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Economic Importance of
Nonmotorized Transportation

WALTER HOOK

The use of nonmotorized transportation (NMT) is not an indication of
underdevelopment. Instead, higher levels of nonmotorized vehicle use
can have a positive impact on economic growth. Extensive use of NMT
may be one factor explaining higher domestic savings and investment
rates in Asia, which in turn are related to the region’s superior growth
performance. Conversely, the relative lack of nonmotorized vehicle use
in Africa may be related to lower levels of domestic savings and immo-
bility among the poor. The availability of intermediate, appropriate
transportation technologies has important economic advantages, which
is demonstrated. The economic benefits of nonmotorized vehicle use
are largely overlooked in most cost-benefit procedures because they
ignore nonmotorized modes. The economic benefits of nonmotorized
transport are investigated from macroeconomic and microeconomic
perspectives. )

The use of nonmotorized transportation (NMT) is not an indication
of underdevelopment. Instead, higher levels of nonmotorized vehi-
cle use can have a positive impact on economic growth. Extensive
use of NMT may be one factor explaining higher domestic savings
and investment rates in Asia, which in turn are related to the
region’s superior growth performance.

MACROECONOMIC PERSPECTIVE
NMT and Underdevelopment

Many people tend to equate the bicycle with underdevelopment,
and bicycle use with less developed countries, but this view is sta-
tistically insupportable. Using a sample of more than 40 cities
around the world (Figure 1), bicycle ownership per 1,000 popula-
tion rises consistently with increasing incomes, as does car owner-
ship. In other words, the higher the per-capita income, the higher the
number of bicycles per 1,000 population. Bicycle ownership and car
ownership levels tend to rise and fall together.

Even the United States has an extremely high level of bicycle
ownership per 1,000 population. In the Central and Eastern Euro-
pean countries, public transit use has fallen since 1989 but both
motor vehicle ownership and bicycle ownership have risen sub-
stantially, and growth rates for bicycle ownership are faster than
growth rates for private cars in cities such as Budapest, Hungary,
and Krakow, Poland (7). Bicycle ownership and use also exploded
in China after 1989, explaining most of the sharp, recent upsurge in
global bicycle use and production (2). In sub-Saharan Africa in the
past decade both motor vehicle fleets and bicycle fleets fell in the
1980s (3). Thus, when countries accumulate more wealth, their resi-
dents tend to own more bicycles and more cars, rather than fewer
bicycles and more cars.

Bicycle ownership is not necessarily, however, a good indicator
of bicycle use. In countries such as the United States, most people
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who own bicycles use them primarily for recreational purposes. It
may therefore be more instructive to look at the degree of correla-
tion between the bicycle’s share of total work trips and the gross
national product (GNP) per capita (Figure 2). In this case, bicycle
and nonmotorized vehicle use vary widely among high-income and
low-income countries. The regression line indicates the level of
bicycle use predicted by GNP per capita alone. The enormous diver-
gence from this line indicates that there is no statistically significant
correlation between GNP per capita and.the number of total work
trips made by bicycle.

If walking trips are separated from bicycling trips, it is seen that
the poorest countries in Africa tend to make very few trips by bicy-
cle (with a handful of exceptions) and many trips by walking. In
Asia, by contrast, countries with low per-capita income (e.g.,
Bangladesh) as well as those with higher per-capita income (e.g.,
Japan) tend to make many trips by bicycle or pedicab. Pedicabs are
used predominantly in the lower income countries, where labor
costs are low and crime is a problem, whereas bicycles are used
mainly in higher income countries with lower crime rates. Isolating
the determinants of variations in bicycle use worldwide would
require a much larger and more sensitive data set.

