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Urbanization and commodity demand

The past 50 years have seen a rapid increase in urbanization rates globally, and this trend is set to continue over the next 30

years. While income and population growth are frequently cited as an important determinant of commodity demand,
urbanization—the rapid growth of urban areas and their concentration of people, economic activity, and resources—also has
the potential to have a major impact. Evidence from the literature shows that, after controlling for income and population,
an increase in the share of the population living in urban areas is associated with higher energy consumption. However, high
density cities have lower per capita energy consumption than less densely populated cities. For policymakers, this reinforces the
importance of good planning and high-quality infrastructure in limiting the impact of urbanization on resource
consumption, while also boosting the quality of life in cities.

Introduction

Over the past 50 years the share of the world’s
population living in urban areas has risen from 37
percent to 56 percent, an increase of three billion
people (figure SF.1; United Nations 2019; World
Bank 2021a). While this rise has been a global
phenomenon, the sharpest increase has come from
emerging market and developing economies
(EMDEs), where the share of the urban
population nearly doubled from 27 percent to 52
percent, due to both rural-urban migration and
rapid population growth in urban areas.! The
largest increase in the urban population came
from China, where it rose by 700 million people
and the share of the urban population rose from
17 percent to 61 percent between 1970 and 2020.

The demographic shift from rural to urban areas is
set to continue, with the share of the urban
population at the global level expected to reach 68
percent by 2050, before plateauing thereafter
(United Nations 2019). Most of this growth is
expected to occur in EMDEs and low-income
countries (LICs), especially in South Asia and sub-
Saharan Africa (SSA). However, the share of the
urban population is expected to increase in all
countries, although absolute numbers of urban
populations may fall due to declining populations
in some countries.

The increase in the share of the urban population
has occurred alongside a sharp rise in commodity

' Throughout this special focus, the terms urbanization and
urbanization rate refer solely to the share of people living in urban
areas; it does not differentiate between different types of urban
areas—for example, whether people live in high-density urban cores
or low-density suburbs.

FIGURE SF.1 Urban population trends

Urban populations have risen rapidly over the past half-century. China saw
the largest increase in its urban population share, followed by India. Over
the next 30 years, most of the increase in the urban population is expected
to occur in Sub-Saharan Africa and South Asia, with low-income countries
seeing the largest increase in the share of urban population.
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Sources: United Nations Population Division; World Bank.

Note: EMDEs = emerging market and developing economies. LICs — low-income countries.
EAP = East Asia and Pacific, ECA = Europe and Central Asia, LAC = Latin America and the
Caribbean, MNA = Middle East and North Africa; SAR = South Asia, SSA = Sub-Saharan Africa.
A.-D. Charts show data and forecasts for urbanization rates and urban populations from the UN
Population Division’s World Urbanization Prospects 2018 report.

D. Bars show average urbanization rates within regions. Lines show interquartile range of the
urbanization rates of individual countries within regions.

demand (figure SF.2). While population and
income growth are two of the primary drivers of
commodity demand, urbanization also has the
potential to have a major impact, since urban areas
can be very large and typically result in a
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FIGURE SF.2 Urban population growth and commodity

demand

The rising share of the urban population is correlated with rising rates of
commodity demand, however, in practice this is mostly driven by rising
income. While income is a primary driver of urban populations, the reverse
relationship is also true, with urban growth potentially having positive
impacts on economic growth through agglomeration effects. Indeed, all
advanced economies have a high share of urban populations.
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Note: AE = advanced economies, EMDE = emerging and developing economies; LIC = low-income

countries.

A.C. Median of per capita commodity demand and urbanization rates for advanced economies and

EMDEs.

A. “toe/person” refers to tonnes of oil equivalent per person. Includes 31 advanced economies and

42 EMDEs.

B. Includes 24 advanced economies and 19 EMDEs. Refers to base metals only.
C. Includes 29 advanced economies and 100 EMDEs.

concentration of people, economic activity, and
resources (Baffes, Kabundi, and Nagle 2021).2
Indeed, despite covering less than 3 percent of the
world’s land area, urban areas currently account

for roughly two-thirds

of global energy

2In addition to causing an increase in commodity demand,
income growth (and industrialization) is also a key driver of
urbanization—whereas the agricultural sector is almost by definition

rural, manufacturing and service sectors tend to concentrate in urban

areas. At the same time, increased urbanization can have beneficial

effects on economic growth via agglomeration effects, economies of
scale, and reduced transport costs.

consumption (UN Habitat 2020). They can also
have significant ecological impacts, accounting for
around 70 percent of CO, emissions, as well as
causing significant air and water pollution due to
the concentration of people living within them
(Moran et al. 2018).

