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ABSTRACT 

This paper examines trade openness and economic growth. What has been the effect 

of openness to trade on economic growth in Kenya? Kenya’s trade policies have 

emerged since independence, it has improved from import substitution to progressive 

liberalization through emergence of export processing zones, reduction of tariffs 

levels, eliminated price controls and licensing requirements leading to modest growth 

in trade Republic of Kenya (2005). Although the country has improved in it’s trade 

policies, it is still counted as mostly unfree. Empirical evidence suggests that free 

trade leads to a better economic performance in different channels, however the 

evidence has been questioned because of the doubts on how trade openness of a 

country should be measured and methodology estimation. The study uses trade 

intensity as a measure of trade openness. Applying Ordinary least squares using a 

time series data obtained from the World Development Indicators a negative 

relationship is seen between trade openness measure and Gross domestic product in 

Kenya. A Granger causality test is done also to determine whether trade liberalization 

can be used to give significant information about the economic growth of Kenya or 

vice versa. Vector Auto regression model  (VAR) is used to determine the Granger 

causality. In the OLS regression model measures of openness, labor and capital are 

significant.  
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1. INTRODUCTION 

The importance of openness to trade has been a discussion over centuries with its advantages 

including lower prices due to removal of tariff barriers which leads to a decrease in consumer 

prices, increased competition because firms will tend to compete with the abroad thereby 

increasing efficiency and cut costs and also act as an incentive for an economy to shift 

resources into industries where they have comparative advantage thereby enabling 

specialization. Many economists have supported free trade starting from Smith (1776), in his 

publication he introduced the concept of absolute advantage where he argued that all nations 

would benefit simultaneously if they practiced free trade, other economists after Smith have 

also encouraged free trade supported by different theories such as Ricardo (1817) with the 

theory of comparative advantage which has been used by many in explaining the gains of 

trade. Empirical studies such as Sachs and Warner (1995), Vamvakidis (2002), Yanikkaya 

(2003) and Edwards (1998), show more openness and outward oriented countries grow faster 

than countries with protectionist trade policies.  

 

Krueger (1998) concluded that trade liberalization undertaken from a period of declining 

growth rates or falling GDP can normally lead to a period of growth above rates previously 

realized, she also found positive relationship between exports growth and growth of GDP. 

Sachs and Warner (1995) argued that trade liberalization improves welfare and growth. This 

argues that trade liberalization may have a positive impact on economic growth. Rodriguez 

and Rodrik (1999) on the contrary, have questioned the hypothesis of association of 

economic growth with increased levels of international trade; according to Rodrik 

international trade makes a country worse off than it would be in the absence of such trade. 

 

Kenya drives to be a market based economy with a few state-owned infrastructure enterprises 

and maintains a continued liberalized external trade system that is a process and yet to reach 

it’s full potential. It has also enacted several regulatory reforms to simplify both foreign and 

local investment with creation of export process zone. According to FDI report (2012), 

Kenya has also been ranked among the top destinations for foreign direct investments in 

Middle East and Africa, thanks to the ongoing investments in infrastructure. Borensztein et 

al. (1998) see foreign direct investment (FDI) as an important vehicle for the transfer of 

technology, contributing to growth in larger measure than domestic investment. Trade 

openness allows foreign direct investment and transfer of capital between countries.  
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Although Kenya has a well-developed social system and physical infrastructure compared to 

its neighbors, it lags behind in terms of economic freedom being 122nd freest in 2015 index 

(Heritage foundation), where trade freedom score has decreased to 64. Kenya’s neighbors 

Uganda and Tanzania in contrast have a high score in trade freedom of 76.6 and 67 

respectively. The decrease in trade freedom may be due to institutional framework. Various 

Kenyan ministries, departments and parastatals that regulate and support the country’s trade, 

such as the Ministries of Trade, Finance, Justice and Constitutional Affairs, Public Health 

and Immigration including certain agencies that is, the Kenya Plant Health Inspectorate 

Service (KEPHIS), Kenya Revenue Authority (KRA), Kenya Bureau of Standards (KEBS), 

Kenya Ports Authority (KPA) and Kenya Roads Board (KRB) in performing their functions 

sometimes hinder the free and smooth flow of goods and services. The hindrances occur 

because of the setting of product standards, technical regulations and conformity assessment 

procedures that constitute technical barriers to trade (KIPPRA).   

 

The paper will begin with the formulation of a problem, research questions, objectives of the 

research and purpose of the study. Section 2 will be Kenya’s Trade policy where will look at 

different Kenya’s policy adopted since independence and how it has impacted on exports and 

imports growth by looking at Merchandise trade in Kenya from 1976-2007 and also the GDP 

growth in the years after independence, institutional framework and previous research. 

Section 3 we look at theory and theoretical literature i.e. different theories of international 

trade and economic growth. Section 4 will be methodology where a model will be introduced 

to explain the relationship between the openness and economic growth; Section 5 will be data 

results using the Kenya’s secondary time series data on various variables in the model 

introduced in section 4, Section 6 analysis. Conclusions will be section 7 and section 8 

references. 

 

1.1. Problem Formulation 

It has been stated theoretically and proven empirically that trade openness contributes to the 

level of economic growth, i.e. Edwards (1998), Openness, productivity, and growth. Ricardo 

(1817) with the theory of comparative advantage suggested that trade increases 

specialization. With theories encouraging the importance of free trade, Kenya still lags 

behind in trade freedom, which brings the question of institutional framework and policies. 
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Do ministries in Kenya hinder free flow of trade and realization of international trade benefits 

and how has the low trade freedom index over the years affected the economic growth of 

Kenya? 

 

Does trade openness granger cause economic growth in Kenya? 

 

1.2. Research Questions 

The research questions that will guide the research include: 

i. What are the factors that hinder international trade of Kenya? 

ii. Has Kenyan trade policies impacted on economic growth in Kenya? 

iii. What is the relationship between trade liberalization and economic growth, can trade 

liberalization be used to forecast economic growth or vice versa (causality)? 

iv. Has emergence of trade openness policies stimulated the economic growth of Kenya? 

 

1.3.  Objectives of the Study 

i. To examine the impact of trade liberalization on the economic growth of Kenya. 

ii. To determine if trade policies have influenced the growth process of exports and 

imports of Kenyan economy. 

iii. To use empirical approach to check if the explanatory variables have a significant 

effect on dependent variable. 

iv. To identify the factors that hinders the international trade progress of Kenya and 

makes suggestions how it can be solved. 

 

1.4. Purpose of the Study 

Cross-countries studies in developing countries have been done on trade liberalization and 

economic growth, which may not give a clear impact on an individual country. The purpose 

of the study is to empirically measure the impact of trade liberalization on one country 

(Kenya) to get a clear picture. The study may help students, researchers and trade ministries 

in Kenya. 
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2. BACKGROUND 

2.1. Kenya trade policy. 

Kenya inherited trade and industrial policies from colonial rulers aimed at import substitution 

Gertz (2008). The import substitution policy drove towards protection of domestic industries 

at the expense of their competitiveness, which in turn enabled manufacturers to make profits 

even in cases off under utilized capacities. Kenyan manufacturers thus became inward 

oriented and failed to venture into international markets. Kenya signed its first Structural 

Adjustment loan with the World Bank 1980, on the condition that government was to adopt 

more liberal trade and interest regimes and more outward oriented industrial policy but in 

practice a few of the changes were adopted. In 1982 the government promised to pursue 

greater liberalization while asking for IMF funding (Gertz 2008). 

 

Trade policies in Kenya have evolved over time, changing from an inward looking import 

substitution policy regime to the existing one whose primary objective is the promotion of 

exports of consumer and intermediate goods, while at the same time laying the base for 

eventual production of capital goods for both domestic and export markets, Government of 

Kenya (2000). This is expected to lead to higher earnings of foreign exchange, which in turn 

will help to reduce the balance of payments deficit and the unemployment problems. The 

government has put in various incentives such as, duty and Value added tax remission, 

manufacturing under bond scheme and export processing zones WTO (2000). 

 

Export processing zones was introduced in 1990; by 2004 there were 36 EPZs in operation, 

International Chamber of Commerce ICC (2005). Its aim was to provide an attractive 

investment opportunity for export oriented business ventures within designated areas and 

regions. Kenya offered incentives to attract new firms manufacturing for exports. The Kenya 

Export Processing Zone has been in the forefront of initiating; promoting and providing 

investment opportunities for export oriented business ventures in the country, it also allows 

for duty and VAT exemption on imported machinery and raw materials (Republic of Kenya 

2005). EPZ’s have since employed many workers and increased the number of exports goods 

outside the country. 

 

Kenya’s government also encourages investment by price liberalization. The government 

published the restrictive trade policies, Monopolies and price control Act (1988) to guard 
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against exploitation of smaller firms by larger enterprises. Import licensing has now been 

scrapped except for few items that form the negative list. The list was enacted under the 

import, export and Essential Supplies Act, for reasons of public health, wildlife and 

environment protection, state and public security or to meet required sanitary and 

environmental standards. 

 

According to WTO (2000) press release, Kenya’s external trade policies are designed to 

create an environment conducive to promoting its products in international markets, 

especially those of the developed countries of Europe, America and Japan without forgetting 

the promotion of intra-African trade. Trade policies are formulated with the view to speeding 

up Kenya’s industrialization process and make access to foreign markets easier for Kenyan 

products. In pursuing, Kenya has entered into Multilateral, regional, bilateral and preferential 

trade arrangements. It is a signatory to the Lome convention, which is a trade and aid 

agreement between the European community and developing ACP countries and also 

member of African Economic Community, Common Market for Eastern and Southern Africa 

(COMESA), East African Community (EAC) and Inter-Governmental authority of 

Development (IGAD), Republic of Kenya (2009). The government has also undertaken key 

economic reforms with a view to promote both domestic and import licensing, rationalizing 

and reducing import tariffs, liberalization of foreign exchange and price controls and partial 

liberalization of capital markets among other measures. It has also committed to gradual 

reduction of tariff and non-tariff barriers and progressive liberalization of trade. In 1992 an 

Investment Promotion Centre was established to promote investment in the country.  

 

Kenya intends to actively pursue its trade liberalization and structural reforms to consolidate 

the re-orientation of its economy and complete its transition to an outward-oriented economy. 

These measures should facilitate the efficient allocation of resources reflecting Kenya’s 

comparative advantages. Improvement of the low level of its multilateral commitments, the 

transparency and predictability of existing legislation, as well as its enforcement, would 

create confidence in the irreversibility of its reforms and render them more credible, thus 

improving Kenya’s ability to attract the needed foreign investment and enhancing the 

country’s adherence to WTO principles. Kenya has reduced the overall level of protection of 

its economy since 1993. It has dismantled most of non-tariff restrictions. The policy on 

International Trade is anchored on liberalization and globalization and driven by 

competitiveness. Industrialization and rapid economic growth in developed and newly 
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industrializing countries has been mainly attributed to international trade through export-led 

strategies (Republic of Kenya 2009). The trade policy also aims at transforming the country 

into a more open, competitive and export-led economy but it is still a process thus making 

Kenya not yet liberalized. 

 

2.2. Institutional Framework 

According to WTO (2000) press release, Kenya's trade policy objectives include moving 

towards a more open trade regime, strengthening and increasing overseas market access for 

Kenyan products, especially processed goods, and further integration into the world 

economy. These policy objectives have been pursued through unilateral liberalization, and 

regional and bilateral trade negotiations, in particular within the African region, as well as 

through its participation in the multilateral trading system.  

