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ABSTRACT 

FIUs snidy applies h e  g a v i r y  trade rnodel to assess South Afsicn-Angola wade potenual in the agricultural 

sector. A step-by-step exanlple of the model's empirical irnplernencation is also provided. Ic is found d~ar 

rhe gravity model, wirh fou~tdations in the physical sciences, is a useful instrument for the analysis of 

bilateral r~adc  flows. r\ panel data analysis is used to disentangle the time invariant country-specific effects 

and to cxprure the relauonships between che relevant variables over time. 'l'he study also finds that the 

fised effects model is to be preferred to the random effects gcnvity model. F:urrhermore, a number of 

variables, namely, size of the econoinies, the oil price and exchange rates added to the standard gravity 

equation, are found to bc important deterrninanrs of bilateral t r ~ d e  flows. Overall, the simulation results 

indicate t l ~ a c  tl~erc is a potentid for trade in t l ~ e  apcu lh~ra l  sector benrreen these nvo countries. 

Key words: 

South Africa, rjngoia, gravity model, agricultuxal secror. escbange race, oil price, made potential 



OPSOMMING 

FIierdie studie irnptimenteer &e gravitasie model om die handelspotensiaal in die landbousekcor n~ssen 

SuiJ-Xfrika en Angtsla re nssessecr. 'n Stap-vir-stap voorbeeld van die model se emplricse h~plementasie is 

ook voorsien. Dic is gevhd dat die gravitasie model, met fond~sies in dre bieke wetenskappe, 'n hnndige 

instriimenr is vir die anatisering van bilarerale uio-uil vloei. 'n Paneel data analisering is gebruil; om die tyd 

onverandelike land-spesifiek elfekte te ontknoop en om oor ryd die verhoudings russen die roepastikc 

veranderkes re vang. Die studie vind oolr dar die vaste eEfek model verkiesljk is bo dre lukraak effek 

gravitasie model. Dowenden, is gevind dar: 'n aantal veranderlikes, naamlik, groorre van die ekorlomici!, &e 

olieprys en wisselkoerse, bvgevoeg cot die standawd gravitasie vergelykng, belangrike determinante van 

bilzterxle uitlvil irloei blyk te wees. In  geheel, d i i  &c sirnulasic resultnte dat daar we1 'n porerlsiaal is v i ~  

handel in die landbousekcor tussen tlerdie nvee lande. 

Sleutelwoorde: 

Suid-Xfrika, rlngola, grarritasie model, landbousekror, n~issclkoers, olieprys. handelspotensiaal 
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CHAPTER 1: INTRODUCTION 

1.1 INTRODUCTION 

The purpose of this study is to evaluate the potential for bilateral trade between South Africa and Angola 

in the agricultural sector tlxough the use of the gravity model and to provide a step-by-step example of its 

empirical implementation. Through ths, and other studies, opportunities for potential future trade 

between South Africa and other nations may be identified. 

T h s  chapter first gives some background to the gravity model and the economic sector to be 

analysed, then defines the problem statement, and provides some motivation for the study. Furthermore, 

the chapter defmes the aims and objectives derived from the problem statement and discusses the 

methodology to be applied. To finish, a framework as well as an outline of the remainder of the study is 

given. 

1.2 BACKGROUND 

In the last decade, agricultural exports have grown significantly in importance. They represent 37 per cent 

of the total value of production, whereas imports represent approximately 23 per cent. As an agricultural 

exporting country, South Africa has a positive trade balance with regards to agricultural goods. However, 

there are many challenges, such as unstable macro-economic policies, that the sector faces with regards to 

trade even though ths  sector has potential to generate more employment (Annual report, Department of 

Agriculture, 2005). 

Over the last decade to 2005, agricultural exports increased from R5 bihon in 1990 to R25 bilhon 

in 2005, representing a 40 per cent increase in US Dollar terms. Export volumes increased by 25 per cent 

(regression trend) and 36 per cent (real values) over the past 15 years. With the strengthening rand at its 

peak in 2004, the export value only dropped by about 10 per cent, although the export volumes have 

dropped by half. These volatilities do have implications for the transport infrastructure. Although the 



agricultural sector's direct contribution to the Gross Domestic Product (GDP) seems insignificant, it plays 

an important role in the global economy. For most developing countries, such as South Africa and Angola, 

exports are an important source of income (World Bank, 2005) 

The agricultural sector is not performing well compared to the rest of the economy in terms of 

output growth, exports, and employment demand (see Table 1.1). Especially after 1997, the real output 

growth of the Agricultural sector amounted to only 1.6 per cent compared to a real GDP growth of 3.2 per 

cent. It is also clear that the growth in the dollar value of agriculture exports has remained relatively 

constant over the whole period since 1994, whereas agriculture imports increased since 1999, as the 

domestic economic growth rate reached an average level of more than 3.0 per cent. 

Table 1.1: Real average anntrulgrowth rates in the agrixlttrral sector 

Average growth Average growth rate Average growth rate 
rate 
1994-1998 

1999-2005 1994-2005 

Real G1)P (%) 2.7 3.2 3.0 

Agriculturc output (%) 1.5 1.6 1.5 

Agriculture exports (% growth in$) 9.3 8.8 9.0 

Agriculture imports (% growth in S) 1.8 11.9 7.3 

ilgriculture labour dcmand (YO) 0.5 

Avcragc share in total labour market (O/O) 11.0 

Rank in total labour demand (46 industries) 3 3 3 

Sour~.e:Qtrantec Eagdata, 2007 

Table 1.1 shows that in the agricultural sector, the total demand for labour dropped from 0.5 per cent 

between 1994 and 1998 to -1.70 per cent between 1999 and 2005. This means that the total amount of 

labourers employed in the agricultural sector decreased from 93 000 workers in 1994 to 81 500 workers in 

2005 (Quantec Research, 2007). Despite this deprived performance, the agriculture sector is still ranked 

number 3 in the economy with regard to its average share in the job market. Given the labour intensity of 

the agricultural sector, trade agreements that could improve its export's performance w d  definitely 

contribute to job creation (Harmse, 2004). 

In this study an attempt is made to test whether the agricultural sector still enjoys a comparative 

advantage in the world market. This study also illustrates the extent to which this sector has become more 



integrated into the world economy when the traditional concepts of inter-industry trade are taken into 

consideration. 

The instrument used to evaluate this sector is the gravity model. By analogy to Newton's gravity 

law, the application of the gravity model to trade flows states that trade increases with the dimension and 

proximity between trade partners (Sargento, 2006:Z). A more detailed dtscussion regardtng the gravity 

model is provided in chapter 3. Furthermore, in h s  study, attention will be given to the econometi-ic 

application of the gravity model to explain bilateral trade flows between South Africa and Angola. 

Persistent societal changes in the local and global economic scene have impacted positively on 

agricultural trade and the production environment. However, at the same time, deregulation, changes in 

policy and trade flows have resulted in a multitude of uncoordinated initiatives, opportunities and 

challenges. Considering external changes and a desire for stronger coordination and alignment between 

government departments, there is a need to renew the existing policy for agricultural trade for the purpose 

of stimulating growth, employment and income in the agricultural sector (Department of agriculture, 

2006). 

The export trend from South Africa to Angola shows that the real exports in agricultural sector 

increased from 8.2 d o n  in 2000 to 13.1 d o n  in 2006 (Department of agriculture, 2006). This trend 

highlights the need to focus on new markets and products that show potential for future growth. Angola 

relies heavily on South Africa's agricultural sector. In 2001 for instance, the simulation result shows that 

actual exports from South Africa to Angola exceeded potential exports in the agricultural sector. ?'he 

changes in social and economic conditions in Angola and South Africa are causing significant shifts in 

global food markets. In particular, the world's prosperous consumers are forecast to increase by 850 

d o n  by 2010. These consumers w d  be demanding more specialised, high quality products and services 

(World Bank, 2005). 

The estimation of potential trade between South Africa and Angola can be done through 

application of the gravity model, and the results then compared to actual bilateral trade. Therefore, the 

actual trade can be disaggregated per sector providing areas that South Africa can exploit. The reasons why 



potential trade is not realised then have to be investtgated. This might assist government in both its 

bilateral trade negotiations and identify areas of possible government intervention. 

1.3 PROBLEM STATEMENT 

Export promotion policies are instrumental in triggering economic growth of nations in a global world 

economy (World Bank, 2005). However, as resources for public export promotion activities are scarce, it is 

of critical importance to allocate the lunited resources to activities which wdl generate the highest 

contribution to exports. Although the direct contribution of the agricultural sector to the economy of 

South Africa is less than 5.0 per cent, t h s  sector has managed to provide food to its population, whch has 

grown from a mere 4 d o n  in the early 1900's to more than 44 million in 2007. Besides, agricultural 

exports from South Africa to the Angolan market are growing rapidly. The average annual growth in dollar 

exports to Angola in the agricultural sector between 1994 and 2004 was approximately 9 per cent (Harmse, 

2004). 

The essential question is thus: Is there any potential for bilateral trade in the agricultural sector 

between South Africa and Angola? The answer to ths  question is important, for if this study does confirm 

the relevance of t h s  sector as an important export industry, it might have significant implications for 

policy efforts such as the Customised Sector Program, a program implemented by the South African 

government. Besides, this might strengthen the use of the gravity model to scientifically justify export 

promotion activities in the future. 

1.4 MOTIVATION OF THE STUDY 

In recent years, significant changes have occurred in the economic policy environment of South Africa. In 

fact, these changes have contributed to a remarkable growth in trade between Angola and South Africa, 

especially in the agricultural sector. The agricultural sector has moved rapidly from protectionist statutory 

involvement and support of agriculture prior to the mid nineties, to deregulation and liberahation and an 



open economy in recent years. The devaluation of the rand, by approximately 3.5 percent during the 1990s 

contributed partially to the growth in exports. Furthermore, the successful political transition in 1994 has 

contributed to a relatively easy shift to a more open economy (World Bank, 2005). 

The current fundmg of export promotion activities in South Africa to Angola rely on historical 

export performance trends. Little, if any, scientific justification could be given for the current fundng of 

export promotion activities, whch do not take into consideratioll new export opportunities in unexploited 

markets or opportunities for new products in existing markets (Harmse, 2004). 

Given ths  shortcoming, the gravity model may aid policymakers in identi@ing realistic export 

opportunities in Angola especially and generally in the rest of the world for South Africa. By combining 

this information with data on the planned export promotion activities of the dti, an assessment can be 

made of these activities in the past, present and future, with the aim of improving the success ratio of such 

activities in terms of generating exports. Furthermore, the dynamic analysis of the agricultural sector 

between Angola and South Africa will measure the importance of this sector compared to others in terms 

of the current world market situation, its export and import performance and contribution to total 

production. Thts might help address some of the pressing issues currently being faced in thts sector such as 

allocation of resources and maximising ttade potential. 

The results from this study might also lead to the optimal use of fmancial and human resources in 

government to promote exports and might be introduced into the Customised Sector Program, which may 

enhance the implementation of this program. 

1.5 AIMS AND OBJECTIVES 

The primary objective is to perform empirical analyses, using the dti gravity model, for the purpose of 

analysing the potential for bilateral trade between South Africa and Angola in the agricultural sector. 

This may be achieved by reaching a number of secondary objectives: 

Applying shocks to the agricultural sector in view of analysing the potential and actual 

exports between South Africa and Angola. 



Using the gravity model to perform a number of simulations. Specific interest is given to 

the shocks applied to the variables such as GDP, exchange rates and the price of oil for 

the purpose of this study. 

