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Abstract 

This paper employs the use of augmented gravity model to estimate the potential of Pakistan’s export flows 

to the rest of ACU countries. Panel data for the period 1989-2017 across 9 cross-sections has been set under 

scrutiny. For the quantification of gravity estimates, we have employed three different yet popular 

estimators namely: pooled ordinary least squares (pooled OLS), feasible generalized least squares (FGLS) 

and Poisson pseudo-maximum likelihood (PPML). The issues of unobserved heterogeneity, the presence 

of heteroskedasticity and the existence of zero trade flows make PPML estimator more feasible to obtain 

efficient and unbiased estimates. Whereas, pooled OLS and FGLS provide robustness check. 

Empirical findings are in line with economic theory behind the basic gravity equation as Pakistan’s exports 

to ACU countries are directly proportional to the combined GDP and they are inversely proportional to the 

distance between the business centers of the trading partners. Additionally, population, real exchange rate, 

diplomatic relations, financial integration via banking network, and reduction in trade barriers through 

regional trade agreement (SAFTA) may help promote Pakistan’s exports to the ACU economies.  

Although, Pakistan’s exports flows to ACU destinations have remained low, there exists significant exports 

potential with countries like Afghanistan, Bangladesh, India, Iran and Sri Lanka. These results have 

important implications for Pakistan regarding the expansion of regional trade particularly through export 

promotion. 
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1. Introduction 

The Asian Clearing Union (ACU) was established in 1974 to facilitate member countries facing financial 

settlement issues due to resource constraints. The permanent members of the forum comprise Bangladesh, 

Bhutan, India, Iran, Maldives, Myanmar, Nepal, Pakistan and Sri Lanka. Afghanistan, however, enjoys an 

observer status in the ACU. Even after four decades of its establishment, the forum has failed to achieve 

the desired objectives, as the volume of regional trade stands low.  

The formation of South Asian Association for Regional Cooperation (SAARC) in 1985 was another 

landmark for strengthening regional ties in numerous fields, including trade promotion. Particularly, the 

ACU membership could further solidify its trade ties and reap benefits of important regional developments 

indirectly, as all of its members have joined SAARC, except for Iran and Myanmar. In 1993, a preferential 

trade agreement (i.e. SAPTA) was signed as a step forward to promote mutual trade and economic 

cooperation through exchange of concession. Later on, the SAPTA was transformed into a regional free 

trade agreement (i.e. SAFTA) mainly to promote trade with a gradual phasing-out of tariff and non-tariff 

barriers. This step was expected to develop closer linkages through trade channel. Also, the joint ACU- 

SAARC membership was anticipated to get benefit of low trade barriers. Nevertheless, as against 

expectations, the intra-regional trade in general, and Pakistan’s exports in particular, could not see a visible 

boost over the period if compared with export trends witnessed with rest of the world. 

More importantly, Pakistan’s trade within ACU bloc remained mostly in favor of big economies, especially 

India. In case of Sri Lanka, Pakistan’s exports could not pick-up despite having signed a free trade 

agreement (FTA). Pakistan’s exports to Iran continued to exhibit a declining trend in the wake of economic 

sanctions. Likewise, Pakistan’s exports to Nepal, Bhutan, Maldives and Myanmar could not flourish under 

different conditions and remained almost negligible. With regards to Bangladesh, the volume of exports 

remained relatively high, though it tended to decelerate. This occurred after signing an FTA with India and 

other RTAs with countries outside the region. Nevertheless, Pakistan’s exports to Afghanistan (an ACU 

observer country) depicted an encouraging picture, as the country benefited from the transit trade agreement 

signed in 2010. However, some trade diversion has also been observed towards other ACU members in 

recent times.  

Keeping in view Pakistan’s overall lower exports and the role of regional blocs in promoting trade, this 

study intends to analyze the export trends with ACU members. Also, it aims to test whether the exports to 

ACU fully exploit their potential or there exists a room for further export promotion. In this backdrop, the 

current analysis responds to queries as to why Pakistan’s exports to the region could not pick up. More 

specifically, some of the important factors include: a) border sharing with two large and densely populated 

ACU countries: India and Iran; b) lowering barriers to trade after signing SAFTA; c) ease in money transfers 

as local banking network exists in some of the ACU countries (e.g. Afghanistan, Bangladesh, Maldives, 

Nepal and Sri Lanka); d) diplomatic relations with most of the ACU countries remain conducive to boost 

economic and commercial relations; e) and the ACU countries largely possess a common heritage and 

culture. Thus, the low volume of exports is an area of concern for Pakistan and requires identifying the 

factors, which restrain the economy from reaching its full export potential with ACU. 

Nonetheless, there remains a dearth of quality research work exploring exclusively Pakistan’s export trends 

to ACU countries. In this context, the current endeavor may fill the gap in the literature and provide insight 

into the determinants of exports using augmented gravity model framework. In this vein, besides 

incorporating traditional parameters and some dummies, certain important economic variables have also 

been added to the model such as market size, per capita income differentials and real exchange rate. For 

gravity estimation, three different estimators have been employed: Pooled OLS, FGLS and PPML, 

developed by Santos Silva and Tenreyro (2011). The paper mainly explains the results from PPML - being 

efficient and unbiased - as the estimator adequately handles the issues of unobserved heterogeneity, 

presence of heteroskedasticity and existence of zero trade flows. Based on these parameters, Pakistan’s 



export potential with ACU has been estimated. Finally, the empirical findings of the study may serve as 

recommendations for policy makers to increase the volume of Pakistan’s exports to ACU countries. 

Rest of the paper is structured as follows. The literature review follows this section. Section 3 briefly 

explains Pakistan’s trade with ACU countries. Section 4 describes methodology and presents the results, 

and section 5 concludes.  