 

Trade policy formulation is the responsibility of several Ministries, which constitute the 

Cabinet's Economic Sub-committee, and the Central Bank. However, recommendations can 

be made by two inter-ministerial and consultative committees, which include the private 

sector. No independent bodies review and assess trade policies in Kenya. The Ministry of 

Tourism, Trade and Industry implement trade policy. Kenya is a founding member of the 

World Trade Organization; it accords at least most favored nation treatment to all its trading 

partners. It is amending some pieces of its legislation, including on anti-dumping, 

countervailing and intellectual property, to bring them into conformity with the WTO 

Agreements. 

 

Kenya encourages foreign investment and grants national treatment to foreign investors 

Republic of Kenya (2009). Most business activities are open to foreigners, except those 

related to matters of security or health. In order to attract investment, Kenya offers tax 

incentives to local and foreign investors in the form of tax holidays, accelerated depreciation, 

investment allowances, lower duties on intermediate capital goods, and gradual reduction of 

corporate tax rates. Despite these incentives, Kenya has been unable to attract much 

investment. Wide discretionary powers in the administration of laws and regulations 

highlight the need to ensure full compliance with the rule of law and to address governance 

issues.  
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Granovetter (1985) in his ideas provided by transactions cost economics, an approach whose 

central theoretical claim, namely that the existence of institutions is best accounted for in 

terms of their capacity to reduce the costs of conducting transactions, believed to suffer from 

serious flaws. The source of the problem, lied in the fact that transactions cost economics 

relies on a functionalist mode of explanation, purporting to account for the existence of social 

phenomena (institutions) in terms of their effects (namely, their contribution to reducing the 

cost of various types of transaction). He assumed that the efficient institutional solution arises 

automatically in response to prevailing economic conditions, with the dynamic causal 

processes that underpin the development of economic institutions.  

 

Chamlee-wright (2008) Granovetter, on this view argues that researchers need to focus less 

on (orthodox) economic analyses of the behavior of isolated, atomistic Robinson Crusoe’s 

and more on sociological approaches that consider how people’s actions are shaped by, and 

in turn shape, networks of social relations. 

 

Trade performance before and after emergence of new trade policies. 

 

 
Figure 2.1: Kenya’s merchandise trade (%of GDP) 1971-2007 

Source: www.tradingeconomics.com /Kenya Bureau of Statistics (1964-2008) 

  

Kenya merchandise trade, which includes merchandise imports and exports, has been 

improving since independence but a high decrease was seen in the late 80s and 1998. The 

decrease in 1998 was because it was during Kenya’s first period of half- hearted structural 

adjustment and Kenya’s trade liberalization had not been successful up to that point (Gertz 
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2008). The price of coffee in that year had also gone down. Since 1998 it shows that Kenya 

openness increased gradually. 

 

In recent years, trade freedom in Kenya in comparison with Uganda and Tanzania its 

neighboring countries has been seen to be low with the score of 64.0 Index of Economic 

Freedom (2014). Comparing Kenya, Uganda and Tanzania economic growth gives a concept 

on how country’s economic growth performs with change in trade freedom. Looking at 

political instability index, Kenya has 7.5, Tanzania 5.9 and Uganda 6.5, meaning that Kenya 

is unstable compared to the neighboring countries. Tanzania and Uganda is then expected to 

have a high economic growth over the last few years compared to Kenya. 

 

Economic growth between Kenya, Uganda and Tanzania 

 
Figure 2.2: Kenya versus Uganda and Tanzania real GDP growth rate. 

Source: Index mundi/CIA World Fact book (1999-2011)!
 
The annual real GDP growth in the three countries has been increasing and decreasing over 

the years but increased in 2011 in Tanzania to 6.4 percent, Uganda 6.2 percent compared to 

Kenya, which is 4.4 percent. Bearing in mind that the exports and imports in Kenya are 

higher compared to Tanzania, an increase in the Tanzania GDP could be due to a higher 

value of labor force which is 25% compared to Kenya which is 17% also if comparing the 

imports and exports of both countries in year 2013 we see that Kenya has a higher deficit of 



! ,!

9.76 (exports-imports) compared to Tanzania of 5.13. It may also be due to increase in 

economic freedom in Tanzania and Uganda compared to Kenya. The increased Gross 

Domestic product may also be due to the fact that Tanzania and Uganda are more political 

stable and has a high index of trade freedom. 

 

2.3. Previous research  

Edwards (1998), the 'new' theories of growth pioneered by Romer (1986) and Lucas (1988) 

have provided persuasive intellectual support for the proposition that openness affects growth 

positively. Romer (1992), Grossman and Helpman (1991) and Barro and Sala-i-Martin 

(1995), among others, have argued that countries that are more open to the rest of the world 

have a greater ability to absorb technological advances generated in leading nations. Using 9 

measures of trade openness regressed on total factor productivity growth which included the 

Sachs and Warner’s open index, World Development report outward index among others he 

concluded that regardless of what measure used trade openness leads to higher growth. 

However trade openness has less impact than institutions, initial GDP per capita and human 

capital. 

 

Yanikkaya (2003), reviewed the literature of trade and growth theories, he suggested that 

although trade theory provides little guideline as to the effects of international trade on 

growth and technical progress, new trade theory makes it clear that the gains from trade can 

arise from several fundamental sources: differences in comparative advantage and economy-

wide increasing returns. He also supported the endogenous growth theory, which has been 

diverse enough to provide a different array of models in which trade restrictions can decrease 

or increase the worldwide rate of growth. Yanikkaya using a model to investigate the long-

run growth found evidence that supported the hypothesis that country’s with higher trade 

shares are likely to grow faster than other countries. 

  

Vamvakidis (2002), extended growth openness measures for different periods. In 1970-1990, 

there was a clear positive relationship between trade openness and growth, 1950-1970, there 

was no relationship between trade openness and growth, 1920-1940, there was fairly a strong 

positive link between high trade protection and growth. 1870-1910, there was also no 

relationship between trade openness and growth. This shows that there was no positive 
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relationship between trade openness and growth before 1970. He concluded that the 

possibility of positive growth effects from open trade depended on trade policy. 

 

Rodriguez and Rodrik (2000), In models of endogenous growth generated by non-

diminishing re-turns to reproducible factors of production or by learning-by-doing and other 

forms of endogenous technological change, the presumption is that lower trade restrictions 

boost output growth in the world economy as a whole. But a subset of countries may 

experience diminished growth, depending on their initial factor endowments and levels of 

technological development. They looked at different empirical studies on openness and 

growth focusing on measures of trade openness and policy employed. They concluded that 

there was no bulletproof evidence in favor of trade openness in recent decades. They also 

stated that there was a difficulty in measuring trade openness empirically. 

 

Barro and Sala-i-Martin (1995), considered a two- countries world (one advanced and one 

developing), differentiated inputs, and no capital mobility. Innovation takes place in the 

advanced (or leading) nation, while the poorer (or follower) country confines itself to 

imitating the new techniques. The equilibrium rate of growth in the poorer country depends 

on the cost of imitation, and on its initial stock of knowledge. If the costs of imitation are 

lower than the cost of innovation, the poorer country will grow faster than the advanced one, 

and there will be a tendency towards convergence. In this type of model it is natural to link 

the cost of imitation to the degree of openness: more open countries have a greater ability to 

capture new ideas being developed in the rest of the world. 

 

Sachs and Warner (1995), Used zero-one dummy (value 0 for closed economies, 1 for open 

economies). Closed economies if it had average tariff rates higher than 40%, it’s non-tariff 

barriers covered on average more than 40% of imports, it had a socialist economic system, it 

had a state monopoly of major exports, its black market premium exceeded 20% during either 

the decade of the 1970s or the decade of the 1980s. He came up with the conclusion that 

openness has a positive effect on growth. 

 

From the studies conducted, there was substantial evidence in favor of positive growth effects 

from trade in 1970. Positive trade growth links were not confirmed for earlier periods. Trade 

intensity measures seemed most robust across various studies. Trade openness measurement 

problem remains a debate that goes on. 
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3. THEORETICAL FRAMEWORK 

3. 1. THEORY 

Trade liberalization is the removal or reduction of restrictions or barriers on exchange of 

goods between nations. This include removal or reduction of both tariff and non-tariff 

obstacles. Liberal theorists such as Fredrick Hayek, Milton Friedman believed that trade is a 

‘positive-sum game’ – in other words, all countries engaging in open trade and exchange 

stand to gain. An example is in the 19th century is Japan, which ended its self-imposed 

economic isolation in 1858; which led to an increase in value of Japanese trade with the rest 

of the world by factor of 70. The opening raised the Japanese real income by 65% over two 

decades and put the country on a path of growth that eventually cause it to catch up to 

European levels of income, Weil (2013).  

 

Trade allows international flow of goods and also of labor and human capital flow from one 

country to another through immigration. There are also flows of technology, ideas and 

investment. The effect of trade in productivity is that a country become more productive by 

allowing it produces the things it is good at producing and selling them to other countries in 

return for things it is not good at producing. Therefore, trade is a form of technology. 

 

According to Almeida & Fernandes (2007), Openness contributes to higher level of 

technology. Countries that are open to trade are able to import existing technologies from 

abroad. Technology transfer takes place in many channels, all of which are facilitated by 

openness, another channel is foreign direct investment, for example a firm building a factory 

in another country will transfer technology along with capital. 

 

3.2. International Trade Theory 

3.2.1 Mercantilism and Export-Led growth Versus Free Trade 

There is an essential link between mercantilism and export- led growth strategy. 

Mercantilism according to Amin (2014) is an economic concept for the purpose of building 

wealth and powerful state, which believes that the wealth of a nation could be only achieved 

through the government controls and regulation of trade, commerce and economic activities. 

It involves wealth accumulation, establishment of favorable trade with other countries and 

development of internal sources in the manufacturing and agriculture sectors.  
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The basic concept of mercantilism in terms of trading is to make sure that the countries own 

resources are exported to other countries in higher volumes or amounts compared to the 

goods imported which are kept at minimum level. Trade is balanced if exports exceed the 

imports according to mercantilist; a trade surplus was crucial to accumulate precious metal. 

Mercantilist writer Mun (1664) suggested that to increase wealth and treasure is by foreign 

trade wherein we must observe the rule of ‘’to sale more to strangers yearly than we must 

consume of theirs in value’’. According to Mun, trade was the only way to increase 

England’s treasure (national wealth) and in pursuit of this end he suggested several courses of 

action: frugal consumption in order to increase the amount of goods available for export, 

increased utilization of land and other domestic natural resources to reduce import 

requirements, lowering of export duties on goods produced domestically from foreign 

materials, and the export of goods with inelastic demand because more money could be made 

from higher prices. 

 

Mun (1664), a nation's wealth depended on the acquisition of gold and silver through 

increased exports and internal self-sufficiency. This required protectionist policies to 

safeguard a country's domestic industries, and colonial expansion to secure exclusive sources 

of raw materials and captive markets for export products. By encouraging domestic and 

overseas commerce, manufacturing, the accumulation of wealth, and the development of 

large and uniform national economies, mercantilism set the stage for the emergence of a new 

form of political economy based on the largely unfettered operation of markets. 

 

The theory suggests that the government should play an active role in the economy by 

encouraging the exports and discouraging imports especially through use of tariffs. The 

mercantilist idea was that all trade was a zero sum game, in which each side was trying to 

best the other in a ruthless competition. Chi-Yuen Wu (2013) suggested that all mercantilists 

considered the benefit of the State as the end and object of economic activities, in their view 

the interests of the State had always to take precedence to the interests of the individual and 

wages, interest, industry, and trade should be regulated so as to benefit the State. 

 

Export-led growth strategy can be seen as following mercantilist ideas because it encourages 

that a country should export more. It is an economic approach that many developing nations 

attempt to put in place to modernize their societies and increase standards of living. It is 

based on the principle of finding a market for something on the international stage that cannot 
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be easily or efficiently supplied by other nations. As the developing nation makes a name for 

itself in this market, it is able to bring in positive cash flow that can fuel the import of goods 

and services that it cannot produce for itself. Good examples of export-led growth nations are 

the petroleum-exporting nations of the Middle East, and rapidly developing economies such 

as India and China.  