1.6 METHODOLOGY 

The literature review will focus on the gravity approach as a method for the South African government to 

address the shortcomings of their export promotion schemes as well as discuss some of the earlier work 

done regarding the gravity model. Due to the model's simplicity and capacity to produce reasonable 

results, it tends to be the most attractive among spatial interaction models, especially in trade empirical 

applications. 

In this study, an attempt is made to apply the gravity model to the annual bilateral trade between 

South Africa and Angola in the agricultural sector. The study focuses on the methodology used in Cheng 

and Wall (2005), which aims to estimate fixed effects and variables such as distance and dummies for 

language which do not change over time. 

Following the literature review, the empirical analyses and simulations are performed using the dti 

gravity model. The simulation results are interpreted and closely linked to the practical analyses of the 

agricultural sector which are performed in details in chapter 5. The empirical methods used are explained 

in greater detail in Chapters 3 and 5. 

1.7 RESEARCH FRAMEWORK 

The tabulation of trade potential is a popular research topic that has been studied extensively by 

economists, such as Evans (2000) and Feenstra (2002), who showed that trade flows follow the physical 

theories of gravity where two opposite forces influence the capacity of trade involving two countries. The 

first step is to consider, through a symmetric manner, the bilateral trade flows between South Africa and 

Angola. 



It should be noted that the purpose of this study is not to construct a new model, but to apply an 

existing model. The dti gravity model will be applied for this purpose in order to perform the simulations. 

The dti gravity model will be explained in detail and used for to perform the various analyses. Trade 

between South Africa and Angola is estimated in the model. 

Given the avadabhty of data on distance, GDP and population indicators for South Africa and 

Angola, the gravity equation is applied in simulation exercises to determine the existence of trade potential 

for the abovementioned countries. Therefore, in order to surmise bilateral export potential, the second 

step is concerned about the simulation results, which will be compared with the initial data. The model w d  

be structured within the following framework: a gravity equation d be developed based on South Africa 

and Angola. Macroeconomic variables, such as GDP, exchange rates and the price of oil, are considered as 

independent variables in determining trade between both countries (Harmse, 2004). 

1.8 OUTLINE OF THE STUDY 

The remainder of this study is organised as follows: chapter 2 reviews the gravity model's basic 

specification and its extensions in recent trade flows applications. Chapter 3 will provide some plausible 

elements of the gravity model as well as a detaded description on the worlungs of the model. Chapter 4 

reviews the various elements of the agricultural sector as seen today. Chapter 5 describes the empirical use 

of the gravity model in this study, as well as the various simulations performed and the interpreted results. 

Chapter 6 summarises the main conclusions that were drawn from the various simulations and provides 

some avenues for further research. 



CHAPTER 2: LITERATURE REVIEW 

2.1 INTRODUCTION 

Limited work has been done on  gravity modelling for South Africa, which makes the dti gravity model 

unique. This model was developed for the dti by the Investment and Trade Policy Centre ( I P C )  based at 

the University of Pretoria. The model is mainly used for analysing international trade flows between South 

Africa and its 154 trade partners (the dti gravity model, 2004). This study aims to promote the use of the 

gravity model in the South African government. 

This chapter reviews the gravity model's basic specification and its extensions in recent trade flows 

applications. In Section 2.2 the theoretical foundation is explained. Section 2.3 reviews the methodology of 

the gravity model. Section 2.4 presents the sectoral analysis. Section 2.5 describes the way in which trade 

potential is calculated on the basis of the parameter estimated. Section 2.6 portrays the restrictions of the 

model followed by a summary of the chapter. 

2.2 THEORETICAL FOUNDATION AND EXTENSIONS TO TRADE APPLICATIONS 

The gravity model is based on the theory developed by the physicist, Isaac Newton. As described by 

I<aremera (1999), Newton (1642-1727) orignally constructed the model to describe gravitational forces in 

the universe, theorising the attraction regarding two earthly objects without neglecting their distance. 

There is a substantial amount of literature pertaining to the gravity model, including work done by 

Evans (2000) and Feenstra (2002), who showed that trade flows follow the physical theories of gravity 

where two opposite forces influence the capacity of trade involving two countries. However, most of these 

studies have been undertaken in the USA, UI< and Canada. Among the UI< and US based studies, 

Anderson (1979) examined the theoretical and practical groundwork of the gravity equation. He found that 

where there is trade flow between two countries, potential and actual trade can be evaluated through the 



gravity model. Such trade potential can be disaggregated per sector, which can then be used to indicate 

potential areas that a country can exploit. 

The gravity model has over time proved itself to be a useful instrument for the analysis of bilateral 

trade flows. The first implementation of the gravity model to analyse international trade was performed by 

Tinbergen (1962). IOmura (2006) later confirmed that Poyhonen (1963) was the first to use the gravity 

model in social sciences. 

During the 1980s this model was used to determine migration and other social flows regarding 

capacities of human interaction. Matyas (1998) investigated the gravity model and proposed the 

introduction of a new variable, such as the language used in trade, to make the model more credible and 

practical. Real exchange rates were first introduced in the gravity model by Bergstrand (1985, 1989). 

However, the incorporation of price effects in a cross-section analysis does not provide enough 

information regarding the value of a currency as confirmed by Soloaga and CVinters (2001). Exchange rate 

movements become significant only when the time dimension is incorporated in the analysis. Soloaga and 

Winters (2001) also included real exchange rate variables into the gravity equation. They averaged their 

variables over several three year periods and obtained Tobit estimates on single regressions as declared by 

Martinez-Zarzoso et al. (2001). 

Despite its widespread potential for use in empirical and policy analysis, the theoretical foundation 

of the model has been somewhat controversial. This is because, as declared by Leamer (1994), the basic 

theory of the gravity model was not scientific but rather intuitive. However, during the last two decades, 

many scientific contributions have been made in an attempt to sustain the credibhty of this model 

(Oguledo, Victor Iwuagwu, Macphee and Craig, 1994). 

One of the first scientific theoretical justifications for the gravity model emanates from 

gravitational forces in physics, which states that: 



where PKro,, represents the force of gravity between two objects and G represents the universal 

gravitational constant. C, and C2 represent the mass of objects 1 and 2 respectively, whereas s represents 

the distance separating the two objects' centres. 

According to t h s  equation, the flow of commodities from one country (object 1) to another 

(object 2) involves two factors, namely the distance and the resistance to sustain trade. Some iesearchers, 

such as Sattinger (1978) and Anderson (1979), used this framework and found that distance played a 

significant role in trade flows (Micco, 2003). 

The second justification for the gravity model can be found in the Walrasian general equilibrium 

model (Walras, 1877; Macco, 2003). Each country in th s  model has its own demand and supply functions 

for all commodities but aggregate income is substituted by importing country demand and exporting 

country supply. Using t h s  approach, the gravity model is a reduced-form equation for trade volume in 

which prices do not appear because they are endogenous. Transport costs are proxied by geographc 

distance, whch is in line with Newton's law (1667), and accommodates the relationshp between demand 

and supply. This model was used by, among others, Bergstrand (1985, 1989), who modified the model to 

include the size of the economy for both countries. 

The t k d  justification for the gravity model is taken from the probability model developed by 

Sattinger (1978). In t h s  model it was assumed that the customers who are importing goods are related 

directly to the suppliers from the exporting country. Therefore, they should be selected arbitrarily for the 

services which should be rendered. Sattinger (1978) rejected this view by saying that trade flows are treated 

as stochastic events in determining trade flows between countries. 

The fourth and final justification is based on the kind of goods required for importation. These 

goods can be substituted, since empirical evidence support goods differentiation on the basis of place of 

origin (Smarzynska, 2001). Therefore price variables should be included in the gravity model; otherwise it 

will lead to misspecification of the model equation. Oguledo and MacPhee (1 994) developed the following 

gravity model: 



where M,, is the foreign price value (e.g. US dollars) of &ports of commodities to destination i from 

orign j. Y, is the importer and Y, is the exporter. N, and N l  represent the population in the importing 

and exporting countries respectively. P, and PI are the price levels in the importing and exporting 

countries respectively. TC,, is the distance between the trading partners, d,, is the preferential dummy 

variables and U,/ is a log-normal white noise error1 term. 

Figure 2.1 provides a graphical representation of the gravity equation. It can be seen that potential 

supply and demand is determined by the sizes of the economies and these in turn predict the potential 

trade flows between the two countries. Therefore, trade flow depends on trade resistance factors, such as 

tariffs, that are mitigated by trade arrangements (the dti gravity model, 2004). 

F@re 2.1: The gravig model 

Separation 
measurement 

characteristics of 
the destinatlon 

Trade baniers 

Exporting country 

\ 
\ 
\ 
"L 

Source: the dti 

The white noise error is a statistical variable. It has a zero mean, constant variance and is serially uncorrelated. 



2.3 GRAVITY MODEL: METHODOLOGY 

The stationary and active movement of each sector is analysed in this section. Stationary investigation 

consists of a description of the agricultural sector in terms of the current world market situation, its export 

and import performance and contribution to total production. 

The dynamic analysis measures the importance of the agricultural sector in this study compared to 

others. This methodology is spelled out for the purpose of testing the dynamic effects of trade for the 

agricultural sector. The Revealed Comparative Advantage (RCA) also covers provincial exports of certain 

sectors, which are related to South Africa's total exports (the dti gravity model, 2004). 

The OLS regression method was used to estimate the dti gravity model. Variables such as GDI', 

the exchange rate and oil price were estimated in natural logarithms. T h s  regression method was preferred 

as the suitable econometric technique because of the linear model to be estimated. In addition, OLS is a 

standard linear regression procedure that attempts to find a best fit to a set of data by attempting to 

minimize the sum of the squares of the differences called residuals between the fitted function and the 

data. The panel data used for the model application was for the period 1994 to 2003. The use of panel data 

methodology has numerous advantages over cross-section analysis. Firstly, panel data makes it feasible to 

establish relationshps between regressors for a period of time. Secondly, panel data has the capability to 

examine the potential unnoticeable trading per individual effects. When individual effects are omitted, OLS 

estimates will be biased if indvidual effects are correlated with the regressors. 

2.4 SECTORAL ANALYSIS 

2.4.1 Trade within industy 

The exchange of differentiated agricultural products between these two countries is called intra-indust~y 

trade. In recent years, an enormous fraction of productivity regarding trade has gven more importance to 

the variety of products instead of the unique type of products (Venables, 2001). 



The mathematical representation of trade taking place in the agricultural industry is described in equation 

2.3 (Grubel and Lloyd, 1993): 

where M represents imports in value and X denotes exports. T represents the level of intra-industry trade. 

The value of T is always positive and varies from 0 to 1. W e n  T=O it means that there is no intra-industry 

trade in the agricultural sector in thls case. 'The best example can be taken from the communication sector 

in South Africa, where cellular phones have a 'T-value equal to 0, whereas the motor industiy sector has a 

?' value for automobiles equal to 1. 

T is also known as the Grubel and Lloyd index. The 'T-index was developed by Grubel and Uoyd 

(1993) for the purpose of measuring the degree of intra-industry trade. The T-index, nevertheless, is the 

most commonly used index for measuring differences in various industries related to intra-industry trade. 

Furthermore, it indicates the changes that have occurred over the time during intra-industry trade. The 

focus is on  the particular sector (Grubel and Lloyd, 1993). 

2.4.2 Trade representation andfa~ditation 

As mentioned above in the first stage of estimation, equation 2.3 is estimated for the agricultural sector. It 

was also mentioned in section 2.2 that the gravity model can be used to infer bilateral export potential. 

Usually, a gravity equation is estimated, which explains bilateral trade flows between specific countries 

where trade should reach its potential. 

