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Abstract

In this paper, our overall goal isto understand how effective access to infrastructure,
especially roads, isin reducing poverty in PNG. To meet this goal, we examine poverty in PNG
and seek to show the relationship between poverty and access to roads, measured as traveling time
from acommunity to the nearest road. In our analysis, we test whether or not access to
infrastructure is a significant factor in a household's poverty status in order to better understand
what policies will be effectivein overcoming poverty in PNG. Our results show that poverty in
PNG is primarily rural and is associated with those in communities with poor access to services,
markets, and transportation. Our simulationsillustrate that improving average years of schooling
and literacy leadsto declinesin poverty. Increasing accessto roadsis also found to reduce poverty.
The results are robust to the way that we measure consumption, set the poverty line, run our
experiments, and control for the possible endogeneity of accessto roadsin the consumption
equation.
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Poverty and Accessto Roadsin Papua New Guinea

When considering the role that infrastructure can play in poverty aleviation and the size of
investments by developing countriesinto infrastructure, it is somewhat surprising that so little work
has been done on such an important topic." Developing countriesinvest over $200 billion US
dollars per year into basic infrastructure, about 4 percent of their Gross Domestic Product.? While
there are many reasons for these investments, different arguments can be made as to why basic
infrastructure investments in a devel oping country would be effective in reducing poverty.®> Oneis
that poor areas that have had the least access to infrastructure in the past may have high benefits
from new investments. Another argument isthat in some countriesit is possible that the poor are
concentrated in sectors of the economy in which rates of return to infrastructure would be high if
investments were made. *

The Papua New Guinea (PNG) economy provides a unique opportunity to study the effect
of accessto infrastructure on poverty. Because of PNG's status as such alate devel oping country
(onein which vast parts of the country remained isolated from the rest of world until after 1950)
and because of its mountainous and rugged terrain, the country suffersfrom afragmented system of
transportation.” In cities and some better-off rural areas, residents have access to multiple modes of
transportation--paved roads, airports, and water travel. In poorer areas, however, a high proportion
of PNG'srural residents live many hours from the nearest basic socia services. And, while recent
investment in rural infrastructure has made PNG more comparable to other developing countriesin
terms of some metrics (e.g., meters of roads per person or per square kilometer), access to many
social servicesisstill limited mainly because the road system is poorly maintained, it is highly

fragmented in some areas, and frequently inaccessible during and after rains. In fact, in some areas



the deterioration of roads has reached such a serious level that it has pushed local rural residentsto
demonstrate and even riot when national ministersvisit.

In this paper, our overall goal isto understand how effective accessto infrastructureisin
reducing poverty in PNG. To meet this goal, we pursue three objectives. First, we examine
poverty in PNG and demonstrate the relationship between poverty and access to infrastructure.
Next, we identify the determinants of poverty, most importantly testing whether or not access to
infrastructure, ceteris paribus, is asignificant factor in a household's poverty status. Finally, we
want to understand what infrastructure-related policies will be effective in overcoming poverty in
PNG.

To narrow the scope of our analysis, we focus on access to roads in rural areas for two
reasons. First, aswe will show, most of the poor in PNG live and work in rural areas, a
characteristic common to most Asian countries. Second, the main infrastructure problemsin PNG
areintherural areas. Accessto services, markets and transportation, measured in travel time, are
much better in cities. Finally, we believe access to roads and the distance between the point at
which villagers can gain access to the road and the nearest government station (which isusually the
center of economic activity in many districts) can best proxy for the level of infrastructure. 1n our
analysis, however, we allow for the possibility that access to roads is endogenous and correct for
the potential endogeneity by using an instrumental variable approach to estimating the model.

To meet our goals and objectives, the rest of the paper is organized asfollows. In section
I1, we first describe our study's data set and explain how we created our measures of poverty. In
the following section, we examine the contours of poverty and its relationship to the access that
PNG residents have to infrastructure. Section IV creates amodel of the determinants of poverty in

PNG and presents result about the effect that access to infrastructure has on the poor. We simulate



theimpact of variousinvestment strategieson poverty. Our modeling and simulation sections draw

heavily on the work of Datt and Jolliffe.® Thefinal section concludes.

Il. Data and Measures of Poverty

Data used in this paper come from the Papua New Guinea Household Survey (PNGHS),
which is the first nation-wide survey of consumption and living standardsin PNG. The survey
design and enumeration, which was overseen by the authorsin 1995 and 1996, covered arandom
sample of 1200 households, residing in 120 rural and urban Primary Sampling Units (PSUs).
Enumerators conducted interviews between January and December 1996. The survey team
selected PSUs from the enumeration areas of the 1990 Census, stratifying the sample by sector (the
National Capital District was separated from the rest of the country), by environmental conditions
(elevation and rainfall), and by the level of agricultural development.” A set of household weights
were derived from the variation between the 1990 Census estimates of the size of each cluster and
the actual size found during the survey, and from the deviation of the actual number of households
surveyed in each cluster from the target number. The results reported below are estimated from the
1144 households that had compl ete information on their consumption, and take account of the
clustered, stratified and weighted nature of the sample.

The survey interviewed each household twice, with the start of the two-week consumption
recall period signaled by thefirst interview. Thisfirst interview also collected information on
education and literacy, occupations and employment (but not income levels), dwelling
characteristics and alimited range of questions on agricultural assets and inputs. Theinterview
team collected expenditure data on all food (36 categories) and other frequent expenses

(20 categories) during therecall period. The expenditure estimates include the imputed value of



own-production, net gifts received, and stock changes, so they should be a good measure of
consumption during the recall period.®> An annual recall covered 31 categories of infrequent
expenses. Thesurvey asoincluded an inventory of durable assets that we use to estimate the value
of the flow of services (from these assets), including rental services from owner-occupied
dwellings. In addition to the household interviews, acommunity questionnaire, conducted in both
urban and rural areas, collected information on prevailing prices, community facilities and
estimates of the time needed to reach the nearest public services. In asking about travel times, the
survey specifically documented the usual mode of travel, which in rural areas, was almost
exclusively by foot.’

Poverty lines were set for five regions of Papua New Guinea— the National Capital District
(NCD), the South Coast, the Highlands, the North Coast, and the I slands — using methods outlined
by Ravallion.’® Separate urban and rural poverty lines were not calculated within regions because
most regions had only one urban PSU included in the sample, and there were no rural PSUsin the
NCD region. Moreover, an analysis of covariance suggested that regional effectsin the prices of
items in the food poverty line were more important than sectoral (urban/rural effects).™ Thus,
estimating poverty linesjust for urban and rural areas would leave a substantial amount of
uncontrolled price variation.