 

It can profit by allowing country to balance its finances as well as their debts as long as the 

facilities and materials for export exist. It triggers great productivity thus creating more 

exports in an upward cycle. It’s a strategy that encourages and support production for 

exports. Rationale lies that trade is an engine of economic growth in a sense that it can 

contribute to the allocation of resources within countries as well as transmit growth across 

countries and regions. Export and export policy is the engine of economic growth of the 

country that introduces new technologies, stimulate demand, encourage savings and 

accumulate capital. Exporting is an efficient way of introducing new technology both by 

exporting firms and the rest of the economy. 

 

Mercantilist economist such as Mun (1628), Steuart (1767) and Hornick (1648), believed that 

wealth of a country should be measured by the extent of accumulation of precious metals and 

placed a great emphasis on achieving trade surpluses. Export growth model was vindicated 

by Asian’s countries, which achieved high growth between 1970’s and 1990’s through export 

promotion. According to Ramesh and Boaz (2007), causality runs from exports to GDP 

growth and not the other way round. Yao (2011) Export led growth brought serious structural 

problems to China while sustaining a high rate of overall economic growth. Maneschöld 

(2008) concluded that there is support to an export oriented growth strategy in promoting an 

enhanced growth potential in the countries such as liberal and market oriented strategy 

avoiding the use of regulatory and restrictive policy measures. 

 

Kenya slashed its import bill by nearly half in 2013 in what could be a turn-around in 

reducing its balance of trade. KNBS (2013), the value of imports fell by 48 per cent to Sh1.41 

trillion, compared to Sh2.69 trillion in 2012. The value of imports across all broad categories 

correspondingly dropped, though percentage shares in the import basket changed marginally. 

Kenya tries to reduce imports due to balance of payment deficit over the years while 

encouraging exports.  The Economic Recovery Strategy (ERS) 2003-2007 identifies trade 

and, in particular, export expansion as one of those activities that will assist in economic 
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recovery and growth. Ministry of trade and industry (2005), the advent of liberalization and 

globalization has made Kenya focus its trade policy on moving its economy towards a more 

open trade regime with increased access to its products and services in overseas markets. For 

this reason, Kenya has pursued an export-led growth strategy from the early 1990s. 

 

Mercantilism and free trade are two conflicting major theories in economics that deal with 

how an economy and society should be structured as well as how international trade policies 

are to be conducted. Mercantilism is based on idea that every nation should export as much 

goods as possible and that all imports should be restricted. Free trade, on the other hand, 

states that international trade is beneficial for both the seller and the buyer, and that it 

encourages specialization and brings prosperity, Sekirin (2003).  

 

Smith (1776), countered mercantilist ideas where he argued that it was impossible for all 

nations to become rich simultaneously by following mercantilist ideas because exports of one 

nation is another nation’s import. He introduced the theory of absolute advantage where he 

stated that if countries practiced free trade and specialized in goods that they had absolute 

advantage all countries would benefit. His theory was followed by theory of comparative 

advantage Ricardo (1817), which is an economic theory about the potential trade for 

individuals, firms, or nations that arise from differences in their factor endowments or 

technological progress. In an economic model, a country has a comparative advantage over 

another in producing a particular good if he can produce that good at a lower relative 

opportunity cost or autarky price, i.e. at a lower relative marginal cost prior to trade. The 

closely related law or principle of comparative advantage holds that under free trade, a 

country will produce more of and consume less of a good for which he has a comparative 

advantage. 

 

Ricardo (1817) explains why countries engage in international trade even when one country's 

workers are more efficient at producing every single good than workers in other countries. He 

explained that a country has a comparative advantage in producing a good if opportunity cost 

of producing that good in terms of other goods is lower in that country than in other 

countries. Trade can therefore benefit both countries if each country exports the goods in 

which it has comparative advantage. Opportunity cost is the lost of output of a commodity 

due to increase in production of another good.  
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In his theory he took an example of two countries England and Portugal, producing two 

goods wine and cloth with England using 100 hours to produce cloth and 120 hours in 

producing wine while Portugal uses 90 hours to produce cloth and 80 hours in producing 

wine. In his example Portugal had an absolute advantage in producing both goods because it 

uses less labor than England but relative costs of producing differs. England had a 

comparative advantage in producing cloth because for an additional unit of cloth it would 

forego 5/6 units of wine whereas in Portugal an additional production of cloth meant 

foregoing 9/8 units of wine; therefore England had a comparative advantage in producing 

cloth and Portugal wine. This means that countries with poor technologies can also export 

goods in which they have comparative advantage and therefore all countries benefit from 

trade. He was concerned with static resource allocation problem, which is determined not by 

absolute values of productivity but labor productivity ratios. Ricardo emphasizes that 

countries will export where output per worker is higher. The differences in comparative 

advantage give rise to beneficial trade even among most unequal trading partners. 

 

According to Lambrechts. et al. (2012),Comparative advantage theory predicts a positive 

GDP result for all participants engaged in trade as efficiencies are derived from technological 

or factor endowments on a global scale. Mercantilism, on the other hand is a zero sum game, 

where the GDP benefit is only applicable to the exporting country with an equivalent loss for 

the other participant(s). 

 

According to G. Stolyarov II (2005), Friedrich Hayek’s insights illustrate, the free market 

performs a vital function in coordinating economic actors’ dispersed knowledge, plans, and 

expectations by means of competition and the price system. Hayek provides an eloquent 

argument for allowing the market to carry out this coordination; any government intervention 

with the structure of prices and competition will inevitably distort both and impede the 

discovery process a free market provides. In Hayek’s view, the price structure of the free 

market is a potent tool for remedying the problem of imperfect knowledge and economizing 

on knowledge. Prices gives consumers all the information they need to properly adjust their 

economic decisions even though most consumers will never know the full details of the 

market disturbance that made the economic adjustment necessary in the first place. 
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3.3. Growth Theory 

Classical growth theory started with Smith (1776), where he suggested that growth was self- 

reinforcing as it exhibited increasing return to scale. To him technology progress could 

increase growth. He saw improvements in machinery and international trade as engines of 

growth as they facilitated further specialization. He also believed that division of labor is 

limited by extend of market thus positing an economies of scale argument. As division of 

labor increases output it then induces the possibility of further growth. He also saw income 

distribution as an important determinant of how economic grow.  Ricardo (1817) suggested 

that output growth required growth of factor inputs. He also suggested that technological 

improvements in machinery brought by trade would improve growth. 

 

The neoclassical long-run economic growth introduced a model by Solow (1924) and Swan 

(1956), which analyses the convergence of an economy to a growth rate set by exogenous 

population increase and, as added the following year by Solow (1957), an exogenous rate of 

technical change. Solow-Swan neoclassical theory generalized to allow for substitution 

between capital and labor. The term neoclassical reflected the theory’s concern with long-run 

equilibrium growth of potential output in a fully employed economy, abstracting from short-

run Keynesian issues of effective demand.  According to Gilani (2005) neo-classical 

economists believe that to raise an economy's long-term trend rate of growth requires an 

increase in the labor supply and an improvement in the productivity of labor and capital. 

Differences in the rate of technological change are said to explain much of the variation in 

economic growth between developed countries that is if the same technology is available to 

all countries, every country will converge to a growth rate that differs from that of any other 

country only by the difference in their rates of population growth.  

 

The neo-classical theory treats productivity improvements as an "exogenous" variable 

meaning that productivity is assumed to be independent of capital investment. The growth 

rate is independent of the savings rate, and depends only on population growth and technical 

change, both taken as determined exogenously outside the model. A higher propensity to save 

leads to a higher level of output per capita in the steady state, but not a higher steady state 

growth rate. Faster population growth reduces per capita output and consumption in the 

steady state. Therefore, growth according to neo-classical economists was due to 

technological progress, which increases the productivity of capital (and labor), increases 
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investment demand, inducing a level of saving and investment that makes capital per hour of 

labor grow. The growth in technology and capital per hour of labor combine to increase labor 

productivity and real GDP per capita. 

 

Endogenous growth theory holds that economic growth is primarily the result of endogenous 

and not external forces. Endogenous growth theory holds that investment in human capital, 

innovation, and knowledge is significant contributors to economic growth. The theory also 

focuses on positive externalities and spillover effects of a knowledge-based economy, which 

will lead to economic development. The endogenous growth theory primarily holds that the 

long run growth rate of an economy depends on policy measures, (Wikipedia). 

Dissatisfaction with treatment of technological progress as exogenous in neoclassical models 

led to the emergence of the endogenous growth theory (which started with Romer (1986) and 

Lucas (1988). Endogenous growth theory explains long-run growth as emanating from 

economic activities that create new technological knowledge. It is long-run economic growth 

at a rate determined by forces that are internal to the economic system, particularly those 

forces governing the opportunities and incentives to create technological knowledge. 

 

In the long run the rate of economic growth, as measured by the growth rate of output per 

person, depends on the growth rate of total factor productivity (TFP), which is determined in 

turn by the rate of technological progress. The neoclassical growth theory of Solow (1956) 

and Swan (1956) assumes the rate of technological progress to be determined by a scientific 

process that is separate from, and independent of, economic forces. Neoclassical theory thus 

implies that economists can take the long-run growth rate as given exogenously from outside 

the economic system. Endogenous growth theory challenges this neoclassical view by 

proposing channels through which the rate of technological progress, and hence the long-run 

rate of economic growth, can be influenced by economic factors, Howitt (1992). It starts from 

the observation that technological progress takes place through innovations, in the form of 

new products, processes and markets, many of which are the result of economic activities.  

Firms learn from experience how to produce more efficiently; a higher pace of economic 

activity can raise the pace of process innovation by giving firms more production experience. 

Also, many innovations result from R&D expenditures undertaken by profit-seeking firms, 

economic policies with respect to trade, competition, education, taxes and intellectual 

property can influence the rate of innovation by affecting the private costs and benefits of 

doing R&D.  
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Romer (1983) identifies technological progress with increases in stock of knowledge that is 

new knowledge to produce efficiently. These include scientific discoveries as well as know 

how to use them in production. He started with Arrow’s (1962) concept of learning-by doing 

that accumulation of knowledge is largely a byproduct of mechanization because each 

machine is capable of modifying the production environment in such a way that learning 

receives a continuous stimulae. The concept of learning by doing could be achieved through 

practice, self-perfection and minor innovations. Endogenous growth theory proposes that, 

policies that embrace openness, competition, change and innovation will promote growth. 

Conversely, policies which have the effect of restricting or slowing change by protecting or 

favoring particular existing industries or firms are likely over time to slow growth to the 

disadvantage of the community. 

 

Technology was the core factor to promote productivity according to Romer (1983) Lucas 

(1988). In the endogenous growth theory of economic growth they point out that the growth 

of developed countries would be attributed to the improvement of productivity. Based on this 

fact, the theory made a series of models to study the relationship among international trade, 

technological progress and economic growth. They viewed that international trade could 

promote economic growth through technology spillover and external stimulation. On one 

hand, any technology had a spillover process. Afonso (2001), the owners of advanced 

technologies, whether they had intention or no intention, would gradually make other 

countries learn these technologies through foreign trade; on the other hand, international trade 

provided a broader market, more frequent exchange of information and increased 

competition, which forced every country to develop new technologies and products. The 

mutual promotion relations between international trade and technical change could ensure a 

long-term economic growth. With the above analysis of endogenous growth it suggests that 

trade can have a long run effect on economic growth through technological transfer and 

knowledge spillovers between countries. 

