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1. Introdu
tionInvestment in infrastru
ture is 
onsidered as a 
ru
ial prerequisite for sustainable e
onomi
development. This 
ommon belief is re�e
ted in a strong emphasis of donors, espe
ially of thoseof multilateral aid, on the se
tors energy, transportation, water and 
ommuni
ation. WorldBank lending to Afri
a for these se
tors amounted to 3.3 billion �s
al 2009 US-Dollars whi
his a doubling of infrastru
ture aid sin
e 2006. The developing world and espe
ially the Afri
an
ontinent has a very poorly developed and maintained infrastru
ture 
ompared to middle andhigh in
ome 
ountries. On average, Sub-Sahara Afri
a has a road density of only approximately200 meters of paved roads per km2 
ompared to 1400 meters in high in
ome OECD 
ountries.1Naude and Mathee [2007℄ state that: � It 
osts more to transport a vehi
le from Abidjan toAddis Ababa than shipping the same vehi
le from Abidjan to Japan.� summarising the fa
t thatespe
ially intra-Afri
an and even intranational transport ways are extremely poor. The same1Own 
al
ulations based on World Bank World Developing Indi
ators 2009.



3applies to other forms of infrastru
ture su
h as ele
tri
ity, sanitation and in-house water taps.[See Fay and Yepes, 2003℄The importan
e of infrastru
ture has been stressed in the literature sin
e the seminal workby As
hauer [1989℄. For industrial 
ountries it is 
learly do
umented that investment in publi

apital in
reases total fa
tor produ
tivity and has a positive impa
t on long-term output. [Seee.g. Gramli
h, 1994; Romp and de Haan, 2007, for 
omprehensive surveys of the literature.℄ Inthe development e
onomi
s literature several studies investigate the e�e
ts of infrastru
ture onnational output using repli
ations of As
hauer's approa
h. However, most studies on developing
ountries fo
us on poverty and in
ome distribution instead of output, produ
tivity or growth.[E.g. Calderon and Serven, 2008℄ Even though a number of proje
t and 
ase studies (esp. forindustrial 
ountries) �nd large positive e�e
ts from infrastru
ture on welfare and 
on�rm redu
-tions in transa
tion 
osts due to better transport ways [e.g. Wang, 2002℄, the ma
roe
onomi
infrastru
ture literature and more spe
i�
ally the developing 
ountry literature in this �eld isvery heterogeneous and fails to make 
lear predi
tions on the 
on
rete ma
roe
onomi
 e�e
ts.This paper 
ontributes to the existing literature by showing how transport infrastru
tureinvestment 
ould be modeled in a general equilibrium setup with multiple se
tors and heteroge-neous households and by integrating the dimension of market parti
ipation of rural householdsinto the analysis. This paper advan
es a disaggregated poli
y analysis on infrastru
ture invest-ment in developing 
ountries espe
ially on the e�e
ts of rural roads in Afri
a.We develop a stylized general equilibrium model whi
h expli
itly integrates transportationinto the supply fun
tion of a representative good. In this model with two goods, a 
onsumptiongood and a transport good, one representative agent and two fa
tors of produ
tion, we showthat supply, produ
tion and 
onsumption 
an be in
reased by means of redu
ed transport 
ostsif transport infrastru
ture is improved. Easier transport of goods to markets frees up labour and
apital for the use in produ
tion.In an empiri
al 
ross-se
tion analysis of the in�uen
e of transport network density on thetrade and transport margin, we 
on�rm that better transport networks redu
e transport andtransa
tion 
osts. Using 
ross-se
tional data for 58 
ountries from all over the world and 
on-trolling for a number of 
ountry 
hara
teristi
s it is shown that a higher road length redu
es thetrade and transport margins.We 
ombine the stylized model and the estimation results in a CGE model whi
h addition-ally in
ludes multiple goods and households, international trade, subsisten
e agri
ulture, publi




4investment as well as operation and maintenan
e (O&M) 
osts. General equilibrium analysisprovides a good toolkit to investigate the aggregate and disaggregate e�e
ts of infrastru
tureinvestment on a se
toral basis. The 
omplex setup of the 
alibrated CGE model presented hereallows for the investigation of the e�e
ts of transport infrastru
ture on produ
tion, 
onsumptionand fa
tor allo
ation. Most importantly, the model allows to investigate the e�e
t of improvedmarket a

ess by means of better roads on the parti
ipation of rural households in the e
onomy.The model allows for di�erent assumptions 
on
erning the allo
ation of the 
osts and bene�tsfrom infrastru
ture a
ross the di�erent household groups. It is shown that an in
reased quantityof transport infrastru
ture in
reases welfare. Produ
tion and 
onsumption rise at the aggregateand disaggregate level. However, the assumed e�
ien
y of infrastru
ture provision as well as thesize of O&M 
osts are 
ru
ial 
on
erning the magnitude of these e�e
ts. This paper fo
uses ongeneral modeling issues, but the model 
ould easily be 
alibrated to other more disaggregateddata and applied to spe
i�
 investment programs.Infrastru
ture in most Afri
an 
ountries is at su
h a low level and many of these 
ountries areso vast that even doubling the length of roads would leave the 
ountry with a very low networkdensity. Bearing in mind the enormous investment 
osts for large s
ale infrastru
ture proje
ts,our model results might provide guidan
e in 
ases where investment programs have to fo
us.From a se
toral produ
tion perspe
tive, we �nd that espe
ially those se
tors with high tranportintensities and high 
apital intensity parti
ularly bene�t (mining, 
apital goods, utilities). Ourdistributional results show that the welfare distribution be
omes more even if rural householdsare targeted spe
i�
ally. Taking both into a

ount, an agri
ulture-based development strategywould require an investment fo
us on rural roads whereas this is not ne
essary for resour
e-baseddevelopment (like Zambia whi
h is the example in this paper).2. Overview of the relevant literature2.1. E
onometri
 studies on the infrastru
ture-development linkThe literature on infrastru
ture impa
t is very heterogeneous in terms of what kind of infras-tru
ture is analyzed and whi
h out
ome variable is 
onsidered. The following very brief summaryof the relevant literature only in
ludes the studies on the e�e
ts of transport infrastru
ture im-provements in developing 
ountries.Most ma
roe
onometri
 studies on the e�e
ts of infrastru
ture follow the so-
alled produ
tionfun
tion approa
h. They estimate a national produ
tion fun
tion where GDP or growth depend



5not only on labor, 
apital and te
hnology but also on publi
 
apital. Publi
 
apital is normallymeasured using the perpetual inventory method. Most of the re
ent literature in this strand isbased on As
hauer [1989℄ who applied the method to U.S. time series data. It has been appliedto 
ross-se
tion data in
luding developing 
ountries by Hulten [1996℄; Ram [1996℄ and others.There seems to be a 
onsensus on the positive e�e
t from publi
 
apital on output even thoughthe magnitude of this e�e
t is disputed. Still, the methodology is only 
apable to investigate thee�e
t of publi
 
apital as an entity instead of the e�e
ts of distin
t forms (like roads) spe
i�
ally.This is for example 
riti
ized by Calderon and Serven [2008℄. Hulten and also As
hauer [2000℄emphasize that not only the volume of infrastru
ture provided but also the e�
ien
y of its useare important. Wu et al. [2010℄ �nd that government spending is less e�e
tive in low-in
ome
ountries and attribute this to inferior institutions.Esta
he [2006℄ reviews the ma
roe
onometri
 literature on infrastru
ture and developmentand points out that even though �[...℄ sin
e the late 1980s over 150 published papers in English,Fren
h or Spanish and at least as many unpublished ones have analyzed the ma
roe
onomi
e�e
ts of infrastru
ture [...℄� there is still a large knowledge gap espe
ially due to limitations inthe �elds of data 
olle
tion, evaluation of existing proje
ts and a

