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Abstract

The impact of the Internet on food trade is investigated using panel and cross-section gravity regressions. We find the positive, significant and over time increasing effect of the Internet on food exports. The Internet has reduced market-specific fixed costs for food export growth. The Internet effect is find in particular significant in the food importing countries suggesting that the Internet improves information on availability of food and enhance competition. As expected, the positive significance on food exports is found for the bilateral common features, whereas the country economic size positively and significantly contributes to food export.
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Market-Creating Effect of the Internet on Food Trade

1. Introduction

During the last two decades the use of the Internet has become a rapidly growing. The Internet has become an important communication and marketing channel in e-commerce promotion and advertising, e-marketing, e-finance and similar e-business activities (e.g. Fu, Farn and Chao, 2006; Jones and Leonard, 2008). The rapid growth in the e-commerce can be explained by several advantages that are related to the Internet information and its relatively lower costs worldwide (e.g. Zhuang and Lederer, 2006; Zviran, Glezer and Avni, 2006; Eikebrokk and Olsen, 2007; Zhao, Wang and Huang, 2008). The global availability in e-commerce information in particular is important for international businesses where trade costs as a determinant of global trade competition might play significant role mitigating distances between origin of goods and demands for goods at different locations (e.g. Rauch, 2001; Anderson and van Vincoop, 2004). Literature has classified few factors that determine trade costs and their different significance over time (e.g. Anderson and Marcouiller, 2002; Rose, 2004; Feenstra, 2004; de Groot, Linders, Rietveld and Subramanian, 2004; Francois and Manchin, 2007). Geographical, historical, language and cultural factors have been often specified as explanatory variables of trade costs in gravity equation models. One strand of literature underlines the effects of the reduction of trade barriers and free trade agreements on the greater increase of trade in differentiated goods than for homogenous ones due to the greater reduction of trade barriers for the former. Another strand of literature explains the increase of trade in differentiated goods by the decrease in transportation costs. The most recent studies diversify gravity model equations underlining few other factors causing changes towards reduction in different components of trade costs due to the advanced information and communication technologies and improvements in infrastructure leading to decreasing communication and transaction costs (e.g. Tang, 2006). We aim to quantify the effect that the Internet has had on food trade in OECD countries.
Following Freund and Weinhold (2004) we motivate the analysis of food trade using a gravity model with segmented imperfect market competition across OECD countries and fixed costs of entry into foreign market. The market specific fixed entry costs have been important for trade in agro-food products and significant changes have been caused by trade policy developments, technological changes and Internet uses since the mid-1990s. First, the analyzed period captures the implementation of GATT/WTO agreements as one of the reasons that barriers to international agro-food trade have become smaller over time, which might reduce trade costs and increase food trade. Second, trade liberalization and free trade agreements have been particularly stipulated among the world most developed countries. Most of them are OECD member countries, which might lead to further world agro-food trade concentration. Third, the rapid technological changes are seen in information and communication technologies, infrastructure development and the Internet intensity uses all over the world reducing the role of asymmetric information and communication costs on international trade (e.g. Fink, Matto and Lleana, 2002; Freund and Weinhold, 2002, 2004; Tang, 2006). More specifically we investigate how the Internet affects the pattern of food trade in OECD countries. The Internet has the potential to reduce trade costs and to stimulate trade as the growth of web hosts and e-marketplaces improves the access and availability of information about new markets for sellers and about goods for buyers everywhere around the world, facilitates logistics and serves as an advertising and marketing channel, which reduces market-specific fixed entry costs on conduction of trade (e.g. Wang and Head, 2007; Apigian, Ragu-Nathan and Ragu-Nathan, 2006). Therefore, we expect that the better Internet development and global business-to-business web-based marketplaces have a positive impact on OECD countries international food trade volumes and for their bilateral food trade as the Internet reduces the information-related trade costs and enhances competition and trade in food products. Finally, we also investigate OECD countries geographic proximity and effect of distance arising from competition increases with the Internet intensity use on faster food trade growth. In particular, we want to investigate how the Internet intensity use might effects the impact of distance on bilateral food export in the OECD countries.
The remaining part of the paper is organized as follows. We first present the methodology and data used. This is followed by the investigation of the impact of the Internet intensity use on food export growth and whether the Internet has altered the effect of distance on food export growth. We present and discus the regression results for alternative specifications of gravity models. Finally, the paper concludes and provides policy implications for development of e-commerce and e-business in international agro-food trade.
2. Methodology and data 
Traditional gravity trade theory points that bilateral trade is positively associated with their national incomes and negatively associated with their geographical distance (e.g. Frankel and Rose, 2002). In the imperfectly competitive market with fixed cost proximate countries and countries with historical linkages are expected to export relatively more because transport costs are lower. We apply standard gravity model variables including market size [real gross domestic product (GDP)] of host export x and destination import m countries from the World Bank, World Development Indicators (WDI) database, geographical factors such as the distance (Distance) between the capital cities and common border (CONTIG) from the CEPII (Centre D’Etudes Prospectives Et D’Informations Internationales: http://www.cepii.fr/anglaisgraph/bdd/distances.htm) database, cultural linkage with a common language (Language), and dummy for Regional Free Trade Agreement (RFTA) membership as explanatory variables. Particularly, we are interested in at the role of the Internet for food trade. Following Freund and Weinhold (2004) bilateral export growth is determined by the reduction in fixed trade costs through growth in the Internet intensity use, import-country growth, growth in competition, growth in the average distance of exporters, and the relative proximity of the two countries. In a light of gravity model we expect import-market growth as a main determinant for food export growth. Internet connectedness growth is expected to reduce fixed trade costs and enhance food export growth. As the Internet strengthens competition, this is likely to increase the effect of distance on trade and thus increase food import growth from more proximate countries. Similar as Freund and Weinhold (2004) for merchandise trade, we first specify the following model for panel data estimation to minimize the possibility of omitted variable bias and to capture some of the dynamic impact of the Internet on food export growth:

Growth(Exportxm,)t=α0+α1lnGrowth(Internetx)t-1+α2lnGrowth(Internetm)t-1+α3lnInternetx95+ α4lnInternetm95+α5lnExport95+α6ln(Growth)GDPm,t+α7lnDistancexm+α8lnGDPx95+ α9lnGDPm95+α10lnPOPx95+α11lnPOPm95+α12lnGrowth(Exportxm)t-1+ut+εxm                     (1)

where the main determinants of annual food export growth are import country GDP growth, growth in the level of competition, Internet growth, and proximity to market. It is expected that GDP growth in the importing country with a greater market size enhances higher exports from all countries. The effect of a country size is also measure by the size of country’s population (POP). The source of data for POP is WDI database. Changes in competitiveness are controlled by year-fixed effects. The distance between the exporter x and importer m (Distancexm) determine whether food trade growth is biased with respect to economic geography. Food export growth is controlled for initial log-levels of food exports to capture possible faster adjustment in countries with very low food exports. Similar as Freund and Weinhold (2004) the year 1995 is taken to captures time-invariant idiosyncratic features of the food trade relationship between two OECD countries. The growth rates of the Internet variable are introduced for the exporting country and the importing country, where there is expected that the introduction of new Internet users affects food trade with a time lag and thus the growth rates of the Internet variables are lagged one period. In addition, the growth of the Internet users is expected to be correlated with the initial level with those starting from a lower level growing faster, which is controlled for the 1995 log-level of the Internet variable for each country. Using the growth rates instead of absolute level data the equation levels-fixed effects with the correlated unobservable (possible correlation of the Internet intensity with levels of development, education, and high-tech production development) are excluded. 

The data used on the growth of food exports are calculated from the OECD Bilateral Trade Database at the two-digit level of the Industrial Standard International Classification (ISIC) in US dollars. We use data for the food products. The sample contains 29 OECD countries
 between 1995 and 2003 resulting 7,308 observations. The data used on the growth of GDP, POP and on the growth in the number of Internet users for both exporter and importer countries are calculated from the WDI database. The variables of the Internet use are defined by the number of Internet hosts per 10000 persons from the WDI database.