 

3.4. Openness to trade versus economic growth  

Gains from trade can be achieved when countries sell goods and services to each other; this 

exchange is almost always to their mutual benefit. The range of circumstances under which 

international trade is beneficial is much wider than most people imagine. It is a common 

misconception that trade is harmful if there are large disparities between countries in 
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productivity or wages. On one side, businesspeople in less technologically advanced 

countries, such as Kenya, often worry that opening their economies to international trade will 

lead to disaster because their industries won’t be able to compete. On the other side, people in 

technologically advanced nations where workers earn high wages often fear that trading with 

less advanced, lower-wage countries will drag their standard of living down. 

 

Specialization is one benefit from trade explained by comparative advantage theory Ricardo 

(1817). When individuals or countries specialize in the things that they are good at, meaning 

that they are most efficient at or that have the lowest opportunity costs, then they can trade 

with others and end up with more than they could have if they tried to do everything 

themselves. When a country has a lower opportunity cost in a specific activity than another 

person or country, then it is said to have a comparative advantage in that activity. It indicates 

an area where specialization should occur in order to increase total production. In 

comparative advantage theory even if one party can do more of everything than the other 

party, both can still gain from specialization and trade. Therefore, open countries will be able 

to specialize in their products and trade in the international markets thus gaining from it. 

Familiar notations of comparative advantage also determines to what extend particular 

countries are led to specialize in creation of knowledge and production of goods that make 

extensive use of human capital new technologies.  

 

Two countries can trade to their mutual benefit even when one of them is more efficient than 

the other at producing everything, and when producers in the less efficient country can 

compete only by paying lower wages. Trade provides benefits by allowing countries to 

export goods whose production makes relatively heavy use of resources that are locally 

abundant while importing goods whose production makes heavy use of resources that are 

locally scarce. International trade also allows countries to specialize in producing narrower 

ranges of goods, giving them greater efficiencies of large-scale production. 

 

According to Krugman et al. (2011), the world is efficient and thus richer because 

international trade allows nations to specialize in different industries and thus reap the gains 

from external economies as well as from comparative advantage. International trade allows 

creation of an integrated market that is larger than each country’s market. It thus becomes 

possible to offer consumers a greater variety of products and lower prices. Trade can result 

from increasing returns or economies of scale, that is, from a tendency of unit costs to be 
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lower at larger levels of output. The presence of scale economies leads to a breakdown of 

perfect competition.  

 

Knowledge is at least as important an input as are factors of production like labor, capital, 

and raw materials. Open country gains knowledge from the whole world, which affects the 

production and development of a country. Large scale of world economy provides great 

opportunities for exploitation of research successes thus enhancing incentives that firms have 

to invest in generation of new technologies. Ideas and information spread easily also across 

international borders if countries are open. According to Grossman and Helpman (1991), 

countries stand to gain from spillovers generated by investments in knowledge from their 

trade partners but may also lose due to lack of ability to appropriate all benefits from their 

own investments. Participation in international markets provides expanded set of 

opportunities for financing investments in all forms of capital, including knowledge capital. 

 

According to Krugman et al (2011), countries engage in international trade for two basic 

reasons, each of which contributes to their gains from trade. First, countries trade because 

they are different from each other. Nations, like individuals, can benefit from their 

differences by reaching an arrangement in which each does the things it does relatively well. 

Second, countries trade to achieve economies of scale in production. That is, if each country 

produces only a limited range of goods, it can produce each of these goods at a larger scale 

and hence more efficiently than if it tried to produce everything. In the real world, patterns of 

international trade reflect the interaction of both these motives. Therefore trade extends sale 

potential of existing products and potential expansion of business due to emergence of new 

markets. Trade facilitates export diversification in countries that engage in trade thereby 

enabling them to access new markets and new materials, which open up production 

possibilities. 

 

International trade also enhances the domestic competitiveness, it does that by reducing cost 

of inputs, acquire finance through investments and increase the value added of their products 

thus moving up the global value chain. Increased competition due to trade improvement of 

quality, labor and environmental standards is seen through exchange of best practices 

between trade partners, building capacity in industry and product standards. Competition can 

also be harmful to countries, which cannot compete at global level, i.e. some developing 
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countries may suffer from competition if their products are primary and cannot compete in 

the global market. Edmond et al. (2015), Trade increases the degree of effective competition 

prevailing amongst producers within a market. If both domestic and foreign producers have 

similar productivities within a given sector, then opening to trade exposes them to genuine 

head-to-head competition that reduces market power thereby reducing markups and markup 

dispersion. By contrast, if there are large cross- country differences in productivity within a 

given sector, then opening to trade may allow producers from one country to substantially 

increase their market share in the other country, thereby increasing markups and markup 

dispersion so that the pro-competitive ‘gains’ from trade are negative. 

 

With endogenous growth theory suggesting that the contributors of economic growth of a 

country are investment in human capital, innovation and knowledge, openness may lead to 

international flows of capital, which will raise the physical and human capital and faster 

technological progress. Taking a developed country with new and advanced technology that 

has not yet been achieved in developing countries, openness will open a way for the 

developing country to capture and adopt the new technology. Endogenous growth theory 

focuses also in positive externalities and spillover effects of a knowledge-based economy, 

which leads to economic development.  

 

Anderson and Babula (2008), The economic theory distinguishes between two sources of 

GDP-per-capita growth: capital accumulation (physical and human) and productivity growth. 

Openness may affect both. First, openness to international flows of capital may raise the 

speed at which physical capital and human capital are accumulated locally (at least 

temporarily). Second, openness may speed up productivity growth through faster 

technological progress. Kenya trade policies are seen driven towards mercantilism with 

exports driven policies (export processing zones) implemented and reduction of imports over 

the recent years due to balance of trade deficit, it is also ranked as mostly unfree in economic 

freedom. Kenya tries to adopt openness to trade measures but it experience hindrances over 

the years and may take a while before more openness is experienced in Kenya, With theories 

of trade suggesting that more openness to trade positively influence the economic growth, we 

expect to see a positive impact in countries that have adopted policies that encourage free 

trade otherwise a negative impact is expected. 
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4. METHODOLOGY 

The study will use time series data to determine the impact of trade liberalization on 

economic growth of Kenya. The study follows sequence of steps starting from a unit root test 

to determine if the variables are stationary or not. Augmented dickey-fuller test will be used 

to test unit root, ordinary regression model with stationary time series is estimated and used 

to test for autocorrelation. Cointegration tests will follow to determine if there exist a long 

run relationship between gross domestic product and the explanatory variables in the model. 

Johansen test is preferred in this case because the explanatory variables are more than one. In 

testing cointegration between one dependent and one independent variable Engle-granger test 

for cointegration can be used instead, but in my case the explanatory variables are more than 

one. After testing cointegration and establishing the existence of cointegration, Vector error 

correction model (VECM), will be used to test the short run and long run adjustments. 

Ordinary regression model is estimated, followed by autocorrelation test, collinearity and 

normality of residual test. Causality test is also done to determine if there is causality 

between openness to trade and economic growth in this case is gross domestic product per 

capita. Using Vector Autoregressive model we will determine the causality, causality test will 

be extended to measure growth versus other variables in the study. 

 

4.1 Data 

The secondary data (readily available data from other sources) was obtained from different 

source but mostly from World Bank on www.worldbank.org/Kenya. Years were chosen from 

1975 before the country started adopting trade policies that encouraged trade openness to the 

year 2013 due to availability of data. The source was the World Development Indicators. 

Economic growth is measured using the annual real GDP per capita in Kenya and trade 

openness is measured using trade intensity values (imports+exports) as a percentage of gross 

domestic product. The data was then carefully arranged in excel from year followed by 

variables in the model and was estimated using Gretl, which a cross-platform package for 

econometric analysis, written in the C-programming language.  

 

4.2. Model Choice and Variables 

Based on theory that trade openness positively influence economic growth through 

technology improvements and transfer from one country to another, we use a model extended 
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by Mankiw et al. (1992) which included human capital to empirically measure the effect of 

trade openness on economic growth in Kenya. 

 

Yt=K(t)! H(t)" A(t) L(t) 1-!-"..……………………………………..(1) 

Y represents aggregate production of the economy at time t, A the level of technology while 

K and L representing capital and labor respectively and H represent human capital at time t. 

 

Assuming the level of technology transfer and knowledge spillover in Kenya is obtained 

through, 

A= f (Tt)……………………………………………………………(2) 

Where T represent trade openness at time t 

Substituting equation 2 to 1 we get the following equation 

Yt= K(t)! H(t)" T(t) L(t) 1-!-"……………………………………(3) 

A log-linear relationship can be estimated by taking the natural logs of equation 3 represented 

as: 

LnYt= !0+ !1lnKt+ !2lnHt+ !3lnLt + !4lnTt+ ut…………………(4) 

Mankiw et. al (1992) model has been in several research to measure the effect of trade 

openness on economic growth in different countries,  such as a study carried out by Chatterji 

et al.(2014) Ula!an (2012), Olasode et. al. (2015), Muhammad (2012) and Yanikkaya (2003). 

An econometric model used in this study derived from equation 4 is represented as: 

LnGDPt=B0+ B1lnTPt+B2lnKt+B3lnLt+ !4lnHt+Ut…………….(5) 

 

Where, TP: Trade openness measure 

K: Real capital formation measuring the level of capital stock 

L: Total labor force 

H: Human Capital represented by Public expenditure in education as a percentage of GDP 

Ut: Error term. 
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Gross domestic product per capita 

This is the dependent variable. GDP per capita is gross domestic product divided by midyear 

population. GDP is the sum of gross value added by all resident producers in the economy 

plus any product taxes and minus any subsidies not included in the value of the products 

(World Bank). Data on real GDP per capita was obtained in World Bank data from World 

development indicators for each year t from year 1975 to 2013. Per capita GDP will show us 

the productivity growth due to technological advancement.  

 

Trade openness measure 

The two major categories of empirical measures of trade openness are: 

• Trade intensity, e.g. (imports+exports)/GDP, trade openness indices based on 

quantities 

• Trade policy/ trade barriers 

Studies suggest that openness to trade increases economic growth of a country; therefore a 

positive relationship between trade openness measure and GDP is expected, but if a country 

were not open to trade then we would expect the negative sign. Data used will be trade 

intensity measure, which is the exports plus imports as a percentage of gross domestic 

product. Yearly data is obtained from World Development Indicators from 1975-2013. There 

is lack of data on tariffs, trade distortion indices to use trade barriers as a measure of trade 

openness therefore, in this study we use the trade intensity to measure trade openness in 

Kenya due to availability of data. 

 

Human Capital 

Human capital is taken as explanatory variable in this study. The proxy used to measure 

human capital is public spending on education as a percentage of GDP. Public expenditure on 

education consists of current and capital public expenditure on education includes 

government spending on educational institutions (both public and private), education 

administration as well as subsidies for private entities (students/households and other privates 

entities). The theoretical and empirical analysis of economic growth is the role of human 

capital. Human capital is significantly related to economic growth. 
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Capital formation 

The explanatory variable data is obtained from World Development Indicators; the data used 

is the real fixed capital formation measured in US dollars to represent the level of capital 

stock. Capital investment increases Gross Domestic Product therefore Capital is expected to 

have a positive relationship on GDP. 

 

Labor force 

It’s an explanatory variable collected from Kenya National Bureau of Statistics for each year 

t (1975-2013). It represents people who are willing and able to work in Kenya (Number of 

Employed + Number of Unemployed.) It’s measured in millions of people.  

 

4.3. Descriptive Statistics 

Descriptive statistics quantitatively describe main features of a collection of information. The 

measures of central tendency used are mean, median and the measures of variability include 

minimum, maximum, standard deviation, C.V. and skewness. The descriptive statistics for 

Kenya are illustrated in the table below. 