The level of private motor vehicle use, however, can be predicted
with greater accuracy. In Figure 3 the mode share of the private
motor vehicle in 72 major metropolitan areas is plotted against the
national GNP corresponding to those cities. (Mode share data used
were the most recent figures available. Most of the figures are from
the mid- to late 1980s. This introduces some inaccuracies into the
chart, but there is no systemic bias in the age of the data that should
distort the significance of the observed correlation.) If the level of
GNP were the only variable explaining the level of motor vehicle
mode share, all points should fall neatly on the regression line.
There is not only significant variation from the regression line, there
are significant regional effects. The level of private motor vehicle
use in East Asian cities, where GNP grew at 6.1 percent annually
between 1980 and 1992, is either roughly consistent with or lower
than would be predicted by their GNPs. This contrasts sharply with
Africa, where despite negative growth over the past decade, the use
of private motor vehicles is considerably higher than would be pre-
dicted by GNP. Private motor vehicle mode share is much higher in
Lagos, Nigeria, and Dar es Salaam, Tanzania—which are very
low-income countries and have been growing at less than 0.5 per-
cent a year since 1965—than in Hong Kong, Shanghai, Singapore,
Bangkok, and Tokyo, all of which have averaged over 4 percent
annual growth since 1965.

There is a positive but weak correlation between private motor
vehicle mode share and increasing GNP per capita, but there is no
positive correlation between lower nonmotorized vehicle mode
share and higher GNP per capita. Thus, automobile use increases
with income, but nonmotorized vehicle use may or may not be the
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FIGURE 1 Bicycle ownership and income (10,15)."

mode most likely to be displaced. Anecdotal evidence from around
the world indicates that public transit trips, particularly bus trips, are
as likely to be displaced by increasing private motor vehicle use as
are nonmotorized vehicle trips.

NMT and Macroeconomic Growth

The most dynamic region of the global economy in the past 2
decades has been East and Southeast Asia. In fact, it has been the
successful economic rise of Japan, Korea, Taiwan, and most
recently China that has forced a fundamental reconsideration of
dependency théory and development theory more generally. Many

GNP PER CAPITA

recent studies have tried to identify the key factors in this economic
success (4).

One common element to this economic success pointed out by
theorists from all schools of economic thought is the high level of
domestic savings and domestic investment in Japan and the newly
industrializing countries (NICs). As Barrett and Chin point out, “by
world standards the East Asian NICs were outstanding in their abil-
ity to increase rates of domestic savings and reinvestment during
this period of rapid industrialization” (4). These higher savings rates
not only reduced the cost of capital, which acted as an incentive for
firms to invest in new technology, but also reduced the dependence
on foreign capital. With the possible exception of Indonesia, the
other NICs all managed to avoid the debt trap of the 1980s that
killed economic growth in much of Latin America and Africa.
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FIGURE 2 NMT mode share and GNP per capita (World Bank, 15,16)
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FIGURE 3 Car mode share by GNP per capita by region, 1992 (World Bank).

There is considerable debate in the literature as to what caused
this high level of domestic savings. Many authors argue that high
savings rates result from a cultural propensity to save, but this
appears unlikely given that these savings rates are an entirely
post~World War II phenomenon—for most of the NICs, a post-
1960. phenomenon. It is unclear. why cultural factors would have
suddenly. changed in East Asia after 1960. : .

One possible, often overlooked factor that may have influenced
the propensity to save was the nature of urbanism in East and South-
east Asia. Urban policy in some East Asian countries such as China,
Singapore, and Hong Kong played an important role in constrain-
ing consumption and encouraging savings while at the same time
minimizing domestic labor costs. These two factors may have facil-
itated the competitiveness of East Asian exports. In other words,
the high levels of bicycle use, low levels of motorized vehicle
use, dense urban areas, cramped housing, and congested streets typ-
ical of Asian cities are not a sign of underdevelopment; they are,
instead, the spatial manifestation of the so-called export-oriented
growth model, which lies at the heart of the NICs’ economic
success. ’

As negative growth in Africa and Latin America in the 1980s has
been attributed largely to the debt crisis that led to a net capital out-
flow from many of these countries for nearly a decade, it is signifi-
cant that more than half of low- and lower-middle-income countries
import more than 90 percent of their commercial energy. Low-
income developing countries, excluding China, spent an average of
33 percent of their merchandise export earnings in 1985 on energy
imports, and many of them spent more than 50 percent (5). East
Asia’s transportation systems are less dependent on private motor
vehicles, and NMT is far more important there than in other parts
of the developing world. This insulated them from the shocks of the
oil crisis and the related debt trap.