Second, we specify cross-section across 29 OECD countries gravity model estimation to check robustness of results:

lnExportsxm=α0+α1ln(Internetx*Internetm)+α2ln(GDPx*GDPm)+α3ln(POPx*POPm)+α4lnDistancexm+α5CONTIGij+α6Languageij+α7RFTAij+α8Export95+u1                                                (2)

A cross-country model explains food export from country x to country m as proportional to the product of their economic sizes (GDP and POP, respectively) and inversely related to the distance between them. A dummy variable CONTIGxm reflects whether x and m share a common land border, Language is a dummy for countries that speak the same language, and RFTA is a dummy for countries that are part of a free trade agreement.
3. Empirical results
3.1. Summary statistics

The Internet demand and its intensity use are likely to be determined by demand-side factors such as the GDP growth and higher levels of development, relatively lower real prices and an increasing importance of education (e.g. Zviran, Glezer and Avni, 2006). The Internet availability and its using costs can be determined by fast development of high-tech production and technologies. Both demand-side and the supply-side factors have contributed to the rapid increase in the number of Internet hosts per 10000 persons since the mid-1990s in the OECD countries (Table 1). The considerable variations in the Internet intensity use are between the OECD countries as confirmed by standard deviation and particularly by a large differential between the minimum and maximum values.
Table 1
Summary statistics for the Internet use in OECD countries
	
	Mean
	Std. Dev.
	Minimum
	Maximum

	1995
	31.1
	34.1
	0.8
	139.0

	1996
	52.9
	52.1
	1.9
	182.6

	1997
	91.7
	82.1
	4.7
	295.2

	1998
	140.4
	108.9
	6.9
	365.0

	1999
	208.2
	137.2
	18.9
	540.5

	2000
	270.6
	149.7
	37.1
	597.9

	2001
	312.4
	153.8
	51.1
	603.5

	2002
	360.8
	157.2
	61.8
	647.9

	2003
	405.9
	160.1
	84.9
	673.5


Source: Own calculations based on WDI database
3.2. Panel data estimation

The panel regressions are estimated from data for the period 1995 to 2003. Due to the use of growth rates and time lags in the model specification, the panel regressions are estimated for food export growth for the seven-year period from 1997 to 2003. Den Haan and Levin HAC (Heteroskedasticty and Autocorrelation Consistent) estimation (Den Haan and Levin, 1996) are used to control for heteroskedasticity and to allow for general time dependence between time periods. The panel food growth regression results are presented in Tables 2 and 3. 
Table 2
Panel food export growth regressions in OECD countries, 1997-2003
	Dependent variable: Growth of food exports from country x to country m

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Growth(Internetx)t-1
	
	0.043
	0.020
	0.021
	0.023

	Growth(Internetm)t-1
	
	-0.021
	-0.014
	-0.018
	-0.011

	Internetx 95
	
	-0.025*
	-0.023*
	0.011
	0.008

	Internetm95
	
	-0.008
	-0.017
	-0.007
	-0.003

	Export95
	-0.001
	0.000
	-0.018**
	-0.021**
	-0.035***

	Growth(GDPm)
	1.686***
	1.703***
	1.850***
	1.862***
	1.800***

	Distance
	-0.002
	-0.002
	-0.008**
	-0.011***
	-0.011***

	GDPx95
	
	
	
	0.015
	0.019

	GDPm95
	
	
	
	0.008
	0.014

	POPx95
	
	
	
	0.286
	0.234

	POPm95
	
	
	
	0.117
	0.092

	Growth(Exportxm)t-1
	
	
	
	
	-0.092***

	Constant
	0.159***
	0.154***
	0.197***
	0.227***
	0.237***

	Year-Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes

	R2
	0.0155
	0.0164
	0.0532
	 0.0521
	0.0692

	N
	5684
	5684
	5550
	5615
	5553

	F test
	11.28
	8.53
	24.17
	17.76
	18.46


Note: Significance based on heteroskedasticity and autocorrelation consistent (HAC) standard errors. Regressions (1) and (2) report the results using all available data, and regressions from (3) to (5) report the results without the outliers with an error term more than four standard deviations from zero.