Urbanization can affect commodity demand
through several channels, the magnitude of which
depends heavily on the nature of urbanization
(World Bank 2010). Urban areas in countries can
take multiple forms, ranging from high-density
mega cities, to smaller cities, to low-density urban
sprawls that result in dependency on automobiles
and prohibit walking (Benfield, Raimi, and Chen
1999; Burchell et al. 1998; Brody 2013).3 At the
same time, the reverse relationship may also occur:
changes in commodity demand can affect
urbanization.  For fluctuations  in
agricultural prices may influence rural wages and
make moving to urban areas more, or less,
attractive. Given the sharp increase in the urban
population that is expected to occur over the next
30 years, it is critical to understand how
urbanization can affect demand for different types
of commodities, beyond the broader impact of
growth in population and income.

example,

Against this backdrop, this Special Focus reviews
the literature on the relationship between
urbanization and commodity demand and asks the
following questions:

e  What is the nature of urbanization?

e What are the channels through which

urbanization can affect commodity demand?

e Whart are the empirical effects of urbanization
on commodity demand?

The Special Focus finds that there are several
channels through which urbanization can change
per capita commodity consumption and that these
can have effects on

positive or negative

3 Causation may also run in the opposite direction, whereby the
development of the automobile facilitated lower-density cities. In the
United States, cities established before the rise of the automobile tend
to be more compact and denser.
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commodity demand. Urbanization has the
potential to reduce consumption of commodities
through economies of scale and efficiency effects.
However, it can also lead to diseconomies of scale
resulting from agglomeration, such as congestion.
For example, a shift from rural to urban areas can
result in shorter journey times and lower energy
use in the transport sector, but these can be offset
by increased congestion, which can lead to
increased energy use and pollution.* The impact of
these channels depends heavily on the nature of
urbanization, especially population density.

Empirical studies estimating the impact of
urbanization on commodity demand tend to focus
on energy (either directly, or indirectly, via a focus
on pollution or greenhouse gas emissions), with a
much smaller body of literature for agriculture and
even less for metals (Table 1). This special focus is
the first study to bring together the available
literature on the impact of urbanization and urban
density on commodity demand for all commodity
groups.” It further clarifies the literature by
distinguishing between studies that consider the
impact of the share of the population living in
urban areas, and those that consider the impact of
population density of different types of urban

areas.

These studies have two main findings. First, an
increase in the share of the urban population is
associated with increased energy demand beyond
that caused by changes in population and income.
Second, high density cities are associated with
lower per capita energy consumption than low
density cities. While urbanization in the aggregate
may increase energy consumption, compact, high-
density cities have the potential to minimize this
increase. These results demonstrate that strategic
planning can maximize the beneficial aspects of

4For example, in the United States 3.5 billion gallons of fuel was
consumed in 2019 as a result of congestion (around 2.5 percent of
total fuel consumption). As traffic levels declined in 2020 due to the
COVID-19 pandemic, the amount of fuel consumption due to
congestion halved to 1.7 billion gallons (around 1.4 percent of total
fuel consumption; Texas A&M Transportation Institute 2021).

5 Ahlfeldt and Pietrostefani (2019) provide a summary of 180
studies that considered the economic impacts of population density.
Of these, only 14 consider the impact on energy consumption, of
which 9 are chiefly focused on CO2 emissions, rather than energy
consumption.

cities and mitigate their negative externalities. The
most successful urban areas are those that connect
physical growth to economic demand and support
this with good plans, policies, and investments
that help avoid uncontrolled sprawl (Lall et al.
2021).

The nature of urbanization

Although the share of the population living in
urban areas has risen globally, there is significant
heterogeneity in what is considered an urban area.
Furthermore, the density of urban areas varies
significantly both across and within countries and
has changed over time, which can lead to
differences in the impact of urbanization on
commodity demand.

