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1. Introduction

Social and economic development has historicalgnlessociated with spatial expansion
of connection networks. A quick look at any detéitepographic map reveals that more
developed countries have denser road and railretwionk than less developed ones and
that even within a country we are usually confidantentifying the most developed and
urbanized regions by the higher density of roadsneotions. Indeed, as soon as an
economy expands it pushes for the development itianal transportation network,
which makes economic specialization and trade npooditable, setting up a virtuous
circle between economic and infrastructure devekamm

Despite this, historical cases indicate that whealroads are placed in forested areas, it
speeds up deforestation, endangering biodiversity the stability of our planet’s
climate. This suggests that road construction baditation poses a trade-off between
economic development and environmental damage.

This paper tries to summarize the empirical evidamtated to these two impacts of road
extension. We do not, however, claim our attemgig¢aexhaustive given the wide range
of issues involved. To keep the size of the workageable we deliberately reduced the
scope of this review, focusing only on developigrries in the tropical region. Most
deforestation is concentrated in this region arldrge portion of developing countries
which probably would benefit the most from trangpaatworks expansion, lay within the
tropics. The next section will briefly review thieebretical framework of the impact of
roads on rural economics, and some of the issuagedeto the empirical approach

! This is a companion paper to Chomitz et al. (2008} Loggerheads”, expanding on the author’s
contributions to chapter 2 of that book. | wishtliank Ken Chomitz for guidance and feedback as asl|
Piet Buys and Tim Thomas for helpful comments. fih@ings, interpretations, and conclusions expreésse
in this paper do not necessarily reflect the viemfishe Executive Directors of The World Bank or the
governments they represent.



generally adopted in the literature. Sections 34rttie core of the paper, will present the
results of our review on the impact of roads on eflgyment and deforestation,
respectively. Section 5 concludes.

2. The theory: von Thinen and the empirical derivat  ions

In 1826 von Thiunen formalized the brilliant intoii that agricultural expansion is
closely related to the distance from the markeg ttuthe amount of the transportation
costs which shape input costs and produce pricelluBtrate this powerful idea simply,

we present a basic version of the von Thiinen méaelthe remainder of this section we
will rely on Angelsen (2006).

The model allows only two potential land-uses: @gture and undisturbed forest. Each
hectare of farmed land producgsand the produce is sold in the nearest mark#teat
price p. Let us denoté andk the labour and capital required per hectare résedg w
the wage rater the capital costs, and the unit transportation costs, i.e. the cost of
transporting the production of one hectare for @&iemeter andd the distance (in
kilometers) from the nearest market.

Figure 1: A basic von Thinen model.
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It is intuitive that the farther the land, the lgsfitable economic activity will be.
Formally, the decreasing farming profit per heciargefined by the following equation:

M=py-wl-rk-cd

A simple graph allows us to locate the agriculturantier, i.e. the distance beyond
which agricultural profit is negative and unconeerforest persists (see Figure 1).

How does the frontier move with parameter chandes8 straightforward that any
change in the parameters that shift or rotate gnewture curve outwards would move



the frontier farther from the market. For the matkthis study we want to address the
guestion of how would the agricultural profit changith the provision of a new road (or
upgrading of an existing one). Assuming that a [sénting at ten kilometers from the
market is upgraded to a paved road, all the ecan@iivities located more than ten
kilometers away will benefit from a reduction iretaverage transportation costsin the
graph, the profit curve rotates counterclockwisateed at ten kilometer distance.
Consequently, the frontier moves farther from treekat.

The consequences of road extension for land usédoaatinational development depend
(among other variables) on the characteristicseofi@hd for agricultural products, of the
labour market faced by frontier producers, and len groduction function of the good

itself. Let us consider different extreme cases. dOfirse intermediate assumptions
produce intermediate results.

Perfectly elastic demand and completely elastiolatsupply

A perfectly elastic demand for agriculture ensuttest the increase in supply will not
decrease prices. Moreover, perfect mobility of labguarantee that the wage rate is not
changing either. Consequently, we expect undeetbesditions the maximum additional
deforestation to occur. Mean local income doesimatease, by assumption, since the
increase in labour demand is perfectly offset ke iticrease in labour supply, but at the
local and national level employment and productioorease. (Implicitly we are
assuming some kind of labour market failure, wittmigration of ‘surplus’ labour to the
frontier.) The extent of the employment gains deiseon the good produced on the
deforested land. More labour-intensive agricultymaduction would imply larger gains
as compared with pastures.

Landowners, inframarginal and marginal, also béngbm increased rents in this
scenario.

Perfectly elastic demand and fixed local labourctor

Clearance of land requires labour and in absenaemigration from outside the region,

the local wage rate increases significantly. If kbeal workers are capable of working
more hours, then clearance takes place and outprgases, but workers gain relative to
landowners. (In smallholder settings, however,tthe groups may be nearly the same.)
Less additional deforestation will occur as comgawéth the previous setting, and less of
an output gain at local and national levels.

Inelastic demand and completely elastic labour $upp

Here we consider a road extension large enoughefoeds the market price of the
commodity in question. This counteracts to sonteréxocal boosts in farmgate prices
in places benefiting from the new roads. In tuiis dampens the impact both on
landowner profits and on employment gains.

From this very simple comparative static analysesoan already appreciate the two main
outcomes of roads construction and upgrading, whithbe the object of this survey.
When a new road is built or a poor quality roadpgraded, all potential road users will
benefit from the decrease in transportation c@t$armers located in regions connected
to the market through the new or updated road sepwié derive higher rents from their
activities. On the other hand, however, new areasigusly unprofitable for agriculture



(the segment between the two frontiers in Figuradyy become attractive for farming,
increasing the incentive to forest clearing (Makak 2001; Locklin and Haack 2003). In
other words, the same factors enhancing economieelgf@ment also increase
deforestation.

Of course, some qualifications are necessary. Tinples structure presented does not
take into account important factors influencing bodconomic development and
deforestation. To start with, agricultural profise not only determined by transport
costs. Factors such as soil quality, slope, andfaihiheavily influence the returns to
farming, shaping the incentive structure of potnfarmers about the choice of the
location to farm. To capture these, in many of ti@dels featuring in this review, the
variable expressing distance to market (or roadd)) e a cost-adjusted distance,
accounting for accessibility differentials.

Secondly, when a new road is placed a secondamtexdnalancing effect on the labour
market unfolds: outmigration to reach new off-fagmployment opportunities. Transport
cost reduction increases mobility and can provicteess to new job opportunities either
in nearby urban centers and more developed rugabns, or even locally, in case it
becomes profitable for manufacturing industriesiésentralized part of their production
process at the local level. Wherever off-farm emplent actually occurs, labour would
be diverted from frontier farming, at least palyiaeterring further clearing.

Third, isolated local producers and workers formeatotected from competition may
now face lower price imports — as in the case ofgos discussed later on.

Finally, local development and deforestation patteas presented in the scenarios above
will also depend on the distribution of the landcag local people (largeowner vs.
smallholders) and other institutional variablesg.(eproperty rights definition and
enforcement). In particular, if the new gains anarsd among many smallholders the
impact in terms of poverty reduction will probalilg larger than if they concentrate in
the hands of one or few largeholders.

Property rights definition and enforcement are twocial factors in forest conversion
decisions and in the way roads affects developmBEm. effects on deforestation and
development are complex. Sometimes deforestatiaurecas a means of asserting
property rights in anticipation that the land vi@ter have value (Schneider 1995); on the
other hand, settlers may be unwilling to investand improvement or in higher value
crops such as perennials if tenure is insecure.dGaefinition and enforcement of
property rights makes land grabbing and encroachmerch more risky and costly,
discouraging immigration of potential encroachessreafter new roads approach.

We recognize the importance of tenure as well &grosocial variables (underlying
factors as defined by Geist and Lambin 2001) irpsitadevelopment and deforestation
but we won’'t address them directly in this workncentrating instead on the effect of
roads on development and deforestation.

Most empirical studies we will consider on the effef roads on deforestation start from
a theoretical structure similar to the one preskatsove (von Thinen model) and derive
a testable equation investigating deforestatiore r@dr probability) with a set of

explanatory variables including distance to roadsnfost spatial analysis, see Nelson



and Geoghegan 2002 for a review of the theory uyidgrthese models) or road density
at the data level (e.g. regional, provincial, comaly The empirical studies exploring

the impact of roads on some form of developmentrareh more heterogeneous, both for
the kind of “dependent variables” adopted (e.g.easdo basic services, transportation
costs, agricultural output, poverty rate), and tfoe general objective and scope of the
paper, e.g. project evaluation study, country-dmedevelopment analysis, cross-country
analysis, infrastructure investment analysis.

