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ABSTRACT 

The dynamics of international trade among countries have been widely studied. The use of the 

traditional gravity model has been conspicuous in this area since its first related use by 

Tinbergen. There have been several variations of the model by economists in an attempt to 

understand the factors influencing international trade. One area that has sparsely been exploited 

is the dynamics of trade between individual regions of a country and the country’s trade 

partners. With the recently derived Enabling Trade Index(ETI) by the World Trade Forum, this 

paper employs the components of the sub-indexes and pillars of the ETI in a traditional gravity 

model to explain the dynamics of three agricultural crop exports of the 48 contiguous US states. 

It is realised from the Tobit regression of the gravity model that the sub-indexes such market 

access, border administration, infrastructure and operating environment are sufficiently able to 

explain changes in state exports of corn, wheat and soybean. Likewise, the pillars are also able 

to explain the responses of these three state agricultural exports to relative changes among 

partners. 
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I. Introduction 

1.1 Background 

The economy of the United States of America is regarded as the largest economy in the world. 

The gross domestic product of the nation is estimated at $17.95 trillion as at 2015 with an 

unemployment rate of 6.20% as at 2014. Despite the fact that the real annual income of United 

States in 2014 had been 6.5% less than the year before the global economic crunch of 2007, a 

real annual household income of $53,657 proves to be sufficient higher than the late 1960s 

when real annual income was $35,379 (DeNavas-Walt and Proctor, 2015). This income rise 

has been attributed by many studies to the hard work and ingenuity of the American populace. 

Through education and various training programs, the USA has over the period raised adept 

and highly skilled labour which translates to very high production efficiency.  The agrarian 

sector has been key to the development of the US economy. Despite the fact that agriculture 

contributes a small portion of the Nation’s GDP, it has been increasingly productive and is very 

instrumental in value added production. The high efficiency in agriculture production signifies 

the need for trade with other countries to shed the excess. Another reason that necessitates for 

trade with other countries is the varied weathered conditions and seasons which implies an 

inability to cultivate all types of agricultural produce at all times. Without trade agreements, 

countries may seek to protect their producers by raising external trade barriers including tariffs 

(Trebilcock and Howse, 1995). When this happens, it is more likely to draw a high tariff 

revenge from the other parties and hence the objective of trade becomes refuted. 

The rapid integration of the world economic markets has resulted in the growing significance 

of trade as a field of study. Historically, the first ground breaking study on trade was by Adam 

Smith (1776) in his “Wealth of Nations” which emphasized on the theory of free trade using 

the then successful England economy as the reference point. In modern times, discussions on 

international trade among nations have been pivoted by David Ricardo’s “Principles of 

Economics” which was first issued in 1951. The basis of his work was more centred on division 

of  labor for increased efficiency among industries and improved competition across countries. 

Despite these two cardinal points in terms of the study of trade, the colossal amount of trade 

activities and evolutions has led to a vast majority of available literature with diverse focal 

points. However, the bedrock of most of these historical studies has dwelt upon 

industrialisation. A World Trade Organization report (2013) emphasize that the rise of a world 

trading system, like so many other features of the modern world economy, began largely with 

the industrial revolution. The World Trade (2013) again expresses a set of events that have 

characterised the evolution of trade. The pre-world war two significant trade characteristics 

were (i) the gold standard dominance (ii) dense web of bilateral trade agreements (iii) Great 

Britain’s economic dominance. However, the dimensions and symbolism of trade 

metamorphosed after the World War II and trade was made to revolve around (i) multilateral 

economic institutions (ii) Proactive socio- economics domestic policies and (iii) America’s 

assumption of world leadership (which is of keen interest to this study).  



The involvement of the United States of America in global issues had been very passive with 

more focus on domestic issues and development until the “Pearl Harbour Bombing” of 7th 

December 1941 which drew it into the second world and thereafter the US-British Staff 

conference in Washington DC, maintained a leadership role in world economics and political 

policies. Following several conferences which were mostly joint chaired by Winston Churchill 

and Franklin D. Roosevelt, the Bretton Woods Conference of July 1944 served as one jeered 

towards global economic revival and this conference led to the birth of the International 

Monetary fund and the International Bank for Reconstruction and Infrastructure. These two 

bodies were primarily mandated to help the economies which were devastated by the war to 

rebuild. According to (Trebilcock and Howse, 1995) the International Trade Organization was 

part of aforementioned agencies but did not materialise due to US Congress concerns about a 

loss of sovereignty to the proposed trade body. The World Trade Report (2011) revealed that 

the countries returned to the provisional GATT agreement that had already been negotiated 

among 23 parties in 1947 with a mandate of provide the foundation for an expanding 

multilateral trade system until it was subsumed in 1995. Between 1944 and now, there has been 

no turning back for the United States in terms of world trade and interactions with other nations.  