The poverty lines used in our study were based on baskets of locally consumed foods that
provide 2200 calories per day. A comparison of the food budgets of poor households in each
region showed that a single national basket of foods was inappropriate, so separate baskets of foods
were used for the NCD, the Highlands, and the lowland regions. To ensure that these baskets
provided diets of the same quality, they were formed from the food budgets of householdsliving

below the same level of real expenditure per adult-equivalent, rather than from the poorest x



percent of householdsin each region.”? Thus, differencesin real consumption levels between
regions did not translate into differencesin the poverty line diets. Furthermore, revealed preference
tests were carried out by checking if the cost in region j of buying theregion i basket of foodswas
less than the cost of buying the region j basket of foods, at regionj prices.™® Thetests provided no
evidence that any region had apoverty line diet that wasinferior to that of the other regions. The

annual cost of the poverty line diets varied from K543 in the NCD to K218 in the North Coast region,
with anational average of K300.

Thefinal value of the poverty lines was set by adding an allowance for non-food items. This
allowanceisbased on the typical value of non-food spending by households whose total expenditure
equa sthe cost of thefood poverty line. Consuming these non-food items means that some food needs
areignored, so the non-food items can be considered as essentials.™ The average food sharefor
househol ds whose total expenditure equals the food poverty lineisfound from the following Engel

CUrve:
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wherewisthe food budget share, x istotal expenditure, nisthe number of persons, z; isthefood

poverty linefor an adult-equivalent in region j, nkis the number of peoplein the kth demographic

category, and D; isan intercept dummy for region j. If total expenditure equals the cost of the food
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where ny isthe mean of the demographic variables for the households used to form the poverty
line basket of foods. The poverty line z is given by the sum of the food and non-food components,

z=72+ Z (1-aj) = Z} (2-aj). Thisranged from K779 inthe NCD to K280 in the North Coast,



with anational average of K400 (making the estimate of the size of the non-food allowance K100

or one-quarter of the poverty line).

[11. Poverty in PNG and the Nation'sInfrastructure

Although PNG is classified as alower-middle income country with an average annual per
capitaincome of US$890, the living standards of the vast majority of the population are akin to that
of low-income countries.® PNG scores poorly on most social indicators compared to itsincome
level. Infant mortality per 1000 live birthsis61. Life expectancy at birth isonly 58 years. Only
22 percent of the popul ation have access to adequate sanitation. More than 40 percent of children
aged 0 to 5 years, and more than 50 percent of those in the poorest quartile, are stunted (or have
height for age scoresless than -2.0). Although the nation isrich in natural resources, its Gini ratio
isone of the highest in the world (48.4 for per capita expenditures). The size of the gap between
the rich and the poor suggests that many of its residents do not share equally in the nation’s
wealth."’

Poverty measures clearly illustrate the breadth and depth of poverty in PNG, especially in
the rural regions of the country (Table 1). Based on our estimated poverty line, 33.5 percent of
PNG’srural population and 11.4 percent of the urban population live in householdsin which the
real value of consumption per adult equivalent is below the poverty line (rows 7 and 8). The
standard errors for these estimates (2.9 and 3.6 percent) suggest that these differencesin sectoral
poverty rates are highly significant.”® Overall (sincethe rural population accounts for 85 percent of
the nation's population—column 7), the national headcount index of poverty is 30.2 percent (row
6). The rural poor account for 94.3 percent of PNG'’ s poor, making it clear that poverty in PNGisa

rural problem. Thisinferenceis also borne out by other indicators from the survey, with the



stunting rate for young children in rural areas being almost 2.5 times that of children in urban areas
(47.0 vs 19.8 percent).”®

While the headcount index indicates the proportion of the population with a standard of
living below the poverty line, the measure does not indicate how poor the poor are and does not
change if people below the poverty line become more or less poor. One indicator of the depth of
poverty, the poverty gap index, is constructed by measuring the income shortfall between the
standard of living of poor people and the poverty line. PNG’s gap index shows that the poor’s
income shortfall isequivalent to 9.1 percent of the value of the poverty line averaged over the
whole population (Table 1, columns 3 and 4).* The poverty gap figures, like the head count
statistics, demonstrate rural nature of poverty. The poverty gap measureis nearly 5 times higher
for rural (10.3) than urban (2.2), and the rural poor account for an even larger share of the total
poverty gap (96.3 percent) than they do for the headcount index.

The poverty severity index isadistributionally sensitive poverty measure that takes into
account the distribution of consumption of those falling below the poverty line* Thisindex (3.9
nation-wide) also shows that poverty is even deeper in rural areas of PNG (4.5) than in urban areas
(0.7--Table 1, columns 5 and 6). In other words, the extent by which the average consumption of
poor householdsin rural areasfalls below the poverty lineis significantly higher than that of poor
households in urban areas. Even more than the headcount or poverty gap index, the rural poor
contribute 97 percent of the poverty severity index.

(Table 1 about here)
Regional Patternsof Poverty
Finding out where poor people liveis one of the most basic pieces of information for an

antipoverty program. Ideally, a household survey should be able to help in placing targeted



interventions. However, the diversity of environmentsin Papua New Guinea makesthisan
impossible task for asurvey of any feasible size. Even the more limited goal of estimating poverty
rates by province would require a much larger household survey than the one conducted in 1996.
Instead, the poverty comparisons presented here are for the five major geographical and urban
regions of the country -- the Papuan/South Coast; the Highlands;, Momase/North Coast; the New
Guinealslands; and the National Capital District (NCD). The map in Figure 1 illustrates the
location of these aresas.
(Figure 1 about here)

Theincidence and extent of poverty vary significantly across PNG's major regions (Table 1,
rows1to5). Poverty islowest in the NCD and highest in the Momase/North Coast region (column
1 and 2). Only about 16.2 percent of the population of the NCD falls below the poverty line.
Nearly 39 percent of the population in the Momase/North Coast region falls below the poverty line
and its share of national poverty is 37.5 percent. The other three regions (Papuan/South Coast,
Highlands, and New Guinea Islands) have poverty rates that are clustered slightly below the
national average, ranging from 26.0 percent to 30.3 percent. While the headcount of poverty is
higher in the Momase/North Coast region, the large population share in the Highlands (40.1
percent) means that the Highland's contribution to poverty is also high (34.6 percent—column 7).
The poverty gap and the poverty severity measures also are highest in the Momase/North Coast and
the Highland Regions.

The poverty in PNG’sregionsis closely correlated with several important measures of each
region’s human capital, one of the most important indicators of PNG’ s long term development
prospects. Educational attainment islowest and the proportion of people who never attended

school ishighest in the Highlands and the Momase/North Coast region (Table 2, columns 1 and 2).



Illiteracy rates are also highest in the two regions (column 3). Moreover, access to health services
is poorest in these regions (column 4). Although not as bad as the Highlands and Momase/North
Coast, the record on education and health is also not good in the Papuan/South Coast region.