Defining urban areas. Increased urbanization does
not, per se, refer to people moving from sparsely
populated rural areas to densely populated cities.
One major complication in empirically assessing
the impact of urban areas on commodity demand
is that definitions of what constitutes an urban
area differs greatly between countries. The
minimum technical size of an urban area ranges
from 200 people or more in Denmark and
Sweden, to 50,000 or more in Japan (figure SF.3;
United Nations 2019). Furthermore, some
countries use metrics such as population density
instead of population size. In addition, definitions
of what areas to include in urban regions vary
substantially across countries. For
suburban areas may not be a technical part of the
city but may be considered an urban area. The size
of urban areas also varies considerably, from
megacities containing 10 million or more people,
to urban areas with fewer than 300,000 people.
While a majority of the world’s population lives in
an urban area, two-fifths live in urban areas of less
than 300,000 people.

example,

To facilitate the comparison of urban areas, the
United Nations endorsed a new methodology by
six international organizations (including the
World Bank) to define cities, towns, and rural
areas based on total population and population
density within population grids  (Dijkstra,
Florczyk et al. 2020; United Nations 2020).
Under this definition, the share of the population
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FIGURE SF.3 Urban population share and population
density

The definition of an urban area varies greatly among countries. While a
majority of the world’s population lives in urban areas, these can look
significantly different, with the largest share accounted for by “small” cities
of less than 300,000 people. Even among the largest cities, their
composition can vary enormously—population densities in some of the
largest U.S. cities are an order of magnitude lower than the world’s
densest cities, which tend to be in EMDEs, especially Asia. High-density
cities, particularly in advanced economies, are associated with much lower
CO2 emissions than their low-density counterparts.
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A. Chart shows the variances in definitions among countries for the minimum number of inhabitants
needed for a settlement to classify as an “urban area.” Sample includes 100 countries. Some
countries do not rely on a population threshold and instead consider other metrics, including
population density, and are therefore not included here.

B. Chart shows the percent of the world’s population living in urban and rural areas, with urban areas
split by size of city.

C. Figure shows the 10 least dense and most dense cities from the world's largest 100 cities. Data
from 2014. Hong Kong = Hong Kong SAR, China.

D. Y-axis shows tonnes of CO2 emissions per capita from transport. X-axis shows population density
of 40 major cities. Data are from 2016 to 2019.

living in urban areas increases substantially (in
2015, by 22 percentage points), in part because
several large countries (including China and India)
classify most towns as rural areas (Dijkstra,
Hamilton et al. 2020).

Density of urban areas. On average, the larger a
city is, the denser it is. However, similar-sized
cities can also vary substantially in terms of their
density (Dijkstra, Florczyk et al. 2020). For
example, cities in Asia have much higher density

than cities in the United States—among the 100
largest cities in the world, 9 of the bottom 10 (in
terms of population density) are in the U.S., and
these have population densities that are orders of
magnitude lower than the 10 densest cities, many
of which are in India.

Nonetheless, the types of density also vary,
because the shape of cities can be vastly different
among countries. Richer cities tend to be more
“pyramid shaped”—i.e., with more taller buildings
and skyscrapers, whereas low- and lower-middle-
income cities tend to be “pancake-shaped” or
flatter (Lall et al. 2021). Population density can be
accommodated either through vertical layering
(via taller buildings), which can help increase floor
space available to residents, or by crowding, which
reduces living space per person. Many cities in
LICs are dense because of crowding, which can

reduce quality of life.

As such, the channels by which urbanization
affects commodity demand may not apply equally
to all urban areas and may even have opposite
effects. For example, residents of high-density city
centers with good mass transit systems are likely to
have shorter travel times and lower transport
energy requirements compared with suburban
areas (Glaeser and Kahn 2010). However, high
density cities, unless managed well, can suffer
from low quality of living (Mercer 2019; World
Bank 2021a). Poor infrastructure, including mass
transit and sanitation, could also lead to different
impacts of urbanization on commodity demand.

Changes over time. The composition and density
of cities is changing over time. Cities can either
grow outward, inward (in-fill of undeveloped
spaces), or upward. In low-income and lower-
middle-income countries, 90 percent of urban
built-up area expansion occurred as horizontal or
outward growth between 1990-2015; however, in
high income countries around one-third occurred
as infill (Lall et al. 2021). Population densities
have increased as urban populations have grown
faster than urban areas have expanded. Between
1990-2015 population densities of cities are
estimated to have increased by 8 percent, with
larger cities experiencing the biggest increase in
density (Dijkstra, Florczyk et al. 2020). In
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contrast, small cities (less than 250,000 people)
experienced declines in population density.°

Channels: From urbanization to
commodity demand

The literature has identified several channels
through ~ which  urbanization has affected
commodity consumption. These include the
impact of urbanization on transport behavior,
infrastructure needs, household characteristics,
and consumer choice. Most of the channels
identified relate to energy consumption. In
general, these channels have the potential to either
increase or decrease commodity consumption, and
may also vary between advanced economies and
EMDEs (Madlener and Sunak 2011). While not
the primary focus of this study, urbanization can
also affect commodity supply, particularly for
agriculture, via its impact on land availability and
pollution. Developments in commodity markets
also have the potential to influence urbanization
patterns. For example, sharp falls in agricultural
prices could accelerate shifts from rural to urban
areas.