2. Literature Review 

Researchers are interested in exploring the factors behind trade or export pattern across countries. In this 

context, the gravity model of international trade turns out to be widely used econometric model to estimate 

such trade flows. Simply, the gravity model explains that larger country pairs are expected to trade more, 

while the countries with larger distance are likely to trade less, mainly due to high transportation costs. Jan 

Tinbergen (1962) and Pentti Pöyhönen (1963) were the pioneers to use the gravity model framework to 

estimate international trade flows in the early 1960s. Later on, other researchers worked on theoretical 

aspects and developed a number of applications of the gravity model. Therefore, it is common to find 

numerous variations of gravity equations. Detail of some of the recent studies and their findings are given 

as follows: 

Chan-Hyun Sohn (2005) investigated Korea’s bilateral trade flows using the standard gravity equation. 

Data was analyzed for trade with 30 major trading partners in the year 1995. Asia-Pacific Economic 

Cooperation (APEC) membership and trade conformity index were included in the gravity equation to 

identify the behavior of Korea’s trade pattern. Findings of the study revealed that Korea has greater 

unrealized trade potential with her neighboring countries like China and Japan. Moreover, trade between 

North Korea and South Korea was dependent on better bilateral relations and also participation of North 

Korea in APEC. 

Dilanchiev (2012) studied Georgia’s trade pattern using the gravity model. In the study, panel data was 

used for the period 2000 to 2011. The findings of the study revealed that GDP positively affected Georgia’s 

trade volume. Also, GDP per capita and common history factors were found to be critical determinants of 

Georgia’s trade pattern. The study also confirmed a positive correlation between foreign direct investment 

(FDI) and trade volume. 

In case of South Asia, the gravity model has been used to capture the impact of bilateral trade with respect 

to different regions. For example, Ghosh (2003) estimated gravity model to capture the nature of India’s 

trade with different regions (NAFTA, EU, ASEAN, SAARC, etc). Findings of the study revealed that the 

export equation for NAFTA, EU, and ASEAN produced positive and significant coefficients, whereas the 

imports and total trade equations had negative signs, indicating the existence of some kind of trade barrier 

for India’s exports.  

Some studies also explored the significance of RTA signed under the umbrella of SAARC. The study by 

Mehta and Bhattacharya (2000) found that complete removal of tariffs could enhance intra-regional trade 

by 160 percent. Another study by Kabir Hassan (2001) found that SAARC member countries have yet to 

harness total benefits of regional integration. Mehta and Kumar (2004) considered SAFTA agreement a 

major development for SAARC countries. However, the members would benefit from regionalism if their 

cooperation would extend beyond their formal trade. Exploring the factors behind low trade volume among 

SAARC countries, Baysan and Pitigala (2006), found that South Asian countries remained more inclined 

towards advanced economies than with their neighboring partners.  

Some studies also explored the pattern of individual SAARC countries’ trade flows using the gravity model. 

For instance, Laxmi Prasad Prasai (2014) examined the overall trade pattern for Nepal using pooled OLS 

method. He used gravity model with panel dataset of 29 years, covering 94 trading partners of the country. 



His empirical results were consistent with basic gravity model with, which suggests positive coefficients 

for economic size and negative coefficients for distance.  

For Pakistan, we find studies that have analyzed its trade pattern with different trading partners using both 

cross sectional and panel data series. For example, Shaista, et. al. (2013) investigated bilateral trade flows 

with its major trading partners. The study used panel data for the period 1990-2010 and found a positive 

impact of GDP and GDP per capita on trade volume, while distance and dummy variable for cultural 

similarities showed a negative relationship with trade volume. However, the study was plagued with 

collinearity problem, as the two variables GDP and GDPPC were used in the same equation.  

Similarly, Achakzai (2006) investigated trade flows of Pakistan with nine ECO countries. He employed the 

augmented gravity model using panel data. His results revealed a significant positive impact of ECO on 

intra-regional trade flows. The predicted value of intra-ECO trade flows was significantly higher than the 

actual value, suggesting greater scope for regional integration.  

Zaman, et. al. (2010) used gravity model to determine bilateral trade potential between Turkey and Pakistan. 

They found a significant positive relationship between GDP and bilateral trade. Moreover, GDP per capita 

was also found positively correlated to bilateral trade between the two countries. However, the variable 

geographical distance has weak correlation with trade. 

Butt (2008) investigated export potential of Pakistan with its trading partners by employing the gravity 

model. He used cross-sectional data from 132 exporting and 154 importing countries, and found that 

domestic GDP, GDP of importing countries, and real exchange rate positively affected export flows, 

whereas distance and tariffs affected it negatively. The analysis showed the highest export potential with 

India, Japan, Hong Kong, and China, whereas potential with USA, UK, Bangladesh and Turkey had fully 

utilized or exhausted. Like most of other studies, this study also examined only the cross-sectional 

dimension, while ignoring the time trend. 

The review of literature reveals that none of the above studies has exclusively focused on Pakistan’s export 

flows to ACU countries and its export potential with the bloc. The current study is an attempt to analyze 

Pakistan’s exports performance and estimate its export potential with ACU members over the last 29 years.  

3. Dynamics of Exports to ACU Partners 

Pakistan’s exports to ACU countries remained lower, averaging around less than 15 percent of its total 

exports over the past two decades. Even the low exports were concentrated in food and agricultural 

products, demand for which continued to fluctuate with domestic supply deficit, ad hoc policies and 

political environment. This depends on a few products for exports revenue, which limited the scope of 

export expansion to ACU countries. The country-wise export pattern shows that Pakistan’s exports to 

Afghanistan (an ACU observer country) have grown significantly during early 2000s, and peaked to US$ 

2.7 billion in 2011. This was enabled by signing of Afghanistan–Pakistan Transit Trade Agreement in 2010. 