Trading with other nations require trade agreements which would spell out the regulations and 

rules for the countries involved must abide. Examples could include tariffs, taxes, subsidies and 

other duties that constituent countries can impose on their exports and imports. The USA has 

been in a wide variety of trade agreements since the end of the second world war. However, 

the evolution of US trade agreements was in 1934 when the Reciprocal Trade Agreements Act 

was passed. According to Irwin (1998) this legislation (i) granted the president the authority to 

reach tariff reduction agreements (ii)agreements that did not require congressional approval 

with foreign countries.  

Despite the benefits of trade agreements, most trade agreements have been accompanied by red 

flags which are worth deliberating upon. According to Baggaley (1998), there had been 

substantial differences between NAFTA members: The United States is a large trading partner 

of both Canada and Mexico, but the latter two are almost insignificant trading partners with 

each other. The current major trade agreements of the United States are the Trans-Pacific 

Partnership (TPP) with countries of the Asia-Pacific, Transatlantic Trade and Investment 

Partnership (T-TIP) with the European Union (which has not been started yet though 

negotiations are still ongoing), a Trade in Services Agreement (TiSA) and a WTO 

Environmental Goods (EGA) Agreement. It can be noticed that each of these countries do also 

have production effect on the crops that are major exports crops for the United States, namely 

wheat, corn and soybean. For instance, Canada and Australia are major forces in global wheat 

trade, whiles a country like Vietnam is a dominant producer and exporter of rice, mostly being 

ranked within the top ten traders of rice on annual basis. It is interesting to identify the way the 

dynamics of these play a role on the production of these crops at state level considering the 

extent of autonomous production that each state indulges in.  

It had also been observed in October 2016 that, total export of goods and service of the USA 

had decline by 1.8%. Specifically, key agricultural products like corn and soybean had 

experienced significant declines of $0.5 billion and $1billion respectively. The production and 

exports of agricultural commodities have been an integral part of the United States economy 

for ages. This is highly evident with the majority of its universities being started as land grant 

universities for agricultural research and this had led to massive improvements in the 



agricultural sector. Despite decreasing percentage contribution due to industrialisation, it still 

holds a huge place of importance based on its use as the pivot of development for all other 

sectors. This study as such concerns itself with focus of three key agricultural products; corn, 

soybean and wheat. Furthermore, it’s an undeniable fact that despite the numerous studies on 

the impact of FTAs on the United States as a country, practically little or nothing has been done 

on its impact on individual states within the country.  

In an attempt to summarize the extent of openness of an economy, the World Economic Forum 

generated a trade openness index using seven pillars which are merged to produce four sub-

indices. This general objective of this study seeks to identify the effects of trade openness of 

This study therefore seeks to identify effects of the four sub-indices and seven pillars of the 

trade openness index on the export of selected USA agricultural exports (Wheat, Corn and 

Soybean).      

 

2.0 Literature Review 

2.1 The Concept of Trade Creation and Trade Diversion  

The main effect of international trade may either be trade creation or trade diversion. According 

to Evans (2012) the concept of the effect of trade with countries not party to an agreement could 

affect the countries that are part of an agreement was first broached by Jacob Viner first in his 

1950 paper on the customs issue. In this paper, he argued that trade agreements have benefits 

because the imports may replace less-efficient domestic production and in that he named this 

effect as “trade creation.”  

Contrarily, he again explained that by. giving preferential access to one particular trading 

country at the expense of potential partners, the importing country might be diverting its 

purchases from a more-efficient, lower-cost country that is not part of the agreement. Thus, the 

importing country pays a higher price for products under the trade agreement because it has 

shifted to a higher-cost source and this phenomenon was classified by Viner (1950) as “trade 

diversion.”  

However, it has not been easy to confidently select which of these two has an advantage over 

the other. According to Clausing (2001) the most basic issue regarding preferential trade 

agreements empirical work on the subject has proven to be so difficult that an answer has not 

been generated for whether trade creation outweighs trade diversion” This paper though does 

not look in comparing which is beneficial as it largely depends on the objective of the country 

who is involved.  

2.2 The Trade Openness Index 

The Trade Openness Index was developed by the World Economic Forum. They have 

published The Global Enabling Trade Report (GETR) series since 2008. In their framework, 

the Enabling Trade Index (ETI) identifies the extent to which the free flow of trade is facilitated 

by fours attributes of an economy; institutions, policies, infrastructure and services.  The scope 

of the ETI is covers a wide range of trade facilitation factors than the approach by many other 

organisations. The major components of the ETI as covered by the World Economic forum in 

the 2016 edition of the Global Enabling Trade Report is present in the next section. 