(Table 2 about here)

Given the remoteness and rugged terrain of PNG, poor access to roads may be one of the

proximate causes of the poor record of the government in the provision of education, health and
other public goods. If roads are poor and travel timeishigh, the cost of attending school or seeking
health care may be prohibitively high. In fact, measures of the accessto roadsin PNG's four main
regions shows that road access in the two most poverty stricken regions (the Momase/North Coast
region and the Highlands) is the poorest (Table 3, column 1). In the Highlands, for example, rural
residents have to walk more than 4 hours, on average, to reach the nearest road. Travel timesinthe
Papuan/South Coast and the Momase/North Coast regions both exceed 90 minutes. While access
to any transportation mode (including boat docks and dirt airstrips) is better in the Highlands (than
the Momase or Papuan regions), individuals still have to walk about an hour, on average
(column 2).

(Table 3 about here)

With road access so poor, access to health and educational services are poor. Accessto aid

posts (PNG’ s most basic health service centers) also is the poorest for the Highlands and the
Momase/North Coast region (although it is equally as poor for the Papua/South Coast region—
Table 3, column 3). Even to get access to the most basic health services, households in these
regions must walk from 66 to 76 minutes. Accessto community schoolsis equally poor; travel
timesin the poorest regions are all around one hour (column 4). Travel timesto high schools

average more than 3 hours (column 5).



Toillustrate an even closer linkage between poverty and rural infrastructure, Table 4
demonstrates the strong correlation between poverty, school attainment and access to roads.
According to the headcount measure of poverty (column 1), when households live more than 60
minutes from the nearest road (rows 4 and 5), the incidence of poverty more than doubles when
compared to those living less than 60 minutes from aroad (rows 3 and 4). The sameistrue for
access to schooling (rows 6 t0 9). Poverty headcount measures increase markedly when the nearest
school is more than 60 minutes away. The correlation between poverty measures and rural
infrastructure increases when the depth and severity of poverty indices are used (columns 3 and 5).

(Table 4 about here)
Consumption and Price Effects of Accessto Roads

The effect of accessto roads on poverty can most clearly beillustrated by the marked
differencesin access to transportation infrastructure among income groups. The lowest
consumption quartile must travel over twice aslong to gain access to the closest mode of transport
than the richest quartile. The poor travel 75 percent longer than the non-poor to the closest mode
of transportation and over three times longer to reach the closest road.

A simpleregression of per capita consumption against travelling time to the nearest
transport facility demonstrates that consumption is negatively correlated with access to
transportation (Figure 2). A one-hour increase in travelling time to the nearest transport facility
reduces real consumption by almost 10 percent. This suggests that measures that improve the
access of rural communities to transport infrastructure could be an important aspect of poverty
aleviationin PNG.

(Figure 2 about here)
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While there may be anumber of aspects of access to infrastructure that affect consumption
(for example, see Jacoby?), our sample data clearly illustrate two. First, accessto aroad affects
the price farmersreceive for their crops and the prices that households must pay for their purchased
food (Figure 3). The relationship between the average price of sweet potato (which isthe national
staple and awidely marketed food), calculated at a Census Unit level, and the travelling time from
the Census Unit to the nearest road or other transport facility suggests that sweet potato prices are
lower in communities that are further from roads and other transport points.® Specifically, the rate
of price declineis around seven percent for each extra hour to the nearest transport facility. This
rate of price decline can also be interpreted as the rate at which the net returns to marketing food
and other crops produced by rural households decline as infrastructure becomes less accessible.

(Figure 3 about here)

To provide additional evidence of the impact of transport facilities on food prices, the data
from the 1996 survey were used to calculate the average price (at the Census Unit level) of aone
kilogram packet of Trukai rice. Thisimported food was one of the most widely available foods in
trade stores across PNG in 1996. Figure 4 demonstrates the relationship between the average price
and the distance that each Census Unit is from the nearest transport facility, such asaroad, airstrip
or boat docking point. The slope of the regression suggests that each additional hour further away
from transport infrastructure rai ses the trade store price of rice by 3.4 percent (with a standard error
of one percent, making the regression coefficient highly statistically significant).

(Figure 4 about here)

Second, roads and other transport infrastructure also give households better accessto

markets that may help them engage in awider range of income earning activities. This

diversification not only increasesincome, it can help to stabilise the cash incomes of households,
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and in this manner reduce vulnerability. . Some partial evidence for this point is presented in
Table 5, which contains the results of regression analyses of the number of income earning
activities engaged in by respondent households from the 1996 household survey.® Inthisanalysis,
each one-hour increase in travelling time to the nearest road appears to reduce the number of
income-earning activities by an average of 0.15, which isa 2.6 percent reduction in the number of
activities per extra hour to theroad (column 1). Thisresult isrobust to the inclusion of provincial
and monthly dummies (column 2).
(Table 5 about here)
IV. The Determinants of Poverty in PNG
While the profiles of poverty in PNG are auseful way of summarizing information on the
levels and location of poverty and on the characteristics of the poor, they are essentially cross-
tabulations and no matter how imaginative their uses they are restricted in the number of
dimensionsthat can be varied at onetime (e.g., poverty rates broken down by region of residence
and economic activity of the household head). To answer questions about the effect of a particular
variable, conditional on the many other potential determinants of poverty, requires multivariate
analysis. In particular, multivariate analysis may help show whether geographical pockets of
poverty exist just because people with poor endowments cluster together.?
A common approach to the multivariate analysis of poverty isto definea0-1 variable; hi=1
if the ith household’ s per capita consumption expenditure, ¢ isless than the poverty line, zand

proceed with probit estimation:’
Pr(h =1 i) =F (xi b)
where F isthe standard cumulative normal, and X isthe matrix of explanatory variables. Usually

interest is not centered on the coefficient vector b but on the * probability derivatives,” which can be
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obtained from b and can show the change in therisk of poverty asthe explanatory variables change.
Although this approach ignores the depth and severity of poverty, it might be justified by the
widespread concern of policy makers with the incidence of poverty. But unlike the usual casein
which binary response models are used, the underlying variable that generates h; is fully observed.
Moreover, the parameters of interest — including the probability of the ith household being poor —
can be estimated more directly by regressing ¢; on x; using an estimator such as Ordinary L east
Squares (OL S) — whilst making weaker assumptions about the errors than are needed by probit
models.”®

Rather than using poverty probits, the approach of this paper isto model the determinants of
consumption using OL S and instrumental variable (1V) techniques, and then derive from the
regression model estimates of the various poverty measures following simulated changesin certain
variables. More specifically, the model is of (log) nominal consumption expenditure per adult
equivalent, deflated by region-specific poverty lines— aratio known as the “welfare ratio”:*®