Firms need to pay their employees sufficient wages to cover the
costs of living and commuting to their jobs. These costs of living
and commuting, however, vary widely between countries. In the

United States, 86 percent of the labor force commutes by private
car, but more than 40 percent of these commuters claimed that they
would commute by an alternative means if it were practicable for
them (6). Under such conditions, each employee must be paid more
than $4,700/year for the purchase and maintenance of an automo-
bile to carry him or her back and forth to work each day (7). Fur-
thermore, taxes must be collected to pay an estimated $2,400/pas-
senger car of public subsidy to make automobile transportation
viable (8). These costs are reflected in the costs of goods produced
in the United States, albeit indirectly. Meanwhile, in a country like
China, where most of the population can commute to work by walk-
ing or bicycling, all of a worker’s commuting costs can be covered
by a one-time $100 investment in a bicycle and less than $25/year
in maintenance. These cost differences will be reflected in the rela-
tive costs of U.S. and Chinese products.

Moreover, the U.S. has sacrificed some 60 percent of its urban
land to road and parking infrastructure to accommodate motor vehi-
cle traffic, compared with about 15 percent in most East Asian
countries (9). The United States has considerable land available per
person, but if China were to have as many automobile operators per
capita as the United States, China would have to pave over 40 per-
cent of its arable land to accommodate all the cars (10).

Japan, which has been growing faster than the United States
throughout the postwar period, possesses the best, most extensive
public transportation system among the countries of the Organiza-
tion for Economic Cooperation and Development, and by far the
lowest level of automobile use, at about 50 percent of total trips
nationally compared with 86 percent in the United States. As a
result, the Japanese spend only 10 percent of their GNP on trans-
portation, compared with 18 percent in the United States (/7).

When high-density urban form, high user fees for automobiles,
low levels of investment in road infrastructure, and other policies
are used to discourage the consumption of private cars, people tend
to save their money rather than spend it on luxury cars. Dedicating
road space to buses and low-cost bicycles instead of to private cars
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and motorcycles encourages savings instead of consumption, allow-
ing for much higher levels of investment and hence faster economic
growth.

Automobile-based transportation systems, such as the ones in the

United States, tend to undermine the realization of agglomeration -

economies, or returns to scale in the provision of transportation and
other basic services, whereas the rail- and bicycle-based trans-
portation systems more typical of Japan and other NICs have led to
the development of higher-density clusters both in central cities and
around rail stations. The low-density U.S. pattern imposes impor-
tant inefficiencies in the provision of many other forms of infra-
structure and public service, such as telecommunications, electric-
ity, water, sewerage, postal service, and drainage. A recent study by
Phillips and Gnaizda (/2) and an older study by the U.S. Depart-
ment of Housing and Urban Development (/3) indicated that the
cost of providing housing in low-density, unplanned suburban areas
was 60 percent higher than that of providing the same number of
units in planned, higher-density areas. More than half of these costs
are underwritten by taxpayers. In low-density sprawling human set-
tlements, the costs of providing roads and streets are 4 to 15 times
higher, the costs of copper pipe and utility pipe for water supply 5
times higher, the costs of providing postal delivery 300 times more
expensive, the costs of heating five times greater, and the amount of
water and electricity consumed were double (/2). Because of the
ability to rely on walking, bicycling, and commuter rail, residents
in Tokyo use a seventh of the gasoline consumed by residents in
large U.S. cities.

The macroeconomic implications of these cost differences, which
are reflected ultimately in the costs of U.S. products, are disturbing.
In Asia, agglomeration economies realized through increasing
returns to scale in the transportation sector tend to be captured in the
form of higher rents. The land intensity of economic activity in Japan
in large measure explains the high rents in Japan. These rents, many
of which are captured by Japan’s largest industrial firms, constitute
an interest-free pool of investment capital that has been used to
finance Japan’s industrial expansion. High rents in turn encourage
investment into the built environment, increasing the efficiency of
Japanese cities as sites of production. This way, higher density
encourages a higher level of gross domestic investment.