2.2.1 Components of the Enabling Trade Index 

As stated in earlier discussion, the enabling trade index is composed of 4 sub-indices which 

have sum of seven pillars in total. The sub-indices are market access, border administration, 

infrastructure and operating environment.  

Market access is a measure of the extent and complexity of a country’s tariff regime, as well as 

tariff barriers faced and preferences enjoyed by a country’s exporters in foreign markets. The 

two main pillars of this sub index are domestic and foreign market access.  These pillars have 

6 and 2 indicators respectively for measurement.  

Domestic market access is measured by a combination of the level and complexity of a 

country’s tariff protection as a result of its trade policy. The specific indicators are effective 

trade-weighted average tariff applied by a country, the share of goods imported duty free and 

the complexity of the tariff regime, measured through tariff variance, the prevalence of tariff 

peaks and specific tariffs, and the number of distinct tariffs. 

Foreign market access which has only two indicators mainly considers tariff barriers faced by 

a country’s exporters in destination markets and these two are the average tariffs faced by the 

country as well as the margin of preference in destination markets negotiated through the type 

of trade agreement available. 

The second sub-index which is border administration has one main pillar which has 13 

indicators. This third pillar basically deals with the efficiency and transparency of border 

administration (i.e. importing and exporting goods). The indicators captured in the measure of 

this sub index are the assessment of the range, quality and comprehensiveness of key services 

offered by customs and related agencies, and the average time, costs and number of documents 

required to, respectively, import and export goods. Also, included includes the time 

predictability of border procedures, as well as the transparency of the process (as measured by 

the availability, quality of information provided by border agencies, and the prevalence of 

corruption). 

The third sub-index which is infrastructure assesses the extent of availability, rated quality of 

transport infrastructure of a country, along with it associated service such as communication 

infrastructure, which are deemed necessary to facilitate the movement of goods within the 

country and across the border. The three pillars of this sub index are; 

This availability and quality of domestic infrastructure for each of the four main modes of 

transport, i.e. road, air, railroad and seaport infrastructures is measured as 4 of the 7 pillars of 

this sub-index. The remaining indicators in this sub-index are measured as air connectivity and 

sea line connectivity.  

This next pillar under this sub-index is meant to augment the first one in this section. This is 

the availability and quality of transport services and it has 6 indicators. As an essentiality for 

complementarity, this pillar assesses the availability and quality of transport services, including 

the presence and competencies of shipping and logistics companies in the country, the ease, 

cost and timeliness of shipment. Lastly this pillar measures the efficiency of postal services. 

Another pillar which combines 7 relevant indicators for explaining a country’s extent of trade 

openness is the availability and use of ICTs. This pillar evaluates the availability and quality of 

information and communication technologies (ICTs) in a country. The proxies used are the use 



of mobile telephony and Internet by the population at large, by companies for business 

transactions, and by the government for interacting with citizens. It also takes into account the 

quality of internet access, as broadband access has become the norm, to fully leverage the 

potential of the internet. 

The understanding of the environment within which trade occurs is essential to facilitate trade. 

The fourth sub-index employs the use of a single pillar which has 16 indicators. The sub-index 

is the operating environment. The indicators of this pillar include the quality of a country’s 

operating environment, which is perceived to impact the capacity of that export, import, trade 

and/or transport merchandise companies to do business. It assesses a country’s level of 

protection of property rights, the quality and impartiality of its public institutions, efficiency in 

enforcing contracts, the availability of finance, openness to foreign participation in terms of 

foreign investments and labour, as well as the level of personal security approximated by the 

incidence of crime and terrorism. 

The measurement of the pillars is done by computational aggregation of the individual 

indicators, which are first converted on a 7-point Likert scale, which has 7 indicating the best 

possible outcome. The grading of the sub-indices is also done by the collation of the comprising 

pillars. The lower and upper bounds of the sub-indices and the overall ETI scores are therefore 

1 and 7 respectively.  

In conclusion, a critical overview of the components of the enabling trade index as produced 

by the World Economic Forum sufficiently shows a combination of almost all the factors 

discussed in various literature to affect trade. 

 

3.0 Methodology and Method of Analysis 

3.1 Conceptual Framework 

This paper seeks to estimate the impact of the sub-index and pillars of the enabling trade index 

on the exports of wheat, soybean and corn at the USA state level to trade partners in an 

augmented traditional gravity model. Two augmented models are obtained with the values of 

the sub-index in one model and the estimates of the partner estimates in the other model. A 

conceptualised structure of these two models is presented in the next section. 