Transport. Several studies have investigated the
impact of urbanization on transport, and, by
association, energy demand. These studies have
shown that urbanization can either raise or lower
energy demand. A reduction in transport costs is
often cited as one of the benefits of urbanization,
contributing to improved economic growth.
Changes in transport patterns have a particularly
large impact, since transport accounts for 29
percent of total final energy consumption at the
global level, compared to 21 percent for residential
use (in the United States, transport accounts for
40 percent; IEA 2021).

Studies which find urbanization reduces energy
demand typically focus on the fact that high
density neighborhoods facilitate journeys by foot
or by bike, while those with effective mass transit
systems provide alternatives to personal motorize

¢In contrast, earlier studies found that population densities had
decreased over time. This was because they had a higher estimate of
the increase in urban areas due to different methodologies (Angel et
al. 2016; UN Habitat 2020).

vehicles. In Europe, where cities are higher density
and public transport is widely available, per capita
consumption of gasoline is one-fifth the level in
low-density U.S. cities, although this also reflects
much higher fuel taxes in Europe (Newman
2006). Within the United States, studies have
found that urban households use less transport
energy than rural ones (figure SF.4; Kahn 2000;
Liddle and Lung 2010). Furthermore, there is
variation within U.S. cities. Those with the best
public transit, such as New York, have the lowest
energy consumption from transport. Similarly,
households living in higher-density cities have
lower levels of auto transport and fuel
consumption than those in lower-density areas
(Brownstone and Golob 2009).

In contrast, studies which find that an increase in
the urban population increases transport energy
demand focus on factors that can result in
increased journeys. In the absence of mass transit
systems, rising urban populations can result in
increased dependence on cars, given residences
and workplaces are typically separated in cities
(Jones 2004). This issue can be exacerbated by
urban sprawl, defined as the spread of low-density
urban areas outside of the urban center, which can
lead to increased auto use (Burchell et al. 1998;
Hankey and Marshall 2010; VandeWeghe and
Kennedy 2008). This trend can be observed in the
United States, where urban density has declined
for the last five decades, leading to an increase in
travel distances and therefore energy consumption
(Glaeser and Kahn 2010; Marshall 2007).

In EMDEs the move from rural to urban areas
may lead to a shift from predominantly “muscle-
powered” transport (e.g., walking or biking) to
motorized transport (e.g., cars, motorcycles, and
buses), leading to a net increase in energy use
(Parikh and Shukla 1995).7 This is particularly the
case in instances where cities have not been well
planned—for example, if urban expansion occurs
via informal and unplanned settlements, with
poorly designed zones between commuter and

7 Since urbanization facilitates economies of scale and
specialization as part of a broader industrialization process, it may
result in the increased movement of raw materials and intermediate
goods in the production process (Jones 1991, 2004).
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FIGURE SF.4 Urban populations and transport-sector
energy demand in the United States

Low levels of population density are associated with much higher energy
consumption from transportation in the United States. Rural populations
tend to drive more and walk less than their urban counterparts. Similarly,
high rates of urban density facilitate the use of public transport, with
commuter rates much higher in large, dense cities. Household energy use
is higher in detached houses compared with apartments, and energy use
is also higher in smaller households.
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states
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A. Vertical axis presents data for total energy consumption per capita in the transport industry for 50
US states, whereas population density is shown on the horizontal axis. Data for 2019.

residential areas, and insufficient or non-existent
infrastructure such as mass transit systems (Wahba
2019). In Nairobi, for example, poor planning
and inadequate public transit means that around
10 percent of jobs are accessible by public
transport within 45 minutes, compared to 25
percent in Buenos Aires, despite the latter having
four times as many people (Quiros-Peralta 2015).
Furthermore, the reliance of cities on commodities
produced outside their borders, such as food, can
result in increased energy use as these products
need to be transported; this may not be the case
for mostly self-sufficient rural areas (Parikh and

Shukla 1995).

Infrastructure requirements. Densely populated
cities have vast infrastructure needs, including

mass transit, electricity generation, telecom-
munications, and water and sewerage services
(Eberts and McMillen 1999). While large-scale
infrastructure projects can be very resource-
intensive, particularly in terms of energy and metal
consumption, per capita usage of infrastructure
can be much higher than in low-density areas. As
such, economies of scale arising from network
effects may make the provision of the service more
efficient (World Bank 2021b). For example, urban
access to the internet is 2.3 times higher than
access in rural areas globally, as it is easier and
cheaper to provide the service to a high-density
population (ITU 2020). As a result, per capita
resource demand could be lower than would be
required to provide the same level of services to
rural populations. At the same time, it is possible
that urbanization and high-density living creates
“new” demand for infrastructure. For example, a
high-density urban population may have greater
need for sanitation facilities than low-density rural
areas. Consequently, the “need” for these services
due to urbanization may lead to greater per capita
commodity demand than otherwise.