Pakistan’s major exports to Afghanistan include cement, sugar, rice, wheat, etc. Bangladesh has also been 

a key export destination for Pakistani goods, especially cotton yarn and woven fabrics of cotton, over the 

past few years. Pakistan’s exports to Bangladesh increased from US$ 166 million in 2003 to US$ 644 

million in 2017. The stagnation in Pakistan’s exports during the later years is attributed to improved 

manufacturing facilities in Bangladesh, and trade agreements between Bangladesh and other regional 

countries. Within ACU, India has been the largest trading partner of Pakistan. However, the balance of 

trade remained in favour of India. Pakistan’s exports to India increased merely from US$ 81 million in 2003 

to US$ 335 million in 2017. Among other factors, political resistance also impacted trade relations of the 

two neighboring countries. Pakistan’s major exports to India include fruits, vegetables, cement and woven 

fabrics of cotton.  



Pakistan’s exports to Iran remained quite significant 

until the imposition of economic sanctions on Iran. 

Before the sanctions, Pakistan’s exports to Iran stood at 

US$ 408 million in 2008, which dropped to the level of 

US$ 26 million in 2017. Pakistan mainly exports 

basmati rice to Iran. Pakistan’s exports to Sri Lanka 

have shown a modest increase over the past few years. 

Exports to Sri Lanka grew from US$ 83 million in 2003 

to US$ 269 million in 2017. This increase does not 

portray an encouraging picture if seen in the backdrop 

of FTA signed between the two countries. Pakistan 

mainly exports woven fabrics of cotton and 

pharmaceutical products to Sri Lanka.   

 

Lastly, Pakistan’s exports to other 

smaller ACU members like 

Maldives, Nepal, Bhutan and 

Myanmar remained negligible. This 

trend could not change even after 

signing of SAFTA or improvements 

made in the ACU transaction 

mechanism. In sum, Pakistan’s low 

exports to the ACU reveals that a 

huge export potential exists within 

the region, which can be tapped by 

adopting effective trade policies. 

4. Methodology  

4.1. Data Sources  

The paper analyzes panel data for Pakistan’s exports to ACU countries over the last 29 years i.e. 1989 to 

2017. The data on exports is obtained from International Trade Center (ITC) and Pakistan Bureau of 

Statistics. Similarly, the data on GDP, per capita GDP, exchange rate, GDP deflator and population is 

collected from Haver Analytics and World Bank’s World Development Indicators. The data on distance, 

diplomatic relations and banking network is collected from French Research Center in International 

Economics, Pakistan’s Ministry of Foreign Affairs and State Bank of Pakistan, respectively. 

4.2. Estimable Model 

The basic gravity model was proposed by Tinbergen (1962) using gravitational force concept as an analogy 

to explain the volume of bilateral trade flows4. In its basic form, the gravity model describes that trade flows 

between two countries are proportional to the product of each country’s ‘economic mass’, indicated by 

Gross Domestic Product (GDP), and divided by the distance between the respective economic hubs - used 

as a proxy for transportation. The basic form of the gravity model is given as follows: 

 

                                                           
4 While Ravenstein (1889) pioneered the use of gravity for migration patterns in UK in the 19th century, Tinbergen (1962) was 

the first to use gravity to explain trade flows. 

Table 1: Pakistan's Exports to ACU countries 

(million US$)      Exports CAGR (%)       Exports CAGR (%) 

 1997 2006 1997-2006 2008 2017 2008-2017 

Afghanistan 15.2 992.3 59.0 1424.8 1389.7 -0.3 

Bangladesh 87.3 266.0 13.2 418.9 644.2 4.9 

Bhutan 0.7 0.1 -25.4 0.0 0.0 -16.4 

India 36.1 325.5 27.7 349.9 334.9 -0.5 

Iran 15.9 178.4 30.8 408.7 26.3 -26.3 

Maldives 1.9 3.0 5.4 6.2 5.7 -0.9 

Myanmar 6.8 2.0 -12.6 6.1 18.4 13.1 

Nepal 4.5 2.4 -6.5 0.7 1.9 11.2 

Sri Lanka 82.4 174.9 8.7 216.8 269.3 2.4 

Source: International Trade Centre    
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Figure 1: Pakistan's Exports to ACU countries

Data source: Pakistan Bureau of Statistics



𝑿𝒊,𝒋,𝒕 =
𝑮𝑫𝑷𝒊,𝒕×𝑮𝑫𝑷𝒋,𝒕

𝑫𝒊,𝒋
                                                                                                                          (1) 

Where Xi,j,t stands for exports of country i to country j during time t; GDP is product of  nominal gross 

domestic product of country i and j, and D is the geographical distance between country i and j. In its log 

linear form, the basic gravity model is written as: 

𝒍𝒏𝑿𝒊,𝒋,𝒕 = 𝒃𝟏𝒍𝒏(𝑮𝑫𝑷𝒊,𝒕 × 𝑮𝑫𝑷𝒋,𝒕) + 𝒃𝟐𝒍𝒏(𝑫𝒊,𝒋) + 𝒆𝒊,𝒋,𝒕       (2) 

Where Xi,j,t stands for exports of country i to country j during time t; GDP is product of  nominal gross 

domestic product, and D is the geographical distance between country i and j and eij is the random error 

term. The c is a constant term while b1 and b2 are coefficients to be estimated.  

Besides the traditional variables, there are certain other variables which may also have an effect on exports. 

Therefore, the gravity model is augmented by exchange rate, which acts as a proxy of market price. 