Furthermore, countries with higher domestic savings rates do not
need to borrow as extensively from foreign countries. One of the
major reasons that countries became trapped in the debt crisis of the
1980s was to pay for imported oil and imported private cars. For
example, 43 percent of Brazil’s total import bill is for oil, 30 per-
cent of which is consumed entirely by private automobiles that are
used by only the wealthiest 10 percent of the population (5). The
debt crisis in Brazil, which basically halted growth for a decade,
was brought on by the rapid rise in oil prices and the rapid increase
in interest rates on loans to pay for imported cars and oil.

One of the major reasons that the U.S. economy is hemorrhaging
is its trade deficit. U.S. dependence on the automobile also is exac-
erbating the trade deficit. In 1989 Japan produced 9,052,000 pas-
senger cars but consumed only 4,404,000. In the same year the
United States produced only 6,823,000 passenger cars but con-
sumed 9,853,000 (/4). According to the U.S. Commerce Depart-
ment, 65 percent of the United States’ annual trade deficit is related
directly to imported automobiles, which is why they have been the
ongoing focus of U.S.-Japanese trade talks.

Though insufficient data were available to test the specific
macroeconomic impact of nonmotorized vehicle mode share on
economic growth, and urban density indicators also proved to be
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unreliable indicators of agglomeration economies, a path diagram
was developed to indicate the strength of various effects on car
mode share and economic growth (Figure 4).

Figure 4 maps the results of three regressions: the dependent vari-
able is first economic growth, then gross domestic investment, then
motor vehicle mode share. Data on urban density (people per
hectare) and the percentage of total trips made by private automo-
bile in 72 major cities around the world were assembled from vari-
ous sources (15-19) and added to World Bank development report
data and other indicators used by Barro (20) to predict economic
growth rates. (The data tables are available from ITDP, 611 Broad-
way, Room 616, New York, N.Y. 10012.) As possible determinants
of car mode share, the national annual output of oil, presence or lack
of motor vehicle manufacturing facilities, and other variables were
compiled and tested. That data from several cities in certain large
countries such as the United States, Germany, and China have been
used is probably for the better, as greater weight is given to coun-
tries with large populations than ordinary growth tables for which
data from each country are given equal weight.

The regression of economic growth indicated that 80 percent
(adjusted R?) of the variation in economic growth from 1965 to 1990
can be explained by the following variables: average level of gross
domestic investment from 1965 to 1990 (GDI6590 = .82), level of
government expenditure as a percentage of GNP (GOVEXP = .26),
literacy rate in 1960 (LIT60 = .29), car mode share (CARSHARE
= —(.16), and location of the country (whether in Asia) (ASIA =
—0.15), indicating regional growth dynamics. Car mode share and
Asia were not quite significant (T = 1.62 and 1.81, respectively).
GNP in 1992 had no significant direct correlation with economic
growth, nor did a host of other variables. Urban density had no sig-
nificant direct correlation with growth rates. (The density indicator,
people per hectare, does not quite capture the desired concept, as it
is driven primarily by the location of the municipal boundaries.
Data sets with more sophisticated indicators of variations in urban
density are needed.)

Consistent with the author’s theory, growth is driven primarily
by the level of investment. Savings and investment data run roughly
parallel. There is considerable debate in the economics literature as
to whether investment determines the savings rate or savings deter-
mines the investment rate. The author’s inclination is toward the
former view, but because the two are roughly equivalent, it will not
disrupt the model.