Household size and type of accommodation. An
increase in the share of the urban population can
lead to differences in household characteristics,
with either positive or negative impacts on energy
consumption. As a result of higher land costs,
apartments are much more common in cities than
in rural areas, which are predominantly detached
houses. Apartments have smaller energy use than
detached houses due to fewer exterior walls, which
reduces energy loss from heating and cooling
(figure SE.5; Brounen, Kok, and Quigley 2012;
Satterthwaite 2011).

However, this may be partly offset by differences
in household composition. Average household size
tends to be smaller in urban areas, as young people
move away from their family home and also marry
later (Cole and Neumayer 2004). Smaller
households tend to have higher per capita energy
consumption as they are less able to benefit from
economies of scale in energy consumption
compared with larger households (Liu et al. 2003).
In a study of 300,000 Dutch households, an
additional person per houschold reduced per
capita natural gas consumption by 26 percent and
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electricity consumption by 18 percent (Brounen,
Kok, and Quigley 2012). Urban sprawl has also
been shown to lead to increased residential energy
use (Ewing and Rong 2010).

Changes in the composition of energy demand.
In addition to changes in the overall level of
energy demand, urbanization can also lead to
changes in the types of fuel consumed within a
country, which could affect aggregate energy
demand both positively and negatively. As
households move from rural to urban areas, they
typically move from more basic forms of energy,
such as biomass, toward more modern energy
forms, such as electricity from centralized power
stations fueled by coal or natural gas (Barnes,
Krutilla, and Hyde 2005). For example, in sub-
Saharan Africa 68 percent of urban households
have access to electricity, compared to 15 percent
in rural areas (Hommann and Lall 2019).
Consumption of natural gas or kerosene for
heating and cooking may also rise in place of solid
fuels, with the proportion of households cooking
with coal and wood falling sharply with
population density (Gollin, Kirchberger, and
Lagakos 2017). This shift has the potential to
reduce commodity demand as the provision of
energy in the form of centrally generated
electricity or natural gas is typically more efficient
than the burning of biomass (Pachauri and Jiang
2009; Poumanyvong and Kaneko 2010).

However, greater access to better-quality, cheaper
energy such as electricity may lead to increased
consumption of energy (Gillingham, Rapson, and
Wagner 2015; IEA 2008).

The “heat island” effect. Urban areas give rise to
the “heat island” effect, whereby man-made
structures such as roads and buildings absorb and
re-emit heat from the sun to a greater degree than
natural landscapes, and also provide less shade and
moisture (Imhoff et al. 2010). This can be
exacerbated by a concentration of human activities
that emit heat, such as the use of air conditioners.
As such, urban areas, particularly cities with larger
and more dense populations, tend to be hotter
than rural or natural areas, although the effect can
vary between cities depending on the extent of

green space. Estimates for the United States

FIGURE SF.5 Urban populations and household energy

use in the United States

Household energy use is lower in apartments compared to single-family
homes due to greater energy efficiency, but is higher in smaller households

due to economy of scale effects in heating and lighting.
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indicate the annual average temperature of a city
can be 1.8 to 5.4°F hotter than its surroundings,
although estimates can vary significantly between
studies, and also fluctuate between night and day,
and summer and winter (EPA 2008). These
variations can increase energy demand for cooling
in hotter countries and during summer; however,
it can reduce energy demand for heating in cooler
countries and in winter. The heat island effect is
expected to change and increase as global
temperatures rise (Hibbard et al. 2017).

Increased consumer choice. Consumers living in
cities benefit from a larger range of goods and
services to consume, which can result in increased
consumption (if consumers have access to new
products). Access to larger markets enables
producers and retailers to specialize and supply a
wider variety of goods and services. All else equal,
a rise in consumption due to increased choice,
beyond that driven by increased income, would
result in a net positive increase in commodity
demand. For example, urban diets are typically
more varied and include a greater share of meat,
processed food (including convenience food), and
exotic food, which require more energy and other
commodities both in their production and
transport (Hovhannisyan and Devadoss 2020;
Regmi and Dyck 2001). However, empirical

B. Household energy use, by house-
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studies suggest that the link between increased
consumer choice and rising commodity demand is
primarily driven by income, not urbanization per
se. For example, household survey evidence from
China and India shows the quantities of food
consumed by rural households and urban
households with similar income levels are
comparable (Pandey et al. 2020; Stage, Stage, and
McGranahan 2010).