Population is also used in the model as an additional mass variable to capture market size. Further, 

diplomatic relations, and domestic bank branches operating in ACU countries and SAFTA are used as 

dummy variables.  Thus, the augmented gravity model in natural logarithm form can be written as: 

𝒍𝒏𝑿𝒊,𝒋,𝒕 = 𝜷𝟎 + 𝜷𝟏 𝐥𝐧(𝑮𝑫𝑷𝒊,𝒕 ∗ 𝑮𝑫𝑷𝒋,𝒕) + 𝜷𝟐 𝐥𝐧(𝑵𝒊,𝒕 ∗ 𝑵𝒋,𝒕) +  𝜷𝟑𝒍𝒏(𝑷𝑪𝑰𝒅𝒊𝒇𝒊,𝒋,𝒕) +  

+ 𝜷𝟒(𝑩𝑵𝒊,𝒋) + 𝜷𝟓(𝑺𝑨𝑭𝑻𝑨) + 𝜷𝟔 ln(𝑫𝒊,𝒋) + 𝜷𝟕(𝑫𝑹𝒊,𝒋) + 𝜷𝟖 𝒍𝒏(𝑹𝑿𝑹𝒊,𝒋,𝒕) + 𝜺𝑖,𝑗,𝑡                           (3)                                                                                                               

 

𝜺𝒊,𝒋,𝒕 = 𝒑𝒋(𝓔𝒊,𝒋,𝒕−𝟏)+𝝎𝒊,𝒋,𝒕
               (4) 

 

Where,  

 

i = 1 (Pakistan); j represents an ACU country; and t stands for time series; 

Xijt = Pakistan’s exports to j country in year t; 

ln(𝐺𝐷𝑃𝑖,𝑡 ∗ 𝐺𝐷𝑃𝑗,𝑡) is the product of GDP (nominal) of Pakistan and its trading partner in period 𝑡; 

ln(𝑁𝑖,𝑡 ∗ 𝑁𝑗,𝑡) is the product of population of Pakistan and its trading partner in period 𝑡; 

RXRijt = Real exchange rate between currencies of Pakistan and country j in year t; 

PCIdif = Absolute value of the per capita GDP differential between countries i and j in time t; 

Dij = Distance in kilometers between Karachi (Pakistan) and economic hubs (mostly capital cities) in 

country j; 

DRij = A dummy variable that takes value 1 if the two countries have diplomatic relations and 0 

otherwise; 

BNij = A dummy variable that takes value 1 if the two countries have a banking network and 0 otherwise; 

SAFTA = A dummy variable that takes values 1 from 2006 onwards, and 0 otherwise. Also 0 for Iran and 

Myanmar being non-SAARC members; and 

εi,j,t is the disturbance term from the panel regression, and ρj shows the autoregressive vector of residuals 

for the jth cross-section. 

4.3. Empirical Estimation 

4.3.1. Diagnostic Tests 

Before we fit coefficients of equation 3, first we analyze univariate characteristics of datasets mainly to 

check cointegrated relationship between the variables using unit root tests. Since the study uses panel 

dataset for 29 years, the presence of unit roots in variables cannot be ruled out. This is also confirmed by 

panel unit root tests put forth by Im, Pesaran and Shin (IPS) and Fisher-type ADF tests. These tests are also 

chosen as they allow heterogeneity between the cross-section units, and simultaneous stationarity and non-

stationarity in data series. It is also worth noting that these tests do not require panel data to be balanced 



which is a further advantage. The results of unit root tests are reported in Table 2, which show that all 

variables are differenced stationary at one lag. 5 In other words, all the series are integrated of order one 

I(1). Detailed description of the panel unit tests is reported in Table A in appendix. 

Table 2: Panel Unit Root Tests 

 Intercept & Intercept & Intercept & Intercept & Intercept & 

No Trend Trend No Trend Trend No Trend Trend No Trend Trend No Trend Trend 

X GDP GDPDif Pop RXR 

LLC I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) 

Breitung I(1) I(1) I(1) I(1) I(1) I(1) – I(1) I(1) I(1) 

IPS I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) 

MWADF I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) 

MWPP I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) 

Note: Estimates are reported at 5% level of significance; LLC stands for Levin-Lin-Chu; IPS for Im-Pesaran-Shin; MWADF for Maddala 

and Wu Augmented Dickey Fuller; and MWPP for Maddala and Wu Phillips Perron tests. 

Source: Authors’ estimate 

In order to check robustness of the gravity parameters, the relevant tests (e.g. autocorrelation, 

hetroskedasticity, residual correlation, and cross sectional dependence) are also conducted, which are 

reported in Appendix Tables D and E. The tests were conducted both for basic and augmented gravity 

models. In case of basic gravity model based on pooled OLS, various tests indicate the presence of 

autocorrelation, hetroskadasticty, and residual correlation.  However, in case of augmented gravity model 

based on PPML estimator, neither the evidence of hetroskedasticity or heterogeneity problem was found, 

which is confirmed by Breusch-Pagan/Cook-Weisberg and Breusch-Pagan tests, respectively. 

4.3.2. Estimation Results 

For the quantification of augmented gravity model, three estimators are used i.e. pooled OLS, FGLS and 

PPML.6 These estimators are also applied for basic gravity model equation 2. The main objective is to 

provide the rationale behind the usage of augmented gravity theory of international trade.  

The results of the basic gravity model obtained from all the three estimators are reported in Table 3. These 

empirical estimates appear broadly in line with economic intuition behind the gravity equation. 

                                                           
5 The lag length selection was determined using the Schwarz Bayesian Information Criterion. 
6 The pooled OLS and FGLS estimators use dependent variable in logarithm form while PPML estimator uses it in levels. 