ountability. Esta
he 
on
ludesthat 
on
erning the ma
roe
onomi
 output e�e
t the �ndings are positive. Con
erning otheraspe
ts of development su
h as poverty and distribution there is less eviden
e available. Njoh[2000℄ emphasizes that the link between infrastru
ture and development has been investigatedmainly for the industrial 
ountries in the 1950s and in form of 
ountry studies.2 He underlinesthe spe
i�
 importan
e of the subje
t for developing 
ountries. The �ndings from 
ross-
ountrystudies 
on
erning poverty and in
ome distribution and its 
orrelation with infrastru
ture suggestthat the poor and rural population should be targeted spe
i�
ally as they did not bene�t frompast infrastru
ture proje
ts. [See Bry
eson et al., 2008; Leti
he, 2010℄In addition to the 
onsiderable ma
roe
onomi
 literature numerous 
ountry and 
ase studiesevaluate spe
i�
 proje
ts or programs in developing 
ountries. These studies mostly fo
us onthe e�e
t of better roads on variables su
h as poverty, employment and a

ess to markets.Examples are Olsson [2009℄ who analyses the Philippines, Es
obal and Pon
e [2002℄ who 
omparethree Afri
an 
ountries, Fan et al. [1999℄ for India or Fan [2008℄ for Uganda. These studies2A 
ompletely deta
hed strand in the ma
roe
onomi
 literature fo
uses on the trade e�e
ts of better transportnetworks. Using gravity models, this literature investigates the tari� equivalent 
osts of poor roads on internationaltrade. Unfortunately, the methodology does not provide insights on lo
al transport. Examples are Yeats [1980℄,Limao and Venables [2001℄ and more re
ently Portugal-Perez and Wilson [2008℄.



6provide promising eviden
e about the overall positive e�e
t of infrastru
ture, espe
ially on ruraldevelopment. For all of these 
ountries it has been found that espe
ially rural roads provide aninstrument to redu
e rural poverty and promote growth.2.2. CGE models of infrastru
ture in the literatureIn 
ontrast to many ma
ro- and mi
roe
onomi
 approa
hes a CGE study is not limited toonly one spe
i�
 out
ome variable. Su
h a model shows the e�e
ts of a spe
i�
 poli
y experimenton aggregate and se
toral output but also on in
ome distribution, welfare and fa
tor allo
ationas e.g. Stifel and Thorbe
ke [2003℄ emphasize. Furthermore, it allows to distinguish betweendire
t and se
ond round e�e
ts and it provides a 
lear 
ounterfa
tual. Re
ent studies using thisapproa
h are Agenor et al. [2008℄ [applied to another 
ountry by Moreira and Bayraktar, 2008℄,Adam and Bevan [2006℄ and Levy [2006℄ as well as Jensen [2009℄.3 These studies use quite sub-stantially di�ering models: While Agenor et al. [2008℄; Moreira and Bayraktar [2008℄ expli
itlymodel all di�erent forms of publi
 
apital and their e�e
ts, their model is very aggregated interms of se
tors and households. This model has only one representative household and onlyone aggregate good. The authors disaggregate the simulated ma
roe
onomi
 e�e
ts from in-frastru
ture using a dynami
 mi
rosimulation. Adam and Bevan's model, on the other hand,is more disaggregated with respe
t to the number of se
tors and 
ontains a number of di�erenthouseholds but it in
ludes only aggregated publi
 
apital and does not expli
itly a

ount forroads. They assume that publi
 
apital dire
tly enters the produ
tion fun
tion. This approa
h
ould be interpreted as a CGE-repli
ation of the produ
tion fun
tion approa
h in the e
onomet-ri
 literature. A 
omparable approa
h is used by Levy [2006℄ who 
ompares the e�e
ts of publi
investment either in the road infrastru
ture or in irrigation in Chad. She 
on�rms that roadinvestments after a windfall gain are 
apable to 
ompensate Dut
h Disease e�e
ts. However,her model applies an approa
h 
omparable to the produ
tion fun
tion approa
h and introdu
esinfrastru
ture as a multiplier on total fa
tor produ
tivity. Hen
e it summarizes the e�e
ts fromall publi
 
apital investments and does not spe
i�
ally address the transport 
ost e�e
t. Jensen[2009℄ expli
itly refers to this 
aveat and adresses investments in road quality and road quantityby expli
itly in
luding a road network model based on the engineering literature. The e
onomi
3These are only the studies for Afri
an 
ountries given the fo
us of this paper. It would be ideal to use aspatial multiregional CGE model with I
eberg transport 
osts like e.g. Bu
kley [1992℄ and Haddad and Hewings[1999℄, unfortunately the regionally disaggregated data whi
h is essential for this approa
h is not available forSub-Sahara Afri
an 
ountries.



7part of his model is aggregated to a degree 
omparable with Adam and Bevan [2006℄ and Levy[2006℄ with �ve produ
tion se
tors. Jensen [2009℄ in
ludes the e�e
t of roads on transport 
ostsand welfare in a very detailed way. Unfortunately su
h a disaggregated analysis requires verydetailed data whi
h is not available for many Afri
an 
ountries like the Chad (as in Levy's study)or Zambia (whi
h is analyzed in this paper).4All of these models do not a

ount for the fa
t that an important share of agri
ulturalprodu
tion in developing 
ountries is dire
tly 
onsumed in the produ
er's house. This part ofagri
ultural produ
tion is not marketed and hen
e does not require transportation. The mod-els by Agenor et al./Moreira/Bayraktar, Adam/Bevan and Levy do also not take into a

ountthat transport networks are of minor importan
e for produ
tion but are an essential requirementfor market a

ess. Hen
e, better roads redu
e the demand for 
apital and labor in transporta-tion. Our approa
h 
ombines the disaggregated modeling of infrastru
ture as in Agenor et al.[2008℄ with the se
toral disaggreation as partly done in Levy [2006℄ and Adam and Bevan [2006℄and additionally a

ounts for subsisten
e agri
ulture and O&M-
osts. Our produ
tion fun
tion
learly distinguishes between produ
tion and transportation to markets as in Jensen [2009℄. Italso a

ounts for se
toral di�eren
es in transport intensity. The general stru
ture of produ
tionis shown in �gure 1.3. Theoreti
al ba
kgroundMost previous literature states that improving the length and quality of roads and railroadswould lead to higher output and lower poverty. The reasoning behind this is a 
ombination ofdi�erent positive e�e
ts. Roads in general and paved roads in parti
ular improve the 
onne
tionbetween produ
ers, markets and 
onsumers as e.g. Leti
he [2010℄ points out: �[...℄ and when Iasked them why they had not taken their surplus gain to market [...℄, they told me the roadswere too potholed to make this feasible.�Enhan
ements of the roads and railroads of a 
ountry should hen
e lead to a more e�
ientallo
ation of goods and servi
es. This in
reased e�
ien
y in the allo
ation is based on di�erent
hannels5:1. As transport is easier and less 
ostly produ
ers lose less of their produ
tion on the roadand spend less time for transportation i.e. the unit transport 
ost per marketed unit of4A detailed des
ription of the models 
an be found in Appendix A.5Based on the arguments by Olsson [2009℄.



8the produ
ed good de
reases. This should result in a higher share of produ
ed goods beingmarketed.2. As produ
ers have improved a

ess to markets they are not relying on retailers but 
andire
tly a

ess their potential 
onsumers. This in
reases 
ompetition on markets.3. Consumers have improved a

ess to markets whi
h in
reases the diversity of produ
tsavailable for 
onsumption and redu
es information asymmetries. Hen
e, this in
reasesarbitrage between formerly separated markets.4. As produ
ers and 
onsumers are linked more dire
tly, produ
tion adapts more e�
ientlyto demand as information �ows are improved.In addition, Olsson [2009℄ expe
ts that the e
onomy undergoes stru
tural 
hanges as te
h-nologies spread more easily a
ross the 
ountry. All these e�e
ts should lead to a redu
tion inthe spread between produ
er and 
onsumer pri
e. If produ
er pri
es rise this would lead to ahigher share of marketed produ
tion and a lower share of home 
onsumption leaving householdswith a higher in
ome from marketing their produ
tion and the possibility to broaden the rangeof 
onsumed produ
ts. A redu
tion in 
onsumer pri
es enables 
onsumers to in
rease their real
onsumption whi
h has a 
learly positive e�e
t on welfare.In addition to the aggregate positive e�e
t an improvement in the road and railroad networkwill have a positive impa
t primarily on the rural population. The rural population is typi
allyspread a
ross wide areas with very limited a

ess even to lo
al or regional markets leaving thispart of the population with limited 
onsumption and in
ome opportunities. In addition, betterroads improve the a

ess to health 
are and edu
ational institutions for the rural population.In the produ
tion fun
tion literature infrastru
ture is normally treated as a produ
tion fa
torentering the national aggregate produ
tion fun
tion. In this paper we will model infrastru
turemore dire
tly as a means of transport. There exist large se
toral di�eren
es in transport inten-sities, hen
e, higher transport requirements of a spe
i�
 good indu
e higher bene�ts from betterroads for this se
tor.



