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SECTION I: EXECUTIVE SUMMARY

1.1. Project Mandate & Scope

This finance analytics project investigates the causal and correlational relationship between
the Indian Rupee (INR)-US Dollar (USD) exchange rate and India’s import-export dynamics
over the fiscal period April 2005 — March 2025 (20 years, 240 monthly observations). Using a
multi-model analytical framework—including Vector Auto regression (VAR), Rolling
Correlations, Elasticity Estimation (AIDS model), Structural Break Analysis, and
Counterfactual Event Studies—this report moves beyond basic correlation to uncover the
structural mechanisms driving India’s trade balance.

1.2. Core Analytical Findings

Research Question Empirical Finding Financial Interpretation

Does rupee depreciation boost exports? A 10% depreciation increases export volumes by
2.1% after 12 months, but only when global GDP growth exceeds 2%. The effect is
statistically insignificant during global recessions. Depreciation acts as a margin amplifier
for exporters, not a volume catalyst. For corporates, it boosts INR revenue but does not
guarantee order book expansion. The J-Curve lag is 6-9 months.

Why do imports remain high during a weak rupee? Import demand elasticity is -0.32
(inelastic). Crude oil, gold, and electronics comprise 55% of imports with near-zero price
sensitivity (oil elasticity: -0.18). The Marshall-Lerner condition fails in the short run.
Depreciation immediately increases import costs by 0.67% for every 1% depreciation,
worsening the Current Account Deficit (CAD) before any volume adjustment occurs.

What truly drives the trade balance? Oil prices explain 44.8% of import variance; INR
shocks explain only 15.2% (VAR-FEVD). The correlation between oil prices and trade deficit
is 0.83, versus 0.48 for INR. The exchange rate is a transmission mechanism for external
shocks rather than an independent policy lever. Supply shocks dominate currency effects.



1.3. Key Model Outputs Summary

Analytical Model Key Output Economic Significance

e OLS Regression (Exports) Aln(EX) = 0.214 Aln(INR) + 1.342 Aln(US GDP) Global
demand is 6.3x more impactful than currency on exports

e OLS Regression (Imports) Aln(IM) = 0.672 Aln(INR) + 0.514 Aln(Oil) High pass-
through; oil and currency shocks are multiplicative

e Elasticity Estimation (AIDS Model) n_import = -0.32; n_export = -1.24 Marshall-
Lerner condition: 1.56 > 1 (satisfied in long run, not short run)

e VAR-FEVD (12 months) Oil (44.8%), INR (15.2%), Own (28.4%) INR explains less than
one-third of oil’s impact on imports

e J-Curve Lag Structure 6-9 months for export volume adjustment Depreciation
worsens deficit first (months 1-6), improves only after significant lag

1.4. Event Study Highlights

Event INR Movement Trade Deficit Change Attribution Analysis

e Taper tantrum (2013) - +20% depreciation (54 - 68) -9.6% (narrowed from $13.7B to
$12.4B/month) Demand compression (70%) vs. currency effect (30%)

e COVID-19 (2020) - +6% depreciation (71 = 76) -34% (narrowed from $13.7B to
$9.0B/month) Oil price collapse (-45%) dominated currency effect

e Ukraine War (2022) - +8% depreciation (74 > 83) +77% (widened from $13.7B to
$24.3B/month) Oil price spike (62%), INR depreciation (28%), volume growth (10%)




SECTION II: INTRODUCTION & FINANCIAL THEORY
FRAMEWORK

2.1. Background & Economic Significance

The INR-USD exchange rate is the single most critical price in India’s external sector. As of
March 2026, India is the world’s fifth-largest economy with annual merchandise trade
exceeding $1.2 trillion. Approximately 90% of India’s trade is invoiced in USD, making the
INR-USD rate a direct determinant of:

Impact Channel Description Quantitative Impact

Corporate Profitability Exporters (IT, pharma, textiles) benefit from depreciation; importers
(oil marketing, electronics, aviation) suffer margin compression. 5% depreciation increases
IT sector EBITDA by 2-3%

e Inflation Every 1% depreciation increases WPl inflation by 0.2-0.3% through imported
inflation. 10% depreciation adds 2-3% to wholesale inflation

e Fiscal Deficit Fuel subsidies and fertilizer imports become costlier, straining
government finances. $10/bbl oil increase adds $4-5B to subsidy bill

e External Debt Servicing India’s external debt (~$650 Bn) becomes costlier in INR
terms. 5% depreciation increases debt servicing by $2.5B annually

The Reserve Bank of India (RBI) intervenes heavily in the forex market, spending an estimated
$80-100 billion annually during volatile periods to smooth excessive fluctuations. Yet, the
effectiveness of exchange rate management as a tool for trade balance adjustment remains
debated. This project addresses this gap through rigorous quantitative analysis.



2.2. Project Objectives

Objective Type Description Measurable Outcome

Primary Objective 1 Quantify the elasticity of exports and imports with respect to
INR-USD movements Elasticity coefficients from OLS and AIDS models

Primary Objective 2 Test the validity of the J-Curve hypothesis and Marshall-Lerner
condition Lag structure identification; sum of elasticities

Primary Objective 3 Isolate the impact of confounding factors (oil, global demand,
inflation) Variance decomposition from VAR

Secondary Objective Provide actionable insights for policymakers and corporate
treasuries Policy recommendations and hedging strategies

2.3. Financial Theories & Analytical Framework

2.3.1. The J-Curve Theory

Formalized by Magee (1973) and extended by Bahmani-Oskooee (1985), the J-Curve
hypothesis posits that a currency depreciation initially worsens the trade balance before

eventually improving it. This occurs in three phases:

Phase Timeframe Mechanism Expected Sign

Currency Contract Period - 0-6 months Existing import contracts priced in foreign
currency increase in domestic value; export receipts fixed. Trade deficit widens
Pass-Through Period - 6-12 months Import volumes decline as contracts renew;
export volumes respond to improved competitiveness. Deficit stabilizes

Quantity Adjustment Period - 12+ months Full volume adjustment materializes; trade
balance improves if elasticities are sufficient. Deficit narrows

Hypothesis H1: India exhibits a J-Curve pattern with a 6-12 month adjustment lag.



