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Abstract

Using world-commodity prices as an instrument, we propose a novel method for de-
composing channels of international risk sharing for commodity-exporting countries.
We identify the commodity “sector” as the projection of GDP growth on commod-
ity price growth and the non-commodity “sector” as its orthogonal complement. We
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to GDP are smoothed via counter-cyclical international factor income and, especially,
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1 Introduction

Countries with exports dominated by commodities are subject to high risk because shocks
to prices of commodities (such as oil and metals) lead to large and persistent output fluc-
tuations. Consequently, commodity-price risk may result in substantial welfare losses.
In principle, commodity exporters can hedge against risk by trading ownership rights
of their commodities and invest the proceeds in a diversified international portfolio (by
trading equity, foreign direct investment (FDI), risky lending, etc.). This “channel of risk
sharing” is typically highlighted in stylized perfect-market models, but seems less impor-
tant in practice. Countries can self-insure via pro-cyclical savings, although this channel
of risk sharing is less ideal as savings may run out following a large negative shock, par-
ticularly if the shock is persistent.!

We estimate channels of risk sharing for commodity-exporting countries following
the methodology of Asdrubali, Sorensen and Yosha (1996) (ASY), who estimated these
channels based on a covariance decomposition of GDP shocks. Intuitively, a positive
shock to the GDP of a country has to either show up in consumption or be “absorbed”
(or “smoothed”) by “channels of risk sharing,” e.g., outgoing international factor income,
or an increase in saving. The channels of risk sharing are estimated using panel regres-
sions with time-fixed effects that capture the aggregate risk that cannot be shared away;
the amount of risk not shared is measured as the coefficient in a fixed-effect regression
of consumption on GDP. The covariance decomposition of ASY is informative, whether
GDP shocks are exogenous to the terms in the decomposition or not, but the extent of
smoothing may differ for purely exogenous shocks.

We assume that world commodity prices are exogenous to the GDP of individual
countries, and we make a methodological innovation and construct an IV-decomposition
of the channels of risk sharing. Using a Bartik-style shift-share setup, we decompose the
GDP of a country into the projection on the instrument and the projection on the orthog-
onal space. We interpret the projection components as sectors of the economy, which
we label the commodity sector and the non-commodity sector, and estimate channels of
risk sharing for each sector. The overall ASY-style channels of risk sharing are weighted
averages of our “sectoral” measures of risk sharing, and we refer to our approach as an
IV-decomposition of channels of risk sharing.

To our knowledge, this is the first paper to estimate sectoral channels of risk sharing

Tmplicit in this discussion is that the amount of unshared risk is measured as the correlation of con-
sumption growth with GDP growth after controlling for aggregate effects. This convention has been com-
mon since first suggested by (Cochrane, 1991; Mace, 1991), using individual-level data, and Obstfeld
(1993), using country-level data.



for commodity-exporting (or other) countries. Related literarute includes, for example,
Arroyo-Marioli and Vegh (2023) who illustrate the challenges for government spending
in commodity-exporting countries. They show that the degree of fiscal procyclicality
is twice as high for commodity exporters than in non-commodity exporters (although
they show this pattern has become less pronounced the last 15 years). Early estimates
of the degree of international risk sharing consistently found that it is low relative to
theoretical predictions, even for highly financially integrated economies (Lewis (1996);
Obstfeld (1993)). This holds even more true for emerging markets, in part because these
countries have low holdings of international financial assets (Kose, Prasad and Terrones
(2009)).

Estimating channels of risk sharing was first suggested by ASY for U.S. states and
applied to countries by Serensen and Yosha (1998). The ASY regressions have a simple
intuitive interpretation in terms of diversification of ownership and savings, although the
findings are not matched to any specific structural model. Hoffmann et al. (2019) con-
struct a computational quantitative model where income smoothing and risk sharing are
functions of cross-ownership of firms and of international banking integration. Simulat-
ing the model, they find that it explains well the channels of risk sharing in the European
Union. In a theoretical contribution, Maggiori (2017) shows that optimal risk sharing
between financially advanced countries, such as the United States, and developing coun-
tries can be asymmetric, with the more developed countries absorbing a greater share of
global shocks in downturns.

Our work is purely empirical, and we adjust the ASY-type regressions to measure
differences in country-level consumption (growth) from the consumption of the world
(including developed countries), rather than the more typical specification that measures
deviation from the group average—often implicitly, using time fixed effects. This has
the interpretation of measuring the deviation from sharing risk with the world’s coun-
tries, rather than measuring risk sharing between the commodity exporters themselves.
Because commodity exporters typically suffer from correlated shocks, benefits from in-
group risk sharing are minor and therefore of less interest. We measure deviations from
risk sharing with the world also for our sectoral decompositions.

Likely, assets such a ore- or oil-deposits are easier to monitor across borders than,
say, small service-oriented firms and it is therefore likely that the commodity-dependent
sector will be able to obtain more risk sharing via ownership diversification. Heathcote
and Perri (2004) model risk sharing as a function of higher endogenous global finan-
cial integration. Risk sharing via sovereign savings may also be higher for commodity-

price shocks than for other shocks due to explicit government policies intended to smooth



the large shocks associated with commodities—possibly via dedicated sovereign wealth
funds.

We find that commodity exporters share risk significantly more than non-commodity
exporters. Having established that commodity exporters share risk differently, we fo-
cus our analysis on energy and metals exporting countries, which face significantly more
medium-term volatility than agricultural commodity exporters (and commodity importers).
By estimating channels of risk sharing at different horizons, we find that most risk sharing
in resource rich countries takes place through pro-cyclical savings, especially at shorter
time-frequencies, while international factor income plays a smaller but still important
role.

Splitting GDP by sector via projections, we identify substantial risk sharing of shocks
to the commodity sector, with less than a third of commodity price-driven GDP shocks re-
flected in consumption at a 5-year frequency. In contrast, two-thirds of non-commodity-
price driven shocks are reflected in consumption at the 5-year frequency. These sectoral
differences in risk sharing are driven by both international factor income flows and sav-
ings, especially government savings. In terms of uses of savings, the commodity sector
smooths resource-price shocks significantly via pro-cyclical domestic investment.

The rest of the paper is organized as follows. Section 2 derives the channels of risk
sharing by sectors, using instrumental variables. Section 3 describes the data used in
the analysis. Section 4 reports our results, and Section 5 and 6 discuss extensions and

conclude.

2 IV-Decomposition of Channels of Risk Sharing

The ASY decomposition starts from the following national accounts-based identity?:

Alogapr = (Alogcor — Alogen) + (Alogent — Alog o) + (Alog awor — Alog cons) + (A log cons) .

ASY show that the (cross-sectional) variance of GDP-growth can be decomposed into the
sum of the covariances of GDP growth with the terms in parenthesis in the above equa-
tion. Therefore, a low correlation of consumption growth with GDP growth relative to the
variance of GDP growth—usually interpreted as risk sharing—must have been absorbed

into the other terms. These correlations can be interpreted as channels of risk sharing;

2GDP is Gross Domestic Product; GNI is Gross National Income, NNDI is Net National Disposable
Income and CONS is consumption



see ASY for details.

Now consider decomposition using an instrument Z, with the ASY decomposition
being the special case of Z being an identity matrix. (In our case, Z is the weighted price
growth of commodities). Let P, be the projection matrix Z(Z’Z)™'Z’" and the “residual
maker” My = (I — P;). The projection matrix and the residual maker are orthogonal if
My P; = 0 and sum to the identity matrix if M P, =1I.

Consider the national account identity in a cross section of countries in year ¢. where
we suppress the t index for now and shorten notation to Y = Alogcpor. Multiplying each
side of the identity with P, Y — y; where y; is ¥;P;Y;), where the i subscript indicates the
countries in our sample, yields

Y(P2Y —py) =

(Y — Alogaon) (P2 Y — ;) + (Alogani — Alognwot) (P Y — py)

+(Alognnor — Alogcons)(PzY — py) + (Alog cons) (P Y — py) .
Observe that Y (P, Y —p;) = (P, Y —p;) (P Y —p;) because Y =P, Y+MyY and (P, Y —p;) py =
0. Taking expectations, we have

Var(PzAlogcpr) = Covar(PzAlogcor, Alogcor — Alog i)

+Covar(P;Alogcor, Alogent — Alognnor) + Covar(PzAlogcor, Alog nnor — Alog cons)
+Covar(PzAlogapr, Alogcons) .

Dividing over by the left-hand side and noticing that the covariances divided by the vari-

ance are IV-coefficients we get

1=y +9yT+9% 49V (1)

Covar(PzAlogGDP,Alog CONS
Var(PzAlogGDP)
income coefficient, T the net transfer coefficient, S the savings coefficient, and U the

where, for example, YU is ) The superscripts F denotes the factor
coefficient that gauges the fraction of shocks left unsmoothed.

This co-variance decomposition provides IV-coefficients for a cross-sectional regres-
sion of consumption growth on GDP growth predicted by the instrument. Similarly for
the other three terms. ASY show that the coefficients from a panel-data regression with
fixed effects is a weighted average of the cross-sectional coefficients year-by-year and these
are the coefficients that we present. Overall, we have shown that an IV-covariance decom-

position of the part of GDP growth predicted by the instrument results in 4 IV-coefficients



that sum to one.