94. A Computable General Equilibrium model of road infrastru
ture4.1. A stylized model in
luding transport infrastru
tureBefore moving to a more realisti
 CGE of infrastru
ture, we illustrate in a small stylized modelhow the above mentioned e�e
ts from transportation are integrated in a general equilibriummodel. The model is formulated as a mixed 
omplementarity problem (MCP) whi
h means thatquantities are asso
iated with zero-pro�t 
onditions and pri
es are linked with market-
learan
e
onditions.6 If the zero pro�t 
onditions (equations (1) to (4)) hold as stri
t equalities a positivequantity of the respe
tive good is supplied and demanded. The market 
learan
e 
onditions(equations (5) to (10)) determine the pri
es that ensure that supply equals demand. An in
ome-spending balan
e equation (11) 
loses the model.We distinguish between the produ
tion and marketing of goods. This is important as theassumption that all produ
tion is marketed will later be relaxed and some produ
tion will remainunmarketed. Marketing requires the transport of goods by means of labor, 
apital and infras-tru
ture. Poor infrastru
ture leads to a higher need of labor and 
apital used for transport. Weassume that using infrastru
ture implies only O&M 
ost while using transport servi
es means topay for labor and 
apital.We model a simple 
losed e
onomy with only one representative 
onsumption good C, twofa
tors of produ
tion and one representative agent: The 
omposite good (X) is produ
ed in astandard Cobb-Douglas produ
tion fun
tion. The zero pro�t 
ondition for X is given by:
pX = pαL · p1−α

K (1)where pX is the pri
e for one unit of X, pL the wage and pK the 
apital rent with α and (1−α)being the input 
oe�
ients of labor and 
apital, respe
tively.The produ
tion X is then transported to the market using transportation servi
es TS or aroad. Both are 
ombined in the transport aggregate T whi
h is remunerated with the pri
e pT .The transport aggregate T is assumed to be provided in �xed proportion to the produ
tion of
X. The zero pro�t 
ondition for C is de�ned as in equation (2).

pC = pX ·

X0

C0

+ pT ·

T0

C0

(2)6See Rutherford [1999℄ for a detailed des
ription of the approa
h and appendi
es 1&2 in Markusen [2004℄ foran illustrative appli
ation.
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pC being the 
onsumption pri
e and pT being the unit transport 
ost. Pri
es are multiplied withthe relation of produ
tion to 
onsumption and transportation to 
onsumption in the base year.The subindex 0 indi
ates base year levels. This does not imply that the demand for transportationservi
es (TS) is �xed as transportation servi
es and infrastru
ture are substitutes. The supplyof infrastru
ture is �xed exogenously and is hen
e not subje
t to a zero pro�t 
ondition.Transport servi
es are produ
ed by using 
apital and labor while transportation via a roadonly requires infrastru
ture 
apital INF . Hen
e, the zero pro�t 
ondition for transport servi
esis de�ned by equation (3). (4) repla
es the zero pro�t 
ondition for the transport aggregate.

pTS = pβL · p1−β
K (3)

T =
T0

X0

·X (4)The respe
tive pri
es of the 
ommodities X and TS are 
omplementary to the market 
learing
onditions (5) and (6)
pX ·X =

X0

C0

· C ·

(

pX ·

X0

C0

+ pT ·

T0

C0

) (5)
pTS · TS =

TS0

T0

· T ·

(

p
TS0

T0

TS · p
INF
T0

INF

) (6)The value of the produ
tion of X and TS respe
tively (left hand side of equations (5) and (6))must equal the value of demand of the respe
tive good, given by the right hand side of theequations. The pri
e adjusts to ful�ll this 
ondition. Both are s
aled to base year levels forreasons of simpli
ity.The arti�
ial pri
e for the transport aggregate (pT ) is de�ned by the market 
learan
e 
on-dition for transportation, the shadow pri
e for infrastru
ture (pINF ) by the respe
tive 
onditionfor infrastru
ture.
pT · T =

T0

C0

· C ·

(

pX ·

X0

C0

+ pT ·

T0

C0

) (7)
pINF · INF =

INF

T0

· T ·

(

p
TS0

T0

TS · p
INF
T0

INF

) (8)The pri
es for labor and 
apital result from the respe
tive market 
learing 
onditions (9) and(10).
pL · L = α ·X0 ·X · pX + β · TS0 · TS · pT (9)

pK ·K = (1− α) ·X0 ·X · pX + (1− β) · TS0 · TS · pT (10)



11Total 
onsumption equals total in
ome, whi
h is de�ned as the sum of in
ome from labor, 
apitaland infrastru
ture.
pC · C = Y (11a)

Y = L · pL +K · pK + INF · pINF (11b)All other things being equal an in
rease in infrastru
ture would redu
e the demand for TS asinfrastru
ture is a substitute for transport servi
es. The redu
ed demand for TS frees up laborand 
apital that 
an be used for in
reased produ
tion.A natural way to 
alibrate this model is to assume that in the ben
hmark situation theexisting sto
k of infrastru
ture (INF ) is zero. This assumption implies that - even though theremight exist a sto
k of infrastru
ture - infrastru
ture in the ben
hmark is so poor that it doesnot add to national welfare and that the existing trade and transport margin is an equilibriumout
ome of the limited availability of roads. Investing in infrastru
ture would translate into a
ounterfa
tual with positive values of INF assuming that additional infrastru
ture allows fora redu
tion of spending on transport servi
es (TS) and adds to overall welfare as it enters thenational in
ome Y .The model represented by equations (1) to (11b) has been 
alibrated to an arti�
ial ben
h-mark dataset with no infrastru
ture and T0

X0
= 0.1 and in
reases in infrastru
ture by 1 to 10% ofGDP have been simulated. The following rea
tions to an in
rease in INF result for the di�erentvariables of the model:7Variable X C T TS pX pC pT pTS pINF YSign of e�e
t + + + - - - - - - +

∂x/∂INF Table 1: Simulation results - stylized modelThese qualitative results are robust to 
hanges in the ben
hmark data as well as in theassumed in
rease in infrastru
ture. The results from simulations in the idealized model showthat the general ideas des
ribed above are 
orre
tly translated into a model. Nonetheless, severalextensions to the basi
 model are needed in order to draw a realisti
 pi
ture of the e�e
ts ofinfrastru
ture investment and to allow for poli
y impa
t assessments. These are des
ribed in thenext se
tion.7Results for pL and pK depend on the assumed fa
tor intensities and are not shown here. PK served asnuméraire in this example.