In(c;/z)=x;b +u,

where we initially treat u; as uncorrelated with x;, but then relax that assumption and use an IV
procedure to guard against the case where u; and x; are correlated. Because the poverty measures
are homogeneous of degree zero, the results of the poverty simulations should be the same if the
ratio of the regional poverty lineswas used as a spatial price deflator and the regression was carried

out using variablesin real terms. Normalizing consumption by the poverty line implies that

In (ci / z) <0 for poor households and the probability of theith household’s (log) welfareratio

being less than zero can be derived from the estimated parameter vector b and the standard error of

theregression, s :

prob(In(¢ /z))<0=F (( xiB)/§).3°
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A weighted average of the household probabilities of being poor gives the predicted
incidence of poverty, where the weights are the household sampling weightsin terms of person-
numbers. This same approach can be extended to the simulated poverty gap and poverty severity
measures, when the integrals are solved in terms of the estimated log consumption model. **
Model Specification

A wide range of variables measuring the potential determinants of rural poverty isavailable
from the survey and these are described under the following six headings: demographics,
education, employment and occupations, assets, community characteristics, and geo-climatic
characteristics. Variablesthat directly contribute to the construction of the dependent variable were
ruled out as regressors because of the spurious relationships that may be obtained. In particular,
estimates of the value or possession of household durable goods and dwelling characteristics are
not included among the set of explanatory variables because the imputed use value of durable
goods and dwellingsis already included as a component of consumption.

With these variables available, we specify the following model:

(@) Consumption= f (infrastructure and human capital characteristics, household
demographics, employment and occupation, assets, and environmental variables)

The main explanatory variables of interest, the infrastructure-related variables (and
especially the variable that measures access to roads), were created by asking community leaders
about the average time that it took, with the most commonly used method of transportation (in
amost all cases, walking), to travel from the center of the PSU to variouslocations. There are at
least two possible sources of measurement error in this variable: travel times less than two hours
were based on a categorical variable (0-30 minutes, 30-60 minutes, 60-120 minutes), and the time

from the center of the PSU will not correspond with the time from any particular household,
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especially in some of the more dispersed communities. Consequently, we use an IV approach to
guard against any measurement error problems affecting the inferences.

We were also concerned that the distance to the road, while important, does not capture all of
the relevant differencesin access to infrastructure among villages. It ispossible that although two
villages are situated such that they are the same distance from aroad, once the villagers get to the
road, thoseis one village have to travel further to the center of economic activity than those of the
other. To capturethisadditional effect, we specify avariable (ROAD-STATION) that measures
the “extra” distance from the road to the government station, the headquarters of the district
government and in most cases the location of the region’s main markets and social services. We
also specify an index of market development, based on the combined number of trade stores, public
transport businesses and fresh produce markets located in the PSU. Theindex of market
development is designed to capture the notion that missing markets prevent households from
gaining from specialization, thereby reducing living standards (e.g., minimizing involvement in
cash cropping because of concerns about food market failures).*

In addition to the infrastructure variables, we also created a number of variables that measure
important factors that affect household expenditures. Most importantly for our analysis, we create
anumber of variables to measure the household’ s human capital. Specifically, the household
average of completed school years for those household members over the age of 15 and a binary
variable for whether the household head isliterate are used. Although correlated, something is
gained by specifying these two variables separately. Literacy isabasic functioning, which may
help raise living standards even of those with little connection to the market economy (e.g., semi-
subsistence farmers reading food crop extension bulletins) while years of schooling may matter

both for human capital and screening reasons. Moreover, informal teaching may allow literacy to
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improve even without raising average years of schooling, so it isinteresting to separate the two
variables for policy smulations. Finally, Appendix A contains a description of the remaining
variables that we usein our analysisto control for household demographics, employment and
occupation, assets, and agro-climatic effects, while Table 6 contains summary statistics for the
variablesin the model.
(Table 6 about here)

Estimation Strategy

One potential problem with estimating equation (1) isthat the coefficient on the variable
measuring traveling time to roads could be biased since it is possible that it may not only be the
effect of roads on income that is being picked up but the reverse effect of income on roads. If
areas with higher expenditures (i.e., richer areas) also attract investment in roads (while those with
high levels of poverty do not attract investment), part of the effect of the better environment could
be picked up by the access-to-roads variable. To addressthis, in part, we can try to add variables
that control for the productivity potential of agiven area (in order to “soak up” the unobserved
heterogeneity). Itisfor thisreason that we include five geo-climatic variables (see Appendix A).

Despite including a number of control variables as away to control for the unobserved
heterogeneity, it likely isdifficult, if not impossible, to control for all factorsthat affect
productivity. In order to address the statistical problem that there may also be causation from
poverty to roads we constructed a new variable that we can use as an instrumental variable (IV).* .
To do this, we need a variable that explains roads, but does not explain consumption except
through itsimpact on roads. The variable used (henceforth named JOINNET) measuresthe year in
which the PNG national highway system penetrated into each of PNG’ s districts (equivalent to a

county in the United States — of which thereare 87 in PNG). Our assumption is that having a
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national highway enter a district should stimulate the building of feeder roads, and in this way
reduce the traveling time to the nearest road. Thus, those districts that have had a national highway
for alonger time are likely to have alarger network of feeder roads and households in those areas
should face shorter travel times.

The key “ statistical” feature of JOINNET, however, isthat it is not necessarily correlated

productivity (independent of its effect on the building of feeder roads).

We argue that JOINNET has this characteristic since the year in which the national road network
reaches any given district isin many respects an “accident of geography” (since the national
highway in PNG typically started at the coast and proceeded inland). The penetration of PNG's
national road network into the Highlands region provides an example of this pattern. The national
highway first entered the main districts of Eastern Highlands Province (a province that contains 8
districts) in 1961. But it was not until 1966 that the national highway network reached most of the
main districts of Western Highlands Province (a province that contains 7 districts), in part, because
it first had to be built through Eastern Highlands Province and another adjacent province before it
could reach Western Highlands. The important thing for our analysisisthat thistimingisa
function of the location of any given province or district, asin the case of Eastern Highlands
Province which is closer to Lae (the largest city on PNG’ s north coast and the beginning point of
the Highlands Highway) than is Western Highlands Province. Moreover, and just as important,
the timing of the highway penetration into aregion isnot afunction of the region’s wealth or
productivity. For example, on ascaleof 1 (poor) to 5 (high), the agricultural potential (or
productivity) of the main districtsin Western Highland Province (4.83—a score that means the

Province has very high agricultural production potential) is much greater than those of Eastern

17



Highland Province (which has an agricultural productivity index of 3.00 or only has moderate
potential).**

With avariable such as JOINNET, we can adopt an 1V approach by first using JOINNET to
help explain variation in the traveling time to roads variable, and then the predicted values from
this equation can be inserted into equation (1). If the instrument performsitsrole, the coefficient
on the variable measuring access to roads will be purged of bias due to both endogeneity and
measurement error.

