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ABSTRACT

Jan Tinbergen’s gravity model is one of the
most successful empirical models of international
trade. Economists have used it extensively to
explain international trade trends from time to
time. Many researchers have applied it to the
Indian context, and a consistent view in the
literature is that the gravity model explains more
than half of India’s trading patterns. Using data
from the World Bank and CEPII database on the
world economy, which has been coded in stata,
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Author we estimate the gravity equation for India for the
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model explains nearly 53 percent of India’s trading
patterns. Secondly, it remarkably explains India’s
trading position within the ASEAN countries.
Thirdly, the postulates of the gravity model hold
strongly in the case of India. Finally, this paper
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. Sir Isaac Newton, in his 1687 work “Philosophie
overat smiariy: 7 70 Naturalis Principia Mathematica”, stated the law of

St 14 wordsPagcond 1655 Tetlvords universal gravitation.* Thelaw statesthat an entity

Remarks: Low similariy detected, check with your supervisor fchanges are required, attractsevery other entity usingaforcethat isdirectly
proportiond totheir respective massesand inversely
proportional to the square of the distance between

their centres. Algebraicaly, if m andm, arethemasses
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and Risthedistance between them, then theforce of gravitationisdescribed by (1)

In the context of international trade, Jan Tinbergen in his trade treatise “An Analysis of World Trade
Flows: In Shaping the World” (1962)? suggested thetrade anal ogue of the gravity equation. Pentii Poyhonen
(1963) devel oped the gravity model further and the credit for the present form of gravity equation mostly
accruesto thework of thesetrade giants.® Thegravity equation for trade statesthat the volume of bilatera
trade between two countriesisdirectly proportiona to their respective grossdomestic products (economic
masses) and inversely proportiona to the square of geographica distances (centredistance) betweenthemas
described in equation (2).
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Takinglogshboth sidesand equation (2) can bereducedinlogtermsgiving usauseful Satisticd reationship
toestimate:

log(V;) =log(T) + a*log(Y;) + B * log(Y) +y * log(dist,) + € (3)
A reduced form of equation (3) can also be estimated asin equation (4):
log(V;) =log(T) +a“log(YY) +y “log(dist,) + C, (4)

A priori, bilateral trade is hypothesized to be positively related to the respective GDP of the two
countries, therefore, lending positivesignto o in equation (4). Largedi stances between two countries, ceteris
paribus, are expected to lower bilateral trade and command anegativey. Theerror term C. accountsfor
shocks and chance events that can potentially affect bilateral trade. The shock has been assumed to be
normally distributed with both good and bad events having the same probability.

Variantsto the Gravity Model

With subsequent technical advancement and increased dataavailability, thegravity model hasbeen
incorporated into many different formulations. Theaugmented gravity modd whichisbeing heavily used these
daysand can be estimated with our dataset isdescribed in equation (5). Border and cultura effects, common
colonising countries can be operationaised by introducing dummies.

Iog(Vij) = Iog(T)+0("Iog(Yin)+y"Iog(di stij)+u)(borderij)+r (Iangij)+(—:ij (5)

The advanced gravity model, Trade Sim, developed by UNCTAD(WTO), iscurrently in voguewith
theemergenceof differentia bilateral and multi-laterd treaties.* Thishasthe advantage of estimating trade
potentia between countrieswith limited trading histories, such as someof the countriesinvolvedintheTrans
Pecific Trade Partnership.

Data and Estimation Strategy

After compiling and analysing India’s export and import data with all its 197 trading partners from the
Direction of Trade Statistics(DOTS), International M onetary Fund.® Thetrade data, whichwasinitidly inthe
U.S. milliondollars, wasthen standardised to trade units by normalising them with the consumer priceindex
of theUS. The GDPdatafor theyear 2013 was compiled from theWorld Bank report.® The GDPdataisin
current UShilliondollars. Thedatafor distances, colonid history, and country-specificlanguageswere collected
from CEPII’s resourceful database’. Research reiterates that CEPII’s comprehensive data sets will be greatly
indemand intheyearsto come astreaty networksincreasingly become complex. Although Indiahastrade
relationswith 198 countries, research estimation was done over 192 countries because of alack of trading
datawiththerest of them.
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Figure01: Thecorrelation between trade volume and GDP of import country
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Figure2: The correlation between trade volume and the di stance between them.
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Research estimate equation (5) and supplement it with thework of other authors asacheck for estimated
results. Research also break these resultsto theASEAN group of countries and see how the gravity model
explainstradeintheseregions.

Results of Analysis

Research presentsthe estimated resultsin this section. Figures 1 and 2 depict the correl ations between
tradevolumesand the argumentsin equations4 and 5, namey GDP and distances. Figure 1, ashypothesised,
suggestsapositive correl ation between thevolume of trade and the GDP of import countries. Thecorrelation
factor comesout to be0.7134, whichissignificant at a5% level . Smilarly, Figure 2 displaysamild negative
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rel ationshi p between thevolume of trade and distancewith acorreationfactor of 0.34, whichisaso sgnificant
at a5%level. Paper herewill present the OLSresultsfor our regression.