The standard interpretation of IV regressions is one where the independent variable
is a linear function of the exogenous instrument plus some noise which is endogenous to
the dependent variable. In our setting, we interpret those IV regressions in the vein of
Imbens and Angrist (1994) as capturing heterogeneous impacts. In a (commodity export-
ing) country, we assume the economy consists of two sectors: i) a commodity-dependent
“sector,” broadly interpreted to include the commodity-producing sector, including parts
of other industries that provide inputs to the commodity-producing sector (for example
the oil and metal refining sector). It could also include parts of the public sector that
are impacted by commodity prices through value chain links but distinct from the other
sector in the short term; and ii) the part of the economy that is not dependent on com-
modities.> Ishimaru (2024) maps out how the difference between IV and OLS is caused
by either endogeneity or re-weighting of the observations. Our IV-implementation puts
higher weight on shocks caused by commodity price shocks, and our interpretation is
that it thereby helps separating the “sector” affected by those shocks from the part of the
economy that is unaffected. That is, Y*°™ = PyAlogcor is interpreted as the growth of the
commodity-dependent part of GDP, and Y"“°™ = M Alogcpr is interpreted as the growth
of the non-commodity-dependent part of GDP.

yU is thus interpreted as the un-smoothed share of the GDP shocks caused by fluc-
tuations in commodity prices. yf equals 1 minus the regression of GNI growth on the
part of GDP growth caused by commodity price shocks. If the latter regression coeffi-
cient is smaller than unity, this means that net international factor income flows correlate
negatively with commodity price shocks, possibly due to commodities being (wholly or
partially) owned by multinational extraction firms which receive increased dividends af-
ter positive shocks. Thus, our interpretation of »* is the amount of commodity-induced
aggregate risk smoothed via counter-cyclical factor income flows. Or more precisely, fac-
tor income flows that are counter-cyclical to commodity price fluctuations. T shows how
commodity price-driven shocks affect (incoming) international transfers (in the opposite
direction of the price change). »° can be interpreted as the increase in the share of sav-
ings due to commodity price-driven growth. Or, with a bit more interpretation, the share
of commodity-driven output growth saved. The y IV-coefficients have the same interpre-
tation as the coefficients of the ASY decomposition of GDP shocks into fraction smoothed

(plus fraction not-smoothed), except that the y coefficients zoom in on the part of GDP

3Under the assumption that the factors of production of the commodity and non-commodity sectors
(labor and capital) are not easily interchangeable as in van der Ploeg (2019) , the spillover will be limited
over the short term.



that is caused by commodity price fluctuations.

By the exact same logic, we can repeat the derivation using MyAlogcor and obtain
coefficients, although it is important to keep in mind that for this sector, the coefficients
measure average risk sharing but not necessarily how much of an exogenous shock is
shared. We have

1=xF+xT+15+1Y (2)

U :.. Covar(MzAlogGDP,AlogCONS)
where, e.g., k"~ is Var(M Aog GbP)

sectional regression of consumption growth on the non-commodity-dependent part of
GDP.

In ASY-type non-instrumented regressions, the amount unsmoothed, is

), which is exactly the coefficient in a cross-

Covar(Y,Alogcons) — Covar(Y™ + Y™, Alogcons) — Var(Ym) e Var(yneom)
Var(Y) Bl Var(Y) ~ Yu Var(Y) Y Var(Y)

that is, a weighted average of the sector-specific coefficients because Var(Y™)+Var(Y"°™)
Var(Y) by orthogonality.

If both parts of GDP are exogenous to the right-hand side of the decomposition, and
risk is smoothed in the same fashion, then y and « coefficients will be similar. The y-
coefficients can be interpreted as the fractions shared of risk emanating from exogenous
commodity-price shocks, while the x-coefficients do not necessarily reflect only exoge-
nous shocks. In general, the difference in the coefficients could be interpreted as “endo-
geneity bias,” but there is only potential “bias” if one wants to interpret the x-coefficients
as responses to exogenous shocks from My logcor. We think a broader interpretation is
valid; namely, that the differences in the coefficients reflect different economic features
of relevance for risk sharing of the commodity- and non-commodity sectors. These sec-
toral difference in the estimated risk sharing coefficients may partly reflect that M logcor
is not exogenous; but without a second instrument, we cannot empirically quantify the
importance of any potential “endogeneity bias” (that is, bias if the coefficients are inter-
preted as reaction to exogenous shocks).

A Stylized Framework. Assume that GDP growth, deflated by consumer prices, of a
country is

Y = yeom 4 yncom (3)

YCOm YI‘lCOm

where is a commodity-producing sector and is a non-commodity-producing
sector. The proceeds from GDP growth of each sector are allocated to residents, foreign
stock holders, and to the government. The foreign share in sector je[ncom,com] is fj. In

return for selling the shares f/ to foreigners, the country receives a share of world produc-



tion (which we omit here as it is captured by the aggregate component in our regressions).
The private sector saves a share s{,r of GDP from sector j, where the shares differ by sec-
tor as s/ captures, among other things, different corporate and financial structures of the
sectors, which affect the savings rates. The government sector saves a share sé of GDP
from sector j, where differences in savings rates across countries could reflect, for exam-
ple, explicit rules governing a sovereign wealth funds intended to smooth fluctuations in
commodity prices.

If YO and Y"°™ are orthogonal and Y“°™ is proportional to growth in international

” Y™ in line with our in-

commodity prices, the instrumented regression will “pick out
terpretation. If, say, Y"“°" is endogenous to changes in government and private spending
caused by shocks to Y°™, this endogenous change will also be captured by the instru-
ment, as mentioned earlier. Moreover, other aspects of the difference in the structure of
the non-commodity sector and commodity sectors may also be reflected in Y*°™; how-
ever, our estimates will still be informative about whether the risk sharing structure of
the economy differs across sectors. In general, the interpretation of the results is far from
fool-proof, but it is nonetheless consistent with the notion that commodity producers
react differently to commodity price shocks versus other shocks to GDP. *

Foreign factor income paid is denoted A°Y®™ + A" Y™  Attributing or projecting
this onto Y™ via an IV-regression of net factor income returns A°. This heuristic as-
sumption through a logarithmic approximation essentially ignores foreign factor income
receipts, but these will ideally be absorbed in the aggregate controls. A similar logic holds

for savings.

3 Data

Data for the study for national accounts, consumer prices, and commodity exports is
World Development Indicators (WDI). Data on GDP, GNI, Consumption, International
Transfers, Gross Savings, Gross Capital Formation, and consumption is taken from the
UN National Accounts statistics and WDI. Savings data are from the United Nations
National Accounts Statistics, Main Aggregates and Detailed Tables, including data for the
general government sector. Private savings is the difference between Gross Savings and
Government Gross Savings. Table A.6 summarizes the data sources.

Commodity price data are obtained from the World Bank Commodities (Pinksheet)

“The distinct difference between the challenges and responses of the tradable commodity sectors and
non-commodity sectors, leading to the ‘Dutch Disease’ has an extensive literature notably detailed in Cor-
den and Neary (1982) and Arezki and van der Ploeg (2018).



database, which cover more than 70 commodity prices and indexes. Energy commodities
in the Pinksheet database include crude oil, natural gas, and coal. Metal prices include
several base metals, iron ore, and precious metals. Export data are obtained from the
World Bank’s World Integrated Trade Solutions (WITS) database.

Our sample covers 110 countries for the period 1995 to 2019, although the majority
of our regressions focuses on 28 energy and metal exporting countries. We follow the
World Bank definition, namely: an economy is defined as a commodity exporter when,
on average in 2017-19, either (i) total commodities exports accounted for 30 percent or
more of total exports; or (ii) exports of any single commodity accounted for 20 percent or
more of total exports. Table A.7 lists the country sample and classification of countries as
energy-, metal- or agricultural exporters.

A look at the data shows why commodity exporting countries are impacted by com-
modity price shocks. The volatility of GDP growth is about twice as high for commodity
exporters than for non-commodity exporters (panel (a) of Figure 1). Among commodity
exporters, the volatility of GDP is much higher for energy exporters and, to some extent
metal exporters, than for agricultural exporters (panel (b) of Figure 1). The high GDP
volatility mirrors the high volatility in the growth of the value of commodity exports
(panel (c) of Figure 1). The displayed statistics suggest that the ability to smooth income
and consumption is particularly important for commodity-exporting countries.

As shown in panel (d) of Figure 1, for commodity exporters on average private savings
(as a share of GDP) are slightly lower and government savings slightly higher than for
other countries. Government saving as a share of GDP is significantly higher for energy
exporters than for other groups of countries.

Net factor income (NFI) outflows are over 2 percent of GDP on average and somewhat
larger in commodity-exporting countries than in non-commodity exporting countries.
Changes in NFI to GDP across time between commodity exporters and non-commodity
exporters are mostly asynchronous. Transfers (net international grants and remittances)
do not vary much in size between commodity exporters and non-exporters. However, net
transfer income is significantly higher for energy and metal exporters than for agricul-
tural exporters. Table 1 provides descriptive statistics of the selected variables in per-
capita terms used in the empirical estimation.