Results from the Deter minants of Consumption Analysis

The results of the basic model of rural consumption estimated using OL S (for the time
being ignoring the possible implications of the endogeneity of traveling time to the nearest road)
arereported in Table 7, column 1.% In general, the model performswell. The goodness of fit
measure, R, is 0.35, sufficiently high for models using cross sectional household data. In addition,
many coefficients of our control variables are of the expected sign and statistically significant. For
example, the results show that there are significant gains from both extra years of schooling and
literacy of the household head in rural areas.® While participation by the household head in the
formal sector does affect consumption levels, the proportion of adults in the household without
access to cash incomes in the previous year does not emerge as a significant determinant of
consumption. Finaly, the pattern of geo-climatic variableis also reasonable: consumptionis
lower for households living in areas characterized by steep slopes, for those in which theland is
subject to inundation, and for those with rainfall that is subject to periodic shortfalls.®’

Even after controlling for the demographic, educational, employment and environmental
factors, the variable measuring access to roads has a negative and significant coefficient. In

particular, astravel time to the nearest road increases (or access decreases), the rural welfareratio
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falls. In other words, remoteness may matter to poverty not just because remote areas tend to have
people with poor endowments of human capital but because rural infrastructure matters directly.
(Table 7 about here)

Of course, whether having proximity to aroad is valuable may depend on what that road
leadsto. In order to explore thisissue, the model was re-specified to include ROAD-STATION,
the variable that measures the difference in traveling time from the nearest road to the nearest
government station. The results show that those households that may be the same distance from a
road, but are further from a government station, have lower consumption, although the effect is not
statistically significant (Table 7, column 2).® Theinclusion of this variable, however, not only
does not weaken the access to roads effect, it makesit slightly stronger. In either the model in the
first or second column of Table 7, the results support our hypothesis that improving access to
transport infrastructure will raise rural consumption.

When traveling time to the nearest road is treated as an endogenous variable, the
performance of the estimation, if any thing, become stronger and the results largely confirm the
previous inferences—lowering travel time from the village to the nearest road raises consumption
(Table 7, column 3). However, while most of the coefficients of the control variables remain the
samein terms of magnitude and significance, the coefficient on the roads variable more than
doubles in absolute magnitude.® The larger negative effect of access-to-roadswhen 1V is used
suggeststhat in PNG the causation from wealth to roads is relatively unimportant. Instead,
assuming the IV approach isvalid, therisein the absolute value of the coefficient is consistent with
the observation that perhaps the coefficient in column (1) was suffering from attenuation bias due

to measurement error.*
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While the resultsin columns (1) to (3) of Table 7 appear to provide firm support for the
hypothesis that road access affects consumption and poverty, the possibility remains that
uncontrolled price variation within regions is causing the results. The deflation by the poverty line
has only controlled for price variation between regions, but it is apparent from Figures 3 and 4 that
priceswill also vary with road access within regions. Therefore, in order to make pure welfare
comparisons among areas, we need to isolate the effect of access to roads on consumption
separately from that of the effect of access on prices. To do so, we re-calculated the food poverty
line, separately for each individual community, and used this as a deflator for real consumption.
Theresults of re-estimating the model using this new dependent variable arein column (4) of Table
7. When we use this new variable, which has a higher variance than the original welfareratio (the
one adjusted by aregional price deflator), the general performance of the model deteriorates
somewhat. Specifically, the R statistic and t-ratios of anumber of variablesfall. However, the
sign, magnitude and significance of the instrumental variables estimate of the coefficient on the
access to roads variable is unaltered, and if anything, its magnitude actually rises somewhat.**
Poverty Alleviation and Investmentsin Infrastructure

Table 8 reports the results of various poverty simulations done with the model in Table 7,
column 1 (although we also report the results of asimulation for the model in column 3). The
beneficial effect of increasing literacy, schooling and accessto roads is readily apparent from these
simulations. The incidence of poverty would fall by 17 percent if all household heads could be
made literate (row 3). Although the incidence of poverty would fall by only 3.04 percent (row 4),
following aone year rise in average school years per adult, if the average schooling in rural PNG
was raised from the current level, 3 years, to a minimum of an elementary (middle) school

education, poverty could fall by more than 10 (20) percent. The depth and severity of poverty
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measures would fall by a greater percentage since those in greatest poverty currently have the least
access to education (rows 3 and 4, columns 2 and 3).
(Table 8 about here)

Increasing access to roads al so has an independent effect on decreasing poverty. Using the
coefficient on the access-to-roads variable from Table 7, column 1, the headcount index would fall
by 5.36 percent if the travelling time to the nearest road could be cut to 3 hours for those
communities where the road is currently, on average, more than 3 hours away (Table 8, row 5).
Cutting the travel time to two hours drops the headcount marginally more (by 5.77 percent—row
6). The poverty gap and severity indicesdrop more (columns 2 and 3). Although we do not show
itin Table 8, the magnitude of the fall in the headcount index more than doubles (falling by 11.84
percent), when we use the 1V coefficient on the traveling time to roads variable from Table 7,
column 3. Clearly, however, regardless of the nature of the poverty experiment (cutting the access
to road by 2 or 3 hours) and no matter from what equation we take the coefficient for the poverty
simulation, reducing traveling time to key social services and economic activity by bringing the

road network closer to PNG’ svillagesislikely to reduce poverty.

V. Conclusions
Our results appear to support the argument that poor areas have the least access to
infrastructure and so people in those areas may benefit the most from new investments. Thus,
infrastructure spending, whether on new assets or maintenance of existing facilities, can provide a
form of targeted interventions that favors the poor. Thisisan especialy relevant finding for PNG,

in part because the existing infrastructure is so poorly developed, and the returns to such projects
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high. But more importantly, infrastructure spending may be one of the few feasible means for
policy interventions to reach the poor in PNG.

In many cases the results of poverty measurement and profiling exercises might be useful as
inputs into some system of directly targeting the poor, for example, by schemes based on cash
grants, food stamps or other selective subsidies. But in PNG thereislittle capacity to do this
because the vast majority of the poor are located in remote, rural areas and most have only limited
involvement in formal activities. While thereis avalue-added tax, it excludes transactions carried
out ininformal markets. Since the poorest of the poor participate so little in the cash economy, this
means that there islittle scope for targeting the poor by setting lower tax rates on basic
consumption itemsthat are formally marketed, such asrice. Other approaches to targeting, such as
supporting cash crop prices, are aso unlikely to be feasible because there is a history of these price
support schemes collapsing in PNG.