Various literature has discussed several factors to having effects on international trade. Proxies 

for measuring international trade have mostly revolved around imports and exports. The only 

variations have always been how they have been interacted. The four main proxies are (i) value 

of exports alone (ii) value of imports alone (iii) The difference between the value exports and 

imports (iv) The sum of the value of exports and imports. Despite these variations, the factors 

reviewed to affect international trade have very little variances. The broad categorization of 

these factors are the demand and supply factors, hence the selection of any of these proxies to 

represent trade in any study depends on the objectives of the researcher i.e. what is desired to 

be achieved in the research. 

This study desires to identify the effects of the enabling trade index components on the export 

of the USA’s state selected agriculture exports and as such the value of exports is used as a 

measure of trade in this study. Following from literature and the World Economic Forum 



(2016), the factors affecting trade have been categorized into four main groups which have 

been collectively split into 7 pillars. Figure 1 presents a flow chart of the relationship between 

trade and these factors. 

 

Figure 1.0 Conceptual Framework of the factors affecting Exports 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors’ Construct of review from World Economic Forum Report (2016) 

Detailed composition of each of the indicators of the pillars are discussed in section 2 above. 
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3.2 Theoretical Framework 

Following from the conceptual framework, the emphasis of this study is to identify the effects 

of the trade openness index of countries on the trade of wheat, corn and Soybean between 48 

US States and 135 countries across the globe by employing the gravity equations. The measure 

of trade openness as developed as a Global Enabling Trade Report by the world economic 

forum is also incorporated in the model to find out if a country’s measure of openness has an 

effect on its trade with the US states. 

 

3.3 Gravity Model 

Since its first application in international economics by Tinbergen (1962) and later by 

Poyhonen (1963) the gravity model has become popular measure of modelling international 

trade and foreign trade inflows. Studies of international trade has been mainly based on capital 

and labour movements and as such this model has been used extensively in interregional and 

geographical labour migrations, import/export inflows and foreign direct investments. The 

theoretical underpinning of this model explains that for any two countries i and j, the exports 

to and from each other are explained by their economic sizes which is preferably measured by 

Gross Domestic Product (or in very few circumstances Gross National Product), the 

geographical distance between them (main feature adopted from Newton’s gravity model) and 

a set of qualitative institutional features of the flow which have been quantified by conversion 

into dummy variables. With international trade taking centre stage after the World War 2, the 

quantum of studies that have been done on its theoretical framework between then and now 

cannot be completed exhausted if there is any attempt to do that. 

 

A framework of the gravity model is built following from Anderson (2016) in a sequence that 

follows the Newton’s Law of Gravity which is the backbone of this model and is given by 

equation (1)  

𝐹𝑖𝑗 = 𝐺
𝑀𝑖

𝛽1𝑀𝑗
𝛽2

𝐷𝑖𝑗
𝛽3

                     (1) 

where; 𝑀𝑖  𝑎𝑛𝑑 𝑀𝑗 are the masses of the objects i and j and  𝐷𝑖𝑗 is the distance between the two 

objects. This equation shows that the gravitational force is directly proportional to the masses 

of the two objects and indirectly proportional to the distance between them. Following the same 

format, the gravity model of international trade introduced by Tinbergen (1962) replaces trade 

flows between two countries or exports from country i to country j  ,i jEX  with the 

gravitational force:   

 

𝑋𝑖𝑗 = 𝐺
𝑌𝑖𝐸𝑗

𝐷𝑖𝑗
2             (2) 

𝑋𝑖𝑗     =Economic inflow between country i and j  

G        = Gravitational Constant  

𝑌𝑖      =Relevant Economic activity mass at origin i 

𝐸𝑗     =Relevant Economic activity mass at origin j 

𝐷𝑖𝑗    =Distance between i and j (serves as a proxy for transportation and trade costs, which 

increase with distance and reduce exports). 



An application of equation 2 with exponents and the constant term altered to fit economic data 

yields 

�̂�𝑖𝑗 = 𝑎𝑌𝑖
𝑏𝐸𝑗

𝑐𝐷𝑖𝑗
𝛿  ,           (3) 

where �̂� is the fitted value of X, 

Parameters a, b, c and 𝛿 are estimated by best fit methods. 

It must however be noted that the original Gravity Model gives a close fit to the observed flows 

and this indicates that  

 A scatter plot of �̂� on the observed X shows most points clustered close to a 45-degree 

line (which tends to be much closer than most estimated economic relationships) 

 The estimated parameters b and c happen to be close to 1  

 The estimated value of  𝛿 is close to -1 in many different application  

Anderson (2016) further explained that the basic cornerstones of the economic foundation of 

gravity is the adding up constraints which is not satisfied by the original form of the gravity 

model.  