Any empirical analysis aiming at quantifying thepiact of roads both on economic
development and on deforestation face the issugobéntial endogeneity of road
placemerft Indeed, when investigating the effect of roads @ewvelopment (or
agricultural expansion in forested areas — proxyafprestation) we want to be able to
control for the intrinsic development potentialstbé locations where the roads have
been placed. In other words, roads could be placéuat particular location given other
factors influencing both development and deforestate.g. better soil quality, climate,
or higher population density). Development mighisp” for road development, which in
turn could boost further development. Failing talr@ds this, or at least test for the
presence of endogeneity, leads to biased reswtsnBtance we could overestimate the
deforesting impact of roads in a certain locatiwhgreas in fact part of (or the entire)
effect was to be attributed to intrinsic favorablEl and climate characteristics, which
attracted farming development on that site.

There are a set of techniques for dealing withidhee. Spatial studies usually reduce the
potential bias adding in the estimated equationtrotimg factors as soil quality,
elevation and slope. In addition, many spatial istsiexplicitly address the issue with
specific econometric techniques (e.g. using a ptedi“‘cheapest way to market” variable
as a valid instrument as in Chomitz and Gray 199&)n-spatial studies deal with
endogeneity (when they do at all) with standard neawetric techniques (e.qg.
instrumental variable approach). In the followiregtsons the material is organized first
according to the actual aspect of roads impactsinyated, and second according to the
techniques used to tackle potential endogeneity

3. Survey of the effects of roads proximity on deve  lopment

A relevant amount of work has been written on thle that road extension can play in
shaping economic and social development. Some ultlave already tried to summarize
the findings in the literature, but the fact thaads can influence in so many different
ways the overall development of the environmentuadothem makes it inevitably
difficult for any such attempt to be complete. Ab80 articles are reviewed in chapter 4
of Fan and Chan-Kang (2005) and a few less areidemesl by Escobal and Ponce
(2002). Overall, these two surveys suggest a pesitnpact of roads proximity on
development in its various aspects (e.g. econoeweldpment, poverty reduction, access
to basic services). Out of the 55 studies covengdhem, only a few focus on the

2 Spatial studies’ specific issues (e.g. spatiabemrrelation) will be briefly addressed before priing the
results of our review in section 4, as spatial igsidepresent the majority of the studies on dstaten.

% We also report in the summary tables whetherdystontrolled for the potential endogeneity.



shortcomings of roads projects (e.g. lack of maiatee and community participation),
even recognizing the presence of benefits of samek k

We directly reviewed 31 studies, and our conclusida not diverge significantly from
the previous work. In this section the findingsiveié discussed briefly. and report the
results of the studies focusing on agriculturapatiand poverty alleviation, respectively.
All the remaining studies appear in Appendix Tdhle

Agricultural output and productivity

Although road proximity has been found to favomalsban land development (Helmer
2004, focusing on Puerto Rico in the period 19794)9nost of the studies in the review
investigate the impact of roads on agriculturalpatitand productivity. Almost half of
them are by the IFPRI research group menibdtisey share the same empirical model
(or slightly modified version of the same modelkiang with the potential endogeneity
using a system of simultaneous equations.

Fan et al. (2000) estimate the effects of rurakistfucture on agricultural production and
poverty reduction on Indian data disaggregatedgmo-gcological zones (irrigated area
and 13 different rainfed zones). In the first egqprathe “direct” effects of the different
investments are detected, whereas the other egaatiwestigate the “indirect” effects
that some infrastructure (e.g. electricity, irrigat roads) can have on investment
decisions. The direct effect (expressed as elfgticf road density on agricultural
production equals 0.189 for irrigated areas, amgegrom - 0.28 to 1.38 for the rainfed
zones (in 7 out of the 9 statistically significaategories elasticities are positive). Roads
also have strong indirect effects on rural produrctgiving incentives for technology
uptake and other infrastructure investment. Intergly, a simulation shows that the
production returns and the poverty reduction impoese to investments in roads are
higher in some rain fed zones (including some “lopetential” areas) than in irrigated
land (high potential areas). The decreasing rettongwvestments might explain this
finding: the authors suggest that more developgtmns of the country may already lie
on the flatter section of the investment returnigve. Using a similar theoretical
framework Fan et al. (2004) reported for China @2800) an elasticity of agricultural
output with respect to road density equal to 0.08%reas for non agricultural output the
elasticity equals 0.173, for wage it is 0.09 and rion agricultural employment 0.1.
Returns to roads investment have a geographicallie cpalanced effect throughout
China when we only consider agricultural GDP, lautHigher returns for non agricultural
GDP have been observed in more developed regidms. fgattern is reversed when
turning our attention to poverty reduction. In fam$ Fan et al. (2000) reported for India,
with the same road investment more people woullifteel above the poverty line in the
poorest (western) region in comparison to the madegeloped (central or coastal)
regions.

Interestingly, when the same structure of analigsian on Ugandan data (Fan and Chan-
Kang 2004), returns in terms of poverty reductiom lsigher in more developed regions,
suggesting that high potential areas of Uganda (amudt probably other African

* Fan et al. (2000), Fan et al. (2004), Fan and @&eg (2004), Lofgren et al. (2004), Fan and Zhang
(2004), Fan et al. (2005).



countries) might have not yet experienced dimimighreturns to investment. At the
aggregate level, feeder roads turned out to besétwend best investment in terms of

agricultural output.

Table 1: Impact of rural roads on agricultural autp

STUDIES LOCATION, DATE | CONTROL FOR| ROAD IMPACT ON AGRICULTURAL
AND DATA LEVEL | ENDOGENEITY | OUTPUT
. i Elasticity (road density):
Fan et al. (2000 I(g?;,ﬁicﬁg\?e%g% Y 0.18** (irrigated)
-0.28 to 1.38** (rainfed)
China, 1978-2000 - . "

Fan et al. (2004 (province level) Y Elasticity (road density): 0.099
Returns to government investment in
feeder roads:

Fan and Chan- | Uganda, 1999 % 600% (centre-richest)

Kang (2004) (household level) 870% (east)

490% (north-poorest)
920% (west)
. 10% increase in feeder roads leads to a

Lofgren et al. Zambia, 2001 Y +0.2% increase in agricultural GDP

(2004) (household level) growth rate

Fan and Zhang | China, 1996-1997 - . o

(2004) (province level) Y Elasticity (road density): 0.032

Binswanger et | India, 1960-1982 - ) e

al. (1993) (district level) Y Elasticity (road length): 0.20

Nepal, 1995-1996 Elasticity of land value with respect

Jacoby (2000) (household level) Y “time to the market center”: -0.26***

World Bank Peru, 1994-2000 N Not sianificant

(2001) (household survey) 9

Instituto Cuanto| Peru, 1994-2004 % Agricultural land increased by 15.8% in

(2005) (household survey) village with improved motorized roads

Zhang and Fan | India, 1971-1994 Y Elasticity of productivity with respect to

istrict leve road density: 0.

(2001) (district level) d density: 0.043**

De Castro Brazil, 1970-1996 N Elasticity of agriculture production with

(2002) (municipal level) respect to road density: 0.33***

Policy makers are often faced with the dilemma, tiwbeto build new roads and extend
the existing network or rather upgrade part of riveds already in place. Lofgren et al.
(2004) tries to provide some insight on this mati@mparing the effects of an increase
by 10% of paved road in less remote areas withharease by 10% of feeder roads in
relatively remote rural areas in Zambia. Both cardion scenarios would raise GDP
and reduce poverty, but effects are different igmtade and distribution. Feeder roads
are predicted to reduce rural poverty by more th#nand urban poverty by 2%. The



paved roads construction scenario leads to a Bfligigher increase in GDP but, while
urban poverty is reduced by 2% (as in the secoedasm), rural poverty would decrease
by only 2.598. Since rural population equals 6.5 million andejpresents the 62.6% of
the Zambian population, these findings suggestetkistence of a trade-off between
growth and poverty reduction in roads planning @es.

The last study adopting a system of simultaneoustéans to control for endogeneity is
by Fan and Zhang (2004), who investigate the sigeodle of rural infrastructure in
explaining the difference in agricultural produdijvamong Chinese provinces. The
elasticity of agricultural output with respect ttad density equals 0.032.

A different strategy to control for endogeneityadopted by Zhang and Fan (2001),
which focus on the effects of infrastructure oni@gtural productivity growth in 290
Indian districts (1971-1994). They instrument th&MM estimation with historical
information for agricultural productivity and roatknsity (up to three lags) and current
values of HYV and rainfall, finding an elasticity productivity growth with respect to
road density of 0.043-0.048.

If a data panel is available, adopting a fixed &ffgpecification can be an effective way
of reducing potential endogeneity. The idea is sking away from the analysis all the
time-invariant site-specific characteristics, cancating only on the changes over time in
the dependent variable (e.g. agricultural outputkoaiated with changes in the
explanatory variables (e.g. road density). Thishoetis adopted by Binswanger et al.
(2993) in their study on the interlinkages amongegnment decisions on infrastructure
investments, financial institution development gmidhate investment by farmers and the
way they jointly influence agricultural output. My due to better market opportunities
and reduced transaction costs, roads have a poditipact on agricultural output
(estimated elasticity is highly significant and atu0.20). Moreover, roads are shown to
have a positive impact on commercial bank placermedton some private investment.