Papua New Guinea also is marked by an unusually low capacity of the government to
provide services to the poor, so other agencies such as churchesfill the gap. For example, the
household survey shows that amongst the poorest quartile of the population, 42 percent of the
births taking place outside the home are in church-run health facilities (as compared to 13 percent
in the richest quartile). But it isarather more difficult task for churches and NGOs to build major

infrastructure such as aroad system, which remains an obvious role for the state.
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Appendix A
Definition of Control VariablesUsed in Poverty Analysis of PNG

In this appendix, we provide an explanation of the control variables that we usein our
analysis of the determinants of expenditures. The discussion of the main variables of interest, the
infrastructure variables and the human capital variables are in the text in Section 1V.

Demographics: A linear and quadratic term in household size, the number of children (below
age 15) and number of elderly (above age 50) household members, plus linear and quadratic terms
in the age of the household head and a binary variable for female-headed households are included.
The welfare interpretations of some of the demographic variablesis unclear because, for example,
the effect of household size may just be due to the excluded effects of scale economiesin
consumption within households, although attention has been paid to the differing costs of children
and adults.*

Employment and occupation: the household head’ s main source of income was grouped into
four occupational classifications—formal sector, tree crop farmer, food crop farmer, and minor
occupations (hunting, fishing, firewood selling and making of artifacts). In addition, the proportion
of adultsin each household who had no sources of cash income over the past 12 months was
included. This variable could be considered a measure of unemployment because the absence of a
labour market in most areas of PNG makes the usual definition of actively seeking work somewhat
inapplicable.

Assets: the survey did not collect information on land holdings, dueto (i) the difficulty of
measuring thisin a system of customary tenure with widely scattered plots, and (ii) the sensitivity
of the issue following arecent failed land registration drive. But data on the number of pigs, which

arethe major type of livestock, are available and used. Also used isadummy variable for whether
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the household owned major agricultural capital goods (trucks, tractors, sprayers, coffee pulpers,
cocoa fermentaries and copradriers), where these goods — with the possible exception of trucks —
were not included in thelist of household durables and so should not be spuriously related to
consumption expenditure.

Geo-climatic characteristics: Consumption and several of the household and community
characteristics are likely to be affected by various agroecol ogical factors that impact the
productivity of land. Failureto control for this omission of relevant variables will give biased
results. For example, consumption and ownership of agricultural capital goods are both likely
lower in areas of poor agricultural potential, leading to a spurious positive effect if thereis no
measure of agricultural potential inthe model. Similarly, factors that can make it difficult to build
roads, such as steep slopes and waterlogged and inundated soils, can also reduce the agricultural
potential and lead to lower expenditures. To control for these factors we include five geo-climatic
factorsin the model—the elevation (measured in meters); adummy variable that equals oneif the
average slope of the land in the area of the sampling unit is greater than 10 percent; a dummy
variable that equals oneif the land is susceptible to flooding; adummy variableif the sampling unit
is not susceptible to periods of severerainfall deficits; and the annual level of rainfall (1000 mm).
The data for these variables come from Papua New Guinea Resource Inventory System (PNGRIS)

and are available for each resource mapping unit (RMU) in PNG.*
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Table 1. Poverty Measuresin PNG in 1996 by Region

Headcount Index Poverty Gap Index Poverty Severity

Index  Contribution Index Contribution Index Contribution Share of tota

to total (%) to total (%) to total (%) population
National Capita Dist. 16.3 3.0 3.8 2.3 1.4 1.9 55
(4.3 1.4 (0.7)
Papuan/South Coast 30.0 14.8 9.8 16.1 4.3 16.4 14.9
(5.9 (2.8 1.5
Highlands 26.0 34.6 8.0 35.1 3.4 34.7 40.1
(4.0 @7 (0.9
Momase/North Coast 38.8 37.5 11.2 35.9 5.0 36.9 29.2
(5.0 (2.4 1.5
New Guinealdlands 29.8 10.2 9.3 105 3.8 10.1 10.3
(6.4) 3.1 1.8
PNG 30.2 100.0 9.1 100.0 3.9 100.0 100.0
(2.5 1.1 (0.6)
Urban 114 57 2.2 3.7 0.7 2.6 15.1
(3.6) 0.7) (0.3
Rural 33.5 94.3 10.3 96.3 4.5 97.4 84.9
(2.9 1.3 (0.7)

Source: Authors Household Survey.
Note: Standard errorsin (). Results are corrected for the effect of clustering, sampling weights and stratification.



Table2. School Attainment, Illiteracy, and Accessto Health Carein PNG' sMajor Rural Regionsin 1996.

Percent of Rural

Percent of Rural Population with

School Attainment of Population that Never Poor Accessto

Adults (%) Attended Schoal Illiteracy Rates (%) Hedlth Care

Papuan/South Coast 52 31 41 50
Highlands 44 57 65 63
Momase/North Coast 51 37 44 65
New Guinealdlands 68 18 22 46

Source: Authors Household Survey
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Table3. Travel Times (in minutes) to Roads, Schools, and Health Servicesin PNG’sMajor Rural Regionsin

1996.
Nearest Nearest
transportation, community
including nearest Nearest aid school (or
road, airport or boat post (nursing elementary Nearest high
Nesarest road dock station/clinic) school) school

Papuan/South Coast 93 57 67 75 213
Highlands 256* 53 66 58 134
Momase/North Coast 95 76 76 70 297
New Guinealslands 67 21 28 19 98

* Two Highland census units are outliers. One community is 30 hours from the nearest road, but only 6 hours from the
nearest airstrip. The other is 24 hours from the nearest road, but only 15 minutes from the nearest airstrip.

Source: Authors Household Survey
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Table4. Distribution of Poverty by Accessto Servicesin Rural PNG in 1996.

Headcount Poverty gap Poverty severity  Share of

Distanceintimeto nearest Index Contribution Index Contribution Index Contribution total pop

road or school (%) tototal (%) (%) tototal (%) (%) tototal (%) (%)

Rural PNG 335 100.0 10.3 100.0 45 100.0 100.0
(2.9 (1.3 (0.7)

Road < 30 minutes 29.8 58.6 8.6 551 36 530 659
(3.4 (1.5) (0.9

30 £ road < 60 minutes 18.2 54 46 45 19 44 10.1
(8.5) (2.2 (1.2

60 £ road < 120 minutes 56.7 11.4 193 125 8.7 13.0 6.7
(9.2 (3.6) (2.3

120 minutes £ road 47.6 246 16.6 2718 1.7 26 173
(5.9 (2.9 a.7)

School < 30 minutes 312 48.7 10.3 522 438 553 524
(4.0 (2.0 (1.2

30 £ school<60 minutes 22.8 148 6.7 141 3.0 144 217
(6.2) (2.4) (1.4)

60£school<120 minutes 49.0 20.1 122 16.1 41 124 137
(5.3 (2.0 (2.0

120 minutes £ school 45.0 16.4 14.9 176 6.6 17.8 122
(7.0 (3.2 (2.9

Note: "School” refersto community (or el ementary) schools.
Standard errorsin (). Results are corrected for the effect of clustering, sampling weights and stratification.
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Table5. Regression Estimates of the Deter minants of the Number of Income
Earning Activities of Surveyed Householdsin 1996.