The determinants of gross domestic investment proved harder to
predict, with only 47 percent of the variation being explained by
these variables. The strongest predictors of gross domestic invest-
ment proved to be the location of the country (ASIA = .62) and the
level of oil production (OILPROD = .62). Again, Asia reflects the
level of investment driven by Japanese investment and other
regional effects. A high GDP in 1992 (GDP = —0.44) had a nega-
tive impact on investment, which may indicate some validity of the
neoclassical view of diminishing returns to capital (20). Barro’s
political instability indicators—the average number of assassina-
tions per million people per year (ASSASS = —0.43) and average
number of coups d’état and revolutions on average from 1960 to
1985 (REVCOUP = —0.45)—proved to be strong predictors of
investment levels. Each of these variables was significant (r >
1.96). The next strongest predictor of investment levels was car
mode share (CARSHARE = —0.36). This result indicates that
money not spent on cars is more likely to be invested. The variable
was not quite significant at the 95 percent level, however (t =
—1.4). Government expenditure was correlated positively with
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FIGURE 4 Causal path diagram of impact of automobile dependence on economic growth.

gross domestic investment (GOVEXP = .20), and income inequal-
ity was correlated negatively with domestic investment (TOP20 =
—0.14) but neither was significant (¢ > 1, but < 1.96). Indicators
for urban density and for deviations in the exchange rate from pur-
chasing power parity were not significant, nor was the level of oil
consumption. (The author tried to demonstrate negative growth
effects by showing that car use was correlated with higher levels of
oil consumption, and higher levels of oil consumption with lower
levels of domestic investment, and higher debt, but could not
demonstrate any significant set of relationships here. What this may
indicate is that except in times of oil shocks, the effect of automo-
bile dependency on the economy is less a result of its relation to oil
consumption than of the consumption of the vehicles themselves
and their effect on the efficiency of urban form. The data on oil con-
sumption were not complete, however, so it would be worth testing
these relationships again with better data.)

The regression predicting car mode share explained some 75 per-
cent of the observed variation. By far the strongest predictors of car
mode share were GNP per capita in 1992 (GDP92 = .41) and the
amount of oil produced in the country (OILPROD = .40). The level
of oil produced in the country affects car mode share both through
the price of gasoline in the country and the political power of the
domestic oil industry to push for urban policies that support private
motor vehicle users. Getting comparative data from a significant
number of countries that could act as proxies for these policies
would be an area for further research. The next most powerful pre-
dictor of motor vehicle mode share is urban density (URBDENSE
= —0.31). Perhaps with better data this would be higher. Each of
these variables was significant (¢ > 1.96)

The income inequality indicator (percentage of total income going
to the top 20 percent of the population) was also a good predictor of
car mode share (TOP20 = .15), and the variable is almost significant

(t = 1.92). Because in developing countries only the wealthiest peo-
ple can afford motor vehicles, it follows that elite consumption of
motor vehicles would be greater if the elite had more money. This
elite consumption is potential investment capital.

The presence of motor vehicle manufacturing in the country is
also a good predictor of car mode share (MVMANU = .12),
although the variable is not quite significant (# = 1.3). This variable
again captures the power of the domestic highway lobby over
domestic transport and land use policy.

National density proves to be a weak and insignificant indicator
of car mode share. There is no evidence that low car mode shares in
Japan and the NICs are being driven by hlgher national population
densities.

From Figure 4 one can conclude that car mode share has a total
effect of —0.46 (direct plus indirect effects). Of this, .19 is the result
of the correlation between higher GNP, higher car mode share, and
slower growth. Thus, it can be concluded that the total effect of car
mode share on economic growth not caused by higher GNP is
—0.27. These conclusions are tentative because neither of the car
mode share variables is significant with 95 percent assurance. g

Thus,.doing simple regression and correlation analysis of a data
set from 40 major cities around the world from developed and
developing countries lends sstatistical support to the notion that
encouraging bicycle use and discouraging automobile use will
encourage rapid economic growth, largely because of its effect on
the investment and savings rate but also because of its effect on
urban form and the level of oil dependency.

Microeconomic Evidence

Though there is considerable macroeconomic evidence that pro-
moting nenmotorized vehicles and constraining the consumption of
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private automobiles is likely to encourage economic growth, there
is also considerable microeconomic evidence that a major obstacle
to development is extremely low productivity in the movement of
goods and low-income people. Furthermore, these low productivity
levels are not primarily the result of insufficient road infrastructure
but the result of the fact that people with very low incomes cannot
afford to use available vehicle technologies. The importance of non-
motorized vehicles from an economic perspective is that they pro-
vide an intermediate technology that can improve transport produc-
tivity levels dramatically at a cost more affordable to a far greater
percentage of the world’s population than are alternative, motorized
technologies. .