The commodity price data from the Pinksheet database are used to construct the in-
real
it

for the basket of commodity exports of country i, where the weights are determined by

strumental variable as follows. Let Ap!** be the weighted average of real price changes



the nominal shares of each commodity in GDP:

pUSDx . PUSD
t—h “xgit=h gt
APt =) A Alog =S, (4)
USD Us
geCommodity GDPit—h CPIit
where PgL{SD represents the price of commodity ¢ in U.S. dollars at time ¢, and Xg;;_j, is the

export volume of commodity g in country i at time t — h. The numerator, export revenue
from commodity g of country i, divided by GDPy;;_j, the value added of sector g in U.S.
dollars. This first term represents a country-specific weight for each commodity price.
CPIYS is the U.S. consumer price index at time t. This measure captures the real changes

in commodity price of country i.

4 Results

4.1 The extent of risk sharing in commodity exporting countries

We begin our analysis by quantifying the different degree of risk sharing between com-
modity and non-commodity exporting countries. Across commodity exporters, we dif-
ferentiate between three distinct groups, energy, metal, and agriculture exporters and we

measure the extent of risk sharing at different frequencies, using the following regression

model:
Aplogcons;; — Ay log CONS}L/V = Bon + Bun (Ah logcor;; — Ay log GDP;’V) (5)
+ Z ﬁgh (Ah log GDP;j4 — Ay, log GDPI/V) X IZ.X + U
xeCommodity

where Commodity is a the set of commodity exporting categories (energy; metal; agri-
culture), I is an indicator function taking value of 1 for countries belonging to the com-
modity exporting category x, and 0 otherwise. The h-difference operator, Ay, is defined
as Aj,log cons;; = logcons;; — log cons;,_y, with h € {1;...;5}; Apc}¥ and A,gdp!” are cross sec-
tional average of log-differenced consumption and Gross Domestic Product per capita.’
The coefficient 8, is interpreted as the average deviation from full consumption risk
sharing and 1 - g, j, is the average amount of risk sharing. If the shocks to GDP are fully

SOur approach yields similar results to those in which risk sharing is measured using the following time

. . . dit dit
fixed-effects specification: Aylogcons;; = o + Bu,nAnlogcor;, +ﬁ:o}znmo ' yAh logcor;; xlfommo e + e p Ui

The advantage of our approach is that we can zoom in on commodity-exporting countries to analyze the
same aggregate shocks while disregarding other country groups.

10



passed on to consumption, the estimate 8, , = 1; while complete absorption of shocks-
full risk sharing-implies the estimate 8, , = 0. The coefficient g, , thus measures the
degree of risk sharing achieved by commodity exporting countries of type x.

We find that non-commodity exporting countries are unable to obtain much risk shar-
ing. We estimate Equation 5 and present the results in Table 2. Beginning with how
non-commodity exporting countries absorb shocks to year-over-year GDP growth, we ob-
serve a fairly low degree of risk sharing: about 30 percent (1 minus 0.7 in column 1,
or 0.3 of risk shared compared to the full risk-sharing benchmark of 1). This disparity
worsens at lower frequencies, with the proportion of consumption risk smoothed over
time declining to 0.2 when considering five-year differences. These findings align with a
well-established literature estimating significant departure from the predictions of mod-
els posing complete asset markets.

Energy and metal commodity-exporting countries exhibit higher and statistically sig-
nificant levels of risk sharing compared to other countries. Columns 2 through 4 in Ta-
ble 2 illustrate the differential levels of risk sharing across energy, metal, and agricultural
exporters relative to non-commodity exporters. Energy and metal exporters absorb year-
over-year GDP shocks more effectively, by 37 percent more and by 33 percent more than
non-commodity exporters, respectively. In other words, more than two-thirds of the GDP
shocks in energy exporters are absorbed. Although these differences diminish at lower
frequencies, they remain significant even at the five-year frequency, with about 40 per-
cent of GDP shocks smoothed in energy and metal exporters compared to only 20 percent
in non-commodity exporters. The data do not reject the hypothesis that energy and metal
exporters achieve similar degrees of risk sharing across shocks of different frequencies.

In contrast, agricultural commodity exporting countries do not exhibit statistically
significant differences in risk sharing relative to non-commodity exporters (Column 4 in
Table 2) . This is consistent with the related literature which treats the economic chal-
lenges of energy and metal exporters (such as the resource curse) as fundamentally dif-
ferent from the challenges of other economies, including agricultural exporters (see, for
example Venables (2016) and Arezki and van der Ploeg (2018)).% Our results show that
risk-sharing behavior is also different for resource-rich countries compared to other ex-
porters.

Two key questions arise. First, given the distinctive role of these commodity sectors in

these economies, how important is risk sharing within this sector compared to the other

SThis is likely related to the different behavior of these commodity types. Agricultural prices tend to
adjust much faster within a year given the greater possibility of substitution across production of crops
and consumption of agricultural goods; whereas the investment-to-production time horizon of ore and
fossil fuel extraction are subject to a time-to-build technology.

11



sectors? Second, what are the channels through which commodity-exporting countries
achieve higher levels of risk sharing? We explore these questions in the following sections,

limiting the remaining analysis to energy and metal commodity-exporting countries.”

4.2 The relevance of commodity prices for output: the commodity sec-

tor and non-commodity sector

We now turn to constructing an instrument using the commodity price shock defined in
equation 4. Commodity price movements are relevant for GDP shocks, since they influ-
ence output mainly by increasing the value of CPI-deflated GDP and secondary by stim-
ulating production in economic activities tied to the commodity sector. Global commod-
ity prices are expected to be exogenous to the commodity exporter’s GDP, as individual
economies are unlikely to dictate global prices.® A common global component of out-
put might affect global prices, but not a country’s relative stance as our regressions con-
sider changes to output and consumption relative to world output growth and consump-
tion growth. Moreover, commodity prices affect consumption in commodity-exporting
countries only through their impact on GDP. That is, for a commodity-exporting coun-
try, movements in global commodity prices will affect the GDP of a country that relies
on that commodity for its export earnings and related domestic activities, but once the
effect of global prices on GDP is controlled for, it does not have another direct pathway
to influence consumption. Thus, the instrument satisfies the excludability condition of
instrumental variable estimation and its relatedness to the endogenous variable.
Whether our instrument satisfies the relevance criteria for an instrumental variable

estimation can be seen from the results of a least squares projection of A, (gdpl-t - gdp}“‘”ld)

real
it
movements in activity caused by changes in the value of the bundle of commodities ex-

onto Ap!/*. In addition, the fitted values from this projection allow us to identify all the
ported by country i. We interpret this as the commodity-producing sector. The residual
component captures the activity originating in the non-commodity sector, that is, the
projection onto the orthogonal complement of the commodity-producing sector. This
decomposition allows us to identify the components of Equation 3.

Define the N, T x2 data matrix Z" such that the row corresponding to country i at time

tis[1, Ahpff”l] for frequency h. Define PZh as the projection matrix on to the space spanned

"Henceforth, the term ‘commodity exporters’ refers to energy and metals exporters.

8 A possible exception in the case of oil is Saudi Arabia which tends to have the largest spare capacity
and substantial influence on OPEC policies. Even in this case, its influence tends to be short-lived over
the medium-term. Moreover, excluding Saudi Arabia from the estimation did not materially change the
results.

12



by Z". Then Y©©™" and Y"©©™h are the growth rates at frequency h of the commodity and

non-commodity sectors defined as:

Ycom?t = PZh Ay, (gdp,'t _gdpiwrld) ’
ncomh
Y it=(I—ch)Ah(gdpit—gdpl"””d);

where the projections can be found using least squares regressions.

Table 3 shows that commodity price shocks are economically and statistically signif-
icant for the growth of cross-sectionally demeaned GDP across all horizons considered.
Equipped with the commodity and non-commodity sector components of GDP, we pro-
ceed to gauge the extent of risk sharing from the Y*°™;; and Y"“°™;; sectors and their

channels.

4.3 Risk sharing in commodity-exporting countries: a tale of two sec-

tors

Estimates of risk sharing are provided for both the commodity and non-commodity sec-
tors. To achieve this, we compute the coefficients yU and xY, as defined in Equations 1
and 2, keeping in mind that the first one allows us to interpret it as the extent of risk
sharing out of an exogenous shock while the second one lacks an instrument, so that the
results may not correspond to the impact of exogenous productivity shocks in the sec-
tor. For reference, in addition to these coefficients, we also report aggregate risk-sharing
estimates in Table 4.

Energy and metal commodity-exporting countries demonstrate exceptional effective-
ness in hedging GDP fluctuations driven by commodity prices. Column 1 in table 4
presents aggregate results, consistent with earlier findings: risk sharing is high, with
approximately 61 percent of output fluctuations smoothed. Specifically, risk sharing of
shocks triggered by commodity price fluctuations is remarkably high, smoothing about
90 percent of shocks—approaching the complete asset market benchmark. This is a re-
markable result given the typically low risk-sharing values reported in the literature.
The non-commodity sector has a much lower degree of risk sharing than the commod-
ity sector, but about 10 percent higher than the aggregate, showing the influence of the
commodity sector in improving the overall risk sharing outcome.

Over time, the high degree of risk sharing in the commodity sector wears out, yet it

remains significantly higher than in the non-commodity sector. When we consider the de-

13



gree of risk sharing of more persistent shocks, for instance, over a 5-year horizon, we find
a lower degree of risk sharing across sectors. However, risk sharing in the commodity sec-
tor is 36 percentage points higher than in the non-commodity sector. The higher degree of
risk sharing at the longer (medium-term) frequency reflects a key finding, as oil and metal
price shocks are typically persistent. We posit that commodity-exporting economies en-
gage in different behaviors to avoid the substantial welfare losses they would experience

if they failed to hedge against the persistent changes in commodity prices.