 In this case, the total of sales by each origin i, 𝑌𝑖 must equal the sum of sales to each 

destination 𝑋𝑖𝑗  and the total expenditure by destination j, 𝐸𝑗 must equal the sum of the 

purchases from each origin I, 𝑋𝑖𝑗. This can be expressed mathematically as  

𝑌𝑖 = ∑ 𝑋𝑖𝑗𝑗     and        𝐸𝑗 = ∑ 𝑋𝑖𝑗𝑖          (4) 

 World Sales must be equal to world expenditure 

𝑌 = ∑ 𝑌𝑖𝑖 = ∑ 𝐸𝑗𝑗           (5) 

Equation two does not satisfy these elementary economic requirements without further 

restrictions. From his example, he stated that supposed the effect of distance in equation (2) is 

removed by replacing its exponent 2 with the exponent 0, interpreted as moving goods in a 

frictionless world, the situation in the adding up constraints can be satisfied if G = 1/Y 

This constraint in a frictionless world becomes  

𝑋𝑖𝑗 =
𝑌𝑖

𝑌
𝐸𝑗           (6) 

From equation (6), it can now be assumed that purchases in each destination j from each origin 

i are equal to the total expenditure in j, 𝐸𝑗 multiplied by country i’s global share of expenditure 

𝑌𝑖 𝑌⁄  , a share that is common to all destinations j and equal to country i’s global share. In this 

equation, there is consistency with economic model where expenditure shares are identical 

across destinations that encounter the same set of prices. 

In the theoretical framework, achievement equation 6 therefore provides satisfactory grounds 

for incorporating the theory of expenditure shares. In the primary model, most literature use the 

Gross  Domestic Product of the economies as the economic mass and this is represented 

mathematically with reference from Anderson,1979); Bergstrand,1985); Anderson & van 

Wincoop (2003)).      



The gravity model has highly metaphorized over the years. One of the most influential 

modifications s the theoretical foundation for trade patterns that uses the standard new trade 

monopolistic competition which is theoretically known as the constant elasticity of substitution 

(CES) demand model and has been attributed to Krugman since 1980. It speculates that 

producers in each country operate under increasing returns to scale and produce different 

commodities.  

 

Based on literature and the expansion of the original gravity model, the empirical specification 

for our first model (which can also be referred to as the Sub-Index model) is given as shown in 

equation 7, 

 

𝐼𝑛 𝐸𝑋𝑖𝑗,𝑡 = 𝛽1𝐼𝑛𝐺𝐷𝑃𝑖,𝑡 + 𝛽2𝐼𝑛𝐺𝐷𝑃𝑗,𝑡 + 𝛽3𝐼𝑛 (𝑆𝑡𝑎𝑡𝑒𝑎𝑔𝐺𝐷𝑃/𝐺𝐷𝑃) +

𝛽4𝐼𝑛 (𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑅𝑎𝑡𝑒) + 𝛽5𝐼𝑛 (𝐵𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙) +  𝛽6𝐼𝑛 (𝑀𝑎𝑟𝐴𝑐𝑐𝑒𝑠𝑠) + 𝛽7𝐼𝑛 (𝐵𝑜𝑟𝐴𝑑𝑚𝑖𝑛 +
𝛽8𝐼𝑛 (𝐼𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒) + 𝛽9𝐼𝑛 (𝑂𝑝𝑒𝑟𝐸𝑛𝑣𝑖𝑟𝑜𝑛)       (7) 

 

The state and country GDPs are expected to have a positive effect on trade flows, the ratio of 

state GDP to country GDP is also expected to have a positive effect on the exports and hence 

an expectation of a positive sign is the expectation for their coefficients. The exchange rate in 

both models is expected to have a positive impact on the value of exports. Now specifically for 

the sub-index model, sub-indices 1 to 4, market access, border administration, infrastructure 

and the operating environment are expected to have a positive impact on trade flows. 

In our second model, we incorporate the 7 pillars into the equation as substitutes for the sub-

indices in order to identify their impacts on the export of the agricultural produce from the 

states. This in that effect is presented in equation 8. 