Table 3: Estimates of Basic Gravity Model 
XPK,j,t Pooled OLS FGLS PPML 

GDPPK,j,t 
0.6185*** 

(0.04) 

0.6185*** 

(0.04) 

0.2375*** 

(0.02) 

DistPK,j,t 
-1.2854*** 

(0.17) 

1.2854*** 

(0.17) 

-1.3908*** 

(0.15) 

Constant 
-0.6138 

(1.60) 

-0.6138 

(1.60) 

9.7123*** 

(1.24) 

R-squared 0.57 - 0.44 

No. of obs. 252 252 261 



 

While Pakistan’s exports to ACU countries are positively affected by the size of the GDP, these are 

adversely impacted by geographical distance between business centers of the countries. However, the 

magnitudes of parameters of pooled OLS and FGLS differ from PPML estimator, which might be due to 

misspecification problems, as already explained above. Overall, the sign of coefficients of all gravity 

equations are consistent with expectations; however, the goodness-of-fit criteria do not support the model 

specifications due to lower R2 values (Table 3). Therefore, this signifies the need to estimate augmented 

gravity model to improve goodness-of-fit criteria with additional but relevant variables. Moreover, the 

results of pooled OLS are found spurious due to autocorrelation and hetroskadasticty problem.   

Accordingly, the augmented gravity model is estimated using all the three estimation techniques. The 

empirical results are reported in Table 4. However, it would be worthwhile to note that the results from 

pooled OLS and FGLS estimators are reported as a base line (for visual comparison only) since the study 

mainly discusses results based on PPML estimator owing to its superiority over the pooled OLS and FGLS 

estimators. 7,8  The PPML is preferred as both the pooled OLS and FGLS techniques ignore zero 

observations (which may generate due to small trade or taking logarithm of values). Dropping zero 

observations potentially leads to sample selection bias that has important bearing on degree of freedom. 

Santos Silva and Tenreyro (2006) present a simple way of dealing with this problem and suggest PPML 

estimator for gravity equation. In fact, the PPML estimator naturally includes observations for which the 

observed trade value is zero. This ability of PPML to include zero observations is highly desirable. This is 

also true in case of the current study, as the number of observations based on PPML estimator stood higher, 

as shown in Table 4.  

                                                           
7 Under pooled OLS estimation, the results remain efficient if the assumptions of homoscedasticity and autocorrelation are not 

violated. The pooled OLS takes data in stacked form and the common error component over individual cross-sections generates 

correlation across the composite error terms, which makes pooled OLS estimation inefficient in the panel framework. 
8 The FGLS estimator requires appropriate model specification regarding heteroscedasticity or serial autocorrelation among 

regressors. The estimates obtained through FGLS remain asymptotically unbiased, efficient, and consistent as the Monte Carlo 

simulations of the FGLS estimator generally yields better estimates for large samples than the pooled OLS estimator. 

Note: Standard errors are reported in parenthesis. ***, ** and * respectively indicate 1%, 5% and 10% level 

of significance.  Estimates are obtained after controlling for the issues of endogeneity and heteroscedasticity. 

Source: Authors’ estimation 

Table 4: Estimates of Augmented Gravity Model 
XPK,j,t Pooled OLS FGLS PPML 

GDPPK,j,t 
0.2209** 

(0.07) 

0.2461*** 

(0.05) 

0.2191*** 

(0.06) 

PCIDifPK,j,t 
0.1326 

(0.07) 

-0.0240 

(0.04) 

-0.0476 

(0.05) 

DistPK,j,t 
-1.4686*** 

(0.10) 

-1.4681*** 

(0.13) 

-1.3266*** 

(0.08) 

PopPK,j,t 
0.5959*** 

(0.09) 

0.4962*** 

(0.05) 

0.2859*** 

(0.08) 

RXRPK,j,t 
0.2448*** 

(0.04) 

0.5116*** 

(0.03) 

0.3166*** 

(0.05) 

DR 
-0.9141** 

(0.30) 

-1.1742** 

(0.36) 

1.5317** 

(0.51) 

BN 
3.5213*** 

(0.14) 

3.7413*** 

(0.13) 

2.8188*** 

(0.22) 

SAFTA 
-0.5209** 

(0.19) 

0.4292*** 

(0.10) 

0.4756** 

(0.16) 

Constant 
3.0275** 

(1.02) 

3.8444** 

(1.18) 

3.7039*** 

(0.73) 



Further, the PPML estimator is attractive for applied policy researchers, as it is consistent in the presence 

of fixed effects, especially when dummy variables are added in the model specification. The interpretation 

of the coefficients based on PPML is also straightforward, and follows exactly the same intuition as under 

Pooled OLS. This property is more important, as the dependent variable for the PPML regression is 

specified in levels rather than in logarithms, while the coefficients of independent variables entered in 

logarithms can still be interpreted as simple elasticities. Further, the coefficients of independent variables 

entered in levels are interpreted as semi-elasticities, as expressed in pooled OLS. 

The PPML-based results of augmented gravity model, reported in Table 4, appear in line with the intuition. 

In particular, the size of GDP in ACU member countries plays a significant and positive role in enhancing 

Pakistan’s exports to these destinations. The GDP coefficient obtained from PPML estimator reveals that 

one percent increase in the GDP of ACU countries may boost Pakistan’s exports by 0.22 percent. While 

this indicates higher import demand from ACU countries, it is also a reflection of expanding economic size 

of the country. Similarly, the positive sign of population shows that the expansion in market size of trading 

partners creates more export opportunities for Pakistan. The coefficient of population indicates that one 

percent increase in market size of ACU countries may increase demand for Pakistan’s exports by 0.29 

percent. Simultaneously, the rise in domestic population may also increase demand for domestic goods, 

thereby constraining the export opportunities abroad. 