Production. In addition to the effects on
commodity demand, rapid urbanization can affect
agricultural ~ production, although as with
commodity consumption, these effects can be
either positive or negative. If urbanization leads to
people living in higher-density areas, it may
reduce the proportion of land used for habitation
and increase the availability for agricultural uses
(Satterthwaite, McGranahan, and Tacoli 2010).
Further, a reduction in population in rural areas
can promote the creation of larger farms, allowing
efficiency gains and thereby increasing agricultural
production (Stage, Stage, and McGranhan 2010).8
However, high-density cities can also lead to
increased levels of localized pollution and degrade
water supplies and soil quality, decreasing
agricultural supply (Angel, Sheppard, and Civco
2005). The increased share of land used by cities
can also result in the loss of agricultural land if
cities are located in particularly fertile and
irrigated areas. In China, for example, 4.3 million
hectares of cropland were converted to built-up
land between 1987 and 2010 (Acharya et al.
2021).

Commodity demand and urbanization. Just as
urbanization can affect commodity demand, the
reverse relationship may also occur: changes in
global commodity demand has the potential to
impact urbanization via changes in global
commodity prices. If commodities are produced
in rural areas, such as agricultural products, then
an increase (decrease) in global commodity prices
which increases (decreases) rural real wages might

8 Causality may also run in the opposite direction, whereby
efficiency gains in agriculture can act as a catalyst for urbanization by
freeing up labor.

be expected to slow (accelerate) urbanization as it
decreases (increases) the incentives to move to
rural areas (Bruckner 2012). In addition,
fluctuations in commodity prices such as oil may
alter the characteristics of cities within a country
by affecting transport costs. In SSA, for example,
rising oil prices and transport costs have been
shown to increase economic activity in cities near
major ports relative to otherwise identical cities
that are further away (Storeygard 2013). As a
result, future urban growth in SSA may be more
likely to occur in large coastal cities.

Empirical effects of urbanization
on commodity demand

The literature can be broadly split into two fields:
studies that investigated the effect of the overall
share of the urban population and studies that
considered urban density (differences between
high- and low-density urban areas within a
country; Table 1). While many studies explore the
role of energy on urbanization, far fewer examine
agriculture and virtually none for metals.
Empirical analysis of the topic is limited by data
availability, ~ particularly ~ for =~ commodity
consumption at the sectoral level. The
considerable differences in the definition of an
urban area between countries also present a
challenge.

Sample of studies. The majority of the studies
focusing on the overall share of urban populations
were cross-country studies using panel datasets
and focused on aggregate energy consumption,
although some looked at individual channels. This
group also included some single-country studies,
including two studies looking at food
consumption. In contrast, the studies examining
urban density focused on individual countries
(frequently the United States, given greater data
availability) and on individual channels, such as
energy demand from transport or dwellings. These
studies were all in advanced economies (Canada,
Japan, the Netherlands, and the United States),
likely reflecting the greater data availability of
sectoral energy consumption. All of the studies
included in the literature review controlled for per
capita income.
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Share of urban populations. Of the cross-country
studies examining the impact of the share of the
urban population on commodity demand, almost
all found a positive, statistically significant
relationship whereby a higher urban population
share caused higher energy demand.” One study
found that the relationship varied by income level,
with a negative relationship for LICs, but a
positive relationship for higher-income countries;
this was attributed to efficiency gains arising from
shifts to more modern fuels such as centrally-
generated electricity (Poumanyvong and Kaneko
2010). Another study of nine Pacific Islands found
a positive, significant relationship for four islands,
an insignificant relationship for another four, and
a negative relationship for one (Mishra, Smyth,
and Sharma 2009). The one single-country study
also found a positive relationship between
urbanization and energy demand (Liu 2009).
Only one study found a negative relationship
between the urban share of the population and
energy consumption (from transport; Liddle
2004).

Two studies investigated food consumption in
China and India (Hovhannisyan and Devadoss
2020; Pandey et al. 2020). The studies found little
aggregate impact of urban population shares on
food consumption after controlling for income.
The two studies had different findings in terms of
the impact on the composition of diets, however,
with the former finding a shift from grains and
vegetables to meats, eggs, and fruits, while the
latter found little impact. The single study which
investigated metals consumption found a positive
impact of urbanization on metals demand (Baffes,
Kabundji, and Nagle 2021).10

Urban density. Of the studies examining the
impact of urban density, all found a negative
relationship ~ with  energy demand. These
considered a variety of channels, including
transport, dwellings, dwellings and transport

9See Baffes, Kabundi, and Nagle (2021); Salim and Shafiei
(2014); Poumanyvong and Kaneko (2010); Poumanyvong, Kaneko,
and Dhakkal (2012); Mishra (2009); Parikh and Shukla (1995); and
York (2007).

