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FIGURE 4C.1 IRFs for demand shocks with different proxies of economic
activity
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Source: World Bank.

Note: Blue bars show the average impulse responses functions (IRFs) to one-standard-deviation demand shocks at the 1-month,
3-month, 6-month, 8-month, 10-month and 12-month horizons, as estimated from a structural vector autoregression model described
in annex 4B using five different proxies for economic activity: global industrial production, the global economic conditions index,
commodity-consumption weighted industrial production, the global manufacturing PMI (Purchasing Managers’ Index), and the global

composite PMI. Yellow whiskers show the range of estimates from the five specifications with the five different proxies for global
economic activity.
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FIGURE 4C.2 IRFs for supply shocks with different proxies of economic
activity
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Note: Blue bars show the average impulse responses functions (IRFs) to one-standard-deviation supply shocks at the 1-month, 3-
month, 6-month, 8-month, 10-month and 12-month horizons, as estimated from a structural vector autoregression model described in
annex 4B using five different proxies for economic activity: global industrial production, the global economic conditions index,
commodity-consumption weighted industrial production, the global manufacturing PMI (Purchasing Managers’ Index), and the global

composite PMI. Yellow whiskers show the range of estimates from the five specifications with the five different proxies for global
economic activity.
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FIGURE 4C.3 IRFs for demand and supply shocks to economic activity on
oil price growth

A. Demand shocks B. Supply shocks

Percentage points Percentage points
35 12
30 10
25 8
20 6
15
10 4

5 “ " 2

0 0

1 3 6 8 10 12 1 3 6 8 10 12
Months Months

Source: World Bank.

Note: Blue bars show the average contribution of demand and supply shocks to the forecast error variance at the 12-month horizon, as
estimated from a structural vector autoregression model described in annex 4B using five different proxies for economic activity: global
industrial production, the global economic conditions index, the global manufacturing PMI (Purchasing Managers’ Index), and the global
composite PMI. Yellow whiskers show the range of estimates from the five specifications with the five different proxies for global
economic activity. IRF = impulse response function.

FIGURE 4C.4 FEVDs using different proxies of economic activity
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Note: Blue bars show the average contribution of demand and supply shocks to the forecast error variance at the 12-month horizon, as
estimated from a structural vector autoregression model described in annex 4B using five different proxies for economic activity: global
industrial production, the global economic conditions index, commodity-consumption weighted industrial production (for metals), the
global manufacturing PMI (Purchasing Managers’ Index), and the global composite PMI. Yellow whiskers show the range of estimates
from the five specifications with the five different proxies for global economic activity. FEVD = forecast error variance decomposition.
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ANNEX 4D Local projection estimation: Methodology
and data

Methodology

The cumulative responses of real output (real GDP) growth at horizon A—denoted
by ¥+ ;—following shocks to oil or metal price growth p; are estimated using the
local projection method of Jorda (2005), with the adjustment developed by Teulings
and Zubanov (2014). The increasing popularity of local projection estimations in
empirical macroeconomic analysis is mainly due to their simplicity and flexibility.
They yield outcomes similar to those of widely used SVAR models (Montiel-Olea
and Plagborg-Mgller 2021; Plagborg-Meller and Wolf 2021). Local projection
estimation is broadly robust to misspecification and nonlinearity, whereas an SVAR
produces more efficient estimates (Jordad and Salyer 2003). However, Plagborg-
Moller and Wolf (2021) demonstrate that local projection estimations attain
efficiency similar to that of the SVAR when p and T—o0. Finally, local projection
models are not subject to stringent identification schemes, such as the Cholesky zero
restriction or similar restrictions used in SVARs.

