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BOX SF1.2 Commodity consumption: Implications of government policies

Government policie—uwith respect to infrastructure investment, pollution control, energy use, and international
trade—can have a major impact on commodity consumption.

Infrastructure investment. Significant infrastructure
investment gaps exist at the global level, and closing
these would provide both direct and indirect boosts
to commodities consumption (World Bank 2016b,
2017a). The difference between expected investment
needs and current actual investment in EMDEs is
estimated at $1-$2 trillion per year (1.25 to 2.5
percent of global GDP).! By sector, the investment
requirements are largest in electricity generation,
followed by construction and transportation. Fiscal
and structural policies such as increased public
investment, structural governance reforms, and
improved access to finance could boost investment
directly and through the crowding-in of comple-
mentary private sector investment (World Bank
2017a).

China’s Belt and Road Initiative (BRI) aims to
promote economic development and integration
across countries in Asia, Europe and Africa (State
Council 2015). Outward foreign direct investment
(FDI) from China increased substantially after the
launch of the BRI from $28.6 billion in 2003 to
$183 billion in 2016, with most of the increase going
to countries on the BRI. The majority of FDI deals
have been in manufacturing, while the construction

and infrastructure sector has seen more rapid growth
(Figure SF1.2.1).

Because of the high metal-intensity of investment,
such policies could boost metals consumption. In
addition, investment in electricity generation in
EMDE:s could result in energy demand shifting away
from the decentralized use of biomass, toward
centralized generation of electricity from fossil fuels
and renewable sources of energy.

Pollution control. Environmental concerns are also
likely to shape consumption patterns in commodity
markets. For example, in energy markets, pollution
or climate-change considerations, as embodied by the

! Bhattacharya et al. (2012); McKinsey Global Institute (2013).

2015 Paris Agreement, could accelerate the use of
policy tools, such as carbon pricing, which favor the
use of renewable energy and discourage the use of
highly polluting fossil fuels (World Bank 2018a).
During the past five years, global consumption of
natural gas has increased nearly 10 percent while coal
consumption has declined 2 percent.

Subsidies. Although aimed at protecting consumers,
the use of energy subsidies can encourage energy
consumption, discourage investment in energy
efficiency and renewables, and impose large fiscal
costs. The use of energy subsidies globally was equal
to around 6.5 percent of global GDP in 2013. They
are particularly prevalent in EMDEs (13-18 percent
of GDP; IMF 2015; Rentschler 2018). The use of
energy subsidies is high in the Middle East and
North Africa (MENA), which accounts for half of all
energy subsidies (World Bank 2014). The energy
price collapse in 2014 provided impetus for subsidy
reform, with more than half of commodity-exporting
EMDEs doing so during 2014-2016 (World Bank
2018b). Additional subsidy reforms could further
reduce energy consumption.

Biofuels. The diversion of food commodities to the
production of biofuels will also affect demand for
food commodities. Biofuels currently account for just
over 1.5mb/d, or 1.6 percent, of global liquid energy
consumption. Most biofuel production is not
profitable at current energy and agricultural prices
but is supported through various forms of mandates
and trade measures (De Gorter, Drabik, and Just
2015). Biofuels come principally in the form of
maize-based ethanol from the United States, sugar-
based ethanol from Brazil, and plant oil-based
biodiesel from Europe. Other smaller producers
include China, Indonesia, and Thailand. The policy-
driven diversion of food commodities to biofuels was
motivated by energy security concerns and,
especially, environmental benefits (Hill et al. 2006).
However, interest has waned recently and biofuel
production growth has slowed amid evidence of the
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taken from the World Bank’s Pink Sheet, and were
converted into real terms by using country-specific
GDP deflators. Exchange rates were taken from
the St. Louis Federal Reserve Bank’s FRED
database.

The models were estimated using the PMG ARDL
(1,1,1,1), the lag length indicated as optimal by
the BIC criterion. Results are reported in Annex
Table SF1.5. The models for natural gas, maize
and soybeans turned out to be linear whereas all
other models were nonlinear, with statistically
significant linear and quadratic terms. The
Hausman test suggests that the PMG estimator is
appropriate in virtually all instances.