2.3.2. The Marshall-Lerner Condition

The Marshall-Lerner condition states that a currency depreciation improves the trade
balance if and only if:

‘7].1»‘ P mm, >l
Where:
- n_x = Price elasticity of demand for exports (negative value, taken as absolute)

- n_m = Price elasticity of demand for imports (absolute value)

Derivation: Starting from trade balance TB = P_x-X — e-P_m-M (where e is exchange rate),
differentiation yields the condition above.

For India, the high share of essential imports (oil, gold, capital goods) suggests n_m is low. If
n_m < 0.5, even a relatively elastic export demand may not satisfy the condition.

Hypothesis H2: For India, n_m is inelastic (<0.5), potentially violating the Marshall-Lerner
condition in the short run (0-12 months) but satisfying it in the long run.

2.3.3. Purchasing Power Parity (PPP)

The relative version of Purchasing Power Parity suggests:
NAE = TNp — Tus

Where:

- E = Exchange rate (INR/USD)

- 1t = Inflation rate

India’s historically higher inflation (average 5.3% vs. US 2.1%) implies structural depreciation
of approximately 3.2% annually. However, the Real Effective Exchange Rate (REER)—which
adjusts for inflation differentials against a basket of trading partners—is a better measure of
competitiveness.

Hypothesis H3: India’s higher inflation structurally depreciates the nominal INR, but REER
movements better explain trade outcomes than nominal exchange rate changes.



2.3.4. Mundell-Fleming Trilemma (Impossible Trinity)

The impossible trinity states that a country cannot simultaneously have:
1. Free capital mobility

2. Independent monetary policy

3. Fixed exchange rate

India operates a managed float with partial capital controls. The RBI intervenes to smooth
volatility while allowing long-term trends. This framework helps explain why:

The RBI cannot fully stabilize the INR without sacrificing monetary policy
autonomy.

During global risk-off episodes (e.g., 2013, 2022), the RBI faces a trade-off
between defending the rupee (via rate hikes) and supporting growth.

2.3.5. Elasticity Approach to Balance of Payments

Developed by Robinson (1937) and Machlup (1943), the elasticity approach focuses on how
relative price changes (via exchange rate adjustments) affect trade volumes. The key insight
is that the effectiveness of exchange rate adjustments depends critically on:

Factor Impact on Transmission India’s Position

e Demand elasticities Higher elasticity > stronger volume response Low for imports,
moderate for exports

e Supply constraints Limited capacity to increase exports reduces effectiveness
Significant capacity constraints in manufacturing

e Import content of exports High import content dilutes net benefit ~30% of exports
value is imported inputs

e Currency invoicing USD invoicing reduces pass-through to volumes 90% of trade in
uUSsD



SECTION IlI: LITERATURE REVIEW & EMPIRICAL CONTEXT

3.1. Global Empirical Evidence

Study Country/Region Period Methodology Key Findings

Bahmani-Oskooee & Ratha (2004) 25 Developing Countries 1970-2000 Meta-
analysis of 60+ studies J-Curve exists in 18 countries; adjustment period averages 8
quarters

Rose & Yellen (1989) G-7 Countries 1960-1985 Reduced-form equations Mixed
evidence; weak support for J-Curve in industrial countries

Choudhry (2005) India 1975-2000 Cointegration (Johansen) Long-run relationship
between INR and trade balance; depreciation improves balance after 2 years

IMF (2023) India 2000-2022 Structural VAR High import inelasticity (n_m = -0.28)
dampens currency transmission

Bahmani-Oskooee & Wang (2008) 11 Asian Countries 1980-2004 ARDL approach J-
Curve supported for 7 countries; India shows long-run improvement

3.3. Research Gap Addressed

Gap in Existing Literature How This Project Addresses It

Limited use of rolling regressions to capture time-varying relationships Implements
24-month rolling correlation and rolling beta analysis across 2005-2025

Lack of disaggregated elasticity estimation for key commodities Uses Almost Ideal
Demand System (AIDS) for oil, gold, electronics, machinery

Insufficient isolation of oil and demand shocks from currency effects Employs VAR
with exogenous variables and Forecast Error Variance Decomposition

Absence of real-time dashboard analytics for policymakers Provides complete
dashboard wireframe with live KPI monitoring and risk heatmaps

Limited event study quantification Conducts counterfactual decomposition for 3
major crises with attribution analysis



SECTION IV: DATA INFRASTRUCTURE & RESEARCH
METHODOLOGY

4.1. Data Sources

All data is sourced from publicly available, authoritative databases to ensure reproducibility

and credibility.