The issue regarding factors such as tariffs, whlch still h u t s  trade, is resolved by using dummy 

variables. Yeyati (2003) c o n f m s  that with declining traditional barriers to trade - falling tariff barriers 

and attempts to reduce non-tariff barriers - attention is now being shfted to other obstructions to trade, 

such as trade negotiation or facilitation. As a result, trade facilitation is an issue which need more 

investigations. It consists of addressing transport cost, customs clearance, inventory, communications, and 

standards. 



Generally, as anal~sed by Loungani, Mody and Razin (2002) in the gravity model, transaction costs and 

transportation are defined by the variables such as the common boundaly and the real distance between 

exporting and importing countries. In fact, the distance is the great sphere &stance between i 3  and j I l -  

capital of the two countries. The formula developed for calculating the distance between the exporting and 

importing countries is given below: 

D,, = Arc cos [sin p, sin p, + cos p, cos g, cos A,] 2 

with z= krn or miles as a unit. The latitude is represented by cp and the longitude h is converted into radians 

('P / 360). 

2.4.3 Revealed comparative advantage 

In view of testing the revealed comparative advantage of the South African agricultural sector against 

Angola and the rest of the world, it is important to calculate an index which can compare the share of the 

agricultural sector in national exports with the share of this sector in the world export. In 1965, Bela 

Balassa was the first to publish the measure Revealed Comparative Advantage (RCA) (Balassa, 1965: 99- 

123). Since then, various researchers (Aquino, 1981; Crafts and Thomas, 1986; UNIDO, 1986; World 

Bank, 1994; etc.) have used the RCA as a measure of trade specialisation. The RCA is described in 

equation 2.5 below: 

XG/C Xij 
RCA ij = C x,,x xx.. I/ 

J J 

The numerator, which is the formula above the h e  in equation 2.5, indicates the contribution of a specific 

industry i which is exported from country j within a national system of exports - Xii. The denominator 

represents the sum of exports of the sector or industry of all the countries in the world (total world 

exports). For example, if the RCA equals 1 for a given sector and country, then the share should be 

identical to the contribution of that specific sector in the entire world exports (Yeyati, 2003). %%en RCA 



has a value of greater than one (RCA>1) then the country specialises in that sector and when RCA has a 

value of less than one (RCA<1), the country has little or no outputs of that product or industry. To 

strengthen the dynamic analysis of each sector's RCA, the change in RCA (RCX, - RCA,-I) can also be 

measured. 

2.5 TRADE POTENTIAL 

Trade potential is evaluated on the basis of the available information on trade between two countries 

(Nurnrnels, 2001). In most cases, the formula is applied to a wide range of countries commonly grouped 

according to their level of development. For each exporting country i from a particular group, it is possible 

A 

to calculate the X,, for each of its partner countries according to the gravity specification. To adjust the 

trade potential from systematic effects, the "a posterior""which is the empirical fact deduced from the 

effects to causes) fixed effect F; is given as follows: 

The trade potential TPg is calculated as: TEj = F,. This procedure calculates trade potential using "fixed 

effects" for countries not used in the estimation. These systematic effects capture factors such as 

customers who are assigned to suppliers in a random manner which would explain why a country would 

get more or less involved with worldwide trade than if it were based solely on the factors which determine 

trade accordmg to the gravity equation (Harmse, 2004). 

Similarly, the fixed effects are now specific to the importing countryj The "a posterior" fixed 

effect 6, is formally defined as: 

m c h  is the empirical fact deduced from the effects to causes. 



Accordingly, the trade potential TP9. is calculated as: TI',( = 6. The trade potential calculated with a fixed 

effect for the importer is different from the trade potential calculated with a fixed effect for the 

exporter (TPj), because the fixed effects for an importer and exporter are dependant on variables such as 

the size of the economy of both countries. The size of the economy of the exporting country is not equal 

to the size of the economy of the importing country. Therefore the gravity model evaluates the potential 

for bilateral agricultural trade flows between South Africa and Angola. The agricultural sector is one of the 

priority sectors identified by the South African government because of its potential to increase exports. 

2.6 RESTRICTIONS OF T H E  GRAVITY MODEL 

Regardless of its experimental achievements, many criticisms have been raised against the gravity model. 

The biggest objection, though no longer prevalent, concerns the lack of theoretical foundations (Learner, 

1994). Even though, at times, the gravity model has been challenged for its lack of sufficient economic 

theory, researchers regard ths  tool as an 'intuitive' model (Icalirajan, 1999). 

2.6. ! Re~trictionsfo~ small and diuenzjied economies 

The gravity model actually reflects the trade potential of a country when relatively diversified. Trade 

specialisation and trade complementarity between the countries is not taken into account in an aggregated 

gravity approach and essentially explains the large residuals. T h s  is particularly true for small or weakly 

diversified economies, with one or two major export commodities. The trade potential is only indicative 

for poorly diversified countries. If such an economy had been more diversified, it would have traded more 

with its ''natural trading partners7', as predicted by the gravity specification, than with countries that have a 

need for its products (Harmse, 2004). 



2.7 THE MODEL DATA 

The set of data used in this study up to 2003 was extracted from the Standard Industrial database and used 

to test all 154 countries as mentioned in Section 2.1 above. Export data were collected from the dti 

statistical portal3 while distance data were collected from Indo.com4. GDP, population, oil and exchange 

rate figures were collected from International Financial Statistics (IFS). 

2.8 SUMMARY 

The purpose of thls chapter was to review the gravity model's basic specification and its extensions in 

recent trade flows applications. The literature review indicated that the gravity model is constnlcted 

through the use of a gravity equation which can be used to measure the potential for bilateral trade. It 

determines the potential for trade by making use of variables such as the size of the economy, income, 

prices and exchange rates between trading partners. Transportation fees and market access elements are 

also important and are therefore added to the gravity equation. 

The gravity model, with foundations in the physical sciences, has consistently proved to be a 

useful instrument for the analysis of bilateral trade flows. Isaac Newton originally devised the model to 

explain gravitational force in the world, theorising that the gravitational pull between two earthly bodies is 

positively related to the product of their masses and inversely related to their distance apart. Respectively, 

in its simplest form, the gravity model as applied to trade, predicts that the amount of trade between two 

econolnies will be positively related to the product of their outputs, a measure of size or mass, and 

negatively related to the distance between them. 

See http://www.thedti.gov.xa 

-' See http://www.indo.com/distance/ 



The importance of exchange of differentiated products of the same industry between countries was 

noticed in Section 2.4. In recent years, an enormous fraction of productivity regarding trade has given 

more importance to the variety of products instead of the unique type of products. 

The following chapter provides some credible elements of the gravigr model as well as a detailed 

description on the workings of the model. 



CHAPTER 3: T H E  GRAVITY MODEL 

As explained in chapter 2, the gravity model is a tool with the ability to perform dynamic analyses of 

bilateral trade between the export destination countries and South Africa. A range of explanatory variables 

are used in the gravity model, of which some are likely to remain relatively unchanged, such as cultural 

difference, language, distance and other geographic variables. 

This chapter provides some credible elements of the gravity model as well as a detailed description 

on the workings of the model. The empirical estimation of total exports is discussed in section 3.2. Section 

3.3 considers the model specification, which is mathematical represented and decomposed in the system. 

Section 3.4 describes the estimation of the equation, followed by a summary of the chapter. 

3.2 EMPIRICAL ESTIMATION OF TOTAL EXPORTS 

Figure 2.1 from the above section 2.2 provided a graphical representation of the gravity equation, which 

shows that potential supply and demand is determined by the size of each respective economy. Figure 2.1 

also presents the potential trade flows between various countries. 

The mathematical representation of a generalised gravity model is shown in equation 3.1 (the dti 

gravity model, 2004): 

In Xu, = C, + p, In EX,,, + P, In GDP,, + P3 In GDPSA,, + P4 I n p o ~ . ~ ,  
+ p, In PopSA, + P, ln oil + E,,, 

where: 

X,l, 
- - Total export for the exporting country (SA) to destination j such as Angola 

co - - Intercept 



EX./, 
- - Exchange rate related to exporting country and importing country j. The 

exchange rate is used as a proxy for relative prices. 

GDP,, = Gross Domestic Product from destination j 

GDPSA,, = Gross Domestic Product of the country exporting goods to SX 

POP,, 
- - Population of country j 

Po~SA,, = Population of South Africa 

Oil - - Oil price 

The error term, E,,, , is decomposed as a single error component model i.e. 

with p,, as the country-specific effects while v,,, is a white noise residualj 

The country-specific effects ( p i )  are time-invariant characteristics of the dfferent countries. 

These include all the factors that are unique to each country but not included in the gravity model. 

Examples include: 

(i) The unobservable time-invariant political characteristics. 

(ii) The unobservable time-invariant entrepreneurial and managerial skills of the firms' executives in 

the different countries. 

(iii) The time-invariant political economy issues in each country. 

Various motivations can be given as to why the gravity model can be estimated using a panel data 

framework. Firstly, panel data makes it feasible to establish relationships between regressors for a period of 

time. Secondly, panel data has the capability to scrutinize the probable unnoticeable trading per individual 

effects. In the case where there is a correlation between individual effects and regressors in the model, the 

T h e  white noise error is a statistical variable. It has a zero mean, constant variance and is serially uncorrelated 



OLS estimates are not recommended, especially when the individual effects are not taken into 

consideration (Harmse, 2004). 

The choice between fixed and random individual effects must be done by the modeller before 

performing the regressions. Theoretically, the use of the random effects model (REM) is advised when the 

samples are taken from a large population for analysing trade flows. Another option is given by using the 

FEM when the selection of countries is done in advance (the dti gravity model, 2004). 

The problem with the FEM occurs when the modeller is unable to evaluate the variables which 

remain unchanged for a period of time. Additionally, by using the least squares dummy variable (LSDV) 

method, there wdl be accurate co-linearity between the variables and dummy variables used within the 

fixed effects (Venables, 2001). There are, however, studies in which these variables were estimated after 

performing more than one regression (Cooke, 2002). In other words, a two step-estimation procedure is 

implemented. In the first step, a standard gravity model, specified in Equation 3.1, is estimated. The 

second step involves a process where the estimation of the fixed effects is regressed on variables such as 

distance, dummies for language and FTAs. Ths  is depicted in the equation 3.3: 

3, = a, + a, Dis, + a, Langi + a, EU, + a, AFR, + a, NAFTA, + a,MERC, + 
,8, Mide + Q, Asia + u, 

where: 

'4, - - denotes the estimated country-specific effects 

Dis, - - Distance in kdometre between Pretoria and trading partner's capital city e.g. 

London for the UI< 

Lang,, = Language dummy for trading partner. The coding used is English = 1, other = O 

EU - - 
.I European Union dummy. The coding used is EU member = 1, other = 0 

AFR - - 
.I 

African dummy. The codng used is African countly = 1, other = 0 

NAFTA, = North Atlantic Free Trade Agreement dummy. The coding used is NAFTA 

member = 1, other = O 



MERC = 
.I 

Mercosur FTA dummy. The coding used is Mercosur member = 1, other = 0 

MIDE = 
.I 

iMiddle East dummy. The coding used is Middle East member = 1, other = 0 

Asia, - - Asian country. The codmg used is Asian member state = 1, other = 0 

3.3 MODEL SPECIFICATION 

The mathematical representation in equation 3.4 embodies the specification of the gravity model. The 

model developed by Oguledo and MacPhee (1994) and Cheng and Wall (2005) is taken into consideration 

in th s  study. The model specifies the generalised gravity panel model that can be written as follows: 

In X,, = C, + P, In EX,, + P, In GDP,, + P, InGDPSA,, + P, In Pop,, 

+ P, In PopSA, + P, ln oil + E,, 

where X,,, refers to South Africa's exports to country j and EX,, the exchange rate between South Africa 

and country j (Rand/foreign currency). The exchange rate is used as a proxy for relative prices and o i l  

represents the oil price. GDPI, is the gross domestic product for the importing country such as Angola, 

GDPSA,, is South Africa's GDP, PopJl is the importer's population size and PopSA,, is South Africa's 

population size. 