4.3.1 Channels of risk sharing in the commodity and non-commodity sectors

In practice, risk sharing can be achieved through the proceeds of a diversified interna-
tional portfolio (the mechanism highlighted in stylized perfect-market models); interna-
tional transfers including remittances; or self-insure via procyclical savings. The coeffi-
cients yF (xF), ¥T (xT), and y° (x°) as defined in Equation 1 (2) estimate the importance
of each of these mechanisms in the commodity (non-commodity) sector. Table 5 presents
estimates of the channels of risk sharing in each sector.

Our results show that the proceeds of a diversified international portfolio contribute
to smoothing approximately 8 percent of output shocks in the commodity sector. How-
ever, international income from capital ownership does not significantly smooth output
fluctuations in the non-commodity sector. One possible explanation for these results
is the stabilizing role of multinational corporations in the commodity sector, which of-
ten hold significant shares in the mining operations within these countries. These cor-
porations may mitigate the effects of commodity price fluctuations through pro-cyclical
movements in net factor income. For instance, during periods of high commodity prices,
international corporations may remit dividends abroad, while during downturns, they
retain earnings °.

This pattern reflects the comparative ease of monitoring profits in the commodity
sector, where performance is closely tied to observable commodity price movements, as
opposed to non-commodity sectors where profitability depends more on corporate gover-
nance where production costs are more tied to the price. This difference could lead to an
endogenous lower participation of international investors in the non-commodity sector.
Notably, this source of risk sharing in the commodity sector remains stable over time,

achieving similar levels of smoothing for both annual and five-year differences.

In many countries, national resource companies also play an important role in production and benefit
from the resource revenue through joint ventures, or by sending dividends to its owner: the state. To
the extent that these proceeds are invested abroad, for example, through investments of sovereign wealth
funds, such international capital movements could also contribute to changes in net factor income.
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The results also show that procyclical savings largely account for the superior risk
sharing observed in the commodity sector compared to the non-commodity sector. Start-
ing with the capacity to smooth annual shocks to GDP growth, savings consistently ex-
plain the majority of risk sharing across sectors. However, this effect is particularly pro-
nounced in the commodity sector, where savings smooth approximately 91 percent of
output fluctuations, compared to 45 percent in the non-commodity sector. A possible ex-
planation for the significant role of savings in smoothing commodity price fluctuations,
which we provide evidence for in the next section, is the role of governments. Two key
factors contribute to this. First, if taxes on the commodity sector are proportional to rev-
enues, they can act as an automatic stabilizer for the economy, increasing revenues during
periods of high commodity prices and decreasing them during downturns. However, this
stabilizing effect can be dampened if government spending is highly procyclical. Second,
stabilizing mechanisms such as sovereign wealth funds can also mitigate the procyclical
nature of government spending; these funds require governments to accumulate assets in
response to high commodity prices, ensuring that financial buffers are built during boom
periods. This can help prevent excessive spending during good times and preserves the
capacity to weather economic downturns.

As time passes, savings continue to smooth some of the consumption, as observed in
the five-year differences in table 5. The longer frequencies filter out short-term shocks,
but for longer-lasting shocks and less certainty over the value of commodity prices, sav-
ings may become depleted. In other words, the elasticity of consumption to output
growth increases over time. It is also possible that consumption reacts slowly due to
some forms of habit formation or credit constraints.!® The outcome is in stark contrast
with the stable smoothing from net factor income, highlighting the importance of these
economies taking advantage of increasing global financial integration to deal with more
persistent output fluctuations. Regarding net international transfers, we find that they

play a limited role for the commodity sector as far as risk sharing is concerned.

4.3.2 Sources and uses of savings

We decompose savings into its sources and uses following Kalemli-Ozcan, Luttini and
Serensen (2014). From the 'use of funds’ perspective, savings can be allocated either to
investments in domestic real assets (IN V;;); or accumulation of net foreign assets through
the current account (CA;;). The contribution of savings to risk sharing can be decom-

posed into the sum of coefficients ., , and f;,, n, where each coefficient results from the

10At a deeper level, credit constraints (particularly in the public sector) could reflect institutional fiscal
constraints such as the lack of a functioning medium-term expenditure framework.
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following regressions, respectively:

CA; cAW I
A= .Y . L= Bop+ PeandrY O + tigy
1t t
INV; INV,W I
Apy—=—" =A== = Bosi+ Binow DY ™5 + Ui
Cit G

The coefficients ., ;, and B;,,, ; are interpreted as the percentage of consumption smooth-
ing of GDP risk correlated with commodity price shocks (Ycom?t) obtained by purchasing
and selling foreign assets; and through domestic investment, respectively. This is com-
pared against the global average W.

Similarly, from a ’sources’ perspective, savings is the sum of government and private
savings, which allows us to quantify the contribution of each of these sources of funds to
achieve risk sharing. In this case, we can decompose the previous equation to consider

the commodity sector as follows:

‘W
S/

A=t — A =L =
h th

h
Bon + ﬁsf,hAhYcomit + Uit

where j € {Private; Government}. The share of savings from each source is then regressed
on sectoral output growth over h periods, in this case AhYC"mZ. The coefficients ﬂgzivate
and ﬁgﬁvemment are interpreted as the percentage of consumption-smoothing of GDP risk
correlated with commodity price shocks obtained through private sector savings and
through government savings, respectively.

Table 6 shows the relative importance of risk sharing after decomposing savings into
its sources and uses. The results in panel a of the table show that government savings
are the main source of risk sharing, accounting for most (78 percentage points) of the 91
percent of the consumption smoothing from savings in the commodity-dependent sec-
tor. This is an important result, because it means that the government is doing most
of the consumption smoothing via procyclical savings, even though government savings
comprise only 25 percent of total savings on average in commodity-exporting countries
(figure 1.d). The effects of government savings are particularly large over a 1-year hori-
zon, but the coefficients decline by about half over the 5-year horizon. This is consistent
with the earlier interpretation that fiscal constraints may begin to kick in earlier for the
public sector. In contrast, private savings provide a low but stable role for risk sharing.

From the uses of saving perspective, procyclical current accounts play a large role
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in risk sharing. However, the effect declines over time, with the coefficient on the cur-
rent account declining from 0.79 in a 1-year horizon to 0.45 in a 5-year horizon for the
commodity-dependent sector.!! The use of commodity sector savings for domestic in-
vestment plays a small but important role in risk sharing, with its coefficients increasing
with the length of period from 0.12 in a 1-year horizon to 0.18 in a 5-year horizon (Table
6, panel b).

The risk sharing components are all larger for the commodity-producing sector, but
the large procyclical effect of the current account stands out, with a coefficient that is 7
times larger than that found for domestic investment. This is particularly high for energy
exporters, which may find it easy, for example, to invest windfall energy revenues abroad.
At the same time, the steep decline of the coefficient at the 5-year horizon may reflect
the difficulty for energy extraction firms to gauge the persistence of shocks. In contrast,
the risk sharing role of domestic investment increases with the horizon, possibly due to
greater control by governments in the rate of disbursement of domestic projects. At the
5-year frequency, the current account impact is only twice as large as the risk-sharing
achieved through savings used for domestic investment.

For the non-commodity producing sector, the role of the current account balance is
smaller, commensurate with the smaller role of savings in risk sharing in this sector;
while the smoothing role of domestic investment is similar to that of the commodity sec-
tor. For this sector the effect of domestic investment on risk sharing is roughly maintained
over the 5-year interval as well, as time-to-build will be determined by the economy’s

structure.

4.4 Robustness

The results above have been checked against a battery of robustness tests, and we find
that they hold up well. We discuss four main ones.

First, our main equation estimates the risk-sharing coefficient by looking at how much
consumption of country i is smoothed relative to a benchmark consumption yardstick,
when its output is subject to commodity price shocks relative to a benchmark interna-
tional average. Our yardstick is world output and world GDP. We also ran the estimations
using a time fixed effect estimator, which essentially measures how the group of countries
smooth risk over a time-bound average. Two other benchmarks were used. The first was
against a group of advanced economies, hypothesizing that these countries are more in-

tegrated financially and would offer opportunities for commodity exporters to buy and

"In practice, the use of savings can be made by any institution or individual in the country, but the risk
sharing effects will vary by sector.
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sell assets. We also used as benchmark the group of non-commodity exporters, hypothe-
sizing that commodity exporters would face risks orthogonal to this group of countries.
The results in all cases are very similar to what was obtained above.

Second, we also considered an unbalanced number of observations across horizons
regressions. As we moved back in time, data for some countries is not available so the
loss of observations is inevitable. Again, the results did not qualitatively change.

Third, our benchmark world output, consumption, and other aggregates were con-
structed by defining world GDP growth as the cross-country average growth rate. In
other words, we are giving the same weight to each country in this aggregate. But some
may argue that larger countries could have a larger “pull” effect, so we also tried averag-
ing weighted by GDP. Either way, the results hold even when we consider the growth rate
of world GDP, or equal weights per country.