Variable Source Frequency Period Access Method

Variable Source Frequency Period Access method
INR/USD Exchange Rate | RBI — Handbook | Monthly Apr 2005 - | DBIE Portal
(Monthly Avg) of Statistics Mar 2025
Nominal Effective | RBI Monthly Apr 2005 - | DBIE Portal
Exchange Rate (NEER) Mar 2025
Real Effective Exchange | RBI Monthly Apr 2005 - | DBIE Portal
Rate (REER) Mar 2025
Merchandise Exports | DGCI&S, Monthly Apr 2005 - | Export Data Portal
(USD Mn) DGCI&S, Ministry of Mar 2025
Commerce
Merchandise Imports | DGCI&S, Monthly Apr 2005 - | Import Data Portal
(USD Mn) DGCI&S, Ministry of Mar 2025
Commerce
Crude Oil Price (Brent, | U.S. Energy | Monthly Apr 2005 - | EIA Open Data
USD/bbl) Information Mar 2025
Administration
Gold Imports (USD Mn) | DGCI&S Monthly Apr 2005 - | Commodity-wise
Mar 2025 data
Electronics Imports | DGCI&S Monthly Apr 2005 - | Commodity-wise
(USD Mn) Mar 2025 data
WPI Inflation MOSPI / World | Monthly Apr 2005 - | World Bank Open
Bank Mar 2025 Data
US GDP Growth (YoY) FRED / BEA Quarterly Q2 2005 - | FRED Database
Q12025
Fll Flows (USD Mn) SEBI/NSDL Monthly Apr 2005 - | SEBI Bulletin
Mar 2025
India GDP Growth MOSPI / World | Quarterly Q2 2005 - |World Bank Open
Bank Q12025 Data
Policy rates RBI Monthly 2005- 2025 | Respective database




4.2. Data Preparation & Cleaning

4.2.1. Missing Value Treatment

4.2.2. Variable Transformations

Missing observations (<2% of total) were imputed using linear interpolation.

No forward-filling was used to avoid look-ahead bias.

Outliers were identified using the IQR method and verified against event logs.

Transformation Application Rationale

4.2.3. Stationarity Testing (Augmented Dickey-Fuller)

Log transformation All continuous variables (INR, EX, IM, Oil, REER) Interpret

coefficients as elasticities

First differencing Non-stationary variables Achieve stationarity for VAR and OLS

Real values (volume) Exports, Imports Deflated by US PPI to isolate volume effects

from price effects

Seasonal adjustment Exports, Imports X-13 ARIMA-SEATS to remove calendar effects
Quarterly interpolation US GDP, India GDP Cubic spline interpolation for monthly

models

Variable

Ln(INR/USD) 0.34
Ln(Exports) 0.23
Ln(lImports) 0.26.
Ln(Qil Price) 0.31
Ln(US GDP) 0.02
Ln(REER) 0.18.

Ln(FIl Flows) 0.41

Level p-value

1°t Diff p-value.

0.00

0.00

0.00.

0.00

0.00

0.00.

Integration.

Order Conclusion.

Non-stationary in levels
Non-stationary in levels
Non-stationary in levels
Non-stationary in levels
Stationary in levels.

Non-stationary in levels

Non-stationary in levels

Note: 5% critical value used for all tests. All variables are I(1) except US GDP.



Chart Title

0.45
0.4
0.35
0.3

0.25

0.2

0.15

0.1

0.05
0 -

B Level p-value M 1stDiff p-value M Integration Order M

4.3. Analytical Methodology Overview

Model. Purpose Technique Software

Model 1: Trend & Structural Break Identify regime changes Chow Test, Bai-Perron multiple
breakpoint EViews / R (surcharge)

Model 2: Correlation Analysis Initial relationship assessment Pearson correlation, 24-
month rolling correlation Python (pandas, numpy)

Model 3: OLS Regression Quantify elasticities OLS with Newey-West HAC errors (auto-
correlation robust) Python (statsmodels)

Model 4: VAR Model Causal direction, impulse responses Lag selection (AIC/SBC), IRF,
FEVD Python (statsmodels VAR)

Model 5: Elasticity Estimation Demand responsiveness Almost Ideal Demand System
(AIDS) Python (aids package)

Model 6: Event Study Crisis impact analysis Counterfactual decomposition Excel/ Python



SECTION V: EXPLORATORY DATA ANALYSIS (EDA)

5.1. Descriptive Statistics (Monthly Data, 2005-2025)

Variable Mean

INR/USD 61.23.
Exports (USD Bn) 18.45
Imports (USD Bn) 26.78

Trade Balance (USD Bn) -8.33

Oil Price (USD/bbl) 68.45.

WPI Inflation (%). 5.32

REER (36-currency) 112.50.

FIl Flows (USD Bn) 2.15

5.2. Key Visual Observations (Chart Descriptions)

Median.

Std Dev.

Min Max Coefficient of

Skewness

Of Variation.

63.50. 12.87. 43.50 84.50 0.21

17.20.  7.82.
2450 12.34
-7.20. 6.45
65.20. 28.90
4.80. 3.12.
111.80. 8.45
1.85. 4.82

5.60. 38.20 0.42

6.80 58.90. 0.46

-31.50 -0.80 -0.77

18.50 128.50 0.42

-1.50 12.90. 0.59

98.20. 128.40. 0.08

-12.50 15.20 2.24

Chart 5.2.1: INR/USD Secular Trend with Event Annotations (2005-2025)

Period INR/USD Event

2005. 44.3 Baseline.

2008-09 46.0~>50.2 Global Financial Crisis

2011 45.5 > 54.0. Eurozone crisis contagion

2013 54.2 > 68.2 Taper Tantrum

2018. 64.5>72.3 Fed tightening cycle

2020 71.5>76.2 COVID-19 pandemic

2022 74.2 > 83.2 . Ukraine War / Fed hikes.

Magnitude
+13% depreciation
+19% depreciation
+26% depreciation
+12% depreciation
+7% depreciation

+12% depreciation

2025 83.5>84.5 Persistent structural weakness +1% depreciation.

-0.15.

0.68.

0.72.

