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Executive summary 

It is common knowledge that the construction sector with all its direct, and back- and forward linkages 

plays an important role in economy. Not only by creating facilities like buildings and infrastructure 

necessary for production, but also by creating employment. One of the main outputs of the 

construction sector is infrastructure. Infrastructure is a pre-requisite for the transport of intermediate 

and final products between producers and consumers. From an efficiency point of view transport costs 

need to be minimized. High transport costs can be due to the poor condition of infrastructure, causing 

time delays and damage to vehicles and cargo. In developing countries the condition of road 

infrastructure is a major cause of increased costs. Due to a lack of maintenance infrastructure capital 

deteriorates at a rate much higher than in developed countries. This results in a loss of potential 

capital services. 

The goal of this research is to quantify the relationship between availability of road infrastructure and 

economic growth in Mozambique. Mozambique is chosen as a case study, because of its high 

economic growth over the last decade. First of all the role of the construction sector, as provider of 

infrastructure, in the economy of Mozambique is analyzed by using the Turin model. This model uses 

four indicators: construction employment as share of total employment, construction value added as 

share of GDP, capital formation in construction as share of GDP, and construction as share of gross 

fixed capital formation . These indicators have already been applied to many countries and the 

conclusion is that GDP per capita is strongly correlated with each of these parameters. 

Second, the relationship between economic growth and the availability of road capital is analyzed. 

Capital stock measurement is done using the Perpetual Inventory Method based on financial values. 

Then these results are compared with capital stock measurement done using the Composite Physical 

Index method. This method depends on physical characteristics and basically uses the amount of 

kilometers of all roads as a quantitative indicator and average driving speed as a quality index. 

Third, an analysis is made of the benefits of investing in new construction versus investing in 

maintenance of roads. 

Regarding the role of the construction sector it is found that construction employment is at the same 

level as other less developed countries; construction value added is high compared to other less 

developed countries; and capital formation is low compared to other less developed countries. The 

government of Mozambique and international donors regard the construction sector as an engine for 

viii Bob Boogaart (2007) 
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economic growth, and high priority is given to road infrastructure. Most of the investments in civil 

engineering works relate to road rehabilitation. 

Our estimate of the road capital stock show that government investments have led to an increase in 

road infrastructure. The total amount of kilometers has not increased significantly, but road quality has 

improved, resulting in higher potential capital services of the road network. We also conclude that the 

CPI method is a feasible option for capital stock measurement at a disaggregated level. 

From the analysis on the choice between investing in new infrastructure and investing in maintenance 

of existing infrastructure, we conclude that both from a macro-economic perspective and from a micro

economic perspective (project level) investments in maintenance are far from sufficient. In the long run 

much more investments are necessary due to a lack of maintenance and having to reconstruct the 

road once it is completely deteriorated. Applying sufficient maintenance and repair will not only result 

in lower total costs during the service life of a road, it will also improve the average condition of the 

road. 

The main conclusion of this research is that government investments in road infrastructure have had a 

positive impact on economic growth, directly through decreasing transport costs and indirectly through 

increases in the share of the construction sector in the economy. 
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I Introduction 

Abstract 

Important factors in the process of economic growth and development are the contribution of the construction 

sector and the availability of transport infrastructure. Next to the direct contribution of each factor to the economy, 

these factors are also related. The construction sector is the provider of infrastructure. Investments by 

governments of developing economies in for example building and maintaining roads wi/I generate income 

(through the creation of employment) and wi/I reduce costs (more and better roads wi/I lower transaction costs). 

This research attempts to quantify these mechanisms by analyzing the relationship between income growth per 

capita and economic indicators for the construction sector (construction employment, construction value added, 

and capital formation). A second focus of this research is on analyzing changes in the road capital stock. The 

road capital stock is measured by using the Perpetual Inventory Model (based upon investment data) and by 

using the Composite Physical Index (based upon physical volumes). Changes in road capital stock are co"elated 

with income growth per capita. Special attention will be given to the effect of a lack of maintenance on the 

deterioration rate and the depreciation rate of the net capital stock. The situation of Mozambique is used as a 

case study, because this country has experienced significant economic growth over the last couple of years, while 

it is not clear if its road network has been a hampering or stimulating factor. Substantial investments have taken 

place in the Mozambican road network, but the network still consists of only a few sections that are in good 

condition and many sections that are in poor condition. 

1.1 Research setting 

In 1959 Hirschman wrote "The strategy of economic development". Even though this book is now 

almost 50 years old, the content is still very relevant to this day. Therefore the introduction of this 

research consists of a short summary of part of this work (see box 1 ), which provides a very good 

perspective on the setting of this research. 

Box 1: The strategy of economic development 

Hirschman (1959) states that, even though much research has been done on economic development, economists 

have not been able to agree on "a single and unbroken chain of causes and effects that would neatly explain the 

transition from 'underdevelopment' to 'development"'. "The list of factors and conditions, of obstacles and 

prerequisites" only gets longer. Hirschman admits that development requires investments, but the limited 

resources available forces countries to make choices between projects to invest in. Ideally, the government 

should invest in creating incentives and in taking away pressures, in such a way that entrepreneurship will flourish 

and economic growth will occur. In this not only the domestic government plays an important role, foreign capital 

can also have a "pressure inducing" or a "pressure relieving" function. 

Bob Boogaart (2007) 
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A distinction in government investments should be made between Social Overhead Capital (SOC) and Directly 

Productive Activities (DPA). SOC investments have the following characteristics: 

• the services provided are a pre-requisite to many other economic activities; 

• the services are usually provided and controlled by public agencies; 

• the services cannot be imported, and 

• the investment needed to provide the services is characterized by 'lumpiness' (technical indivisibilities) as 

well as by a high capital-output ratio. 

Examples of SOC are law and order, education, public health, transportation, and power. Investment in SOC is 

thus not directly productive, but it is necessary to let DPA take place. 

According to Hirschman it is a common thought that large amounts of electric power and of transportation facilities 

are essential preconditions for economic development. This will off course primarily result in economic 

development in (developed) countries where entrepreneurship is already present and where the primary task of 

the government is to correct for insufficient amounts and quality of public services. Therefore, especially in 

developing countries the government will not only have to invest in SOC, but may also have to invest in "active 

leadership in industrialization". The difficulty however for the government is to find the right balance. A major 

problem in finding this balance is the fact that the impact of investments in SOC (for example regarding the road 

network) is hard to measure. SOC investments are therefore commonly viewed upon as "a matter of faith in the 

development potential of a country or region". On the bright side, (most) investments in SOC are less risky than 

investments in DPA, because SOC investment is not focused on just one specific activity. SOC investment is 

stimulating multiple activities that can all result in economic growth in a country or region. 

Hirschman also stresses another common characteristic of developing countries: the maintenance problem. Even 

when capital, like highways, buildings and machinery, is produced, then proper care is lacking for the existing 

capital. This insufficient care for public utilities will be limiting economic growth. The main problem with 

maintenance is the fact that it is an organizational issue. Maintenance should be performed as a preventive 

activity at intervals that are not precisely known. 

An important question remains: "To what extent does SOC investment lead or follow DPA investment?" Of course 

a minimal level of SOC investment is required as a prerequisite of DPA investment. But the choice has to be 

made between providing an excess capacity of SOC to attract DPA investors to a country or region, or to wait for 

DPA by entrepreneurs to occur and then providing SOC where necessary. Both have the risk of misallocation of 

scarce means, but in either way the general experience is that unbalanced growth proceeds balanced growth at 

an advanced stage of economic development. 

(Hirschman, 1959) 

To experience significant economic growth and development, and to be able to escape from the low

level equilibrium trap, which is defined as growth of income exceeded by growth in population, 

Hirschman (1959) states that the government of a developing country should invest in SOC and 

provide for at least a minimum level of some public services. Off course in practice challenges exist 
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regarding where, when, and in what precisely the government should invest. And not only a minimum 

amount of capital investments, also a minimum level of maintenance of existing capital is necessary 

for an economy to produce with maximum efficiency. Next to the lack of maintenance Lopes (1998) 

adds the high increase in urban population as a cause for the rapid deterioration of for example public 

infrastructure. This increase in use of existing infrastructure facilities has not been accompanied with 

the same rate of increase in upgrading these facilities. 

1.2 Research focus and goals 

Transport infrastructure is mentioned by Hirschman (1959) as one of the most important SOC 

investments. Therefore this research is focused on the impact of investments in infrastructure on 

economic growth. The Mozambican situation is used as a case study, because Mozambique has 

experienced an average of 7,5 % economic (GDP) growth 1 over the post-war period 1993 - 2004 (see 

graph 1 ), but it is not clear what the contribution to output has been of investments in transport 

infrastructure in Mozambique. Some people say however that the economic growth experienced so far 

is not sustainable, but is only the result of being a post-war country starting with a minimum amount of 

production factors. 

Graph 1: Economic growth of Mozambique 
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(Jones, 2006; for data see appendix 1 table 4) 

Growth accounting studies have already analyzed the impact of changes in the production factors 

labor and capital, and these studies show that changes in capital explain for about 45 %, changes in 

labor for about 10 %, and changes is total factor productivity for about 45 % (Jones, 2006). In chapter 

Also the HDI has improved from 0,323 in 1999 (ranked 157 of 162 countries) to 0,390 in 2004 (UNDP, 2000 & 2006). 
Mozambique is still one of the least developed countries in the world. 
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IV the role of capital in economic growth and measurement issues involved with measuring capital will 

be dealt with more extensively. For now the conclusion may be that capital accumulation played an 

important role. 

To be able to analyze the role of infrastructure capital assets in economy, it is interesting to analyze 

the role of the construction sector as a sector by itself (creating employment and value added) and as 

provider of infrastructure in the economy of Mozambique. The construction sector contributes to the 

economy as producer of major parts of the capital stock2
, not only by infrastructure capital formation, 

but also by formation of capital goods, residential capital, and non-residential capital. This will be dealt 

with in chapter Ill. 

In this research the focus will be on investments in one specific type of infrastructure, namely the road 

network. Not only because many people say that especially the lack of a proper road network will 

hamper maximizing sustainable economic growth in the future, but also because investment figures 

show that the road sector is one of the priority sectors of the Mozambican government and is by far 

the most productive of all different infrastructure facilities (see graph 2 and 3). These graphs justify the 

focus on roads, because they show that investments in roads account for 9 % of total government 

budget and within the transport and communications sector roads account for 63 % of value added. 

Graph 2: Sector budget allocations (2002) 
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(Herman, 2003; for data see appendix 2 table 5) 

The construction sector and the machine producing sector are the most important contributors to capital formation . 
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Graph 3: Transport and communications sector estimated production value (1998) 
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(Herman, 2003; for data see appendix 2 table 6) 

Hirschman (1959) also mentions the maintenance problem. The economy experiences a loss in 

productivity when roads deteriorate. This is the case in Mozambique, where some road sections are in 

good condition, whilst others are in fair or (very) poor condition. After being constructed the choice is 

made not to maintain it (sufficiently). Trade-offs between the choice to perform maintenance and not 

perform maintenance (thus to reconstruct a road when completely deteriorated) are dealt with in 

chapter V. It has to be stressed that in this research the construction of new roads that will extend the 

road network is not included. Construction of new roads in this thesis means reconstructing existing 

roads that are completely deteriorated. 

The intentions of this research are summarized by the main research goal: 

To quantify the relationship between availability of road infrastructure 

and economic growth in Mozambique. 

And by the research sub-goals: 

1. To quantify the contribution of the construction sector to the economy of Mozambique. 

2. To develop measurement methods for analyzing growth of road capital stock. 

3. To quantify the relationship between investment in road capital stock and economic growth in 

Mozambique. 

4. To quantify the benefits of resources for new investment versus resources for maintenance. 
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In part "II Research framework" these goals will be explained more and translated into research 

questions. Once again, this research will be limited to the fixed capital stock of public transport 

infrastructure (roads}, and the historical development of the Republic of Mozambique is used as a 

case study. 

1.3 Social, practical, and scientific relevancy 

The relevancy of this research is threefold, namely a social, a practical, and a scientific one. From a 

social point of view, by analyzing the role of road infrastructure and of the construction sector in the 

macro-economic development of Mozambique a contribution is made to the ongoing debate on how to 

fight poverty. From a practical point of view, the results of this research will provide policy makers with 

information that will help to make a balanced choice between investing in producing new roads and 

investing in maintenance of existing roads. A choice that is very relevant in Mozambique where 

government resources are scarce. And from a scientific point of view will this research contribute to 

existing theories on the relation between fixed capital and economic growth by discussing ways of 

measuring road capital stock. In general, this research might provide (part of) an answer to the main 

question dealt with by Hirschman (1959): 'Which investments should be given priority by the 

government?" 

1.4 Mozambique 

To be able to understand the proximate causes of economic growth in Mozambique (see figure 1) a 

brief overview of relevant historic, economic, and social developments (see box 2) is given. The 

economy of Mozambique and also its road network still bear the effects of the wars that Mozambique 

was in until recently (1992). Off course the Mozambican situation has been, is, and will be influenced 

by international socio-economic developments as well, like the current political and economical 

situation in Zimbabwe. These will however not be dealt with in this thesis. 

Box 2: Brief overview of historic, economic, and social developments in Mozambique 

The Republic of Mozambique recently experienced two wars that left the country halfway through the 80's at an 

absolute low. With aid from international donors (providing about 70 % of the national budget in 1994), economic 

reforms guided by the International Monetary Fund (resulting in a decrease in inflation rate and in a stable 

currency the Metical), and political stability, Mozambique is nowadays regarded as an African economic tiger with 

an average annual economic growth rate of 8 % (since the year 2000). But even though poverty is slowly 

decreasing, inequality between the poor and the rich, between urban and rural communities, and between the 

north and the south of the country is increasing. Attempts are made to decrease these economic and cultural 

differences between the north and the south. By decentralization of governmental institutions, by providing a 

national road network, and by building a new bridge over the Zambezi river, the gap between the northern and 

southern part of Mozambique should be closing down. 
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Figure 1: Map of Mozambique 
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In practice however, Maputo is still the center of all political, economical, and cultural activities. And due to the 

immense distances trading routes still run from west to east and many provinces are still orientated more on 

neighboring countries than on neighboring provinces. 

The origin of the unequal level of growth and development between the northern and southern part of the country 

lays in the colonial rule by the Portuguese (since 1500 AD). For example, they did not build roads between the 

north and the south, and they primarily focused on the Maputo region, because this area profited most of the 

economic prosperity in South Africa. The development of the northern part was thus lacking behind. These years 

of colonial suppression (financial exploitation, forced labor, unequal treatment) by the Portuguese came to an 

end, when the Mozambicans started fighting for independence. With help from Julius Nyerere (the first president 

of Tanzania) the liberation front Frelimo (Frente de Libertayao de Mogambique) became organized in 1962, 

headed at first by Eduardo Mondlane and later by Samora Machel. Since 1964 Frelimo slowly conquered parts of 

Mozambique. And on June 25th 1975 the war ended when Mozambique officially became independent. 

After achieving independence Frelimo provided guerilla movements that were active in South Africa and Rhodesia 

with operating bases in Mozambique. This involvement in foreign politics, with support of dissidents of Frelimo, 

stimulated the governments of South Africa and Rhodesia to help forming the guerilla movement Renamo 

(Resistencia Nacional Mogambicana, headed by Alfonso Dhlakama) to weaken the government of Mozambique. 

This (second) war came to an end in 1992 under the rule of president Joaquim Chissano, who successfully 

managed the peace negotiations. But even though the peace treaty between Frelimo and Renamo was the 

beginning of a multiparty democracy in Mozambique, Frelimo still is by far the most powerful political party. 

The present political situation in Mozambique (with president Armando Guebuza) can be described as relatively 

relaxed (less during elections). Off course the people did not forget what happened during the war and still many 

different opinions exists on many subjects, but they try to live and work together to survive. 

To decrease poverty from almost 70 % of the population (in 2001) living below the poverty line, to a level of 50 % 

in 2010 the government spends two thirds of their expenditures on six priority sectors, namely education, health, 

infrastructure, agriculture and rural development, good governance, and financial policies. Some results in 

decreasing analphabetism and increasing availability of health care for the local poor are noticeable, but regional 

effects differ immensely. About 50 % of the population still cannot read and write, about 50 % of children between 

6 and 12 years old do not go to school, only about 40 % of the people have access to health care, and proper 

nutrition and safe drinking water are lacking for many. Also diseases like malaria, tuberculoses and especially 

AIDS cause many deaths and will effect the economic future. Not only is Mozambique losing a big share of the 

economically active population due to AIDS, also about half a million (in 2003) children are orphans, and life 

expectancy is expected to decrease to about 36 years in 2010. 

The effects of the many years of war are still visible and are effecting socio-economic growth and development. 

One of the problems is the amount of infrastructure that got destroyed. This lack of transport facilities is for 

example hampering growth in the agricultural sector, which is the sector that the economy of Mozambique is 

mainly based upon (20 % of GDP, employing about 80 % of all labor, and agricultural and fishery products are the 

main source of export income). This sector should be capable of providing enough food for the Mozambican 

population, due to the fact that Mozambique has many fertile grounds and a tropical to sub-tropical climate. This 
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climate however also causes droughts, floods, and cyclones. In 2000 and 2001 flooding of the Limpopo and 

Zambezi river caused many deaths and damage in central Mozambique. And in 2002 an extreme drought 

resulted in loss of harvest. But also in this case the lack of infrastructure increased the problems people were 

facing. High transportation costs between different parts of the country resulted in having to import maize from 

South Africa, instead of using the abundance of maize in some northern provinces. Therefore in the last couple of 

years many investments have been focused on the provision of infrastructure (roads and railways). Examples are 

the Maputo Development Corridor (connecting the harbor of Maputo with Gauteng in South Africa), the Nacala 

Development Corridor (connecting the harbor of Nacala with Malawi), and the bridge over the Zambezi River 

(connecting Caia with Chimuara). Executing such projects is however difficult, because another problem resulting 

from the war are the many landmines that are still scattered over the country, preventing the use of large areas 

and therefore hindering development of infrastructure facilities. 

Despite all difficulties Mozambique has experienced significant economic growth. Primarily the changed relation 

with South Africa (nowadays Mozambique is South Africa's main trading partner) has added to this development 

by increases in South African investments in tourism, shops, and banking. For example the Maputo Development 

Corridor stimulates South African coalmines and companies to use the Maputo harbor. And South African 

companies like Sasol (gas) and Mozal (aluminum) invest huge amounts of money (Mozal creates 10 % of 

Mozambican GDP and doubled Mozambican export). Unfortunately, a large part of this money has left 

Mozambique straight back to South Africa (that is why all businesses nowadays are to have a local Mozambican 

partner). Mozambique has also joined the Southern African Development Coordination Conference (SADCC), an 

economic cooperation to stimulate economic activity between the neighboring countries. And foreign investment 

increases with the renewed interest in Mozambique's natural resources like coal, hydropower, gas, and maybe oil. 

Even tourism looks promising to generate income in the future. 