The ARDL approach is appropriate when both the
cross-sectional and the time dimension are
moderate to large, with the time dimension being
larger the cross-sectional dimension—as it is here.
Alternatively, the fixed- or random-effects, or even
the generalized methods of moments (GMM) of
Arellano and Bond (1991), could be used. The
results are broadly robust to the use of a GMM
estimation which includes lagged (by 1 year)
independent variables as instruments (Annex
Table SF1.6). Similarly, the results are
qualitatively robust to including a time trend

(Annex Table SF1.7).

The backward-looking fitted values and the

forward-looking scenarios are aggregated from

country-level data, using country-specific per
capita income and GDP deflators, and global
commodity prices from World Bank (2018a). For
each country, all regression coefficients (short- as
well as long-run coefficients) are applied to
country-specific per capita income and deflated
commodity prices. The resulting fitted or
predicted per capita consumption levels (in
physical units) are multiplied by the size of the
population, as provided by UN Population
Statistics or UN Population Projections. Total
world consumption is the sum of these country-
level fitted or predicted consumption levels.

I
C _ N
(i, WORLD,1) — Z Ci . POPi,
i=1

where éi,j.t is the fitted value of per capita
consumption in country 7 of commodity ; at time
t, and Pop;, is the population of country i at
time z.

The forward-looking scenarios assume that real
per capita income grows at potential growth over
the next decade, as estimated by the production
function approach in World Bank (2018b),
deflated by population growth as forecast by the
UN Population Projections. For all scenarios,
commodity prices are assumed to be constant, to
mitigate potential endogeneity concerns.
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ANNEX TABLE SF1.2.A Top 10 commodity producers, 2016
1 China 55.0 China 36.2 China 45.8  United States 13.4  United States 21.1
2 Russia 6.1 Chile 11.2  Korea, Rep. 7.4  Saudi Arabia 13.4 Russia 16.3
3 Canada 5.5 Japan 6.7 Canada 5.1 Russia 12.2 Iran 5.7
g4 UnitedArab 43  United States 52 India 45 lran 50 Qatar 5.1
Emirates
5 India 3.3 Russia 3.7 Japan 3.9 lIraq 4.8 Canada 4.3
6 Australia 2.8 India 3.3  Spain 3.7 Canada 4.8 China 3.9
7 Norway 2.3 Congo, Dem. Rep. 3.0 Peru 25 Léz:?;;;rab 4.4 Norway 3.3
8  Bahrain 1.7 Germany 2.9  Kazakhstan 24 China 4.3 Saudi Arabia 3.1
9 Saudi Arabia 1.5 Korea, Rep. 2.6 Mexico 2.3  Kuwait 3.4 Algeria 2.6
10  United States 1.4 Poland 2.3 Finland 2.1 Brazil 2.8 Australia 2.6
Others 16.0 Others 22.9 Others 20.3 Others 31.3  Others 32.1
ANNEX TABLE SF1.2.B Top 10 commodity producers, 2016
1 China 46.1 United States 35.8 China 29.9 European Union 20.0
2  United States 10.0 China 20.8 India 22.6 China 17.1
3  Australia 8.2 Brazil 8.9 Indonesia 7.6 India 13.0
4 India 7.9 European Union 5.9 Bangladesh 6.7 Russia 11.2
5 Indonesia 7.0 Argentina 3.2 Vietnam 5.8 United States 6.2
6  Russia 5.3 India 2.6 Thailand 4.2 Canada 3.9
7  South Africa 3.9 Mexico 2.6 Myanmar 2.7 Ukraine 3.6
8  Colombia 1.7 Ukraine 2.3 Philippines 2.5 Pakistan 3.5
9 Poland 1.4 Canada 1.4 Brazil 1.7 Australia 2.8
10 Kazakhstan 1.2 Russia 1.3 Japan 1.6 Turkey 2.8
Others 7.3 Others 15.2 Others 14.7 Others 16.0

Sources: BP Statistical Review, Food and Agriculture Organization, U.S. Department of Agriculture, World Bureau of Metal Statistics.