 

𝐼𝑛 𝐸𝑋𝑖𝑗,𝑡 = 𝛽1𝐼𝑛𝐺𝐷𝑃𝑖,𝑡 + 𝛽2𝐼𝑛𝐺𝐷𝑃𝑗,𝑡 + 𝛽3𝐼𝑛 (𝑆𝑡𝑎𝑡𝑒𝑎𝑔𝐺𝐷𝑃/𝐺𝐷𝑃) +

𝛽4𝐼𝑛 (𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑅𝑎𝑡𝑒) + 𝛽5𝐼𝑛 (𝐵𝑖𝑙𝑎𝑡𝑒𝑟𝑎𝑙) + 𝛽6𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟1) + 𝛽7𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟2) +
𝛽8𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟3) + 𝛽9𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟4) + 𝛽10𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟5) + 𝛽11𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟6) +
𝛽12𝐼𝑛 (𝑇𝑂𝑃𝑖𝑙𝑙𝑎𝑟7)              
                                          (8) 

 

Hence in the second model (which can be conveniently referred to as the Pillar model), 

TOPillar1 to TOPillar7 represents domestic market access, foreign market access, “efficiency 

and transparency of border administration”, “availability and quality of transport 

infrastructure”, “availability and quality of transport services”, “availability and use ICT” and 

the operating environment respectively.  

 

Equations (7) and (8) is estimated using a lower zero censored Tobit model.  The Tobit model 

is estimated using maximum Likelihood (ML) for each of the three crops and defined as: 
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where 𝑙𝑛 𝐸𝑋𝑖𝑗𝑡
∗  is estimated using a lower zero censored Tobit model. 

4.0 Results and Discussions 

4.1 Effects of traditional gravity model factors on the state agricultural exports in both 

the sub-index model and the sub-index model 

The factors and interaction of factors from the traditional gravity model included the country 

GDP, state GDP, ratio of state agricultural GDP to the total GDP from all sectors and the 

exchange rate. Both the sub-index and pillar models revealed distinct findings. With the 

exception of the dummy of the type of trade agreement, the interactive variables drawn from 

the traditional gravity model were observed to be statistically significant on extent of trade from 

the states. The state and country GDP were found to be significant at 5% in the sub-index model 

and their elasticities for state corn exports were found to be 0.19 and -0.233 respectively. 

Soybean exports were found to be influenced by state exports, ratio of state agricultural GDP 

to state total GDP and exchange rate at 10%, 1% and 1% respectively. The elasticities of these 

variables were found to be -0.19, -0.17 and 0.18 respectively. Wheat export was also found to 

be influenced by partner GDP, ratio of agricultural GDP to state GDP and the type of trade 

agreement with elasticities of 0.31, -0.114 and 1.58 respectively. 

In the pillar model, value of corn exports was affected state and partner GDP, ratio of state 

agricultural GDP to total state GDP and exchange rate at 1% and respective elasticities for these 

variables were 0.23, -0.53, 0.30 and 0.09. It was revealed that the value of soybean exports is 

statistically influenced by partner GDP, ratio of agricultural GDP to total state GDP and the 

type trade agreements. These variables had an elasticity of -0.89, -0.11 and -5.49. In this model 

wheat exports was affected by the type of trade agreement.  

  

4.2 Findings from the Sub-index model 

The effect of the sub-indices that make up the enabling trade index on US state exports to 

various partners was examined using the traditional gravity model. The three major crops that 

were focused on were corn, wheat and soybean. It was revealed that the trade openness factors 

that affected corn exports were the extent of infrastructural development and the operating 

environment and these were statistical significant at 1%. A unit increase in the infrastructure 

index will increase the value of state corn exports by $1.66 while a unit increase in the operating 

environment index of the partner was expected to decrease state corn exports by $1.32. Soybean 

export from the states to the various partners across the world was found to be influenced by 

the market access, border administration and infrastructural development at 1% level of 

significance. A unit increase in the market access index and border administration index of the 

partners were expected to increase state soybean exports by $1.15 and $2.23 correspondingly 

whiles a unit increase in the infrastructure and operating environment index of the partners 

were expected to reduce state soybean exports by $2.36 and $0.68 respectively. However, 

wheat exports were found not to be influenced by any of the trade openness sub-indices.  

 

4.3 Findings from the Pillar model 

 

From the pillar model, all the 7 pillars had effects on the value of state exports of corn to the 

various partners. The “a priori” expectations were not all consistent with literature. The 

operating environment and the availability and use of transport services were found to have a 

negative effect on the value of corn exports from the states. A unit increase in these two pillars 

were found to decrease state corn exports by 0.94 and 2.04 units respectively. This could 



probably be as a result of the fact that increased efficiency in use and availability of transport 

service may have diverted trade of corn among states rather than on the international market 

and hence states were not motivated to export to partners with a higher value of this variable. 

The operating environment was also surprisingly found to be negatively related to the value of 

exports from the states. Another reason that may be attributed to these negative relationships 

between these variables could also be as result of the fact that partners with high ratings of 

these variables drew potential traders of corn to themselves and hence could have an advantage 

of choice. 

