)

= Sectoral performance data from industry associations
(2019-2022)

2. Statistical Techniques Employed

Time Series Analysis

= Seasonal decomposition of economic indicators to
isolate pandemic effects

=  ARIMA modeling for trend identification

= Structural break testing (Chow Test) to identify
significant economic disruptions
= Interrupted time series analysis to measure

pre/during/post pandemic trajectories

Regression Analysis
= Fixed effects panel regression models for sectoral
performance analysis
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= Difference-in-differences estimation to evaluate policy
interventions

= Quantile regression to examine distributional effects
across economic segments

Multivariate Statistical Methods

= Principal Component Analysis
composite economic distress indices

= Cluster analysis to identify patterns in
economic impacts

= Canonical correlation analysis to examine relationships

between health metrics and economic indicators

(PCA) to create

regional

Statistical Tests

=  Mann-Whitney U tests
pandemic distributions

= Chi-square tests for independence between lockdown
stringency and economic outcomes

= Granger causality tests to examine relationships

between pandemic waves and economic indicators

for comparing pre/post

3. Methodological Limitations

= Data collection challenges during lockdown periods
may affect measurement accuracy

= Informal economy activities remain difficult to capture
through traditional statistics

= Attribution challenges in separating pandemic effects
from concurrent economic factors

Results and Analysis

1. Macroeconomic Statistical Analysis

1.1 GDP Growth Patterns

Statistical analysis confirms India experienced its first
technical recession in decades, with quarterly GDP
contracting by 24.4% and 7.4% in Q1 and Q2 of FY 2020-
21 respectively (Table 1). Time series decomposition shows
this represented a 3.1c deviation from trend, exceeding the

2008 financial crisis impact (0.80c).

Table 1: Quarter-wise GDP Growth Rates (Year-on-Year)

Quarter FY 2019-20 FY 2020-21 FY 2021-22
Q1 5.2% -24.4% 20.1%
Q2 4.4% -1.4% 8.4%
Q3 4.1% 0.5% 5.4%
Q4 3.1% 1.6% 4.1%

Regression analysis of quarterly data yields the model:
GDP_growth=4.23-
13.76xPandemic_period+0.89xQuarters _since onset + ¢
With an R2? of 0.78, indicating the pandemic variable
explains a substantial portion of growth variation.

1.2 Unemployment Dynamics

Interrupted time series analysis of unemployment data
shows a sudden jump from 7.4% (Feb 2020) to 23.5% (Apr
2020) during the national lockdown, representing a
statistically significant structural break (Chow test,
p<0.001). By December 2021, unemployment stabilized at
7.9%, still 0.5 percentage points above pre-pandemic levels.
Urban unemployment demonstrated higher volatility
(coefficient of variation = 0.42) compared to rural
unemployment (coefficient of variation = 0.29) through
2022.
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Table 2: Monthly Unemployment Rate (%)

Month 2019 | 2020 | 2021 2022 (Q1)
January 6.9 7.2 6.5 6.6
February 7.2 74 6.9 6.8
March 6.7 8.8 7.4 75
April 7.4 235 8.0 7.8
May 7.0 21.7 11.9 7.1
June 7.9 10.2 9.2 7.8
July 7.3 7.4 7.0 -
August 8.2 8.3 8.3 -
September 7.2 6.7 6.9 -
October 8.1 7.0 7.7 -
November 7.2 6.5 7.0 -
December 7.6 9.1 7.9 -

1.3 Inflation Patterns

Mann-Whitney U tests comparing inflation distributions pre
and during pandemic show statistically significant
differences (U=241, p<0.05). Supply chain disruptions
created inflationary pressure in food items (mean increase:
9.1%, SD=2.3% in 2020), while demand contraction caused
deflationary pressure in discretionary spending categories
(mean decrease: 3.4%, SD=1.2% in 2020). By 2022 Q1,
inflationary pressures became more generalized with
headline CPI reaching 6.07% (March 2022), exceeding the
RBI's upper tolerance band.

Table 3: Consumer Price Index Inflation (%)

Quarter | FY 2019-20 | FY 202021 | FY 2021-22
Q1 3.1 6.6 5.6
Q2 35 6.9 5.1
Q3 5.8 6.4 5.0
Q4 6.7 5.0 6.3

2. Sectoral Statistical Analysis

2.1 Manufacturing Sector

Manufacturing output demonstrated significant negative
autocorrelation during recovery periods (r = -0.36, p<0.05),
indicating uneven recovery patterns. By Q4 2021-22, the
Index of Industrial Production (1IP) for manufacturing had
recovered to 1.9% above pre-pandemic levels.
Pharmaceutical manufacturing showed statistical resilience
(B = 0.18, p<0.01 in regression models), while automotive
manufacturing demonstrated heightened sensitivity to
pandemic waves (3 = -0.43, p<0.001).