The same technique is used by Jacoby (2000). Adbdilliy, variables as soil quality, plot
size and irrigation are entered in the regresdiamher controlling for endogeneity. He
shows that reducing the distance to roads incretdsesprofitability of agricultural
activities (proxied by land value) in Nepal. Waggeris also shown to decrease with
increasing distance to roads.

A panel data cointegration method, which is roldosteverse causation, is adopted by
Canning (1999) to investigate the effects of capitaestment on productivity in 57
countries from 1960-1990. The elasticity of GDP papita with respect to physical
capital (including roads) per worker equals 0.48d & is highly significant. When the
sample is split according to development leveleligyed countries show a higher effect.

® In the case of feeder roads, benefits are lintibeaigricultural production. Paved roads benefihbmon-
agricultural production and export agriculture asdncentrates along the country’s main road netsvor
While paved roads are expected to reduce the ttora costs in both the domestic and export market
feeder roads reduce only the transactions costioimestic markets. The analysis seems to disregard t
benefit of people living on feeder roads at theeedfgthe network can derive from main roads upgrgdi



Table 2: Impacts of rural roads on poverty alleviat
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STUDIES LOCATION, DATE | CONTROL FOR| ROAD IMPACT ON POVERTY
AND DATA LEVEL | ENDOGENEITY | REDUCTION
Marginal effect of distance to public
. i transportation facilities on the probability
Fan et al. (2005 (Trﬂjz;nr:?)i dZIé)\(l)é)l)ZOOl Y of being poor: 0.0022 to 0.0033.
30 people lifted above the poverty line
each $1,000 invested in roads
. i 0.25 (in irrigated areas) and 0.03-5.18
Fan et al. (2000 I(g?;,?icﬁg\?e%g% Y rainfed areas) people lifted above the
poverty line each $1,000 invested in roads
2.22 (coastal region), 6.94 (central region),
China, 1978-2000 and 8.3 (western region) people lifted
Fan etal. (2004 (province level) Y above the poverty line each $1,0
invested in roads
15.64 (centre), 80.46 (east), 108.77 (nor
Fan and Chan- | Uganda, 1999 Y and 45.45 (west) people lifted above the
Kang (2004) (household level) poverty line each $1,000 invested in fee
roads
Lofgren et al. Zambia, 2001 % 10% increase in roads leads to 3-4%
(2004) (household level) decrease in rural poverty
Papua New Guinea Roads expansion such that everybg
Gibson and 1986 ' % needs at most 2 hours walking to the
Rozelle (2003) (household survey) nearest road reduces the number of poo
Y 5.77-11.84%
Laos, 1997-2003 Roads expansion providing all-weath
road access to everybody would reduce
Warr (2005) (household survey Y % th b " ; |
and district level) 7% the number o Lao’s rural - poor
(representing 5.6% of Lao’s population)
Cscobaland | o 19042000 || Foas Ipwroseperc inesed avery
Ponce (2002) (household survey) villages) y 0
World Bank Peru, 1994-2000 Roads improvement hgd. no significg
N impact on poverty alleviation (short term
(2001) (household survey)
effect)
Villages’ motorized and non-motorized
Instituto Cuanto| Peru, 1994-2004 % roads improvement decreased poverty
(2005) (household survey) 4.1% and 5.7%, respectively (mid-lomng
term effect)
Jalan and 4 Chinese provinces, When road density exceeds 6.5 km
; 1985-1990 SO . .
Ravallion (household, village Y 10,000 individuals, consumption growthl|is
(2002) ’ J positive

and county level)

Notes: all results are statistically significantesst at the 5% level unless otherwise indicated.

Income and consumption

A set of articles consider the effect that roadgehan consumption growth or income
(both agricultural and off farm) and all of thenmt! for endogeneity.



Fan et al. (2005) builds on the same conceptuahdveork and model (system of

simultaneous equations) of Fan, Hazell, and Th{@00) but it focuses on income

instead of agricultural output. In particular, mvestigates the impact of various

infrastructures on household income and povertyeltenn 7 regions of Tanzania.

Distance to facilities (kilometers to public traosation facilities) influences income

negatively and is highly significant in 3 of theégions considered (the poorest regions
are among the significant). In particular, the #ta#ses of income, with respect to

distance, varies from -0.11 to -0.25. ConsequentBduced distance to public

transportation is found to reduce poverty.

Pender et al. (2004) shows that proximity to tharesttarmac road significantly
increases the development of non-farm activitiedganda. Unfortunately, the potential
reverse causality is recognized but not addressepedy. This problem was instead
reduced with soil quality data in a similar studyHast Kalimantan (Dewi et al. 2005),
which shows that higher density of provincial roadsl district roads are associated with
higher value of an “Economic Diversity Index”, aasere of the heterogeneity of income
sources in the village, confirming that roads pnaiky enhances off farm employment
opportunities.

Gibson and Rozelle (2003) control for endogeneityatdlding in the estimated equation
geo-climatic variables such as elevation, slopefal, and flooding susceptibility. They
show that reducing the travel time to 2 hours fbPAIG households that currently need a
longer walk to reach the nearest road (17.3% optipulation) would determine a fall in
the number of poor people by 5.77-11.84%, dependimthe model used (reducing also
the severity of poverty). Warr (2005) estimatesdhme relationship for Laos and shows
that about 13% of the decline in poverty level whaccurred during the studied period
can be attributed to roads improvements. Furthaulgitions show that providing with
all-weather roads the 50% of the country’s popatastill lacking it in 2002, would have
reduced the poverty incidence in rural areas by (2%®,000 individuals representing
about 5.6% of Laos’s population). Interestinglylyireg on panel data for his estimate,
Warr (2005) was able to test for the existenceemidbgenous placement” of roads, i.e.
whether better off areas received more investmembad construction. A regression of
the change in road access on the initial real gpitz expenditure yielded a negative and
non significant correlation, ruling out endogenglascement of roads, at least in Lao’s
last decades.

Jalan and Ravallion (2002) developed a micro madetonsumption growth starting

from an extended version of the classic Ramsey tadlisving for constraints on factor

mobility and geographic externalities (i.e. geoduap capital can influence the

productivity of a household’s own capital). Thegttéor the existence of “geographic
poverty traps” in China. Results show that ruradalensity generates gains in living
standards (elasticity equals 0.015). Moreoverpaukition shows that 6.5 kilometers per
10,000 people represents the critical value of rdadsity below which a poverty trap
would occur where consumption does not grow (haldifi other variables constant at
their mean values).



Transport costs, producer prices

Three studies investigate the impact of roads pmdyi on transaction costs and/or
producer prices. Distance to market was found toeimse transportation costs (Renkow
et al. 2004), decrease the rice producer price auadascar (Minten 1999) and reduce
market integration (Moser et al. 2005). The lackarfsideration of potential endogeneity
of roads placement in the analysis makes the fatigindings possibly overestimated.
Only controlling for factors such as soil qualigiimate characteristics, elevation and
slope could provide a clean estimate of the impacbads proximity on transport costs.
Nevertheless, it is reasonable to believe thatrobimy for these effects would not
change the sign of the effects reported.

Roads rehabilitation projects’ impact evaluations

Three studies analyze the results of a World Bamkdéd project of rural road
improvement in Peru (1995-2000). A local reseandhitution, Instituto Cuanto (2000, as
qguoted by World Bank 2001), tracking the projectelepment reports weak evidence of
rural poverty alleviation and improvement of livigandards in targeted areas. After
project completion road improvement was associatgtl a significant travel time
reduction, a reduction of transport prices of fireigand for passengers, increased
reliability of transport services and motorizednsport traffic in general, and increased
access to health centers (19% comparing with 15%hén control sample). Neither
significant impact on the access to education aftba attendance, nor noticeable
impact on economic production was detected. Howea®ithis survey was carried out
relatively close to project completion, it has pably detected only short-term effects of
roads improvements. It is reasonable to expectstinahger economic effects would arise
in the long run. Escobal and Ponce (2002) adopfwoaedure of propensity score
matching on the same database to correct for patdnas due to non-random control
sample (used by Instituto Cuanto 2000). The ide@® iaccount for the different initial
endowment in the two groups, targeted and coniiialges, in terms of human capital,
assets and access to some services, in order ablbdo assess the net impact of the
project on income level, income composition, anastmnption. The results of the
analysis are indeed more encouraging than the wmpested by World Bank (2001),
confirming strikingly how ignoring potential endagsty issues can lead to biased
results. Households in the villages included inrni@orized roads improvement project
show a statistically significant increase in anrninabme of about US$ 120 (representing
35% of the annual income in the control group), thgdsom non agricultural activities.