Unfortunately, the infrastructure focus of most governments
and major development organizations such as the World Bank
has resulted in minimal attempts to develop methodologies to
quantify these economic benefits. Left unquantified, these benefits
until recently have been left out of most cost-benefit analyses.
World Bank cost-benefit analyses of road projects in developing
countries increasingly estimate the value of passenger travel time
saved, but these benefits are restricted to road users in motorized
vehicles. Until the recent initiative by the World Bank, the benefits
and costs to nonmotorized road users—such as pedestrians,
bicyclists, informal cart vendors, and rickshaw. drivers—had never
been measured, nor had a methodology for their measurement been
developed.

For example, in recent economic assessments for a highway and
traffic realignment project in Shanghai, China, which planned to
ban bicycle use on major downtown streets, only a minimal attempt
was made to estimate the economic impact of the project on bicy-
clists and pedestrians, despite the fact that 71 percent of all trips in
the area are made by these modes (21).

New road projects can have severe negative impacts on non-
motorized vehicles, either as a result of banning them from the new
road or by creating severance problems in which people wishing to
cross the road have to travel long distances or cross awkward over-
passes to reach their destinations. Although these severance effects
are now included in World Bank environmental impact assessment
guidelines (22), they are ignored in all economic assessments, even
though they have serious travel time and hence economic implica-
tions for what are in some cases the users of the predominant mode.

On the other hand, the important positive economic effects of the
inclusion of lanes for slow-moving vehicles, nonmotorized vehicle
parking at public transit stations, and other infrastructure invest-
ments are also ignored, not to mention their enormous impact on
road safety. :

Not valuing these factors has been justified in part by the fact that
it is administratively very difficult and expensive to collect data on
nonmotorized vehicle users, data that are highly dependent on local
conditions. However, as long as these factors remain exogenous
there is no way to estimate their economic significance.

Some have argued that travel time is not important in countries
with high levels of underemployment, but recent analysis of labor
patterns in less developed countries indicates that the problem is
less underemployment than it is very low—productivity employ-
ment. Transportation is an important part of this low productivity.
In Beira, Mozambique, women involved in primarily subsistence
agriculture spend as many as 3.36 hr/day transporting agricultural
materials and produce and another 3.6 hr/day transporting water and
firewood for the household (23). Spending 7 hr/day on transport-
related tasks on top of child rearing and education and household
maintenance tasks can hardly be called underemployment, but it is
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certainly an example of low-productivity employment. This low
productivity in transportation can greatly inhibit the ability to ded-
icate labor to agricultural or supplementary income-generating
activities.

A similar study in Tanzania indicated that women spend 1,648 hr
and men spend 531 hr/year on transporting basic necessities. In
Ghana, women spent roughly 980 hr/year on transport, with 30.per-
cent related to marketing crops, 30 percent related to direct agricul-
tural production, and 40 percent related to household maintenance
activities, mostly collecting water and firewood (24,25). Whether or
not these production activities are in the modern sector of the econ-
omy, it is clear that these people are not underemployed so much as
their productivity level is very low, largely because of the lack of
proper mobility.

Whether the level of an individual’s production is generating
enough surplus to produce goods for trade in the market or not, the
time it takes to generate sufficient economic output for survival
should have a value roughly equivalent to the subsistence wage.
Therefore, whether the time of the person saved by a transport
improvement is remunerated, it should be valued at roughly the
equivalent of at least the subsistence wage. Unless these economic
activities, which are critical to the economic development of almost
all developing country populations, are given much greater value in
cost-benefit procedures, the emphasis of World Bank lending on
infrastructure projects that may have minimal impact on most of the
population will continue. .