124.2. Extensions to the small modelAn important feature of CGE models is that one may integrate heterogeneous householdsand di�erent goods. This allows for di�erent transport intensities a
ross se
tors. In additionit is very likely that welfare in
reases from better roads are parti
ularly bene�
ial for the ruralpopulation. This 
an be implemented in the model by assuming that the �nan
ing of roads isdone via taxes proportional to households' in
ome but the bene�ts are assigned to householdswith respe
t to their lo
ation.An important issue for developing 
ountries is the notion of subsisten
e agri
ulture or ingeneral home 
onsumption of households' own produ
tion. The de
ision to either sell theirprodu
tion on markets or dire
tly use it at home will signi�
antly depend on the 
osts a householdwould have to bear to transport their goods to the market and their pur
hases ba
k home.Therefore the de
ision between home 
onsumption and marketing of produ
ed goods should bemodeled expli
itly. This is done here, as shown in �gure 1.4.3. The Computable General Equilibrium modelThe general idea shown in the small model above is translated into a disaggregated CGEmodel.8 The model is stru
tured as follows:4.3.1. Produ
tionProdu
tion is disaggregated into nine se
tors, two of whi
h are agri
ultural, four industrialand three are servi
es. In ea
h se
tor output is produ
ed from a spe
i�
 
ombination of inter-mediate inputs, 
apital and two di�erent types of labor. Labor and 
apital are assumed to bemobile a
ross se
tors. The produ
tion pro
ess is modeled using a nested produ
tion fun
tion asshown in �gure 1.Skilled labor and 
apital are imperfe
t substitutes in a Cobb-Douglas produ
tion fun
tion witha 
orresponding elasti
ity of substitution (s=1). We assume the substitutability between un-skilled labor and skilled labor/
apital to be more limited (s=0.5). Substitution between di�erentintermediates or between intermediates and fa
tors of produ
tion is ruled out by the assumptionof a Leontief type top nest (s=0). The supply of labor, 
apital and land is �xed exogenously tobase-year levels.8The general stru
ture of model presented here is 
omparable to other developing 
ountry CGEs like e.g. theIFPRI model. The model has been programmed using MPSGE and solved using the GAMS/PATH solver. A
opy of the model 
ode 
an be made available on request.



13
Final production

Intermediates/LandLabor/Capital

Skilled labor/Capital Unskilled labor Intermediates 1-9
... Land
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s=0

s=0.5

s=1

s=0

Marketed production

Transportation

Transport service Infrastructure

τ

s=0
Home consumption

t(i)

IntermediatesLabor/Capital

Skilled labor/Capital Unskilled labor

Skilled labor Capital

s=0.5

s=1Figure 1: Nested produ
tion fun
tionDomesti
 produ
tion may either be marketed or 
onsumed at home. If it is marketed, ithas to be 
ombined with a transport good, whi
h might either be trade and transport servi
es(mg) or a road. The 
hoi
e between home 
onsumption and marketed produ
tion is determinedby a 
onstant elasti
ity of transformation (CET) fun
tion. Home 
onsumption is only possiblein agri
ultural se
tors and basi
 manufa
turing. Domesti
 goods are imperfe
t substitutes forforeign goods. Domesti
ally produ
ed goods are 
ombined with imported supply in a ConstantElasti
ity of Substitution (CES) fun
tion to form the Armington aggregate whi
h is sold ondomesti
 markets. Domesti
ally produ
ed goods may also be exported, but produ
tion of exportsdi�ers from produ
tion for lo
al markets. This is implemented using a Constant Elasti
ity ofTransformation (CET) fun
tion.9Infrastru
ture serves as an input in the produ
tion se
tor road. Infrastru
ture 
apital is
ombined with O&M, whi
h is paid for by the government, to provide an alternative way oftransporting goods to the market. The resulting transport good is a perfe
t substitute for thetrade and transport margin. Nonetheless, the supply of this alternative transport is limited bythe supply of infrastru
ture 
apital. Transport via roads is remunerated with a shadow pri
ethat represents the welfare gains in terms of savings in time, 
apital and goods. This approa
hof measuring the welfare gain from infrastru
ture by the willingness to pay for roads is usedin Olsson [2009℄ and adopted here. These gains are either assigned (i.e. transferred) to allhouseholds proportionately, only to rural households or to the government.4.3.2. DemandDomesti
 demand 
onsists of household demand, government 
onsumption, investment andintermediate demand. Intermediate demand is linearly linked to the quantity of output.9The Armington elasti
ities have been taken from the literature. See the appendix for details.



14The model has two household types whi
h di�er in their lo
ation: urban and rural. Thetwo household types also di�er in their fa
tor endowments, their savings, dire
t tax rates and
onsumption preferen
es. Households generate in
ome from labor and 
apital. Apart from thesein
ome sour
es households re
eive transfers from the government. Household in
ome is used fortax payments, 
onsumption and savings.The government generates in
ome from taxes, publi
 
apital and international aid. It spendsits revenue on publi
 
onsumption, transfers to households, interest payments to the rest ofthe world, publi
 investment and operation and maintenan
e of roads. Transfers, subsidies andinterest payments are �xed exogenously. The only good the government buys apart from thepubli
 investment good are publi
 servi
es. In the ben
hmark s
enario the government 
olle
tsthe welfare gains from better roads through endogenous taxes and uses these additional earningsto provide a higher level of publi
 servi
es or transfer payments and thus redistributes the welfaregains.Savings are generated by households and the rest of the world. Savings are used for private
apital investment. The model is 
losed by total investment that always equals total savings.Infrastru
ture 
apital is provided from an external sour
e, international aid. The external balan
eis �xed over di�erent s
enarios. The fa
tor markets are 
losed by �exible pri
es and fa
tormobility.5. Empiri
al relationship between infrastru
ture and transport 
ostsTranslating the theoreti
al framework into a suitable CGE model requires information onhow mu
h redu
tion in transport 
osts will result from an in
rease in the quantity and qualityof roads. The literature is rather vague about the exa
tly quanti�ed relation between in
reasedexpenditure on infrastru
ture and transport 
osts: In a 
ase study of several international trans-port 
orridors in Afri
a Teravaninthorn and Raballand [2009℄ �nd that an improvement of theroads from �fair� to �good� redu
es the transport 
ost by approximately 15%. Unfortunately,they do not provide any quantitative information on the amount of publi
 investment needed forthis improvement. Estimations of tari�-equivalent 
osts of poor infrastru
ture in gravity modelsfo
us on international trade. They provide neither any estimates about intranational transport
osts nor about 
on
rete amounts of investment needed to provide a better road status.Against this ba
kground this paper attempts to quantify the e�e
t from better roads ontransport 
osts dire
tly. As the CGE model uses So
ial A

ounting data it is natural to estimate



15the elasti
ity of the trade and transport margin with respe
t to the transport network from So
ialA

ounting data, too. In a 
ross-se
tional estimation for 58 
ountries from all over the world (28high in
ome, 22 middle and 8 low in
ome 
ountries) we investigate the e�e
t of transport densityon the trade and transport margin. This is a straight forward way to test the aforementionedtheoreti
al re�e
tions and the model setup empiri
ally and provides us with a 
on
rete parameterestimate for future poli
y analysis in the CGE model.We estimate the following equation:
lnmi = α+ β ln transporti + γ1ln gdpci + γ2ln urbani + γ3ln popi + uiAs dependent variable we use se
toral spending on trade and transport servi
es relative to se
toraloutput, i.e. the trade and transport margin (mi). We 
al
ulate this output-weighted margin frominput-output data both over all se
tors and only for agri
ultural se
tors. Our main independentvariable of interest, the transport network density (transporti), is measured here as the length ofall railroads and paved roads in km per surfa
e in km2. In addition, we 
ontrol for GDP per 
apita(gdpci) as a proxy for development of the e
onomy and hen
e for the stage of market development,for the degree of urbanization (urbani) as a measure of dispersion of market parti
ipants and forthe size of the population (popi).10The data on trade and transport margins 
omes from input-output-tables from di�erentsour
es, mainly the International Food Poli
y Resear
h Institute (IFPRI) and the OECD. Dataon road and rail road length as well as the 
ontrol variables GDP/
apita and population aretaken from the World Development Indi
ators (WDI) Database for more re
ent years. Missingdata has been taken from the Human Development Index, Eurostat, the United Nations andnational statisti
al authorities of the di�erent 
ountries.11Table 2 summarizes the regression results for di�erent spe
i�
ations. mag represents the tradeand transport margin in the agri
ultural se
tors, whi
h should be more sensitive to road quality
ompared to mall whi
h is the weighted average of the trade and transport margins in all se
tors.All variables have been used in natural logarithms su
h that the results 
an be interpreted aselasti
ities.10Several other 
ontrol variables su
h as the Human Development Index (HDI), litera
y, e
onomi
 freedom,surfa
e and others have been tested but the results are not shown here as they are not qualitatively di�erent andmost variables have been insigni�
ant.11Table B.3 in Appendix B shows the des
riptive statisti
s for the sample.