10 Urbanization was not the primary focus of this study and was
included as a control variable.

together, and consumption from the service
sector.!! Higher-density cities had lower energy
demand than lower-density ones, at least in
advanced economies. The extent to which these
results apply to EMDE:s is unclear. Many cities in
EMDEs, particularly in sub-Saharan Africa,
struggle with high road congestion and
commuting costs due to poor planning,
inadequate transport infrastructure, and limited
public transit options, despite high population
density (Hommann and Lall 2019; World Bank
2021b). Indeed, in a study considering the effect
of population density on CO, emissions, the
relationship was found to vary with income. Areas
with higher population density were found to have
higher CO, emissions at very low levels of per
capita income, but lower CO, emissions at higher
income levels (above $1,000 per capita; Dasgupta,
Lall, and Wheeler 2021).

Conclusions and policy
implications

The share of the global population living in urban
areas has risen rapidly over the past 50 years
alongside a major increase in commodity
consumption. While income and population
growth are the primary drivers of commodity
demand, urbanization also affects commodity
demand through several channels. This is because
urban areas have huge resource needs, both in
terms of their construction and in their day-to-day
use due to high concentrations of population.

In aggregate, an increase in the share of the urban
population is associated with increased energy
demand. But the impact also depends on the
nature of urbanization, with compact, high-
density cities having lower per capita energy
consumption than low-density cities due to greater
resource efficiency and economies of scale,
particularly in advanced economies. For food,
urbanization appears to change patterns of

'These studies considered various channels, including transport
(Brownstone and Golob 2009); dwellings (Brounen, Kok, and
Quigley 2012; Lariviere and Lafrance 1999); dwellings and transport
together (Glaeser and Kahn 2010; Larson and Yezer 2015); and
consumption from the service sector (Morikawa 2012).
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consumption, but there is less evidence that it
causes an overall increase in demand. In the case
of metals, the limited research available shows a
positive relationship between urbanization and
metals demand. An important avenue for further
research would be to explore the impact of urban
density on a broader range of commodities—and
importantly account for differences in income
levels (extending the analysis in Dasgupta, Lall,
and Wheeler 2021). Since growth in cities is
expected across EMDEs, this could help in
assessing the impact of different types of city

design on resource use.

Cities are on the frontlines of the climate change
and the energy transition; although they occupy
less than 3 percent of global land, they consume
over two-thirds of the world’s energy and account
for 70 percent of global greenhouse gas (GHG)
emissions. They are also particularly at risk from
climate change, with 90 percent of the world’s
urban areas situated on coastlines and therefore at
risk from rising sea levels. With urban populations
expected to continue to increase rapidly, strategic
urban planning that integrates transport and land
use will become even more important in limiting
the impact of urbanization on commodity

consumption, and, crucially, GHG emissions.? It
is not urbanization alone that causes an increase in
GHG emissions, but rather differences in the
design of cities, the methods of transport used, the
choice of fuel for energy, and the efficiency and
means by which buildings are heated and cooled
(World Bank 2010).

Critical policy measures will include the expansion
of the capacity, affordability, and access of public
mass transport systems, as well as investment in
energy efficiency measures for buildings. Fiscal
policies can also play an important role. For
example, fuel taxes have been shown to increase
population density and preserve open space
(Creutzig 2014, Creutzig et al. 2015). Zoning
laws are also important for boosting population
density. They «can, for example, encourage
“building up” instead of out, which can help
reduce long commutes, increase usage of public
transit, and lower energy use and greenhouse gas
emissions (Lall et al. 2021). Early planning and
installation of transportation infrastructure is
particularly crucial in rapidly growing cities such
as in Sub-Saharan Africa, as it can help guide and
shape future urban growth, and prevent urban
sprawl (Hommann and Lall 2019).