Another reason that economic impacts on nonmotorized road
users have long been ignored is that many of the factors affecting
nonmotorized vehicle use will be policy issues rather than infra-
structure issues, and economic evaluation methods until recently
have been less than adept at measuring the economic effects under
a diversity of policy regimes. It may be the case that increases in
motorized traffic speeds alone will act as a barrier to the use of road
infrastructure by nonmotorized modes. Bicyclists may fear for their
safety in the absence of lanes to separate nonmotorized from motor-
ized vehicle users. Banning nonmotorized vehicles from using or
crossing high-speed roads will.obviously have a serious negative
impact on nonmotorized road users, but again this results from a
policy decision, not from the improvement of the infrastructure per
se. Cost-benefit analysis, if it is to measure real economic costs,
must be able to measure the economic costs and benefits of these
policy options. Many policy decisions besides the build/no build
options are all too often ignored. »

Until recently, the only way that nonmotorized vehicles enter
World Bank cost-benefit analysis is as a negative externality on
motorized traffic (26). In other words, it treats slow-moving vehicles
in the same way it treats low pavement quality, as a factor consid-
ered only in light of its negative impact on the travel time of motor-
ized vehicles. This negative impact is real, and should be incorpo-
rated into the model, but in the same sense, the presence of too many
motorized vehicles could be argued to be a major cost to nonmotor-
ized users. These costs must also be calculated. Thus, the economic
impacts of a change in road policy (such as segregating traffic into
motorized and nonmotorized lanes or banning nonmotorized vehicle
traffic) or a road investment (widening or straightening the road) on
all vehicles must be considered, not just the impact on motorized
road users. Otherwise, the economic impact of a policy such as ban-
ning nonmotorized vehicles will have a higher economic return than
providing a slow-moving vehicle lane, as the roadside friction would
be removed at what would be measured as zero cost, ignoring the
harm done to the nonmotorized road users themselves.
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The economic costs and benefits of the impact of road projects
and policies on nonmotorized road users can be estimated in the fol-
lowing way. Transportation services do not offer an infinite number
of trade-offs between travel time, trip cost, trip comfort, and trip
safety. As a result, people taking one mode may actually have been
willing to pay more or less to take a slower or faster mode were it
an option.

Thus, the impact of a change in road quality, road policy, or other
transportation-related investment could have the following effects
on nonmotorized transport:

e It could induce people to switch between bicycling or walking
and a more expensive mode (bus, paratransit) that may or may not
be faster,

¢ [t could induce people to switch between bicycling and a more
or less expensive and slower mode such as walking or animal or
pedicab, or

o [t could speed or slow the travel time and affect the mainte-
nance costs of all current nonmotorized users. '

When a slow-moving-vehicle lane is added to a road, for exam-
ple, the benefit of such a change can be measured by taking the net
present value of a stream of benefits into eternity calculated by
adding

e The money saved in a particular period by all generated non-
motorized road users who formerly used a more expensive mode
minus the value of any time lost related to switching modes,

e The value of the time saved by all new nonmotorized road
users who used to walk minus the increased costs of the trip related
to bicycle ownership and maintenance, and

o The value of the increased or decreased travel time costs for all
current nonmotorized users.

It is important to point out that the nature of the road infrastruc-
ture, whether there are lanes for slow moving vehicles or not, is
often less important as an issue than the availability of nonmotor-
ized vehicles. Often the lack of up-front capital for low-income peo-
ple to buy the vehicles, lack of facilities to rent nonmotorized vehi-
cles, and an underdeveloped private sector engaged in
nonmotorized vehicle production or importation are larger prob-
lems than the nature of the infrastructure. This is an important point
because it may be that World Bank projects focusing on these pro-
jects will show a higher rate of return than projects focused specif-
ically on infrastructure.