 

 
Table 4.1. Descriptive statistics 
 
Variable 

 
Mean        Median         Mini.            Max.       Std. Dev.       C.V.             Skewness      

LnGDP 

 

LnHC 

 

LnTP 

 

LnK 

 

LnL 

6.0944         5.9875         5.4054         7.1273       0.44359       0.072786         0.93527   

 

1.7860         1.7941         1.5219         1.9927       0.11809       0.066120          0.01105 

 

3.7503         3.7181         3.5285         4.0088       0.12703       0.033872          0.49660        

 

7.6323         7.4788         6.4904         9.3305       0.71380       0.093524          0.80606       

 

16.099         16.141         15.253         16.663        0.36576      0.022719           -0.5216         

 

!
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5. DATA RESULTS 

Equation is estimated using the annual data for the period 1975-2013. Measure of trade 

liberalization/openness used is the trade intensity measure in Kenya. The data used is time 

series data. In using time series data it’s important to check if the time series data is 

stationary or not. A time series is stationary if its mean and variance are constant over time 

and the value of covariance between two periods depends only on the distance or gap 

between two periods and not the actual time at which the covariance was computed (Gujarati 

2011). Time series is a stochastic process, which is a sequence of random variables ordered in 

time. 

 

It’s important to check if the time series is stationary or not because if the time series is non-

stationary it’s not possible to generalize it to other time periods, it can only be studied for the 

period under consideration. Secondly, having two or more non-stationary time series 

meaning, regression analysis involving such time series may lead to a spurious or nonsense 

regression (Gujarati 2011). In regressing a non-stationary time series on one or more non 

stationary time series, you may get a high R2 value and some or all the regression coefficients 

may be statistically significant based on F and t tests but the tests will be unreliable for they 

assume that the underlying time series is stationary. Phillips (1985), Regression with 

equations that relate such time series frequently have high R2 yet also typically display highly 

auto correlated residuals, indicated by very low Durbin-Watson statistics. Giles (2006), A 

“spurious regression” is one in which the time-series variables are non-stationary and 

independent. The OLS parameter estimates and the R2 converge to functional of Brownian 

motions; the “t-ratios” diverge in distribution; and the Durbin-Watson statistic converges in 

probability to zero.  

 

There are several methods used to test stationarity of time series data including graphical 

analysis, correlogram and unit root analysis. 

In our research we use the unit root analysis using Dickey-Fuller test. 

Regressions in the DF test:  

Yt is a random walk:                           "Yt =#Yt-1 +ut  

Yt is a random walk with drift:           "Yt =!1 +#Yt-1 +ut 

Yt is a random walk with drift 

 around a stochastic trend:                  "Yt =!1 +!t t+#Yt-1 +ut 
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The null hypothesis is that there is a unit root; the time series is non- stationary:  
H0: # = 0   H1: # < 0  

 

If the t (= $) value is less negative than the critical tau value, we do not reject the null 

hypothesis. Critical values of the tau test are different for each of the preceding three 

specifications of the DF test. In both models by DF test, the error terms ut are assumed to be 

uncorrelated, but if it’s correlated Dickey and Fuller developed another test called 

Augmented Dickey-Fuller test (ADF) test. This test is conducted by augmenting the three 

equations as; 

                                         m 
"Yt =!1 +!2t+! 3Yt-1 + % & "Yt-1+ut 
                                        i=1 

Where ut, is pure white noise error term and where m is the maximum length of the lagged 

independent variable, which is determined empirically. The equation above represents a 

random walk model with drift and deterministic trend; the deterministic trend value !2 is 

added for each time period. 

 

5.1. Unit root test 

Augmented Dickey-Fuller test will be used to test the unit root test of GDP, TP, HC, Capital 

and Labor. In our results we concentrate on the P-values obtained in the test whereby if P-

value less that the critical value at 1, 5 and 10 percent, we reject the null hypothesis of non-

stationary suggesting that the time series under study will be stationary, but if the P- value is 

larger than the critical values it suggests the time series will be non-stationary because we do 

no reject the null hypothesis of non-stationarity.  

 

Testing the variables we obtain the results suggesting that all the variables are non-stationary 

because the P- values were larger than critical value at 1, 5 and 10 percent and we know if P-

values are larger than the critical value ! we do not reject the null hypothesis of non-

stationary suggesting that the time series is non-stationary.  Correcting the non-stationarity 

we take the first differences of the variables testing for stationarity until they become 

stationary.  In my case all variables i.e. GDP, TP, HC, Capital and labor data became 

stationary after taking the first difference. 



! %+!

All variables using Augmented Dickey- Fuller Test shows the P- values are less that the 

critical values at 1, 5 and 10 percent therefore suggesting that we reject the null hypothesis of 

non-stationarity. Therefore, all variables become stationary at first difference. 

 

5.2. Cointegration  

Regression of one non stationary time series on one or more nonstationary time series may 

not lead to spurious regression, but that can be avoided if there is cointegration between 

variables. If it happens we say the time series under study are cointegrated that is there is a 

long term or equilibrium relationship between them, Gujarati (2011). Many developments 

can cause permanent changes on dependent variable, leading to a long run equilibrium 

relation tying the variables together, represented by linear combination of them. Using 

Johansen test for cointegration long run relationship shows that there exist cointergration 

between dependent variable and corresponding independent variables. This suggests that 

there exists a long run relationship between the variables in the study. 

 

Using VECM to test the short relationship and adjustment of the dependent variable to long 

run equilibrium due to changes in trade openness, human capital, capital and labor. The 

coefficient of error correction term obtained is  -0.14 which suggests that 14 percent of 

deviation from long run in previous is corrected in the current year. VECM results for all 

variables are represented in Appendix 4. 

 

5.3. Ordinary regression model 

Regressing the non-stationary dependent variable to another non-stationary independent 

variables leads to a spurious regression but a spurious regression can be avoided if the error 

term is stationary that is it is I (0) Gujarati (2011). Although the variables are individually I 

(1) their linear combination will be stationary. The linear combination cancels out the 

stochastic trends. If that happens we say that variables are cointegrated. After confirming that 

there exist a long run relationship between dependent variable and the corresponding 

independent variables (cointegrated), we can now estimate the model using the Ordinary 

Least Squares to see the relationship between GDP, which is the dependent variable with TP, 

Human capital, Capital and Labor as independent variables and use it to test for 

autocorrelation. 
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Table 5.1: Regression model 
Dependent Variable: LnGDP 
 
Variable         Coefficient                Std.Error              T-ratio              P-Value 
Const 
LnTP 
LnK 
LnL 
LnHC 

9.57102 
'0.26743 
0.853617 
'0.53851 
'0.17865 

1.32042 
0.119300 
0.0470784 
0.0866054 
0.162729 

7.248 
'2.242 
18.13 
'6.218 
'1.098 

2.17e-08  *** 
0.0316     ** 
4.73e-19  *** 
4.50e-07  *** 
0.2800   

F-value F (3,34)-  227.1951            P-value-!5.13e-24 
Adjusted R2-!!!!!!!!!0.963936 
R2-                  !!!!!!0.959694 
Durbin-Watson-  1.039909 
*** Significance at 1%, **significance level at 5%, *significance at 10%. 

Regression on time series data with GDP as dependent variable Trade openness, Human 

Capital, Capital and Labor as independent variable (explanatory variables) using 

GRETL. 

 

From the results, we check the R2 value, which is an overall measure of goodness of fit of the 

estimated regression line. Given the value of 0.95, shows that 95 percent variation in Gross 

domestic product per capita is explained by the explanatory variables. Trade openness 

measure, Labor and Capital are statistically significant at five and one percent respectively, 

but Human capital is not significant. With capital elasticity of 0.85 suggests that holding 

other variables constant if capital goes up by 1 percent GDP goes up by 0.85 percent. The 

trade openness measurement coefficient of -0.26 suggests that a 1 percent increase in trade 

openness will decrease gross domestic per capita by 0.26 percent. This may be due to low 

trade freedom index in Kenya; it has negatively affected the Gross Domestic product per 

capita in Kenya. Looking at labor with a value of coefficient given by -0.54 suggests that a 1 

percent increase in labor decreases gross domestic product per capita by 0.53 percent. Human 

capital is not significant in this study suggesting that it doesn’t have a significant effect on 

gross domestic product per capita. 

 

5.4. Test for autocorrelation 

In dealing with time series data it is advisable to check for auto or serial correlation because 

if there is autocorrelation in the error term the estimated standard errors and the estimated t 

values will be suspect. Autocorrelation occurs when the error tem at time t is correlated with 
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the error term at time t-1 or any other error term in the past. When there is autocorrelation the 

OLS estimators will be no longer efficient, standard errors will be underestimated which 

means that the estimated t values will be inflated, giving the appearance that a coefficient is 

more significant than it actually may be. There are different methods of testing 

autocorrelation including graphical method, Durbin Watson and the Breusch-Godfrey (BG) 

test. BG test and Durbin-Watson test will be used to test autocorrelation. 

 

5.4.1. Durbin-Watson test 

It’s a test statistic used to detect the presence of autocorrelation (a relationship between 

values separated from each other by a given time lag) in the residuals (prediction errors) from 

a regression analysis. It is named after James Durbin and Geoffrey Watson. Durbin and 

Watson (1951) applied this statistic to the residuals from least squares regressions, and 

developed bounds tests for the null hypothesis that the errors are serially uncorrelated against 

the alternative that they follow a first order autoregressive process. 

Durbin Watson d statistic is defined as; 

,  

Where T is the number of observations. 

Since d is approximately equal to 2(1 ' r), where r is the sample autocorrelation of the 

residuals, d = 2 indicates no autocorrelation. The value of d always lies between 0 and 4. If 

the Durbin–Watson statistic is substantially less than 2, there is evidence of positive serial 

correlation. Small values of d indicate successive error terms are, on average, close in value 

to one another, or positively correlated. If d > 2, successive error terms are, on average, much 

different in value from one another, i.e., negatively correlated. In regressions, this can imply 

an underestimation of the level of statistical significance. 

The tests provided are: 

Durbin-Watson statistic- 1.03991 

P-value-5.90118e-05 

H0: No autocorrelation 

H1: Autocorrelation 

Given the P-value of Durbin-Watson value which is less than critical value ! at all levels of 

significance suggests that we reject the null hypothesis of no autocorrelation concluding that 
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the time series is not free from autocorrelation. 

 

5.4.2. Breusch-Godfrey test 

The Breusch–Godfrey serial correlation LM test is a test for autocorrelation in the errors in a 

regression model (Wikipedia). It makes use of the residuals from the model being considered 

in a regression analysis and a test statistic is derived from these. The null hypothesis is that 

there is no serial correlation of any order up to p.   

 

The test is more general than the Durbin Watson test. Durbin Watson test is only valid for 

non-stochastic regressors and for testing the possibility of a first-order autoregressive model 

i.e. AR (1)) for the regression errors. The BG test has none of these restrictions, and is 

statistically more powerful than Durbin's h statistic. 

 
Table 5.2: Breusch-Godfrey test for first-order autocorrelation 

Tests Value P-value 

Test Statistic 9.580 0.004 

Alternative statistic: 
TR^2 

8.775 0.003 

Ljung Box Q’ 8.665 0.003 

 

Given that the null hypothesis is that there is no serial correlation, with the P- values less than 

critical value ! at all level of significance suggests that we reject the null hypothesis of no 

serial correlation. Therefore, the time series data suffers from autocorrelation. Both tests 

suggest there is autocorrelation. To correct the results from autocorrelation a test is done 

whereby we include a Cochrane-Orcutt test which is a simple and widely used estimation 

procedure for estimating a regression equation whose errors follow a first-order 

autoregressive process. The method is used to correct autocorrelation. Results from 

estimation are represented in appendix 5. 