Notes: Numbers indicate shares of global production. Refined production for aluminum, copper, and zinc.
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ANNEX TABLE SF1.3 Literature review of long-run income elasticities of demand for commodities

Stuermer (2017)

Burke and Csereklyei (2016)

Csereklyei and Stern (2015)

Huntington, Barrios, and Arora
(2017)

Fouquet (2014)

Joyeux and Ripple (2011)

Jakob, Haller and Marschinski
(2011)

Vanin et al. (2014)

12 advanced economies
and 3 EMDEs, annual
data, 1840-2010

132 countries, annual
data, 1960-2010.

93 countries, annual data,

1971-2010.

Review of 38 papers

providing 258 estimates of

price and income
elasticities of energy
demand.

UK energy use, annual
data, 1700-2000.

30 OECD and 26 non-
OECD countries, annual
data, 1973-2007

30 EMDEs and 21
advanced economies,
annual data, 1971-2005.

Review of 10 global
economic models for
agricultural commodities

Auto-regressive
distributive lag

Ordinary least
squares (OLS) with
panel data, in levels
and growth rates.

OLS in growth rates.

Review of existing
studies.

Vector error correction
model

Error correction model
with pooled mean
group estimators.

Difference-in-
differences estimator
on panel data.

Review of different
modeling approaches

Income elasticity of demand is estimated to be 1.5 for
aluminum, 0.9 for copper, 0.7 for zinc, 0.6 for tin, and 0.4
for lead.

Aggregate income elasticity of energy demand is
estimated to be 0.7. Income elasticity is found to rise with
higher incomes, in contrast to other studies. This results
from the inclusion of low income countries, which typically
have a much lower income elasticity of demand for energy
as they rely on non-commercial fuels (biomass).
Controlling for this results in constant elasticities across
income groups.

Average income elasticity of energy demand is estimated
to be between 0.6 to 0.8. As income rises, the rate of
growth of energy use per capita declines.

Income elasticity of oil demand is found to be 0.5 on
average, and 0.9 for natural gas.

Long run income elasticity for energy demand for
transport peaks at 3 before declining to around 0.3 as
income rises.

For OECD countries, income elasticity estimated to be
1.1, for non-OECD countries, income elasticity of energy
demand estimated to be 0.9.

Find income elasticity of primary energy demand of 0.63
for EMDEs and 0.18 for advanced economies (although
statistically insignificant).

Find median income elasticities for rice and wheat close
to 0.1. First and third quartile range of estimates range
from 0 to 0.2.
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ANNEX TABLE SF.1.4 Economy samples, by commodity modeled

Australia® 2
Austria
Belgium
Brazil
Canada?
China

Hong Kong SAR,
China
Denmark
Finland
France
Germany
Greece?
India
Indonesia?
Ireland

Italy

Japan
Mexico
Netherlands
New Zealand
Norway?
Portugal
Singapore
South Africa’
Korea, Rep.
Spain
Sweden
Switzerland
Taiwan, China
Thailand
Turkey
United Kingdom
United States

Australia?
Austria
Belgium
Brazil
Canada
China

Finland

France
Germany
Greece

India

Italy

Japan

Mexico
Netherlands
Portugal
South Africa’
Korea, Rep.
Spain

Sweden
Switzerland
Taiwan, China
Turkey

United Kingdom
United States

Australia?
Austria
Belgium
Brazil
Canada?
Denmark

Finland

France
Germany
Greece?
India

Ireland

Italy

Japan
Mexico
Netherlands
New Zealand
Norway?
Portugal
South Africa
Korea, Rep.
Spain
Sweden
Switzerland
Taiwan, China
Turkey
United Kingdom
United States

Argentina®
Australia
Bangladesh
Benin3
Bolivia
Brazil®

Burkina Faso®

Cameroon?
Chad

Chile®

China
Colombia
Congo, Rep.
Costa Rica?