The error term, E,, , is decomposed as a one-way error element in the system and can be written as 

follows: 

where p, is the country-specific effect and time-invariant characteristics of the different countries, and 

vW is the white noise residual. These include all the factors that are unique to each country, but wluch are 

not included in the gravity model. 



3.4 ESTIMATION 

Cheng and Wall (2005) suggested that the gravity equation should be estimated by following two stages. In 

the first stage, equation 3.4 is estimated for the agricultural sector. A fixed effects model (FEM) is used, 

given that the interest pertains to estimating trade flows between two countries (Idasen, 2004). 

The first stage concerns the evaluation of the fixed properties. These are then regressed on 

variables such as distance, dummies for language and Foreign Trade Agreements (FTAs). Thls can be seen 

in equation (3.6). 

where: 

f i ,  represents the estimated country-specific effects from Equation 3.4; 

D ~ s ,  represents the &stance, in kdometres, between Pretoria and the trading partner's capital city; 

Lung, represents the English language dummy. Trading partners, whose official language is 

English, are coded 1 and if not, they are coded 0; 

EU, represents the European Union dummy (EU members are coded 1 and others 0); 

AFR represents the African dummy (African countries are coded 1 and others 0); 

NAFTA, represents the North Atlantic Free Trade Agreement dummy (NAFTA members are 

coded 1 and others 0); 

MERC, represents the Southern Common Market (MERCOSUR? Free Trade Agreement 

(FTA) dummy (MERCOSUR members are coded 1 and others 0). 

The Southern Common Market (MERCOSUR) was created by Argentina, Brazil, Paraguay and Uruguay in March 
1991. The European Commission and the European Union have supported MERCOSUR from the very beginning. 
Since 1991, EU-MERCOSUR relationship consists of three elements: political dialogue, co-operation and trade 

issues. Since 1999, the EU and MERCOSUR are negotiating an Interregional Association Agreement. 



The second stage is concerned with the fixed effects model. In the fixed effects model, it is not possible to 

estimate duectly variables that do not change over time because the inherent estimation transformation 

wipes out such variables. These variables can also be easily estimated when performing another regression 

with the individual effects accepted as the dependent variable while distance and dummies variables are 

considered as explanatory ones. Furthermore, the use of the least squares dummy variable (LSDV) method 

shows that the variables are entirely c o h e a r  with dummy variables used in the fixed effects.' 

The majority of researchers use Ordinary Least Squares (01,s) estimates for the equation of the 

gravity model and ignore possible data collection requirements for the regression analysis (Anselin, 1998). 

According to Deardorff (1998), income and distance are the most important regressors o €  gravity models. 

Likewise, I<eller and Evenett (1998) proved that the success of the gravity equation depends on increasing- 

returns-to-scale-based theories of trade. In their empirical investigation, the focus was on the 

proportionality of the volume of trade to the tradmg countries' incomes and not on its relationship to trade 

resistance. Rose, Feenstra and Markusen (2001) do  not agree that practical gravity models can be applied to 

differentiate other theories of trade since a good relationship between trading partners prevents resistance 

to trade. 

In his research, Polak (1996) shows that natural favouritism is important factor. \When the distance 

is further between two countries, then natural favouritism is reduced compared to the short &stance. 

Hamilton and Winters (1992) also call for a "more differentiated measure of distance." Brulhart and Kelly 

(1999), include a distance measurement based on the GDP of the country's partner in their OLS 

estimation. Concerned with the uncertain situation, Mulligan (1998) recommended that '%ox-Cox 

transformations"'be applied so that the linear model becomes more appropriate to the data. Therefore the 

estimation of the equation and the agricultural sector is necessary for analysing the potential bilateral trade 

7 Variables are collinear if they lie on the same line 

In statistics, the Box-Cox transformation of the response variable Y is used to make the linear model more 
appropriate to the data. It can be used to attempt to impose linearity, eliminate skew or stabilize the residual variance. 
The Box-Cox transformation, can be applied to a regressor, a combination of regressors, and/or to the dependent 
variable in a regression. The objective of doing so is usually to make the residuals of the regression more 
homoskedastic and closer to a normal distribution. 



between South Africa and Angola. The simulation results show that profitabdity in the agricultural sector is 

sustainable if its benefits result in greater access of the agricultural sector in the global competitiveness. 

3.5 SUMMARY 

The purpose of this chapter was to describe the dti gravity model. Throughout the chapter, various reasons 

have been given as to why the gravity model can be estimated using a panel data framework. Firstly, panel 

data makes it feasible to establish relationships between regressors for a period of time. Secondly, panel 

data has the capabhty to examine the potential unnoticeable trading per individual effects. 

Section 3.2 showed that the choice between fixed and random individual effects must be done by 

the modeller before performing the regressions. Theoretically, the use of the REM is advised when the 

samples are taken from a large population for analysing trade flows. Another option is gven by using the 

FEM when the selection of countries is done in advance. The coefficients are used to build a baseline 

gravity model for total exports. The model is solved to provide fitted export values to different countries, 

which are treated as potential exports. 

The estimation and specification of the model was performed in two stages in Sections 3.3 and 

3.4. The first stage focused on the fixed properties whde the second stage was concerned with the fixed 

effects model where it was not possible to estimate directly variables that do not change over time. 

Given that Chapters 2 and 3 have set the scene for the empirical evidence from South Africa, the 

next chapter will discuss the overview of the South African agricultural sector. Thereafter, in Chapter 5, 

the results from the application of the gravity model are presented. 



CHAPTER 4: SOUTH AFRICA'S AGRICULTURAL SECTOR 

4.1 INTRODUCTION 

This chapter presents an overview of the South African agricultural sector. It gves a general understanding 

within government and the agricultural industry on the South African agricultural trade policy. Besides, it 

elaborates the challenges that the sector faces with regard to trade and the application of policy 

instruments. An attempt is made in gving the strategc policy direction that can form part of governments' 

plans of action and be monitored to measure progress. Therefore, the use of the gravity model as an 

instrument becomes necessary in evaluating progress made. 

The remainder of this chapter is organised as follows. Section 4.2 considers the importance of 

trade in the agricultural sector, after wluch, Section 4.3 presents the trends in South African agricultural 

trade. Section 4.4 shows the constraints between government and industry. Section 4.5 contributes towards 

strategc objectives of trade policy, followed by a summary of the chapter. 

4.2 IMPORTANCE OF TRADE I N  THE AGRICULTURAL SECTOR 

Given the role that the agricultural sector plays in South Africa's economy, it is imperative, from a trade 

policy perspective, to determine the potential for trade of agricultural goods between South Africa and 

Angola. The gravity model is the reliable instrument to be used for analysing the potential for trade 

between the two countries. 

In recent years, significant changes have occurred in the economic policy environment of South 

Africa. In fact, these changes have contributed to a remarkable growth in trade. The agricultural sector 

moved rapidly from protectionist statutory involvement prior to the mid nineties, to deregulation, 

liberalization and an open economy. The devaluation of the rand during the 1990s contributed partially to 

the growth in exports. However, the successful political transition in 1994 contributed to a relatively easy 

shift to a more open economy (TIPS, 2005). 



There has been a considerable increase in trade in the agricultural sector which is important for South 

Africa's welfare. In the last decade or so, agricultural exports have grown significantly in importance. They 

represent 37 per cent of the total value of production, whereas imports represent only 23 per cent. AS an 

agricultural exporting country, South Africa has a positive agricultural trade balance. The agricultural 

exports contribute on average a steady 8 percent of total South African exports whlle the agricultural 

imports for 2005 accounted for 5 per cent of total imports (TUorld Bank, 2005). 

4.3 IMPLICATIONS AND TRENDS I N  SOUTH AFRICAN AGRICULTURAL TRADE 

The political adjustment in South Africa and policy changes in the agricultural sector contributed to a 

remarkable increase in the role of trade in the agricultural economy since 1994. Globalisation influenced 

and impacted changes in consumer preferences, food safety considerations, social and technical conditions 

and intellectual property. This has affected government trade diplomacy, industry positioning, educational 

levels and the scale of investment for producers and exporter businesses (the dti gravity model, 2004). 

4.3.1 Export trends 

Agricultural exports contributed 8 per cent to the total exports on average in 2005. Edble fruit, beverages, 

prepared vegetables, sugars, cereals, tobacco and wool were the main agricultural exports (World Bank, 

2005). 

Agricultural exports, over the past decade, have increased Erom R5 b a o n  in 1990 to R25 billion in 

2005, representing a 40 per cent increase in US Dollar terms. Export volumes increased by 25 per cent 

(regression trend) and 36 per cent (real values) over the past 15 years. Wlth the strengthening rand at its 

peak in 2004, the export value only decreased by about 10 per cent, although export volumes have 

dropped by half. Nonetheless, the share of agricultural exports in the total value of agricultural production 

made a considerable improvement. It increased gradually since the mid nineties from 20 per cent to 30 per 

cent in 2005 (World Bank, 2005). 



The largest contributor to export growth over the past five years was the value addition. The 

composition of agricultural exports has moved extremely towards processed products. In 1995 it was up to 

33 per cent of the export value and increased to 56 per cent in 2004. In terms of regulatory requirements, 

~rocessed product exports are less restricted. Therefore it would be easier to enlarge &st when new 

markets and opportunities open up. The reliance of the ago-processing sector on a competitive primary 

sector should not be under evaluated in the context of total value chain competition in foreign markets 

(the dti gravity model, 2004). 

South Africa's largest single export market for agricultural products, although its share of exports 

has dropped from 61 per cent in 1988 to 42 per cent in 2005, is the European Union. South Africa's 

second largest agricultural export market is the Southern Africa Development Community (SADC), 

accounting for 17 per cent of exports (EU annual report, 2005). 

Since the mid-nineties, agricultural export markets have diversified to new, faster growing, 

developing and non-traditional markets of Africa. The most attractive markets are found in West Africa, 

Eastern Europe, Asia, Middle East and North America. The non-traditional markets have almost tripled, 

since the mid-nineties with its share of the South African agricultural export basket increasing from 15 per 

cent to 41 per cent (World Bank, 2005). 

In the fast-growing priority markets, South African agricultural exports continue to be under- 

represented. Structural analysis shows that predominantly the US market is considerably under 

represented, partly as a result of the rigorous import ban of the past. Although agriculh~ral exports to the 

US market are growing rapidly, it may take a long time to obtain broad based access for fresh produce 

(TIPS, 2005). 

Based on the export trends presented above, the practical estimation of the potential for 

agricultural exports wdl be evaluated in the next chapter. 



4.3.2 Import trends 

Despite structural deficits in some products, South Africa imports mostly products such as cereals, fats & 

oils, animal feed, meat, miscellaneous food and dairy products, beverages (spirits and vinegar), tobacco, 

cotton, spices, tea and coffee. 

Over the past decade, agricultural imports increased sharply from R2 billton ln 1991 to Ill6 billion 

in 2005, representing a 40 per cent increase in US dollar terms. Agricultural imports for 2005 accounted 

for 5 per cent of total imports. The world's principal agricultural suppliers are Argentina, Brazil, Thailand, 

United States, United IGngdom, China, Germany, I d a ,  Australia and Malaysia (World Bank, 2005). 