After four years from the project implementatiorstituto Cuanto (2005) ran another
survey in the same targeted and control villagést Bllowed the use of the “difference
in differences” method, comparing changes over timtain the treated village sample
with changes over time found in the control samiplerder to assess the net effect of the
project. The strongest effects are detected intrtmesport sector, with a reduction of the
travel time by 61.8% due to roads improvement, mportant increase in the light
vehicles traffic (mainly cars), and a decreaseaigport prices of freight and passengers.
School matriculation increased by 14% for the gdla with improved (non-motorized)
paths, and the number of visits to health centecseased by 25-45%. While the area
under agricultural use expanded and the price r@fated land increased, there is no
evidence of impact of the project on productivitypp conversions or increases in



marketed output and agricultural prices. Interggyin an increase in the share of
population employed in commerce and services (P®)28s well as in cattle activities
was observed. Male wages increased between 2002084dby 20%, but female wages
did not change significantly. Finally, a positivepact of road improvement on poverty
reduction is noticed: in fact, the change in poyveste over time equals -0.2% for those
communities with a rehabilitated motorized roadd a&9.4% for communities with an
improved non-motorized path, whereas the figuregte control sample are +3.9% and
+16.1%, respectively.

A second road improvement project was investigétgdVindle and Cramb (1996) in
Malaysia. There, road rehabilitation did not chatige choice of transport mode very
much. Farmers continued to walk to their fieldsd &meir inputs and products were still
head-loaded. But new roads made journeys quickichaaper. Although it did not lead
to an increase in the provision of school and hesdtrvices, it generally improved the
access to the existing ones (particularly to théerdp Interestingly, it increased the
proportion of female users of the roads, as thayldcdravel alone, either by bus or
private vans.

Finally, a recent study by the Asian DevelopmemiBgHettige 2006) analyzes six case
studies of roads improvement (two in each of théo¥ong countries: Indonesia, Sri
Lanka and the Philippines). The initial purpose wsimg double differences analysis (as
in Instituto Cuanto 2005) to assess the effectoaids rehabilitation projects (both as
isolated sector projects and as part of IntegrBtegects), but practical survey difficulties
made it impossible. Some general findings emergdina with the results so far
considered: travel time and costs decreased evengwifor transportation service
providers, whereas access to health facilitiestedity and education services improved.
Interestingly, further road development (asphaltimgs suspiciously considered as it
would allow vehicles to come and replace the psrtdunction, leaving them
unemployed.

Summary

The more than 80 studies covered in this shorerveveveal that roads construction and
improvement are strong predictors of developmenbad®R proximity reduces
transportation costs, which in turn (recall von méii’s intuition) increase the price of
commodity obtained by local farmer, and reduces dffective costs of inputs (e.g.
fertilizer), providing an incentive for agricultdrdevelopment. However, compared to
the theory we found surprisingly low elasticities agricultural output with respect to
road density. This is probably determined by tivell®f data aggregation adopted by the
studies and from the use of road density as a praxyroad proximity, which
underestimates the effects of roads at the foresitiér. The study of Jacoby, which
explores the benefits of access to the market eathtbusehold level adopting a direct
measure of road proximity, shows that reducing distance to roads increases land
values significantly in Nepal. Given the importanakethe policy implications, more
careful spatial analysis is needed. However, thaisdies which separately evaluate
economic benefits of new roads to richer vs. poti@useholds, found generally the
former enjoying a larger share of the new gainsatTis due mainly to their initial
endowment in capital (and education) which alloWwsnt to react quickly to the new
economic opportunities. Hettige (2006) illustrates point well with a series of case



studies presenting households story of successhd kess successful economic
development following road improvement. In the exrte case, roads improvement could
even harm some poor section of the society, whendangers the very existence of their
traditional occupation (e.g. porters) without paing a reasonable alternative income
source. The several studies which we considerea wesically unanimous in their
findings (although showing different magnitudesjads favor poverty reduction. Even
more so if we include in our broad definition ofveaty the lack of basic services. The
fall in transportation and travel costs heavilyluehce the access to those services, either
by reducing the costs of installing new servicelifées at the local level (e.g. electricity,
better sanitary and toilet facilities, irrigatior; by allowing a much cheaper access to
the previously prohibitively distant service prosid (e.g. education, health services).
Nevertheless the same factors boosting agriculfonaiits, and consequently relieving
poverty, set up incentives to clear forest for @asion to agriculture. The remainder of
this work is exploring this nexus in the literature

4. Survey of the effects of roads proximity on defo restation

We scanned the literature searching for empiri¢atliss focusing on deforestation
having roads proximity (or road density) among thetors of the analysis. We also
included in this review those studies enteringattiseé variables in their analysis (e.qg.
distance to market, village, town) when computexhglthe existing road network (and
not as Euclidean distancgsWe were able to find thirty-six such studies,stmof which
use spatial analysis particularly helpful to captihe subject we focus on. Spatial
analysis makes use of geographically referenced mhabrder to visualize the effects
under consideration along the spatial dimensionkimgait possible to analyze a
phenomenon (e.g. deforestation) no longer at e stlistrict or communal level, but at
the very plot level.

Quite a clear result emerges from the review. Ty#nwb studies (61% of the studies
reviewed) revealed an unambiguously positive agdiitant effect of road proximity on
deforestation, i.e. the closer a plot of foreslosated to the roads, the more likely its
deforestation will be. Two more studies (6%) al@lgesupport this finding, but
unfortunately the statistical significance of theefficients is not reported in the article.
Four studies (11%) find a non significant corre@atbetween roads and deforestation.
The remaining eight studies (22%) report mixed ltesue. some road related variables
are associated with more deforestation, whereag sther ones are associated with less
deforestation (or non significant); or the samedroalated variables show a positive
effect on deforestation in a time period and thpasite effect in another time period.

" Although sometimes we report results for this afalé too, Euclidean distances are not expected to
capture any roads effect. The same plot at, sayjlateters (Euclidean distance) from the marketio
have a very different probability of deforestatibrtonnected to the market with a paved road, aowar
path, or nothing at all.



However, notice that no single study consistentiyp®rts the opposite claim: roads deter
deforestation.

Figure 2: Methodology used for comparing magnitudes
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Spatial studies

Impact magnitude differs significantly across sésdiMost of the spatial studies, starting
form an empirical derivation of the von Thinen ititun use either a multinomial logit
model to assess the impact of a set of independeiables on the probability of various
land-use categories, or alternatively a binary phoigit model assessing the probability
of forest as compared to non-forest. Even if usimgilar econometric techniques, those
studies have relevant differences in some undegylggsumptions, units of measure, and
in the way they model the variable “distance todfod herefore, to present results in a
comparable way, we compute the impact of road pmdyi on deforestation as the
probability of deforestation (or conversion to othend use, usually agricultural) of a
hypothetical plot of forest located initially atéwty kilometers, then at ten kilometers, at
five kilometers from a paved road and finally dihedacing a paved road. The distance
to the nearest market will be kept at twenty kiloeng and then at fifty kilometers for the
studies, which introduce this variable in the asialy The plot considered is the one
identified by the variables’ means computed onsilie-sample of forested land ohind
assigning zero value for the protected areas or @thgr “special status” dummy
variables. This procedure tends to understatehiteat of deforestation brought about by
road proximity as the variable mean of the foresiglo-sample identifies a plot of forest
still relatively “safe” in the middle of the foresthen compared with a plot at the forest
fringe. However, given the information availabletle majority of the articles, there was
no way to work with a plot located at the foresbrtier. shows our proceedings
graphically. For each study we asked what the fmtibaof deforestation for the average
(forested) plot located at 50 (and 20) kilometewsrf the market (Euclidean distance)

8 We used the forest subsample variable means wianisformation was available. Otherwise, we used
the mean of the variable computed on the entirgpam



would be if we implemented, sequentially, the ropdsjects reducing gradually from
twenty to zero the distance in kilometers to tharast paved road.

Results of this exercise are reported in TabletddiSs for which only one set of results
are reported did not have a variable in the analyapturing the (Euclidean) distance to
the market. For all other studies the first sepraibabilities refers to a plot located at 50
kilometers form the market, whereas the second&@robability refers to a plot 20
kilometers away from the market. The last columpregses the absolute change is
deforestation probability after the implementatminthe three road projects (which put
the plot 20 kilometers closer to the roads). Thaletaalso reports whether the paper
explicitly controls for endogeneftyand spatial autocorrelatith

Except Miuller and Munroe (2005) where the coeffitse were not statistically
significant, the other studies, for which the neeeg information was providél
identify an increase in the absolute probabilitydeforestation due to the progressive
road proximity. Reducing the distance to the neapswed road by 20 kilometers,
keeping fixed the distance to the market, incredgisegbrobability of deforestation at least
by 1% and all the way up to 100%!

We tend to consider those studies directly addngssipatial autocorrelation and
endogeneity more reliable in their estimate proees&leven such studiéshave been

found in the literature, and all but one (again Mitland Munroe 2005) found non
negligible impacts of roads on deforestation.