The estimated elasticity of exports with respect to distance stands at around -1.33, which lies within the 

range identified by earlier studies, e.g. Brun, Jean-Francois (2005). A greater coefficient value indicates 

that large distance between economic hubs may create hurdles for trade due to high transportation cost. In 

this context, the existence of inadequate infrastructure facilities, high tariffs and custom duties, complex 

custom procedures, delay in shipments at border, and disconnected network of traders may also add to high 

trade costs in the ACU region. Ironically, globalization, which was supposed to reduce transaction costs, 

appears to have had little impact on Pakistan’s export flows to ACU countries. Furthermore, the cost of 

exports goes up for those member countries, which are located at a longer distance such as Nepal and 

Bhutan which are not directly linked via sea routes. Accordingly, such destinations remain least attractive 

for exporting firms, thereby squeezing the overall export flows to the region.   

The per capita income is added in the model to capture the relevance of Linder Hypothesis. The result 

reveals that the variable has insignificant impact on exports. This may be due to the ACU countries 

preference towards relatively high quality products, as Pakistan mostly exports raw material or low value-

added products.  

The real exchange rate also remains an important determinant of exports. The positive sign indicates that  

PKR appreciation has adversely impacted the exports. In particular, Pakistani goods lost their 

competitiveness in the regional market, which might have diverted its trade share towards other regional 

competitors, such as India, Sri Lanka and Bangladesh. Besides, high input costs of exported products also 

remained a key factor behind erosion in external competitiveness. Therefore, it would require reducing 

input costs in order to make exports competitive in the ACU markets. Moreover, the market-based exchange 

rate regime may help boost export flows to the region, as Pakistan pursued different exchange rate strategies 

during the period of analysis. 

Pakistan’s membership of the regional trade agreement (i.e. SAFTA) also remained effective, as the results 

of SAFTA show a significant positive impact on exports. However, the magnitude of exports volume 

R-squared 0.89 - 0.90 

No. of obs. 252 252 261 

Note: Standard errors are reported in parenthesis. ***, ** and * respectively indicate 1%, 5% and 10% level 

of significance.  Estimates are obtained after controlling for the issues of endogeneity and heteroscedasticity. 

Source: Authors’ estimation 



remained low, which indicates that Pakistan could not benefit from the agreement. Pakistan also lagged 

behind in trade liberalization process of early 1990s compared to India, Sri Lanka and Bangladesh, which 

affected its exports, higher tariffs kept the costs of imported machinery high relative to other regional 

players, which made exports less competitive in the external markets. Moreover, the first mover advantage 

was lost, as market shares were captured by the regional competitors. In case of India, the export volume 

also remained low in the presence of a large negative list. Further, the extended implementation of SAFTA 

might also have reduced its significance, as some of the regional partners signed bilateral FTAs with lower 

tariffs or engaged in RTAs with other blocs. This requires Pakistan to engage in a long-term strategic 

cooperation with regional partners in order to minimize adverse repercussions of an unexpected exogenous 

external shock emanating from trade or finance channel, and to put its exports on a sustainable growth path. 

The diplomatic relations and banking network also have a significant positive impact on exports. Especially, 

the role of diplomatic relations remains extremely important in the region, as it not only helps keep business 

relations intact, but also promotes trade ties among members through trade and business facilitation efforts. 

In particular, the role of trade officers at embassies in the region is important to get concessions from the 

host country and create business-to-business contacts. To enhance exports, this role of trade officers needs 

to be further strengthened. However, the uncertain diplomatic ties with a big trading partner like India have 

also affected Pakistan’s exports flows to the region, as a lot of trade opportunities might have missed due 

to abrupt changes in the diplomatic policies between the two countries. In this context, maintaining smooth 

diplomatic relations between the trading partners may encourage their firms to explore new business and 

trade opportunities. Similarly, the banking network also plays a critical role in export promotion. The 

opening of more local banks in the region and efficient payment mechanism may help boost trade and 

commerce opportunities. 

Export Potential with the ACU 

Various techniques have been used to estimate export potential either with a single or multiple countries. 

This study uses the technique proposed by Montanar 

 i (2005) to estimate export potential. In this context, the point coefficients of PPML-based gravity equation 

are used to derive predicted values (P), which are then divided by Pakistan’s actual exports (A) to ACU 

countries. If the actual data lies below the predicted numbers, exports are considered as underutilized. On 

the other hand, exports are considered over-utilized if the actual data stands larger than the predicted 

numbers. Accordingly, the observed (P/A) ratio is taken as decision criteria. If, for any ACU country, the 

ratio exceeds unity, Pakistan holds export potential with the country, otherwise not. Pakistan’s overall 

export potential with ACU partners has been estimated for the 

last three years, i.e., 2015- 2017.  

On a bilateral basis, the estimates reveal that Pakistan holds 

adequate potential to expand its exports to major ACU markets 

like Afghanistan, Bangladesh, India, Iran and Sri Lanka since 

the respective (P/A) ratios stand considerably high (Table 5). In 

case of India, Pakistan is a very small export market with a share 

of 0.07 percent of India’s total imports. Given the size of the 

Indian economy, even a small percentage gain of market share 

may lead to a significant gain for Pakistan. However, these 

opportunities are constrained by restrictive rules and 

regulations, extensive sensitive lists, and uncoordinated efforts, 

besides political tensions. This highlights the need to actively 

involve in trade negotiations to reduce business costs and 

penetrate into the Indian market. Similarly, Afghanistan, being 

a neighboring country, is also important market for Pakistan’s 

Table 5: Pakistan’s Export Potential within ACU 

 Predicted-to-Actual ratio 

Country  2015 2016 2017 

Afghanistan 1.14* 1.48* 1.51* 

Bangladesh  0.81 0.92 1.03* 

Bhutan 0.50 0.52 0.53 

India 1.33* 1.20* 1.29* 

Iran 1.14* 1.10* 1.53* 

Maldives 0.43 0.52 0.61 

Myanmar 0.60 0.98 0.62 

Nepal 0.34 0.94 0.41 

Sri Lanka 1.16* 1.30* 1.19* 

*indicates existence of Pakistan’s export potential 
Source: Authors’ estimates 



exports expansion. While sustaining its existing export volumes, Pakistan can also gradually diversify and 

expand its exports (e.g. intermediate to finished products) to the market. Iran is another important market 

for Pakistan. The country can benefit by strengthening banking and trade relations in case the economic 

sanctions on Iran are reduced or eliminated. Sri Lanka is also important regional export destination where 

intra-industry linkages can be developed especially in those industries where Pakistan enjoys a comparative 

advantage. However, Pakistan’s export potential with Bangladesh appears to have reduced due to 