In the South African market, African suppliers are underrepresented. Generally South African 

agricultural exports to African countries are in the ratio of about eight or nine to one in South Africa's 

favour. South Africa is in a strong position in Africa as a supplier of managerial services, food distribution 

outlets, productive inputs and investment and financial services to African countries (TIPS, 2005). 

As mentioned in Section 4.2 above, the share of the import of agricultural products to total 

imports must be increased. Both imports and exports of various products are important for the agricultural 

sector. The potential trade and the fluctuation of the coefficient for the agricultural sector will be tested 

through the application of the gravity model in chapter 5. 

4.3.3 Twndr, 0ppolitanitie.r and Strategic ~~ommitment~ 

There is a need for South Africa to be globally competitive in the agricultural sector because of the 

integration pressure in the world economy today. Failure to do so will lead to margmalisation (World Bank, 

2005). World trade has accelerated over the last decade, growing faster than the world GDP. This means 

that growth opportunities are typically greater for agricultural exports and imports than they are for 

domestic sales, a trend that could be exploited by developing countries (World Bank, 2005). 

The export trend in South Africa hghlights the need to focus attention on new markets and 

products that show potential for future growth. The changes in social and economic conditions are causing 

sigmficant shfts in global food markets. In particular, the world's prosperous consumers are forecast to 

increase by 850 million by 2010. These consumers will be demanding more specialised, hlgh quality 



products and selvices. Currently 65 per cent of affluent consumers live in the developed world, but by 

2010, it is estimated that around 60-70 per cent will live outside the United States, the European Union 

and Tapan (World Bank, 2005). 

Globalisation, however, is not limited to governments or multinationals. Small and medium sized 

companies are creating global networks of customers and they use the latest technology to overcome 

geographic and cultural barriers. For many small and medium sized operators co-manufacturing and 

strategic alliances with overseas companies offer a preferred strategic option for market entry in 

agricultural sector. Foreign direct investment (FDI), the formation of strategic international partnerships 

and supply chain management are becoming more important drivers of export growth (EU annual report, 

2005). 

High levels of domestic support, paid by developed countries to their agricultural sectors, are a 

major concern for the agricultural development in developing countries. This support, estimated at US $1 

billion a day, distorts markets and production and makes it impossible to  compete fairly in affected 

markets. Export subsidies continue to negatively influence international competition and world prices 

(World Bank, 2005). Nonetheless, tariff peaks and tariff escalation hamper the export of agricultural 

products value added while import duty levels in developing countries impact on market access 

opportunities. 

The coefficients obtained from the gravity equations w d  be used to evaluate bilateral trade flows 

between South Africa and Angola. Therefore, growth opportunities for both exports and imports could be 

identified and developed through the use of the gravity model. 

4.4 CONSTRAINTS BETWEEN GOVERNMENT AND INDUSTRY 

Persistent changes in the local and global economic scene have impacted on agricultural trade and the 

production environment. However, at the same time, deregulation, global and domestic societal changes, 

and policy and trade flow changes have resulted in a multitude of uncoordinated initiatives, opportunities 

and challenges. Considering the external changes and the need for stronger coordination and Agnment 



between government departments, there is a need to renew the existing policy for agricultural trade for rl~e 

purpose of sdmulattng growth, employment and income 111 the agricultural sector (Department of 

agrlculwe, 2006). 

The new policy will align government policy between departments on txade m apculture. The 

policy wdl also broadly government actions and stakeholder expectations with respect to bilateral 

cracle. In fact, the rariff applicaaon and investment promotion insmnenrs will benefit government and 

~ndusuy (the dti grarr l ty  model, 2 0 0 .  

4.5 STRATEGIC OBJECTIVE OF TFtADE POLICY 

The strategc objective is duected at "evetltuaf m~ItihferaI~fie tmde in agticukuraIgootl.r OJI  the bartj t[fw'mejf a d  

tquig taking sustainab/G &yelopme#t and s#s&~nabiLty ~ ~ ~ I I ) J / ~ V J J  into u~xo~tn/" (the dri gravity model, 2004). 

Until multilateral free trade can be achieved, the South African government w i l J  provide a balance 

of  protecaon and support to domestic agriculwe. This support is related to subs~des a s ~ d  unlzir rrade 

practices applied by some countries (World Bank, 2005). 

Thls policy draws upon the initial Global Economic Strategy of the South Ahcan government 

and emanates from the Strategic Plan for South African Agriculture, It will be pursued along a number of 

asus. namely it1 domestic policies and UI bzbteral, regional ancl multilateral mde agreements. 

4.5. l Globdl Ehsnomic Strategy 

Globally, the economy of Souch ~ i h c a  1s in a uansiciod and developing stage (World Bank, 2005). There 

are challenges which hinder the access to sustainable economic acttvliy and employment of South rtfncan 

citizens. According to the Global Economic Strategy the challenges are the follo~ving 

conu-~bute to poverty alleviation; 

enlqance job creation; 

aclhve sustainable integration into the global economy 



increase opportunities for black ecotlomic empowermenr and S m d  Medium and Micro 

Enterprises (SbIiVIEs); and 

contribute to the development of h frica. 

'These colicerns need to be resolved in the contest o f  globAsation. Therefore, efforts must be 

made in increasing changes in investment and trade flows, changes in global proclucrion patterns and the 

formation of r~ade  nenvorks, and rapid changes and ad.rrances in informatior1 exchange, communications 

and technical advances. Ahica finds itself increasingly marginalized and escluded from the benefits of 

globalization and the benetjrs of trade. This ~v iU  require an ,.\hican Development Strategy that also 

addresses Africa's crade with the world and with itself (World Rank, 2005). 

Stable macro-economic policies, access to key markets and the main poles of economic ~ o w t h ,  

rhe development of  rechnicd capacities in partnership with the private sector. sufficient human capital and 

a skills base. low cost, a11d cranspwent economic governance are the cn~cial requirements idcntifiecl by rhe 

South hfrica.n government KO compete in clus dynamic and evolving global enrvironmcnt (the dti gravity 

n~odel. 2004). 

4.5.2 Tcrrz'jfi dnd ollar irnpIementu~ion .r/rrlfqie.*. 

Regarding the strategic intervention in tradc and competitiveness, the South African governmenr 

reco~nises the lack of a tariff policy or directives that can guide consistent and rational application of 

liberdzation o r  protection of trade across all sectors. The purpose of this strategic intervention is to use 

resources optimally a r~d  to sustain long-term productivity. As a result, rhcre is lack of policy guidance on 

the role of liberalization and protection in susrainable development in nus1 areas and sustainable natural 

resource utilization in agriculture (the dti gravity model, 2001). 

'The South AErican government sl~ould therefore attempr to establish hr ther  detail on the poticy 

directives with scientific and rational basis and could give _guidance to tile International Trade 

Administration Commission (ITAC). 

171e Sourh African government is concerned that there are various adverse policy effects that  ad 

hoc government intervention., such as the application of liberahation or prorection and the timing thereof! 



may have on the agriculrunl sector. On the one hand, lugh government intervention that is incorrecdy 

apphed can cause mono-crop expansion of production m marginal areas and distort investmenr On the 

other hand, wrongly timed liberalization without integration with arl economic development plan can cause 

de-mdustriahaticrn and economic decay In rural areas, soil degrada~on and degadation of renewable 

resources and failure of land reform and black economic empowerment In the agricultural sector 

(Department of Agriculture, 2005). 

Thus, there is a need to formulate gutdelines for the application of import rariifs to agricultural 

products to ensure efficient implementatio~~ with h t e d  negative disruption for the agricultural industry 

and lunitkg the welfare loss to consumers. These guidelines should under the International Trade 

Administration Act (Act No. 71 of 2002) be the principles under whch ITAC will consider tariff 

applications €rom the agricultural mdusuy. Thts procedure wiU prevent the ad hoc nature of agricultural 

tariff decisions (the dti gravity model, 2004). 

4.6 SUMMARY 

The underlying principle of this chapter was to present an oven-iew of the agrrcultural sector. The chapter 

gives a general understanding of thc South African agricultural trade policy. Besides, it elaborates the 

challenges that the sector faces with regard to trade and the application of policy instruments. 

An attempt is made KI gving the strategic policy direction that can form parr of South African 

goxrcrrlments' plans of action and be inonitored to measure progress. Therefore, the use of the gravity 

model as an instrumerlt becomes necessary in evaluatmg the progress. 

Section 4.3 shows that, over the last decade, agric~dttud exports have Increased from R5 billion in 

I990 to R25 bdhon m 2005, representing a 40 pcr cent increase in US Dollar terms. Export volumes 

increased by 25 per cent (regression trend) and 36 per cenr (real values) over the past 15 years. With the 

strengthening rand at its peak in 2004, the export value tr111y decreased by about 10 per cenr, although 

export volumes have dropped by half. Nonetheless, thc shaxe of agr~culrural exports m the rocal value of 



agricultural production has made a considerable improvetnent. It increased gradually since thc mid nincties 

from 20 per cent tu 30 per cent in 2005. 

In fact, there is a need for Soutit ,\frica to be globally competitive due to intcgrxrinn pressuir in 

the. world economy todqr. Failure to do  so will lead to margndsation. \Vorld trnde has accclcrxtcd over 

the last decade, growing faster thm the world GDI'. This means that gro\tth opporrilniucs axe typically 

greater for exports and imports than they are for domestic sales, a trend that coiild be esploited by 

developing countries. 

This chapter sets out the agiculniral sector esplicitly and the impact of agricillrural trade policy. 

The followitlg cltapter describes the empirical use of the gravity model in this study, as well as the various 

~Llnulations performed. the intcrprered results, and provides evidence regarding the potential for trade 

berween South --\frica and Angola in the agriculrural sector. 



CHAF'TER 5: EMPIRICAL APPLICATION: AN EXTENSION TO 

TRADE FLOWS BETWEEN SOUTH AFRICA AND ANGOLA 

5.1 INTRODUCTION 

This chapter esplores the potential for bilateral agricultural trade flows benveen South i\frica and ringoh. 

A gravity model is empirically tested to investigate rhe ~rade  porenual. Emphasis is placed on the real 

economic situation of these two countries and RCi4 coefficient to be measured. The actual and potential 

level of trade for the agricultural secror will then be measured. In addition, the standard g a v i ~ ) ;  model is 

augmented with a number of variables to test whether they ate relevanr in explaining tradc. These variables 

are GDP, real exchange rates and the oil price. FinaUp, this chapter analyses to what extent potential for 

trade bcnveen these two economies a.re important. 

The remainder of ttus chapter is organised as follows. The current evaluation of the sector is 

offered in Section 5.2. Section 5.3 considers the practical evwluation of the agriculmral sector. Section 5.4 

exposes the outcome of the practical application followed by a sumrnaq of the chaprer. 

5.2 CURRENT EVALUATION OF THE AGRICULTURAL SECTOR 

'The agricultural sector is one of the priodq sectors identified by the Sourh African government because of 

its poterltial to ir~crease espora. The trade balance for priority sectors, as evaluated by the dti, is given in 

Table 5.1 below. In the agricultural sector. the trade balance increased constantly from 3,255 ndlion in 

1997 to 5,385 rmllion ill 1999, a massive increase of approximately 65 per cent. X slight decrease occurred 

in 3000 (from 5,385 d o n  to 4.675 million), after which, a sharp increase is registered from 7,149 million 

UI 2001 to 8,310 million in 2003. Although another rise had been espected for the following year, the 

decrease had come as a surprise from 8,310 million to 7,850 rnihon in 2004. Nonetheless, it is o b s e ~ ~ e d  



that after every cbree years o l  increase the trade balance 1s dooincd to decrease.Wne of the reasons for  

this trend could be the application of lrnporr tariffs to agricultural products. This could ensure efficienr 

implementation wid1 hm~ted negative &scuption for the agricultural sector. 