16Table 2: Results of 
ross-se
tional OLS regressionsSpe
. no (1) (2) (3) (4) (5) (6) (7) (8)Dependent ln(mag) ln(mag) ln(mag) ln(mag) ln(mall) ln(mall) ln(mall) ln(mall)# Obs. 53 53 53 53 45 45 45 45ln(transp) -0.16** -0.18*** -0.19*** -0.12** -0.14** -0.16*** -0.04 -0.12**ln(gdp) -0.07 -0.05 -0.10 -0.07 -0.08 -0.10ln(urban) -0.08 -0.06 0.03 0.02ln(pop) -0.17*** -0.07
R2 0.28 0.30 0.30 0.40 0.34 0.37 0.37 0.39adj. R2 0.27 0.27 0.25 0.35 0.33 0.34 0.32 0.33F-test 20.1*** 10.5*** 6.9*** 7.9*** 22.2*** 12.1*** 7.9** 6.4****** signi�
ant at 1% level, ** signi�
ant at 5% level, * signi�
ant at 10% levelThe regressions 
learly show that an in
reased availability of roads and railroads signi�
antlyredu
es the trade and transport margin. This e�e
t is robust a
ross di�erent spe
i�
ations. Thesign remains negative in all estimations and the 
oe�
ient is insigni�
ant in only one spe
i�
ation.These �ndings 
learly 
on�rm the theoreti
al 
onsiderations des
ribed above and support ourway of modeling infrastru
ture. The relation is 
on�rmed not only for the agri
ultural se
torbut also for the weighted transport expenditure of all se
tors.12In fa
t our results 
orrespond quite well with those of Teravaninthorn and Raballand [2009℄if we assume that an improvement of the quality of roads from �fair� to �good� approximately re-quires a doubling of the transport density. This would imply a 15% de
rease in average transport
osts whi
h is 
onsistent with our elasti
ities.The empiri
al results show that infrastru
ture investment programs are 
apable (if they aree�
ient in providing additional roads) to redu
e transport 
osts signi�
antly. However, for
ountries with a very low starting point like many Afri
an 
ountries, the required investmentto rea
h a signi�
ant and large 
ost e�e
t would be enormous. Poli
y makers who plan larges
ale infrastru
ture programs should bear in mind that the e�e
t is slightly larger and morerobust in agri
ultural se
tors. Hen
e, infrastru
ture programs have the potential to supportagri
ulture-oriented development strategies in parti
ular.6. Simulations and results6.1. CalibrationThe CGE model is 
alibrated to a base year data set in order to provide a ben
hmarkstru
ture of the e
onomy. The data used for this paper is a slightly idealized SAM for Zambia.12The in
lusion of additional or alternative 
ontrols like the HDI instead of GDP per 
apita or an edu
ationindex does not 
hange the results qualitatively but provide results of lower reliability.



17Zambia represents a typi
al Sub-Sahara Afri
an 
ountry here. Its transport network density of0.012 km of paved roads and railroad per km2 of surfa
e is among the lowest in the world. TheSAM has been aggregated to a rather high level of aggregation: nine se
tors of produ
tion, twohouseholds, two types of labor and one type of 
apital. For simpli
ity, very small data entrieshave been removed from the data base and transfers between households, too. This aggregationre�e
ts the methodologi
al fo
us of this study. In this manner it is ensured that e�e
ts froman in
reased road density are 
learly identi�able and not hidden in a very 
omplex system ofindire
t e�e
ts. The data set is ri
h in terms of the information provided on households' home
onsumption as well as the trade and transport margins. The data 
ontains se
toral informationabout distin
t trade and transport margins for domesti
 supply, imported supply and exports. Italso provides se
toral levels of home 
onsumption per household type. Information of this typeis needed for a 
onsistent 
alibration of the model.13 The previously estimated infrastru
ture-elasti
ity of the trade and transport margin is re�e
ted in the model in the input/output-relationof the road-se
tor whi
h must be set exogenously.14All other parameters for the 
alibration of the model are either 
al
ulated from the baseyear data (input 
oe�
ients, produ
tion fun
tion exponents, shares in 
onsumption, tax rates,savings rates) or have been taken from the relevant literature (CET- and CES-elasti
ities in theArmington formulation).6.2. SimulationsThe CGE model des
ribed above has been used to run a series of simulations with in
reasesin the transport density between 5% and 100%. This large range of sho
ks serves to investigatewhether there might be a minimum amount of investment required to produ
e any e�e
t andwhether there exist de
reasing returns to publi
 investment. In addition, publi
 investmentlevels di�er signi�
antly a
ross 
ountries and thus there is no obvious 
ounterfa
tual at thisstage of model development. Note, a 100% in
rease in infrastru
ture density is 
omparable tothe infrastru
ture sho
k of 2.5% of the GDP simulated by Adam and Bevan [2006℄. Agenor et al.[2008℄ and Levy [2006℄ simulate substantially larger infrastru
ture sho
ks of 5% and 15% of theGDP respe
tively.In addition to the range of possible magnitudes of the publi
 investment programmes one13The original dataset is: Thurlow et al. [2005℄. A 
opy of the aggregated SAM is available on request.14The CGE model has been 
alibrated to an elasti
ity of 0.15 but di�erent levels have been implemented inrobustness tests.
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an think of di�erent assumptions about the distribution of welfare e�e
ts. We therefore run thesimulations for three di�erent s
enarios. In general, welfare e�e
ts will be savings in terms oftraveling time, 
apital in transportation and avoidan
e of goods loss. In our ben
hmark s
enariothe government 
olle
ts the welfare gains through taxes (e.g. fuel taxes, road 
harges or motorvehi
le taxes) and uses the additional in
ome to redeem the loans it took to �nan
e the roadand to provide more and better publi
 servi
es. As this s
enario is distribution-neutral and willmainly show the supply side e�e
ts it serves as a ben
hmark 
ase and is later 
ompared withthe other two 
ases. There is some empiri
al eviden
e for instan
e by Ja
oby and Minten [2009℄that welfare gains are higher for households whi
h are lo
ated in remote regions. In our setupwith only two household types (rural and urban) this would mean that only the rural householdsbene�t dire
tly from welfare gains. Alternatively, urban households might bene�t as well witha greater diversity of goods supplied and a general lowering in transportation 
osts. Hen
e wealso in
lude a s
enario in whi
h the welfare gains are assigned proportionally to all householdsand one where all welfare gains are assigned to the rural household only.6.3. ResultsThe simulations show that with in
reasing availability of transport infrastru
ture, the demandfor trade and transport servi
es (and thus for 
apital and labor in transportation) de
reases whilethe overall produ
tion and 
onsumption in
reases. In the ben
hmark 
ase where the governmentredistributes the welfare gains the in
rease in 
onsumption is spread evenly a
ross households.15The demand for transport servi
es 
learly de
reases with in
reasing availability of roads.Nevertheless, the pri
e for transporting goods to markets remains 
onstant. This is due tothe fa
t that the overall demand for the transport aggregate will in
rease given the in
rease inprodu
tion. The e�e
ts on produ
tion and 
onsumption are shown in �gure 2.Domesti
 marketed produ
tion (indi
ated by the bla
k line in �gure 2) in
reases with in-
reasing availability of �free� transport.16 Capital and labor released in the transport se
tor maynow be used in other se
tors. Home 
onsumption relative to total output is 
aptured in the greybars and is 
learly de
reasing on the aggregate level.15We only present sele
ted results in form of �gures here, a 
omplete results listing is in Appendix D.16The in
rease in domesti
 produ
tion by only about 0.25% seems to be a small rea
tion to an in
rease ininfrastru
ture by 100%. However, a doubling of infrastru
ture would lead to an infrastru
ture density of 0.024km per km2 of surfa
e whi
h still is one of the lowest infrastru
ture densities in the world. Nonetheless, it wouldrequire to build about 7000 km of new roads and rail roads whi
h would be an expensive proje
t for the Zambiangovernment. Zambian infrastru
ture is so far below the requirements that even doubling it would still have onlysmall e�e
ts.
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Figure 2: Produ
tion, Welfare and Home Consumption for di�erent levels of infrastru
tureThe in
reased produ
tion is mainly 
onsumed domesti
ally. The grey line represents the Hi
ksequivalent 
hange in welfare whi
h is the 
hange in real 
onsumption possibilities of privatehouseholds measured in units of initial 
onsumption. The gains from better transport thustranslate indeed into a higher level of overall welfare. The aggregate use of fa
tors of produ
tionin the other se
tors ex
ept transport servi
es in
reases 
ompared to the base year.The additionally available fa
tors are distributed very unevenly a
ross se
tors. The produ
-tion of trade and transport servi
es 
learly drops. Correspondingly, we see a substantial in
reasein the produ
tion of publi
 and 
ommunity servi
es. This e�e
t has two sour
es: First, theadditional roads need maintenan
e whi
h 
reates a higher demand for publi
 servi
es. Se
ond,the government uses a part of its higher in
ome to provide a higher level of publi
 servi
es (apartfrom road maintenan
e).As the di�erent se
tors have di�ering transport intensities a sho
k on transport 
osts willhave substantially di�erent e�e
ts on the di�erent se
tors. Indeed we see in �gure 3 that se
toralprodu
tion in some se
tors substantially in
reases whereas other se
tors are nearly una�e
ted.Namely publi
 and 
ommunity servi
es dire
tly bene�t from in
reased demand due to roadmaintenan
e and from additional tax in
ome. But also the mining se
tor (MIN), the utilitiesse
tor (EAW) and the 
apital goods se
tor (INV) bene�t from lower transportation 
osts andadditional 
apital and labor supply. Staple food (STF) and other manunfa
turing (MAN) arenearly una�e
ted whereas agri
ultural 
ash 
rops produ
tion (CCR) and tourism and �nan
ialservi
es (TFI) fa
e shrinking produ
tion.The mining and 
apital goods bene�t be
ause they are 
ara
terized by a 
ombination of hightransport intensity and high 
apital share in value added. The pri
es both for transport and
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apital de
rease and thus these se
tors bene�t twi
e. Publi
 and 
ommunity servi
es bene�tfrom a positive demand sho
k. Ele
tri
ity and water are also 
apital intensive and thus bene�tfrom de
reasing 
osts. Relative wages on the other hand rise and thus the labor intensive se
torsstaple food and 
ash 
rops do not bene�t. Transport servi
es fa
e a negative demand sho
k aswell as �nan
ial servi
es whi
h are the main intermediate demanded in transport.