 

5.5. Collinearity 

The test is done to examine if there is an exact linear relationship among regressors. One 

assumption of classical linear regression model is that there is no exact relationship among 

regressors. Collinearity can cause OLS estimators and their standard errors sensitive to small 
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changes in the data and the regression coefficients can be statistically insignificant even 

though R2 is very high. The test is done after OLS results are corrected from autocorrelation. 

 
Variance Inflation Factors 
Minimum possible value = 1.0 
Values > 10.0 may indicate a collinearity problem 
LnTP 1.078 
LnK 5.086 
LnL 4.539 
LnHC 1.780 
 
VIF (j) = 1/(1 – R (j)^2), where R (j) is the multiple correlation coefficient between variable j 
and the other independent variables 
Properties of matrix X'X: 
 
1-norm = 82.938303 
Determinant = 0.00023070625 
Reciprocal condition number = 6.8810329e-07 
 

The VIF values obtained for each variable is less than 10 thus suggesting that there is no 

exact linear relationship among regressors. 

 

5.6. Granger Causality  

The Granger causality test is a statistical hypothesis test for determining whether one time 

series is useful in forecasting another. Ordinarily, regressions reflect "mere" correlations, but 

Granger (1969), argued that causality in economics could be reflected by measuring the 

ability of predicting the future values of a time series using past values of another time series. 

Since the question of "true causality" is deeply philosophical, the Granger test finds only 

"predictive causality". A time series X is said to Granger-cause Y if it can be shown, usually 

through a series of t-tests and F-tests on lagged values of X with lagged values of Y also 

included, where X values provide statistically significant information about future values 

of Y.  

 

Toda-Yamamoto Granger causality test (1995) is designed for the case where variables are 

I(1) or I(0) or even higher order, Testing procedures starts from finding the Unit root test for 

the variables where we determine the maximum degree of integration m which in this case is 

1 since all variables are I(1), then identify the optimal lag p in VAR lag selection using 

Akaike information criterion (AIC) or Schwarz Bayesian criterion (BIC), we  run the 
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regression after using VAR with optimal lag p and check for autocorrelation. If there is no 

autocorrelation we continue to run the regression again using VAR with lags of optimal p+m 

(maxp=) p+m and check for Granger causality, but if there is autocorrelation, we go back to 

finding the optimal lag p until the results are free from autocorrelation. To study causality 

between Xt and Yt, two stationary time series can be formulated in the following regression 

model: 
                  p                 p 

Xt =!0+#!iYt-i+ #"iXt-i 
                     i=1             i=1 

       p                     p 

Yt =!0+#$iYt-i+ #%iXt-i 
                     i=1                  i=1 
 

The chi-squared Wald test for the null hypothesis will be carried out. The null hypothesis is 

all regression parameters are zero for the variables.  Rejecting the null hypothesis suggests 

that there is granger causality. The results of Granger causality between GDP per capita and 

Trade openness are represented in the table below. The results of Granger causality between 

growth and all the variables i.e. growth versus human capital, growth versus capital, growth 

versus labor and the original results of Granger causality test on Trade openness and gross 

domestic product per capita are represented in Appendix 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



! &'!

Table 5.3: VAR regression results of Granger Causality 

Equation 1: GDP-F-tests of zero restrictions 

All lags of GDP                                                                           F (2, 32) = 276.22 [0.0000] 

All lags of TP                                                                              F (2, 32) = 7.7766 [0.0018] 

All vars, lag 3                                                                              F (2, 32) = 0.9423 [0.4003] 

R-squared                                                                                                                  0.947514 

Adjusted R-squared                                                                                                  0.940953 

Chi-square (2): area to the right of 15.5532 = 0.000419436 

(to the left: 0.999581) 

Equation 2: TP-F-tests of zero restrictions 

All lags of GDP                                                             F (2, 32) = 0.1345 [0.8747] 

All lags of TP                                                                     F (2, 32) = 10.721 [0.0003] 

All vars, lag 2                                                               F (2, 32) = 0.1561 [0.8561] 

R-squared                                                                                                                  0.414901 

Adjusted R-squared                                                                                                  0.341764 

Chi-square (2): area to the right of 0.269 = 0.874153 

(to the left: 0.125847) 

 

The null hypothesis is all regression parameters are zero for the variables, when we reject the 

null hypothesis in equation 1, it thus suggests that TP granger causes GDP. With the p- value 

of Chi-square test of all lags of TP which is almost zero thus less than the critical value ! at 

all levels of significance concludes that we reject the null hypothesis, therefore trade 

openness granger cause Gross Domestic product per capita. In equation 2, the p-value is 

larger than critical value at all levels of significance thus we do not reject the null hypothesis, 

GDP per capita does not granger cause TP.  This suggests that using TP we can be able to 

forecast GDP per capita but not the other way round. Since granger causality is seen to 

measure the predictive causality it can also be used for forecasting. Using the information on 

trade intensity provides statistically significant information about future values of the gross 

domestic product per capita in Kenya. 

 
 
 

!
!
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6. ANALYSIS 

Kenya as a developing country trade freedom index is seen to be low over the years with a 

deficit in their balance of trade because imports exceed the exports of the country in recent 

years. Kenya has developed export-processing zones to encourage exports and has reduced 

imports also over the years. From the results presented in section five we start from unit root 

test whereby all the variables are found to be non-stationary but cointegrated therefore a 

conclusion is made that there exist a long run relationship between the variables. Looking at 

Johansen test represented in the appendix we do not reject the null hypothesis of one 

cointegration due to the fact that the p- value in both trace and Lmax test is higher than at one 

and five percent levels of significance concluding a long-run relationship between dependent 

and independent variables. The ordinary regression model is estimated to determine the 

relationship between variables, the measure of goodness of fit gives a value of 0.95 

suggesting that 95 percent of variation of dependent variable is explained by the independent 

variables in the model. 

 

The explanatory variables, trade openness measure, capital and labor are statistically 

significant suggesting they have an effect on gross domestic product per capita of Kenya. 

Capital have a positive effect on gross domestic product per capita while trade openness 

measure and labor negatively affects the GDP per capita of Kenya given the negative sign of 

their coefficients. Testing for autocorrelation suggests that the results suffer from 

autocorrelation but an ordinary regression model is estimated including Cochrane-Orcutt test, 

which is one way of correcting the results from autocorrelation, the results are presented in 

the appendix. The results presented in the appendix differ from the results that are not free 

from autocorrelation whereby labor and capital positively impact on gross domestic product 

per capita, but trade openness measure still negatively affect GDP per capita but the 

coefficient value have increased.  

 

Testing for collinearity suggests that the variables don’t have an exact relationship with each 

other due to the fact that the VIF values are less than ten for all the variables. The error term 

is normally distributed. Looking at the normality of the residual test, the chi-square p- value 

is 0.91543 which is larger than critical value at all levels of significant and given that the null 

hypothesis is that the residual is normally distributed we do not reject the null hypothesis 

suggesting that the error term is normally distributed.  
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From the results in ordinary regression model we can conclude that trade openness negatively 

affect the GDP per capita. Looking at vector error correction model to estimate the shorn run 

adjustments to long run equilibrium a negative value of -0.14 is obtained suggesting that 14 

percent of deviation from long run in previous is corrected in the current year. If Kenya 

experienced some economic shocks, 14 percent of the adjustments due to economic shocks 

would have been corrected in the current year.  

 

The granger causality test is also done to determine if there is causality between trade 

openness measure and gross domestic product per capita, from the chi-square values obtained 

we can see that trade openness granger causes gross domestic product per capita but not vice 

versa. Given the data for exports and imports of Kenya a predictive causality can be 

determined on GDP per capita hence given exports and imports data a forecast can be made 

on what direction the gross domestic product in Kenya will take, but the same can not be 

done given information of gross domestic product per capita. 

 

Looking at granger causality test of gross domestic product with other variables in the model 

i.e. Capital, labor and human capital presented in the appendix we can see that gross domestic 

product does not granger causes the other variables in the model. From the results in the 

model we can see that trade liberalization also granger causes capital suggesting that trade 

openness measure can give a significant information about capital. We can also see that 

capital granger causes labor, which can be explained as an increase in capital can lead to 

more investment increasing employment in the process or capital gives a forecast on direction 

of labor. 

 

 

 

 

 

 

!
!
!
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7. CONCLUSION 

The purpose of this paper was to determine the impact of trade liberalization on economic 

growth, using growth aggregate production function where trade openness is used to measure 

the transfer of technology, knowledge and increase in markets for Kenyan products. Even 

though Kenya has adopted trade openness measures over the years it’s not yet close to 

achieving it’s objectives since it is still ranked as mostly unfree. This may have a negative 

effect on economic growth because theory suggests free trade encourage specialization and 

production thus increasing economic growth. The time series data on all the variables is non-

stationary but was corrected by taking the first differences of each variable.  Capital and labor 

variables from the results that are free from autocorrelation are both significant with a 

positive sign meaning that an increase in both increases the Gross Domestic Product per 

capita of Kenya. Trade openness measure, which is the main variable to look at, shows a 

negative sign which shows that the laggings behind of trade freedom index in Kenya has 

negatively affects the Gross domestic product of Kenya. Trade policies in Kenya aim at 

promotion of exports and less towards removal of different barriers. Vamvakidis (2002) 

suggested that growth effects from open trade depended on trade policy.  

 

Previous studies have been conducted with each study using different model depending with 

the theory finding that trade openness positively influence the economic growth of countries 

that have adopted more openness, therefore finding a negative relationship in these case 

suggests that it’s only when Kenya drives towards openness that a positive relationship will 

be seen.  

 

Kenya should adopt more policies that will encourage more openness to trade according to 

theory to ensure that they benefit from trade thus increasing economic growth. 

Recommendations for this study can be in future with availability of data a study can be done 

using a different measure of openness like trade barriers, e.g. tariffs on imports and/or 

exports, trade distortion indices, indirect measures such as black market premium to see how 

trade openness affect the gross domestic product in Kenya. Future research should also focus 

on constructing better measures of openness. Most studies done are cross-country; a one-

country study should be done more. 
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APPENDICES 

Appendix 1: Unit root test 

 

Unit Root Test with Augmented Dickey-Fuller Test 
Variables 

 

 

 
ADF-Test 
 
Constant                       With trend                with quadratic trend 

LnGDP 

 

LnTP 

 

LnK 

 

LnL 
 
 
LnHC 

0.6390                            -0.9159       -3.70118 
0.9908                             0.9528          0.0700 
 
-2.849                            -2.8104  -2.91087 
0.0610                            0.2025     0.3398 
 
0.48087                           0.9916                                        -1.18414 
0.9838                             0.9333  0.9771 
 
0.87994                          -0.8893 -1.84316 
0.9953 0.9557    0.8709 
 
-1.878   -2.8644  -2.99463 
0.3387    0.1743     0.2987 

FIRST DIFFERENCES 

Variables 

 

 
ADF-Test 

Constant                         With trend               With quadratic trend  

&LnGDP 
 
 
&LnTP 
 
 
&LnK 
 
 
&LnL 
 
 
&LnHC 

-4.01903                          -3.6686                                    -4.25684 
0.00131***                     0.0244**                                   0.0145** 
 
-6.52785                          -6.45703                                  -6.41285 
2.7e-06***                       2.2e-05***                             0.0001*** 
 
-5.07089                          -5.11241                                -4.51717 
0.0001**                          0.0009***                              0.0061*** 
 
-10.781                             -8.34896                                   -5.10538 
9.9e-22***                       1.3e-13***                             0.0006*** 
 
-5.72501                          -5.59786                                    -5.48239 
5.3e-07***                      1.0e-05***                              0.0001*** 

!



! '&!