Table 4: Index of Industrial Production (Manufacturing) YoY

Change (%)
Quarter FY 2019-20 FY 2020-21 FY 2021-22
Q1 24 -40.7 49.0
Q2 -0.4 -2.0 5.7
Q3 -0.9 1.6 0.3
Q4 -1.4 3.2 1.1

2.2 Services Sector

Principal Component Analysis identifies two distinct

components explaining 73% of variation in services sector

performance:

= PC1: "Digital transformation component™ (loading: IT
services 0.88, financial services 0.76)

= PC2: "Physical interaction component"
hospitality 0.91, transportation 0.84)

(loading:

The bimodal distribution of recovery rates confirms
statistical evidence for a K-shaped recovery across service
industries. By March 2022, IT services exports reached
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$149.1 billion, representing 4% growth over pre-pandemic
levels, while hospitality sector revenue remained 23%
below pre-pandemic benchmarks.

2.3 Agricultural Sector

Time series decomposition reveals agriculture demonstrated
statistical countercyclicality to pandemic effects (correlation
coefficient with industrial output: r = -0.41, p<0.05).
Sequential Mann-Whitney tests indicate pandemic quarters
showed no statistically significant difference from pre-
pandemic agricultural output (U=312, p=0.17). Agricultural
GDP grew by 3.3% in FY 2020-21 and 3.0% in FY 2021-
22, providing crucial economic stability.

3. Financial Markets and Investment

3.1 Capital Markets

GARCH modeling of market volatility shows volatility
clustering during the pandemic onset (conditional variance
0°=4.32), with subsequent mean reversion. Quantile
regression analysis demonstrates heightened pandemic
sensitivity among small-cap stocks (B = -0.67 at 0.1 quantile
vs. p = -0.31 at 0.9 quantile). The NIFTY 50 index, after
falling 37.14% by March 23, 2020, recovered to pre-
pandemic levels by November 2020 and reached 17,464 by
March 31, 2022 (representing 84.5% growth from pre-
pandemic peak).

3.2 Foreign Direct Investment

Interrupted time series analysis reveals a temporary but
statistically significant dip in FDI inflows during Q1-Q2 FY
2020-21 (23.5% decrease, p<0.05), followed by recovery
exceeding the pre-pandemic trend line by Q3 FY 2021-22.
Total FDI inflow for FY 2021-22 reached $83.57 hillion, the
highest ever annual figure.

Table 5: FDI Equity Inflows (US$ Billion)

Quarter | FY 2019-20 | FY 202021 | FY 2021-22
o1 10.13 6.56 11.45
Q2 9.78 8.30 12.83
Q3 11.45 13.37 12.02
Q4 9.54 12.28 9.91

Total 40.90 40.51 46.21

4. Fiscal Impact Analysis

4.1 Government Revenue

Tax revenue demonstrated significant structural break in
collection patterns (Chow test, F=18.7, p<0.001). GST
collections specifically showed high volatility (coefficient
of variation = 0.31 during pandemic vs. 0.09 pre-pandemic).
By Q4 FY 2021-22, monthly GST collections stabilized
above 1.3 trillion, indicating recovery in tax buoyancy.

Table 6: Monthly GST Collections (% Trillion)

Month FY 2019-20 FY 2020-21 FY 2021-22

April 1.14 0.32 1.41
May 1.00 0.62 0.97
June 0.99 0.91 0.92
July 1.02 0.87 1.16
August 0.98 0.86 1.12
September 0.91 0.95 1.17
October 0.95 1.05 1.30
November 1.03 1.05 1.31
December 1.03 1.15 1.29
January 1.10 1.19 1.40
February 1.05 1.13 1.33

March 0.97 1.24 1.42
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4.2 Public Expenditure and Debt

Fixed effects panel regression indicates increased fiscal
deficits across states, with stronger statistical relationship to
healthcare infrastructure variables (f = 0.54, p<0.001) than
to economic stimulus variables (f = 0.29, p<0.05). Central
government fiscal deficit reached 9.3% of GDP in FY 2020-
21 before moderating to 6.9% in FY 2021-22. General
government debt increased from 75.1% of GDP (pre-
pandemic) to 89.6% by end of FY 2021-22.