Percentage share in the agricultural sector has been positive from 1997 (4.5 per cent) to 2004 (6.3 

per cent). Grow-tll in the aguculrrud sector has been strong, with exceptions in 2000 (-14.1 per cent) and in 

2004 (-5.5 per cent). The cons~derable decrease in 2000 can be explained by the severe drought 

espcricnced during that year (see Table 5.1). For example, the percentage growth in the agriculrural sector 

ill 2004 decreased by 5.5 per cent compared to the manufactudng sector, which increased sharply by 36.9 

per cenr, even though the mining sector performed badly, with a decrease of 14.5 per cent dmng  the same 

period. 

The escimarion of the agricultural sector and its equation from the grariry model 1s necessary for 

analysing the potential bilateral rrade involving South Afr~ca  and Angola. In fact, the assessment of the 

potential trade can be done through the application of the gravity model, and the results car1 be compared 

to the actual bilateral trade. Thexefore, the reasons why potential trade is not realised have to be 

investigated. Th.ts rmght assist the governtnent in both its bilateral trade negotiations and identi& areas of 

poss~ble government intervention. 

'' Chce again proving the economists' b&ef that the economy moves m cycles. 



Tubh 5.1: So& -4/#6.a 3 tmde balance 

Trade Balance Rand million 

1997 1998 199!4 2000 2001 2002 2003 2004 2004/2005 
- - -  

Total 3,596 782 18,199 22,765 35,297 38,674 16,742 -10,681 

Agriculture 

Mining 

Other Trade 487 548 750 537 305 -282 164 -462 

Percentage Share 

Agriculture 4.45 4.1 1 6.24 5.37 6.79 5.88 7.25 6.32 

Mining 

Maou facn~ring 

Other Trade 0.67 0.56 0.87 0.62 0.29 -0.21 0.14 -0.37 

Manufacturing 

. % I I ~ :  tbe dti &base 



5.2.1 Trade hmouyfir the rkipn'on'g secton 

Table 5.2 and F w e  5.1 belo~i? present the trade turnover for thc period 1992 to 2004. In the agricultural 

sector, a slight increase occurred from 3.2 d o n  i11 1994 to 4,1 million in 1996. There has been no 

improvement from 1997 (3 million) to 2004 (3 million). Nei~ertheless, the manufacturing and mining 

sectors performed well during the same penod. 

Among rl-~e priority sectors, the agricdcural sector plays an important role LI-I South Afr~ca. 

However, the uadc turnover remauled constant (3 d o n ) ,  espeually for the last three years fiom 2002 to 

2004. As mentioned in chapter 4, the South Ahcan government sbould stimulate this sector througl~ 

applglr~g a tariff pohcp. The purpose of this strategic inremention is  to use resources optlmdy and to 

sustain long-term productivity. As mentioned in Section 4.5.2 above, the South African government 

should therefore attempt to establish further detail on the policy directives that is scientifically and 

rationally based. Thts can ensure therefore, efficient implemenration with Lnuted negative disruption for 

rhc agricultural sector. 

Tab& 5.2: Tra& tumoverJOr the period 1992 to 2004 (R miikon) 

1992 1993 1994 I995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

A f i d h r r r  4 3.1 3.2 4 1.1 3 3 3 2.7 2.6 3 3 3 

Mining 36 35 31 78 26 27 25 25.5 26 25.6 25 24 71, 

Manufacturing 59 60 64 69 71 70 72 79.3 70 71 71.8 73 73 

Other Trade 2 I I I 0.5 0.4 0.4 0.4 0.4 0.4 0-1 0.4 0.4 

Source: the drJ database 

Furrbcrmore, from Table 5.2 above and Figure 5.1 below, it  can be seen that growth in agricultural trade 

has been relatively stable over the period 1992 to 2004. A c c o r ~ y ,  there is rooin for lmprovemcnt LI 

trade in rhis specific sector. 



F@re 5.1: Trade a m w j r  the period 1992 to 2004 (R milbn) 

Trade turnover (1992-2004) 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Year 

I:- - - - - -- - - - - --- - - - 
Agriculture Mining Manufacturing Other Trade - - - -- - - - > 

Sogtve: the dti &tabare 

5.2 3 Emphyent per sector 

Employment figures contained In Table 5.3 indcate that more pcople were e~nployed in 2006 (834,239) 

than m 2005 (832,507) in the agricultural sector. Tlze projected figures for the agriailtural sector show that 

in 7007,835,341 people wdl be employed while 837,123 2nd 838,253 people will be employed m 2008 and 

2009 respectively. 

The weighted annual percentage change for the period 1980 to 2003 gives a negative percentage of 

-0.78 per cent. -fie same pattern is noticed with -1.58 per cent for the period berween 1994 and 2003. 

Nonetheless, the figures show a slght increase of 0.15 per cent for the projected period from 2004 to 

2009. 

The weighted annual percentage change for the period 2004 to the projected year 2009 shows that 

the agricultural sector w d  perform better than the mining sector (-1.05 per cent), construction sector (-1.01 

per cent) and the transport sector (-0.37 per cent). 
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5.3 PRACTICAL EVALUATION OF THE AGRICULTURAL. SECTOR 

In this scction, the gravity mode! is used ro run various simulations for South Africa and Angola. The 

potentid for trade between these nvo economies is then evaluated from the simulation resd ts. Four 

simulations arc performed it1 rhis section. The shock'" applied to this modcl affects the macr(X:conumc 

variables. These variables are GDP, Exchange races and the oil price. Each variable is shocked sepuately 

while other variables ~ernain constant. For the purpose of thc hid of scenwios performed in t h ~ ~  study, 5 

percent was chosen to shock all variables for illustrative purpose ;uld consistency, even though several 

simulations could be performed using different percentages such as 5 percenr, 10 percent and 15 percent 

from the gravity model. Regarding espeually oil price variable, any positive o r  negauve shock in oil price 

will affect both counwes equally because of as  international impact. 

As mentioned in section 2.1 above, the dti gravity model was developed bv ITPC for the purpose 

of analysing iuternauor~al trade flows between South Africa and its 154 rode partners. Sc~entific techniques 

were used to construct the model. Nevertheless, ir must be noted that the numerical information applied in 

the model included data for h e  period 1991 to 2 0 3  (the dti gravity model, 2004). 

The variables used in the estirnauon of die model are the variables applied in many previously 

performed srudics, and are considered as the core €actors for determining trade. Based on this model, it 1s 

possible to calculate potential exports to an in&vidual c o u n q  such as hgoh. Besides, given potential 

exports, the policymaker can compare this wth actual exports, and determine where and to which country 

exports we under-perforrmng. 

The  gravity model of trade between these cu-o countries was csurnatcd In a panel data framework. 

As mentioned in Section 3.1, the use of panel data methodology has numerous advantages over cross- 

section analysis. Firstly, panel data makes it haslble to establish relationships between regressors for a 

period of time. Secondly, pancl data has the capabiliry to examine the potential unnouceable trading per 

"' .;i change in the base or original value of the specific variable 



individual effects. When individual effecrs are ormtted, OL5 estima~cs wlll be biased if indtvidual effccts 

are correlated with the regressors. 

Kegardmg the individual effects included in the regression, a choice had ro be taken either to oreat 

them as fixed or random. In tuitively, thc REM would be more suitable when estimating typical uade flows 

between a randornly drawn sample of uading partners from a larger population. Another possibihty is tha't 

rhe FEM is more smnble than the REM when the interest is in estirnatmg typical trade flows between ex 

ante predetermined selection on nations fEgger, 2000). In h s  study, the sample includes trade flows with 

all South Africa's trade partners. Therefore, the appropriate method from our innuuon will be a Gxed 

effect specification (Martinez-Zarzoso, 2001). 

The concern regarding FME is chat it cannoc directly estimate variables tha~  do not change ovcr 

time because the inherent transformation wipes out such variables. Yet, these vanablcs can be easdy 

esmared in a second step, performing another regression with the individual effects as the dependent 

i-arlable and wth distance and dummies as explanatory varmbles. 

Equa~ion 3.1 was estimated for w e g a t e  trade flows using several methodologies. Firstly, for 

quality control, OLS was used. The results axe shown in Table 5.4. Secondly, die  egression ro cross- 

section meam was applied between estknations obtaining similar results which a~.c shown m '1 able 5 5. In 

borh cases dl the coefficients present the expected sign, apart from the oil price vziable. 

Coefficient tatatistic 

CIonaant -108.63 -3.1 1 

Exchange rate of the l ia~ld per unit of  US doUar 

Gross domestic producc of countries importing goods ftam Soutl~ Africa 

Population s i x  of caunnies importing p o d s  Erom Soilth t\ frica 

lntemational price of oil 

Gross dtmcsuc pmdun of South Africa 

Popuhtion sbx of South r\eca 3.66 1.37 

Source: hgtwswn n~ffks  

The 6 test was performed co check the poolability of the data. The restrictive assumption of a siuglc 

inrercept wirh the same parameters over time and across tradl~g partnets was raken iato consideration. As 



observed in Table 5.4, the coefficient estimates for the standard gravity model are statisticall!l significant. 

The exchange rate, population size, alld the GDP for South Africa and Angola present a positive s p e d  

coefficient, which is also sipi6cant, except for the oil price (-0.46). The estimated coefficient for the real 

exchange ratc is positwe and sipficanr,  indicating that price competitiveness is imporrant. Another 

possible explanation for rhe positive sign is that these elasticities measure the change in the totd csport of 

tile agricultural sector of South Africa to a 1 per cent change in the value of the explanatoq variables 

included in the fkst stage estimation. 

Intuitively the expectation from Tablc 5.5 is that the cross-section heterogeneq may be apparent 

because panel daca suggests char South Alnca and Angola are heterogeneous. Therefore time-series and 

cross-section analysis not managing ths  heterogeneitp create the risk of obtaining inaccurate results. Given 

the si,&ficance of the cross-section measurement of the dara, rhe same pattern was estimated in the data 

whefe every pool equation IS wqhced by an estimate of the cross-section residual standard deviation 

(Baltagi, 2001). The results obtained are s i d x  to the two ways Gxed effccts modcl as predicted by the 

theo y. 

Weighted Statistics 

11 -square 0.9340 

S.E. of rcgrcssion 

Llurbin-Watson stat 

S.D. dependent vat 

Sum squared resid 2447.1 1 

Sounv: Regreskn rnsuhs 

The simulation results from Table 5.7 show that the value of @is 0.98 indicating that the modcl explains 

successfully 98 per cent of the variation in the dependent variable. It is evident h m  the high value of R2 

that the variables included in the regression model are the main determ~mts  of the country-spedc 

effects. Regarding the estimation of the variable "constant", all the explanatory factors in the model are 

equivalenr ro 3.8 per cent on average for the agricultural products char d be exported from South Africa 



ro Angola. However, the constant is statistically insigruficant. The coefficient for d ~ e  variable "dtstnnce" is 

negative and statistically significant a t  the 5 per cent significance level. This proves chat a country that is 

rituatedgeographicu4 f i b e r  fmm South Africa is expected to attrac~. hxser expo*. 