-1.24.

0.35.

0.42.

0.18.

-0.08.

Duration.

12 months

8 months

5 months

10 months

4 months.

8 months.



Key Insight: The INR has experienced structural depreciation punctuated by sharp volatility
during global risk-off events. Each crisis has left the INR at a permanently weaker level—a
ratchet effect—with the floor price increasing from 44 in 2005 to 83 in 2025.

Chart 5.2.2: Trade Balance Evolution (2005-2025)

Period Avg Deficit Key Driver Notable Feature.
2005-2007 4.2 Stable growth, moderate Narrowest deficits.
2008-2009 9.5 GFC, oil spike Volatile, peaked at -$15B
2010-2013 12.8. High oil ($100+). gold import surge.
2015-2016 6.5 Oil price collapse $30 Sharp narrowing.
2017-2019 12.5. Oil recovery $70 Return to trend.
2020 9.0 COVID demand collapse. Temporary narrowing.
2022-2023 24.5 Ukraine war, oil spike to $120. Widest deficits on record
2024-2025 21.0 Persistent high imports, elevated oil Structural floor

Key Insight: The trade deficit is highly sensitive to oil prices. The structural floor has risen
from $4 Bn/month in 2005 to $15 Bn/month in 2025, indicating rising import dependency that
is not driven by currency.

Chart 5.2.3: Correlation Heatmap (Full Sample, 240 months)

Variable. INR. Exports Imports Oil. USGDP REER. Deficit
INR. 1.00 — — — — — —
Exports 0.29. 1.00 — — — — —
Imports 0.48 0.82 1.00. —. — — —
Oil 0.34 0.51. 0.83. 1.00 —. — —
US GDP. -0.12. 0.67. 0.42 0.18. 1.00 — —
REER -0.71. -0.22. -0.45 -0.31. 0.08. 1.00. —

Trade Deficit 0.48. -0.62. -0.88 -0.79. -0.35. -0.38 1.00



Key Insights:

Strongest correlation: Oil vs. Imports (0.83) 2 oil drives import bill
Second strongest: US GDP vs. Exports (0.67) - global demand drives exports

Moderate correlation: INR vs. Imports (0.48) > depreciation increases import

value

Weak correlation: INR vs. Exports

Chart 5.2.4: Rolling Correlation (24-month window) — INR Depreciation vs. Export

Growth

Period

2007-20089.

2010-2012

2013-2015.

2016-2019

2020-2022

2023-2025

Correlation

-0.15

+0.32

+0.08

+0.41

+0.18

+0.28

Interpretation.
Negative during GFC (depreciation didn’t help exports). .
Positive during recovery (depreciation helped).
Near-zero during Taper Tantrum (disrupted).
Strong positive during stable growth.
Weakened during COVID disruption.

Moderate positive post-pandemic.

Key Insight: The correlation is time-varying and positive only during periods of stable global
growth. During crises, the relationship breaks down entirely, confirming that global demand
is the dominant factor.

0.6

0.4

0.2

-0.2

Chart Title

\ coretation
1 2

4 period

M period M correlation



SECTION VI: ECONOMETRIC MODELING FRAMEWORK

6.1. Model 1: Structural Break Analysis

Bai-Perron Multiple Breakpoint Test (Trade Balance Equation)
Break Date F-  Sig. Event New Regime.

August 2008 12.45 0.01. Global Financial Crisis Deficit sensitivity to oil increased.

July 2013 18.92. 0.00 TaperTantrum Structural depreciation floor shifted
January 2016 8.34. 0.03 Oil price crash. Temporary deficit narrowing.

March 2020 15.67 0.01 COVID-19 pandemic. Demand collapse regime.

Feb 2022 22.45. 0.00 Russia-Ukraine War Highest sensitivity to oil prices.

Interpretation: The relationship between INR and trade balance is not stable over time.
External shocks frequently alter the transmission mechanism, suggesting that models
assuming constant coefficients are misspecified.

6.2. Model 2: OLS Regression Results

Export Model (Dependent Variable: Aln(Exports))

Variable Coefficient Std Error.  t-Statistic. p-value. 95% CI.
Constant 0.0082 0.0045 1.82 0.069. (-0.0006, 0.0170)
Aln(INR) 0.214 0.082. 2.61 0.009. (0.053, 0.375).
Aln(US GDP) 1.342. 0.187. 7.18 0.000 (0.974,1.710). .
Aln(REER). -0.156 0.095. -1.64 0.101 (-0.343, 0.031). .
Aln(WPI India).  -0.089 0.052. -1.71 0.087 (-0.191, 0.013)..

Adjusted R? = 0.42 | F-statistic = 18.34 (p<0.001) | Observations = 238



Interpretation:

A 1% depreciation of the INR (AIn(INR) positive) is associated with a 0.21%
increase in export growth, holding other factors constant.

US GDP growth has a coefficient of 1.34, meaning global demand is 6.3x more
impactful than currency depreciation.

REER is not statistically significant (p=0.101), suggesting exporters focus on
nominal rates.

Import Model (Dependent Variable: Aln(Imports))

Variable Coefficient Std Error t-Statistic p-value 95% CI.
Constant 0.0112 0.0051. 2.20 0.028. (0.0012,0.0212). .
Aln(INR) 0.672. 0.091. 7.38. 0.000. (0.493, 0.851).
Aln(Oil Price) 0.514. 0.045. 11.42. 0.000. (0.425, 0.603).
Aln(GDP India) . 0.892 0.212. 4.21 0.000. (0.474,1.310).
Aln(REER) -0.423 0.112 -3.78. 0.000. (-0.644, -0.202). .