(Ruigrok, 2005) 

The Mozambican wars also explain partly the current state of the Mozambican road network (see 

graph 4 ). This network consists of tarred and not tarred4 roads. Both surface types can be qualified 

according to the state that they are in. This qualification takes place according to the average speed 

vehicles drive. Some roads are in (very) good condition (> 60 km I h), some in fair condition (40 - 60 

km I h), and some in (very) poor condition (< 40 km I h, caused for example by many potholes). The 

explanation of using average speed as an indicator and more explicit facts and figures on the 

Mozambican road network will be provided in the section on road capital stock measurement. An 

impression of the current (May 2007) network in Mozambique is provided in the appendices by 

showing a few pictures of some roads and their characteristics (see appendix 4). And by showing two 

maps (see appendix 5), one on the surface type (see appendix 5a) and one on the condition (see 

appendix 5b) of the main5 roads (for related data see appendix 5c table 8). 

Also called dirt roads that have a surface consisting of sand or of gravel. 

In Mozambique the main roads (or highways) are numbered from EN1 to ENS. 
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Graph 4: Classified road network by surface type and quality 
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1.5 Structure of the report 

poor 

not paved 

surface type 

This report consists of six parts (I - VI). In part I an introduction was given on the general subject and 

on the general focus of the research. Part "II Research framework" will translate the research focus 

and goals into specific research questions. Part Ill will deal with the role of the construction sector, as 

provider of road infrastructure in economy. Part IV deals with methods on how road capital can be 

measured and the relationship between road infrastructure and economic growth. Part V deals with 

the policy choice between investing in constructing new roads and investing in maintaining existing 

roads. Each chapter starts with an introduction to the specific subject. Then the methodology is 

explained with which the situation in Mozambique will be analyzed. The chapter ends with giving the 

outcome of applying that methodology on Mozambique. In part "VI Final conclusions and 

recommendations" the main findings of this research will be summarized and recommendations are 

formulated for future research. 

All data relating to the graphs in the report can be found in the appendices, where data sources are 

also explicitly provided. For reasons of space and creating overview these data tables have not been 

included in the main text. Unless stated otherwise, all values are in constant 1996 prices. 
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II Research framework 

In this part of the thesis the research goals will be translated into specific research questions in section 

II. 1. In section II. 2 the method of data collection will be explained and justified. 

11.1 Research questions 

As mentioned in part "I Introduction" the main goal of this research is to quantify the relationship 

between availability of road infrastructure and economic growth in Mozambique. The findings of this 

analysis can be used by policy makers on infrastructure in Mozambique to justify or to criticize plans 

on investments in building new or rehabilitating existing roads. To understand the complex process 

(see figure 2) in which the current road network has developed, the main goal is divided into sub

goals, which are also already mentioned in the previous part. In this section the process leading to the 

current road network will be described first. This will explain the sub-goals more clearly. Second, these 

sub-goals will be translated into specific research questions that have to be answered. So that in the 

end the main goal can be achieved. 

One of the priorities of the government of Mozambique is providing road infrastructure (SOC 

investment). Next to the decision on how much of their limited budget should be reserved for roads, 

they will also have to make a balanced decision on how much to invest in providing new infrastructure 

and how much to invest in maintaining and repairing existing infrastructure. When means are scarce 

(like it is the case in all countries, but especially in developing countries like Mozambique) the ideology 

behind investment choices is (or should be) to gain as much as possible with the least of means used. 

Therefore the benefits and costs of each option should be weighted against the other. After which the 

optimal investment mix can be chosen and executed. 

When the budget is divided, the construction sector will be assigned to build or maintain (or repair) the 

road network. From the moment the construction of a road is finished, the road will deteriorate due to 

usage and due to influences over time of the environment (for example rain). The existing roads 

therefore will have to be maintained to avoid reductions in their efficiency. Due to the deterioration not 

all roads will be in the same technical state. Some will have for example potholes resulting in vehicles 

driving slower. Thus taking the total amount of kilometers of roads and thinking that they are all in 

good condition (investment figures on gross fixed capital is usually used as a proxy) will not provide a 
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realistic picture of its contribution to the economy. The total amount of kilometers should be deducted 

by its deterioration and by discards. In economic terms this will give the net fixed capital stock. In 

general in developing countries the rate of deterioration is higher than in developed countries due to a 

lack of maintenance. 

Figure 2: Conceptual framework 
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For answering the main research question multiple intermediate steps have to be taken. These will be 

expressed in the research sub-questions and dealt with in the relating sections. The research sub

questions are: 

1. What is the contribution of the construction sector in the economy of Mozambique? ( -7 chapter Ill) 

2. How to measure road infrastructure capital? ( -7 chapter IV) 

3. What is the role of road infrastructure in the economic growth of Mozambique? (-?chapter IV) 

4. What are the benefits of investing in the construction of new roads compared to investing in 

maintenance of existing roads? (-7 chapter V) 

11.2 Data collection 

Data collection is usually not an easy task. Finding the right sources, being allowed to use the data 

officially, and measuring the relevant dependent and independent variables will always cause some 

problems. However especially in developing economies, when and if available, data should be used 

and at looked at very carefully. Not only availability, but also reliability and consistency of the data are 

a major problem. Wells (2001) even says that "until new and more accurate ways are found of 

assessing the value of new building activity in African cities there seems little point in continuing the 

exercise of analyzing national accounting data to detect significant relationships between construction 

output and economic growth in low income economies". In my opinion however, even though many 

difficulties (and probably also inaccuracies) exist, research on developing economies can still 

contribute to existing knowledge, when data is treated with sufficient caution. 

To me, the data used in this research is the best available. Data was gathered and validated by 

receiving data sets of other researchers, by talking to people with expertise on the subject, and by 

doing field research. The field research consisted amongst others of driving through the country of 

Mozambique. Mainly focusing on the main roads (EN1 to ENS) from Maputo in the south to Nampula 

in the north (and back), and partly along the Maputo, the Beira, and the Nacala Development Corridor 

from west to east (and back). In total about 3.000 kilometers have been covered, during which 

construction projects were visited, people along the path were informally interviewed, and data on 

road characteristics (like average speed and surface type) were collected (see appendix 5). These 

data (collected by the author) were used to get a general impression of the current state of the road 

network and of road construction projects, and to check data of other sources on validity and reliability. 

The data used in all other analyses is the data published by other sources. 

One of the main sources of data are the statistical yearbooks of the national statistics bureau of 

Mozambique (INE). In these reports official figures are published amongst others on socio-economic 
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developments and public capital formation. Unfortunately, no long time series exist in Mozambique 

with data on for example the economy, on construction and on infrastructure. Therefore the 

conclusions drawn in this research are preliminary and debatable. The author admits that to draw 

justified and reliable conclusions on trends occurring in Mozambique the period of reference should 

have been longer. Another point of interest regarding the reliability of data is that in this research data 

is used of different sources. The author did not get the guarantee that the methods of data collecting 

used by these different actors were exactly uniform. Due to the use of those different methods small 

irregularities in the outcome of values reported by the sources might have occurred. 

In this research the effects on economy is measured in economic growth per capita (GDP pc). The 

author recognizes the fact that growth of GDP pc is merely a national average. And that this figure 

does not imply that all Mozambicans did experience the same increase in income. Figures on income 

inequality will prove this6
. However the choice to use GDP pc was made due to lack of data on other 

options. 

The Gini index for Mozambique in 1996 1997 was 0,396 (UNDP, 2006). This is relative low compared to other developing 
countries, but may be (partly) explained by the socialist history of Mozambique. 
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Ill The constructon sector 

and the economy 

In this part of the thesis the construction sector will be analyzed on its contribution to economy as a sector by 

itself, and on its contribution to economy as the provider of road infrastructure facilities. 

111.1 The role of the construction sector in economy 

111.1.a Defining the construction sector 

In international research many different definitions are being used of what the construction sector 

includes. Some points of discussion are the questions: "Is the construction sector part of the 

manufacturing sector?", and: "Are maintenance and repair (M&R) activities included?" Regarding the 

first question, a simple answer can be given. Nowadays it is agreed upon, due to its importance to 

economy, that the construction sector is a separate sector7
. Regarding the second question, the 

remainder of this thesis will include maintenance and repair (M&R) in line with Turin (1975) and 

Hillebrandt (1985). 

In Turin (1975) Sugden defines the construction sector by including "all activity of whatever sort by the 

construction industry, but excludes construction carried out by other industries"8
. Sugden thus includes 

"erection, repair and demolition of all types of buildings and civil engineering structures". Wells (1985) 

used a similar definition of construction: "the activity of the creation of physical infrastructure, 

superstructure and related facilities, thus all civil-engineering work and all types of buildings as well as 

repair and maintenance". 

Usually reference is made to the International Standard Industrial Classification of All Economic Activities. 

Construction carried out by other sectors, like M&R on own assets, is only a small part of the construction sector's total 
output (Sugden, 1975). 
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Hillebrandt (1985) defines the following categories of the construction sector: 

• new projects, investments to extent the provision of that type of building of works (e.g. an increase 

in piped water), or replacement of existing stock; 

• rehabilitation and improvement of existing stock; and 

• repair and maintenance to keep buildings and works in good order. 

111.1.b Positioning the construction sector in the economy 

Off course nobody will deny the importance of the construction sector in society, for example people 

need buildings to live and work, and infrastructure to transport goods. The construction sector, like 

every other industry sector, contributes to the economy by its direct output, but also by its backward 

and forward linkages. Hirschman (1959) explains the backward linkage effects (also called the input 

provision or derived demand) by stating that "every non-primary economic activity will induce attempts 

to supply through domestic production the inputs needed in that activity". The forward linkage effects 

(also called the output utilization) are described as "every activity that does not by its nature cater 

exclusively to final demands, will induce attempts to utilize its outputs as inputs in some new 

activities". 

Related to the construction sector Ofori (1990) divides the impact of the construction sector on the 

economy into "direct contribution, indirect contribution and backward linkages" (see figure 3). The 

construction sector contributes directly to output (buildings, infrastructure) and employment. And 

indirectly by providing other sectors with the physical facilities they require for production and 

distribution of goods and services. The sector also contributes to economy indirectly through its 

backward linkages with other sectors (providers of building materials and equipment and financial 

services). Bon & Pietroforte (1990) found that the construction sector has the second highest 

backward linkages indicator9 and output multiplier. The sector also has the lowest forward linkages 

indicator and input multiplier.10 The high backward linkage is primarily with the manufacturing sector, 

because construction is basically an assembly activity using products from other industries. Therefore 

usually a decline of the construction sector follows a decline of the manufacturing sector. Nowadays 

increasing inputs from the growing services sector take place (more complex construction projects 

require more specialized design and management inputs), but still this sector cannot replace the 

manufacturing sector as the main supplier of construction inputs. 

10 

Second to the manufacturing sector. The other sectors are agriculture, mining, manufacturing, trade and transportation, 
services, and other (including government enterprises, and scrap and secondhand goods). (Bon & Pietroforte, 1990) 

Bon & Pietroforte (1990) used the following definitions: 
• backward linkages indicator: the intermediate to total input ratio; 
• output multiplier: the effect of one monetary input (for example US$) change in final demand of the construction sector 

on total output of all sectors; 
• forward linkages indicator: the intermediate to total output ratio; 
• input multiplier: the effect of one monetary unit change in value added by the construction sector on total input of all 

other sectors. 
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Figure 3: Linkages of the construction sector 
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Hillebrandt (1985) explains the level of importance of the construction sector in economy in a different 

way, namely that the level is caused by "its size [1], the fact that it provides predominantly investment 

goods [2], and that the government is the client for a large part of its work [3)". 

Ad 1) The construction sector has got a large part in GDP (about 5 to 10%) and produces more than 

50% of a country's fixed capital formation. Hillebrandt (1985) Ad 2) Construction products (buildings 

and infrastructure) are involved in the production process of other goods and services, also of other 

industries. Besides this, the end-products of the construction sector are capital goods because of their 

high value. And the long life-cycle of construction products results in "a large stock of products in 

relation to the annual production". Hillebrandt (1985) Ad 3) The role of the government is shown by the 

direct influence on demand on the sector. Therefore the government can also use the construction 

sector as a regulator for economic development. In developing countries for example the demand by 

the government for infrastructure facilities is high. Hillebrandt (1985) And by investing in and supplying 

of infrastructure facilities the construction sector will stimulate other economic activities like 

(international) trade. 

Another point of interest related to the level of importance of the construction sector in economy, is the 

fact that it also creates employment11
. According to Hillebrandt (1985) governments of developing 

economies usually underestimate the impact that the labor-intensive construction sector can have on 

employment. The construction sector presents an enormous opportunity for poverty alleviation. But 

with importing relative capital-intensive techniques from developed countries an employment creation 

chance is wasted. 

11 The construction sector is the largest industrial employer (skilled, semi-skilled, and unskilled) in the world with 111 million 
employee's world-wide. Of these 74 % are in low-income countries, even though they produce only 23 % of the global 
construction output. (Rana, 2005) 
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Wells (1985) however notes "that a large percentage of construction activity in developing countries is 

not executed within the formal sector of the construction sector, but takes place in the informal sector 

(see box 3). Also the fact that the economy in developing countries fluctuates enormously, and data 

collection on construction sector activities is not standardized, can have influenced the assumptions 

related to the role of the construction sector in the economy. 

111.2 Measuring the role of the construction sector 

111.2.a Construction sector indicators 

It is common knowledge that there is a causal link between construction activity and economic 

development. The difficulty is to find objective indicators to measure the contribution of the 

construction sector to the economy. One option could be to use input-output tables and calculate 

interrelationships between different sectors. Sugden (Turin, 1975) found that construction output 

(buildings and structures) provides a large share of all gross fixed capital formation. Sugden also 

found that other sectors buy only for a very small part of their direct or total purchases from the 

construction sector. And that the construction sector purchases on average more from other sectors 

than other sectors do. But this interdependence is primarily with only a few industries, which sell for 

example bricks and cement. Unfortunately, especially in developing countries (reliable) input-output 

tables are not frequently available. 

Therefore other (general} indicators on the role of the construction sector in the economy would be 

more convenient. Those (available) indicators should perhaps be based upon figures on basic inputs 

and outputs of the construction production process (see figure 4). These could be on employment, 

value added, and on capital formation (buildings and infrastructure). 

Some conclusions of research done by Sugden {Turin, 1975) using these indicators on the 

relationship between the construction sector and the economy of a developed country12 are that: 

• net output or value added per head in construction is lower than in industry generally; 

• construction is very labor-intensive, and 

• the contribution to the increase of national capital stock (measured by using the Perpetual 

Inventory Method) per head is very high. 

The rate of increase in capital stock is primarily caused by capital produced by the construction sector 

{buildings and infrastructure). The share in increase in capital stock in the construction sector (plant 

and machinery) is of minor influence and therefore not included in this research. 

12 Research on the United Kingdom, 1954- 1970. 
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Figure 4: Construction sector indicators 
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Sugden acknowledges that measuring those variables is very difficult. "The non-homogenous nature 

of construction output causes difficulty in distinguishing between the price and volume components of 

movements in the value of construction output, as there is no identifiable 'unit of volume of output' in 

construction". A solution could be to assume that price changes of construction output, is reflected by 

changes in prices of labor and material inputs. But especially due to changes in productivity this is still 

very difficult. 

Turin found that construction output increases in line with gross domestic product per capita (GDP pc) 

during the developing stages, but falls back in the developed stage. Also Bon & Pietroforte (1990) 

mention this pattern, and say that the contribution of the construction sector (capital formation by the 

construction sector) to GDP stabilizes at a value between 10 - 12 %. The changing share of the 

construction sector in the economy over time has got to do with the related changing construction 

activities. In developing economies construction is primarily focused on infrastructure and in the next 

stage on housing. In the developed economies a big share of construction activities is focused on 

M&R, and the share of M&R will be increasing due to the rapid ageing of especially public 

infrastructure. (Turin, 1975; Bon & Pietroforte, 1990 & 1993) Also Hillebrandt (1985) points out that 

when analyzing the construction sector the differences in status of development of a country have to 

be taken into account. For example after a war in a (developing) country many new houses and 

factories will have to be built, but in a stable (developed) country the share of labor-intensive repair 

and maintenance activities will increase. This can be explained by looking at life-cycles of buildings or 

works. Maintenance projects (like painting) are on average required every four years, but replacement 

of housing and infrastructure is sometimes only required after 80 to 100 years. 
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The findings of research done by Turin (1973) on the role of the construction sector in developed as 

well as developing economies are summarized by Ofori & Han (2003): 

• developed countries contribute more to GDP (value added as share of GDP is about 5 - 8 %), than 

less developed countries (3 - 5 %); 

• the proportion of civil engineering works in the total construction output of developing countries is 

higher than that in developed countries, and 

• the proportion of total employment contributed by construction is higher in developed countries 

than in developing countries. 

From these findings Turin concluded that growth of the construction sector has to exceed growth of 

the economy as a whole ("if it is not to hinder national development"), because the construction sector 

has to provide the necessary buildings and infrastructure for production 13
. From this the hypothesis 

could be formulated, saying that a minimum level of investment in construction of non-residential 

buildings and infrastructure (CVA as share of GDP) is required to achieve long-term, sustainable 

economic growth. 

Results of similar research done by Wells (198514
, 198615

) support Turin's assumptions. The main 

conclusions are also the strong positive correlation between: 

• the value added in construction as % of GDP and per capita GDP; 

• the gross output (capital formation) by the construction sector and per capita GDP, and 

• the construction employment and per capita GDP. 

Wells found that with a certain level of economic development (least, low, medium, and high 

developed countries) averages were found on the above mentioned indicators (see table 1 ). The 

levels of economic development correspond with an average level of GDP pc (1980 prices), namely: 

• 
• 
• 
• 

13 

14 

15 

least developed countries have less than US$ 350 per capita; 

low developed countries have between US$ 350 and US$ 700 per capita; 

medium developed countries have between US$ 700 and US$ 2.000 per capita, and 

high developed countries have more than US$ 2.000 per capital. 

Services of non-residential buildings (houses) do have a direct contribution to GDP, but do not have an indirect 
contribution, because houses are not an intermediate input in the production process. It is assumed that when income per 
capita raises, investment in housing increases. However, Hofman (2002) found that an increase in GDP pc of the poor 
does not result in an increase in investments in housing, but the increase in income is used to meet other basic needs like 
food and clothing. 

Based on cross section (multiple countries at one specific time) data for 87 countries (Wells, 1985). 

In: Kirmani (1988). 
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Table 1: Construction sector and economic development indicators 

GDP per capita (US$, 1980 prices) 
indicator 

< 350 350 - 700 700- 2000 > 2000 

value added by the construction sector as share of 
3,6 5,2 5,4 7,3 

GDP(%) 

capital formation by the construction sector as share 8,9 10,6 13,6 13,5 
of GDP(%) 

construction output as share of gross fixed capital 
56,0 53,0 55,4 57,4 

formation(%) 

employment in the construction sector as share of 3,1 3,4 6,6 8,1 
economically active population(%) 

.o (Wells, 1986) 

The results of the research of Wells (see table 1) only show shares of four construction sector 

indicators in economy. These figures do show that a higher level of development (expressed in GDP 

pc) is related to a greater share of the construction sector in the economy. The figures do not say 

anything about the role of the construction sector in economic growth. Therefore another indicator that 

should be used is the share of economic growth accounted for by the construction sector. This can be 

calculated by multiplying the share of the construction sector in national income with the growth of the 

construction sector, divided by the rate of economic growth. 