Céte d'lvoire3
Cuba

Dominican Republic®

Ecuador®
Egypt®

El Salvador
Gambia, The?
Ghana?
Guatemala?
Guyana?®
Honduras®
India
Indonesia®
Iran

Japan
Kenya
Korea, Rep.
Liberia
Madagascar?
Malawi®
Malaysia
Mali
Mexico
Morocco®
Nepal®
Nigeria
Pakistan3
Panama
Paraguay?
Perus
Philippines
Senegal®
Sierra Leone?®
Sri Lanka?

Taiwan, China

Thailand
Togo®

Turkey
United States
Uruguay?
Venezuela

Algeria
Argentina®
Australia
Bangladesh
Bolivia
Brazil®

Canada

Chile®
China
Colombia
Ecuador®
Egypt.?
Guatemala?
India

Iran

Japan
Kenya
Lesotho
Mexico
Morocco®
Nepal®
New Zealand?®
Nigeria
Norway
Pakistan3®
Paraguay?
Perus

South Africa
Sudan3
Taiwan, China
Tunisia
Turkey
Uruguay?
Zambia
Zimbabwe?

Algeria
Argentina®
Australia
Bolivia
Brazil®
Cameroon?

Canada

Chile®

China
Colombia
Céte d’lvoired
Cuba
Ecuador®
Egypt®
Ghana?
Guatemala?
Honduras®
India
Indonesia®
Iran

Japan
Kenya
Korea, Rep.
Lesotho
Madagascar®
Malawi®
Mexico
Morocco®
Nepal®
Nicaragua®
Nigeria
Pakistan3®
Panama
Paraguay?
Perus
Philippines
Senegal®
South Africa
Taiwan, China
Thailand
Turkey
United States
Uruguay?
Venezuela
Vietnam
Zambia
Zimbabwe?

Argentina®
Australia
Bolivia
Brazil®
Canada
Chile®

China

Colombia
Ecuador®
Egypt®
Guatemala?
India
Indonesia®
Iran

Japan
Korea, Rep.
Mexico
Morocco®
Myanmar
Nigeria
Pakistan3
Paraguay?
Perus

South Africa
Switzerland
Taiwan, China
Thailand
Turkey
United States
Uruguay?
Venezuela
Zambia
Zimbabwe?

Source: World Bank.

Note: 1 indicates metals exporter; 2 indicates energy exporter, 3 indicates agricultural exporter. An economy is defined as an exporter if exports of the commodity account for 20 percent or

more of their total exports. Greece, Portugal, and South Africa are not included in the estimation of gas consumption due to missing observations (for 17, 32, and 27 years, respectively).
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ANNEX TABLE SF.1.5 Estimation results for pooled mean group estimation

Long run
Log percapita  3.50™*  2.60"** 2957 231" 604" 030 038" 139" 105" 028 085" -0.65 0.84**
income (0.40)  (023) (0.71) (0.46) (1.28) (1.04) (0.57) (0.12) (0.20)  (0.24)  (0.02) (0.50) (0.04)
Squaredlog g y5rr  0q2* -0.12* -0.10** -0.31"*  0.01 -0.09%* -0.04*** 005" 0.10"**
per capita
income (0.02)  (0.01) (0.04) (0.02) (0.06)  (0.05) (0.01)  (0.01)  (0.02) (0.03)
, 20315 017 -0.36*** 047 015 027 -0.29"** 0.03 001 -0.22** -0.19***  -0.48**  -0.68**