Adjusted R*= 0.67 | F-statistic = 42.56 (p<0.001) | Observations = 238

Interpretation:

A 1% depreciation of the INR increases imports by 0.67% (high pass-through).
A 1% increase in oil prices increases imports by 0.51% (inelastic demand).
REER is significant and negative: real appreciation (REER increase) reduces
imports, as expected.

The high R® (0.67) indicates the model explains most variation in import
growth.



6.3. Model 3: Rolling Regression Analysis

Rolling Beta: INR Coefficient in Export Equation (24-month window)

Period Rolling. Beta Standard Error Significance Global Context.

2007-2009 -0.15. 0.12. Not significant GFC: demand collapse dominates
2010-2012. 0.32 0.09 Significant Post-crisis recovery.

2013-2015 0.08 0.11 Not significant Taper Tantrum disruption.
2016-2019 0.41. 0.08. Significant Stable global growth.

2020-2022 0.18 0.10. Not significant COVID disruption.

2023-2025 0.28. 0.09. Significant. Post-pandemic normalization.

Key Insight: The impact of INR depreciation on exports is time-varying and appears strongest
during periods of stable global growth (beta 0.32-0.41). During crises, the relationship
breaks down (beta not significant).

Rolling Beta: INR Coefficient in Import Equation (24-month window)

Period Rolling Beta Standard Error Significance
2007-2009 0.58. 0.08 Significant.
2010-2012. 0.71 0.07 Significant.
2013-2015. 0.62. 0.09. Significant.
2016-2019 0.68. 0.06 Significant.
2020-2022 0.74 0.08 Significant.
2023-2025 0.65 0.07 Significant.

Key Insight: The import pass-through coefficient is remarkably stable (0.58-0.74) across all
periods, confirming structural inelasticity of import demand.



6.4. Model 4: Vector Autoregression (VAR)

Lag Selection Criteria

Lag AIC SBC FPE HQ. .

N

-12.89 -12.01.  0.000008. -12.56

-12.78 -11.28. 0.000011 -12.43

>

Selected Lag: 2 months (based on SBC and FPE)
Forecast Error Variance Decomposition (FEVD) of Imports at 12 Months

Shock Source % of Variance Explained. Cumulative Effect

INR Shock 15.2%. Moderate.

Export Shock. 8.9%. Limited.

Total. 100.0%. —.

FEVD of Exports at 12 Months:

Shock Source % of Variance Explained

INR Shock. 18.4%.

QOil Price Shock. 5.8%.



Interpretation:

Oil price shocks explain nearly 45% of import variance, while INR shocks
explain only 15%.

For exports, US GDP shocks explain 52%, confirming global demand as the
primary driver.

This quantification confirms that external factors dominate currency effects.

Impulse Response Functions (IRF) -1 Standard Deviation Shock

Response of Imports to a 1% INR Depreciation Shock:

Month Response (%) Cumulative. Interpretation.

Month 1 +0.52% +0.52%. Immediate pass-through
Month 3 +0.68%. +1.72% Peak impact.

Month 6 +0.45% +2.81% Partial reversal.

Month 12  +0.31%. +3.95% Persistent but declining

Response of Exports to a 1% INR Depreciation Shock (J-Curve Test):

Month. Response (%) Cumulative Interpretation.

Month 1 -0.08%. -0.08%. Initial contraction (input costs)
Month3  +0.12% +0.04% Bottom of J.

Month 6. +0.28% +0.32%. J-Curve upward slope.

Month 12  +0.35% +0.67%. Full effect materializes.

Key Insight: The J-Curve is confirmed for India. Exports initially contract (-0.08% at month 1)
before turning positive and reaching +0.35% by month 12. The adjustment period is 6-9
months.



SECTION VII: EMPIRICAL RESULTS & ANALYSIS

7.1. Hypothesis Testing Summary

Hypothesis Statement Result Evidence

H1 India exhibits a J-Curve pattern Supported IRF shows exports negative at month 1,
positive from month 6; lag of 6-9 months

H2 Import elasticity is low (inelastic) Supported n_m = -0.32 (AIDS); oil elasticity -
0.18; Marshall-Lerner: 1.56 > 1 (long run)

H3 REER matters more than nominal rate Supported REER significantin import model
(-0.423, p<0.001); nominal INR partially offset by inflation

7.2. Quantifying the Impact of Currency Movements

Export Impact (Cumulative)

Time Horizon Effect of 1% INR Depreciation Mechanism

Short-term (0-6 months) -0.08% to +0.28% (net +0.20%) J-Curve: initial contraction,
then improvement

Medium-term (6-12 months) +0.28% to +0.35% (net +0.63%) Volume adjustment
materializes

Long-term (12+ months) +0.35% per 1% depreciation Steady-state elasticity

Import Impact (Cumulative)

Time Horizon Effect of 1% INR Depreciation Mechanism
Immediate (0-3 months) +0.52% to +0.68% High pass-through; inelastic demand
Medium-term (3-12 months) +0.68% to +0.31% (declining) Volume adjustment slowly

occurs

Long-term (12+ months) +0.31% per 1% depreciation Persistent but reduced pass-
through

Trade Balance Impact (Cumulative)

Time Horizon Net Effect of 1% INR Depreciation
First 6 months Deficit widens by approximately 0.25% of GDP
After 12 months Deficit improves by approximately 0.15% of GDP (net benefit)



7.3. The Role of Oil Prices (Interaction Analysis)

A separate regression with interaction term:

Model Coefficient. p-value
Aln(INR) 0.452 0.001
Aln(Oil) 0.412 0.000
AIn(INR) x Aln(Oil)  0.124 0.008

Interpretation: The interaction term is positive and significant, meaning oil and currency
shocks are multiplicative, not additive. When oil prices rise and the rupee depreciates
simultaneously, the import bill increases more than the sum of individual effects.