Lopes (1998) partly criticize the pattern found by Wells and Turin. Lopes confirms that in the first 

stages of economic growth the share of construction in national output will grow faster than GDP, but 

when a certain level of 4 - 5 % of construction value added in GDP is reached and countries 

experience sustained economic growth and development, then the construction volume will grow at 

the same growth rate as GDP. However when GDP pc decreases the construction volume decreases 

both in absolute terms as in relative terms. 

Also Ofori & Han (2003) partly criticize the findings of Turin. One of their criticisms is that the 

conclusions are based on multiple countries at different stages of economic socio-development, whilst 

the analyses should be on developments over time within one country. Indeed developing countries 

can not develop along exactly the same path as developed countries have done, because they have 

different starting conditions (they have for example different natural resources, political climates, 

geographic settings, weather). Also the simple fact that developing countries nowadays face 

developed countries gives them a different starting position in the international order. Another criticism 

by Ofori & Han is the fact that developing countries usually have a lack of skilled labor, resulting in low 

productivity, which makes comparing different countries at the same time less interesting. 
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To avoid the disadvantages of testing the Turin model using multiple countries Ofori & Han (2003) 

tested the Turin findings on China, a country with multiple provinces, each at a different stage of 

development. They found that the construction sector did play an important role in the Chinese 

economic development: both at national as at regional level economic growth was preceded by major 

investments in construction of infrastructure and buildings. The developed provinces also reported 

higher construction levels and the GDP growth rate of the provinces had a "positive correlation with 

the size of the construction industry". One contrary finding to the Turin model was that the contribution 

of value added to GDP in the provinces was negatively correlated to the level of development. But 

Ofori & Han assume that this was caused by the smaller size of the other economic sectors of those 

developing regions. In China construction is thus seen (according to Ofori & Han) as "an engine of 

growth" and to develop the western region major investments in infrastructure (like roads and railways) 

are planned. 

To measure the role of the construction sector in the economy, Lopes (1998) chooses only 

construction value added (CVA) as an indicator. Not only because CVA (production approach) is 

internationally a more accepted method, but also because data on CVA are (more) consistent than 

data of other indicators (like figures on employment). Also, according to Lopes, data on gross fixed 

capital formation (GFCF) will not show the real role of the construction sector in economy, because 

the impact of M&R in construction work is difficult to measure. Not only because the distinction 

between minor (current expenditures) and major (capital investment) rehabilitation work is hard to 

make, but also because M&R work usually involves more sectors of economy, which makes it difficult 

to disaggregate the role of only the construction sector. 

To conclude, in line with the Turin model a decent and appropriate method to measure the role of the 

construction sector in the economy in developing economies is by using the following indicators: 

• construction labor force as share (%) of total employment; 

• construction value added as share (%) of GDP; 

• construction capital formation as share (%) of GDP, and 

• construction as share of gross fixed capital formation. 

And to measure the contribution of the construction sector to economic growth the share of the 

construction sector in national income is multiplied with the growth rate of the construction sector, and 

divided by the rate of economic growth. Another conclusion is that also changes in shares of new 

versus M&R construction are noticeable over time as countries develop. All these indicators will be 

applied in the analysis in the case study on the role of the construction sector in the economy of 

Mozambique (see section Ill. 3). 
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However, due to the presence of the informal sector and due to the fact that data (when available) on 

developing countries can be very unreliable, data on the construction sector should even be looked at 

with a higher level of distrust. Because of its significance to the remainder of this thesis, in the next 

section the concept of capital formation in the construction sector will be dealt with more explicitly. 

111.2.b Capital formation by the construction sector 

Two indicators of the Turin model concern capital formation, namely capital formation by the 

construction sector as percentage of GDP and construction output as percentage of gross fixed capital 

formation. Especially in developing countries where investment figures are usually scarce and 

unreliable using these indicators should be done very carefully. In the section on capital measurement 

(see section IV) an extensive elaboration on the concept of capital and measurement of capital will be 

provided. This section will deal with a general approach to analyzing capital formation by the 

construction sector. 

Capital formation by the construction sector is "the total value of all new construction and all capital 

alterations or extensions that significantly improve upon the utility or extend the life of the building or 

works (and therefore add to the productive capacity of the economy)." Capital formation by the 

construction sector is divided in residential and non-residential capital formation (see figure 5). 

Residential capital formation consists of housing. Non-residential capital includes infrastructure and 

buildings, machinery and equipment, and others. In economic perspective, the non-residential capital 

formation is of main importance. (Dalen, 2003) 

Figure 5: Capital formation by the construction sector 
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It was argued whether or not to regard houses (residential buildings) as capital goods, because the 

perception was that houses do not add directly to the productive capacity of the economy. They were 

therefore viewed upon as consumption goods. Some even argued whether or not infrastructure and 

non-residential buildings should be included in capital stock measurement, because these assets 16 

16 Except in specialized industries like gas or electricity (Ward, 1976). 
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could not be directly linked with a specific output and are a necessary pre-requisite to the economy.17 

(Ward, 1976) The modern point of view is that residential buildings and infrastructure are regarded as 

part of the national capital stock (1993 SNA). 

Another point of interest is the role of the informal sector (see box 3) in relation to figures on capital 

formation by the construction sector. In developing economies a problem exists with gathering 

(reliable) data that provide a complete picture of the real situation. It is assumed that the provision of 

infrastructure is primarily done by the government and that therefore data on infrastructure capital 

formation can be based upon official public investment figures. Major investments in machinery and 

equipment will also only be done by big registered companies, which will probably be capable of 

showing those figures in their financial balance sheets. Another point of interest is that usually the 

M&R share in total construction output is underestimated, because much M&R work is done by the 

owners of buildings themselves, and therefore not reported as construction work (or when reported, as 

current expenditures instead of capital investment). The main problem however exists with capital 

formation by the production of buildings (primarily residential buildings), of which in developing 

countries a large part is constructed by the informal sector18
. 

Formal figures will therefore not always provide the true impression. In growth accounting studies the 

impact of capital formation might thus even be underestimated. This research however will primarily 

focus on measuring road capital and its relationship with economic growth. It is assumed that official 

formal public investment figures will provide a more or less realistic picture. 

Box 3: The informal construction sector 

When analyzing the construction sector interpreting data (amongst others on employment, value added, and 

capital formation) should be done very carefully, because the construction sector is together with the agricultural 

sector probably the most influenced by informal economic activities. (Wells, 2007) 

In general it is said that the difference between the formal and the informal sector relates to the extent to which 

government regulations are applied (Mlinga & Wells, 2002). A clear definition is however lacking and differences 

in definitions are based on the employment situation [1], on the involved enterprises [2], on the construction 

process [3] , or on the product [4] (Wells, 2007). 

Ad 1) In the informal sector workers are mostly self-employed and working conditions and terms are not regulated 

and controlled. (Wells, 2007) 

17 

18 

"Although new buildings will imply new production, this will also be reflected, perhaps more accurately, in new machinery 
acquired. Short-term changes in production are more likely to be the result of changes in machinery inputs and intensity of 
equipment utilisation than of changes in buildings stocks". (Ward, 1976) 

In Indonesia it is estimated that about 85 % of total housing is built in the informal sector (Dalen, 2003). 
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Ad 2) In the informal sector the construction companies are not registered and usually small of size (in number of 

employees (less than 5 or 10 persons) and in amount of capital), low-tech, and using local resources. The 

combination of all informal employment and all informal companies is sometimes also called the informal 

economy. (Wells, 2007) 

Ad 3) In the informal sector less (or none) use is made of for example written contracts, submission of building 

plans for approval, and building inspections. This is sometimes also called the informal construction system. 

(Wells, 2007) 

Ad 4) In the informal sector this relates to the number of buildings that are built without a permit. But even 

buildings with a permit could have been built by using informal workers and materials. (Wells, 2007) 

Being active in the informal sector is very attractive for employees, employers, and investors, because in that way 

they avoid extra costs of registration, taxes, social security payments, et cetera. And especially for the poor, who 

build their houses in stages depending on available time and finances (Hofman, 2002), using the informal sector 

is the only option, because then planning and execution are flexible. 

One way to measure the role of the informal sector in construction is to compare the changes in input materials 

like cement (Ofori, 2001) with changes in official employment figures (or figures on building permits). For example 

in Kenya registered construction output declined, whilst cement volumes increased and the construction labor 

force kept its level. These changes were explained by growth in the informal construction sector. (Wells, 2001; 

Wells & Wall, 2003) 

In general it is estimated that the informal sector was (2000) responsible for about 41 % of GNI in developing 

countries (and in OECD countries about 18 %). In Mozambique this share is about 40,3 %. (Schneider, 2002) 

Concerning the construction sector shares of 70 - 80 % of construction work in Africa being executed in the 

informal sector are common. This is in line with research on developing countries showing averages of 70 - 90 % 

of all construction employees working in the informal sector and with data showing that all construction works in 

rural areas and about 50% of housing in the urban areas takes place in the informal sector (Wells, 2007). 

It is expected that the share of the informal sector in construction is going to increase (Wells, 2001). Not only in 

developing countries, but also in developed ones where amongst others increased competition, declining 

workloads, tightening regulations, and increasing (overhead) costs result in construction companies choosing to 

work in or do business with the informal sector with lower costs and higher flexibility (Schneider, 2002; Wells, 

2007). In practice the formal sector will have linkages (see figure 6) with the informal sector by exchanges in 

knowledge, skills and products regarding technological and financial building aspects (Mlinga & Wells, 2002). 
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Figure 6: Formal and informal construction sector linkages 
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The growth of the share of the informal sector in construction can have both advantages as disadvantages to 

economic growth and development. The informal sector, which is usually more labor-intensive, can create 

employment directly and indirectly through forward and backward linkages of the construction sector. On the other 

hand, because the informal sector is not restricted by regulations working conditions might become less favorable 

and buildings and infrastructure might be built with lower quality (for example becoming less safe because 

building codes have not been applied}. (Wells & Wall , 2003; ILO, 2001) 

111.3 The contribution of the construction sector to the 

economy of Mozambique 

From the previous section it is concluded that to get an overall impression of the role of the 

construction sector in the Mozambican economy an analysis should be made of: 

• the share(%) of construction labor in total employment; 

• the share(%) of construction value in GDP; 

• the share(%) of capital formation by construction in GDP, and 

• the share(%) of fixed capital formation by construction in total fixed capital formation. 

By comparing these results with the general averages stated in the Turin-model (see table 1) 

conclusions may be drawn on the Mozambican situation. The hypothesis is that figures on 

construction sector indicators in Mozambique are in line with the figures of the model for the least to 

low developed countries. Next to analyzing these shares of construction sector indicators in economy, 

also the share of economic growth accounted for by the construction sector should be calculated. This 

can be done by multiplying the share of the construction sector in national income with the growth rate 

of the construction sector, divided by the rate of economic growth. 
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The result on employment is shown in graphs 5, on value added in graph 6, and on capital formation 

in table 2. The value of capital formation in construction consists only of buildings and infrastructure. 

To get an impression of capital formation by the construction sector graphs 7 to 11 have been 

included on investments in buildings, infrastructure (civil engineering works), new construction, and 

M&R. These have been included, because in the existing theories strong emphasis was put on their 

changing relative shares during economic growth and development. The graphs will be followed by 

conclusions (1 to 6). In box 4 the provision of power facilities briefly shown, because Hirschman also 

mentioned this SOC investment as one of the most important prerequisites of economic growth. Data 

on the construction sector relating to the graphs can be found in appendix 6 table 9 to 14. 

Unfortunately, with the available data no calculations on total fixed capital formation in Mozambique 

could be done. Amongst others are reliable indices missing to calculate capital stocks in 1980 prices 

to constant 1996 prices. Therefore no conclusions can be drawn regarding construction output as 

share of gross fixed capital formation. Another problem exists with the calculation of the share of. Test 

analysis using growth rates of the construction sector, shares of the construction sector in economy, 

and growth rates of the economy resulted in impossible figures on economic growth accounted for by 

the construction sector. The conclusion may be that using data from multiple sources, each with its 

own way of performing economic analysis, can lead to incompatible data on related economic 

indicators. 

Graph 5: Construction labor as share in total employment 
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table 9) 

1. The construction labor force as share of total employment has been increasing. The most recent 

(2002) figure says that the share is about 3,5 %. This is in line with the Turin model, which says 

that for the least and low developed countries a share of 3, 1 to 3,4 % is common. And because in 
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Mozambique the trend in the construction labor share as part of total employment shows a 

positive correlation the assumption is made that growth of the Mozambican economy will continue. 

Graph 6: Construction value added as share of GDP 
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2. The construction value added as share of GDP has decreased during the war years (until 1992) 

and is increasing since halfway through the 90's. The most recent (2001) figure says that the 

share is about 7 % on average. This would be comparable to the situation in highly developed 

countries (7,3 %). In the case of Mozambique this high share of construction value added in GDP 

can probably be explained by the effects of the war on buildings and infrastructure. Whilst other 

sectors of the economy have been slowly emerging since the war, major investments in 

construction were required to acquire the pre-requisite SOC for the development of the country. 

Even though the trend of the late 90's shows an increasing share, the minimum level of SOC 

might already have been reached. And it is also expected that other sectors of the economy will 

start to grow in a relatively faster pace, reducing the share of value added by construction in GDP. 

Table 2: Capital formation by the construction sector as share of GDP 

year CF as share of GDP(%) 

2000 3,77 

2001 7,33 

(based on: DNEAP, 2006 & INE, 1997 - 2006; for data see appendix 6 table 11 - 13) 
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3. The most recent (2001) figure on construction capital formation as share of GDP is 7,33 %. This is 

even lower than the average figure for the least developed countries (8,9 %). But as mentioned 

earlier data on capital formation in Mozambique does only include investments by the government 

in buildings and infrastructure. By not including all other construction capital formation, its share in 

GDP will be significantly lower than that the figure should really amount to. Assuming that in 

Mozambique the government has been the main investor in construction projects and by 

estimating the contribution of about 40 % of the informal sector, the share of construction capital 

formation of GDP will be significantly higher. Probably in line with the average shares for the least 

to low developed countries (8,9 - 10,6 %). 

Graph 7: Government investment in construction 
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4. Capital formation by the government by investing in buildings is on average equal to investments 

in infrastructure and both increase over time (2000 - 2003) in volumes. The choice in which of the 

two to invest is however for a large part influenced by external events. For example after the 

flooding in 2000 and 2001 much more investment in infrastructure took place in 2002, compared 

to investments in buildings. 
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Graph 8: Government investment in buildings 
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(based on: INE, 1997 - 2006; for data see appendix 6 table 12 & 13) 

5. The major share of investments in buildings (both residential as non-residential) is done in the 

construction of new buildings, instead of in rehabilitation of existing buildings. In 2003 those 

investments in construction increased immensely compared to figures of 2000 to 2002. No 

explanation has been found. 
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Graph 9: Government investment in civil engineering works 
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Graph 10: Government investment in civil engineering works construction 
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Graph 11: Government investment in civil engineering works rehabilitations 
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6. Investments in civil engineering works also grow very fast from 2000 to 2003. Almost all of these 

investments are focused on rehabilitation, especially of roads. The amount of investments in roads 

construction has decreased in 2003, but was very high in 2002 due to the floods. 
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Box 4: Investments in power facilities 

Even though in this research the focus is on road infrastructure, here small attention is paid to some other civil 

engineering works, namely investments in power facilities. Because of its importance as a cause of economic 

growth, labeled by Hirschman (1959) as one of the most important SOC, graph 12 on investments in Mozambican 

power facilities is included. 

Graph 12: Effect of government investment in power facilities 
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It may be concluded that available power per capita has increased in the last decade, but, unfortunately, an 

increase in kWh per capita is mere a national average (like GDP pc). It does not necessarily imply that more 

Mozambicans have access to power facilities, or that the availability of power is equally allocated throughout the 

country. 
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IV Road infrastructure and 

economic growth 

In this part of the thesis the relationship between road infrastructure and economic growth is analyzed in section 

IV.3. In section IV.2 methods are formulated that enable to measure growth of road capital stock. This part starts 

in section IV. 1 with an introduction on the economic concept of capital. 

IV.1 Capital in economy 

IV.1.a Defining capital 

In the past, multiple definitions of capital have been used. For example, capital consists of (Thirlwall, 

2003) plant and machinery, infrastructure investment, research and development, and social 

expenditures (investments in health and education). Another definition being used is that capital 

assets can be divided in: machinery and equipment, buildings and structures, and other assets 

(OECD, 2001). Ward (1976) used a more narrow definition: "capital is a factor of production consisting 

of physical objects produced by the economic system for the use in the output of other commodities". 

But according to Ward "assets such as dwellings, government buildings, and public structures are 

often excluded from the analysis" and taken as given 19
, because these can not be linked with a 

specific output, and because most fixed structures are "a necessary pre-requisite to production"20
. 

Nowadays, concepts on capital measurement and growth accounting, thus also the concept of capital , 

have been standardized (UN et all, 2007) by the 1993 System of National Accounts (SNA). When 

focusing on productive capital assets (for growth accounting studies) the SNA uses the term fixed 

capital. Fixed capital relates to fixed assets that are "tangible or intangible assets produced as outputs 

from processes of production that are themselves used repeatedly or continuously in other processes 

of production for more than one year"21 (1993 SNA). This definition relates to the definition used by 

Ward, but includes structures (infrastructure). Nowadays houses are also included in national capital 

19 

20 

21 

"Not in specialized particular industries, e.g. gas or electricity" (Ward, 1976). 

"Although new buildings will imply new production, this will also be reflected, perhaps more accurately, in new machinery 
acquired. Short-term changes in production are more likely to be the result of changes in machinery inputs and intensity of 
equipment utilization than of changes in buildings stocks". (Ward, 1976) 

Capital assets that last less than one year are usually regarded as consumption goods (Fraumeni, 1999). 

34 Bob Boogaart (2007) 



Road Capital Stock and Economic Growth - Measurement and Analysis in Mozambique 

formation calculations, even though they are not used as an intermediate input in other production 

processes. 

IV.1.b Capital and growth accounting 

In growth accounting studies an attempt is made to account for economic growth (in value added) by 

increases in the production factor inputs labor (L) and capital (K). That part of production growth that 

can not be explained by changes in L and K is called total factor productivity (TFP), which is a 

measure of disembodied technological progress (T). (Thirlwall, 2003) This concept is mathematically 

visualized by the Cobb-Douglas production function (see box 5). 

Box 5: Cobb-Douglas production function 

= 

real output at time t 

index of technology 

index of the capital stock (or capital services, at constant prices) 

index of labor input (in man-hours) 

partial elasticity (responsiveness) of output with respect to capital (holding labor 

constant) 

partial elasticity (responsiveness) of output with respect to labor (holding capital 

constant) 

Mathematically transforming the Cobb-Douglas production function in a rate-of-growth form, gives: 

= rT + a * rK + ~ * rL 

in which r v. r T. r K. r L represent the rate of growth per time period of output, of total 

productivity, of capital, and of labor.22 

(Thirlwall, 2003) 

Growth accounting studies on Mozambique have analyzed the impact of changes in inputs of the 

production factors labor and capital. Mozambique has experienced an average of 7,5 % economic 

(GDP) growth over the post-war period 1993 - 2004 of which changes in capital explain for about 45 

%, changes in labor for about 10 %, and changes in total factor productivity for about 45 %23 (Jones, 

2006). Therefore it may be concluded that capital accumulation played an important role in 

Mozambican growth and development. 