Figure 3: Se
toral real produ
tion e�e
t of a50% in
rease in road density Figure 4: Marketed and home 
onsumed pro-du
tion e�e
t of a 50% in
rease in road den-sityIn �gure 4 we see that at the se
toral level home 
onsumed produ
tion evolves in 
orrespon-den
e to marketed produ
tion.17 This implies that in the se
tors where home 
onsumption ispossible, the share of home 
onsumption stays more or less 
onstant in 
ontrast to the theo-reti
al predi
tions. Nonetheless, as the produ
tion in other se
tors in
reases signi�
antly, theshare of home 
onsumption in aggregate 
onsumption de
reases 
orrespondingly. Given the fa
tthat home produ
ed agri
ultural produ
ts are by assumption perfe
t substitutes for marketedagri
ultural produ
ts, home 
onsumption is always preferable to marketed goods in agri
ulturalse
tors as long as there exist positive transport 
osts indu
ing a higher relative pri
e for mar-keted goods. Nevertheless, the welfare gains from better infrastru
ture allow the households toin
rease their 
onsumption of market-only goods. Thus we see a 
hange in the 
omposition ofthe aggregate 
onsumption bundles of both households in favor of marketed goods.Figure 5 illustrates the aforementioned phenomenon that even though the quantity of pro-du
ed goods in the 
ategory of subsisten
e agri
ulture in
reases parallel to total output in agri-
ulture, home 
onsumption has a 
onstant or slightly de
lining importan
e in the 
onsumptionbundles of both households.As the government 
olle
ts the welfare gains in form of an endogenous tax on infrastru
ture17Note that home 
onsumption is only possible in agri
ultural se
tors and very basi
 manufa
turing.
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Figure 5: Home 
onsumption of the two household groupsin this baseline s
enario, the investment programme is (nearly) distribution neutral.6.4. Alternative spe
i�
ations of welfare e�e
tsAs des
ribed above welfare gains might either be assumed to favor the rural households, tobe equally spread a
ross all households or to be redistributed through publi
 servi
es. Thesethree s
enarios are simulated and 
ompared.At the aggregate level, the welfare e�e
t depends signi�
antly on the assumption that house-holds bene�t dire
tly from better transport infrastru
ture but not on the assumption whi
hhousehold re
eives the welfare gains dire
tly. Figures D.9 and D.10 in Appendix D show that theaggregate welfare e�e
t is mu
h higher if the welfare e�e
ts are 
ompletely assigned to privatehouseholds. However, whether all households bene�t or only rural households does not have anin�uen
e on the aggregate e�e
t on welfare, produ
tion and home 
onsumption. This assumptionobviously has an in�uen
e on distribution.Compared to the neutral s
enario we see a more pronoun
ed drop in the aggregate relation ofhome 
onsumption to marketed produ
tion be
ause private households demand more transportintensive goods 
ompared to the government. Thus the transport 
ost e�e
t has a higher impa
ton the 
omposition of 
onsumption bundles if private households dispose of the additionallyavailable resour
es. The e�e
t on home 
onsumption at the household level is shown in �guresD.11 and D.12 in Appendix D.6.5. RobustnessIt is important to note that the quantitative results depend on a number of assumptions.Most importantly, the value of the additional infrastru
ture 
apital has been 
al
ulated on the



22basis of world average publi
 investment pri
es. This assumption does not a�e
t the relativeresults but the overall magnitude of the e�e
ts. The relative results and the proper working ofthe model might be sensitive with respe
t to the assumed elasti
ity of the trade and transportmargin. As a robustness 
he
k we kept the level of investment 
onstant and 
hanged the elasti
ityparameter between 0.0005 and 0.01. The results are only a�e
ted in their magnitude but showa linear relationship to the elasti
ity parameter. The model 
ompilation and solution are robustwith respe
t to 
hanges in the elasti
ity parameter.7. Poli
y impli
ations and 
on
lusionThis paper shows that even though there seems to be a 
onsensus about the positive e�e
tsfrom better roads on development whi
h is re�e
ted in a number of investment programs, theeviden
e in the development e
onomi
s literature is mixed and far from being 
omplete. Mostimportantly, there is often no expli
it a

ounting for di�erent forms of infrastru
ture. Theoreti
al
ontributions often mention a transport 
ost redu
ing e�e
t from roads. Nonetheless, 
on
retequantitative results are s
ar
e and unreliable. In addition, the theoreti
al re�e
tions in theliterature have not been translated into appropriate models for poli
y analysis.This paper 
ontributes to the existing literature on transport infrastru
ture in several ways:We show how the verbal theoreti
al 
onsiderations on the dire
t and indire
t e�e
ts from betterroads 
an be translated into a general equilibrium setup. We develop a small stylized modelof transport infrastru
ture and apply the same methodology in a realisti
 CGE thereafter. Inaddition to this 
ontribution in the �eld of CGE modeling we present empiri
al eviden
e for a
lear and signi�
ant negative relationship between transport networks and trade and transportmargins. We measure transport 
osts as the share of spending on trade and transport inputs intotal se
toral output.Simulations with the CGE model 
on�rm that with in
reasing availability of roads the de-mand for labor and 
apital for transport de
lines. These fa
tors move to the other se
tors toprodu
e a higher aggregate output. Welfare, measured as real 
onsumption in
reases on averageand at the disaggregate level for all households. The 
omposition of the new 
onsumption bundleand hen
e the rea
tion of subsisten
e agri
ulture depends on the assumption whi
h householdsbene�t dire
tly from shorter traveling times and less goods lost on the road. As rural householdsspend a large share of their in
ome on food the higher the rural gains the higher the share ofagri
ulture in additional produ
tion and hen
e the higher the share of subsisten
e agri
ulture,