Chomitz and Gray (1995; 1996) was the first suadysand found that both categories of
agricultural land use considered in the analysis Belize (semisubsistence and
commercial agriculture) become less prevalent agfawnice to markets increases;
commercial agriculture being much more sensitivéhad variable. At a market, middle
quality land has a 34% chance to be cleared fomoertial agriculture purposes whereas
only 1.4% chance to be used for subsistence agrreulMoving away from the market
rapidly decreases the likelihood for land to bedulse commercial purposes, less so for
semisubsistence agriculture. On high quality lasthéugh at relatively high elevation)
the likelihood of a plot to be used for commerca@riculture is 5% at the market,

° Keep in mind that as all studies presented in @8&tdre spatial studies entering in the analysisivie on
soil quality, slope and elevation, the potenti@da@endogeneity is at least partially controlled fren for
those studies that did not explicitly control foidegeneity.

10 Spatial autocorrelation occurs when values of rafte sampled at nearby locations are more similar
than those sampled at locations more distant frach ether. The presence of spatial autocorrelatitan
violates the assumption of independence that idiéihn many statistical analyses, leading to ks
estimates or inaccurate standard errors. Bias @sedtial autocorrelation is usually addressed witime
form of sampling procedure (Besag, 1974) in ordeintlude only observation separated by sufficient
distance such that the autoregressive effect israjppand with the introduction in the analysis pétsal
lagged variables and geographic coordinates (fmoee extensive treatment of the issue, see Nelsdn a
Geoghegan 2002).

1 We are grateful to the authors, who provided seqeintary information needed for this simulation.

12 Chomitz and Gray (1996); Nelson and Hellerste®9{); Nelson, Harris and Stone (2001); Miiller and
Zeller (2002); Miller and Munroe (2005); Munroe at (2002); Pfaff (1999); Mertens et al. (2002);
Mertens et al. (2004); Nelson et al. (2004); Vaace Geoghegan (2002).



whereas for semisubsistence the figure equals 488&king away from the market
reduces that probability, although much more grigdar the latter category. Serneel
and Lambin (2001) find similar patterns in Kenyameiholder deforestation is more
likely to happen close to villages but at more afistlocation from the district capital,
with mechanized agriculture more likely to occuanthe district capital and farther from
small villages (at least for the period 1985-1994).a first sight these findings are
puzzling. Two main explanations can restore thettam von Thinen’s theory. First, as
smallholders sometimes practice subsistence or-sebsistence agriculture (e.g. in
Belize), they are less concerned about the tratespmr costs. When they do sell their
product, the relevant market is most probably dwall and not the regional one. Second,
small-scale farmers often face credit constramsich do not allow them to invest in
fertilizers. Consequently, they are more sensitvesoil quality; therefore if it means
better soil, they are ready to farm further awayrfrroads and markets. On the other
hand, mechanized agriculture needs easy acceshdounse of heavy machinery and
fertilizers and also since the entire product isegally marketed (as Chomitz and Gray
results confirm).

Surprisingly, Mertens et al. (2002) and Naidoo ahdiamowicz (2006) report the
opposite finding. The former study investigates d¢flect of roads on deforestation by
different producer types in Para (Brazil) and aggjimat smallholder directed colonization
is particularly sensitive to road proximity. Thetéa shows that only smallholders caused
deforestation is associated significantly with rgadximity in Paraguay. Again, probably
the crucial factor is represented by the degreatefjration in the market of the various
farmers, and which market (local, regional,globsljelevant for each of them. Mertens
et al. (2002) is among the studies not fully suppgr our von Thinen derived
predictions as the variable “distance to villagefound to be positively associated with
deforestation by both small and large farmerseast in the first model considering the
period from 1986 to 1992. A closer look at the #ipesituation provided by the authors
helps interpret these results. Quoting directlypsSmvillages existing before 1986 are
remote mining centers, located far from the townd main roads, and did not lead to
further forest conversions” (Mertens et al. 20@®ain, von Thiinen survives.

In the analysis of Nelson and Hellerstein (199€uiing on central Mexico, increasing
the cost of access to the nearest road by two tthesnaximum value in the sample
would increase forested area by 20% and reduggaied area by 16%. Similarly, in the
Brazilian Amazon “paved road density” increases ltkelihood of deforestation (Pfaff
1999). Distance from primary and secondary roadsrag deforestation in the Bolivian
Amazon, although the magnitude of the effect demr@avertime (Mertens et al. 2064)
This relation is solid also in the Yucatan regidviekico), as shown by Vance and
Geoghegan (2002), who however warn on the dangéooddng only at the potential
deforesting effect of road placement. They arga thads usually also increase access
to off-farm income sources, which can reduce tlessure on forests, decreasing labour
on the frontier farms.

14 Secondary roads have a systematically lower impacteforestation (see also Fujisaka et al. 1.996)



Table 3: Probability of deforestation at differeingtance from roads (spatial studies)

PROBABILITY OF DEFORESTATION
> - 4 xz (at difference distances from the nearest pavedt when
= = 8 8 - 8 < 8 Q distance to market was provided we computed treethr
> % E A E '<_( o E probability at 50 km (top) and 20 km (bottom) fbetrelevant
o o ofid 0%5m market )
© © °r=r 20 km 10 km 5 km 0 km P L)
P(20 km)
()
Chomitz and Gray Belize y y 0 0.00028| 0.0014 0.01 0.01
(1995) 0® | 000065 0.003| 0.2 0.02
Cropper et al. Thailand \ y 0.11 0.129 0.154 0.26 0.15
(2001) 0.1 013 | 0156| 0.3 0.2
Deininger and .
Minten (2002 Mexico N N 0.51 0.56 0.58 0.603 0.093
Mdller and .
Munroe (2005@ | Vietham Y Y 0 0 0 0 0
Miiler and Zeller | 0.012 | 0.033| 0.048| 0.063 0.081
(2002) Vietnam Y Y g ]
0.0001 0.0007 0.0014 0.003 0.002
Munroe et al.
(2002 Honduras Y Y n.a. n.a. n.a. n.a. 040
Naidoo and 0.1028 0.2146 0.3237 0.491 0.39
Adamowicz Paraguay N Y
(2006) 0.08° | 0197 | 0.328° | 0.52 0.44
Nelson and :
Helleratoin (1097 | MeXico Y Y n.a. n.a. n.a. na. | 0.068
Nelson et al. banama v y 0 0 0 0.999 0.999
(2001) 0 0 0 1 1
Southworth et al.
(2004 Honduras N Y n.a. n.a. n.a. n.a. 0.08
v ] n.a. n.a. n.a. 0.0% n.a.
Gance an Mexico Y Y
eoghegan (2002 n.a. n.a. n.a. 09 n.a.

Notes:

@) Converted roughly 30 kilometers on paved roads in 18 minutes travel time

@ The coefficients were not statistically significant

O In the same interval the probability of forest degradation increases from 0.4 to 0.86

@ Computed as the marginal effect of the probit model reported in the article times the cost reduction implied by substituting 20 kilometers

off-roads with a paved road

©) The joint probability of deforestation decreases when closer to market. The reduction of probability of ranching more than offset the

increase in probability of smallholder and soybean agticulture.

©We adopted the costs used by one of the author in Nelson et al. (2004) and Nelson et al. (2001) to simulate the road construction’s effect
™ As only “on-road distance to market” is provided we can only compute the probability of deforestation of a plot at 50 and 20 kilometers

from the market but directly close to a road.




Munroe et al. (2002) capture the effect of markehateness on deforestation with two
aggregate cost variables “maize price + distanceetrest village” and “coffee price +
distance out of region”. The idea is that maizeassociated with local consumption
whereas coffee is mainly for export. The variabteaize price + distance to nearest
village” shows a negative marginal effect whereasffee price + distance out of region”
has a small but positive effect on the probabititydeforestation. The authors do not
explain the interpretation of these results furthemparticular, the choice of the variables
for capturing the distance to market does not semmvincing. Indeed, at least
theoretically, increases in the price of agricidtuoutcomes should constitute an
incentive to more deforestation, whereas more rentmtation (increasing the costs of
access to markets) would lead to a lower incentweforestation.

Our simulation in Table 3, for the study by Mullrd Zeller (2002), shows that when the
distance to paved road decreases by 20 kilometefsrestation is predicted to increase
in absolute terms by 5.1%. Yet, the interpretatdrthe results by the authors is less
pessimistic: they argue that access to all-yeatsdmproved agriculture (better access to
markets, infrastructure, agricultural inputs andblfu services), and contributed to
intensification in agricultural production, detemmg a higher productivity on existing
farmed land and reducing the need for land fortigigifcultivation in central Vietham. In
other words, after a first period (1975-1992) whesad development was associated
with more forest clearing, better access to magtehg with better enforcement of
protected areas and policies discouraged shiftinfjivations, reduced agriculture
expansion, decreased pressure on forested landsaasdd forest regeneration mainly on
grasslands previously used for shifting cultivat{duller and Zeller 2002, p.347-348).

As already mentioned Muller and Munroe (2005) is tinly study (among the ones
controlling for both endogeneity and spatial autoglation), which found no significant
impact of roads on deforestation in their analyisisDak Lak province (Vietman).
Interestingly, however, the authors question thieding and recognize that this result is
probably driven by the fact that large areas usedfricultural purposes at the time of
the study (1992-2000) are too far from the all-yeaad network used as a valid
instrument for road distances in the empiricainestion (roads network at the French
colonial time).