22 

23 

The rate of growth of total productivity (r T) is also called the "residual" or "coefficient of ignorance", because this parameter 
includes "measurement errors in the capital and labour input series" (Thirlwall, 2003). 

Jones (2006) used both the Cobb - Douglas (with a = 0,40 and 13 = 0,60) and the transcendental - logarithmic method to 
account for economic growth in Mozambique. Both methods gave similar results. TFP dropped to about 35 % when the 
impact of education was included. 
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The total changes in the production factor capital should theoretically consist of all changes in all (n) 

different capital assets: 

K t = K 1 + K 2 + . . . + K n· 

In practice this is impossible to measure due to lack of available data. Therefore, when focusing on the 

role of capital in economic growth, the term capital should be explicitly defined. 

IV.2 Measurement of capital 

When measuring capital a difference should be made between measuring capital stocks and capital 

flows. The stock of capital is "a value attached to the total physical capital in existence at a specific 

point in time". Capital flows, or the value of capital services, "reflect the changing capital inputs into 

production over a period of time". Both are a volume measure and should reflect "the actual physical 

capacity available for repeated use in the production of other goods and services". But usually both 

are calculated in real value terms; "in some common base unit which takes into account quality 

improvement and all forms of technical change". Ward states that capital flow measurement should be 

used when the objective is growth accounting and explaining economic development. Capital stock 

measurement should be used when calculating factor inputs. (Ward, 1976) 

Including technical change relates to the vintage approach of measurement of capital. To include 

embodied technological change in the production function Solow suggested giving a relative weight to 

each year's capital investment to adjust this figure for the changed (probably improved) productivity of 

the new capital asset. Then the Cobb-Douglas function changes to: 

Y - T' * cp 0 *L 13 
t - t t t. 

where cp is the "quality weighted sum of capital goods" (or the effective capital stock), and T ' is an 

"index of total productivity, excluding the effect of technical progress embodied in new capital". 

(Thir1wall, 2003) 

IV.2.a Capital flows 

The value of the contribution of capital to the production process does not relate to the value of the 

capital itself, but to the value of the capital services produced by the capital asset. Capital assets of 

different vintages will produce with different efficiencies due to wear and tear, and should therefore be 

adjusted to standard efficiency units by using the age-efficiency profile. (OECD, 2001) Then to be able 

to accumulate different kinds of capital assets, an index should be applied that weights "the different 
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types of assets by their annual rentals" (or "user costs of capital"). This will result in the volume index 

of capital services.24 (OECD, 2001) 

Four types of capital flows (Ward, 1976b) can be measured, namely: 

1. capital factor inputs: the estimated actual gross production factor value of capital; 

2. capital consumption: the part of the gross product which is required to replace fixed capital used 

up in the process of production during the period of account; 

3. equivalent annual capital inputs: an approximate measure of the capital inputs utilized and actually 

used up on average during each year of an asset's lifetime; 

4. potential capital services: "the annual value of the capital inputs inherent in the different vintages 

of capital which comprise the present total stock of capital available for future productive 

purposes". 

Ad 1) One way of measuring capital flows is by Production Factor Values method. Now adjustments 

are made "to reflect the physical deterioration in capital items and the impact of repairs, maintenance 

and servicing". Also differences in utilization of capital should be "explicitly and clearly taken into 

account". (Ward, 1976) Ad 2) Another method is by looking at the capital consumption. Then the ''flow 

of annual services from the stock of capital" is estimated. This figure of "annual capital consumption 

valued at a common replacement cost may be taken to represent an initial proxy estimate for the real 

annual capital factor input value of assets with differing lifetimes and vintages". But machinery and 

equipment have different consumption rates over time ("new equipment is more productive than old 

equipment), thus a "greater value to the capital services provided in earlier years" should be included 

in the measurement by a "reducing balance" called the double declining method. (Ward, 1976) Ad 3) 

One more method of calculating capital flows is by cumulating the annual capital consumption each 

year for all assets. Divided by the number of years this represents the average annual capital 

consumption. (Ward, 1976) Ad 4) The remaining value of capital represents the total potential capital 

services available in those years. (Ward, 1976) A mathematical approach is shown in box 6. 

Box 6: Capital flow measurement 

K 

K 

Ai 

D 

24 

A1 A2 An 
= + + + 

(1+d} (1+d) 2 (1 +d} n 

= installation cost 

= annual returns to capital in year i 

= rate of discount 

In other words, "the value of capital services is the quantity of services provided by the asset multiplied by the price of 
those services· (OECD, 2001 ). 
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Then, for an asset with service life of n years: 

K/ n 

1 n 
r 

n i = 1 

= the average annual capital consumption 

Ai = the average annual potential capital services 

(Ward, · 1976) 

In this research the relationship between changes over time in the available road infrastructure (fixed 

capital) and GDP per capita is analyzed. For such growth accounting analysis the concept of capital 

flows should be used. To simplify measurements of capital flows, the choice is made to use capital 

stock measurement as a proxy for capital flows. In other words, the capital stock will be used to 

represent the contribution of capital to production. According to Ward (1976) this is allowed on the 

condition that the stock is adjusted by a factor of utilization. The capital stock will be measured by 

using the Perpetual Inventory Model and by using the Composite Physical Index method. 

IV.2.b Capital stock measurement by using the Perpetual Inventory Model 

When calculating capital stock a choice has to be made between measuring the wealth capital stock 

and measuring the productive capital stock. The wealth capital stock is a measure of market value (or 

price) of capital assets and is to be used in financial balance sheets. The productive capital stock is a 

measure of productivity of capital and therefore to be used when analyzing the contribution of capital 

to economic growth.25 Both methods are adjusted for efficiency decline of the capital over time. 

(Fraumeni, 1999) A difference in decline pattern between both methods occurs when the depreciation 

rate (wealth capital stock measurement) is not equal to the deterioration rate (productive capital stock 

measurement). The depreciation rate relates to the age-price pattern and the deterioration rate relates 

to the age-efficiency pattern (OECD, 2001 ). The depreciation and the deterioration rate will be dealt 

with more exclusively in a separate section. 

Two types of capital stock can be measured, gross capital stock and net capital stock (Ward, 1976). 

• Gross capital stock: the total volume of the existing physical productive assets available in a 

country. 

• 

25 

Net capital stock: the cumulated depreciated value of the existing gross stock of capital. 

In Fraumeni (1999) the following example is given to explain the difference between the wealth and the productive capital 
stock: "Assume a light bulb is capable of shining for 12 months. At any point in time over that 12 months, until the bulb 
stops shining, it is 100% productive as the intensity of light is constant. However, if one sold the light bulb after six months 
of use, a rational buyer would only be willing to pay approximately half of the original purchase price. In stock 
measurement, at the 6-month point, a productive capital stock of the light bulbs is approximately double the wealth capital 
stock." 
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To measure capital stocks the commonly used method is called the Perpetual Inventory Model 

(PIM)26. This method accumulates capital investments over the years (resulting in the gross capital 

stock (GK) when adjusted for discards) and adjusts the capital stock of the previous year by the 

(estimated) depreciation I deterioration rate (net capital stock (NK)). In other words, GK values assets 

at the "as new prices regardless of their actual age and condition", and NK values assets at market 

prices (OECD, 2001 ). Thus in general NK is GK minus the consumption of capital. This is shown in 

box 7. To eliminate price changes of assets over the years, capital investments should be expressed 

in constant prices, resulting in capital stock figures only indicating volume changes. 

Box 7: Perpetual Inventory Model 

Gross capital stock of asset i at time t (GK 1 
1): 

GKi1 = 

= 

= 

= 

Gli1 

Ri1 

ri 
>. i. 

J 

Si 

GK i 1-1 + GI i 1 - R i 1 

GI i 1 + ( 1 - r i) * GK i 1-1 

= ri * GK i 1-1 

Gli1 + (1-ri) * Gli1-1 + (1-ri) 2*Gli1-2 + ... + (1-ri) 1 * GKio 

r 1· 1m=1-ei (>.i1-m*Glim) >.i=(1-ri) 

gross investment in i during period t 

retirements of i during t 

retirement rate for good i (in practice not stable) 

proportion of original investment existing at the beginning of the 1st, 2nd, ... , 

etc. year after which it is introduced, j = 1, 2, 3, ... , 9 

age of oldest asset of type i in existence(= the extreme durability to date of i) 

Net capital stock of asset i at time t (NK i 1): 

NKi1 = NK i 1-1 + GI i 1 - Di 1 = d * NK ;1-1 

= GI; 1 + ( 1 -d;) * NK i 1-1 

= Gli1 + (1-di)*Gl;1-1 + (1-di) 2*Gli1-2 + + (1-di) 1*NKio 

= ~1-1 (ii *Gli *Ci ) 
L. m=l-0i I\ 1-m m 1-m 

depreciation during t (d = depreciation rate) 

proportion of capital invested in j not used up in time period 

(Ward, 1976) 

Unfortunately a few limitations and inaccuracies exist with using PIM. All the basic required figures can 

usually only be estimated by making assumptions. 

• When using the PIM theoretically all data should be available from the first investments until the 

last during the service life of the asset. The accuracy of measuring capital stock depends on the 

26 Sometimes called the "Chronological Investment Method" <:Nard, 1976). 
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availability of these data. But especially for structures this will be impossible due to its long service 

life (investments might go back for 60 - 100 years). In practice however, early investments (in 

assets with a long service life) might not be of significant influence anymore on the total capital 

stock. Because due to the annual depreciation rate the impact of early investments on the final 

outcome decreases over time. Even so, the problem of lack of investment data can be 

mathematically solved by using a bench mark year. (Fraumeni, 1999) 

• The PIM requires information on average services lives and retirement patterns, but these are 

difficult to measure exactly. The PIM depends thus on estimates on average lengths of life and 

associated patterns of retirement (Ward, 1976). The service life is the number of years that an 

asset is kept in service or in use. The number of years can be based upon two life cycles, namely 

the economic life and the physical life. The economic life is the number of years that the benefits 

from an asset are at least as great as the cost of keeping the asset in service; the physical life is 

the number of years before an asset has declined in efficiency to the point where it is retired 

because of efficiency loss. (Fraumeni, 1999). For commercial companies the service life of 

machinery will be equal to its economic life. Roads however stay in function even though their 

economic life has expired. Roads might be full with potholes (from a wealth capital stock 

perspective fully depreciated), but still be used to transport goods and people, and therefore 

contributing to economic output.27 Service lives also change over time. New assets might live 

longer or technological changes might increase assets durability. Service lives should thus be 

updated regularly. (OECD, 2001) 

• The PIM does not take scrap value into account, but takes this as zero. This is of special interest 

when calculating road capital stock, because retirement patterns of roads are different from that of 

most other assets. Theoretically the value of a road will depreciate completely after a certain 

number of years, but in practice this road (even if it is of very low quality, for example with many 

potholes) might still be used to transport goods and persons, and therefore contribute to economic 

growth. And roads are hardly ever discarded, but instead they are being reconstructed or 

rehabilitated (major treatments). (Fraumeni, 1999) 

• Using the PIM can result in miscalculations due to the difference in the time of reporting 

investments and the time the asset becoming productive. In the PIM all capital expenditures seem 

to happen on the first day of the year, but in practice these investments are divided over the whole 

year (Ward, 1976). And for example regarding infrastructure investments, the moment 

investments are reported in balance sheets, might be years away from the moment that the 

infrastructure is in use due to the long period involved with constructing these structures. 

• Not all capital included in the total capital stock is actually being used in the production process. 

27 

For example machinery might have been acquired as backup in case of breakdowns, or as 

Estimates of service lives of roads average from 60 years in the United States to 35 years in the Netherlands (OECD, 
2001). 
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backup in case of an increased demand. To solve this problem it has been agreed that when 

calculating capital stocks "all that is required is that assets are present at production sites and 

capable of being used in production". In other words, "the volume index of capital services .. . 

measures the potential flow of capital services that could be provided by the capital stock in place 

during a given period. It does not attempt to measure the flow of capital services that were actually 

produced." (OECD, 2001) 

• Capital investments can not be accumulated without adjusting them with certain relative weights 

reflecting their efficiency (for example capital investments in (re-)construction will not be as 

productive as all maintenance investments). Also changes between assets due to technological 

development should be included when using PIM. For example through production process 

innovations new constructed roads are (probably) less expensive (or absorb less real resources) 

per unit to produce compared to roads constructed in the past. Capital investments should 

therefore be adjusted to these quality changes in technology. Adjusting the price of the improved 

asset downwards, resulting in a constant quality price of the asset, would solve this problem. The 

ratio applied can be estimated by using user costs of capital (or rental price) as weights, which 

reflect "the relative marginal productivity of different kinds of assets".28 However estimating asset 

prices is very difficult, especially for specific capital goods like structures, because this requires 

separating value changes in price and volume components. But due to the uniqueness of many 

infrastructure projects full information will not be available for both producer and consumer. Thus 

quality changes are not always reflected in prices of output. An option to solve the problem of 

finding the right price deflater is by using model pricing. Then price changes are estimated by 

using price changes of more or less comparable standard capital goods. Another option is to use 

price changes of inputs like labor and material. (OECD, 2001) 

It may be concluded that although the PIM is the internationally accepted and used capital stock 

measurement method, it has many limitations. On an aggregate level using market values of capital 

assets might be the only way to be able to accumulate different capital assets and to compare these 

aggregate sums between different countries. But to the author the same question remains that is also 

mentioned by Thirlwall (2003): 'What is the meaning of a function that aggregates so many 

heterogeneous items?" Therefore growth accounting studies might only have a significant meaning 

(when used in international comparisons) on a disaggregate level. One more point of interest is that to 

quantify the role of road infrastructure in economic growth a different method might be more 

applicable. One that is not based up on theoretically estimated financial values, but one that is based 

upon volume measures related to real productivity characteristics. Such a method could be the 

Composite Physical Index, which is being dealt with in section IV.2.c. 

28 With labor for example, in competitive markets "employee compensation is the price of labour services and is assumed to 
measure the relative marginal productivity of different kinds of labour" (OECD, 2001). 
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Depreciation and deterioration rates 

As mentioned before, the depreciation rate relates to the age-price pattern of wealth capital stocks, 

and the deterioration rate to the age-efficiency pattern of productive capital stocks. 

Depreciation concerns "the reduction in the value of the fixed assets used in production during the 

accounting period resulting from physical deterioration, normal obsolescence or normal accidental 

damage". This does no include the loss of value due to exceptional events such as war and natural 

disasters, which occur on regular basis in Mozambique. These events result in a sudden loss of 

capital (like damaged roads), which could be viewed upon as an one-hoss shay depreciation pattern 

(see graph 13). But in capital stock reports the losses related to events such as natural disasters are 

recorded separately, as other changes in the volume of assets. The depreciation is expressed in the 

assets age-price pattern and determines the net capital stock and consumption of fixed capital. 

(OECD, 2001) 

Deterioration concerns "the loss in the physical efficiency (the asset's ability to produce a quantity of 

capital services for a given amount of inputs) of an asset as it ages". The deterioration is expressed in 

the assets age-efficiency pattern and determines the flow of capital services. The deterioration rate of 

an asset can change over time by applying maintenance and repairs. (OECD, 2001) 

Age-price patterns are consistent with age-efficiency patterns (OECD, 2001 ), but are not exactly the 

same. However to simplify capital stock measurements in many cases the two rates are set as equal. 

This research aims at road capital stock measurement from a productivity point of view, therefore the 

focus will be on the age-efficiency profile using the deterioration rate. In Fraumeni (1999) is stated that 

the depreciation rate of roads (in develop countries) is on average 0,0202. 29 But depreciation rates of 

roads differ, depending on multiple factors like design specifications (for example the materials used), 

climate, utilization, and maintenance. 

The basic age-efficiency patterns, which are visualized in graph 13, are (OECD, 2001 ): 

• 

• 
• 
• 
• 

29 

30 

one-hoss shay: (or constant age efficiency): during the service life constant capital services are 

produced (with constant maintenance this could be applied to structures); 

geometric: age-efficiency falls at a constant rate each year; 

linear: age-efficiency falls by a constant amount each year; 

hyperbolic: age-efficiency falls with an increasing rate each year30
; 

two-step age-efficiency: when a combination of two of the above patterns are applied to explain 

the decline of the capital asset. 

Recently this figure has been adjusted upwards, because average service lives of infrastructure assets seem shorter than 
originally estimated Fraumeni (1999). 

Usually the hyperbolic pattern is used for age - price patterns of structures and buildings (OECD, 2001 ). 
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The easiest option to determine the age-price pattern and the age-deterioration pattern is by using 

time series of financial book values and productivity figures of the relevant assets. 

Graph 13: Age-efficiency patterns 
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(OECD, 2001) 

IV.2.c Capital stock measurement by using the Composite Physical Index 

In the previous section capital stock is measured by using the PIM. This is an internationally used 

method to be able to accumulated values of different capital assets and to compare capital shares in 

different economies. Another method to calculate capital stock is by using the Composite Physical 

Index (CPI). This index is based up on "certain identifiable physical characteristics31
". This index is 

also a volume measure and should also reflect "the actual physical capacity available for repeated use 

in the production of other goods and services". (Ward, 1976) 

Capital stock measurement by using physical characteristics has been done before by other 

researchers, for example by Szirmai et all (2002). They applied the core machinery approach on the 

Indonesian textile sector. By using a measure based upon physical characteristics of machines, next 

to traditional capital stock measurement based upon investment figures, they tried to eliminate 

embodied technology change from the TFP figure. Technological change over time is based upon 

31 "E.g. number of buildings by using appropriate weights such as relative cubic capacity" (Ward, 1976). 
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changes in the productivity of different types of machines (technology index). The productivity is 

expressed in the maximum physical output per unit of machinery (square meters of cloth per loom) per 

unit of time. Also changes in shares of different types of machines in the total machine park are taken 

into account (shift effect). All these changes in the core machinery are taken as a proxy for the 

changes in the total capital stock. In the end the results of capital stock measurement by using the 

core machinery approach are compared with the results of using the PIM. These are remarkably 

similar. They therefore conclude that reliable measurement of capital stocks by using a method based 

upon physical characteristics of capital assets can be justified. 

Regarding roads both a quantitative as well as a qualitative (relative weight) indicator should be used 

in order to measure productive capacity of the road capital stock. The quantitative indicator is obvious, 

the amount of kilometers. The qualitative indicator should quantify the potential capital services, or in 

other words the potential contribution of a road to economic growth. It should therefore weight the road 

by its efficiency. Regarding roads the concept of efficiency could be defined as the time it really takes 

to transport goods and persons from one place to the other, divided by the time it should theoretically 

take. In other words, the efficiency of a road can be set equal to the average speed with which the 

road is traveled divided by the speed limit. The use of average speed as the qualitative indicator of 

roads will be explained more thoroughly later on. 