 

The value of soybean export at the state level was found to be statistically influenced by all the 

pillars but the operating environment. The six that had effects were all statistically significant 

at 1% with the exception of the availability and use of transport services which was statistical 

significant at 5%. This exception variable in addition to the availability and use of transport 

infrastructure were the only two that had a negative impact on the value of soybean exports. In 

this regard, a unit increase in domestic market access, foreign market access, efficiency and 

transparency of border administration, and the availability and quality of transport 

infrastructure of trade partners were found to increase the value of soybean exports by 1.62, 

2.14, 5.56 and 2.59 units respectively. A unit increase in “the availability and quality of 

transport services” and “the availability and use of ICT” were found to decrease the value of 

soybean exports by 8.03 and 0.76 units respectively.    Lastly, wheat was found to be statistically 

influenced by only foreign market access and the availability and quality of transport 

infrastructure at 5% and 10% levels significantly. A unit increase in foreign market access of 

partners was found to unit value of state wheat by 0.01 units while a unit increase in the 

availability and quality of transport infrastructure was found to decrease the state wheat exports 

by 0.14 units. 

 

5.0 Conclusion 

It can be concluded from the results that the enabling trade index is useful in explaining the 

demand of agricultural exports from the united states. From the sub-index model the market 

access, border administration, infrastructure and operating environment explain the export of 

the three selected crops at varying percentages of statistical significance. However not all the 

variables conformed to the “a prior” expectations. This may be attributed tentatively to two 

major reasons; firstly, the sub-indices are composed of a wide number of indicators which may 

have opposing effects on export and secondly be as a result of the sub-index measure being 

point annual data (This was used as a result of a non-existence of a trend time series data of the 

enabling trade index). To remedy this, future studies using the ETI measure of trade openness 

may simulated trend values of the indices over time to estimate its effects on trade.  

Alternatively, future studies may measure trade as the sum of imports and exports or difference 

between exports and imports to observe variations in their effects. 

The pillar model also revealed various relationships between the 7 pillars and the value of 

exports. This adequate explanation of suggests that the pillar model can also be a useful tool to 

explain the value and supply of agricultural exports. Again, in similar fashion to the sub-index 

model, the ETI indices are measured by a combination of demand and supply factors and hence 

it is postulated that a lot could be revealed if further studies measure the extent of trade as a 

combination of imports and exports. With regards to this findings and conclusions, it can be 

inferred that the measure of a country on the enabling trade index can be used as an indication 

of its trade tolerance. 
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Table 1: Tobit regression results of Gravity Model with Trade Agreements and 

Enabling Trade Four Sub-Indexes 

 