Table 5.6: Regmkon resrIt.cj%r the two-wqf FEM 

Coefficient t-Statistic 

Constant 3.7990 179.444 

Distance in kilomctres benveen South Africa and its mding partners 

Dwnmy variable for countries spakmg English 

Dummy variable for countries in the Europcan Union 

Dummy variable for counmcs in the continent of Africa 

Dummy variablc for counaies that are membcrs to NI\FL% 

Dummy variables for countries that are members to MNERCOSUR -1.5433 ,-39.443 

Source: Regmsion wsulxr 

Table 5.7: In&& eJk& regressed over l j f shn~  and &mmes 

Durbin-Watson s w  

Mean dcpcndehr var 

S.D. dependent var 

Sum squared resid 8,001.03GO 
- 

Some: Cmss-sectbn regrererstoon muh 

Tables 5.6 and 5.7 repon, respectively, estimation results for the bas& version of the FEM and individual 

effects regressed over distance and dummies. Gwen the importance of the cross-section dimension of the 

data, each equation is downweighted by an estimare of the cross-section residual standard deviation. Table 

5.6 reports the estlmzltes of the two-ways FEM with cross-secuon weights. The inrcrprecauon o f  thc 

coefficients on the integration dummy variables is also relevant for this analysis. Since the nlodcl is 

estimated in natural loeriduns, all dummy variables are given a value of one in natural logmtkms when 

the correspondent condition is satisfied and a value of zero otherwise. Thus a val~ie of 1.78 (the European 

U~livn dummy in Table 5.6) inchcares that intra-Europeari Union trade is about 113 per cent abovc what 



could be expected from the gravity model- S d a r l y ,  iotra-Enghsh spealilry: countries indicate 0.4 per cent 

which is about 11 per cent tugher than expected levels. 

Furthermore, Tables 5.6 and 5.7 present the results obtained when the fixed effects are regressed 

on che distance variable and dummies which are fked over time (common lmguage). The resulrs show that 

only the European Union and English speaking countries are statistically sign~ficant, whereas distance 

presents the incorrect sign wlule it is important. The integration d u w  f i x  the E u r o p m  Union and 

English s p e a h g  counties increase In magnitude whereas the ones for iiGica, NAITA and MERCOSUR 

decrease. A very hlgh K' coefficient is obtained, whch indcates tllac there are other determinants o l  the 

trading-pair effects, ddferent from the ones traditionallp included in rhe analysis, which should be 

investigated. Our results are similar to those obtained by Chen and Wall (1999). The coefficient estunate 

for the distance variable is less than 1 per cent due to the fact that Angola is geographically close to South 

Ahca. Thc most Important aspect in the second stage estimation is the sign of the coefficients. The 

further the distance behveerl South A&ica and its trading partner, the lower the volume of trade between 

them. Hence a negative coefficient is expected for the &stance variable. The duromies indicate that South 

Africa exports more to trade blocs with positive coefficjents md less to trade blocs wirh neprive 

5.3. ! Extimates oSpotenlial t r d  

The mode1 estimated in the fist stage is solved to calculate the potential exports of the agricultural sector 

of South '\ftica. Generally, the model is found to explain South AEaca's export trade. The coefficients 

obcained from the gravity equations are used to cstirnate bilateral trade flows and to evaluate potential 

exports. Estimated coefficients in Table 5.6 Fwo-ways FEM with cross-section weights) served as the 

basis for the evaluation of the trade potential. Figure 5.3 presents the estimates for potential esporLs of 

agriculru~al goods to Angola along with the actual exports values for every year in the sample. The 

slmulaunn results show that horn 1994 to 1997, actual exports in the agricultural sector were bgger than 

potential exports. During this period democracy was introduced in South Africn. tlowever, from 1998 to 

2004 actual exports decreased considerably, while the porential exports exceeded the actual esporr values. 



can The reason could be that the exchange rate was reasonably unsrable in Sourh hfiica over this period a: 

be seen in figure 5.3 below. In 2002, actual exports esceeded potential esports in the wicultural  sector. 

Furthermore, rhc potential exports exceeded the actual esports during 3 0 2  and 3003. 

The  difference benveen potential and actual esports to Angola mems  that rhe actual level of 

exports is below those that nocnld trade relations woiild support. However, explanations about increasing 

and decreasing potentials sl~oilld be based on time spccihc factors, such as, for example, climate 

phenomena affecting the agric\~lture sector. From Figure 5.3. it can be seen that the nominal effective 

esc1i;uxge rate d e c h e d  by approsimately -13.4 per cent in the worst case over a rolling three year period, 

while only reaching a positive three year average by 2005. 

,-\ppenciis :\ contains t1.w estimates for the countsy-specitic effects. The countryspecific cffccts 

arc all the factors that are specific o r  i~nique to each coun tn  that are not included in the gra r iv  rnodcl. 'The 

simulation results show that rhcre are unobsen-ablc u ~ ~ i c l i ~ c  characteristics of each counrn, that cnllancc 

South .ifrica's exports o f  agric~~ltural goods to otltcr countries such as Congo. C!*prus, Gallon, Saudi 

Arabia arid Zambia. S i d a r l ~ ,  rllerc are also unobsesvable country characteristics that rcnd to inhibit South 

.-\fricals esports of  agriculn~ral gi:oods rc) A1geria. (:llile. 1:cuador. Para'vay and thc Russi;\n I':ccleranon (see 

;\ppcndis ;\ for results). 



.Youwe: The South Afri6.m &stwe Bank (SARB) 

International economic relations: Exchange rates, gold price and trade financing 

Table 5.3 shows the potenrial alld actual csporrs from South Alrica to Angola in d o n s  of doll~rs. 
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F&un 5.3: Potential and a~fuui exportx between Souib ,4j%'ca und Angola ($millon) 
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Sourre: the drigravip model resuks 

EXPERIMENTAL ASSESSMENT FROM THE MODEL RESULTS 

Tlw dti gravity model is used to run a number of simulations using different scenarios. Each sccnario is 

executed based on rl~e h d  of variables to be shocked. A shock is an external facf wb;i,c_h.af:Ee,ccs a variable 

in the model. Specific interest is g v e n  ro t.hc uncontrollable phenomenon affecting economic variables 

such as GDP, exchange rate and the price of oil. 

The shock is introduced in the form of a percentage increase or decrease of the vducs o f  one of 

the explanacorp vxiables. However, die type of shock that is considered in this model is a permane51 

shock - a sl~ocli to the values of a specific variable. The f o g  vv&bles idenufied in tlie model are the 

sscl~nngc rate, oil pncc, (;DP for the exporcine country and GDP for rhc importing country. During the 



smmulation exercises, wide one variable is shocked, thc others remain constant (esogenous). Furtl~ermorc, 

a 5 per cent shock was chosen for che purpose of these simulations. ,ill variables includng eschange rare, 

GDP and oil price were shocked by 5 percent. 

r\ number of simulations were performed and, in total, fow scenarios were considered. Thc first 

scenario relates to the shock applied to exchange races. This variable is decreased by 5 per cent \vlule other 

variables remain fised in the model. In the second scenario, the GDP of ijngola is shocked and increased 

by 5 per cent. In  the r h d  scenario, the GDP of Sourh Africa is increased by 5 per cenr while the last 

scenario focuses on the oil price. Thc od price is decreased by 5 per cent whle other variables remain 

unchanged. The simulation results are presented i.n tlus section. 

5.4.1 E s ~ ~ h a q e  rate .rt!lo~iC: 

5.4.1.1 Simulation statement: 5 pet cent appreciation (decrease) in the exchange rate 

Exchan~e rates plav a central role in international trade because they allowv us to compare the prices of 

goods and senrices produced in dfferent countries. Changes in the exchange rate are described as 

depreciations or appreciations. For instance, a depreciation of rhe South ,African rand against the Angolan 

doUar is a faL1 in the Angolan dollar price of rand. Tn other word. the deprcrlation of the South hfr~carl 

rand rnakes its products cheaper for Angola, whereas m appreciation of the rand makes its products more 

ex-pensive for r\ngola. r\ll else equal, an appreciation of a countq's currency raises the relative price of its 

exports and lowers the relative price of its imports. On the other hand, depreciation lon7ers the relative 

price of  a country's exports and raises the relative price of its imports (Rose, 20i)O). 

Amongst other variables such as GDP and oil price in the gravity model, exchange rate was 

chosen as an important varial~le to shock because it has been argued by the economist such as \Volf (3000) 

who declared thar when the interest rates for a country augment, the drrnarld for thar money w d  also 

augment.. Therefore the speculation of che currency of South Africa for instance can undermirle the real 

economic growth of South Africa when involved in exporting the agiculnlral products to Angola. 



As mentioned in Section 2.2, Bergstrand (1985, 1989) inserted for the first t h e  the real eschange r ~ r c s  into 

the p v i v  model. Besides, Soloaga and Winters (2001) suggested that the price effects been introduced in 

the cross-section analpsis even rhough th result of the analysis showed that the value of the money could 

not be evaluated accurardy. The eschitnge rate activities could be itnproved only in case whcrc rhe vxriable 

time dimension is taken into consideration in the analysis. 

For tile Grst scer~~rio,  the sl~ock is applied to the eschange rate variable in the ~ a r i q  model. The 

eschange rate is decreased by 5 per cent, wlule d ~ e  oil price and the CDP for South Africa and /ingola 

remain constant. Figure 5.4 is generated by the gr~vity model after the shock has been applied. The average 

effect is estimated by the model according to the le\rel of the shock applied to the eschange rate. Resides, 

the estimated coefficient of the real eschange rate in the model is significant demonstrating that price 

competitiveness is cssen tial. 

The results from the simulation presented in figure 5.4 bclom can be interpreted as follows. 'The -I  

per cent is the average effect generated from the simulation by thc model. The shulation result shows thsr 

rhe average effect is negative (-1 per cent). The outcome obcained from this simulation indcatcs that a 

seduction of 5 per cent applied to the exchange rare had a negarive impact of a 1 per cent decrease on the 

export o f  agricultural goods to Angola. From the results ir can be seen that the exchange rate has a 

significant impact on esports. Therefore an appreciation of tlte rand against the US dollar of 5 per cent 

leads ro a 1 per cent decrease in exports of agricultural goods. Th.is is in line with cconomic theory, wluch 

states that an appreciation of the domestic currency a\pnst  major c~urencics gives rise to a decrease in 

exports of domestic goods. \men the currency of the esporting country apprcciates, domestic goods 

become expensive to orher countries, hence exports decrease. 

From these resdts. the South African esporters who are actively and del ib~ratel~ involved in the 

esport market with r tnp la  will better avoid the depreciation of the xand by being proactive in the exports 

o f  the agrictllrural sector. 'The strength o f  the currency should not be the only determinant for esporr 

competitiveness. The use of the gravi5 model seems imperative in the identification of the uadc 

which is to be m~wmised. 
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5.4.2 Shock @&ed to the GDP OfAngoh 

5.4.2.1 Simulation statement: The GDP of Angola is augmented by 5 per cent 

Gross Dornestic Product (GDP) 1s a measure of the tgd econormc activity occwmg in Angola. The 

exerclse done in ths section is xelared to the shock appbed to the GDP of Angola as importing country. 

The external factor has affected rhe GDP to be increased by 5 per ccnt. The assumption is that one 

variable is shocked at the time whde other variables r e m m  unchanged. The outcomc of d ~ e  simulation is 

reflected in figure 5.5 below. 



The results Eom the shock show that the average effect is 2 pcr cenr. ,3 3 per cent lncrease from the 

average cffect can be interpreted as a positive reflection of exports for the agricultural sector to Angola. 

Under this scenario, there is a d e h t e  potential for trade between South Africa and Angola in thc 

agricultural sector. However, the 5 per cent increase in the GDP of Allgola did sumulate South Africa to 

increase its export by 2 per cent. 