The CPI has (to a lesser degree) already been used in other research in which an attempt was made 

to measure the relation between available road infrastructure and economic growth. For example in 

the World Development Report 1994 "Infrastructure for development" (Wor1d Bank, 1994) a correlation 

was found between kilometers of paved road per capita and GDP per capita over multiple countries. In 

this research as a qualitative indicator the choice was made to only consider paved roads. This seems 

very unsatisfactory to the author of this paper, because when comparing different countries with 

different qualitative statuses of road networks it might result in an unfair judgment. The road capital 

stock per capita of Mozambique (with many potholes) would be overestimated compared to the road 

capital stock of for example the Netherlands (with no potholes). On the other hand, the road capital 

stock of Mozambique (with many dirt roads of which some in good and some in bad condition) or for 

example Australia (with many dirt roads in good condition) would be underestimated by not including 

the contribution of these dirt roads to economic growth. Also for example in Mozambique the quality of 

some dirt roads (that are in good condition) is higher than the quality of some paved roads (with many 

potholes). 

Thus by only including the amount of kilometers of paved roads in the road capital stock an incomplete 

representation will be given of the real situation. Therefore in this research an attempt is made to 

quantify road capital stock adjusted for quality in such a way that international comparisons will make 
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sense. This will be done by converting all road capital assets, each with its own efficiency rate, into 

standard efficiency units. One unit would be equal to one kilometer of road in good condition . 

Cumulating the amount of standard efficiency units will result in a measure of the productive capital 

stock. 

Average driving speed as indicator for road quality 

An internationally used tool to qualify a road is to express the condition of the road in a level of 

roughness. This roughness is expressed in the International Roughness Index (IRI) which is a 

measure of the average vertical movement that a wheel of a car experiences over a certain length of 

traveled road (therefore it is expressed in m I km or mm I m). Figure 7 shows the relation between 

road quality (IRI) and average speed of vehicles like cars and trucks. (Paterson, 1987) 

Figure 7: Road quality and average speed 

20 
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(Paterson, 1987) 

Figure 7 shows that average driving speeds decrease when road quality lowers. It makes sense that 

when a road has many potholes (high IRI), that then drivers drive more carefully to protect their 

vehicle from being damaged. A point of interest is the fact that the findings of Paterson are based 

upon measurements done many years ago. The lines in figure 7 should probably be adjusted 

upwards, because of technological improvements, for example on vehicles. 

In many surveys on road quality, roads are classified as (very) good, fair, (very) poor, and impassable. 

These concepts relate to the IRI of the road, and therefore to the average speed that vehicles will 

drive with (see table 3). To translate average speed into weight factors the choice is made to use the 
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efficiency concept (as explained previously). Average speed can thus be regarded as output and the 

maximum speed (speed limit) can be regarded as maximum output (from a legal point of view, not 

from a physical capable point of view). Therefore the weight factor of each quality class can be 

formulated as: average speed I maximum speed (see weight factor A in table 3).32 

Average speed depends off course on more than just the technical road quality. Other factors that 

influences average speeds are for example the type of vehicle, its quality, the mentality of the person 

driving, weather conditions, width of the road, road signs, and other traffic. Changes in average driving 

speeds on roads in Mozambique due to the impact of the local characteristics of these factors are not 

dealt with in this research. With using average speed (weight factor A) the assumption is that the 

impact on productivity by for example people who drive faster is being cancelled out by the impact on 

productivity of people driving slower than the average speed. It should also be noticed that when a 

road has a roughness of less than 4 IRI, then no effect on the average speed is noticed, therefore the 

weight factor is regarded as 1 . 

Table 3: Road quality versus average speed 

quality IRI speed (km I h) weight factor A weight factor B 

very good 0-4 > 80 1,0 
0,85 

good 4 -12 60-80 0,7 

fair 12 - 18 40- 60 0,5 0,5 

poor 20-40 0,3 0,3 
>18 

very poor < 20 0,1 0,1 

impassable - 0 0,0 0,0 
.~~ . (column 1 - 3. Herman, 2007 , column 4 & 5. author) 

The data collected in surveys on quality of roads in Mozambique uses a scale indicating good, fair, 

poor, very poor, and impassable quality. Therefore weight factors B of table 3 are applied. 

32 

33 

Another option is not to use average speed, but the bottom or maybe even the top value of the speed class on a certain 
road when one thinks that average speeds are over- or underestimated. 

The links between road quality, IRI and average speed were mentioned by Mr L. Herman during meeting at the office of 
SEED (Sociedade de Engenharia e Desenvolvimento, Lda .. Rua de Kassuende 118, 8° andar, Maputo, Mozambique) on 
27111 of June, 2007. 
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IV.3 Road capital stock in the economy of Mozambique 

In this section the theory of the previous section will be applied on the case of Mozambique. First the 

conclusions of applying the PIM will be given. Second, the conclusions of applying the CPI method will 

be shown. And last the results of using the PIM for capital stock measurement is compared with the 

results of using the CPI. 

IV.3.a Road capital stock measurement by using the PIM method 

To use the PIM to perform capital stock measurement the following figures are required: 

1. gross investment figures at constant prices (or at current prices revaluing by using price indices); 

2. the depreciation rate, and 

3. a benchmark capital stock value (when complete time series of investments are lacking). 

Ad 1) Investments in constant prices are used to eliminate prices changes and to have volume 

changes only. It is assumed that technological development in the production process did not take 

place. Another problem exists with the fact that investments in roads consist of investments in new 

construction and investments in maintenance of both paved and unpaved roads. It is assumed that 

differences in prices of new construction and of maintenance of one km of (paved and unpaved) road, 

is a proxy for their influence on productivity. In other words the same amount of investments in new 

construction as in maintenance will result in the same increase in productivity of the total road network 

(due to difference in price per kilometer). 

Ad 2) In Mozambique age-price patterns and age-efficiency patterns are not available for roads. 

Therefore a proxy will have to be used to estimate the road depreciation rate. The choice is made to 

use M&R values. With the current level of M&R about US$ 22.000 has to be invested in 1 kilometer of 

paved road every year to keep that road in good condition. On a replacement value of US$ 300.000 

per kilometer of paved road this results in an average depreciation rate of 7 % per year. For an 

unpaved road M&R costs amount to about US$ 5.000 per year, this on a replacement value of US$ 

75.000 also results in a depreciation rate of 7 % per year. 34 But these figures are on roads (main 

roads) that get (a minimum amount of) maintenance. Most roads however do not belong to that 

privileged part of the total road network. And also because depreciation accelerates when roads are 

not maintained, the average depreciation rate of all roads in Mozambique is probably (much) higher. 

The estimated deterioration rate of 7 % for the road network in Mozambique is thus underestimated. 

Estimates even run up to a depreciation rate of 20 % annually for unpaved roads without any 

maintenance.35 The higher depreciation rate will result in a smaller net capital stock. 

34 Compared to the average depreciation rate of roads in developed countries of 2 % (Fraumeni, 1999), this is very high. In 
the opinion of experts this is almost completely caused by a lack of sufficient maintenance in Mozambique of roads. 
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Ad 3) The benchmark value of the road capital stock in 1996 (the earliest date of which investment 

figures are available) is estimated by using replacement values. The replacement value of one 

kilometer of paved road in good condition in 2006 is about US$ 300.000 (or US$ 130.000 at constant 

1996 prices). The replacement value of one kilometer of unpaved road in good condition is about US$ 

75.000 (or US$ 32.500 at constant 1996 prices).35 Roads in other conditions are valued by using 

relative weights (good = 0,85; fair = 0,5; poor = 0,3; very poor = 0, 1; and impassable = 0). These 

weights are based upon their productive capacity, which is explained in section IV.2.c on weighing 

road quality. Calculating the road capital stock for Mozambique in 1996 results in a value of US$ 395 

million (equal to 4.461 billion Mt36
) in constant 1996 prices (calculations of the benchmark capital stock 

can be found in appendix 7 table 15). The results of calculations on the road capital stock in 

Mozambique by using PIM are visualized by graph 14 (the calculations of capital stock can be found in 

appendix 8 (table 16 and 17). 

Graph 14: Road capital stock using PIM 
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35 

36 

Replacement values and M&R costs at 2006 prices, and depreciation rates were estimated by Mr L. Herman during 
meeting at the office of SEED (Sociedade de Engenharia e Desenvolvimento, Lda .. Rua de Kassuende 118, 8° andar, 
Maputo, Mozambique) on 27'h of June, 2007. Values at constant 1996 prices estimated by using price index figures 
provided by INE in statistical yearbooks and on website. 

Exchange rate 1996: 1 US$ = 11.294 Mt. Based upon prices in Herman (2003) on road sector budget in Mt and in US$ for 
1996. 
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Graph 15: Road capital stock using PIM versus economic growth 
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(author; for data see appendix 8 table 17 and appendix 13 table 25; correlation significant at the 0,05 level) 

From graph 14 the main conclusion from using the PIM to measure the road capital stock in 

Mozambique is that investments by the government in the road network have increased the total road 

capital stock. From graph 15 it may be concluded that the investments in road infrastructure by the 

government of Mozambique are positively correlated with economic growth. 

Road capital flow using PIM 

To be able to say something about the role of road capital in economic growth (growth accounting) the 

road capital flows should be used instead of the road capital stocks. As a proxy for the capital flows 

the capital stocks should be adjusted for utilization (Ward, 1976). In my opinion has utilization of roads 

to do with the amount of traffic that uses those roads annually. To have at least a rough indicator 

showing changes in usage over the years the choice is made to use the number of vehicles as a 

proxy. Those relative (base year 2002) values (see graph 15) will be multiplied with the PIM values of 

each year, resulting in the capital flows (capital stock adjusted for utilization). To eliminate the effects 

of population growth the road capital flow is expressed in flows per capita. These data are correlated 

and the trend is analyzed. Graph 17 shows the role of capital in economic growth by correlating the 

capital flows (capital stock adjusted for utilization) with GDP pc. 
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Graph 16: Road utilization rate 
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From graph 16 may be concluded that over the years from 1996 to 2002 the amount of vehicles using 

the road network of Mozambique has tripled. 

Graph 17: Road capital flows per capita versus GDP pc (PIM method) 
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Graph 17 shows that the data had the highest correlation (0, 75) when a polynomial trend was 

applied.37 Off course this correlation can not be significant with only a few measurements over a short 

period of time. But it is still very interesting, because the question is raised if investments in road 

infrastructure can have an optimum level. In other words, increasing the amount of road kilometers per 

capita results in economic growth. However when a certain amount of kilometers of roads per capita is 

reached, investing more in road infrastructure might have a negative impact on economic growth. This 

might be explained by the fact that those investments are decreasing investments in other necessary 

facilities. 

IV.3.b Road capital stock measurement by using the CPI method 

To summarize, when using the CPI method the total road capital stock is the sum of the weighted 

roads in good, fair, poor, very poor, and impassable condition. The weight factors related to the 

condition of the road are respectively 0,85; 0,5; 0,3; 0, 1; and 0 (see table 3). In Mozambique, however, 

the role of unpaved roads is significant in the total road network (see graph 18). And unpaved roads 

have an important characteristic. They are very vulnerable to being damaged or at least being 

hindered by rain. For example in the rainy season many dirt roads become impassable (closed). This 

loss in potential capital services should be included in calculating the total road capital stock by the 

CPI method (see box 8). 

Box 8: Road capital stock measurement using CPI 

Road capital stock (RCS): 

RCS = RpCS + Rues 

RpCS = Re * Pc + Rf * Pt + Rp * PP + Rv * Pv + Ri * p; 

Rues = cp * ( Re * Pc + Rf * Pt + Rp * PP + Rv * Pv + Ri * p; ) 

RpCS paved roads capital stock 

Rues unpaved roads capital stock 

<I> ratio that roads are open for use annually 

Rg amount of roads in g condition (km) 

p9 weightfactor of roads in g condition 

and g : good, f : fair, p : poor, v : very poor, i : impassable 

37 The linear trend line had a R 2 of 0,58. The logarithmic trend line a R 2 of 0,70. 
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Data on the amount of roads per surface and per condition type for the years 1996 to 2002 have been 

found in the data tables of the INE (see graph 18 and 20 and their trends in graph 19 and 21; for data 

see appendix 9 table 19 - 21 ). Calculating Cl> is done by using data owned by SEED38
. SEED has done 

a survey of all paved and unpaved roads in Mozambique. On the unpaved roads they collected data 

on how many days per year a certain length of road was impassable. The method to calculate Cl> can 

be seen in box 9, resulting in Cl> = 0, 785. The capital stocks over time are visualized in graph 22 (for 

data see appendix 10 table 22). 

Box 9: Weight factor of unpaved roads in capital stock 

Ratio that roads are open for use annually (Cl>): 

= 1 - I: n i = 1 (L i * d i ) I ( L t * d t ) 

total number of unpaved road sections 

length of road i (km) 

days road i is closed 

total amount of unpaved roads (km) 

total number of days per year (365) 

Graph 18: Total qualified road network by surface type (not weighted) 
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38 SEED : Sociedade de Engenharia e Desenvolvimento, Lda. Data shown on meeting with Mr L. Herman at the office of 
SEED (Rua de Kassuende 118, 8° andar, Maputo, Mozambique) on 2?1h of June, 2007. 
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Graph 19: Trends in road surface 
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Graphs 18 and 19 show that the amount of unpaved (dirt and gravel) roads is increasing and that the 

amount of paved roads remains about the same over the years 1996 to 2002. 
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Graph 20: Total qualified road network by condition (not weighted) 
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Graph 21: Trends in road condition 
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Graphs 20 and 21 show that the amount of kilometers of roads in good and fair condition is increasing 

and the amount of kilometers of road in bad and impassable condition is decreasing over the years 

1996 to 2002. 

Graph 22: Road capital stock using CPI 
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Graph 22 shows that the potential capital services (the total road network weighted for quality and 

quantity) has increased over the years from 1999 to 2002. 

Graph 23: Road capital stock using CPI versus economic growth 
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Graph 23 shows that economic growth is positively correlated with an increase in availability of road 

infrastructure. 

From using the CPI method on the role of road capital in the economic growth of Mozambique the 

following conclusions can be drawn. 

1. Investments by the government in the road network have not resulted in more kilometers of paved 

road. The increase in kilometers of roads has been primarily caused by an increase in unpaved 

(dirt) roads. 

2. Investments by the government in the road network have resulted in an increase in amounts of 

roads that are in good and fair condition. The amounts of roads in poor, very poor, and impassable 

condition decreased. 

3. The total road network improved. In other words it increased its potential capital services 

(weighted road network). 

Road capital flow using CPI 

Similar to using the PIM, to be able to say something over the role of road capital in the economic 

growth of Mozambique (growth accounting) capital flows should be calculated instead of capital 

stocks. As a proxy for the capital flows the capital stocks should be adjusted for utilization (Ward, 

1976). The same utilization rates and the same calculation method, which were mentioned in section 

IV.3.a on the PIM, are used. Graph 24 (data in appendix 10 table 22) shows the role of capital in 

economic growth by correlating the capital flows with GDP pc. To eliminate the effects of population 

growth the road capital flow is expressed in per capita kilometers. These data are correlated and the 

trend is analyzed. 

Graph 24: Road capital flow per capita versus GDP pc (CPI method) 
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Graph 24 shows that the data had the highest correlation (0,81) when a polynomial trend was applied. 
39 The same reasoning as in the previous section applies. The correlation can not be significant with 

only a few measurements over a short period of time. But it is still very interesting, because the 

question is raised again if investments in road infrastructure have an optimum level. In other words, 

increasing the amount of road kilometers per capita results in economic growth. However when a 

certain amount of kilometers of roads per capita is reached, investing more in road infrastructure might 

have a negative impact on economic growth. This might be explained by the fact that those 

investments are decreasing investments in other necessary facilities. 

IV.3.c Using the PIM versus the CPI method for capital stock measurement 

In graph 25 (data in appendix 11 table 23) the growth in capital stock over time measured by PIM and 

by CPI is visualized. 

Graph 25: PIM versus CPI regarding road capital stock 
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The patterns are quite similar. Calculating the correlation between both value gives R 2 = 0,89. In 

general it may be concluded that using the CPI method can be an acceptable proxy for PIM capital 

39 The linear trend line had a R 2 of 0,58. The logarithmic trend line a R 2 of 0,70. 
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stock measurement. But still differences in values of road capital stock exist between calculations 

using the PIM and using the CPI. These can be explained by inaccuracies in estimating: 

• the benchmark capital stock; 

• the depreciation rate; 

• weights of different capital assets (roads in different conditions and with different surfaces) in the 

total capital stock. 

Off course mistakes might also have been made in measurements of: 

• amounts of kilometers road (in total, per condition, per surface); 

• gross investment figures. 

It can be noticed that the CPI pattern is much more rugged than the PIM pattern. This can be 

explained by the fact that the value of CPI is directly and significantly influenced by external factors 

(like floods and earthquakes). For calculating the value of PIM over time a constant (average) 

depreciation rate is used, even though this rate could be higher sometimes (for example caused by 

floods and earthquakes) or lower (during a period when maintenance is applied). On average 

(especially between the years 1996 and 2000) the trends of PIM and of CPI is comparable. 

The discrepancy in values between PIM and CPI might also have something to do with their timing. It 

is remarkable that the PIM reacts to changes in the CPI. When the CPI experiences negative growth 

the growth of the PIM value in the following period increases both in absolute terms as in relative 

terms. For example in the year 2000 many roads got damaged by the floods (CPI value decreases 

from 1999 to 2000). The government increased its investments in infrastructure to rebuild the country 

(the PIM value increases in 2001 ). Making that decision to invest more money took time. Therefore the 

time delay in reaction of the PIM to the CPI. 

58 Bob Boogaart (2007) 



Road Capital Stock and Economic Growth - Measurement and Analysis in Mozambique 

v Maintenance versus new 

construction 

In this part of the thesis the benefits of investments in maintenance compared to investments in new construction 

are analyzed. 

V.1 Road maintenance versus new construction 

V.1.a Benefits of road maintenance 

Maintenance is defined in Rioja (2003) as "those activities that allow public infrastructure to efficiently 

deliver the outputs for which they were built". In developing countries the maintenance of existing 

public capital is usually neglected and building new infrastructure projects is usually preferred. This 

results in an increased deterioration rate of capital. Rioja mentions that "The World Bank reports that 

an additional $12 billion spent on timely road maintenance in Africa during the last decade could have 

saved $45 billion spent in reconstruction" (Wor1d Bank, 1994). But a lack of maintenance will not only 

cause larger necessary investments in the future, also in short-term will investments have to be larger. 

For example vehicle operating costs increase significantly when driving on poor quality roads (for 

example by extra costs on replacing damaged shock breakers). These increases in costs of 

production factors will increase the price of the good and limit its availability. Roads in less than good 

condition have thus an impact on national output. 

Rioja (2003) also mentions that research has shown that by current public expenditures (like 

maintenance) positive effects are noticed on GPO. And that capital expenditures (like new 

construction) have negative effects on GDP. The reason given for this difference is that "much has 

already been spent on infrastructure (often at maintenance's expense), so at the margin an extra 

dollar spent on maintenance may be more productive". However, other research has not 

unconditionally found that strong positive relationship between road maintenance and economic 

growth. Cirera & Arndt (2006) analyzed the role of rehabilitation of roads on maize markets in 

Mozambique. They analyzed the impact of maintenance on spatial efficiency. It is mentioned that low 

quality roads (next to low density and security problems) increased transport costs in Mozambique. 