Level of significance: * p<0.1; ** p<0.05; *** p<0.01.
Regression (1) in Table 2 is the baseline specification for food export growth from the OECD exporting to the OECD importing country without the Internet variable included in the regression. This regression confirms the importance of the growth of GDP in the OECD importing country on the growth of food exports. The regression (1) clearly confirms positive and significant association of the growth of food exports that is pertained to the growth of GDP in the importing country. This is consistent with the theoretical expectation that the GDP growth in the greater market size importing country enhances the higher food exports from the other countries. The negative parameter for the control variable for the initial 1995 log-levels of food exports confirms the assumption on the faster food export growth adjustment in countries with very low initial food exports. In regression (2) are introduced Internet variables for the Internet intensity use, which are mostly statistically insignificant. Moreover, in regressions from (3) to (5) from panel data are omitted a few outlier observations, but the coefficient on the Internet variables remain statistically insignificant. As statistically significant become the distance variable and the initial food export suggesting that the outliers reflect very high trade growth in OECD country-pairs with initial food trade close to zero.
Table 3

Panel food export growth regressions in OECD countries: the effect of distance, 1997-2003

	Dependent variable: Growth of exports from country x to country m

	
	(6)
	(7)

	Growth(Internetx)t-1
	0.040
	0.020

	Growth(Internetm)t-1
	-0.077**
	-0.075***

	Internetx95
	0.014
	0.008

	Internetm95
	-0.008
	-0.012

	Export95
	-0.003
	-0.019**

	Growth(GDPm)
	1.767***
	1.841***

	Distance
	-0.010
	-0.008

	Longdistance
	0.010
	-0.057

	Growth(Internetx)t-1*Longdistance 
	-0.007
	-0.000

	Growth(Internetm)t-1*Longdistance
	0.111**
	0.120***

	Constant
	0.239***
	0.229***

	R2
	0.0185
	0.0526

	N
	5684
	5616

	F test
	8.01
	16.13


Note: Significance based on heteroskedasticity and autocorrelation consistent (HAC) standard errors. Regression (6) reports the results using all available data, and regression (7) reports the results without the outliers with error term more than four standard deviations from zero. Year fixed effects, log of 1995 exports, logs of 1995 GDP and population (POP) for exporter and importer countries are included in the regression equation, but are not reported.

Level of significance: * p<0.1; ** p<0.05; *** p<0.01.