Six more studi€’s explicitly correct for spatial autocorrelation aaden if they do not
explicitly address the potential endogeneity ofdoglacement, their spatial analysis
implicitly corrects for it (at least partially), sat includes variables such as soil quality,
slope and elevation in the analysis. All of themdfia significant (positive) impact of
roads proximity on deforestation.

" Cropper et al. (2001); Serneels and Lambin (20Rithy et al. (2006); Naidoo and Adamowicz (2006);
Southworth et al. (2004), Tucker et al. (2004).



In particular, Cropper et al. (2001) found in Thad that reducing the distance to the
nearest paved road (from 2.5 to 1 km away) of & @l&d km from the nearest market
center (on-road distance) by 1.5 km increasesikbihood of deforestation by 5% (from
0.18 to 0.23).

As already mentioned before, Serneels and Lambd@1(R found for Kenya that for

mechanized agriculture the variables that seem dtiemthe most are accessibility to
market and agro-climatic potential. In particuldow altitude plains where heavy
machinery has easy access are preferred and duligss even more important than

soil quality. Smallholder settlements are commoar rike border with a nearby National
Reserve farther from roads and markets, given tkeepion which permits them

temporary access to the permanent water of the dRarkg times of drought. Moreover,

they are more sensitive to soil quality and todlsance from the village where they can
access social services (e.g. health centers, s;Hoohl markets).

Access to paved roads turns out to be the mayatindriforce of deforestation in
Amazon, followed by population density, and unpavead access in a recent study by
Kirby et al. (2006). Consequently, the authors wamrthe effects of the implementation
of “Avanca Brasil”, a Brazilian infrastructure imgwement project, which would
significantly increase the pressure on protectedsaand indigenous reserves.

Tucker et al. (2004) try to capture the effect @ids on secondary forest as well. They
run a comparative land-use change analysis bettveesites: La Campa, Honduras and
Camotan, Guatemala. As usual remoteness is asbomth less deforestation, but
interestingly, road proximity is also associatedhwiorest regrowttf. Abandonment of
marginal agricultural plots, “apparently in ordergursue agricultural intensification and
coffee expansion” (Tucker et al. 2004), and thes@nee of community organization for
forest protection, concurred in determining theralletrend of forest regeneration in
Honduras. This result is confirmed in Munroe et(2004) and echoes the warning from
Vance and Geoghegan (2002) not to forget the patesdvantages of roads proximity
even for forests. In Guatemala, however, the oleseregrowth does not offset ongoing
deforestation.

Finally, even if they do not explicitly control fagpatial autocorrelation, it is worth
presenting the results of two further spatial stadEtter et al. (2006) study deforestation
in Colombia. Roads proximity is among the most ingat predictors of deforestation
both at the national and the regional level. Thea&am region is by far the most crucial
factor. Interestingly, more than 90% of the coustgommercial agriculture and 80% of
smallholder agriculture is located within five loheters from a road. A significant
exception regards deforestation for illegal cochivation, which is located for obvious
reasons in less accessible areas.

In their study on two Mexican states Deininger &fidten (2002) show that increasing
the distance from the next paved road by 68 kilensetvould reduce the probability of
deforestation by 18 percentage point. Moreovery tlgow the importance of physio-

18 The finding by Pendleton and Howe (2002) thatatise to roads significantly decreases the amount of
old-grown forest cleared for agriculture, but does affect smallholders’ clearing of secondary $bralso
seems to supports this.



geographic variables in deforestation analysis,alljguadopted in spatial analysis.
Omitting those variables is shown to even revehge dign of the effect of the some
variables on deforestation, for example poverty.

Non spatial analysis

The rest of the studies for which it was possildecompute the effect of the roads
proximity on deforestation in terms of elasticityeaeported in . All but two studies
(Lombardini 1994; and Osgood 1994) confirm the fasicorrelation of roads and
deforestation. Only two among these studies cdettdbr endogeneity.

Table 4 Impact of roads on forests (elasticities)
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Andersen . .
and  Reis| Brazil N E)rr(;p;?rtlon of cleared szar(i Ii%r:]gth in 0.047%+
(1997) 9
Cropper et . Proportion of cleared . A
al. (1999) Thailand Y forest Road density 0.427
Panayotou
and Thailand N Forest cover Rural : roads -0.11*
Sungsuwan extension
(1994)
Lombardini Paved ang
Thailand N Forest cover unpaved roads -0.0012
(1994)
length
Osgood . Road length in )
(1994) Indonesia N Forest cover the region 0.041
Pendleton . .
and Howe| Bolivia N g:eda{?i;own forest :/(\)/E?wlgg]r?est trl(;gz -0.132**
(2002) 9
@ The elasticity reported is for the entire kingdomhen the analysis is run on two sub-samples
(North vs. South) the coefficient is significanth@aroughly conserves the same magnitude) only
for the South.

Cropper et al. (1999) adopted a two-stage-leasaregu estimation and entered
information about soil quality and slopes to cohtiar endogeneity. They found an
elasticity of forested area with respect to roaastty of -1.5 in the South/Central
Thailand, but for North and Northeast Thailand\hdable had no explanatory power for
deforestation.



Similarly Pichon (1997) reduces the potential emomity adding in the estimated
equation information on soil quality and hillinegsiter reporting the usual deterring
effect of distance from roads on deforestationhia Ecuadorian Amazon, the author
strongly supports an intensive approach to roadtcoction; i.e. improving the existing
road network as a measure for increase economivtigst and development without
constructing new roads (see also Guimaraes and 991).

An original analysis by Andersen et al. (2002) founteresting and somehow puzzling
results. The method adopted to tackle endogenéitpauls is by lagging road density
variableg’. In addition to road density, interaction termsoéd*cleared land”) are
entered in the estimation to detect if there is aigyificant change in the way roads
affect deforestation, depending on the share ehdly cleared forest in the neighborhood.
This turned out to be crucial. During the firstipdr(1980-1985) paved roads were not
affecting deforestation. Unpaved road shows instgadnexpected sign, i.e. they reduce
the growth of agricultural land. However, when sumgnup this effect and the
interaction term’s effect, deforestation is actyaticreasing in places with a relatively
high proportion of cleared land. In the 1985-19@%iqu, both paved and unpaved roads
are positively associated with growth in agricidludand, but interestingly, the
interaction term “paved road*cleared land” has gatiee sign, implying that paved
roads reduce farmed land growth in already higlklpcested areas. Since the latter effect
is larger than the former, the authors argue tbatl rpaving in Brazil (the bulk of the
“Avanca Brasil” program) would, in fact, reduce dedfstation!

These results need to be better qualified. In fhthe simulation on the consequences of
road paving is based on the crucial assumption ttieatotal extension of roads is not
changing (simply converting unpaved to paved rqatth&) policy advice is not credible
and can be misleading. Road paving is expectedetoedse transportation costs and
increase profitability of agriculture for the emltiregion connected to the relevant market
through the upgraded road. Paving roads maydivettly increase deforestation in the
already heavily farmed wings of the targeted roaak it will very likely indirectly
increase deforestation along the unpaved roadshofbting from the main highway.
Furthermore, it will possibly push for the spontame creation of such new roads
heading to a region not yet deforested, bringingpuabdramatic environmental
consequences. These latter indirect effects conddiply more than offset the beneficial
impact of paving reported by Andersen et al. (2002)

Finally, Bray et al. (2004) make an important pamtheir study of the ‘Mayan Zone’, in
Mexico. Even if roads were found to increase def@atton probability during the period
1984-2000 (although not significant for the perib@76-1984), a very low annual net
forest cover loss resulted (0.1% per year). Théastclaim that efficient institutional
innovations for sustainable forest managementtisgatback in the 1930s with the
reservation of large chunk of forest fohicle (NTFP used to produce chewing gum)
harvesting underejidos (common property rights titles) and reinforced withe
institutions of permanent forest estates under conity management, effectively

2|t is not entirely convincing, as the effect undensideration can manifest in the long term.



reduced immigration, and allowed secondary foregtawth where mature forest was
gone. The message is that, as mentioned in theetiead section, roads might not be
inescapably linked with high deforestation. Wheficefnt institutions are in place it is
possible to get some of the benefits we reportébdont necessarily paying the price in
terms of biodiversity loss and potential climataiche.

All remaining studies providing the results of egoretric analysis are listed in Appendix
Table 2, which also includes the studies discussedr.

Summary

The diagnosis of this short review is reasonabgarcl roads proximity is among the
crucial proximate factors of deforestation. Everthié studies considered differ in the
econometric techniques used, with regards to thi@hlas entered in the analysis and in
the definition of the road variable, almost all them could not entirely reject the
hypothesis that roads do influence deforestatiaeritives, at least for part of the time
period considered. The rule is found to be valitbtighout the tropics at least. The
reduction in transportation costs generally attragtwcomers and gives incentives to the
local population to increase economic activitieljol in turn usually directly affect the
nearby forest. However, few encouraging trends gendrom the literature. Firstly,
protected areas have a mitigating effect on defaties, suggesting that when a new
road is planned, a previous consideration on tloelibersity of the region should be
done, and the more fragile areas should be prate&econdly, a clear definition of
property rights as well as providing the meansefoiorcing them effectively, even if it
does not guarantee forest conservation, can at ftedace the deforestation impact of
migration, usually following road construction.