But from examining market prices of maize before and after roads were rehabilitated their main 
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conclusion was that the impact of maintenance was small and statistically not significant. Cirera & 

Arndt (2006) admit that their data had a limited time span and external influences (like increase in 

diesel prices and scarcity of maize due to bad production years) might also have affected their results. 

They also made the assumption that when maintenance took place, roads became completely efficient 

again. In practice this might not be the case. 

Therefore, in this section the goal is to quantify the benefits of resources for new construction versus 

resources for maintenance. It should be stressed again that new construction relates to reconstructing 

existing roads and not construction of roads that will extend the road network. 

V.1.b Defining road maintenance 

In general road maintenance can be divided into routine works [1], periodic works [2], special works 

[3], and development works [4] (World Bank, 2007). 

Ad 1) Routine works take place each year and are funded from the recurrent budget. Within this group 

two different activities exist: cyclic and reactive works. Cyclic works are scheduled tasks (not 

depending on traffic levels) like verge cutting and culvert cleaning. Reactive works, like patching, react 

to the appearance of cracks or potholes. They depend on traffic levels. (World Bank, 2007) 

Ad 2) Periodic works are scheduled every few years to secure or improve a road's performance by for 

example resurfacing or pavement reconstruction. However they do not include work that changes the 

geometry of the road (like widening). The kind of work depends on the level of road deterioration. They 

should be funded from the recurrent account, but in many cases they are reported under capital 

expenditures. (World Bank, 2007) 

Ad 3) Special works are works that "cannot be estimated with any certainty in advance". An example is 

emergency works after natural hazards like floods. These works are paid by recurrent expenditures, 

but can also be paid by money from separate funds. (World Bank, 2007) 

Ad 4) Development works are construction projects that are part of the national development strategy 

and are reported under capital expenditures. (World Bank, 2007) 

V.2 Measuring the benefits of road maintenance 

V.2.a From a macro-economic perspective 

The model with which Rioja (2003) calculates the benefits of maintenance is macro-economic and 

includes three actors, namely households, firms, and government (see box 10). With this model Rioja 

describes the complex interrelationship between all actors in economy and investments in new 

construction and investments in maintenance. 
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Box 10: Impact maintenance from a macro-economic perspective 

Households earn income from renting (rate r 1 ) its private capital (K 1 ) and labor (L 1, wage rate w 1 ) to 

a private firm. This income is divided between consumption (C 1 ) and investments (I 1 ). These 

investments result in growth of its capital stock (K 1+ 1 ). 

(labor is supplied in-elastically and population is fixed) 

= (8 : depreciation rate of private capital) 

Firms produce a final good and decide on the amount of capital and labor to use for production (Y 1 ). 

Also public infrastructure (KG 1 ) is an input in their production. 

= (f: constant returns to scale for private inputs) 

Their net-of-tax (rate "A 1 ) profit function (n 1 ) is: 

= ( 1 - "A t ) f (K Gt. K 1. L t ) - w t L t - r t K t 

The government invests in public infrastructure capital stock (K G 1 ). Maintenance (m 1 ) of existing 

infrastructure is financed by taxation ("A 1 Y 1 ) and new infrastructure is usually financed by international 

donors (D 1 ) 
40

. The depreciation of infrastructure (8 G 1 ), depends on the level of maintenance (m 1, the 

more maintenance the lower the depreciation) and on usage (k 1 ). Thus the amount of private capital 

(number of trucks) is a proxy for use of infrastructure. 

= m1 

= 

The government aims at maximize well being by choosing "A 1 optimally. This also determines the 

public infrastructure stock (KG 1 ) by determining the maintenance budget. 

National output should off course equal expenditures: consumption, investment, and maintenance. 

= 

40 According to Rioja (2003) international loans have very generous terms. For example in Africa, between 1989 and 1999 
about 33 % of those debts were forgiven. Donor aid is usually earmarked for new construction. 
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Rioja then simplifies this model, amongst others by assuming that the public capital stock only 

depends on maintenance (8 G 1 - m 1 ) and by estimating that the share of new construction in GDP is 

about 5 % and that the depreciation rate of infrastructure is about 12 % per year.41 By reallocating 

resources for maintenance and resources for new construction (using data on countries with different 

current shares in GDP of investment in new construction and in maintenance), Rioja calculates the 

ratio that results in maximum growth of GDP. 

Rioja (2003) 

Rioja (2003) concludes by stating that "the optimal level of maintenance is shown to depend on the 

size of new investments as a share of existing public infrastructure and on the productivity of 

infrastructure". Applying the model to multiple Latin American developing countries showed that an 

optimal allocation of government investments occurred when maintenance received about 2 % of 

GDP. Rioja (2003) says that one of the problems in developing countries is the fact that donor aid is 

earmarked for new construction, because these donors prefer highly visible construction projects. 

Rioja advises donors not to earmark all aid to new construction, but reserve part of it for maintenance 

of infrastructure over a number of years. 

V.2.b From a micro-economic perspective 

Instead of focusing on nationwide effects of new construction and maintenance, an option is to 

calculate benefits of maintenance at project level. In other words, calculating over the service lifecycle 

of a road the cost and benefits of maintaining the road versus not maintaining it (and replacing the 

road once completely deteriorated). With maintenance the aim should be to guarantee a certain level 

of minimum quality (good condition). Without maintenance the road deteriorates due to time and 

usage. Investments in reconstruction of the road only happen when it is in very poor condition. 

In figure 8 this method has been visualized for a country road in Oregon, United States. This is based 

upon a two lane rural county road with high average daily traffic. And costs are per mile. Two roads 

have been constructed for US$ 300 K. One is maintained and the other is not maintained. For the 

maintained road routine and periodic maintenance take place on a regular basis (seal and overlay 

construction activities). The non maintained road has to be reconstructed every 25 years. After 55 

years the maintained road has had a high average quality. Achieving this level of quality did cost US$ 

236 K (excluding its initial construction costs). The average quality of the non-maintained road has 

been lower than that of the maintained road, and total costs have been US$ 600 K (excluding its initial 

construction costs). More than double the costs of the maintained road. It may be concluded that 

regular maintenance is profitable on the long run. Regular maintenance also results in a higher 

41 For the extensive explanation of the application of the theoretical model the author refers to the article of Rioja (2003). 
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average quality level of the road . It should be noted however that maintained roads also have to be 

reconstructed after a certain period of time, because of increasing costs on periodic and routine 

maintenance (time intervals between necessary maintenance activities become shorter). 

Figure 8: Deterioration pattern of maintained versus non-maintained roads 
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Maintenance versus new construction of Mozambican 

roads 

It is common knowledge that in Mozambique a backlog exists on maintenance of the road network. In 

graph 26 the expenditures until 2001 on maintenance are shown as percentage of GDP. Also the 

projected expenditures are shown. These figures were the projected values in the year 2002. It is not 

clear whether these expenditures have really been done. 
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Graph 26: Expenditures on road maintenance 
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(Herman, 2003; for data see appendix 12 table 24) 

Comparing its average level of expenditures (as share of GDP) on maintenance (see graph 26) to the 

advised level of maintenance resulting from the model of Rioja (2003) it seems that maintenance 

investments (current expenditures) have indeed been insufficient. Also the projected maintenance 

levels do not seem to be high enough. Though both shortcomings are not as much as expected. It 

should be noted that in graph 26 only maintenance expenditures on roads are shown. The 2 % level of 

Rioja is about total expenditures on maintenance of fixed capital. But from graph 9 and 11 it may be 

concluded that maintenance expenditures are almost completely on road infrastructure. And even if it 

is assumed that expenditures on maintenance at macro-level are about 2 % of GDP, then that would 

still not be sufficient to keep roads in Mozambique in good condition due to the enormous backlog that 

exists on M&R construction. 

Calculation at project level as mentioned in the previous section can also be applied to the 

Mozambican road network using the previously mentioned estimated42 service lives, deterioration 

rates, and costs of maintenance and new construction. Constructing a paved road costs about US$ 

300.000 per kilometer. Good maintenance costs about US$ 15.000 per kilometer per year (including 

routine and periodic maintenance) and its service life is estimated at about 35 years.43 A road without 

maintenance deteriorates to an unacceptable level (very poor condition) in about 10 to 12 years (see 

42 

43 

Service lives and M&R costs at 2006 prices were estimated by Mr. L. Herman during a meeting at the office of SEED 
(Sociedade de Engenharia e Desenvolvimento, Lda .. Rua de Kassuende 118, 8° andar, Maputo, Mozambique) on June 
2ih 2007. Values at constant 1996 prices estimated by using price index figures provided by INE in their statistical 
yearbooks and on their website. 

Estimates of service lives of roads average from 60 years in the United States to 35 years in the Netherlands (OECD, 
2001). 
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box 11 ). This would result in total costs (excluding the initial construction costs), after 35 years when 

both roads have to be reconstructed, in US$ 525.000 for the maintained road and US$ 600.000 for the 

non-maintained road. 

Box 11: Paved road without maintenance average deterioration process 

In the first year that a road is used a single pothole might occur due to material or production process 

faults. In the second year cracks become visible and fill up with dirt. In the third year these cracks 

widen and cracks and potholes will let water get underneath the road surface. In the fourth year the 

potholes get bigger due to erosion caused by water, but in general the road is still in good driving 

condition. During the fifth to seventh year lining disappears, potholes grow in numbers and in volume, 

drainage systems get filled up and some disastrous road sections will be part of the total road. On 

average the road will be in a fair condition. In the eight to tenth year this process continuous and more 

and more poor sections become noticeable, resulting in the tenth to twelfth year in a road in very poor 

condition. 

For unpaved roads the same kind of calculation is made. Constructing an unpaved road costs about 

US$ 75.000 per kilometer. Good maintenance costs about US$ 5.000 per kilometer per year (including 

routine and periodic maintenance) and its service life is estimated at about 7 years. A road without 

maintenance deteriorates to an unacceptable level (very poor condition) in about 3,5 years. This would 

result after 7 years in US$ 35.000 for the maintained road and US$ 75.000 for the non-maintained 

road. 

In both cases may be concluded that in the long run maintenance is more profitable than not 

maintaining at all. In Mozambique some roads (the primary roads) are maintained, but not sufficient. 

Secondary and tertiary roads experience less or no maintenance, which will result in shorter service 

lives due to increasing deterioration rates. The calculations in the previous paragraphs took the two 

extreme options (good versus no maintenance). In practice the difference will be smaller between total 

costs, but it is still widely agreed upon that maintenance in the long run will give higher returns 

investments. 
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VI Final conclusions and 

recommendations 

This part starts with recapitulating the conclusions of the previous parts. From these conclusions the 

most important findings are highlighted. The author will also mention some shortcomings of his work 

and give recommendations on how this research could be extended by other research in order to 

improve the methodology used and improve the quality and quantity of the necessary data input. 

As mentioned in the introduction, the main goal of this research was 'To quantify the relationship 

between availability of road infrastructure and economic growth". Four sub-goals were formulated, 

namely 

1. To quantify the contribution of the construction sector to the economy of Mozambique. 

2. To develop measurement methods for analyzing growth of road capital stock. 

3. To quantify the relationship between investment in road capital stock and economic growth in 

Mozambique. 

4. To quantify the benefits of resources for new investment versus resources for maintenance. 

From the analysis of the construction sector using the Turin model, the main findings are that the 

construction labor force is about 3,5 % of total employment, construction value added as share of 

GDP about 7 %, and that capital formation as share of GDP is about 7,3 %. Comparing the outcome 

with the expected values for the least developed countries of the Turin model shows that construction 

employment is in line with the expected value of 3, 1 to 3,4 %. The figure on construction value added 

is comparable with the value common in developed countries (7,3 %, instead of 3,6 % that is common 

in developing countries). But this figure is difficult to interpreted, because it is probably caused by a 

lack of development of other sectors. The figure on capital formation is lower than what the Turin 

model predicted (8,9 %), but it is expected to be underestimated. For example capital formation by the 

informal sector has not been included, because only government investment figures were available. 

In general it seems that the contribution of the construction sector to the economy of Mozambique is at 

the expected level for the least developed countries. It also seems that the construction sector has an 

important role in economy by the major investments in buildings and infrastructure. These investments 

take place because of emergency reconstruction and repair activities as reaction to natural disasters, 
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but also because the government and international donors regard the construction sector as an engine 

of growth. By facilitating infrastructure an attempt is made to reduce transaction costs and to decrease 

poverty by making poor areas accessible. 

The positive trend in employment rate confirms the increased contribution of the construction sector to 

the economy. The share of maintenance and repair construction is also increasing. From both 

developments might be concluded that the role of the construction sector in Mozambique is shifting to 

a situation more comparable with more developed countries. Hopefully, in a few years it may be 

concluded that Mozambique is experiencing sustainable economic growth. 

From road capital stock measurements in Mozambique, both using the PIM and the CPI method, we 

may conclude that investments in roads have increased both the gross and the net road capital stock. 

The financial value as well as its condition (the physical quality) has increased. Overall roads are in 

better condition and the road network is therefore increasing its potential capital services. However, 

the road network did not increase much in quantity (number of kilometers). This leads to the 

assumption that government investments have been focused on road rehabilitation, resulting in a 

reduction of the deterioration and depreciation rate. This reduction of depreciation rate of the gross 

capital stock has increased growth in the net capital stock. Economic growth in Mozambique has thus 

profited from increases in (absolute) amounts of capital and from (relative) decreases in annual 

average deterioration of capital. 

The amount of investment in maintenance is still not sufficient. Compared to developed countries the 

deterioration rate of roads in Mozambique is much higher. Major investments should be done to avoid 

having much higher costs in both the short term (increase in transaction costs due to low quality 

roads) as in the long run. In the long run not investing in maintenance and having to reconstruct roads 

(after a relative short time period) is much more expensive than maintaining the road during its service 

life. 

Another interesting finding of this research is related to the methodology applied to perform capital 

stock measurement. It is remarkable that comparing the capital stock measured by both PIM as CPI 

seem to have the same trend. Even though the data used were probably rough estimates for their real 

values, it seems that calculating capital stocks by using physical characteristics (CPI) is a feasible 

option to use next to the more traditional capital stock measurements by using financial values (PIM). 

Our final conclusion, related to the main research goal "To quantify the relationship between 

availability of road infrastructure and economic growth" is that economic growth in Mozambique has 

benefited from increases in availability of road infrastructure. Not necessarily from increases in total 
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road length, but primarily from increases in potential road capital services. Roads are overall in 

improved condition and therefore promoting the economy by reducing transaction costs (for example 

transport costs decreased due to increased average speeds). To come back to the question of 

Hirschman (1959) 'Which investments should be given priority by the government?" (as mentioned in 

the introduction), it may be concluded that investments in maintenance of road infrastructure is very 

important. Unfortunately, from this research can not be concluded whether the construction sector is 

leading or following economic growth. 

It should be noted that even when road quantity and quality is improving, having a proper road 

network is only part of the solution. The potential capital services of the road network depend on 

multiple other factors. For example availability of transport vehicles can be major problem. Loss of 

economic growth happens when farmers can not transport their produced food products to the local 

markets because trucks are not available. Other possible causes of reduction in potential capital 

services can be custom formalities that take a long time and ferries that are not operating. In other 

words, even when roads are in good condition, they are part of a network that is as strong as it 

weakest link. 

Lastly, a few recommendations are formulated to improve validity and reliability of the methodology 

and data used in this research. 

Unfortunately, as is the case in many developing countries long time data series are not available. 

This research has also been limited by lack of recent data, especially on investments in road 

construction and rehabilitation. And even the reliability of available data could be questioned. Policy 

makers will thus have to be very critically and careful, when using the research findings on the current 

situation. When new recent data becomes available, the methodology of this research should be 

applied again using those improved data. 

Future research should especially be done on depreciation and deterioration rates of roads. Not only 

the national deprecation rate average, but also the rate of all different types of roads individually 

should be analyzed. Differences in priority given to investing in maintenance of primary, secondary, 

and tertiary roads might result in different depreciation rates. As long as age-price and age-efficiency 

patterns do not exist on roads in Mozambique, results on capital stock measurements using estimates 

of services lives, and depreciation and deterioration rates can be misleading. 

This research focused on policy choices between investing in maintenance and investing in 

reconstruction of existing roads. Benefits to economic growth by extending the existing road network 
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has not been dealt with. Therefore including road density in the methodology of future research might 

improve conclusions drawn on the impact of availability of roads and economic development. 

It might also be interesting to do research on the relationship between capital flows and economic 

development on a provincial level in Mozambique or at an international level comparing other 

countries with Mozambique. 
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1 Economic growth Mozambique 

Table 4: GDP 1980- 2004 (10 9 Mt) 

year GDP (constant 1980 prices) 

1980 161,8 

1981 162,0 

1982 156,3 

1983 136,8 

1984 138,8 

1985 141,1 

1986 134,3 

1987 127,5 

1988 133,5 

1989 133,2 

1990 137,7 

1991 133,9 

1992 122,5 

1993 130,8 

1994 139,9 

1995 144,5 

1996 154,3 

1997 171,4 

1998 193,1 

1999 207,6 

2000 211,6 

2001 239,4 

2002 258,9 

2003 279,4 

2004 300,3 

Source: Jones, S. (2006) . Growth accounting for 

Mozambique (1980-2004). National Directorate of studies 
and Policy Analysis, Ministry of Planning and Development, 
Republic of Mozambique. 

74 Bob Boogaart (2007) 



Road Capital Stock and Economic Growth - Measurement and Analysis in Mozambique 

2 Road sector shares 

Table 5: Sector budget allocations (2002) 

sector current internal external total 
investment investment investment 

agriculture and rural 195 77 536 613 

education 3.071 324 1.053 1.377 

energy and natural 42 59 353 411 

roads 0 700 1.476 2.176 

public works and 71 286 1.743 2.029 

health and HIV/AIDS 1.498 228 1.846 2.074 

other priority sectors 1.833 283 181 464 

other sectors 6.368 1.104 541 1.645 

total 13.078 3.061 7.729 10.789 

roads % of priority 0 36 21 24 

roads % of total 0 23 19 20 

Source: Herman, L. (2003) . Mozambique Road Sector Expenditure Review. 

Table 6: Transport and communications: estimated production value (1998) 

Transport and communications: estimated production 
value (1998) 

sector 109 Mt % 

road 4.848 

sea and coasting 199 

air 572 

railways 325 

pipeline 245 

related services 598 

communications 925 

total 7.712 

Source: Herman, L. (2003) . Mozambique Road 
Sector Expenditure Review. 
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3 Classified road network 

Table 7: Classified road network by surface and quality 

class surface good fair poor total 

primary paved 1 .314 1 .172 551 3.037 

not paved 217 525 496 1.238 

subtotal 1.531 1.697 1.047 4.275 

secondary paved 735 784 449 1 .968 

not paved 1.365 2.400 2.147 5.912 

subtotal 2.100 3.184 2.596 7.880 

national paved 2.049 1 .956 1.000 5.005 

not paved 1 .582 2.925 2.643 7 .150 

subtotal 3.631 4.881 3.643 12.155 

tertiary not paved 2.729 3.208 7.176 13.113 

total paved 2.049 1.956 1.000 5.005 
network not paved 4.312 6.133 9.819 20.264 

subtotal 6.361 8.089 10.819 25 .269 

Source: Herman, L. (2003). Mozambique Road Sector Expenditure Review. 
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4 Mozambican current road network in pictures 

Dirt roads in poor and in good condition 
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On the left: potholes. On the right: typical surface of dirt roads that have not been maintained. 