23too. Espe
ially if infrastru
ture programs are in favor of rural areas, the welfare e�e
t 
learlytrans
ends the output e�e
t.The empiri
al and simulation results show that infrastru
ture investment programs are awell-suited instrument to support the development of a 
ountry as in
reased infrastru
ture haspositive e�e
ts on produ
tion and welfare. However, infrastru
ture proje
ts are extremely 
ostlyand the empiri
al literature emphasizes that e�
ient planning of su
h proje
ts is of major impor-tan
e. We 
learly 
on�rm this in our model simulations. Infrastru
ture a�e
ts the produ
tionse
tors di�erently depending on their transport intensity and their fa
tor input requirements.Espe
ially manufa
turing and 
apital-intensive a
tivities bene�t while agri
ultural se
tors areless favored given the relative in
rease in wages. Hen
e, a pro-poor investment strategy espe-
ially in agri
ultural e
onomies should target rural areas spe
i�
ally. We do not 
on�rm thata substantially higher proportion of agri
ultural goods is marketed as transport 
osts are stillabove zero but nonetheless the produ
tion and 
onsumption of market-only 
onsumption goodsin
reases broadening the 
onsumption possibilities. Another important fa
tor to bear in mind isthe in
reased demand for publi
 and 
ommunity servi
es due to higher O&M spending. Theserequire that at least part of the welfare gain from new roads is 
olle
ted through taxes and usedfor maintenan
e.Even though the simulation results 
orrespond to the theoreti
al predi
tions, the magnitudeof the e�e
ts is relatively small 
ompared with the high investment 
osts. This is partly be-
ause the initial road density is so low that even doubling the availability leaves the 
ountrywith a highly insu�
ient network. In addition, our robustness 
he
ks show that altering theelasti
ity parameter 
hanges the magnitude of the e�e
ts. The dire
t e�e
t from in
reased in-vestment demand has been negle
ted here as well as the possible dynami
 e�e
ts indu
ed by thestru
tural 
hanges shown here. A promising way of developing the model further would be totransform it into a fully dynami
 model. However, it requires reliable estimations not only ofthe road-elasti
ity of the transport margin but also on investment 
osts and depre
iation as wellas maintenan
e 
osts on the national level.The model presented here 
an be very useful in evaluating 
on
rete infrastru
ture investmentproje
ts and programs. It has been applied to a highly aggregated dataset but 
ould easilybe used with very detailed data as well and thus provide important insights into se
toral anddistributional e�e
ts from better transport networks, too.
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26Appendix A. Comparison of the other CGE models for infrastru
tureIn Adam and Bevan [2006℄ publi
 
apital is provided by the rest of the world and enters the se
toral(Cobb-Douglas-) produ
tion fun
tions as a fa
tor of produ
tion. The respe
tive exponent has been takenfrom an empiri
al study by Hulten [1996℄ and re�e
ts the publi
 
apital-elasti
ity of output. In this setupthere exists a limited possibility to substitute between labor, 
apital and publi
 
apital. Obviously, thisaggregated approa
h does not 
apture the e�e
ts from transport networks expli
itly, it summarizes theoutput e�e
t of all di�erent kinds of publi
 investment. There are also no se
toral di�eren
es as theelasti
ity parameter is only available at the most aggregate level. Infrastru
ture in this model is justanother fa
tor of produ
tion with a parti
ular provision (see �gure A.6).Figure A.6: Produ
tion fun
tion in Adam and Bevan (2006)
Final production

IntermediatesUnskilled labor

Intermediate 1 ... Intermediate n

Skilled labor Private capital

s=1

s=0

Public capital

Levy [2006℄ uses a model whi
h is, like the model used here, based on the IFPRI model [SeeLöfgren et al., 2002℄. She introdu
es migration and external pri
e setting into the model, whi
h arespe
ial features of the Chad. Infrastru
ture is in
luded in a 
omparable way as in Adam and Bevan[2006℄: Infrastru
ture a
ts as a multiplier on all inputs in the produ
tion fun
tion. Thus it is assumedto in
rease total fa
tor produ
tivity, whi
h is in line with the empiri
al �ndings in the produ
tion fun
-tion literature. Infrastru
ture in
reases fa
tor produ
tivity by the fa
tor GINV 0.2, whi
h means thatan additional per
ent of infrastru
ture in
reases fa
tor produ
tivity by approximately 0.2 per
ent. Thesho
k is applied uniformely a
ross se
tors no matter whi
h are the 
on
rete infrastru
ture requirements.Her way of modeling infrastru
ture is, like the one of Adam and Bevan [2006℄ very mu
h in line with theempiri
al �ndings of As
hauer [1989℄, Hulten [1996℄ and others. However, it is only 
apable to 
apturethe e�e
ts of publi
 
apital in general but not the distin
t e�e
ts of transport infrastru
ture throughtransport 
osts spe
i�
ally.Figure A.7: Produ
tion fun
tion in Levy (2006)
Final production

Intermediates

Labor Intermediate 1 ... Intermediate nPrivate capital

s=1

s=0
Value added

s=0.6

Inputs
·TFPR(GINV,GI0)

Agenor et al. [2008℄ use a simulation model whi
h in
ludes three di�erent forms of publi
 
apital in thenational produ
tion fun
tion of a 
omposite good: Publi
 
apital in health, edu
ation and infrastru
ture.These 
apital aggregates enter at di�erent levels of a nested produ
tion fun
tion. Infrastru
ture entersthe top nest. Agenor et al. [2008℄ des
ribe the elasti
ity of substitution between infrastru
ture andthe labor/
apital-nest to be �low�. While their model is very detailed 
on
erning di�erent forms ofinfrastru
ture it is limited by 
onstru
tion with respe
t to the se
toral results. The model has only onese
tor of produ
tion and one representative household. Hen
e, there is no possibility to have di�erent



27transport-intensities a
ross se
tors and di�erent se
toral rea
tions to an in
rease in infrastru
ture (see�gure A.8). The authors are able to disaggregate the e�e
ts of a publi
 
apital sho
k with respe
t tohouseholds and se
tors using a mi
rosimulation model. Nonetheless, this modeling pro
edure is not ableto 
apture asymmetri
 e�e
ts in the di�erent se
tors due to di�eren
es in transport intensities.Figure A.8: Produ
tion fun
tion in Agénor et al. (2008)
Final production (Y)

Public capital in InfrastructureProduction (J)

Effective labor Private capital

Public capital in health Educated labor

σY =“low”

σJ

σT

“Raw” labor Public capital in education

σE

Appendix B. Empiri
al spe
i�
ationTable B.3: Des
riptive statisti
s
mgag mgall Transp Popula- Urbani- GDPcapp. km2 tion ′000 sationMean 0.12 0.12 0.57 81,651 0.58 11534Minimum 0.02 0.04 0.01 3,554 0.13 148Maximum 0.41 0.29 2.67 1,220,516 0.89 45478Std. dev 0.08 0.07 0.71 223,083 0.22 12898



28Appendix C. Model spe
i�
ationTable C.4: Armington elasti
itiesse
tor Elasti
ity of Substitution Elasti
ity of TransformationStaple Food 2.0 0.75Cash Crops 1.5 4.0Manufa
turing 1.5 1.25Mining 1.5 4.0Tourism&Finan
e 0.2 0.2Publ. Servi
es 0.2 0.2Capital Goods 0.5 0.5Utilities 1.0 1.0Trade&Transport 2.0 2.0Appendix D. ResultsAppendix D.1. Complete result listing - Redistribution of welfare gains through governmentTable D.5: Infrastru
ture and transport demand and pri
es% in
rease ininfrastru
ture demand fortransport ser-vi
e (margin) Pri
e transportgood Pri
e O&M Pri
e use ofroadsBen
hmark 1.0000 1.0000 1.0000 0.08245 0.9935 1.0000 1.0005 0.068310 0.9869 1.0001 1.0011 0.068215 0.9804 1.0001 1.0016 0.068220 0.9739 1.0002 1.0021 0.068225 0.9673 1.0002 1.0027 0.068230 0.9608 1.0003 1.0032 0.068235 0.9543 1.0003 1.0037 0.068240 0.9477 1.0004 1.0043 0.068245 0.9412 1.0004 1.0048 0.068250 0.9347 1.0004 1.0054 0.068255 0.9281 1.0005 1.0059 0.068260 0.9216 1.0005 1.0064 0.068265 0.9151 1.0006 1.0070 0.068270 0.9085 1.0006 1.0075 0.068275 0.9020 1.0007 1.0081 0.068280 0.8955 1.0008 1.0086 0.068285 0.8889 1.0008 1.0091 0.068190 0.8824 1.0009 1.0097 0.068195 0.8759 1.0009 1.0102 0.0681100 0.8693 1.0010 1.0108 0.0681