Finally, the studies which tried to separate tHeatfof roads proximity on deforestation
from the one of reforestation, found that foregiroavth usually occurs first close to the
roads. The reduced number of studies focusing tf fwyest trends do not permit us to
take it as a general rule, but if confirmed by fatanalysis this result would further
support the Boserupian intuition, i.e. modern tetbgy progress reduces agricultural
land necessity as it leads to agricultural intecaifon. In other words, road proximity,
ensuring on one hand cheaper access to new tedgmmlofertilizers, and heavy
machinery, and on the other hand easier accesH-tarim employment opportunities,
can reduce the demand for land and allow margiadld to regenerate as forest (see
literature on forest transition, e.g. Mather 19RRgel et al. 2005).

5. Conclusions

Roads represent a crucial factor of developmenteMédisked about their development
priorities, it is not unusual that local poor vgks set road development among the first
projects they would like to see implemented (seedFand McConnell (2001); for
example in Madagascar, and Hettige (2006) in tisian countries). Given the results
found in the literature it is easy to understangwbads allow isolated population to get
easier access to basic health centers and schmaisase mobility of people and goods,
reducing transport costs and boosting through th@thanism economic development
(although the effects on agricultural output wergssingly small).



This study also shows that roads represent a ¢riacitor of deforestation. Roads allow
farmers to break even at farther locations, in®Wtancreasing deforestation when that
occurs in remote forested regions.

This suggests the existence of a trade off betveeenomic and social development and
forest conservation. The reduction in transportatiosts implied by road expansion leads
to both more development as well as more deforestabespite this rather pessimistic
conclusion, the literature reviewed also identisesne factors which might mitigate the
trade off, at least partially.

Some authors argue that intensive road constrycinstead of an extensive approach,
would indeed provide similar advantages in termsl@felopment without putting the
precious forest which remains, under pressureeduisof roads penetrating in the remote
forest, they would improve and strengthen the agstetwork of roads in order to offer
more economic opportunities to the population alyesonnected to the market (reducing
migration to the “frontier”) and set an incentiva those living isolated from the market
to move closer to it where the services are reyupaovided.

Strengthening property rights enforcement and tragcurity would also reduce the
damaging effects of roads on forests. Throughoetstiudies of section 4 all dummies
representing both protected areas but also any agdncbmmunity forest management
institution (e.g.ejido in Mexico) were usually found to decrease defatést, keeping
fixed the distance to roads (see among others Gh@mnd Gray 1996; Nelson, Harris and
Stone 2001; Mueller and Zeller 2002; Mertens e2@02; Deininger and Minten 2002).
This suggests that creating an adequate legisldtarmework able to guarantee and
protect forestland tenure would reduce deforestaBwen in the presence of roads
placement. Despite that, if we recall von Thinere dast time, it is not at least
theoretically guaranteed that the forest ownerspewnvbr they are, will find it more
profitable to manage forest instead of convertirig iagriculture once the latter becomes
more profitable. Careful mechanisms should be pypiace to safeguard at least the most
fragile forest environments.



6. Appendix
Appendix Table 1: Compilation of studies on thesef$ of roads on development

STUDIES LOCATION, DATE CONTROL FOR DEPENDENT VARIABLE ROADS IMPACT ON DEPENDENT VARIABLE
AND DATA LEVEL ENDOGENEITY

Land value Elasticity of land value w.r.t. “time to the marlatnter”:

Nepal, 1995-1996 -0.26%**

Jacoby (2000) (household level) Y W Elasticity of wage w.r.t. “time to the market cerite
age rate
-0.048***
Ghosh and De India, 1971-1998 N Per capita income Effect of roads as part of “Economic Overhead Gdlpit
(2005) (state level) P (+)*** (n.s for 1991-1992 model)
Renkow et al Kenya, 1999 . Fixed transaction costs in theEffect of distance to nearest village by truck (fpa
' (household and Not applicable - o

(2004) . market of maize (+)

village level)

. 57 countries, 1960- Elasticity of GDP w.r.t physical capital: 0.431***

Canning (1999) 1990 (country level) Y GDP per worker (higher in developed countries)

4 Chinese provinces,
Jalan and Ravallion 1985-1990 v Consumption growth Elasticity w.r.t. of road density:

(2002) (household, village 0.015***

and county level)

Papua New Guinea,
1996 Y Ln (consunmp./poverty line)
(household survey)

Marginal effect of travel distance to nearest r@faalirs):
-0.04**

Gibson and Rozelle
(2003)

Laos, 1997-2003
Warr (2005) (household survey Y Real per capita expenditure
and district level)

“District built road during 1997-2002" dummy:
0.188*

Madagascar, 2000-
Minten (1999) 2001 (commune N Producer price of rice
census data)

Reduction of price in US$/kg/km:
0.001-0.0016



STUDIES LOCATION, DATE CONTROL FOR DEPENDENT VARIABLE ROADS IMPACT ON DEPENDENT VARIABLE
AND DATA LEVEL ENDOGENEITY
Change due to roads rehabilitation (short termcesje
Travel time -21.8% to -33.4%
Freight transport costs -7.9% to -13.6%
World Bank (2001) Zggselr?g‘égggf)e ) N Passenger transport costs -6.6% to 19.6%
y Student registered +6.9% (significant only for non-motorized road aijles)
Student dropouts -9% to +24.7% (the latter for non-motorized roathages)
Visit to health centers -3% to +4.1% (the latter for motorized road villape
Change due to roads rehabilitation (medium-longjer
Travel time -61.8%
Freight transport costs -5.7% to -46.4%
Instituto Cuanto Peru, 1994-2004 Y Passenger transport costs -8.8% to -40.6%
(2005) (household survey) Student registered -0.4% to +14.1% (the latter for non-motorized roads
villages)
Visit to health centers +25.4% to +45.6% (the latter for motorized roadiagies)
Male wage +20.6% (only for motorized road villages)
East Kalimantan, ®
Dewi et al. 2005 Indor)e5|a, 199.2'1997 N Economic .dlver.sny index Density of provincial and district road: +***
(spatial data, village (heterogeneity of income sources)
level)
Pender et al. (2004) g:%?::qi'mlt?ﬁg\i%oo Y Increase in nonfarm activities Elasticity (redantin distance to tarmac road): 0.089***
. gﬂilli_srr)lilgz,slndone&a, Travel time . At least 50% less than contrpl villages .
Hettige (2006) 1993_2001’ N Access to electricity 17% more households than in control villages

(households level)

Increase in non-farm income

Notes:® positively associated with a well-being index (VDd)milar to the World Bank’s HDI.

9% more households than in control villages



Appendix Table 2: Compilation of studies considgrine effect of roads proximity on deforestation

VARIABLE CORRECT FOR CORRECT CIONUIROIS VRIS S
LOCATION (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil _
EFFECT CORRELATION GENEITY quality Slope Altitude
Unpaved road - (at least **)
density
Amazon-(BR)
(=5 Million) Unpaved road + (at least **)
*cleared land
1980 to 1985
Paved road n.s.
density
Paved road + (at least **)
:In?;(r)%ezr)l et density N Y n.i. n.i. n.i.
Unpaved road + (at least **)
density
1985 to 1995
Paved roads * - (at least **)
cleared land
Unpaved road +n.s

*cleared land

Andersen  Amazon-(BR)
and Reis (~5 Million) Road length S Y N n.i. n.i. n.i.
(1997) 1970 to 1985



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Mexico
7,300) :
Bray et al. (7, Distance to n.s. (1976-1984) : . .
1976 to 1984 ek i Y Y n.i. n.i. n.i.
(2004) %1984 to roads (1984-2000)
2000
. Belize :
o ioney aL7iz) - DemEE v oo e
y 1989-1992
Proportion of
land within rxk
50 km from
main federal
roads
Chomitz and Amazon-(BR) Distance to
Thomas (4.86 Million) cities with S N Y n.r. n.i. n.i.
(2003) 1970 to 1985 populations >
25,000
Distance to
cities with - (n.r.)
populations >
100,000
Cropper et Thailand
i KKk _kkk
al. (1999) (514,000) Road density + n.a. Y + n.a.