(author, 2007) 
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5.a Mozambican current main road network (EN1 to 8) qualified by surface type 

- 1arred 

nol larred 

(author, 2007) 
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5.b Mozambican current main road network (EN1 to 8) qualified by condition 

- Quality "vefy good" 

--- Oualily "good" 

- Ouality"fait" 

(author, 2007) 

80 Bob Boogaart (2007) 



OJ 
8-
0J s 
m 
m 
;:::!. 

'N 
0 
0 
.::! 

Iii' 
c: 
~ 
0 _ ..... 
I\.) 
0 
0 

.::::! 

road from to distance pavement (%) time 1 average speed2 quality class 3 data 
number name place name place km tarred nottarred minutes kmlh collection 

EN1 EN1 • EN4 Maputo 8 100 0 12 40 Ill 
Maputo XaiXai 196 100 0 1S2 77 v 
XaiXai Chissibuca 96 100 0 102 SB Ill 

Chissibuca Maxixe 1S8 100 0 11 S 82 v 
Maxixe Massinaa 68 100 0 S4 76 v 

Massinaa Nhachenaue SB 100 0 9S 3S 111• 
Nhachenaue Vilankulo 9S 100 0 BS 88 v 

Vilankulo lnchooe 376 100 0 271 83 v 
lnchooe Zambezi 312 100 0 214 87 v 
Zambezi Nicoadala 160 100 0 11 S 83 v 

Nicoadala Namacurra 32 100 0 24 80 v 
Namacurra Mocuba 82 so so 84 S9 Ill 

Mocuba Alto Mol6cue 186 so so 234 48 Ill 
Alto Mol6cue Alto Liaonha 107 so so 99 BS IV 
Alto Liaonha Nampula 94 100 0 72 78 v 

EN2 EN2 • EN4 Nam a a cha 64 100 0 60 64 IV 
EN3 Boane Porto Henriaue 30 0 100 36 so Ill 

Porto Henriaue Catuane 74 0 100 88 so Ill 
EN4 EN4 • EN1 Ressano Garcia 88 100 0 S8 91 v 
ENS ENS• EN2 direction Goba 23 100 0 18 77 v 

direction Goba Swaziland 10 100 0 8 7S v 
ENS lnchooe Nhamatanda 31 100 0 36 S2 Ill 

Nhamatanda Beira 94 100 0 10S S4 Ill 
lnchooe Chimoio 49 100 0 40 74 IV 
Chimoio Manic a 68 100 0 SS 74 IV 

EN7 Nicoadala Quelimane 44 100 0 34 78 v 
Malei Milanae 219 0 100 200 66 IV 

EN8 Nampula Monapo 121 100 0 82 89 v 
Monapo Nacala 63 100 0 4S 84 v 
Nampula direction Namina 11 0 100 10 66 IV 
Nampula Mandimba S18 0 100 480 BS IV 

total 3.S22 3.0S3 69 IV 
.. 1 The times it takes to travel the distance depends not only on road quality, but also on the kind of vehicle used, the person driving, weather 

conditions, other traffic, et cetera. 
2 Driving a Toyota Rav 4 (passenger car, 4wd, 1640 kg) in May 2007. 
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•Driven at night in the dark. Quality class based upon daytime average speed. 
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6 Mozambican construction sector 

Table 9: Construction employment 

~· 1980 
1990 1996 1997 2002 

% of total employment (reported value) 0,78 1 ,20 2,04 1 ,40 3,49 

% of total employment (calculated) 1 1 ,30 2 ,00 2 ,04 2 ,33 3 ,49 

Source 1980, 1990, 1997: lnstituto Nacional de Estatfstica (1997 - 2006). An1.JiJrio Estatistico 1996-
2005. Mo~ambique. 

Source 1996, 2002: Bruck, T. & Broeck, K. van den (2006). Growth, employment and poverti; in 
Mozambiq1.Je. International Labour Organization. 
1 The values of 1 980, 1990 and 1997 (official government figures) have been recalculated by multiplying 
with 100 160, because these do not include the estimated 40 % informal sector. The values of 1996 and 
2002 are based upon household surveys (1996 - 1997 and 2002 - 2003) and therefore include both 
formal and informal sector. 

Table 10: Construction value added 

year % of GDP 

1980 4,83 

1981 4,58 

1982 4,59 

1983 5,41 

1984 4,92 

1985 4,96 

1986 6,09 

1987 4,78 

1988 5,00 

1989 5,00 

1990 4,67 

1991 4,65 

1992 4,46 

1993 

1994 

1995 

1996 6,60 

1997 6,64 

1998 8,33 

1999 7,72 

2000 11,25 

2001 8,69 

Source 1980 - 1992: Lopes, J. (1998). The constwction ind1.JSt/".f and 
macroeconomy in S1.Jb-Saharan Africa post 1970. Construction 
Management and Economics, 16 (1998), p. 637 - 649. 

Source 1 996 - 2001 : National Directorate of studies and Policy Analysis 
(2006), Ministry of Planning and Development, Republic of Mozambique. 
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Table 11: Construction as share of GDP 

year 1996 1997 1998 1999 2000 2001 
indicator 

GDP historic prices (10 •Mt) 32.773.215 40.047.076 46.786.250 51.500.636 56.589.542 71.011.848 
GDP(calc.) constant 1996 prices (1 O •Mt) 32.773.215 37.829.148 44.774.466 47.801.072 47.585.828 48.852.568 
GDP pc (calc.) constant 1996 prices (1 O •Mt) 2.353 2.722 2.839 2.760 2.767 
CVA historic prices (10 •Mt) 2.163.418 2.658.927 3.896.304 3974.003 6.365.646 6.170.404 
CVA (calc.) constant 1996 prices (1 O •Mt) 2.163.418 2.511.668 3.728.765 3.688.529 5.352.836 4.244.927 
CVA as share of GDP (calc.) % 6,60 6,64 8,33 7,72 11,25 8,69 
CF (buildings and civil engineering works) (calc.) constant 1996 prices (10 •Mt) 1.792.430 3.588.395 
CF as share of GDP (calc.) % 3,77 7,35 

. . 
Source: National Directorate of Studies and Polley Analysis (2006), Ministry of Planning and Development, Republic of Mozambique . 

Table 12: Construction capital formation (historic prices) 

year 2000 2001 2002 2003 

indicator 

Construction capttal formation (historic prices by government expendttures) 
total construction 106 MT 2.131.575 5.216.072 15.637.880 45.478.157 

buildings 106 MT 958.955 3.382.747 2.493.908 26.847.044 

buildings construction 106 MT 580.905 2.210.896 1.491.358 25.533.768 
residential buildings construction 106 MT 236.916 1.141.282 425.975 13.369.452 

non-residential buildings construction 106 MT 343.989 1.069.614 1.065.383 12.164.316 

buildings rehabilttation 106 MT 378.049 1.171.852 1.002.550 1.313.276 
residential buildings rehabilttation 106 MT 75.810 401.520 140.923 856.689 

non-residential buildings rehabilttation 106 MT 302.240 770.332 861.627 456.587 

civil engineering works 106 MT 1.172.621 1.833.325 13.143.972 18.631.113 

civil engineering works construction 106 MT 476.295 534.566 811.205 311.815 

roads construction 106 MT 63.439 175.844 408.870 85.856 

bridges construction 106 MT 4.064 90.513 10.939 22.919 

other civil engineering works construction 106 MT 408.793 268.208 391.396 203.040 

civil engineering works rehabilttation 106 MT 696.325 1.298.760 12.332.767 18.319.298 

roads rehabilttation 106 MT 381.981 1 .063.435 12.095.768 7.194.499 
bridges rehabilttation 106 MT 6.304 11.587 3.753 11 .710 

other civil engineering works rehabilttation 106 MT 308.041 223.737 233.246 11.113.089 
'. Source: lnstttuto Nac1onal de Estat1st1ca (1997 - 2006). An1Jario Estat1st1co 1996- 2005. Moqamb1que. 
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Table 13: Construction capital formation (constant 1996 prices) 

year 2000 2001 2002 2003 
indicator 

total construction 106 MT 1.792.430 3.588.395 9.501.256 25.751.342 

buildings 106 MT 806.380 2.327.159 1.515.248 15.201.746 

% of total construction 45 65 16 59 

buildings construction 106 MT 488.480 1.520.985 906.119 14.458.123 
% of buildings 61 65 60 95 

residential buildings construction 106 MT 199.221 785.144 258.814 7.570.257 

% of buildings construction 41 52 29 52 

non-residential buildings construction 106 MT 289.259 735.840 647.305 6.887.866 
% of buildings construction 59 48 71 48 

buildings rehabilltation 106 MT 317.900 806.175 609.129 743.623 

% of buildings 39 35 40 5 

residential buildings rehabilltalion 106 MT 63.748 276.225 85.622 485.088 
% of buildings rehabilltalion 20 34 14 65 

non-residential buildings rehabilltalion 106 MT 254.152 529.949 523.507 258.536 
% of buildings rehabilltalion 80 66 86 35 

civil engineering works 106 MT 986.050 1 .261 .235 7.986.009 10.549.595 

% of total construction 55 35 84 41 

civil engineering works construction 106 MT 400.514 367.754 492.872 176.561 

% of civil engineering works 41 29 6 2 I 

roads construction 106 MT 53.345 120.972 248.421 48.615 I 

% of civ. engin. works construct. 13 33 50 28 I 

bridges construction 106 MT 3.417 62.269 6.646 12.978 

% of civ. engin. works construct. 1 17 1 7 

other civil engineering works construction 106 MT 343.752 184.514 237.804 114.968 

% of total construction 86 50 48 65 

civil engineering works rehabilltalion 106 MT 585.536 893.481 7.493.137 10.373.035 

% of civil engineering works 59 71 94 98 
roads rehabilltalion 106 MT 321.206 731.589 7.349.141 4.073.780 

% of civ. engin. works rehab. 55 82 98 39 
bridges rehabilltalion 106 MT 5.301 7.972 2.280 6.631 

% of civ. engin. works rehab. 1 1 0 0 
other civil engineering works rehabilltalion 106 MT 259.030 153.920 141.716 6.292.624 

% of civ. en gin. works rehab. 44 17 2 61 

Cale. 

Table 14: Power facilities 

year I 1996 

I 
1997 

I 
1998 

I 
1999 

I 
2000 

I 
2001 

I 
2002 2003 2004 2005 

indicator 
POV\oER - ELECTRICITY 

kV\lh per capita I 63,21 69,21 73,1 I 78,91 74,61 75,ol 78,0I 80,0 81,0 85,0 
Source: lnstltuto Nacional de Estatfstica (1997 - 2006). Anuario Estatistico 1996- 2006. Moqambique. 
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Road Capital Stock and Economic Growth - Measurement and Analysis in Mozambique 

In this table the total amount of kilometers per condition (good, fair, poor, very poor, and impassable) is multiplied 

by its share (1996) of paved and unpaved roads (20,4 % and 79,6 %). This results in the amounts of kilometers of 

paved and unpaved roads per condition. These amounts are multiplied by their relative productivity (0,85; 0,50; 

0,30; 0, 1 O; and 0,00) to measure the physical values in standard efficiency units (1 km of road in good condition). 

Multiplying those figures by the costs of constructing 1 km of new road (in 1996 about US$ 130.000 for a paved 

road and US$ 32.500 for an unpaved road) results in the total real value of the road network in 1996. This final 

figure can be used as a benchmark for calculating the capital stock by the PIM. 
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8 Road capital stocks and flows using PIM 

Table 16: Road sector budget (10 9 Mt, historic prices) 

year 1996 1997 1998 1999 2000 2001 

rehabilitation 590 551 456 390 332 716 

maintenance 146 310 459 405 246 332 

district-rural roads 68 558 283 387 305 465 

institutional costs 191 249 129 78 131 168 

total 995 1.668 1.327 1.260 1.014 1.681 

constant 2000 Mt 1.233 1.942 1.536 1.414 1.014 1.570 

106 US$ 88 145 112 99 65 82 

constant 1996 (Mt) 1.037 1.633 1.292 1.189 853 1.320 

Source: Herman, L. (2003). Mozambique Road Sector Expenditure Review. 
1 calc. 

2002 

870 

536 

333 

436 

2.175 

1.861 

91 

1.565 

Table 17: Road capital stock and flows calculations using PIM (10 9 Mt, constant prices) 

project 1996 1996 1997 1998 1999 2000 2001 2002 total utilization 
year benchmark rate 

0 4.461 1.037 5.498 0,35 

1 4.149 964 1.633 6.746 0,39 

2 3.858 897 1.519 1.292 7.566 0,39 

3 3.588 834 1.412 1.202 1.189 8.225 0,62 

4 3.337 776 1.314 1.117 1.106 853 8.503 0,84 

5 3.103 721 1.222 1.039 1.028 793 1.320 9.227 0,90 

6 2.886 671 1.136 966 956 738 1.228 1.565 10.146 1,00 

calc. 

total total per 
1.000 

1.924 0,123 

2.631 0,164 

2.951 0,179 

5.100 0,303 

7.142 0,414 

8.305 0,470 

10.146 0,561 

In table 17 is the benchmark value of the road capital stock in 1996 taken from table 15 and converted to 

Meticals. The investment figures of each year are taken from table 16. By depreciating (7 % annually) and 

cumulating these figures the net capital stock in the years 1996 to 2002 is calculated. By multiplying these figures 

with the utilization rates of table 18 a proxy is calculated for the road capital flows (capital stock adjusted for 

utilization). 

Table 18: Road utilization rate 

~" 1996 1997 1998 1999 2000 2001 

r 

national mobil park registred vehicles 54.025 60.241 61 .192 130.318 139.180 

gro\ll/l:h rate (%) 11,5 1,6 6,8 

utilization rate base year 2002 1 0,35 0,39 0,39 0,62 0,84 0,90 

Source: lnstituto Nacional de Estatfstica (1997 - 2006). AnuBrio Estatfstico 1996- 2005. Mo~ambique. 
1 1999 estim. 

2002 

155.044 

11,4 

1,00 

In table 18 the utilization rate of the Mozambican roads is calculated by using the amount of vehicles using those 

roads divided by the amount of vehicles in 2002. Therefore it is a relative value which is used to weigh the 

contribution of the road network to production over the years 1996 to 2002. 
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9 Mozambican road network 

Table 19: Total road network by classification (km) 

~'"' 1996 1997 1998 1999 2000 2001 2002 

r 

total 29.188 29.207 26.234 31.955 28.462 28.463 28.463 

classified 26.193 26.211 26.234 28.959 25.339 25.339 25.339 

% 89,7 89,7 100,0 90,6 89,0 89,0 89,0 

main roads 4.310 4.310 4.310 4.310 4.275 4.275 4.275 

% 14,8 14,8 16,4 13,5 15,0 15,0 15,0 

secondary roads 8.126 8.124 8.126 8.126 7.880 7.880 7.880 

% 27,8 27,8 31,0 25,4 27,7 27,7 27,7 

tertiary roads 13.758 13.777 13.799 16.523 13.184 13.184 13.184 

% 47,1 47,2 52,6 51,7 46,3 46,3 46,3 

vicinal 

% 

unclassified 2.995 2.996 2.996 3.124 3.124 3.124 

% 10,3 10,3 9,4 11,0 11,0 11,0 

Niassa 3.137 3.137 2.242 3.833 3.030 3.030 3.031 

classified 2.242 2.242 2.938 2.056 2.056 2.056 

main roads 193 193 193 193 188 188 188 

secondary roads 1.001 1.001 1.001 1.001 952 952 952 

tertiary roads 1.048 1.048 1.048 1.744 916 916 916 

vicinal 

unclassified 895 895 895 975 974 975 

Cabo Delgado 2.591 2.609 2.591 2.651 2.680 2.680 2.680 

classified 2.591 2.609 2.651 2.532 2.532 2.532 

main roads 167 167 167 167 165 165 165 

secondary roads 993 991 993 993 977 977 977 

tertiary roads 1.432 1.451 1.432 1.491 1.390 1.390 1.390 

vicinal 

unclassified 

Nampula 3.903 3.903 3.707 4.098 3.699 3.700 3.700 

classified 3.707 3.707 3.902 3.609 3.609 3.610 

main roads 734 734 734 734 734 734 734 

secondary roads 954 954 954 954 928 928 928 

tertiary roads 2.019 2.019 2.019 2.214 1.947 1.947 1.947 

vicinal 

unclassified 196 196 196 90 91 90 

Zambezia 5.161 5.161 4.478 5.845 4.477 4.477 4.477 

classified 4.477 4.477 5.161 4.344 4.344 4.344 

main roads 724 724 724 724 708 708 708 

secondary roads 1.380 1.380 1.380 1.380 1.328 1.328 1.328 

tertiary roads 2.373 2.373 2.373 3.057 2.308 2.308 2.308 

vicinal 

unclassified 684 684 684 133 133 133 
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~~ 1996 1997 1998 1999 2000 2001 2002 

r 

Tete 3.081 3.081 2.838 3.324 2.739 2.739 2.739 

classified 2.838 2.838 3.081 2.669 2.669 2.669 

main roads 270 270 270 270 262 262 262 

secondary roads 1.084 1.084 1.084 1.084 1.033 1.033 1.033 

tertiary roads 1.484 1.484 1.484 1.727 1.374 1.374 1.374 

vicinal 

unclassified 243 243 243 70 70 70 

Mani ca 2.205 2.205 2.006 2.402 2.309 2.309 2.309 

classified 2.007 2.007 2.204 1.926 1.926 1.926 

main roads 501 501 501 501 502 502 502 

secondary roads 392 392 392 392 377 377 377 

tertiary roads 1.114 1 .114 1.114 1 .311 1.047 1.047 1.047 

vicinal 

unclassified 198 198 198 383 383 383 

Sofala 2.505 2.505 2.447 2.563 2.530 2.530 2.529 

classified 2.447 2.447 2.505 2.405 2.405 2.405 

main roads 567 567 567 567 554 554 554 

secondary roads 883 883 883 883 870 870 870 

tertiary roads 997 997 997 1.055 981 981 981 

vicinal 

unclassified 58 58 58 124 125 124 

lnhambane 2.572 2.572 2.358 2.785 3.129 3.128 3.129 

classified 2.359 2.359 2.572 2.314 2.314 2.314 

main roads 559 559 559 559 558 558 558 

secondary roads 259 259 259 259 254 254 254 

tertiary roads 1.541 1.541 1.541 1.754 1.502 1.502 1.502 

vicinal 

unclassified 213 213 213 815 814 815 

Gaza 2.507 2.507 2.040 2.886 2.330 2.331 2.330 

classified 2.039 2.039 2.418 2.012 2.012 2.012 

main roads 166 166 166 166 164 164 164 

secondary roads 787 787 787 787 771 771 771 

tertiary roads 1.086 1.086 1.086 1.465 1.077 1.077 1.077 

vicinal 

unclassified 468 468 468 318 319 318 

Maputo 1.527 1.527 1.527 1.568 1.539 1.540 1.540 

classified 1.486 1.486 1.527 1.472 1.472 1.472 

main roads 429 429 429 429 440 440 440 

secondary roads 393 393 393 393 390 390 390 

tertiary roads 664 664 705 705 ,642 642 642 

vicinal 

unclassified 41 41 41 68 68 68 

Source: lnstituto Nacional de Estatfstica (1997 - 2006). Ami!Jrio Estatistico 1996- 2005. Mocambiciue. 
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Table 20: Total road network by surface type (km) 