@) 2

Hours to nearest -0.147 -0.138
road (3.80)** (2.42)*
Number of adults 1.424 1.481
in household (4.57)** (4.83)**
Number of adults, -0.042 -0.043
squared (1.35) (1.39)
Elevation exceeds -0.957 0.373
1200m (1.74)+ (0.31)
Dry: rainfall -0.025 1.239
<2500mm (0.04) (2.47)
Urban Census -2.558 -0.599
Unit (2.30)* (0.67)
Controlsfor each No Yes
province
Controlsfor each No Yes
month
Constant 2.732 -1.956
(4.17)** (1.87)+
F-statistic 24.13** 19.92**
R 0.22 0.38

Note: Absolute value of t-statisticsin parentheses, corrected for clustering, stratification and weights.
+ significant at 10%; * significant at 5%; ** significant at 1%. Sample has N=1144 observations.
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Table 6. Descriptive Statisticsfor the Model of Rural Poverty (N=830).

In (real expenditure per adult equivalent)®
Demogr aphics

Household size

Number below age 15

Number above age 50

Age of household head (years)

Dummy: Female-headed household
Education

Dummy: Household head isliterate
Average years of schooling of adults
Employment and occupation
Dummy: Head' s income from minor sources’
Dummy: Head istree crop farmer
Dummy: Head isin formal sector

% of adults with no cash income sources
Assets

Dummy: Owns agricultural capital goods®
Number of pigs owned

Community characteristics

Index of market development®

Traveling time to nearest road (hours)
Traveling time (Govt. Station minus Road)
Geo-climatic variables

Elevation (* 000 metres)

Dummy: Slope > 10 degrees

Dummy: land inundation occurs

Dummy: Rainfal deficit israre

Annual rainfall (‘000 mm)

Mean Std Dev. Minimum Maximum
0.429 0.763 -1.608 3.170
5.709 2.917 1 18
2.458 1.853 0 11
0.408 0.708 0 5

40.410 12.783 18 85
0.079 0.269 0 1
0.485 0.500 0 1
3.107 2.750 0 12
0.036 0.187 0 1
0.433 0.496 0 1
0.185 0.388 0 1
0.261 0.322 0 1
0.189 0.392 0 1
2.213 3.387 0 26
7.050 6.802 0 36
3.215 7.275 0.25 30
0.576 5.080 -23 38
1.053 0.731 0.3 2.6
0.680 0.467 0 1
0.234 0.424 0 1
0.332 0.471 0 1
2.707 0.728 1.25 45

Note: Means and standard deviations based on household sampling weights. The excluded dummies are male
household head, illiterate head, household head’ s main occupation isfood crop production, household owns no
major agricultural capital goods, the PSU isin aresource mapping unit with slope less than 10 degrees, no land

inundation and subject to a seasonal rainfall deficit.

4The adult equivalence scale counts children age 0-6 as 0.5 adults and all others as 1.0. Nomina annual

consumption expenditure is normalized by region-specific poverty lines (at national average prices).
®Includes hunting, fishing, firewood selling and making of artifacts.

°Includes trucks, tractors, sprayers, coffee pulpers, cocoa fermentaries and copradriers.
4 Combined number of tradestores, public transport (PMV) businesses and fresh produce marketsin the PSU.
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Table 7. Estimates of the Model of L og Welfare Ratio for Rural Households (N=830).

Roads Exogenous Roads Endogenous
1) ) ©) (4)
Demogr aphics
Household size -0.117 -0.116 -0.113 0.022
(3.45)** (3.40)** (3.08)** (0.58)
Household size, squared 0.005 0.005 0.004 -0.002
(3.30)** (3.32)** (2.65)* (0.95)
Number below age 15 -0.056 -0.058 -0.058 -0.017
(2.45)* (2.57)* (2.41)* (0.47)
Number above age 50 0.011 0.007 -0.020 0.021
(0.29) (0.15) (0.37) (0.27)
Age of household head (years) -0.009 -0.010 -0.010 0.004
(0.87) (0.92) (0.93) (0.33)
Squared age of household head 0.000 0.000 0.000 -0.000
(0.77) (0.75) (0.69) (0.58)
Dummy: Female-headed household -0.089 -0.090 -0.149 -0.092
(0.99) (0.96) (1.50) (0.72)
Education, employment & occupation
Dummy: Household head isliterate 0.206 0.196 0.187 0.078
(3.66)** (3.53)** (3.58)** (1.14)
Average years of schooling of adults 0.021 0.020 0.008 -0.014
(1.68)+ (1.65) (0.58) (0.72)
Dummy: Head' s income from minor sources -0.333 -0.340 -0.360 0.074
(2.99)** (3.10)** (3.12)** (0.41)
Dummy: Head istree crop farmer -0.101 -0.098 -0.064 0.073
(1.26) (1.24) (0.82) (0.76)
Dummy: Head isin formal sector 0.356 0.349 0.388 0.108
(3.61)** (3.60)** (4.32)** (1.05)
% of adults with no cash income sources -0.079 -0.046 0.131 0.314
(0.80) (0.45) (0.83) (1.52)
Assets
Dummy: Owns agricultural capital goods 0.266 0.269 0.272 -0.031
(4.23)** (4.31)** (4.21)** (0.45)
Number of pigs owned 0.012 0.012 0.010 0.013
(1.55) (1.48) (1.26) (1.24)
Community characteristics
Traveling time to nearest road (hours)? -0.014 -0.017 -0.040 -0.053
(3.20)** (3.58)** (2.19)* (2.18)*
Index of market devel opment 0.000 -0.000 -0.007 -0.003
(0.02) (0.06) (0.84) (0.28)
Traveling time (Govt. Station minus road—
ROAD-STATION) -0.010
(1.34)
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Geo-climatic variables

Elevation (‘ 000 metres) 0.129 0.116 0.155 0.199
(1.71)+ (1.55) (1.90)+ (2.27)*
Dummy: Slope > 10 degrees -0.484 -0.485 -0.489 -0.394
(5.58)** (5.73)** (5.55)** (3.14)**
Dummy: land inundation occurs -0.189 -0.206 -0.212 -0.193
(1.79)+ (1.96)+ (1.94)+ (1.32)
Dummy: Rainfal deficit israre 0.453 0.450 0.481 0.202
(3.35)** (3.35)** (3.29)** (1.29)
Annud rainfall (‘000 mm) -0.292 -0.287 -0.294 -0.172
(3.44)** (3.45)** (3.43)** (2.10)*
[ ntercept 1.950 1.991 2.096 1.273
(5.06)** (5.25)** (5.62)** (3.32)**
Poverty line used to deflate consumption: Regional Regional Regional Community
R 0.353 0.357 0.314 0.051
Standard error of disturbances (s)° 0.613 0.612 0.613 0.699
Zero-slopes F-test® 10.90** 10.77** 11.77** 1.73+

Note: Results corrected for the effect of clustering, sampling weights and stratification; + significant at 10%;

* dgnificant at 5%; ** significant at 1%. For notes on definition of variables see Table 6.