Finally, our results remain virtually unchanged when we normalize the country-specific
commodity price instrument using the country’s commodity exports rather than its GDP
as in equation 4. Appendix tables A.6-A.9 report the results with this alternative instru-
ment, defined as follows:

USD ) USD
real,robustness _ Pgt—h ngt—h Pgt
App;y = Aplog ————.

r ity Poow Xgi cp1Ys
geCommodity ~~g€Commodity * gt—h git=h it

5 Discussion

The above results show that government savings are the most important channel used
to smooth consumption, particularly against commodity price fluctuations. This effect is
particularly large over a 1- to 2-year horizon, and the smoothing of consumption from
commodity price fluctuations persists over the 5-year horizon. Moreover, if the state
is the main shareholder in oil production, it means that government savings invested
and maintained abroad provide an additional risk-sharing mechanism for the country to
smooth consumption over a longer horizon.

One successful policy instrument used by many governments in commodity-exporting
countries is the accumulation of assets via sovereign wealth funds (SWFs). SWFs allow
countries to smooth consumption through contributions and withdrawals from the fund
across time (a savings mechanism). To the extent that those assets under management are
invested in equity that yields a return, such changes will also be reflected in net factor
income from abroad in the following periods.

SWEF assets under management in commodity-exporting countries grew significantly
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more than for non-commodity exporters (Figure A.1). By 2021, commodity exporters
were almost twice as likely to have a sovereign wealth fund than non-commodity ex-
porters, particularly energy exporters (Figure A.1). For commodity exporters, about half
of government savings were invested in the SWF during the 2000-2022 period, and many
of those investments then make their way back to the local economy through stakes in
equity or portfolio assets in the domestic economy!2. This is consistent with the policy
advice that resource-rich developing countries, in particular, should invest more windfall
profits from exports into the domestic economy and less in foreign assets van der Ploeg
and Venables (2011). Future research will investigate more closely the role of SWFs to en-
hance savings, but also the success of the instrument in achieving financial diversification

in commodity exporting countries and its role in risk sharing.

6 Conclusions

In this paper, we show that energy and metals commodity-exporting countries achieve a
higher degree of risk sharing than agricultural and non-commodity exporting countries.
Risk sharing is mainly achieved via procyclical savings, although international factor in-
come flows play a small but significant role.

Commodities are priced globally, and fluctuation in commodity prices significantly
impact the GDP volatility of commodity exporters. We measure the extent of risk sharing
as (one minus) the correlation of consumption with GDP, but under the assumption that
world commodity prices are exogenous. We also estimate how much of the exogenous
commodity-related risk is shared internationally. We propose a novel decomposition of
GDP into the share of GDP driven by commodity prices and the orthogonal component.
We then estimate risk sharing obtained for each of these components, showing signifi-
cantly higher risk sharing for commodity-induced shocks.

We find that the main channels of risk-sharing for the commodity-dependent sector
of GDP are factor income flows and savings, with counter-cyclical government savings
playing the largest role. Although the effect of government savings wanes over time, net
factor income, in contrast, contributes between 6 and 8 percent to consumption smooth-
ing from commodity price volatility throughout the 5-year horizon. This suggests that

procyclical repatriation of dividends abroad by companies in the commodity-producing

12In the 2000-22 period, the correlation coefficient between sovereign wealth funds and portfolio equity
assets is 0.58 for commodity-exporting countries compared to 0.15 for non-commodity exporters, which is
consistent with the hypothesis that the mechanism through which commodity exporters have accumulated
equity assets abroad and improved risk sharing outcomes has been SWFs. No such relationship exists for
non-commodity exporters.
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sector contribute to risk sharing.

Our results highlight the importance of risk sharing for commodity exporters and,
given the lack of greater capital market integration, which could allow the diversification
of resource ownership, the important role of government savings. Preliminary work also
indicates that sovereign wealth funds managed by governments play an important role

in this process.
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Tables

Table 1: Descriptive summary of variables by commodity exporting status

Non Agriculture  Metal Energy
exporters  exporters exporters exporters

A log real consumption per capita (A Inconsreal)  0.027 0.022 0.031 0.029
(0.045) (0.057) (0.066) (0.067)

A log real GDP per capita (A Ingdpreal) 0.028 0.024 0.032 0.034
(0.050) (0.055) (0.065) (0.102)

A log real net factor income per capita (dcap) 0.000 0.000 0.001 0.000
(0.012) (0.013) (0.018) (0.014)

A log real transfers per capita (dtransf) -0.000 -0.001 -0.001 0.001
(0.010) (0.012) (0.014)  (0.012)

A log real savings per capita (dsavi) 0.001 0.003 0.001 0.001
(0.028) (0.030) (0.052) (0.079)

Average values reported. Standard deviations in parentheses.

A Inconsreal =A log [(conslcu/cpi)/pop], where conslcu is consumption in local currency units, cpi is consumer

price index, and pop is population. A Ingdpreal=A log [(GDP/cpi)/pop]; dcap = dlngdpreal - dingnireal, where

dlngnireal= A log [(GNI/cpi)/pop]; dtrans = dlngnireal - dlngndireal, where
dlngndireal = A log [(GNDI/cpi)/pop and GNDI is gross national disposable income; and

dsavi = dIngndireal - dInconsreal.
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Table 2: Unshared consumption risk in commodity and non-commodity exporting
countries: OLS estimates

Consumption risk Non-commodity Difference to non-commodity exporters
exporters Energy Metal Agriculture
A(gdp;, - gdp?°'?) 0.705%** -0.370%*  -0.303** 0.111
(0.0363) (0.0625)  (0.0876) (0.0716)
Az (gdp;, — gdpy') 0.755%%* 20.3374%¢  -0.323% 0.0508
(0.0247) (0.0483) (0.0822) (0.0446)
As(gdp;, - gdpy?) 0.778%** -0.263%*  -0.338*** 0.0423
(0.0202) (0.0481) (0.0720) (0.0366)
Ay(gdp;, - gdpim) 0.794%%* -0.230%%  -0.319%** 0.0490
(0.0181) (0.0442) (0.0681) (0.0303)
As (gdpit —gdpy°'?) 0.804*** -0.218%**  -0.265*** 0.0360
(0.0165) (0.0403)  (0.0639) (0.0272)
Observations 1887
The first column reports the proportion of consumption risk unshared, for non—commodity exporters, defined as the ﬁl{,h calcu-
lated from the regression model Ajcj; — Ahcg/v = Bo,h + Puh (Ahgdp,'t - Ahgdp}/v)+ ﬁf:;lnnmdlty (Ahgdpi, - Ahgdpg/v) X Iicommodzty + Uit

. . . . dit
with h € {1;...;5}, the second column reports the difference between commodity and non-commodity exporters, the betalcf;nmo "y

coefficient. Ay, is defined as Apx; = xp —x4_p ¢; it) is log of aggregate consumption in country i in year t. Ayc
fficient. Ay, is defined as Apx; = x¢ = x;_p, it (gdpir) is log of aggreg ption (GDP) i y iinyear t. Apct" (Apgpd)
. . . Lo dity . s .
is the cross-sectional average of consumption (GDP) growth of all the countries in the sample, Iimmmo " is an indicator function that
takes the value of one for commodity-exporting countries.

Columns three and four report differential coefficient for energy and metal, and agriculture commodity exporters separately

nrg—metal nrg—metal aggriculture

Ancit = Anel” = Bon + Bun (Bngdpic = Angdp! )+ By " (Angdpis - Angdp)” ) x 12 + B (Angdpis — Apgdp)¥ ) x
Icaggrrculture i, Iinrg—metal and Iiagrrculture
agriculture exporting countries, respectively.

are indicator functions that take the value of one for energy and metal exporting and

sk okt

The estimation period is 1995-2019. Robust standard errors are in parenthesis. ***, **, and * represent significance levels at 1%,

5%, and 10%, respectively.
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Table 3: First stage estimates—GDDP risk correlated with commodity prices

A(gdp;, —gdpi™) Ay (gdp,;, - gdpi°™)  As(gdp;,—gdpi™®) As(gdp;, -gdpy™)  As(gdp,, - gdpio)
Commodity price shock 0.666*** 0.646*** 0.668*** 0.727*%* 0.867***
(0.0723) (0.0727) (0.102) (0.116) (0.139)
Observations 436 436 436 436 436
R-squared 0.3477 0.3012 0.2587 0.2340 0.2361
Est‘imates for the ﬁg];rSt'Stage coefficients from estimating the relationship Ay (gdpitfgdp;”"’ld) = [)’Of;lrSt’Stage +
ﬁ{lrSt'SMgeAhp:fal’Commwhty + €y with h e {I;...;5}). The commodity price shock is defined as Ahpirtml =
PUSPX,y  pUSD
Y geCommodity ggDPiLf’_SP? Aplog C?I}{S. The estimation period is 1995-2019. Robust standard errors are in parenthesis. ***,

**, and * represent significance levels at 1%, 5%, and 10%, respectively.
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Table 4: Overall, commodity, and non-commodity sector unshared consumption
risk

Unshared consumption Unshared consumption risk by sector

risk Commodity Non-commodity

A, risk;; 0.390%** 0.0362 0.507°+*

(0.0630) (0.0794) (0.0435)
A,risk;, 0.460*** 0.197** 0.513%**

(0.0477) (0.0856) (0.0458)
Asrisk;; 0.521%+* 0.249%+* 0.590%**

(0.0412) (0.0721) (0.0514)
Ayrisk;, 0.559%** 0.251%%* 0.638***

(0.0369) (0.0661) (0.0477)
Asrisk;, 0.586%* 0.299%* 0.661%*

(0.0337) (0.0693) (0.0445)
Observations 436

Each column reports the proportion of consumption risk unshared. The first column report it for the aggregate econ-
world

omy estimated from the panel regression Ajcj; —Ahctw = Bo,h + Bu,hAn (gdp” - gdp; )+ uj where h € {1;...;5}; Ahcg/v
and Ahgpdtw are cross sectional average of log differencing Consumption and Gross Domestic Product of all countries
included in the sample of Table 2.