The relationship between the distance and food export growth is negative, implying that the food export growth has been biased towards relatively closer countries. This is consistent with the model, which shows that as competition intensifies the distance – food export growth locus becomes steeper. However, the coefficient changes only slightly when the Internet variables are included, suggesting that the Internet has not had a large effect on the way in which distance affects bilateral trade growth. To examine this question further, we introduce a dummy variable, Longdistxm, which equals one if the distance between countries x and m exceeds the average distance between all countries (Table 3). We then interact this with the growth of the Internet variables and include the full set of controls as in the regressions from (3) to (5). If the Internet has reduced (increased) the impact of the distance on trade then the coefficient on the interaction term should be positive (negative). The results are presented in Table 3, regressions (6) and (7). We find that the interaction between growth of the Internet and Longdistxm is positive and statistically significant for the importing country and close to zero and not significant for the exporting country. Thus, our results offer evidence that the increased Internet intensity use has altered the effect of distance on food trade in the OECD importing countries, but less on food trade in the OECD exporting countries. This implies that the OECD food importing countries have adjusted to the advantages that are arising from the potential of the information search engines and marketing food trade e-commerce, but our results do not confirm this for the OECD food exporting countries’ supply chains that the Internet lowers entry costs into a new OECD market. In addition, as statistically significant is find the parameter for the growth rates of the Internet variable lagged one period for the importing country. The negative sign of this association suggests that the introduction of the new Internet users in the OECD importing countries effects food trade with a time lag negatively. This suggests that the Internet reduces the fixed entry food trade costs into a new market for buyers by playing a larger role in determining current trade patterns. As in the previous regressions, the positive and significant association is clearly confirmed for the growth of food exports that is pertained to the growth of GDP in the importing country. Yet, the negative sign of the parameter for the control variable for the initial 1995 log-levels of food exports reinforces the previous finding on the faster food export growth adjustment in OECD countries with very low food exports.
3.3. Cross section data estimation
Our cross-section gravity regressions for food exports in OECD countries are quite consistent with theoretical expectations where food exports are proportional to the product of their economic sizes (GDP) and inversely related to the distance between them. Moreover, the each of the dummy variables for CONTIG, Language, and RFTA in the each regression has the positive and statistically significant impact on food exports. These findings are clearly visible from Table 4, which presents the cross-section modified gravity regression results in 1995 and 2003. We test an impact of the Internet intensity use for food exports across the OECD countries at the initial 1995 and final 2003 analyzed years. Regressions (8) and (10) report the results for the baseline gravity equation for the 1995 and 2003, respectively, without the Internet variable. Regressions (9) and (11) include the Internet variable, which are highly statistically significant with a coefficient estimate around 0.12. The coefficients on GDP are positive and statistically significant suggesting that food exports are determined by the bilateral size of the economies. The coefficients on POP are close to zero, but statistically insignificant implying that GDP better explains food exports than POP. Moreover, we test for possible endogeneity bias of the Internet variable with the food export variable if growing export spurs increased Internet penetration rather than the reverse. We lagged the Internet variable by two periods and controlling for initial food export patterns from 1995 to minimize these possibilities. By lagging the Internet variable is reduced the possibility of reverse-causality. The lagged dependent food export variable captures all of the country- and pair-specific unobservable characteristics that are time invariant (Freund and Weinhold, 2004). Regression (12) reports the results when the 1995 for food export is included in the 2003 regression equation and the Internet variable is twice lagged. The statistical significance of time invariant control variables remain, except for POP, but the Internet variable remains positive and to a lesser extent statistically significant. Not surprisingly, the coefficient on the Internet variable falls when past trade is included. The coefficient of 0.017 suggest that a 10 percent increase in the Internet hosts led to about 0.2 percent more food export in 2003. If this relationship continued to hold over the long run, it would imply that a 10 percent increase in the Internet hosts in one country would lead to 0.4 percent [0.017/(1-0.625)=0.04] higher food export. The cross-section gravity equations provide a further benefit by allowing comparing the effect of distance on food export patterns across different years. As shown in the baseline gravity equations, the effect of distance on food export is statistically significant and remains at a similar negative level between 1995 and 2003 (-0.69), but absolutely increases are seen in the individual years 1995 (from -0.69 to -0.73) and 2003 (from -0.69 to -0.75) and between the years from -0.73 in 1995 to -0.75 in 2003 when the Internet variable is included. The statistically significant and a slight absolute (but negative) increase when the Internet host is included in the regression imply that the food export has been biased towards relatively closer countries. Similar as in the panel regressions, this is consistent with the proximity-biased export growth. The distance coefficient increases a slightly when the Internet variables are included, suggesting that the distance remains important over time, but the Internet could be dampening this effect in bilateral food trade export.

Table 4

Cross-section gravity regressions for food exports in OECD countries

	Dependent variable: ln food exports from country x to country m

	
	1995
	1995
	2003
	2003
	2003

	
	(8)
	(9)
	(10)
	(11)
	(12)

	Internetx* Internetm
	
	0.126***
	
	0.117***
	

	(Internetx* Internetm)t-2
	
	
	
	
	0.017*

	GDPx* GDPm
	0.033***
	0.035***
	0.029***
	0.029***
	0.007***

	POPx* POPm
	-0.002
	-0.001
	-0.001
	-0.001
	0.001

	Distance
	-0.693***
	-0.728***
	-0.686***
	-0.747***
	-0.259***

	Contig
	0.415**
	0.456**
	0.550***
	0.558***
	0.265***

	Language
	1.701***
	1.347***
	1.567***
	1.233***
	0.469***

	RFTA
	1.649***
	1.519***
	1.503***
	1.370***
	0.453***

	Export95
	
	
	
	
	0.625***

	Constant
	-7.272***
	-9.572***
	-4.885***
	-8.676***
	-0.405

	R2
	0.4879
	0.5299
	0.5579
	0.5912
	0.8444

	N
	812
	812
	812
	812
	812

	F test  
	131.64
	128.32
	187.86
	188.26
	463.83


Note: Significance based on heteroskedasticity consistent (Huber-White) standard errors.