Parameter Estimate 
Marginal 

Effects 
StdErr tValue Probt 

 Corn 

Intercept 3.684 
 

6.327 0.58 0.56 

Country GDP -0.677 -0.234 0.313 -2.16 0.031** 

State GDP 0.563 0.195 0.229 2.46 0.014** 

GDPratio (AG/General) 0.872 0.301 0.128 6.82 <.0001*** 

Exchange rate (Country/US) 0.137 0.047 0.072 1.9 0.058* 

Trade Agreement (yes/no) -0.859 -0.297 1.187 -0.72 0.469 

Subindex_A__Market_access 0.122 0.042 0.548 0.22 0.824 

Subindex_B__Border_administration -0.432 -0.149 0.604 -0.72 0.474 

Subindex_C__Infrastructure 4.811 1.661 0.879 5.47 <.0001*** 

Subindex_D__Operating_environment -3.948 -1.363 0.74 -5.33 <.0001*** 

_Sigma 5.986 
 

0.179 33.49 <.0001 
 Soybeans 

Intercept -29.934 
 

13.74 -2.18 0.029** 

Country GDP 0.98 0.307 0.62 1.58 0.114 

State GDP -0.626 -0.196 0.375 -1.67 0.095* 

GDPratio (AG/General) -0.553 -0.173 0.209 -2.64 0.008*** 

Exchange rate (Country/US) 0.597 0.187 0.108 5.55 <.0001*** 

Trade Agreement (yes/no) 2.117 0.664 2.013 1.05 0.293 

Subindex_A__Market_access 3.694 1.159 1.003 3.68 0.000*** 

Subindex_B__Border_administration 7.103 2.228 1.342 5.29 <.0001*** 

Subindex_C__Infrastructure -7.52 -2.359 1.895 -3.97 <.0001*** 

Subindex_D__Operating_environment -2.166 -0.679 1.376 -1.57 0.115 

_Sigma 8.247 
 

0.302 27.29 <.0001 
 Wheat 

Intercept -35.295 
 

15.047 -2.35 0.019 

Country GDP 1.307 0.311 0.697 1.88 0.061* 

State GDP 0.425 0.101 0.454 0.94 0.349 

GDPratio (AG/General) -0.482 -0.115 0.285 -1.69 0.091* 

Exchange rate (Country/US) 0.168 0.04 0.139 1.21 0.225 

Trade Agreement (yes/no) 6.597 1.57 2.523 2.62 0.009*** 

Subindex_A__Market_access -0.799 -0.19 0.871 -0.92 0.359 

Subindex_B__Border_administration -0.808 -0.192 1.272 -0.64 0.525 

Subindex_C__Infrastructure -1.394 -0.332 1.597 -0.87 0.383 

Subindex_D__Operating_environment 0.347 0.083 1.433 0.24 0.809 

_Sigma 10.762   0.461 23.32 <.0001 



Table 2: Tobit regression results of Gravity Model with Trade Agreements and 

Enabling Trade Seven Pillars 

 

Parameter Estimate 
Marginal 

Effects 
StdErr tValue Probt 

 Corn 

Intercept 4.171 
 

8.046 0.52 0.604 

Country GDP -1.543 -0.534 0.448 -3.44 0.001*** 

State GDP 0.657 0.227 0.228 2.88 0.004*** 

GDPratio (AG/General) 0.895 0.31 0.127 7.05 <.0001*** 

Exchange rate (Country/US) 0.281 0.097 0.078 3.6 0.000*** 

Trade Agreement (yes/no) -9.312 -3.222 2.284 -4.08 <.0001*** 

Pillar_1__Domestic market access 2.295 0.794 0.738 3.11 0.002*** 

Pillar_2__Foreign market access 2.382 0.824 0.595 4.01 <.0001*** 

Pillar_3__Efficiency and transpa 2.376 0.822 0.818 2.91 0.004*** 

Pillar_4__Availability_and_quali 5.407 1.871 0.879 6.15 <.0001*** 

Pillar_5__Availability_and_quali -5.906 -2.043 1.369 -4.31 <.0001*** 

Pillar_6__Availability_and_use_o 1.626 0.562 0.401 4.05 <.0001*** 

Pillar_7__Operating_environment_ -2.739 -0.948 0.904 -3.03 0.003*** 

_Sigma 5.914 
 

0.176 33.54 <.0001 
 Soybeans 

Intercept 23.284 
 

19.99 1.16 0.244 

Country GDP -2.838 -0.894 1.112 -2.55 0.011* 

State GDP -0.526 -0.166 0.368 -1.43 0.154 

GDPratio (AG/General) -0.368 -0.116 0.207 -1.78 0.075* 

Exchange rate (Country/US) 1.024 0.323 0.13 7.87 <.0001*** 

Trade Agreement (yes/no) -17.423 -5.492 5.361 -3.25 0.001*** 

Pillar_1__Domestic_market_access 5.155 1.625 1.563 3.3 0.001*** 

Pillar_2__Foreign_market_access_ 6.795 2.142 1.256 5.41 <.0001*** 

Pillar_3__Efficiency_and_transpa 17.652 5.564 2.482 7.11 <.0001*** 

Pillar_4__Availability_and_quali 8.226 2.593 2.08 3.95 <.0001*** 

Pillar_5__Availability_and_quali -25.479 -8.031 4.248 -6 <.0001*** 

Pillar_6__Availability_and_use_o -2.435 -0.767 1.09 -2.23 0.026** 

Pillar_7__Operating_environment_ 1.761 0.555 2.062 0.85 0.393 

_Sigma 8.043 
 

0.294 27.37 <.0001 
 Wheat 

Intercept -27.524 
 

17.583 -1.57 0.118 

Country GDP 1.021 0.243 0.818 1.25 0.212 

State GDP 0.423 0.101 0.459 0.92 0.356 

GDPratio (AG/General) -0.447 -0.106 0.287 -1.56 0.119 

Exchange rate (Country/US) 0.183 0.044 0.146 1.25 0.211 

Trade Agreement (yes/no) 7.811 1.86 3.592 2.17 0.030** 

Pillar_1__Domestic_market_access -1.495 -0.356 1.234 -1.21 0.226 

Pillar_2__Foreign_market_access_ 0.044 0.01 0.993 0.04** 0.965 



Pillar_3__Efficiency_and_transpa -1.122 -0.267 1.302 -0.86 0.389 

Pillar_4__Availability_and_quali -0.133 -0.032 2.036 -0.07* 0.948 

Pillar_5__Availability_and_quali 0.976 0.232 2.472 0.39 0.693 

Pillar_6__Availability_and_use_o -0.249 -0.059 0.775 -0.32 0.748 

Pillar_7__Operating_environment_ -0.599 -0.143 1.836 -0.33 0.744 

_Sigma 10.746   0.461 23.32 <.0001 

 