The second column reports the proportion of consumption risk unshared from the commodity sector output fluctu-
ations estimated from the panel regression Aycjs — Ahcyv = Bo,n + BunApcommodity;s + ujy , , where Apcommodity; is the
real,commodity
it '
The third column reports Ajcj; — Ahc}'v = Bo,ih + PunApnon — commodity;; + u;y , where Aynon — commodity; is the

residual value from projecting Ay, (gdpit —gdp}”"rld) on Ahpl-rfal'wmmomty.

fitted value from projecting Ay, (gdpit - gdp’t""’ld) on App

In all cases, B, is interpreted as the percentage of consumption risk from the aggregate, commodity and non-
commodity sector unsmoothed. The estimation period is 1995-2019. In columns one and three Estimates and (robust)
standard errors are calculated trough ordinary-least-squares. In column two estimates and (robust) standard errors are

LT
’

calculated trough two-stage-least squares. Standard errors are in parenthesis. , and * represent significance levels at

1%, 5%, and 10%, respectively.
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Table 5: Channels of risk sharing: Overall and by commodity and
non-commodity sectors

Overall risk sharing Risk sharing by sector

Commodity Non-commdity

Panel a. Net factor income

A,risk;, 0.0372%** 0.0833*** 0.0104
(0.0123) (0.0238) (0.0187)
Asrisk;; 0.0354*% 0.0562%+ 0.0297*+
(0.00863) (0.0119) (0.0110)
Observations 436

Panel b. International net transfers

Aqrisk;, 0.0127 -0.0338** 0.0162
(0.0163) (0.0156) (0.0123)
Asrisk;; 0.0245*** 0.000687 0.0268%***
(0.00770) (0.00968) (0.00928)
Observations 415

Panel c. Savings

Aqrisk;, 0.551%** 0.908*** 0.447**%*
(0.0781) (0.0772) (0.0760)
Asrisk;; 0.340*** 0.631*** 0.265%**
(0.0330) (0.0672) (0.0448)
Observations 415

Channels of risk sharing. Each panel reports the slope from the univariate regressions A,gdp;; —
Apgniiy — (Ahgdp}/‘/ —Ahgnitw) = Bo,n + Bf nAnriskis + ujp )y (panel a. Net factor income), Apgnij; —
Apgndi; — (Ahgniivtv - Ahgndixv) = Bo,h + Pr,nAnriskis + uj p (panel b. International net transfers), and
Apgndi — Apciy — (Ahgnditw —Ahcg’v) = Bo,n + Ps,nAnriski + ujr p (panel c. Savings), with h € {1;...;5};
Ahcg'v, Ahgpdtw, Ahgnitw, and Ahgnditw are cross sectional average of log differencing Consumption,
Gross Domestic Product, Gross National Income, and Gross National Disposable Income, respectively, of
all countries included in the sample of Table 2.

Consumption risk denoted as Ayrisk;j; is defined according to the sector considered. For the ag-
gregate, first column, Ayrisk;; is Ay (gdpit 7gdp}”‘"ld ); for the commodity sector, second column, it is

defined as the fitted value from projecting Ay, (gdpit 7gdp;”m]d) on Ahp;f“l; for the non-commodity sec-

tor, third column, it is defined as the residual value from projecting Ay, (gdpit - gdp}"‘”ld) on Ahplff“l

The estimated values of ff, Brn, and B are interpreted as the percentage of consumption-
smoothing of shocks corresponding to the sector under analysis, obtained through international capital
markets, net transfers, and domestic saving, respectively.

The estimation period is 1995-2019. In columns one and three Estimates and (robust) standard
errors are calculated trough ordinary-least-squares. In column two estimates and (robust) standard errors
are calculated trough two-stage-least squares. Standard errors are in parenthesis. ***, **, and * represent

significance levels at 1%, 5%, and 10%, respectively.
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Table 6: Contribution of sources and uses of savings to risk-sharing across commodity
and non-commodity sectors

Consumption risk Commodity sector Non-commodity sector
Panel a. Savings’ sources Private Government Private Government Obs
Aqrisk;; 0.1273* 0.7807*** 0.1734 0.2736 264
(0.0695) (0.1592) (0.1426) (0.1965)
Asrisk;, 0.162*** 0.469*** 0.1058*** 0.1592*%** 248
(0.0553) (0.0819) (0.0387) (0.0473)
Panel b. Savings’ uses Current account Investment Current account Investment Obs
Aqrisk;; 0.79262*** 0.11542** 0.36932%** 0.07772 408
(0.087) (0.0586) (0.0941) (0.0518)
Asrisk;; 0.44622*** 0.18482*** 0.16152*** 0.10352*** 400
(0.074) (0.0259) (0.0549) (0.0355)
Decomposition of contribution of savings to risk sharing. Panel a. Sources. Each column reports the slope from
the univariate regressions Ahg—{i - Ah%{ = Bon + ﬁsf,hAtht + ujrp, where j € {Private;Government}, h € ({1;...;5}.

cA ca W .
Cit Mgt = Bon + BeanAnriskis + uipp and

Panel b.  Uses reports the slope from the univariate regressions Ay

Investment;; Investment; W .
A Cr M = Boh+ BinvnAncommodity + uip .

The coefficients ﬂsprivate’h and ﬁSGovernment’h are interpreted as the percentage of consumption-smoothing of GDP risk correlated
with commodity price shocks obtained through government and private saving. The coefficients f,  and B;,,;, j are interpreted as the
percentage of consumption-smoothing of GDP risk correlated with commodity price shocks obtained through purchasing and selling
foreign assets and domestic investment, respectively.

Consumption risk denoted as Ayrisk;; is defined according to the sector. For the commodity sector, first and second column, it is

defined as the fitted value from projecting Ay, (gdpit —gdp}”‘”ld) on Ahp:fal’wmnwdity

log differencing Gross Domestic Product, of all countries included in the sample of Table 2. For the non-commodity sector, columns

three and four, it is defined as the residual value from projecting Ay, (gdpit - gdp}“”ld) on Ahp;f”].

where Ahgpdtw, is the cross sectional average of

The estimation period is 1995-2019. In column one and two estimates and (robust) standard errors are calculated trough two-
stage-least squares. In columns three and four estimates and (robust) standard errors are calculated trough ordinary-least-squares.
The coefficients fj , were rescaled such that their sum equates the coefficients f j in Table 5 (the standard deviations were rescaled

sk ok

as well). Standard errors are in parenthesis. ***, **, and * represent significance levels at 1%, 5%, and 10%, respectively.
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A Appendix figures

Figure A.1: Sovereign wealth fund (SWF)

(a) SWE, by commodity exporters
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The panel shows the number of countries with SWFs by
commodity-exporting groups. In 2022 there were 65 com-
modity exporters and 36 non-commodity exporters countries
with SWEF. Source: Global SWF Institute

(b) SWF assets under management, GDP-weighted
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B Appendix tables

Table A.1: Unshared consumption risk in commodity and non-commodity exporting
countries: OLS estimates

Consumption risk Non-commodity Difference to non-commodity exporters
exporters Energy and Metal Agriculture
A(gdp;, - gdpi°?) 0.705%%* -0.360%** 0.111
(0.0363) (0.0577) (0.0715)
Az (gdp;, - gdpim) 0.755%%* -0.335%%* 0.0509
(0.0247) (0.0448) (0.0446)
As(gdp;, — gdpy') 0.778%%* -0.27 4% 0.0422
(0.0202) (0.0439) (0.0366)
Ay(gdp;, - gdpim) 0.794** -0.243*% 0.0489
(0.0181) (0.0403) (0.0303)
As(gdp;, — gdpr™) 0.804%* -0.224%%* 0.0359
(0.0165) (0.0370) (0.0272)
Observations 1887
The first column reports the proportion of consumption risk unshared, for nonfcomn}odity exporters, defined as the ﬁg,h calcu-
lated from the regression model Ay c;y —Ahcg’v = Bo,n + Bu,h (Ahgdpit - Ahgdp}/v)+ ﬁzc’)}znmomty (Ahgdpit —Ahgdpg’v) foommod”y + Uit

. . . . dit
with h € {1;...;5}, the second column reports the difference between commodity and non-commodity exporters, the betuiogmw 1y
coefficient. Ay, is defined as Apxy = x; — x;_p, iy (gdpiy) is log of aggregate consumption (GDP) in country i in year t. Ahctw (Ahgpdtw)
. . . L. dity . o .
is the cross-sectional average of consumption (GDP) growth of all the countries in the sample, Iicommo " is an indicator function that
takes the value of one for commodity-exporting countries.