I S Million 



S m u  ngadng the GDP OfSouth /@a 

5.4.3.1 Simulation statement: The GDP of South Africa is augmented by 5 per cent 

The simulation performed in this section concerns the GDP of South Africa. In t1i.i~ scenario, Soutll rtfrica 

is rhe exporting country. South .\fxica's GDP is increased by 5 per cent whde the exchange rate, oil price 

and GDP of Angola are fixed. The shock is applied using the gaviry model. The results of the simulation 

arc presented in figure 5.6 below. 

The simulation results indicate that t.he average effect of the potential for wade is 4 per cent. It is 

an indication thar rhe export of agricultural goods to Angola is posirive. "The potential trade between t.he 

hvo countries can be improved. Howet-er, rhe 5 per cent increase in GDP did surnubce exports to increase 

by 4 per cent. 
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5.4.4. Simulation statement: The price of oil is decreased by 5 per cent 

The Literature rrwew shows that some exijerts we predcing d-te oil price shock based on geoloa and 

gcopohtics. Othcrs are focusmg on the econormc incenwes which play a major role in estimatmg the price 

of oil (Sargento, 2006). Actually the realty regarding the orl price is that the demand continues to increase 

while the productio~l 1s dropping. Therefore, high prices of the oil are not going to stop soon. As discussed 

by Yeyati (2003), loolung ahcad, od prices could casily drop in the near future chat is why we preferred to 



shock the oil prices by 5 percent reduction in this study. In f~ct ,  this scenario models a reduction of 5 per 

cent in the price of oil wide the exchange rate and GDP for both countries are u n c h ~ d .  Figure 5.7 is 

generated by the gravity model after the shock has kc11 apphed. 'rl~e average effect is estimated by the 

model according to the level of h e  shock applied to the oil price. The results of the simulation arc 

presented in figure 5.7 below. 

The panel data used in this study consisted of annual observations across 154 countries, coverklg 

the period 1994-2003. The integration of the dummy variables and the interpretation of their coefficients 

are important for the ,analysis of the simulation results. Given that our model is estimated in natu~al logs, a 

specific value is affected to every dummy variable. For instance a value of "one" in natural log is given 

whe~l the correspondent conchtion is fidfded and a value o f  "i.eroW otherwise as described in Section 3.2 

(Zaaoso, 2001). 

The sirn~dation results reveal that h e  average effect of rhc ud prlce chock 1s a 2 per cent change in 

the rrade potential between the two countries. The impact o f  a 2 per cent increase IS beneficial for the 

export of agricultural goods. The potential for trade is therefore reahed between these nvo countries. The 

outcome obtained Gom tlvs simulation indicates that a ceducrion of 5 per cent apphd  to rhe oil price 

contributed to the export of agricultural goods. This means that low 011 prices can have a 

considerable effect on South Africa's exports of agricultural goods. 
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5.9 SUMMARY 

111 the presenr clwpter, the gravity model was uscd to perform experimental evaluations of the porer~tial for 

trade between South Africa anti Angola. The various simulations undertaken in this cl~aptcr confirm that 

rhe gravity model generates quite good results when trade flows are known a priori, ie., when the model is 

used w ~ t h  the purpose to explain (Sargcnto, 2006). Tl~c srudy focuses on the methodology used in Chen 

and Wall (1999}, which aims co estimate fixed effects and \~ariables that are constant ot.er the sample size. 



,l-he cesnlrs ol>rakled from the gravity model used i11 this parricular trade flow application showed that the 

model explmned successfully 98 per crrlt of rhe \.ariation in the dependenr variable. This supports the 

assumption that tile vnnables i t ~ ~ l u d e d  in the regression model are the mail detertTllnxncs o f  rhe counw-  

effects. Regarding the esti.mation of the variable "consratlr", all rhe explanatory factors tn the 

rnodel were eq~i\.nlent to 3.8 per cent on average for the agricultural goods to be exported from  SOU^^ 

'-\fCica ro r \ n g ~ l a .  Nowe~,-er, the coefGcient for (he variable "rliscanceJJ was negative and statistically 

sio@icant ar the 5 per cent sigruficance le~rel. 'Tliis proves thar a count~y  that is situated gep;eogaphcally 

Further from South Africa is expecred to attract lesser exports. 

Estinared coefficienrs in 'Table 5.6 served as the basis For the evaluatiorl of the potenrial for trade. 

Figure 5.3 presented the estimates for potenrial esports of thc agricultural sector to At~gola along with rlie 

actual esport va1~1es For ewlrp year in rhe sample. T l ~ e  sirnularion results showed that from 1991 to 1997, 

acrual esports in the agiculrural sector \57ere bigger than potenrial esports. During this period democracy 

was introduced in Sourh Africa. However, from 1998 to 2(3UO, actual exports decreased consiclerably. while 

the potential esports esceed the actual cxporr \dues .  The reasor1 could be that the exchange rate was 

reasorlably ~~nstable  in South Africa over this period. In 2001, actual exports exceeded potenrial exports LI 

the agiculnual sector. Furtliermore, thc potential exports esccedcd che acrual csporrs d~tring 3002. and 

3003. The ci.i.fference benveen porerrual and act~lal exports to Angola means that the actual le\reI of cspor~s 

is below those thar normal rradc reiarions would support. I-iowcver, esplanatior~s about increasillg and 

decreasulg potentials sho~dci be based on rime specific factors. such as for example, climate phenomena 

at'€ecting the agriculture sector. 

S120cks were introduced in the form of a percentage ilcrease o r  decrease of the values of v r ~ e  of 

the esplanacory xwiables. Thecc \Irere foilr variables in total, which were idenrified in she model for 

performing the vxrious simulations. The four va.riables were the eschange rate. the price of oil, the GDP of 

the csporrlng counrq ancl the GDP of the importing cou.nrry. During the sitnulation exercises, one 

variable was shocked, svhde the others were held constant (esoger~ous). 

The results obtw~ecl fsotn the various scenarios allow for rhe conclusion that the p a v i v  model is 

the best suited to c s p h n  trade flow behasriour. The 5 per cenr reduction applied to the rate had a 



negative irnpacr on esporrs o f  agriculntrd goods ro Angola. 'The 5 per cent increasc applied to the GDP of 

Angola did stimulate South Africa to increase its esports by 2 per cent. Nor~ctheless, 1.n the case of the 

South African GUT) shock, the impact was positive. Exports increased by 4 per cenr in the agricultural 

sector. ?11c outcome obtained from tlie last simulation indicated ckat a 5 per cent reduction applied to the 

oil price cor~rribured positively to the export ofagric~dtural goods. 

The nest chapter sumnxrises the mail] conclusions that were dra\v11 f1or-n the vxious strnulations 

and provides some a\re.enues For further rescarcll. 



CHAPTER 6:  CONCLUSIONS AND RECOMMENDATIONS 

6.1 SUMMARY 

.1,lis been wvirll the obselvat,ioll that South '-\(rica and Angola are currently in bilateral 

trade, especially i n  the agniculhrd sector. The study set out to answer rhe q~lesrion u'hethel there was 

porentid for bdateral rude in rhe agriculrural sector benveen South Africa and i\ngola. answer to r1Gs 

is imporanr, for if rlzis does confirm the importmce of tllis sector as an important export 

industry, i t  mighc have significant implications for policy efforcs such as the Customised Sector P r o ~ a m .  

Furthermore, this inighr strengther~ the use o f  the gal-ity model to sciencificall!r justify export promotion 

activities in the future. 

Chaprer 2 revicwcd the graviv model's baslc specification and its extensions in recent trade flows 

applications. Ths chapter revealed rhat there is substantial literature. pertaining to the gravity model. Evans 

(2000) ant1 Fecostra (2002) showed h a t  trade flows follow the physical theories of g a v i y ,  where ~TVO 

opposite forces influence the capacity of uade involving two countries. 'Therefore, rhe importance of the 

nature o f  trade benveen Souch Africa and iingola was introduced. An  overview of the 1,iterature on rllc 

gsavi, model was provided and a description of rhe dti gravity model given. This i~rstrumenr was chen 

used for thc scientjtic measurement of d ~ e  potential for trade benveen Souch ;\frica and ,-lngola. 

Therefore, Chapter 2, recommended thc use of the dti gravity rnodel as a valid instrument for analgsing the 

potential for trade in rhat it adds value in rhe field of applied gravity modelling in South Africa. 

Chapter 3 described the g s a v i ~  model as an instrument with r l~c  abhty to perform dynamic 

analyses of bilateral rrade. 'This cllapcer presented some plausible elements of tJ1e gravity model and gave a 

detded explanation of the \\;orkings of tile model. Tile mathernaucal represenration of a generalised 

gravity model was given in secriorl 3.2 and the etnpirical estimation of rota1 exports showed h a t  poter~tinl 

supply and dcmaad is determined by the relative size of the t\vo econollies. Various morivauons were 

@.ivca as to wllp rhc grauit;\r model can be estimated using a parlei data framework. Firstly, panel data makes 

ir feasible co establish relntionships between regressors for a perioc.1 of t h e .  Secondly, panel data has the 
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capability to scrutinize the probable unnoticeable trading per illdividual effects. In the care where there is a 

cocrelauon bcnveen individual effects and regressors in the model, the OLS estimates arc nor 

recommended, especi JJr lvhen jrldividual effects x e  not taken i ~ l t o  consideratiorl. Furthermore, [he 

use of u;h[ \,;as advised \&en [he samples aken from a luge pop~dadon for analysing r-rade flo\t's, 

<inodler was by u s k g  he FEM when the selection of countries is done in advallce. 

Chapters 7 and 3 ser tklc scene for the application of the gxavity moclel as an lnstrumcnt to a.llalyse 

the potcnual for tracle benveen South Africa and Angola. Chapter 3 introduced the agricdturd sector wirh 

an o v e n ~ i e \ ~  of the challenges tllat the sector faces with regard to rrade and the applicarion o f  policy 

insttuments. Tile general ullderstanding, benvecn the Soutll African govern.menr and the agricultural 

industry on South ~-\frican agric~dmral trade policy was defined. l l u s  leads to  the empirical evaluation o f  

the agricultural sector in Chapter 5. 

Ch;lprcr 3 provided the practical application o f  the gravity model described in chapter 3. The 

results obr ined from the sirndarions were used co analyse the potential for bilateral trade benveen Sourh 

'-\Erica and .Angola. The acn~al and potential level of trade was ei:aluared For the agiculn~fal sector. 'The dti 

gravity model was used to perform various simulations, where shocks were applied to variables such as 

GDP, the exchange sate and the price of oil. -Hie resulrs from the shocks applied to tllc eschange rate 

showed rhst thc average effect of the potential trade benveen Sourh r\f~i-ica and 'ingola decreased by I per 

cent. 'This is in line with ccononlic d~eory, wluch states that an appreciation of the domestic currency 

a w l s t  major ctrrrencies gives rise to a decrease in exports of the exporting ~~~~~~~~. IY;71en the domesuc 

cLurcncy apptedatcs, domestic goods become more expensive to other counuies, hence exports decrease. 

The shock of a 5 per cenr increase applied to the GDP of hrlgola did stimulate Soutl? r\t'rica to i n ~ r e ; \ ~ c  its 

esporrs by 2 pcr cent. Nonetheless, in the case of rllc South African GDP shock. the impacr was positive. 

Exporrshcreased b!; I per cenr i.n rhe agriculturd secror. In the last exercise, rhe reduction of 3 per cenr 

applied to the oil price contributed positively to expoLts from Sout l~ Afi-ica to Angola. 'This means that low 

oil prices can have a considerable effect on Sourh Africa's esports of agficulnlral goods (msnly on 

transport costs). In fact, the 2 per cent irnprovemenr in rhc average effect sllo\ved that there was a 
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