Appendix 2:Time series data plot. 
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Appendix 3: Johansen test for cointegration 

Johansen test: 
Number of equations = 5 
Lag order = 2 
Estimation period: 1977 - 2013 (T = 37) 
Case 3: Unrestricted constant 
 
Log-likelihood = 385.143 (including constant term: 280.141) 
 
Rank Eigenvalue Trace test p-value Lmax test p-value 
   0 0.67614 88.893 [0.0005] 41.716 [0.0030] 
   1 0.43792 47.178 [0.0563] 21.316 [0.2663] 
   2 0.35170 25.862 [0.1366] 16.036 [0.2318] 
   3 0.23139 9.8260 [0.2998] 9.7374 [0.2346] 
   4 0.00239 0.0885 [0.7660] 0.0885 [0.7661] 
 
 
Corrected for sample size (df = 26) 
 
Rank Trace test p-value 
   0 88.893 [0.0100] 
   1 47.178 [0.1435] 
   2 25.862 [0.2017] 
   3 9.8260 [0.3372] 
   4 0.0885[0.7774] 
 
Eigenvalue     0.67614      0.43792      0.35170      0.23139    0.0023901  
 
Beta (Cointegrating vectors) 
LnGDP -1.4005 9.6203  13.478  2.5519  2.1896  
LnHC  -4.5185 -4.5957 4.7575  11.191  0.8268  
LnTP  4.4589  -4.4600 8.9837  -3.3174 -0.8150  
LnK  3.9497  -6.5626 -13.020 -2.3723 -4.7300  
LnL  -7.3201 1.6063  9.1749  -1.7063 3.3656  
 
Alpha (adjustment vectors) 
LnGDP 0.028623 -0.052347 0.025110 -0.023216 -0.00121  
LnHC  -0.006282 0.018522 -0.020780 -0.028602 -0.00083  
LnTP  -0.032648 -0.003496 -0.025518 0.021129 -0.00272  
LnK  0.001024 -0.034265 0.057796 -0.022293 -0.00442  
LnL  0.017385 -0.002185 -0.000741 0.0021737 -0.00047  
 
Renormalized beta 
LnGDP 1.0000  -2.0933 1.5003  -1.0757 0.65057  
LnHC  3.2262  1.0000  0.52956 -4.7172 0.24567  
LnTP  -3.1837 0.9705  1.0000  1.3984  -0.2422  
LnK  -2.8201 1.4280  -1.4493 1.0000  -1.4054  
LnL  5.2266  -0.3495 1.0213  0.7193  1.0000  
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Renormalized alpha 
LnGDP -0.04009 0.24057 0.22558 0.055077 -0.004073  
LnHC  0.008798 -0.08512 -0.18668 0.067853 -0.002807  
LnTP  0.045726 0.016068 -0.22925 -0.050124 -0.009141  
LnK  -0.00143 0.15747 0.51922 0.052886 -0.014888  
LnL  -0.02435 0.010041 -0.00667 -0.005156 -0.001570  
 
Long-run matrix (alpha * beta') 

LnGDP LnHC  LnTP  LnK  LnL 
LnGDP -0.26713 -0.03011 0.66467 0.19046 -0.02768  
LnHC  -0.16792 -0.47636 -0.20174 0.19599 -0.06892  
LnTP  -0.28388 0.27639 -0.42711 0.18896 -0.04595  
LnK  0.38135 0.17468 0.75417 -0.4498 0.49089  
LnL  -0.050842 -0.04810 0.07377 0.08971 -0.1429  
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Appendix 4: VECM  

VECM system, lag order 2 

Maximum likelihood estimates, observations 1977-2013 (T = 37) 

Cointegration rank = 1 

Case 3: Unrestricted constant 

 

Beta (cointegrating vectors, standard errors in parentheses) 

 

LnGDP 1.0000  

(0.0000)  

LnHC  3.2262  

(1.2069)  

LnTP  -3.1837  

(0.9838)  

LnK  -2.8201 

(0.4037)  

LnL  5.2266  

(0.7751)  

Alpha (adjustment vectors) 

LnGDP -0.040087  

LnHC  0.008798 

LnTP  0.045726  

LnK  -0.001434 

LnL  -0.024348  

 

Log-likelihood = 256.55249 

Determinant of covariance matrix = 6.5307305e-13 

AIC = -10.8947 

BIC = -8.5001 

HQC = -10.0505 
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Equation 1: &LnGDP 

Variable Coefficient std. error T-ratio  p-value 

 

Const  2.57761 1.73722 1.484  0.1483  

&Ln GDP_1 0.381389 0.30157 1.265  0.0115 ** 

&Ln HC_1 0.309233 0.25459 1.215  0.2340  

&Ln TP_1 0.397453 0.22834 1.741  0.0920  * 

&Ln K_1 0.072244 0.21395 0.338  0.7380  

&Ln L_1 '1.26363 1.02735 '1.23  0.2283  

EC1  '0.14008 0.02728 '1.47  0.0422 ** 

 

Mean dependent var 0.043591 S.D. dependent var 0.128104 

Sum squared resid 0.421230 S.E. of regression 0.118495 

R-squared  0.286999 Adjusted R-squared 0.144399 

Rho   '0.18675 Durbin-Watson 2.340074 

 
 
Equation 2: &Ln HC 
 
Variable Coefficient std. error T-ratio  p-value 

 

Const   '0.55957 1.24599 '0.449  0.6566  

&LnGDP_1 '0.02715 0.21629 '0.126  0.9010  

&Ln HC_1 '0.14611 0.18260 '0.800  0.4299  

&Ln TP_1 0.037831 0.16377 0.2310  0.8189  

&Ln K_1 0.104137 0.15345 0.6786  0.5026  

&Ln L_1 0.232701 0.73685 0.3158  0.7543  

EC1  0.008798 0.01957 0.4496  0.6562  

 

Mean dependent var 0.005728 S.D. dependent var 0.079718 
Sum squared resid 0.216689 S.E. of regression 0.084988 
R-squared  0.272830 Adjusted R-squared  0.136604 
Rho   '0.02858 Durbin-Watson 2.007728 
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Equation 3: &LnTP 

Variable Coefficient Std. error T-ratio  p-value 

 

Const   '2.8899 1.40114 '2.06  0.0479  ** 

&Ln GDP_1 0.15180 0.24323 0.624  0.5373  

&Ln HC_1 '0.1056 0.20534 '0.51  0.6109  

&Ln TP_1 '0.1377 0.18417 '0.75  0.4604  

&Ln K_1 '0.3290 0.17256 '1.91  0.0662  * 

&Ln L_1 1.06981 0.82860 1.291  0.2065  

EC1  0.04573 0.02201 2.078  0.0464  ** 

 

Mean dependent var '0.00623 S.D. dependent var 0.108612 

Sum squared resid 0.274013 S.E. of regression 0.095571 

R-squared  0.354777 Adjusted R-squared 0.225732 

Rho   '0.16494 Durbin-Watson 2.227500 

 

Equation 4: &LnK 

Variable Coefficient std. error T-ratio  p-value 

 

Const  0.135233 2.44300 0.055  0.9562  

&Ln GDP_1 0.401272 0.42409 0.946  0.3516  

&Ln HC_1 0.280298 0.35802 0.783  0.4398  

&Ln TP_1 0.585692 0.32111 1.824  0.0781  * 

&Ln K_1 '0.04124 0.30087 '0.14  0.8919  

&Ln L_1 0.414956 1.44473 0.287  0.7759  

EC1  '0.00143 0.03837 '0.04  0.9704  

 

Mean dependent var 0.075345 S.D. dependent var 0.165028 
Sum squared resid 0.833028 S.E. of regression 0.166636 
R-squared  0.250347 Adjusted R-squared 0.119584 
Rho   '0.123899 Durbin-Watson 2.210886 
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Equation 5: &LnL 

Variable Coefficient std. error t-ratio  p-value  

 

Const  1.57303 0.26690 5.894  1.88e-06 *** 

&Ln GDP_1 0.11033 0.04633 2.381  0.0238   ** 

&Ln HC_1 0.06935 0.03911 1.773  0.0864   * 

&Ln TP_1 0.01235 0.03508 0.3521  0.7273   

&Ln K_1 '0.1253 0.03287 '3.813  0.0006   *** 

&Ln L_1 '0.2205 0.15784 '1.397  0.1727   

EC1  '0.0243 0.00419 '5.809  2.38e-06 *** 

 

Mean dependent var 0.036153 S.D. dependent var 0.027497 

Sum squared resid 0.009943 S.E. of regression 0.018205 

R-squared  0.634715 Adjusted R-squared 0.561658 

Rho   '0.05736 Durbin-Watson 1.908878 

 

Cross-equation covariance matrix: 

 

LnGDP LnHC  LnTP  LnK  LnL 

LnGDP 0.011385 -0.00049 -0.0026 0.0127  0.000464  

LnHC  -0.00049 0.005856 -0.0002 -0.0006 -0.000207  

LnTP  -0.00260 -0.000206 0.00741 -0.0009 0.0005281  

LnK  0.012713 -0.000568 -0.00094 0.02251 0.0007116  

LnL  0.000465 -0.000207 0.000528 0.00071 0.0002687  

 

Determinant = 6.53073e-13 

!
!
!
!
!
!
!
 

!
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Appendix 5: Regression model with basic statistics- autocorrelation free 

Performing iterative calculation of rho... 
 
                 ITER RHO  ESS 
                   1  0.47022 0.191228 
                   2  0.61358    0.179735 
                   3  0.72050    0.170764 
                   4  0.81326    0.160787 
                   5  0.88007    0.149390 
                   6  0.90833    0.142656 
                   7  0.91978    0.140231 
                   8  0.92569    0.139301 
                   9  0.92916    0.138911 
                  10  0.93136    0.138738 
                  11  0.93280    0.138657 
                  12  0.93378    0.138618 
                  13  0.93445    0.138599 
                  14  0.93492    0.138589 
                  15  0.93525    0.138585 
                  16  0.93548    0.138582 
                  17  0.93565    0.138581 
                  18  0.93576    0.138580 
                  19  0.93585    0.138580 
                  20  0.93591    0.138580 
                  21  0.93595    0.138580 
                  22  0.93598    0.138580 
                  23  0.93600    0.138580 
                  24  0.93602    0.138580 
                  25  0.93603    0.138580 
                  26  0.93604    0.138580 
 
Model 8: Cochrane-Orcutt, using observations 1976-2013 (T = 38) 
Dependent variable: LnGDP 
Rho = 0.936039 
 
!
Regression model 
 
Variable 

!
Coefficient 

 
Std. Error 

 
T-ratio 

 
P-value 

Const '17.426 8.29726! '2.100 0.0434    ** 
LnTP '0.4562 0.105301 '4.332 0.0001    *** 
LnK 0.49422 0.0695997 7.101 3.94e-08 *** 
LnL 1.29235 0.514677 2.511 0.0171    ** 
LnHC '0.0086 0.139777 '0.061 0.9515   

Basic Statistics 
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Statistics based on the rho-differenced data: 
Mean dependent var      6.110415                S.D. dependent var    0.438037 
Sum squared resid         0.138580                S.E. of regression       0.064803 
R-squared                      0.980942                Adjusted R-squared    0.97863 
F(4, 33)                         28.97081                P-value(F)                   2.21e-10 
Rho                               0.089283               Durbin-Watson           1.795397!