Columns three and four report differential coefficient for energy and metal, and agriculture commodity exporters separately

w W nrg—metal W nrg—metal aggriculture W
Ancis = Dnel” = Bon + Bun (Dngdpic —Mngdp!’ ) + B, (Angdpir — Apgdp)V ) x I +Bh (Angdpir - Apgdp)¥ ) x
icult - icult L . .
Ifggmu e Uity Iinrg metal and Iiagmu "T® are indicator functions that take the value of one for energy and metal exporting and

agriculture exporting countries, respectively.
b

The estimation period is 1995-2019. Robust standard errors are in parenthesis. **, **, and * represent significance levels at 1%,

5%, and 10%, respectively.
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Table A.2: Commodity exporters risk-sharing with the world—IV
estimates: alternative construction of output growth

Consumption risk Unshared consumption Channels of risk sharing
risk Factor income  Transfers  Savings
A(gdp;, - gdpy?) 0.118* 0.125%%* -0.0448%  (.785%*
(0.0694) (0.0225) (0.0137)  (0.0696)
Az (gdp;, - gdpir'?) 0.212%* 0.121%4 -0.0381%**  0.688***
(0.0610) (0.0167) (0.0126)  (0.0602)
As(gdp;, — gdp') 0.354%% 0.0953***  -0.0325%%* (.571***
(0.0473) (0.0137) (0.0120)  (0.0476)
Ay(gdp;, —gdp ') 0.433%%* 0.0739%%¢  -0.0227%¢  0.502**
(0.0410) (0.0122) (0.0114)  (0.0418)
As(gdp;, —gdpy' ) 0.500%** 0.0604** -0.0208*  0.439*+**
(0.0372) (0.00996) (0.0109)  (0.0367)
Observations 436

world

Note: Alogasy;; — Alogasy; = o + 1 (gdpit - gdp} )+ €;, Alogasy; is the cross-sectional average of

world i the cross-sectional average of Alog gdpis, also try with gdpl?’;"’ld from WDL.

Alogasy;s and gdpy
%, *, and * represent

The estimation period is 1995-2019. Robust standard errors are in parenthesis.
significance levels at 1%, 5%, and 10%, respectively.
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Table A.3: Unshared consumption risk in commodity and non-commodity exporting
countries—OQOLS estimates: unbalanced observations across horizons

Consumption risk Non-commodity Difference to non-commodity exporters Observations
exporters Commodity Energy and Metal Agriculture

A(gdp;, - gdpy?) 0.750%%* -0.169* -0.289*%* 0.114* 2371
(0.0369) (0.0657) (0.0740) (0.0594)

A;(gdp;, - gdpi) 0.768%+ 20176 202614+ 0.0780* 2269
(0.0229) (0.0465) (0.0543) (0.0394)

As(gdp;, — gdp') 0.784%% -0.165%* -0.243%% 0.0602* 2170
(0.0190) (0.0394) (0.0466) (0.0336)

Ay (gdp;, - gdp ') 0.796%* -0.178%* -0.257%% 0.0442 2069
(0.0174) (0.0346) (0.0406) (0.0285)

As(gdp;, - gdp™) 0.802*** -0.172%%% -0.242%** 0.0312 1972
(0.0164) (0.0311) (0.0367) (0.0257)

kAR ok
’

Note: The estimation period is 1995-2019. Robust standard errors are in parenthesis. , and * represent significance levels at

1%, 5%, and 10%, respectively.
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Table A.4: Channels of risk sharing: Overall and by commodity and
non-commodity sectors

Overall risk sharing Risk sharing by sector

Commodity Non-commdity

Panel a. Net factor income

Arisk;; 0.0358*** 0.0861*** 0.0177
(0.0137) (0.0220) (0.0159)
A,risk;, 0.0409*** 0.0952%** 0.0199
(0.0106) (0.0169) (0.0126)
Asrisk;; 0.0377*** 0.0888*** 0.0186
(0.0102) (0.0157) (0.0128)
Ayrisk;; 0.0382*** 0.0812*** 0.0223*
(0.00946) (0.0151) (0.0115)
Asrisk;; 0.0359*** 0.0703*** 0.0239**
(0.00877) (0.0132) (0.0104)
Panel b. International net transfers
Arisk;; -0.00172 -0.0283% 0.00831
(0.0119) (0.0147) (0.0130)
Ajyrisk;, 0.0144 -0.0169 0.0267***
(0.00930) (0.0132) (0.00983)
Asrisk;; 0.0210%** -0.0109 0.0331***
(0.00883) (0.0134) (0.00969)
Ayrisk;; 0.0235%** -0.00126 0.0328***
(0.00830) (0.0133) (0.00992)
Asrisk;; 0.0207*** -0.000523 0.0282***
(0.00767) (0.0135) (0.00972)
Panel c. Savings
Arisk;; 0.617*** 0.815%** 0.544**%
(0.0504) (0.0700) (0.0660)
Ajyrisk;, 0.514*** 0.731*** 0.429***
(0.0396) (0.0630) (0.0463)
Asrisk;; 0.427*** 0.643*** 0.347**%
(0.0400) (0.0555) (0.0447)
Ayrisk;; 0.379*** 0.584*** 0.305**%
(0.0363) (0.0522) (0.0424)
Asrisk;; 0.353*** 0.535%** 0.291***
(0.0325) (0.0489) (0.0389)
Observations 436

See Table 5 notes.
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Table A.5: Contribution of sources and uses of savings to risk-sharing—IV estimates: G
risk correlated with commodity prices

DP

Consumption risk Commodity Non-commodity
Panel a. Sources Private Government Private Government Obs
A(gdp;, - gdpi°'?) 0.1701 0.6449 0.1377 0.4063 264
(0.0822) (0.1081) (0.1117) (0.1004)
A, (gdpit—gdpf’orld) 0.229 0.502 0.1217 0.3073 259
(0.0765) (0.0747) (0.0937) (0.0739)
As(gdp;, — gdpy™) 0.2573 0.3857 0.1066 0.2404 254
(0.0619) (0.0631) (0.0793) (0.0719)
Ay (gdpit —gdp}“"”d) 0.2206 0.3634 0.0996 0.2054 251
(0.0472) (0.0623) (0.0549) (0.0643)
As(gdp;, - gdpy™) 0.1787 0.3563 0.1071 0.1839 248
(0.0428) (0.0636) (0.0463) (0.0524)
Panel b. Uses Current account Investment Current account Investment Obs
A(gdp;, - gdpy°'?) 0.737 0.078 0.4472 0.0968 408
(0.0798) (0.0468) (0.084) (0.0462)
Az (gdp;, — gdpy™) 0.6088 0.1222 0.3148 0.1142 406
(0.0758) (0.0403) (0.0787) (0.0497)
As(gdp;, — gdpy™) 0.4658 0.1772 0.2313 0.1157 404
(0.0647) (0.0388) (0.0789) (0.0508)
A4(gdpit—gdp’;"orld) 0.3955 0.1885 0.1962 0.1088 402
(0.0607) (0.0377) (0.0694) (0.0427)
As(gdp;, — gdpy™) 0.3425 0.1925 0.1906 0.1004 400
(0.0546) (0.0332) (0.0505) (0.0328)
See Table 6 notes.
Table A.6: Alternative instrument definition: First stage estimates
A(gdp;,~gdpt™™) Ay (gdp;, —gdpi™™) As(gdp;,—gdpi*™) As(gdp;,~gdpi"?) As(gdp;, - gdpt™)
Commodity price shock 0.144%** 0.158*** 0.182%** 0.200*** 0.203***
(0.0142) (0.0128) (0.0156) (0.0178) (0.0179)
Observations 436 436 436 436 436
R-squared 0.2644 0.2786 0.2718 0.2703 0.2593
Est‘imates for the ﬁg]irSt'Stage coefficients from estimating the relationship Ah(gdpitfgdp;"”ld) = [)’Of;;rSt'Stage +
/S{”St'SMgeAhp:fal’Com"wd”y + €y with h e ({1;...;5}). The commodity price shock is defined as Ahpirtml =
Y geCommodity deCam;nodityPgL,]_Sp?Xgit—hAhlog cpPITS The estimation period is 1995-2019. Robust standard errors are in

arenthesis. **, ™, and * represent significance levels at 1%, 5%, and 10%, respectively.
p P 8 P Y.
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Table A.7: Alternative instrument definition: Overall, commodity, and
non-commodity sector unshared consumption risk

Unshared consumption Unshared consumption risk by sector

risk Commodity Non-commodity

Arisk;, 0.343%+* 0.106 0.429%**

(0.0447) (0.0689) (0.0429)
A,risk;, 0.418%** 0.177%** 0.511%**

(0.0374) (0.0615) (0.0361)
Asrisk;; 0.502%** 0.269*** 0.588%**

(0.0390) (0.0548) (0.0426)
Ayrisk;, 0.547%%* 0.324%%* 0.630%**

(0.0364) (0.0512) (0.0408)
Asrisk;, 0.576%* 0.374%+ 0.646%*

(0.0336) (0.0492) (0.0387)
Observations 436

Each column reports the proportion of consumption risk unshared. The first column report it for the aggregate econ-
omy estimated from the panel regression Ajc;; — Apc)’ = Bo,i + Pu,nAn (gdp” —gdp}“‘"]d)+ ujp p where h e (1;...;5); Apc]V
and Ahgpdtw are cross sectional average of log differencing Consumption and Gross Domestic Product of all countries

included in the sample of Table 2.

The second column reports the proportion of consumption risk unshared from the commodity sector output fluctu-
ations estimated from the panel regression Aycjs — Ahcyv = Bo,n + BunApcommodity;s + ujy , , where Apcommodity; is the
world real

fitted value from projecting Ay, (gdpl.t - gdpy{ ) on Appjy

The third column reports Ajcj; — Ahctw = Bo,ih + Pu,nApnon — commodity;; + u;y , where Aynon — commodity; is the
world real

residual value from projecting Ay, (gdpit - gdp; ) on Appi®.