#Treated as endogenous in columns (3) and (4), with “Y ear joined” used as the instrumental variable.

®With a pseudo-maximum likelihood model on complex sample survey data, s can be viewed as a variance in
terms of the population distribution, which is assumed normally distributed.

“Thisis an adjusted Wald (W) test: (d -k +]/kd)W~F (k,d - k+1), where d is the number of clusters minus
the number of strata (60), and k is the number of slope variables (StataCorp, 1999).* In column (1), (3), and (4)
the degrees of freedom are (2239 and in column (2) (23.3g).
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Table 8. Simulated Effect of Certain Changes on Rural Poverty in Papua New Guineain 1996.

Headcount Poverty gap Poverty severity

(Percent change from baseline predicted values)

Basdline: Actual values 33.51 10.31 451
Basdline: Predicted values 32.59 11.27 5.39
Increase literacy rate of household heads to 27.21 8.85 4.05
100 percent (-16.52) (-21.48) (-24.79)
Increase household average school years per 31.60 10.83 5.15
adult by one year (-3.04) (-3.89) (-4.48)
Decrease traveling timeto road to 3 hoursfor 30.85 10.35 4.83
communities where currently > 3 hours (-5.36) (-8.19) (-10.27)
Decrease traveling time to road to 2 hoursfor 30.72 10.29 4.80
communitieswhere currently > 2 hours (-5.77) (-8.74) (-10.90)

Note: Each simulated change is considered in isolation of the other changes. The model used to predict poverty
isreported in Table 7, column (1). The percent change from baseis calculated from the predicted baseline
values.
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Figure 3. Effect of Accessto Transport Facilities on Price of Sweet Potato
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Figure 4. Effect of Accessto Transport Facilitieson Consumer Price of Rice
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Notes

* Corresponding author is John Gibson, Department of Economics, University of Waikato, Private Bag 3105,

Hamilton, New Zealand. Fax: (64-7) 838-4331. E-mail: jkgibson@waikato.ac.nz. We are grateful for helpful

discussions with Meera Bhatia, Gaurav Datt, Alan deBrauw and William Scribney and to the comments of two
anonymous referees. We want to give special thanksto Bryant Allen, who provided comments and helped with some
of thekey variables. Thisresearch was originally part of aWorld Bank poverty assessment for Papua New Guinea, for
which financia support from the governments of Australia (TF-032753), Japan (TF-029460), and New Zealand
(TF-033936) is gratefully acknowledged.

1. Although there isless understanding of the relationship between the level of investment in basic
infrastructure and poverty than other aspects of poverty allevation (e.g., migration or agriculture), economists have
begun paying attention to the infrastructure linkages that bind rich and poor areas together and the impact of these on
growth (for example, Hans Binswanger, Shahidur Khandker, and Mark Rosenzweig, “How Infrastructure and Financial

Institutions Affect Agricultural Output and Investment in India,” Journal of Development Economics 41 (August 1993):

337-66; World Bank, World Devel opment Report 1994: | nfrastructure for Development, (Washington, D.C: World

Bank, 1994); Dominique van de Walle and Kimberley Nead, Public Spending and the Poor: Theory and Evidence

(Washington, DC: Johns Hopkins University Press and the World Bank, 1995); Hanan G. Jacoby, “ Access to Markets

and the Benefits of Rural Roads,” The Economic Journal 110 (July 2000): 713-37; Dominique van de Walle,

“Choosing Rural Road Investments to Help Reduce Poverty,” World Development 30 (April 2002): 575-89.

2.World Bank, Infrastructure for Development

3. Michedl Lipton and Martin Ravallion, “Poverty and Policy,” Handbook of Development Economics, eds.

Jere Behrman and T.N. Srinivasan, (Amsterdam: North-Holland, 1995).

4. van de Walle, “Choosing Rural Road Investments to Help Reduce Poverty,”; Shenggen Fan, Peter Hazell
and Sukhadeo Thorat, “Linkages between Government Spending, Growth, and Poverty in Rura India,” (Research
Report 110, Washington, D.C.: International Food Policy Research Institute, 1999).

5. World Bank, Papua New Guinea: Poverty and Access to Public Services, (Washington, D.C.: World Bank,

1999). Indeed, PNG is a country that has one of the most fragmented highway networks and most difficult terrainin the
world. Inastudy on the benefits of rural roadsin Nepal, Jacoby, “Accessto Markets and the Benefits of Rural Roads,”

claims he has chosen an interesting place to work because of the extreme need for roads. The mean travel timein
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Nepal between the average household and the nearest marketing center is 2.8 hours. Arguably, however, PNG’srura
communities are even moreisolated. The average travel time to the nearest government station (which is the closest
thing in PNG to a Nepali market town) ismorethan 3 hours. The average travel time to the nearest road is 2.5 hours.
Moreover, this geographic isolation is exacerbated by extreme social-ethnic heterogeneity. Within the confines of a
nation with only 5 million people, the population is home to 850 separate languages, one-seventh of the world' stotal.

See Barbara Grimes, Ethnologue: L anguages of the World, (Dallas, TX: Summer Institute for Linguistics, 1992).

6. Gaurav Datt and Dean Jolliffe, “ Determinants of Poverty in Egypt,” (Discussion Paper No. 75, Washington
D.C,, International Food Policy Research Ingtitute, 1999).

7. Thiswas established from an agricultural mapping project. See Bryant Allen, Michael Bourke and Robin
Hide, “The Sustainability of Papua New Guinea Agricultural Systems: the C Global

Environmental Change 5 (September 1995): 297-312.

8. In order to generate avalue for foods that were self-produced, enumerators asked respondents to provide an
estimate for how much each self-produced item was worth. Since such estimates may be subject to reporting error, we
wanted to make sure that using respondent-reported unit values (the value of the production divided by the quantity of
production) did not produce biased estimates of expenditure. As arobustness check, we find that the estimate of
average expenditure for the sampleis unchanged if the respondent-reported val ues are replaced by either the cluster
medians of the unit values or the cluster averages of market prices. See John Gibson and Scott Rozelle, “ Results of the
Household Survey Component of the 1996 Poverty Assessment for Papua New Guinea,” (Discussion Paper, Poverty
and Human Resources Division, Washington D.C., World Bank, 1999).

9. Travel timeto the nearest road or alternative mode of transportation (e.g., plane or boat) in PNG is not
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