The model is given by

’ q
Yiern =0, 8,0, +8,X,, + Zszl YonYis-s T € ren (4D.1)

where h = 0, 1,., 4 is the horizon; a;; is country i fixed effects; and
€..» ~ N(0,6;) is an independent, identically distributed (idd) error term. The
coefhicient of interest B captures the dynamic multiplier effect (impulse response) of
the dependent variable with respect to a shock to oil or metal price growth at time .
Additional control variables, such as global demand (proxied by global industrial
production) and domestic consumer price inflation, which are commonly used in
SVARs with oil or metal price shocks, are included in an n x » matrix X;,, while 9,
denotes n x ¥ matrix parameters. The maximum number of lags for each variable is
denoted by ¢ and set to 4. The impulse response functions are constructed separately
using a sequence of estimates 3, for each horizon based on least-squares technique.
Heteroscedasticity- and autocorrelation-consistent standard errors are used to correct
for potential effects of heteroscedastic variances and autocorrelation in the error
terms. In addition, Driscoll and Kraay (1998) standard errors are used to address
cross-sectional and serial correlation.

The local projection estimation allows the investigation of a nonlinear, asymmetric
response of domestic economic activity to oil or metal price shocks. Equation (4D.1)
is augmented with this nonlinearity:

Viewn =0, + szr x1, + BZ p,x(A-1)+ S;Xi,t + ZZ:I YonYires T €irin (4D.2)
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where [, is a dummy variable representing increases in oil or metal prices.
Specifically, /, takes the value of 1 for positive observations of real annual growth
rates in metal prices and 0 otherwise. Thus, equation (4D.2) captures an asymmetric
response of domestic economic growth (y;) to rises and declines in oil or metal
prices. The output response to oil or metal price increases is captured by B’; the
output response to oil or metal price declines is accounted for by B,

Data

The data set includes annual data for 153 EMDEs for 1970-2019. EMDEs are
considered metal exporters if industrial metal exports (in aggregate) account for 5
percent or more of total exports, and the same for copper and aluminum exporters
separately. This identification provides 31 industrial metal exporters, of which 14 are
copper exporters and 10 aluminum exporters. The sample of industrial metal exporters is
smaller than that presented in annex 4A because of data constraints for the regression
and the exclusion of iron ore from the aggregate of industrial metal exports. EMDE:s are
defined as metal importers if their imports of the specific metal account for 0.1 percent
or more of total imports. This definition provided 50 metal importers, 31 copper
importers, and 38 aluminum importers. Thirty-four EMDEs are considered energy
exporting (oil, gas, or coal), as defined in World Bank (2020c¢); the remainder are
considered energy importers. Import and export data come from UN Comtrade and the
Observatory of Economic Complexity.

Annual data on real GDP and world per capita GDP are available from the World
Bank’s World Development Indicators database. Oil and base metal prices data are
taken from the World Bank’s Pink Sheet database. The oil price is the unweighted
average of Dubai, West Texas Intermediate, and Brent prices. Metal prices are calculated
by taking a weighted average of aluminum, copper, lead, nickel, tin, and zinc. The real
price is obtained by deflating the nominal metal price (in U.S. dollars) with the U.S.
CPI from the Federal Reserve Economic Data (FRED) database maintained by the St.
Louis Federal Reserve Bank. Real oil and metal prices were transformed into annual
growth rates. The control variables comprise global GDP growth and country-specific
consumer price inflation. Data on consumer price inflation are taken from the
International Monetary Fund’s World Economic Outlook database.

Because of limited price data, the estimation of a separate local projections model for
metal ore exporters and refined metal exporters is not possible. This is a limitation of the
research because metal exporters might specialize in different aspects of exporting
metals—as metal ores, as refined metals, or as refined metals embodied in domestic
finished goods. A shock affecting the supply of a metal ore could affect metal ore
exporters and refined metal exporters differently.

For example, for the Democratic Republic of Congo, exports of refined copper account
for more than 50 percent of total exports, whereas exports of copper ore account for
about 7 percent. In contrast, for Guinea, exports of bauxite (aluminum ore) account for
nearly 50 percent of total exports, but exports of alumina (an intermediate product in



COMMODITY MARKETS CHAPTER 4 257

the refining process) account for just under 2 percent of exports and exports of refined
aluminum are negligible. Finally, China’s production of lead ore accounts for nearly half
of global lead ore production, but most of this ore is used domestically and embodied in
exports of manufactured goods.
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