1976 to 1989



CONTROL VARIABLES

VARIABLE CORRECT FOR CORRECT
STUDIES ;ggﬁ?:(?n'j) CAPTURING IMPACT ON SPATIAL FOR SEESSESOTI\,IAﬂ ON)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Cropoer et N Thailand Cost to
al (2801) (nl) nearest _kk*k Y N +*** _kkk k%%
' 1986 market
Deininger  Mexico Distance to
and Minten  (160,000) the nearest Srrk N N +* -rxk -rxk
(2002) 1980-1990 paved road
Colombia ,
Etter et al. (1.1 million) Distance to ek N N . + ni
(2006) 1§98 roads, town - o
Distance to -*+x (1988-1992)
Mexico roads -*rx (1992-1995)
Geoghegan (129223’%)(:8)1992 Distance to +** (1988-1992) N N . . ek
et al. (2001) £ 1992 to market +*** (1992-1995)
1995 Distance to -+ (1988-1992)
village -*rx (1992-1995)
. Amazon-(BR) ..
Kirby et al. o Distance to ek . .
(2006) 1(ggl\g/)lllllon ) roads Y N (n.s.) n.i. n.i.
Lombardini Thailand Extension of
(1994) (514,000) unpaved and +(n.s.) n.a. N n.i. n.i. n.i.

1986 to 1992 paved roads



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Mahapatra Cross- Percentage of
: paved road on .
and Kant national study the total road + n.a. N n.a. n.a. n.a.
(2005) 1980 to 1995
length
McConnell Madagascar Distance from .
et al.(2004) (940) village -n.r. Y N n.i. -n.r. - n.r.
' 1957 to 2000
Bolivia Distance to
Mertens et (364,000) ek . :
al. (2004) <1989 & g);risa, gacj:lz to Y Y + n.i. n.i.
1989 to 1994
- *** (planned
colonization, 1)
Distance to +*** (small-scale
main road coloniz., 2)
=¥ (medium, 3)
_kkk
Para, Brazil (large, 4)
Mertens et (56,300) Distance to (1) v v ni n.i £
al. (2002) secondary -xxx (2)
1986 101992 road +(3)
+(n.s.) (4)
Distance to +** (1)
village -k (2)

R (3, 4)



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Distance to - **x (1)
main road +**% (2, 3)
+(n.s.) (4)
Distance to
1992 to 1999 secondary (1, 2, 3,4)
road
Distance to
village % (1,2, 3,4)
Miller and  Vietnam Distance to
Munroe (~1,390) nearest all- +(n.s.) Y Y Frxx + +
(2005) 2000 year road
Distance to
nearest all- =¥ (1975-1992)
year road -*¥*% (1992-2000)
) Vietnam Distanceto  +** (1992-2000)
Muller and  (~2,390) district capital n.i. (1975-1992)
Zeller 1975 to 1992 o Y Y S S S
(2002) & 1992 to s i .
2000 +*** (1992-2000;

Travel time to
all-year road

n.s. for paddy)
+*** (1975-2000;
n.s. for mixed
agriculture)



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Maize price +
distance to -N.r.
Honduras nearest
Munroe et (1,015) village v Yy " o nr
al. (2002) ! v o o
1987 to 1996 .
Coffee price
+ distance out +n.r.
of region
Distance to
the nearest S
village
Munroe et I(—Ilogfg)ras Distance out -(n.s.) v N ni . ek
al. (2004) ! of region "
1987 t01996 o
(Market proximity is
found to increase the
probability of forest
regrowth)
Naidoo and Paraguay , -* (by smallholders)
Adamowicz (2,920) E())lzgasnce 0 -(n.s.) (by ranchers) Y N rxk Sxrk +
(2006) 1991 to 2004 +(n.s.) (for soybean)
Panama Cost of wood
Nelsonetal. (15100 ~transportto . Y Y n.i .. ..
(2004) 1987 101997 market (via

road or river)



STUDIES

Nelson and
Hellerstein
(1997)

LOCATION
AREA (km2),
AND DATE

Mexico

(n.i.)
1973

VARIABLE
CAPTURING
ROAD
EFFECT

Least-cost
route:

to nearest
road/village

to near large
population
center

IMPACT ON
DEFORESTATION

_kk

+(n.s.)

CORRECT FOR CORRECT CONTROL VARIABLES

(IMPACT ON
STATAL FOR DEFORESTATION)
AUTO- ENDO- oo

CORRELATION GENEITY : Slope Altitude
quality

Y N n.s.

Nelson, et
al. (2001)

Panama
(15,995)
1987 t01997

Cost to border
or El Real

Cost to Puerto
Pina

Cost to
village

Cost to
nearest town

-(n.s.)

+***

_kkk

_kkk

Y Y FxxKk _kkk _kkk

Osgood
(1994)

Indonesia

(n.i.)
1972 to 1988

Extension of
roads

+(n.s.)

n.a. N n.i. n.i. n.i.



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) SAPTUIRINES IR O Fosallal DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- Soil _
EFFECT CORRELATION GENEITY quality Slope Altitude
Road access -**% (1990)
tofinca +n.s. (1999)
Road/boat
Pan et al. Ecuador distance to +* (1990) _
(2004) (~1,000) community - n.s. (1999) Y (n.s.) (n.s.) n.i.
1990 & 1999
Euclidean
distance to -**% (1990)
reference +n.s. (1999)
community
Panayotou Northeast eR)l(th:;% e:]ds +*
and Thailand na i i i
Sungsuwan (169,000) Distance to e . o o
(1994) 1973 to 1982 B kxx
angkok
Change in
distance to Xk
Pender et al. Ug_anda tarmacroads _ _ .
(2004) (n.i.) _ N n.i. n.i. n.i.
1990 to 1999 Change in
distance to - (n.s.)

market



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Walking time - (primary foaest)f
+ (n.s.) (secondary f.
Pendleton  Bolivia to roads (n.s)( yt)
and Howe  (n.i.) Walking time N N n.i. n.i. n.i.
(2002) 1995 to the closest +*** (primary forest)
market +** (secondary f.)
Density of e
+
Amazon-(BR) r”;; dasved
Pfaff (1999) (n.i.) Y Y HrHx n.i. n.i.
197510 1988 e psity of -(n.s.)
paved roads
Ecuador Distance to
Pichon (~70,000) road, distance ek na v . ek i
(2997) 1990 to nearest

marketplace



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE " ROAD DEFORESTATION AUTO- ENDO- Soil
EFFECT CORRELATION GENEITY quality Slope Altitude
Extension of
unpaved .
roads
Reis and Amazon-(BR) Extension of
Guzman (5 Million ) aved roads +(n.s.) Y Y n.i. n.i. n.i.
(1994) 1983-1987 P
Distance to _(ns)
state capital e
Southaate Ecuador Extension of
(1991)9 (130,000) all-weather +(n.s.) n.a. N rxx n.i. n.i.
1982 roads
Honduras Distance to
Southworth (1,015) roads and ek N N i . e
etal. (2004) . regional o

1987 to 2000

market



STUDIES

LOCATION
AREA (km2),
AND DATE

Kenya

Serneels and (10,694)

Lambin
(2001)

1975 to 1985

& 1985 to
1995

VARIABLE

CAPTURING

ROAD
EFFECT

Distance to
roads?

Distance to
roads

Distance to
village

Distance to
Narok
(district seal

Distance to
roads (log)

Distance to
village (log)

Distance to
Narok

IMPACT ON
DEFORESTATION

Mechanized
agriculture

ek (1975-1985)
ek (1985-1995)

+r% (1975-1985)
+r% (1985-1995)

_kk (1975-1985)
+r% (1985-1995)

k% (1975-1985)
ek (1985-1995)

Smallholders (1975-
1985 model only)

_kkk

_kkk

+***

CORRECT FOR

SPATIAL
AUTO-
CORRELATION

CORRECT

FOR
ENDO-
GENEITY

CONTROL VARIABLES

(IMPACT ON
DEFORESTATION)
Soll : Slope Altitude
quality

xE* n.i. _kkk



CONTROL VARIABLES

LOCATION VARIABLE CORRECT FOR CORRECT (IMPACT ON
STUDIES  AREA (km?) CAPTURING IMPACT ON SPATIAL FOR DEFORESTATION)
AND DATE’ ROAD DEFORESTATION AUTO- ENDO- Soil _
EFFECT CORRELATION GENEITY quality Slope Altitude
Distance to
nearest town -
(local market)
Tucker et al Guatemala Distar_me out *k .
(2005)  (1.053) of region + Y N n.i. 3
1987 to 1996 (capital city
or regional (Market proximity
market also increases
centre) probability of forest
regrowth)
Vagen ?ﬁllz;(é()agascar Distance to . N N N ) ()
(2006) 1972-2001 roads, village
Vance and Yucatan .
Geoghegan (22,000) Distance to ek N N - ek ek
(2002) 1984-1987 to market
1994-1997
Wilson et al. Chile Distance to
(2005) (42,000) roads and rkk N N x* rk Sk

1995-1996 town

Notes: dates (x-y indicates a single cross secimlysis based on composite forest cover datehopériod x-y; x & y indicates separate cross sactéinalyses for
periods x and y; x to y indicates an analysis oé$bcover change between x and y).

n.a.: not applicable; n.i: variable not includeds.nnot significant; n.r.: significance not repatt + effect differs for different types of landegs

*, x* %% rapresent 10%, 5%, and 1% significanceviel respectively.
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