Level of significance: * p<0.1; ** p<0.05; *** p<0.01.

3.4. Aggregate ‘openness’ estimation

Similar as Freund and Weinhold (2004) we have confirmed evidence of an effect of the Internet on food trade patterns in both growth rates and levels. However, this does not necessarily imply that the Internet has increased food trade overall. The impact of the Internet might be in reorientation of food trade in a way that high Internet intensity use countries shift some food trade to other high-intensity countries. To investigate this possible food trade reorientation we investigate the impact of the Internet use on the aggregate food trade of the countries in our sample. We estimate the effect of the Internet intensity use on food trade openness, as opposed to bilateral food trade flows. The regression results are reported in Table 5. The dependent variable is the natural logarithm of total food trade relative to GDP, ROWGDP is the natural logarithm of rest-of-the-world GDP, and REMOTE is a distance-weighted measure of other countries GDP. We fail to find any statistically significant impact of the ROWGDP and POP, respectively, on aggregate food trade. However, we do find the statistically significant negative impact of the REMOTE on aggregate food trade, and the statistically significant positive impact of the Internet on aggregate food trade. The latter results imply that the Internet has led to increased openness. The regression coefficient pertained to the Internet variable has increased over time from 0.714 in 1995 to 1.437 in 2003 and that the Internet has increasingly contributed to overall food trade growth.
Table 5
Aggregate food trade results

	
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	ROWGDP
	6.011
	11.456
	14.537
	12.042
	14.264
	13.000
	14.212
	12.465
	16.133

	POP
	0.470
	0.474
	0.589
	0.555
	0.542
	0.478
	0.417
	0.367
	0.461

	REMOTE
	-28.240*
	-25.331*
	-29.373**
	-31.308**
	-31.858**
	-33.508**
	-33.502**
	-33.911**
	-33.079**

	Internet
	0.714*
	0.774**
	0.932**
	1.018***
	1.115**
	1.241**
	1.286**
	1.404**
	1.437**

	Constant
	-171.243
	-340.770
	-437.515
	-360.382   
	-430.105
	-391.007
	-428.179
	-374.387
	-490.481

	N
	28
	28
	28
	28
	28
	28
	28
	28
	28

	R2
	0.2189
	0.2756
	0.3412
	0.3733
	0.3538
	0.3765
	0.3560
	0.3359
	0.3323

	F test
	1.61
	2.19
	2.98
	3.43
	3.15
	3.47
	3.18
	2.91
	2.86


Note: Significance based on heteroskedasticity consistent (Huber-White) standard errors
Level of significance: * p<0.1; ** p<0.05; *** p<0.01.

4. Conclusions

We investigate the impact of the Internet intensity use on the patterns of bilateral food exports between the OECD countries with the gravity equation using both panel and cross-sectional data. As consistent with the traditional gravity model the economic size of country and the countries proximity statistically significantly contributes to food export and its growth. Results confirmed that the Internet has a significant impact on bilateral food exports. The increase in the Internet intensity use is likely to improve information and increase competition, reduces fixed food trade costs, and thus increases food exports and its growth. At the same time, the effect of distance on food trade increases suggesting on the importance of the proximity bias and common features between the trading partners in food exports in response to an increase in competition. The importance of the proximity is also revealed by the positive and significant regression coefficients for contingency for sharing the common land border, speaking the same language, and belonging to the same free trade agreement. The increasing role of the e-commerce and e-business in international agro-food trade is seen as a factor of food export growth, which provides a support for more intensive setting-up different e-commerce agro-food market outlets worldwide.
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