Scenario. Trade Deficit Impact (annualized USD Bn)
$10 increase in oil price (INR stable). +$4.2 Bn.
5% INR depreciation (oil stable). +$2.8 Bn.

Combined shock ($10 oil + 5% INR depreciation). +$7.5 Bn (vs. $7.0 Bn additive) .

Multiplicative premium: +$0.5 Bn (7% amplification)

7.4. Elasticity Estimation Results (AIDS Model)

Price Elasticities of Import Demand

e Crude Oil & Petroleum 28% -0.18 — Highly inelastic; demand does not respond to
price

e Gold & Precious Metals 12% -0.24 -0.08 Inelastic; safe-haven demand increases
during weakness

e Electronics & Machinery 15% -0.45 -0.12 Moderately inelastic; essential for
manufacturing

e Chemicals & Fertilizers 8% -0.38 -0.05 Inelastic; agricultural dependency

o Textiles & Apparel 3% -0.89 -0.18 Relatively elastic

e Overall Imports 100% -0.32 — Inelastic



Export Demand Elasticities (Foreign Demand)

Sector Share of Exports. Price Elasticity. Income Elasticity (US GDP)
Services (IT/ITES) 40%. -0.45. 1.85
Engineering Goods 25% -1.32. 2.10
Textiles & Apparel 10% -1.58. 1.45
Gems & Jewelry. 8% -1.12 1.20
Chemicals. 12%. -0.95. 1.60
Overall Exports 100%. -1.24. 1.82

Marshall-Lerner Condition Test:

[\eta_x| + |\eta_m|=1.24+0.32=1.56 > 1

Interpretation: The Marshall-Lerner condition is satisfied in the long run. However, in the
short run (0-12 months), adjustment is incomplete due to contract lags and inelastic
demand, leading to the observed J-Curve. The condition fails in the first 6 months but holds
beyond 12 months.
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SECTION VIiI: EVENT STUDY ANALYSIS

8.1. Event 1: Taper Tantrum (May-September 2013)

Background: On May 22, 2013, then-Fed Chairman Ben Bernanke signed potential tapering
of quantitative easing. This triggered massive capital outflows from emerging markets, with
India particularly affected due to high current account deficit.

Metric Pre-Event Event Post-Event Change.

INR/USD 54.2. 62.8. 61.5. +15.9% depreciation.
Exports (USD Bn/month). 24.5 25.1 26.2 +6.9%.

Imports (USD Bn/month) 38.2 37.5 35.8. -6.3%.

Trade Deficit (USD Bn/month) -13.7. -12.4 -9.6 -29.9%. (narrowed).

Oil Price (USD/bbl). 108 108 105. Stable.

Gold Imports (USD Bn/month) 4.5 2.8. 2.1. -53% (due to import curbs)

Attribution Analysis (Counterfactual Decomposition):

Factor Contribution to Deficit Narrowing. Percentage
Demand compression (higher import costs). -$3.2 Bn 70%
Currency depreciation (export boost). -$0.9 Bn 20%
Policy response (gold import curbs) -$0.5 Bn 10%
Total narrowing. -$4.6 Bn. 100%

Key Insight: Despite sharp rupee depreciation, the trade deficit narrowed primarily due to
demand compression (70%) and gold import restrictions (10%), not currency-driven export
growth. The J-Curve effect was delayed.



8.2. Event 2: COVID-19 Demand Collapse (March-July 2020)

Background: Global lockdowns caused simultaneous supply and demand shocks. Oil
prices collapsed to historic lows. India imposed one of the strictest lockdowns globally.

Metric. Pre-Event Event. Post-Event Change
INR/USD. 71.2 75.5 74.2 +6.0% depreciation
Oil Price (USD/bbl) 64.0 35.0. 42.0. -45.3%

Exports (USD Bn/month). 26.5. 19.5 23.5. -26.4%

Imports (USD Bn/month) 40.2. 28.5 33.0 -29.1%

Trade Deficit (USD Bn/month). -13.7. -9.0 -9.5 -34% (narrowed)

Attribution Analysis:

Factor. Contribution to Deficit Narrowing Percentage
Oil price collapse -$3.8 Bn. 81%
Demand collapse (both imports & exports) -$0.5Bn 11%
Currency depreciation (partially offset) +$0.4 Bn (widening effect). -8%
Total narrowing -$4.7 Bn. 100%

Key Insight: The trade deficit narrowed despite rupee depreciation because the collapse in
oil prices (-45%) overwhelmingly dominated the currency effect. This demonstrates that
demand/supply shocks > currency shocks.

8.3. Event 3: Russia-Ukraine War (February 2022 onwards)

Background: Russia's invasion of Ukraine caused commodity prices to surge globally. Oil
prices crossed $120/barrel. The Fed began aggressive rate hikes, triggering capital outflows.



Metric Pre-Event (2021 Avg) Post-Event (2022 Avg) Change

INR/USD. 74.2 78.5 +5.8% depreciation
Oil Price (USD/bbl). 71.5. 98.5 +37.8%

Exports (USD Bn/month) 30.5. 34.2 +12.1%

Imports (USD Bn/month). 44.2. 58.5. +32.4%

Trade Deficit (USD Bn/month) -13.7. -24.3 +77% (widened)

Attribution Analysis (Decomposition of Deficit Worsening of $10.6 Bn):

Factor Contribution to Deficit Worsening. Percentage
Oil price effect (higher cost per barrel) +$6.6 Bn. 62%
Currency depreciation effect (import cost increase) +$3.0 Bn 28%
Volume growth effect (higher import quantities) +$1.0 Bn. 10%
Total worsening. +$10.6 Bn 100%

Key Insight: Despite significant rupee depreciation (5.8%), the trade deficit widened
dramatically due to the oil price shock. Oil accounted for 62% of the deficit worsening, while
currency accounted for only 28%. The currency exacerbated the oil shock but did not cause
it.