Bangladesh’s enhanced reliance on Indian raw material after signing of bilateral trade agreement with the 

country and RTAs signed with countries outside the region. Regarding smaller ACU countries, the volume 

of Pakistan’s exports cannot be enhanced unless the issues of regional connectivity are resolved. 

To support results of the above methodology, long-term 

trend in Pakistan’s exports with ACU partners are also 

estimated using the modified HP filter, developed by 

Choudhary, Hanif & Iqbal (2014). The main objective is 

to check consistency and validity of export potential 

numbers. The average predicted exports (also called 

export potential) derived from the filter indicate that 

Pakistan holds an opportunity to enhance its exports to 

key ACU partners with varying magnitudes; the highest 

potential exists with Afghanistan, followed by 

Bangladesh, India, Sri Lanka and Iran, respectively 

(Figure 2). This trend is also consistent with the above 

estimates of Pakistan’s export potential. In order to tap 

the potential, Pakistan needs to strengthen its trade ties 

with the neighboring countries. Besides, there is a need 

to work on reducing trade costs, improving the quality of exports and minimizing the cost of production so 

that Pakistani products could better compete in the ACU market. 

5. Concluding Remarks 

This study analyzes Pakistan’s export potential with the ACU economies by employing the augmented 

gravity model framework. Findings of the study suggest that both the economic size (GDP) and market size 

(population) can play vital role in determining Pakistan’s export flows to the ACU countries. In other words, 

there is a need to enhance Pakistan’s exports to ACU member countries with larger market and economic 

size. On the other hand, distance negatively affects exports, as the gravity model suggests that longer 

distance between business centers of trading partners leads to higher transportation costs. This implies that 

investing in the upgradation of infrastructure facilities would help reduce the transportation cost and 

increase the trade accordingly. Therefore, proximity factor favors Pakistan’s exports to neighboring 

destinations i.e. Afghanistan, India and Iran. Further, the positive sign of real exchange rate signifies the 

fact that Pakistan’s exports have least to do with relatively appreciated PKR during the period under review; 

though it is counter intuitive but it has worked for Pakistan. 

Furthermore, diplomatic relations, financial integration through banking network, and regional trade 

agreement (SAFTA) can also be the key drivers of Pakistan’s exports to ACU countries. The significance 

of these variables provide grounds for more regional trade exploitation through an effective regional trade 

policy. Lack of such policy is may be the reason that Pakistan has less trade in the region and more with far 

off areas of America and European Union. Since there is no problem with exports ingredients; Pakistan 

should discount socio-political factors that have been negative bearing on its exports to neighboring 

economies. In particular, Pakistan can benefit more by effectively utilizing SAFTA, which aims to provide 

an enabling environment for the regional trade. In this context, a thorough analysis of the agreement needs 

to be conducted to assess its effectiveness in promoting Pakistan’s exports. Simultaneously, the role of 
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Pakistan’s trade officers posted abroad is also critical as they can help exporters identifying export 

opportunities and get them concessions from the host country.  

The study highlights that Pakistan has upright export potential with some of the regional economies like 

Afghanistan, India, Bangladesh and Sri Lanka. In order to tap this potential, Pakistan needs to divert from 

its existing export pattern towards non-traditional and high value-added exports. On a bilateral basis, there 

exists a substantial room to increase Pakistan’s exports. In particular, enormous untapped exports potential 

exists with Afghanistan (an ACU observer country), Bangladesh, India, Sri Lanka and Iran. This requires 

Pakistan to devise appropriate export promotion strategies, remove structural barriers to exports, and 

improve trade relations with regional partners. Overall, the study contributes in identifying the key factors 

that may help promote Pakistan’s exports to ACU countries.  
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Appendix 

 

Table B: Correlation Matrix 

Variable Exports GDP PCIDif Distance Population Real Exchange Rate 

Exports 1.00      

GDP 0.68 1.00     

PCIDif -0.03 0.00 1.00    

Distance -0.40 -0.12 0.18 1.00   

Population 0.64 0.85 -0.39 -0.28 1.00  

Real Exchange Rate 0.24 0.41 0.33 0.12 0.26 1.00 

Source: Authors’ calculations 

 

Table C: Summary Statistics 

Variable                      Obs. Mean Std. Dev. Min Max 

Exports 252 3.05 2.54 -3.91 7.89 

GDP 261 21.30 2.60 15.84 27.40 

PCIDif 261 6.04 1.37 1.50 9.10 

Distance 261 7.44 0.63 5.93 8.06 

Population 261 8.05 2.42 3.14 12.48 

Real Exchange Rate 261 0.51 1.93 -2.21 6.36 

Source: Authors’ calculations 

 

  

Table A: Tests of Stationarity 

Variable Unit Root Test Test-statistic P-value Decision 

 

Exports 

Levin-Lin-Chu -5.37 0.00 Series is differenced stationary 

Im-Pesaran-Shin -7.23 0.00 

Breitung -7.02 0.00 

MWADF -9.90 0.00 

MWPP -16.70 0.00 

 

GDP 

Levin-Lin-Chu -3.94 0.00 Series is differenced stationary 

Im-Pesaran-Shin -3.75 0.00 

Breitung -5.12 0.00 

MWADF -5.98 0.00 

MWPP -8.77 0.00 

 