~· 1996 1997 1998 1999 2000 2001 2002 
r 

total 26.193 26.193 26.234 28.959 28.463 28.463 28.463 
paved 5.339 5.339 5.264 5.266 5.269 5.269 5.269 

% 20,4 20,4 20,1 18,2 18,5 18,5 18,5 
gravel 6.935 6.935 7.440 6.879 7.561 7.561 7.561 

% 26,5 26,5 28,4 23,8 26,6 26,6 26,6 
dirt 13.876 13.876 13.529 16.814 15.633 15.633 15.633 
% 53,0 53,0 51,6 58,1 54,9 54,9 54,9 

other 42 42 
0,2 0,2 

Niassa 2.242 2.242 2.242 2.938 3.030 3.030 3.031 
paved 190 190 192 193 192 192 192 
gravel 710 710 589 710 851 851 851 

dirt 1.341 1.341 1.460 2.035 1.988 1.988 1.988 

Cabo Delgado 2.591 2.591 2.591 2.651 2.680 2.680 2.680 
paved 633 633 633 633 633 633 633 
gravel 586 586 810 586 610 610 610 

dirt 1.372 1.372 1.148 1.432 1.437 1.437 1.437 

Nampula 3.707 3.707 3.707 3.902 3.700 3.700 3.700 
paved 540 540 536 536 536 536 536 
gravel 1.449 1.449 1.168 1.392 1.432 1.432 1.432 

dirt 1.718 1.718 2.003 1.974 1.732 1.732 1.732 

Zambezia 4.477 4.477 4.478 5.161 4.477 4.477 4.477 
paved 538 538 529 529 529 529 529 
gravel 874 874 1.016 874 914 914 914 

dirt 3.065 3.065 2.933 3.758 3.034 3.034 3.034 

Tete 2.838 2.838 2.838 3.081 2.739 2.739 2.739 

paved 881 881 881 881 881 881 881 
gravel 215 215 499 216 215 215 215 

dirt 1.742 1.742 1.459 1.984 1.643 1.643 1.643 

Manic a 2.007 2.007 2.006 2.204 2.309 2.309 2.309 
paved 578 578 578 578 578 578 578 
gravel 993 993 1 .121 993 1.174 1.174 1.174 

dirt 435 435 307 633 557 557 557 
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~ 1996 1997 1998 1999 2000 2001 2002 
r 

Sofala 2.447 2.447 2.447 2.505 2.529 2.529 2.529 
paved 437 437 434 434 433 433 433 
gravel 178 178 178 178 202 202 202 

dirt 1.829 1.829 1.836 1.893 1.894 1.894 1.894 
other 3 3 

lnhambane 2.359 2.359 2.358 2.572 3.128 3.128 3.129 
paved 625 625 617 617 617 617 617 
gravel 431 431 546 431 539 539 539 

dirt 1.303 1.303 1.196 1.524 1.972 1.972 1.973 

Gaza 2.039 2.039 2.040 2.418 2.331 2.331 2.330 
paved 482 482 455 455 455 455 455 
gravel 1.126 1.126 1.127 1.126 1.224 1.224 1.224 

dirt 431 431 458 837 652 652 651 
Maputo 1.486 1.486 1.527 1.527 1.539 1.539 1.540 

paved 434 434 410 410 414 414 415 
gravel 373 373 387 373 400 400 400 

dirt 640 640 730 744 725 725 725 
other 39 39 

Source: lnstituto Nacional de Estatfstica (1997 - 2006). A rmario Estatistico 1996 - 2005. Mo~ambique. 
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Table 21: Total road network by quality (km) 

~r 1996 1997 1998 1999 2000 2001 2002 

r 

total 26.193 26.193 26.234 28.959 28.463 28.463 28.463 
good 3.528 3.528 5.551 7.866 7.003 7.032 7.400 

% 13 13 21 27 25 25 26 

fair 3.822 3.822 10.102 10.779 7.422 7.816 8.539 

% 15 15 39 37 26 27 30 

weak 6.019 6.019 5.332 5.241 5.977 

% 23 23 0 0 19 18 21 
bad 8.276 8.276 8.023 7.881 5.424 5.030 4.269 

% 32 32 31 27 19 18 15 

impassable 4.548 4.548 2.558 2.433 3.282 3.344 2.277 

% 17 17 10 8 12 12 8 

Niassa 2.242 2.242 2.242 2.938 1.788 3.030 3.031 

good 242 242 336 537 424 454 576 

fair 373 373 942 1.572 333 728 940 

weak 734 734 1.243 1.152 1.091 

bad 383 383 897 753 1.000 605 273 

impassable 510 510 67 77 30 91 152 

Cabe Delgado 2.591 2.591 2.591 2.651 2.439 2.680 2.680 

good 130 451 482 482 804 

fair 290 290 1.140 981 1.099 1.099 777 

weak 790 790 241 241 456 

bad 790 790 933 663 429 429 214 

impassable 721 721 388 557 429 429 429 

Nampula 3.707 3.707 3.707 3.902 3.255 3.700 3.700 
good 673 673 825 943 1.480 1.480 962 

fair 450 450 1.274 1.038 851 851 1.036 

weak 1.007 1.007 444 444 666 

bad 1.307 1.307 1.237 1.267 444 444 555 

impassable 270 270 371 656 481 481 481 
Zambezia 4.477 4.477 4.478 5.161 3.940 4.477 4.477 

good 303 303 1.478 1.904 1.388 1.388 1.164 

fair 413 413 1.881 1.971 1.164 1.164 1.388 
weak 1 .419 1 .419 537 537 806 

bad 1 .101 1.101 537 818 806 806 627 
impassable 1.241 1.241 582 468 582 582 492 

Tete 2.838 2.838 2.838 3.081 1.835 2.739 2.739 
good 270 270 312 665 164 164 740 

fair 795 795 1.362 1.828 1.041 1.041 904 

weak 1.007 1.007 904 904 466 
bad 496 496 1.107 588 575 575 466 

impassable 270 270 57 55 55 164 
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r 1996 1997 1998 1999 2000 2001 2002 

r 

Manica 2.007 2.007 2.006 2.204 2.078 2.309 2.309 

good 641 641 682 864 877 877 739 

fair 389 389 762 1.129 877 877 785 

weak 306 306 231 231 439 

bad 404 404 361 96 139 139 231 

impassable 267 267 201 115 185 185 115 

Sofala 2.447 2.447 2.447 2.505 1.922 2.530 2.530 

good 4 4 73 73 152 152 455 

fair 245 245 954 820 278 278 633 

weak 110 110 607 607 582 

bad 998 998 979 1.051 835 835 531 

impassable 1.090 1.090 440 561 658 658 329 

lnhambane 2.359 2.359 2.358 2.572 2.785 3.128 3.129 

good 669 669 401 752 1.439 1.439 814 

fair 132 132 1.061 762 375 375 1.033 

weak 165 165 344 344 563 

bad 1.394 1.394 660 1.058 501 501 469 

impassable 236 469 469 250 

Gaza 2.039 2.039 2.040 2.418 1.934 2.331 2.330 

good 411 411 877 1.214 396 396 909 

fair 440 440 245 260 1.049 1.049 536 

weak 113 113 396 396 373 

bad 1.019 1.019 836 944 373 373 443 

impassable 56 56 82 117 117 70 

Maputo 1.486 1.486 1.527 1.527 1.155 1.539 1.540 

good 316 316 437 465 200 200 277 

fair 296 296 481 420 354 354 462 

weak 366 366 385 385 431 

bad 385 385 476 643 323 323 323 

impassable 123 123 134 277 277 46 

Source: lnstituto Nacional de Estatfstica (1997 - 2006). An1Jario Estatistico 1996- 2005. Mo~ambique. 
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year 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

calc. 

class 

good 

fair 

poor 

very poor 

impassable 

total 

good 

fair 

poor 

very poor 

impassable 

total 

good 

fair 

poor 

very poor 

impassable 

total 

good 

fair 

poor 
very poor 

impassable 

total 
good 

fair 

poor 

very poor 

impassable 

total 

good 

fair 

poor 

very poor 

impassable 

total 

good 

fair 

poor 

very poor 

impassable 

total 

cond~ion 

unweighte weighted 

km factor km 

3.528 0,85 2.999 
3.822 0,50 1.911 
6.019 0,30 1.806 
8.276 0,10 828 
4.548 0,00 0 

26.193 7.543 
3.528 0,85 2.999 
3.822 0,50 1.911 
6.D19 0,30 1.806 
8.276 0,10 828 
4.548 0,00 0 

26.193 7.543 
5.551 0,85 4.718 

10.102 0,50 5.051 
0 0,30 0 

8.023 0,10 802 
2.558 0,00 0 

26.234 10.572 
7.866 0,85 6.686 

10.779 0,50 5.390 
0 0,30 0 

7.881 0,10 788 
2.433 0,00 0 

28.959 12.864 
7.003 0,85 5.953 
7.422 0,50 3.711 
5.332 0,30 1.600 
5.424 0,10 542 
3.282 0,00 0 

28.463 11.806 
7.032 0,85 5.977 
7.816 0,50 3.908 
5.241 0,30 1.572 
5.030 0,10 503 
3.344 0,00 0 

28.463 11.961 
7.400 0,85 6.290 
8.539 0,50 4.270 
5.977 0,30 1.793 
4.269 0,10 427 
2.277 0,00 0 

28.462 12.780 

surface type 

paved unpaved 

% km % km 

20,4 612 79,6 2.387 
20,4 390 79,6 1.521 
20,4 368 79,6 1.437 
20,4 169 79,6 659 
20,4 0 79,6 0 

1.539 6.004 
20,4 612 79,6 2.387 
20,4 390 79,6 1.521 
20,4 368 79,6 1.437 
20,4 169 79,6 659 
20,4 0 79,6 0 

1.539 6.004 
20,1 948 79,9 3.770 
20,1 1.015 79,9 4.036 
20,1 0 79,9 0 
20,1 161 79,9 641 
20,1 0 79,9 0 

2.125 8.447 
18,2 1.217 81,8 5.469 
18,2 981 81,8 4.409 
18,2 0 81,8 0 
18,2 143 81,8 645 
18,2 0 81,8 0 

2.341 10.523 
18,5 1.101 81,5 4.851 
18,5 687 81,5 3.024 
18,5 296 81,5 1.304 
18,5 100 81,5 442 
18,5 0 81,5 0 

2.184 9.622 
18,5 1.106 81,5 4.871 
18,5 723 81,5 3.185 
18,5 291 81,5 1.281 
18,5 93 81,5 410 
18,5 0 81,5 0 

2.213 9.748 
18,5 1.164 81,5 5.126 
18,5 790 81,5 3.480 
18,5 332 81,5 1.461 
18,5 79 81,5 348 
18,5 0 81,5 0 

2.364 1 0.415 

total utilization total total pc 

weighted unpaved 

factor km km factor km km pc 

0,785 1.874 2.486 0,35 870 0,055 
0,785 1.194 1.584 0,35 554 0,035 
0,785 1.128 1.497 0,35 524 0,033 
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0,785 517 686 0,35 240 0,015 

0,785 0 0 0,35 0 0,000 
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0,785 1.874 2.486 0,39 969 0,060 !!!.. c. 0 
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0,785 1.194 1.584 0,39 618 0,038 
0,785 1.128 1.497 0,39 584 0,036 
0,785 517 686 0,39 268 0,017 
0,785 0 0 0,39 0 0,000 

4.713 6.252 2.438 0, 152 

0,785 2.959 3.908 0,39 1.524 0,093 
0,785 3.168 4.183 0,39 1.631 0,099 

.., ::J ::J 
0 (I) 0 
Ill 3 0.. l ()" 
::J Gl 

~ ... a " 0 :e ~ .., ::::r 
~ (I) I 
';? ce· s:: 3 ~ <I> 

0,785 0 0 0,39 0 0,000 
0,785 503 664 0,39 259 0,016 
0,785 0 0 0,39 0 0,000 

6.631 8.756 3.415 0,208 

0,785 4.293 5.510 0,62 3.416 0,203 
0,785 3.461 4.442 0,62 2.754 0,164 
0,785 0 0 0,62 0 0,000 
0,785 506 649 0,62 403 0,024 

0,785 0 0 0,62 0 0,000 

8.260 10.601 6.573 0,390 

0,785 3.808 4.910 0,84 4.124 0,239 
0,785 2.374 3.061 0,84 2.571 0,149 
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0,785 1.023 1.319 0,84 1.108 0,064 3 
CT 

0,785 347 447 0,84 376 0,022 .c· 
c: 

0,785 0 0 0,84 0 0,000 <I> 

7.553 9.737 8.179 0,474 

0,785 3.824 4.930 0,90 4.437 0,251 
0,785 2.500 3.223 0,90 2.901 0,164 
0,785 1.006 1.297 0,90 1.167 0,066 
0,785 322 415 0,90 373 0,021 

0,785 0 0 0,90 0 0,000 

7.652 9.865 8.878 0,503 

0,785 4.024 5.188 1,00 5.188 0,287 
0,785 2.732 3.521 1,00 3.521 0,195 
0,785 1.147 1.479 1,00 1.479 0,082 
0,785 273 352 1,00 352 0,019 
0,785 0 0 1,00 0 0,000 

8.176 10.540 10.540 0,583 
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The purpose of table 22 is to calculate the road capital stock of Mozambique for the years 1996 to 2002 by using 

the CPI method. Therefore the amounts of kilometers of roads per condition (good, fair, poor, very poor, and 

impassable) are multiplied by their productivity level (0,85; 0,50; 0,30; 0, 10; and 0,00), resulting in the total 

amount of standard efficiency units (1 km of road in very good condition). From this amount of kilometers the 

amount of paved and the amount of unpaved roads is calculated by using their share (per year) in the total road 

network. The kilometers of unpaved roads have to be adjusted for weather influences, because many unpaved 

roads are impassable in the rainy season. The ratio 0,785 (see box 9) is used as a proxy for the amount of 

unpaved roads that are on average passable per year. Cumulating the amount of standard efficiency units of 

paved roads with the weighted amount of standard efficiency units of unpaved roads results in the weighted total 

amount of kilometers per year that contribute to economic growth. 

To get a proxy of capital flows (capital stock adjusted for utilization) per year these figures are multiplied by the 

utilization rates of table 18. 
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11 PIM versus CPI 

Table 23: PIM versus CPI growth 

year PIM CPI 

10 9 Mt relative km relative 
1996 5.498 100 6.252 100 
1997 6.746 123 6.252 100 
1998 7.566 138 8.756 140 
1999 8.225 150 10.601 170 
2000 8.503 155 9.737 156 
2001 9.227 168 9.865 158 
2002 10.146 185 10.540 169 

calc. 

To be able to compare the trend of the PIM with the trend of the CPI over the years 1996 - 2002 the growth rates 

of the capital stocks are calculated by setting the value in 1996 equal to 100. 
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12 Road sector expenditures 

Table 24: Historic and projected maintenance expenditures (% of GDP) 

r yea 

maintena 

hist 

nee 

oric 

cted 

nt 

nal 

1995 1996 

0,6 0,8 

2,5 2,0 

3,0 2,8 

1997 1998 1999 2000 2001 

0,8 0,7 0,7 0,9 0,7 

0,7 1,1 0,6 0,6 0,6 

1,5 1,9 1,2 1,5 1,4 

proje 

investme 

instltutio 

total 

Source: Herman, L. (2003). Mozambique Road Sector Expenditure Review. 

2002 2003 

1,5 1,7 

2,4 2,3 

0,4 0,3 

4,3 4,4 

2004 2005 2006 2007 2008 2009 

1,6 1,5 1,5 1,5 1,5 1,5 

2,2 2,1 1,2 1,2 1,1 1,1 

0,3 0,3 0,3 0,3 0,2 0,2 

4,1 3,9 3,0 2,9 2,8 2,8 
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region province population 5 area 5 poverty GDP pc• 

1 .000 inhabitants incidence real US$ 

2005 2002 I km= =3 1996 1997 1998 1999 2000 
North 6.292 5.857 293.287 0,65 121 138 143 136 112 

Niassa 999 930 129.056 0,67 97 110 107 109 95 
abo Delgac 1.617 1.505 82.625 0,55 113 110 128 122 98 

Nampula 3.676 3.422 81.606 0,66 131 158 160 149 122 
Centre 8.180 7.615 335.411 0,73 135 142 143 143 113 

Zambezia 3.710 3.454 105.008 0,69 103 106 96 95 78 
Tete 1.512 1.408 100.724 0,77 99 113 108 110 105 

Manica 1.320 1.229 61.661 0,62 123 143 171 173 125 
Sofala 1.638 1.525 68.018 0,78 249 248 258 261 191 

South 4.948 4.606 170.682 0,62 357 369 406 399 341 
lnhambane 1.381 1.286 68.615 0,80 136 141 143 143 115 

Gaza 1.305 1.215 75.709 0,59 113 129 138 138 93 
puto provir 1.045 973 26.058 0,56 123 171 166 168 171 
Maputo cit~ 1 .217 1.133 300 1.089 1.076 1.235 1.221 1.068 

National total 19.420 18.078 799.380 187 198 210 206 171 

population 1 .000 inhabitants 5 16.076 16.451 16.840 17.241 
GDP pc historic prices (1 O 3 Mt) 5 2.071 2.473 2.852 3.083 3.301 

constant 1996 prices (10 3 Mt) 2.071 2.336 2.729 2.861 2.776 
consumer price index 5 100,0 105,9 104,5 107,7 118,9 

Human Development Index 5 0,346 0,366 
1 Estimated by multiplying number of inhabitants per province by ratio of total number of inhabitants of 2002 and 2005. 
= Poverty incidence: the percentage of households falling below absolute poverty level. 

2001 2002 

17.653 18.078 
4.029 4.576 
2.772 2.780 
145,4 164,6 
0,385 0,402 

3 Source: Herman (2003). Mozambique Road Sector Expenditure Review. (Reference: Nhate & Simler, (2002). Mapeamento da pobreza em 

Moqambique: desagregaq§o das estimativas da pobreza e desigualdade aos nfveis de distrito e posto administrativo. Departamento de 
Programaq§o Macroecon6mia, Moqambique .) 

•Source: Bruck, T. & Broeck, K. van den (2006). Growth, employment and poverty in Mozambique. International Labour Organization. 

(Reference: UNDP (2001 ). Mozambique National Human Development Report 2001. Maputo.) 
5 Source: lnstituto Nacional de Estatfstica (1997 - 2006). A nuario Estatistico 1996 - 2005. Moqambique. 
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