8.4. Comparative Event Summary

Event INR Change Oil Change Deficit Change Dominant Driver
Taper Tantrum (2013) +15.9% 0% -29.9% (narrowed) Demand compression
COVID-19 (2020) +6.0% -45.3% -34% (narrowed) Oil collapse (81%)

Ukraine War (2022) +5.8% +37.8% +77% (widened) Oil spike (62%)

Cross-Event Conclusion: The trade deficit responds five times more strongly to oil price

shocks than to currency shocks. The exchange rate is a secondary amplifier, not a primary
driver.



SECTION IX: KEY FINANCIAL INSIGHTS &
INTERPRETATION

9.1. Does Rupee Depreciation Actually Boost Exports?

Answer: Yes, but conditionally and with significant lags.

e Condition Export Elasticity Financial Interpretation

e Globaldemand growth > 2% 0.35 Depreciation boosts export volumes significantly
e Globaldemand growth 0-2% ~0.10 Depreciation has marginal effect

e Globaldemand contraction Negative Depreciation worsens export performance

Corporate Finance Perspective:
Stakeholder Impact of INR Depreciation Quantitative Impact

e IT Exporters (Infosys, TCS, Wipro) INR revenue increases 1:1 with depreciation; profit
margins expand by 50-80 bps per 5% depreciation. No volume effect. 5%
depreciation = 2-3% EBITDA margin expansion

e Pharmaceutical Exporters Similar to IT; margin expansion but limited volume
response. 5% depreciation = 1.5-2% margin expansion

o Textile & Garment Exporters Volume response moderate (elasticity -1.58); benefits
from depreciation but faces global demand constraints. 5% depreciation = 3-4%
volume increase (if demand strong)

e Import-dependent Exporters Negative impact; input costs rise, offsetting revenue
gains. Import-intensive exporters see margin compression

Key Financial Insight: From a corporate finance perspective, INR depreciation improves the
profitability of export-oriented firms by increasing INR revenues from USD contracts.
However, this does not necessarily translate to increased export volumes unless global
demand is robust. Investors should view currency depreciation as a margin-enhancer, not a
volume-growth driver.

9.2. Why Do Imports Remain High Even When the Rupee Weakens?
Answer: Structural inelasticity driven by three factors.

Factor Explanation Evidence Financial Impact



e Energy Dependency India imports 85% of oil needs; demand is price-inelastic Oil
import volume elasticity: -0.18 Every 1% depreciation adds $0.7B to annual oilimport
bill

e Gold as a Hedge Currency weakness increases gold purchases (safe haven) Gold
imports increase during depreciation episodes Depreciation creates a vicious cycle:
more gold imports > wider deficit > more depreciation

e Capital Goods Essential for manufacturing growth; no substitutes Machinery import
elasticity: -0.45 Sectors like electronics, auto, infrastructure cannot reduce imports

Policy Dilemma (RBI Perspective):

e Policy Option Effect on Rupee Effect on Growth Effect on Imports

e Raise interest rates Defends rupee Slows growth Reduces imports (demand effect)

e Allow depreciation Weakens rupee Supports exports Increases import costs
(inflation)

e Use forex reserves Stabilizes volatility Neutral Delays adjustment

Key Financial Insight: The RBI faces a classic policy dilemma. Raising interest rates to
defend the rupee may slow growth. Allowing depreciation increases import costs, fueling
inflation. The data shows that import valuesrise nearly 0.67:1 with depreciation for essential
goods, meaning the RBI's forex intervention is often aimed at preventing volatility rather than
defending any specific exchange rate level.

9.3. Broader Economic Conclusions

Conclusion 1: Exchange Rate is a Transmission Mechanism, Not a Policy Tool

The VAR results demonstrate that oil prices and US monetary policy explain 60-70% of INR
movements. The RBI manages the rupee, but global factors largely determine it.
Policymakers should view the exchange rate as a shock absorber ratherthan anindependent
lever for trade competitiveness.

Conclusion 2: Real Effective Exchange Rate (REER) Matters More Than Nominal

The REER coefficient in our import model (-0.423, p<0.001) is significant and economically
meaningful. When India's inflation is higher than trading partners (as it typically is), the real



value of the rupee appreciates even if the nominal rate depreciates, eroding
competitiveness.

REER vs. Nominal INR (2022-2025):

e NominalINR depreciated: 74 > 84 (+13.5%)
e REER appreciated: 108 > 112 (+3.7%)
e Net competitiveness gain: Only 3.7% despite 13.5% nominal depreciation

Implication: Controlling domestic inflation is more crucial for trade competitiveness than
simply targeting a weaker INR.

Conclusion 3: The "Twin Deficit" Hypothesis Holds

Our analysis supports the twin deficit hypothesis: fiscal deficits correlate with current
account deficits (correlation: 0.58). When the government runs large fiscal deficits,
domestic savings are insufficient to fund investment, requiring foreign capital inflows. If
those inflows reverse (as in 2013, 2022), the rupee falls and the trade deficit widens.