5. Regional Statistical Disparities

5.1 State-wise Impact Analysis

Cluster analysis identifies three distinct groups of states

based on economic impact severity:

= Cluster 1: Manufacturing-dependent states (Gujarat,
Tamil Nadu) - severe initial impact, faster recovery

= Cluster 2: Service-economy states (Karnataka,
Maharashtra) - moderate initial impact, digital
transformation advantage.

= Cluster 3: Agriculture-intensive states (Punjab, Bihar)
- lower initial impact, slower recovery momentum

By Q4 FY 2021-22, Cluster 1 states had recovered to 97%
of pre-pandemic economic activity, Cluster 2 to 105%, and
Cluster 3 to 93%, based on composite economic indicators.

5.2 Urban-Rural Differentials

Chi-square analysis confirms statistically significant
association between urbanization rates and economic
distress indicators (y>=41.2, p<0.001). Density plots of
recovery metrics show bimodal distribution along the urban-
rural divide. Rural unemployment recovered faster (7.1% by
March 2022) compared to urban unemployment (8.5% by
March 2022).

Discussion

1. Statistical Evidence for K-shaped Recovery

Multiple statistical techniques provide evidence for a K-

shaped recovery pattern:

= Gini coefficient increases from 0.42 to 0.47 during the
pandemic period (p<0.05)

= Bimodal distributions emerge in sectoral recovery
metrics

= Quantile regressions show divergent
between top and bottom economic segments

trajectories

The top 10% of listed companies increased market share by
4.6 percentage points while MSMEs reported continued
financial distress through 2022 (CMIE dataset, p<0.01 for
recovery rate difference).

2. Structural Economic Changes

Time series decomposition and structural break testing

reveal permanent changes through 2022 in:

= Digital payments adoption (permanent level shift,
p<0.001) - UPI transactions increased from 1.3 billion
in FY 2019-20 to 45.6 billion in FY 2021-22

= Remote work infrastructure (trend slope change,
p<0.01) - 32% of service sector jobs showed shift to
hybrid models

= Supply chain localization (autoregressive parameter
shift, p<0.05) - 27% increase in domestic sourcing
ratios
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3. Policy Effectiveness
Difference-in-differences estimation of various policy
interventions shows:

= Direct benefit transfers demonstrated statistical
effectiveness for immediate consumption support (ATT
=0.41, p<0.01)

= Credit guarantee schemes showed mixed statistical
evidence (ATT =0.23, p=0.09)

= Infrastructure stimulus demonstrated lag effects with
significance emerging only after 6+ months (ATT =
0.37, p<0.05 at t+2 quarters)

The Atmanirbhar Bharat package (20 trillion) showed
varied statistical impact across components, with liquidity
measures showing lower effectiveness (elasticity = 0.23)
compared to direct expenditure (elasticity = 0.67).

4. Comparative Analysis with Other Economies

Canonical correlation analysis comparing India's metrics

with other emerging economies reveals:

= Higher employment elasticity to lockdown measures
compared to similar economies (r = 0.76, p<0.01)

= Stronger fiscal position entering the pandemic relative
to peers (leverage ratio analysis)

= Greater informal economy disruption based on proxy
indicators (principal component analysis)

By end-2022, India's GDP recovery ranked 5th among G20
economies based on pre-pandemic growth trajectory
deviation metrics.

Conclusion and Policy Implications

1. Key Statistical Findings

= The pandemic caused a statistically significant
economic contraction (3.1c deviation from trend)

= By 2022, recovery patterns demonstrate statistically
verifiable K-shaped characteristics

= Digital and healthcare sectors show statistical resilience
while contact-intensive sectors remain depressed

= Regional heterogeneity in impact and recovery shows
statistical clustering along economic structure lines

2. Policy Recommendations Based on Statistical
Evidence

= Targeted interventions for sectors showing persistent
statistical depression through 2022

= Digital infrastructure investment justified by statistical
evidence of resilience

= Regional policy calibration based on cluster analysis
findings

= Social safety net adjustments based on distributional
impact statistics

3. Future Research Directions

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

= Causal modeling of policy intervention impacts using
more refined statistical techniques

= Decomposition analysis of formal
economy effects

= Statistical forecasting of convergence timelines for K-
shaped recovery branches

vs. informal
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