 
Test for normality of residual - 
  Null hypothesis: error is normally distributed 
  Test statistic: Chi-square (2) = 0.176716 
  With p-value = 0.915433 
 
 
 
Appendix 6: Normality of residual 

 

 

Test for null hypothesis of normal distribution: 

Chi-square (2) = 0.177 with p-value 0.91543 

With the P-value greater that critical value at all level of significance suggests that the 

residual or error is normally distributed. 
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Appendix 7: Granger Causality 

VAR system, lag order 2 

OLS estimates, observations 1977-2013 (T = 37) 

Log-likelihood = 69.257411 

Determinant of covariance matrix = 8.1134851e-05 

AIC = -3.2031 

BIC = -2.7677 

HQC = -3.0496 

Portmanteau test: LB (9) = 32.2472, df = 28 [0.2646] 

 

Equation 1: LnGDP 

Variable Coefficient std. error T-ratio  p-value 

 

Const  '2.1774 0.756669 '2.88  0.0071   *** 

LnGDP_1 1.16743 0.177544 6.575  2.07e-07 *** 

LnGDP_2 '0.1651 0.188486 '0.88  0.3877   

LnTP_1 0.51642 0.186800 2.765  0.0094   *** 

LnTP_2 0.07033 0.22530 0.312  0.7570   

 

Mean dependent var 6.126522 S.D. dependent var 0.432520 

Sum squared resid 0.353476 S.E. of regression 0.105101  

R-squared  0.947514 Adjusted R-squared 0.940953 

F (4, 32)  144.4212 P-value (F)  5.36e-20 

Rho   0.019271 Durbin-Watson 1.93962 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 32) = 276.22 [0.0000] 

All lags of LnTP  F (2, 32) = 7.7766 [0.0018] 

All vars, lag 2   F (2, 32) = 0.9423[0.4003] 

 

Chi-square (2): area to the right of 15.5532 = 0.000419436 

(to the left: 0.999581) 
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Equation 2: LnTP 

Variable Coefficient std. error t-ratio  p-value 

 

Const  1.55408 0.733684 2.118  0.0420  ** 

LnGDP_1 '0.0616 0.172151 '0.36  0.7228  

LnGDP_2 0.04671 0.182760 0.256  0.7999  

LnTP_1 0.66119 0.181126 3.650  0.0009  *** 

LnTP_2 '0.0527 0.218458 '0.24  0.8110  

 

Mean dependent var 3.742513 S.D. dependent var 0.125608 

Sum squared resid 0.332328 S.E. of regression 0.101908 

R-squared  0.414901 Adjusted R-squared 0.341764 

F (4, 32)  5.672904 P-value (F)  0.001441 

Rho   '0.06482 Durbin-Watson 2.055396 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 32) = 0.1345 [0.8747] 

All lags of LnTP  F (2, 32) = 10.721 [0.0003] 

All vars, lag 2   F (2, 32) = 0.1561 [0.8561] 

 

Chi-square (2): area to the right of 0.269 = 0.874153 

(to the left: 0.125847) 

 

For the system as a whole: 

Null hypothesis: the longest lag is 1 

Alternative hypothesis: the longest lag is 2 

Likelihood ratio test: Chi-square (4) = 2.19353 [0.7002] 

 

  Comparison of information criteria: 

  Lag order 2: AIC = -3.20310, BIC = -2.76772, HQC = -3.04961 

  Lag order 1: AIC = -3.36003, BIC = -3.09880, HQC = -3.26794 
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VAR system, lag order 2 

OLS estimates, observations 1977-2013 (T = 37) 

Log-likelihood = 280.14135 

Determinant of covariance matrix = 1.8247538e-13 

AIC = -12.1698 

BIC = -9.7752 

HQC = -11.3256 

Portmanteau test: LB (9) = 209.424, df = 175 [0.0386] 

 

Equation 1: LnGDP 

 

Variable Coefficient std. error  t-ratio  p-value 

 

Const  '1.76745 3.35356 '0.53  0.6026  

LnGDP_1 0.874838 0.35856 2.440  0.0218  ** 

LnGDP_2 '0.14197 0.28567 '0.50  0.6234  

LnHC_1 0.280924 0.25081 1.120  0.2729  

LnHC_2 '0.31103 0.24722 '1.26  0.2196  

LnTP_1 0.491148 0.24275 2.023  0.0534  * 

LnTP_2 0.173527 0.25615 0.677  0.5041  

LnK_1  0.179376 0.21837 0.821  0.4189  

LnK_2  0.011083 0.23099 0.048  0.9621  

LnL_1  '0.40675 1.07140 '0.38  0.7073  

LnL_2  0.379068 1.03978 0.365  0.7184  

 

Mean dependent var 6.126522 S.D. dependent var 0.432520 

Sum squared resid 0.276518 S.E. of regression 0.103128 

R-squared  0.958941 Adjusted R-squared 0.943149  

F (10, 26)  60.72340 P-value (F)  1.92e-15 

Rho   '0.06575 Durbin-Watson 2.061550 
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F-tests of zero restrictions: 

All lags of LnGDP  F (2, 26) = 3.8292 [0.0349] 

All lags of LnHC  F (2, 26) = 0.9173 [0.4121] 

All lags of LnTP  F (2, 26) = 6.2651 [0.0060] 

All lags of LnK  F (2, 26) = 0.3771 [0.6896] 

All lags of LnL  F (2, 26) = 0.0728 [0.9300] 

All vars, lag 2   F (5, 26) = 0.9077 [0.4912] 

 

Equation 2: LnHC 

Variable Coefficient std. error t-ratio  p-value 

 

Const  2.23032 2.53276 0.8806  0.3866  

LnGDP_1 '0.0110 0.270802 '0.0408 0.9678  

LnGDP_2 '0.1569 0.215751 '0.7271 0.4737  

LnHC_1 0.61436 0.189419 3.243  0.0032  *** 

LnHC_1 '0.0907 0.186738 '0.4858 0.6312  

LnTP_1 0.04661 0.183337 0.2542  0.8013  

LnTP_2 '0.2483 0.193456 '1.284  0.2106  

LnK_1  0.16345 0.164924 0.9911  0.3308  

LnK_2  0.03254 0.174455 0.1865  0.8535  

LnL_1  0.34503 0.809172 0.4264  0.6733  

LnL_2  '0.4140 0.785287 '0.5271 0.6026  

 

Mean dependent var 1.788691 S.D. dependent var 0.120688 

Sum squared resid 0.157725 S.E. of regression 0.077887 

R-squared  0.699206 Adjusted R-squared 0.583516 

F (10, 26)  6.043798 P-value (F)  0.000106 

Rho   '0.11507 Durbin-Watson 2.201073 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 26) = 0.4631 [0.6344] 

All lags of LnHC  F (2, 26) = 6.5455 [0.0050] 

All lags of LnTP  F (2, 26) = 1.2203 [0.3115] 
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All lags of LnK  F (2, 26) = 0.6032 [0.5545] 

All lags of LnL  F (2, 26) = 0.2449 [0.7846] 

All vars, lag 2   F (5, 26) = 0.5626 [0.7277] 

 

Equation 3: LnTP 

Variable Coefficient std. error t-ratio  p-value 

 

Const  2.09845 3.076240 0.6821  0.5012  

LnGDP_1 '0.0125 0.328911 '0.038  0.9700  

LnGDP_2 '0.2714 0.262047 '1.036  0.3099  

LnHC_1 0.07305 0.230065 0.3175  0.7534  

LnHC_2 0.20334 0.226808 0.8965  0.3782  

LnTP_1 0.56575 0.222678 2.5410  0.0174  ** 

LnTP_2 0.00714 0.234968 0.0304  0.9760  

LnK_1  '0.2636 0.200314 '1.316  0.1997  

LnK_2  0.45255 0.211890 2.136  0.0423  ** 

LnL_1  1.42650 0.982805 1.451  0.1586  

LnL_2  '1.4725 0.953795 '1.544  0.1347  

 

Mean dependent var 3.742513 S.D. dependent var 0.125608 

Sum squared resid 0.232677 S.E. of regression 0.094600 

R-squared  0.59034 Adjusted R-squared 0.432787 

F (10, 26)  3.746822 P-value (F)  0.003249 

Rho   '0.30099 Durbin-Watson 2.529922 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 26) = 0.9169 [0.4123] 

All lags of LnHC  F (2, 26) = 0.8903 [0.4227] 

All lags of LnTP  F (2, 26) = 6.3650 [0.0056] 

All lags of LnK  F (2, 26) = 2.5729 [0.0956] 

All lags of LnL  F (2, 26) = 1.2418 [0.3054] 

All vars, lag 2   F (5, 26) = 1.6050 [0.1939] 
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Equation 4: LnK 

Variable Coefficient std. error t-ratio  p-value 

 

Const  '9.88800 5.12927 '1.928  0.0649  * 

LnGDP_1 0.380201 0.548421 0.6933  0.4943  

LnGDP_2 0.001144 0.436932 0.0026  0.9979  

LnHC_1 0.443739 0.383606 1.1570  0.2579  

LnHC_2 '0.26906 0.378176 '0.712  0.4831  

LnTP_1 0.737779 0.371289 1.9870  0.0575  * 

LnTP_2 0.016392 0.391782 0.0418  0.9669  

LnK_1  0.675067 0.333999 2.0211  0.0537  * 

LnK_2  '0.12483 0.353302 '0.353  0.7267  

LnL_1  0.852154 1.638710 0.5200  0.6075  

LnL_2  '0.36127 1.590341 '0.227  0.8221  

 

Mean dependent var 7.692599 S.D. dependent var 0.681829 

Sum squared resid 0.646881 S.E. of regression 0.157734 

R-squared  0.961348 Adjusted R-squared 0.946482 

F (10, 26)  64.66705 P-value (F)  8.84e-16 

Rho   '0.01722 Durbin-Watson 1.967636 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 26) = 0.3942 [0.6782] 

All lags of LnHC  F (2, 26) = 0.6720 [0.5193] 

All lags of LnTP  F (2, 26) = 3.9430 [0.0319] 

All lags of LnK  F (2, 26) = 2.0632 [0.1473] 

All lags of LnL  F (2, 26) = 1.1703 [0.3261] 

All vars, lag 2   F (5, 26) = 0.2064 [0.9568] 
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Equation 5: LnL 

Variable Coefficient std. error t-ratio  p-value 

 

Const  1.78376 0.623639 2.860  0.0082  *** 

LnGDP_1 0.05649 0.0666793 0.847  0.4046  

LnGDP_2 '0.1073 0.0531240 '2.02  0.0538  * 

LnHC_1 0.00508 0.0466405 0.109  0.9141  

LnHC_2 '0.0532 0.0459802 '1.16  0.2580  

LnTP_1 0.07537 0.0451429 1.670  0.1070  

LnTP_2 '0.0016 0.0476345 '0.03  0.9733  

LnK_1  '0.0437 0.0406091 '1.08  0.2922  

LnK_2  0.13337 0.0429559 3.105  0.0046  *** 

LnL_1  0.68699 0.1992410 3.448  0.0019  *** 

LnL_2  0.17015 0.1933610 0.880  0.3869  

 

Mean dependent var 16.14305 S.D. dependent var 0.320503 

Sum squared resid 0.009563 S.E. of regression 0.019178 

R-squared  0.997414 Adjusted R-squared 0.996420 

F (10, 26)  1002.854 P-value (F)  5.45e-31 

Rho   '0.03856 Durbin-Watson 1.903475 

 

F-tests of zero restrictions: 

All lags of LnGDP  F (2, 26) = 2.1787 [0.1334] 

All lags of LnHC  F (2, 26) = 0.8797 [0.4269] 

All lags of LnTP  F (2, 26) = 2.6285 [0.0913] 

All lags of LnK  F (2, 26) = 4.8489 [0.0162] 

All lags of LnL  F (2, 26) = 241.06 [0.0000] 

All vars, lag 2   F (5, 26) = 2.5811 [0.0504] 

For the system as a whole: Null hypothesis: the longest lag is 1, Alternative hypothesis: the 

longest lag is 2. Likelihood ratio test: Chi-square (25) = 39.4261 [0.0334. Comparison of 

information criteria: Lag order 2: AIC = -12.1698, BIC = -9.77520, HQC = -11.3256 

Lag order 1: AIC = -12.4556, BIC = -11.1494, HQC = -11.995 

 