In all cases, B, is interpreted as the percentage of consumption risk from the aggregate, commodity and non-
commodity sector unsmoothed. The estimation period is 1995-2019. In columns one and three Estimates and (robust)
standard errors are calculated trough ordinary-least-squares. In column two estimates and (robust) standard errors are

L

calculated trough two-stage-least squares. Standard errors are in parenthesis. **, ™, and * represent significance levels at

1%, 5%, and 10%, respectively.
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Table A.8: Alternative instrument definition: Channels of risk
sharing: Overall and by commodity and non-commodity sectors

Overall risk sharing Risk sharing by sector

Commodity Non-commdity

Panel a. Net factor income

Arisk;, 0.0358*%** 0.0861*** 0.0177
(0.0137) (0.0220) (0.0159)

Asrisk;; 0.0359*** 0.0703*** 0.0239**
(0.00877) (0.0132) (0.0104)

Panel b. International net transfers

Arisk;, -0.00172 -0.0283% 0.00831
(0.0119) (0.0147) (0.0130)

Asrisk;; 0.0207*** -0.000523 0.0282%+*
(0.00767) (0.0135) (0.00972)

Panel c. Savings

Arisk;, 0.617%%* 0.815%*% 0.544%%%
(0.0504) (0.0700) (0.0660)

Asrisk;, 0.353%%* 0.535%*% 0.291%%%
(0.0325) (0.0489) (0.0389)

Observations 436

Channels of risk sharing. Each panel reports the slope from the univariate regressions Aygdp;; —
Apgnijy — (Ahgdptw —Ahgnitw) = Bo,n + Bf.nAnriskir + ujry, (panel a. Net factor income), Apgni;; —
Apgndi;; — (Ahgniivtv - Ahgndixv) = Bo,h + PruAnriskis + uj p (panel b. International net transfers), and
Apgndi — Apciy — (Ahgnditw —Ahch) = Bon + Bs,nAnriskis + ujp p (panel c. Savings), with h € {1;...;5});
Ahctw, Ahgpdtw, Ahgnitw, and Ahgnditw are cross-sectional average of log differencing Consumption,
Gross Domestic Product, Gross National Income, and Gross National Disposable Income, respectively, of

all countries included in the sample of Table 2.

Consumption risk denoted as Ayrisk;j; is defined according to the sector considered. For the ag-

gregate, first column, Aprisk;; is Ah(gdpit —gdp}“’rld ); for the commodity sector, second column, it is

defined as the fitted value from projecting Ay, (gdpit - gdp}“"rld) on Ahpirf“l; for the non-commodity sec-

tor, third column, it is defined as the residual value from projecting Ay, (gdpit - gdp}"o’ld) on Ahp{f"l
The estimated values of B¢, Brj, and B are interpreted as the percentage of consumption-
smoothing of shocks corresponding to the sector under analysis, obtained through international capital

markets, net transfers, and domestic saving, respectively.
The estimation period is 1995-2019. In columns one and three Estimates and (robust) standard
errors are calculated trough ordinary-least-squares. In column two estimates and (robust) standard errors

are calculated trough two-stage-least squares. Standard errors are in parenthesis. ***, **, and * represent

significance levels at 1%, 5%, and 10%, respectively.
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Table A.9: Alternative instrument definition: Contribution of sources and uses of
savings to risk-sharing across commodity and non-commodity sectors

Consumption risk Commodity sector Non-commodity sector
Panel a. Savings’ sources Private Government Private Government Obs
Arisk;, 0.1701 0.6449 0.1377 0.4063 264
(0.0822) (0.1081) (0.1117) (0.1004)
Asrisk;, 0.1787 0.3563 0.1071 0.1839 248
(0.0428) (0.0636) (0.0463) (0.0524)
Panel b. Savings’ uses Current account Investment Current account Investment Obs
Arisk;; 0.737 0.078 0.4472 0.0968 408
(0.0798) (0.0468) (0.084) (0.0462)
Asrisk;; 0.3425 0.1925 0.1906 0.1004 400
(0.0546) (0.0332) (0.0505) (0.0328)
Decomposition of contribution of savings to risk sharing. Panel a. Sources. Each column reports the slope from
the univariate regressions Ahg—{i - Ah%{ = Bon + ﬁsf,hAtht + ujrp, where j € {Private;Government}, h € ({1;...;5}.

cA ca W .
Cit Mgt = Bon + BeanAnriskis + uipp and

Panel b.  Uses reports the slope from the univariate regressions Ay

Investment;; Investment; W .
A Cr M = Boh+ BinvnAncommodity + uip .

The coefficients ﬂsprivate’h and ﬁSGovernment’h are interpreted as the percentage of consumption-smoothing of GDP risk correlated
with commodity price shocks obtained through government and private saving. The coefficients f,  and B;,,;, j are interpreted as the
percentage of consumption-smoothing of GDP risk correlated with commodity price shocks obtained through purchasing and selling
foreign assets and domestic investment, respectively.

Consumption risk denoted as Ayrisk;; is defined according to the sector. For the commodity sector, first and second column, it is

defined as the fitted value from projecting A, (gdpit —gdp}”‘”ld) on Ahp:fal’wmnwdity where Ahgpdtw, is the cross sectional average of

log differencing Gross Domestic Product, of all countries included in the sample of Table 2. For the non-commodity sector, columns

three and four, it is defined as the residual value from projecting Ay, (gdpit - gdp}“”ld) on Ahp;f”].

The estimation period is 1995-2019. Incolumns one and two, estimates and (robust) standard errors are calculated using two-
stage-least squares. In columns (3) and (4) estimates and (robust) standard errors are calculated using ordinary-least-squares. The
coefficients f_j ; were rescaled such that their sum equals the coefficients f in Table 5 (the standard deviations were rescaled as

ek ok

well). Standard errors are in parenthesis. **, **, and * represent significance levels at the 1%, 5%, and 10%, level, respectively.
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Table A.10: Variables: description and sources

Variables Definition Source
The difference between Net
) ] WDI (database),
Transfers Disposable National Income .
] authors calculations
and Gross National Income
The difference between Gross | WDI (database),
Net factor Income . .
National Income and GDP authors calculations
Gross national savings, the
) ] WDI (database),
Savings difference between .
] authors calculations
Consumption and Net
o Gross capital formation (public |WDI (database),
Domestic investment } )
and private) authors calculations

Government savings

General government tax
revenue, non-tax revenue, and

short-term grants minus

National account

statistics

Private savings

Gross national savings minus

government savings

National account

statistics
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Table A.11: Countries used in the sample

Country groups

Countries in sample

Commodity-exporting

countries

Algeria, Angola, Argentina, Armenis, Australia, Azerbaijan, Benin, Brazil,
Bolivia, Canada, Chile, Colombia, Costa Rica, Cote d'Tveire, Ecuador, Ghana,
Greenland, Guatemala, Guinea, Honduras, Indonesia, Iran, Izlamic Rep.,
Kazakhstan, Kenya, Kuwait, Kyrgyz Republic, Lao PDR, Latvia, Madagascar,
Mauritania, Mongolia, Nicaragua, New Zealand. Norway, Oman, Peru,
Paraguay, Bweande, Ruzzien Federation, Saudi Arabie, Senegal, Sierre Leone,
South Africa, Tajikistan, Tanzania, Togo, Turkmeniztan, Uganda, United
Arab Emirates. Uruguay, Uzbekistan, Zambia.

Commodity-exporters by type

Energy exporters: Algeria, Angole, Azerbaijan, Bolivia, Canada, Colombia,
Ecuador, Ghana, Indonesia, Iran, Izslamic Rep., Kazakhstan, Kuwait, Norway,
Oman, Buzsian Federation, Saudi Arabia, Turkmeniztan, United Arab

Emirates.

Metal exporters: Armenia, Australia, Chile, Guinea, Eyrgyz Republic,
Meuritania, Mongolia, Peru, Sierre Leone, South Africa, Tejikistan, Zambia.

Agriculture exporters: Argenting, Benin, Brazil, Coste Rica, Cote d Tvoire,
Guatemala, Hondurazs, Kenya, Lao PDR, Madagazscar, New Zealand,
Nicaragna, Paraguay, Rweanda, Senegal, Tajikiztan, Tanzanis, Togao, Uganda,
Uruguay, Uzbekistan.

Non-commaodity exporting

countries

Albania, Bangladesh, Bosnia and Herzegovina, Bulgaria, Cambodia, China,
Dominican Republic, Egypt, Areb Rep._, El Salvader, Georgis, Hungary, India,
Jorden, Malayzia, Mexico, Moldova, Morocco, Nepal, North Macedonia,
Pakistan, Panama, Philippines, Poland, Romania, Serbia, Sri Lanka, Thailand,
Tunizia, Tlirkiye, Viet Nam.Aruba, Austria, Belgium, Croatia, Czechia,
Denmark, Finland, France, Germany, Greece, Greenland, Hong Kong SAR,
Ching, Ireland, Israsl, Italy, Japan, Korea, Rep., Lithuania, Luxembourg,
Macao SAR, China, Netherlandz, Portugsal, Singapore, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, United Kingdom, United States.

Note: definitions are taken from the World Bank Global Economic Prospects.
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