Example of Shift from Bus to NMT

In one area of Masaya, Nicaragua, for example, the average per-
son spent $442/year to commute to a job downtown by bus. At
the time, shortages of oil and spare parts resulted in buses that
were overcrowded, moved very slowly, and broke down often.
With a bicycle one could make the trip in roughly the same amount
of time, or slightly less time, for the cost of a $99 bicycle and
$24 in annual maintenance. The savings in 1 year of using the
bicycle rather than the bus were $319. In this case the obstacle to
bicycle transportation was not the nature of the infrastructure but
the lack of up-front capital to purchase the bicycle. It should,
however, be possible in the case of a change in road infrastructure
to study the impact of the change on generated nonmotorized
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vehicle traffic. Though predicting the impact on nonmotorized
vehicle traffic levels of a particular investment is likely to have a
wide margin of error, this problem is endemic in cost-benefit analy-
sis in the transportation sector. The bigger problem is that there are
very few studies (perhaps none) on which to develop a predictive
model.

Example of Shift from Walking to NMT

In many poor countries, the inclusion of nonmotorized vehicle lanes
(assuming nonmotorized vehicles are available) may lead to a shift
from walking to NMT. The benefit is primarily in the form of travel
time. Changes in travel time should be measured at some fixed frac-
tion of at least the minimal survival wage rate in the country. In the
studies in Beira, Mozambique, NMT was able to decrease the travel
time by 50 percent over walking. Given total travel time, residents
were able to save some 72.9 hr/month. The average subsistence
wage in the area was roughly $0.10/hr, which gives an estimated
economic value of the time saved at $7.29/month. Whether this
value is justified could be determined by a study of the impact of the
saved travel time of total aggregate personal income, but such stud-
ies do not exist. The costs of vehicle ownership and maintenance
then must be deducted from this value.

Economic Development Impacts

Measuring the economic development benefits of an infrastructure
project is complex. Economic development benefits for motorized
vehicle users are rarely included in economic assessment proce-
dures, and are not included in the HDM model. If economic devel-
opment benefits to motorized users are included, however, some
effort to measure the economic development impacts to nonmotor-
ized users should also be made.

One economic benefit of making NMT options viable is that it
allows microenterprises to expand the market area for their goods.
In the case study in Beira, Mozambique, the introduction of non-
motorized modes allowed local fishermen to bypass middlemen,
with an enormous impact on their income. During the fishing sea-
son (6 months a year), the ability of fishermen to use nonmotorized
vehicles to take their goods directly to market and bypass middle-
men increased their income by $90.05/month. From an aggregate
economic perspective, however, the economic benefit would have
to be calculated using welfare economics, adding the new income
to the fishermen and the increased consumers resulting from a fall
in the price of fish in the market minus the fall in income of the
middlemen.

It must be again pointed out that the benefit came not from
changing the road infrastructure or road policy but from over-
coming market failures inhibiting the access to vehicles. Never-
theless, the same methods could be used to measure the eco-
nomic effects of infrastructure by looking at the impact of the
project or policy on generating or inhibiting nonmotorized vehicle
traffic.

CONCLUSION

Although NMT has been seen by many policy makers in developed
and developing countries as a sign of underdevelopment, the most
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rapidly growing economies in the world are turning more often to
nonmotorized transportation. Not only does bicycle ownership
increase with income, contrary to popular belief, but even such
labor-intensive vehicles as pedicabs have begun to reappear in
countries as diverse as the United States, the Philippines, and Hol-
land, just as they are being driven out by hostile public policies in
developing countries. Private motor vehicle technologies have been
around since the 1860s, roughly contemporaneous with the advent
of the rickshaw in Japan in 1868. Motorized as well as nonmotor-
ized vehicles have been significantly modernized since then,
although developing countries have ignored important improve-
ments in their productivity levels that could be achieved easily and
inexpensively by modernizing their human-powered vehicle fleets

~and production facilities, many of which are still operating with
technology that has been outmoded for decades. Bicycle use and
ownership has risen and fallen and risen again in most developed
countries, paralleling the rise and fall of the mass production econ-
omy. Motor vehicle sales are stagnant in the developed world,
which explains the efforts to develop markets in developing coun-
tries. Planners should consider leapfrogging to the most modern
transport technologies of extremely lightweight and low-cost elec-
tric powered and nonmotorized vehicles rather than becoming a
dumping ground for vehicles that in developed countries may soon
be outmoded.
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