12The development of green and sustainable cities is a key
component of the World Bank’s Climate Change Action Plan, and in
line with the UN’s Sustainable Development Goal 11 to make cities
and human settlements inclusive, safe, resilient, and sustainable
(World Bank 2021¢).
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TABLE SF.1 Literature review of urbanization and commodity demand

Baffes, Kabundi,

Dasgupta, Lall,
and Wheeler
(2021)

Hovhannisyan
and Devadoss
(2020)

Pandey et al.
(2020)

Larson and Yezer
(2015)

Salim and Shafiei
(2014)

Sadorsky (2013)

Brounen, Kok,
and Quigley
(2012)

Morikawa (2012)

Poumanyvong
and Kaneko
(2010)

Poumanyvong,
Kaneko, and
Dhakal (2012)

Glaeser and
Kahn (2010)

Brownstone and
Golob (2009)

Liu (2009)

Mishra (2009)

York (2007)

Liddle (2004)

Lariviere and
Lafrance (1999)

Parikh and
Shukla (1995)

Panel of 63 advanced economies
and Nagle (2021) and EMDEs, 1965-2017

1,236 cities in 138 countries,

2014-2020

Panel data on consumer food
expenditure in China, 2005-12

Consumer expenditure survey data
covering 124 food commodities at
the household, district, and state

level in India

Theoretical model calibrated with
empirical estimates of model
parameters with calibration target

of 10 U.S. cities.

Panel of 29 OECD countries,

1980-2011

Unbalanced panel of 76 developing

countries, 1980-2010

Sample of 300,000 households in
the Netherlands, 2008-09

Microdata covering up to 66,000
service sector firms in Japan,

2007-08

Panel dataset of 92 countries (low-
medium- and high-income),

1975-2005

Panel dataset of 92 countries (low-
medium- and high-income),

1975-2005

Single-year survey and census
data for U.S. metropolitan areas

Single-year survey data for

California, U.S.

China, 1978-2008

Nine Pacific island countries,

1980-2005

Panel of 14 EU countries,

1960-2000

Panel data, 23 OECD countries,

1960-2000

Single-year data on electricity
consumption, 45 cities in Canada

Panel dataset of 72 countries,

1965-87

Aggregate energy
and metal
consumption

CO, emissions

Food consumption

Food consumption

Energy use from
transport and
dwellings

Aggregate energy use
(renewable and non-
renewable)

Energy intensity

Energy use from
dwellings

Energy use by service
sector

Aggregate energy
consumption

Energy use from
transport

GHG emissions from
energy use

Energy use from
transport

Aggregate energy
consumption

Aggregate energy
consumption

Aggregate energy
consumption

Energy consumption
by transport

Electricity
consumption

Aggregate energy
consumption

Urbanization has a positive effect on energy and metal consumption
(positive on coal and natural gas consumption but negative effect
on oil).

Urban areas with higher population density have higher CO, emissions
at very low levels of per capita income, but lower CO, emissions at
higher income levels (above $1,000 per capita).

Urbanization has reduced demand for grains, vegetables, and fats and
oils while increasing demand for meats, fruit, and eggs.

Although urbanization leads to varied diets, most of the change in food
consumption patterns between urban and rural areas is due to income,
not urbanization.

A doubling in urban population leads to a 2.6 percent reduction in
energy use from transport and dwelling use.

Urbanization has a positive effect on non-renewable energy use (due to
changing consumer needs and increased transport demand) but little
effect on renewable energy use.

Urbanization has an insignificant effect on energy use in most versions
of the model; income is a statistically significant negative driver of
energy intensity.

Apartments and row homes had significantly lower energy consumption
than detached and semi-detached homes. An additional person per
household reduced per capita natural gas and electricity consumption
by 26 percent and 18 percent, respectively.

The efficiency of energy consumption in service companies is higher in
densely populated cities. Energy efficiency increases by 12 percent
when density doubles.

Urbanization results in lower energy use in low-income countries
(perhaps due to switching from inefficient to efficient fuels).
Urbanization leads to increased energy use in middle- and high-income
countries.

Urbanization leads to more energy use in transport for all income
groups, especially high-income countries.

Higher-density cities have lower emissions than low-density cities. This
is due to lower emissions from driving and electricity, while emissions
from public transport and heating are higher.

Lower-density households travel more and consume more fuel, both a
result of increased travel time, as well as self-selection of less efficient
cars.

Urbanization has a positive effect on energy consumption — much
smaller than that of income and decreasing over time.

In aggregate, a 1 percent increase in the rate of urbanization generates
a 2.4 percent increase in energy consumption. However, the effect was
positive in only 4 of the 9 countries (negative in 1, and insignificant in
the other).

Urbanization leads to more energy consumption.

Highly urbanized and more densely populated countries have lower
personal transport consumption.

High-density cities use slightly less electricity than lower-density ones.

A 1 percent rise in urbanization leads to a 0.28 percent rise in energy
use. This is driven by transport and is attributed to greater intra-urban
commuting and congestion.
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