Log real price

(0.04)  (0.03) (0.06) (0.05) (0.07) (0.03) (0.03) (0.02) (0.02) (0.03)  (0.03) (0.11) (0.09)
Short run
Adjustment 20.26°*  -0.28*** -0.14*** 007" -0.10*** 047" -0.17*** -0.22*** -0.33** -0.19"** -0.15***  -0.14***  -0.13*
costisent (0.03)  (0.03) (0.03) (0.01) (0.01) (0.03) (0.03) (0.03) (0.04) (0.03)  (0.03) (0.02) (0.02)
Logchangein _1g9.06** 290  1.04 428" -13.41** 3160 063" -228 244  -161 049" -13.54 0.89**
per capita
income (9.43)  (13.55) (7.20) (2.34) (3.78) (21.43) (0.20) (6.58) (6.88)  (4.95)  (0.14) (21.28) (0.42)
Squared log 1.07*  -0.01 007 -0.17 0.70**  -1.51 0.08 0.7 0.15 1.33
change in per
capitaincome (@47 (067)  (0.36)  (011)  (0.18)  (1.06) (0.46)  (0.38)  (0.32) (1.33)
Logchangein 0.09* 005 -003 -0.01* -0.01 0.03*  0.03* -0.02* -0.01 0.02 0.01 -0.03 -0.02
real price (0.04)  (0.03) (0.03) (0.01) (0.02) (0.02) (0.02) (0.01) (0.02) (0.15)  (0.02) (0.10) (0.10)
Constant 456 S350 2,10 -0.90%* -2.85* -0.86"* -0.78*** -0.40*** -0.53* 061  0.29*** 0.93*** 0.36***
onstan

(0.54)  (042) (0.36) (0.08) (0.44)  (0.17)  (0.17) (0.07) (0.08)  (0.15)  (0.11) (0.18) (0.09)
Joint
Hausman 5.25 772 326 366 453 3.02 580 252 145 1.62 5.43 5.86 2.31
test-statistic
p-value 0.15 005 035 030 021 0.39 0.06 047 069 0.66 0.07 0.12 0.32
log likelihood ~ 886.27  711.20 743.02 3065.46 1557.88 1134.57 1141.82 1647.65 1141.82 1534.65 1462.82 85.70 47.73
Observations 1,668 1,658 1275 1,683 1,366 1,366 1,443 2,692 1781 2372 2372 1,500 1,500
Mo Gl 33 33 25 33 28 30 30 55 35 47 47 32 32
countries
Memorandum
item:
Income
elasticity at
2017 mudian 0.8 0.3 0.7 0.5 0.6 0.4 0.3 0.3 0.8 0.8
income

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.

1/ Indicates robustness check but not baseline regression. All other regressions are baseline regressions.
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ANNEX TABLE SF.1.6 Estimation results under generalized method of moments

Log per capita 3.99"* 3.81* 2.57 2.41* 419" 0.27** 1.49"* 0.70** 0.47** 0.48**
income (0.21) (0.18) (0.36) (0.12) (0.25) (0.09) (0.13) (0.12) (0.03) (0.05)
Squared log per -0.17*** -0.19*** -0.06*** -0.10*** -0.19*** -0.09*** -0.04***
capita income (0.02) (0.01) (0.02) (0.01) (0.02) (0.00) (0.01)
) -0.45*** -0.18*** 0.00 -0.05*** 0.07 -0.47*** -0.33 -0.04 -0.48*** -1.33***
Log real price
(0.05) (0.04) (0.12) (0.01) (0.08) (0.13) (0.02) (0.03) (0.09) (0.15)
— -19.51**  -18.16™* -17.67"* -13.60"** -23.64** -4.16™** -1.83"** -1.46"** 6.29** 10.01***
(0.83) (0.77) (0.73) (0.63) (1.13) (0.87) (0.50) (0.47) (0.51) (0.97)
Adj. R2 0.86 0.81 0.80 0.96 0.90 0.84 0.91 0.91 0.12 0.11
J-statistic 0 0 0 0 0 0 0 0 0 0
Observations 1,608 1,583 1,275 1,617 1,428 1,583 2,776 1,730 2,372 1,501
Number of countries 33 33 25 33 28 33 55 35 47 32

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.
One lag of independent variables is used as instruments. The J-statistics confirm their validity.
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