Research results sharply corroborate the hypothesis of the gravity equation. Thecoefficientsfor GDP
and distancesaresignificant with high t-values. Moreover, themost insightful information that comesfromthe
estimation exerciseisthehigh R? value. The gravity model can explain nearly 53% of India’s trading patterns
withtherest of theworld. Research dso tried different specifi cationsfor our estimating equation, but an R of
morethan 50% hasbeen consistent in all of them. Wetried to compare our resultswith theworks of other
authorswho have estimated the gravity equation in the Indian context a though over different time periods.
Tathagataand Banerjee (2006) carried out asimilar exerciseand found out the R? in excess of 45% over the
entire span of the second half of the twentieth century®. AmitaBatra (2004) suggeststhat nearly 70% of
India’s trade flows can be explained by the gravity equation. Seen in this context, our estimation results seem
farlysensble®

Figure3: OLSresultsfrom estimating equation

Source 55 d£f MS Number cof ocbs = 192

F 2. 188) = 107.60

Model 761.871531 2 380.935766 Prob > F = 0.0000

Residual 669.090664 189 3.54016224 R-squared = 0.5324

Adj R-squared = 0.5275

Total 1430.9622 191 7.49194867 Root MSE = 1.8815

lnvx Coef. Std. Err. Tt P>t [95% Conf. Interval]
lngdp_ce 0 (omitted)

lngdp ci .620479 .0476377 13.02 0.000 .5265091 .714449

lndist -.6790002 .2200975 -3.08 0.002 -1.113163 -.2448369

_cons 8.986966 1.979265 4.54 0.000 5.082678 12.89126

India and ASEAN

TheAssociation of Southeast Asan Nations(ASEAN) isapolitica and economic entity of ten Southeast
nations comprising Singapore, Thailand, Indonesia, Philippines etc. Due to Brunei’s unavailability of data, we
estimated thegravity equation with these nine countries. Sincethe distancefactor ismuch thesamefor ASEAN
countries, our resultshinged on the GDP mass. Maays a, Singaporeand Indonesaaremgor trading partners
of India, and thegravity equationjustifiesthis. However, with Vietnam, the Philippines, and Cambodia, India
hasyet toredizeitsfull trade potential.

Modelling the Trans Pacific Agreement (TPP) in the Gravity Equation

On February 5" 2016, del egatesfrom 12 countriesinthe PacificArc S gned the Trans-Pacific Partnership
(TPP) agreement.'® Thetreaty isaimed at easing the flow of goods, services and investmentsamong them,
andto strengthentherulesonlabor compliance, environmenta compliance, origin criteria, intellectua property
rights, government procurement. Thetreaty issignificant asit catersto apopulation of nearly 1 billion, with
trading partners contributing to nearly half of the GDP. Indiaisyet to sign on TPPaccord. However, with
panel data, one could have adummy indicator variablefor the TPPtreaty. However, Research paper here
discusses how we could model TPP inthe framework of equation (5) by exploiting the error term. The
Perception of TPPinthe Indian context has been mostly negative. The preferential treatment among TPP
partners is likely to outcaste India’s goods among its trading partners. The TPP seeks to override.

Thestructurewas set by the WTO, and it brought itsown private standards of trade. Itisvery likely
that Indiawill lose more than gain by not being a part of the TPP. Therefore, the error term needs to be
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modelled as a negative shock for the years in which TPP becomes active. Currently, the TPP hasn’t been fully
adopted, and wewill havetowait foritsinitial effects.

CONCLUSION

Inour sudy, wede veinto theintricate dance of commercethrough thelensof therenowned gravitationa
equation, applied within thevibrant marketplaceof India. Our journey of exploration utilizesarich tapestry of
data, drawnfromthevast repositoriesof theWorld Bank and CEPII, which we have meticul ously organi zed
and anadyzed using Stata. Focused ontheyear 2013, our findingsunveil compelling insightsinto thedynamics
of India’s trade.

Foremost among our discoveries is the profound resonance of the gravity model with India’s commercial
exchange, accounting for animpressive 53 percent of itstrade patterns. Thismodel not only shedslight on
India’s trade flows but also illuminates its commercial relationships with the ASEAN bloc, revealing a remarkable
dignment.

Our investigation reaffirms the robust applicability of the gravity model’s principles within the Indian
context, providing asturdy scaffold upon which future analyses can build. Aswelook ahead, we underscore
the significance of refining our approach to the model’s error term. This refinement is pivotal for integrating
congderations such as TPP-like agreements and theimpact of financia fluctuations, thereby enriching our
understanding and predictive capability regarding India’s trade dynamics.
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