RXR 

Levin-Lin-Chu -4.85 0.00 Series is differenced stationary 

Im-Pesaran-Shin -5.80 0.00 

Breitung -4.32 0.00 

MWADF -8.15 0.00 

MWPP -12.10 0.00 

 

Population 

Levin-Lin-Chu -9.72 0.00 Except Breitung series is differenced 

stationary Im-Pesaran-Shin -7.55 0.00 

Breitung -0.94 0.17 

MWADF -3.08 0.00 

MWPP -7.08 0.00 

 

PCIDif 

Levin-Lin-Chu -2.87 0.00 Series is differenced stationary 

Im-Pesaran-Shin -5.96 0.00 

Breitung -4.71 0.00 

MWADF -8.35 0.00 

MWPP -15.48 0.00 

Source: Authors’ estimation 



Table D: Cross-Sectional Dependence Tests 
 Frees’ Test Friedman’s Test Pesaran’s Test 

 

Model  

CD-statistic 1.04 15.8b -0.27 

Average Correlation 0.40 0.40 0.34 

Note: b represents statistical significance at 5%. Both Pesaran and Frees test-statistics indicate cross-sectional 

independence among the panel series. 

Source: Author’s Estimations 

 

 

 

Table E: Tests of Autocorrelation and Heteroskedasticity 
Test Test-statistic P-value Decision 

Wooldridge 34.288 0.00 Presence of first-order autocorrelation in basic gravity 

model 

Modified Wald 21476.31 0.00 Presence of group wise heteroscedasticity  in basic 

gravity model 

Breusch-Pagan LM 261.15 0.00 Residuals of basic gravity model are correlated 

White 14.71 0.01 Presence of unrestricted heteroskedasticity in basic 

gravity model 

Breusch-Pagan / 

Cook-Weisberg 

3.59 0.06 Homoskedasticity in the fitted values of PPML based 

(augmented gravity model) residuals  

Breusch-Pagan LM 197.51 0.00 No presence of heterogeneity in the PPML (augmented 

gravity model) based residuals 

Source: Authors’ estimation 

Table F: Tests of Model Selection 
Process Choosing Between Test-statistic Decision 

F-test Pooled OLS and FE 15.05*** FE is more persistent estimator 

Breusch and 

Pagan LM 

Presence of Random Effects in 

the Model 

1363.41*** Random Effects are present in 

the Model 

Hausman FE and RE 3.67 Random Effects is more 

consistent and efficient estimator 

Note: ***, ** and * respectively indicate 1%, 5% and 10% level of significance.   

Source: Authors’ estimation 

Table G: Incorporation of Fixed and Random Effects in Pooled OLS and FGLS Estimators 
XPK,j,t Pooled OLS FE Pooled OLS RE FGLS FE FGLS RE 

GDPPK,j,t 
0.1161 

(0.12) 

0.2209** 

(0.07) 

0.6800*** 

(0.23) 

0.4063** 

(0.12) 

PCIDifPK,j,t 
-0.0803 

(0.08) 

0.1326 

(0.08) 

-0.0929 

(0.08) 

0.0843 

(0.08) 

DistPK,j,t 
 

- 

-1.4686*** 

(0.10) 

 

- 

-1.2797*** 

(0.33) 

PopPK,j,t 
1.2874** 

(0.47) 

0.5959*** 

(0.08) 

-1.0929 

(1.20) 

0.3166*** 

(0.16) 

RXRPK,j,t 
0.0270 

(0.07) 

0.2448*** 

(0.04) 

0.0143 

(0.09) 

0.0437*** 

(0.07) 

DR 
 

- 

-0.9141** 

(0.30) 

 

- 

-0.6105 

(0.82) 

BN 
2.7358*** 

(0.33) 

3.5213*** 

(0.14) 

0.5642** 

(0.51) 

2.0907*** 

(0.36) 

SAFTA -0.1446 -0.5209** -0.4960 -0.4991 



 

 

(0.20) (0.19) (0.22) (0.21) 

Constant 
-10.5238*** 

(1.89) 

3.0276*** 

(1.02) 

-3.1876** 

(1.24) 

0.5541 

(2.86) 

R-squared 0.55 - 0.07 0.84 

No. of obs. 252 252 243 252 

Note: Standard errors are reported in parenthesis. ***, ** and * respectively indicate 1%, 5% and 10% level 

of significance.  Estimates are obtained after controlling for the issues of endogeneity and heteroscedasticity. 

Source: Authors’ estimation 

Table H: Incorporation of Fixed and Random Effects in PPML Estimator 
XPK,j,t PPML FE PPML RE 

GDPPK,j,t 
0.3677*** 

(0.02) 

0.3674*** 

(0.02) 

PCIDifPK,j,t 
-0.0314*** 

(0.01) 

-0.0315*** 

(0.01) 

DistPK,j,t 
 

- 

-0.9080 

(0.76) 

PopPK,j,t 
-0.0476 

(0.06) 

-0.0485 

(0.06) 

RXRPK,j,t 
-0.3207*** 

(0.02) 

-0.3134*** 

(0.02) 

DR 
 

- 

4.1204** 

(1.39) 

BN 
1.4587*** 

(0.04) 

1.4605*** 

(0.04) 

SAFTA 
0.3785*** 

(0.02) 

0.3784*** 

(0.02) 

Constant 
 

- 

-1.5728 

(6.04) 

R-squared - - 

No. of obs. 261 261 

Note: Standard errors are reported in parenthesis. ***, ** and * respectively indicate 1%, 5% and 10% level 

of significance.  Estimates are obtained after controlling for the issues of endogeneity and heteroscedasticity. 

Source: Authors’ estimation 