Conclusion 4: RBI Intervention Reduces Pass-Through

Comparing periods of high vs. low RBI intervention (based on forex reserve changes):

Period Intervention Intensity. Import Pass-Through Coefficient Export Elasticity
2013-2015 High 0.45 0.12
2019-2021. Low 0.72 0.28
2022-2025 Moderate. 0.58. 0.21

Key Insight: The RBI's presence in the forex market reduces the transmission of exchange
rate shocks to trade (pass-through from 0.72 to 0.45), providing stability but potentially
delaying necessary adjustments.



SECTION X: POLICY RECOMMENDATIONS & STRATEGIC

IMPLICATIONS

10.1. Summary of Policy-Ready Findings

Area Key Finding Policy Implication

Exports Weakly responsive to INR; strongly responsive to global demand (6.3x
multiplier) Focus on demand-side measures and trade agreements, not currency
management

Imports Highly responsive to INR (0.67 pass-through); dominated by oil prices
Reduce import dependency, especially oil; strategic reserves

Trade Balance J-Curve with 6-9 month lag; structurally inelastic Expect delayed
response; patience required for currency policy

Oil Prices Largest driver of trade deficit variance (45%) Energy transition is trade
policy

Inflation Erodes nominal depreciation benefits; REER is key metric Control inflation
to maintain competitiveness

10.2. Policy Recommendations

Recommendation 1: Shift Focus from Nominal INR to REER

Action Implementation Expected Outcome

RBI should communicate using REER as primary metric Include REER targets in
monetary policy statements Markets focus on real competitiveness, not nominal
moves

Publish sectoral REER indices Differentiate goods vs. services Better targeting of
policy interventions



Recommendation 2: Reduce Import Inelasticity
Action Target Expected Impact Timeline

e Energy: Accelerate renewable energy transition Reduce oil imports by 20% by 2030
Reduce trade deficit volatility by 30% 5-10 years

e Electronics: Expand PLI schemes Achieve $300B electronics manufacturing by 2030
Reduce electronics import bill by $50B 5 years

e Gold: Expand Gold Monetization Scheme Reduce gold imports by 25% Reduce CAD
by $10B annually 3 years

Recommendation 3: Institutionalize Hedging for Corporates

The data shows that unhedged importers suffer significant losses during depreciation

episodes.
Action Implementation Target Audience

e Mandate minimum hedging ratios 50% hedging for imports > $100M annually Large
corporates

e Exchange-traded currency derivatives Expand NSE/BSE currency futures SMEs

e RBI hedging facility Direct hedging for oil PSUs Public sector

Recommendation 4: Build Strategic Petroleum Reserves
Given that oil price shocks dominate trade deficit variance:

e Current Capacity Target Capacity Benefit
e 65 days of consumption 90 days of consumption Reduce spot purchase vulnerability
during price spikes

Recommendation 5: Internationalization of Rupee

Only 2% of India's trade is currently invoiced in INR. Expanding INR usage would reduce
pass-through.



Action Current Target Impact

e Bilateral currency agreements 20 countries 50 countries by 2030 Reduce USD
dependency

e Vostro account expansion 20 accounts 100 accounts Facilitate INR trade settlement

e Target INR invoicing 2% 10% by 2030 Reduce import pass-through by 0.08

10.3. Corporate Implications

Stakeholder Implication Action ltems

e Exporters Focus on demand-side factors; use currency as margin hedge, not growth
strategy Diversify markets; natural hedging; invoice in INR where possible

e Importers Mandate hedging; build natural hedges (export revenue in USD) 50%
hedging minimum; diversify sourcing

e Investors INR depreciation benefits IT and pharma sectors; hurts aviation, oil
marketing, and capital-intensive manufacturers Sector rotation based on currency
outlook

e Treasury Volatility matters more than level; use options for tail-risk protection
Dynamic hedging; scenario analysis
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APPENDIX: FULL STATISTICAL OUTPUTS

Appendix A: Full Statistical Outputs

A.1: ADF Stationarity Test Results (Detailed)

Variable  Test Statistic.  Critical Value. (5%) p-value Conclusion
In(INR). -1.84. -2.87. 0.34 Non-stationary
Aln(INR). -8.32. -2.87 0.00 Stationary
In(Exports) -2.12. -2.87. 0.283. Non-stationary
Aln(Exports) -10.45 -2.87. 0.00 Stationary
In(Imports) -2.05 -2.87 0.26. Non-stationary
Aln(Imports) -9.87 -2.87 0.00. Stationary
In(Oil) -1.93. -2.87 0.31 Non-stationary
Aln(Oil). -11.23. -2.87 0.00. Stationary
In(REER). -1.78. -2.87. 0.39. Non-stationary
AlIn(REER). -7.45 -2.87. 0.00. Stationary

A.2: VAR System Equations

Aln(Exports) Equation:

Aln(EX_t) = 0.0081 + 0.042Aln(EX_{t-1}) + 0.038AIN(EX_{t-2}) + 0.095AIn(INR_{t-1}) +

0.082Aln(INR_{t-2}) + 0.234 Aln(USGDP_t) + &_t

Aln(Imports) Equation:

Aln(IM_t) = 0.0112 + 0.312AIn(IM_{t-1}) + 0.184Aln(IM_{t-2}) + 0.342AIn(INR_{t-1}) +

0.218Aln(INR_{t-2}) + 0.487 Aln(Oil_t) + £_t

A.3: Diagnostic Tests

Export Model. Import Model VAR

Test
Breusch-Godfrey LM (Autocorrelation). p=0.12 p=0.08 p=0.2
White Test (Heteroskedasticity). p=0.34 p=0.18 p=0.42

Jarque-Bera (Normality). p=0.07 p=0.09 p=0.11
p=0.23 p=0.15 p=0.31

Ramsey RESET (Specification).
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