29Table D.6: Produ
tion, welfare and home 
onsumption% in
rease ininfrastru
ture Hi
ksequivalentwelfare 
hange inwelfare Domesti
produ
-tion 
hange indomesti
produ
-tion Home
onsump-tion Home/Marketedprodu
-tionBen
hmark 10798 26170 2456 0.09385 10799 1.0001 26174 1.0002 2455 0.093810 10800 1.0002 26179 1.0003 2455 0.093815 10801 1.0003 26183 1.0005 2454 0.093720 10802 1.0004 26188 1.0007 2453 0.093725 10803 1.0005 26192 1.0008 2453 0.093630 10804 1.0006 26196 1.0010 2452 0.093635 10805 1.0007 26200 1.0012 2451 0.093640 10806 1.0008 26205 1.0013 2451 0.093545 10808 1.0009 26209 1.0015 2450 0.093550 10809 1.0010 26213 1.0016 2449 0.093455 10810 1.0011 26217 1.0018 2449 0.093460 10811 1.0012 26221 1.0020 2448 0.093465 10812 1.0013 26225 1.0021 2448 0.093370 10814 1.0015 26229 1.0023 2447 0.093375 10815 1.0016 26233 1.0024 2446 0.093380 10816 1.0017 26237 1.0026 2446 0.093285 10817 1.0018 26241 1.0027 2445 0.093290 10819 1.0019 26245 1.0029 2444 0.093195 10820 1.0020 26249 1.0030 2444 0.0931100 10821 1.0022 26253 1.0032 2443 0.0931Table D.7: Fa
tor pri
es% in
rease ininfrastru
ture wage unskilled wage skilled land rent 
apital rentBen
hmark 1.0000 1.0000 1.0000 1.00005 1.0000 1.0008 0.9999 0.999910 1.0000 1.0015 0.9998 0.999815 1.0001 1.0023 0.9997 0.999720 1.0001 1.0030 0.9995 0.999725 1.0001 1.0038 0.9994 0.999630 1.0001 1.0045 0.9993 0.999535 1.0001 1.0053 0.9992 0.999440 1.0002 1.0061 0.9990 0.999345 1.0002 1.0068 0.9989 0.999250 1.0002 1.0076 0.9988 0.999255 1.0002 1.0083 0.9987 0.999160 1.0002 1.0091 0.9986 0.999065 1.0002 1.0098 0.9984 0.998970 1.0003 1.0106 0.9983 0.998875 1.0003 1.0114 0.9982 0.998780 1.0003 1.0121 0.9981 0.998685 1.0003 1.0129 0.9980 0.998690 1.0003 1.0136 0.9978 0.998595 1.0004 1.0144 0.9977 0.9984100 1.0004 1.0152 0.9976 0.9983



30Table D.8: Se
toral produ
tion% in
reasein infras-tru
ture StapleFood CashCrops Manufa
-turing Mining Tradeand �-nan
ialservi
es Publi
and
om-munityservi
es Investmentgoods Utilities Transportservi
esBen
hmark 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.00005 1.0005 0.9977 1.0004 1.0031 0.9978 1.0109 1.0016 1.0026 0.994810 1.0009 0.9954 1.0009 1.0062 0.9957 1.0218 1.0033 1.0052 0.989715 1.0014 0.9931 1.0013 1.0093 0.9935 1.0326 1.0049 1.0077 0.984520 1.0018 0.9908 1.0018 1.0124 0.9913 1.0435 1.0066 1.0103 0.979425 1.0022 0.9885 1.0022 1.0155 0.9892 1.0543 1.0082 1.0129 0.974230 1.0027 0.9863 1.0027 1.0186 0.9870 1.0651 1.0098 1.0155 0.969135 1.0031 0.9840 1.0031 1.0217 0.9849 1.0759 1.0115 1.0180 0.963940 1.0036 0.9817 1.0036 1.0248 0.9827 1.0867 1.0131 1.0206 0.958845 1.0040 0.9795 1.0040 1.0279 0.9805 1.0975 1.0147 1.0232 0.953650 1.0045 0.9772 1.0045 1.0310 0.9783 1.1082 1.0164 1.0258 0.948555 1.0049 0.9750 1.0049 1.0341 0.9762 1.1190 1.0180 1.0283 0.943360 1.0053 0.9728 1.0054 1.0372 0.9740 1.1297 1.0196 1.0309 0.938265 1.0058 0.9705 1.0058 1.0403 0.9718 1.1404 1.0212 1.0335 0.933070 1.0062 0.9683 1.0063 1.0434 0.9697 1.1512 1.0228 1.0361 0.927975 1.0066 0.9661 1.0067 1.0466 0.9675 1.1618 1.0245 1.0386 0.922780 1.0071 0.9639 1.0072 1.0497 0.9653 1.1725 1.0261 1.0412 0.917685 1.0075 0.9617 1.0076 1.0528 0.9632 1.1832 1.0277 1.0438 0.912490 1.0079 0.9595 1.0081 1.0559 0.9610 1.1938 1.0293 1.0464 0.907395 1.0084 0.9573 1.0085 1.0591 0.9588 1.2045 1.0309 1.0489 0.9021100 1.0088 0.9552 1.0090 1.0622 0.9566 1.2151 1.0325 1.0515 0.8970
Table D.9: Se
toral home 
onsumption% in
rease ininfrastru
ture Staple Food Cash Crops Manufa
turing5 1.000512 0.99743 1.00044210 1.00102 0.994867 1.00088415 1.001526 0.992311 1.00132620 1.002029 0.989764 1.00176925 1.00253 0.987224 1.00221230 1.003027 0.984692 1.00265635 1.003522 0.982167 1.003140 1.004014 0.979651 1.00354545 1.004503 0.977142 1.0039950 1.00499 0.974641 1.00443555 1.005473 0.972147 1.00488160 1.005954 0.969662 1.00532765 1.006432 0.967185 1.00577470 1.006907 0.964715 1.00622175 1.007379 0.962254 1.00666980 1.007848 0.9598 1.00711785 1.008314 0.957355 1.00756590 1.008778 0.954918 1.00801495 1.009239 0.952488 1.008463100 1.009696 0.950067 1.008913



31Table D.10: In
ome distribution% in
rease ininfrastru
ture in
omereal, rural in
omereal,urban in
omeur-ban/rural rel. sub-sisten
e/
onsump-tion rural rel. sub-sisten
e/
onsump-tion urbanBen
hmark 1.0000 1.0000 3.1820 0.5519 0.05705 1.0001 1.0001 3.1820 0.5518 0.056910 1.0002 1.0002 3.1821 0.5516 0.056915 1.0002 1.0003 3.1822 0.5515 0.056820 1.0003 1.0004 3.1822 0.5514 0.056825 1.0004 1.0005 3.1823 0.5512 0.056730 1.0005 1.0006 3.1824 0.5511 0.056735 1.0006 1.0007 3.1825 0.5509 0.056640 1.0007 1.0009 3.1825 0.5508 0.056645 1.0008 1.0010 3.1826 0.5506 0.056550 1.0009 1.0011 3.1827 0.5505 0.056555 1.0009 1.0012 3.1828 0.5504 0.056560 1.0010 1.0013 3.1829 0.5502 0.056465 1.0011 1.0014 3.1830 0.5501 0.056470 1.0012 1.0016 3.1831 0.5499 0.056375 1.0013 1.0017 3.1832 0.5498 0.056380 1.0014 1.0018 3.1833 0.5496 0.056285 1.0015 1.0020 3.1834 0.5495 0.056290 1.0016 1.0021 3.1835 0.5493 0.056195 1.0017 1.0022 3.1836 0.5492 0.0561100 1.0018 1.0024 3.1837 0.5490 0.0560Appendix D.2. Alternative welfare allo
ation s
enariosFigure D.11: All households bene�t
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Figure D.9: All households bene�t

Figure D.10: Only rural gains



33Figure D.12: Only rural gains
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