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Abstract

The gold is still a reserve asset with specific features yet the variants of re-
serve management have improved considerably. Tendency to maintain ultra-low
real interest rates potentially should affect the upward shift in demand on gold
because alternative costs of holding it are declining. Demand for gold has indeed
risen from the side of central banks recently. At the same time, there is no con-
sensus in economic literature about optimal share of gold in foreign exchange re-
serves. However, it is presumed that incentives for more diversification are
stronger than reserves hoarding is abnormal. Commodity exporters have accu-
mulated large reserve over the last decades. Thus, their diversification decisions
in favour of gold seem to be natural. However, empirical analysis paints a more
complicated picture. A) Commodity exporters are getting to be more and more
heterogeneous in terms holding gold as a share of foreign assets. Such hetero-
geneity is more vivid compared to the world as a whole. B) Distribution of gold
reserves among commodity exporters is changing toward increasing number of
countries with gold holdings over the median size for the group. C) There is direct
correlation between global commodity prices and gold holdings in tons, but an in-
verse relationship in the case of share of gold in reserves. This leads to the con-
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clusion that there are two types of demand on gold: endogenous as a function of
gradual hoarding of foreign exchange reserves, and specific, that is driven by
specific portfolio management needs and non-economic factors. This finding is
consistent with features of holding reserves in countries with large hoarding and
strong vulnerability to terms-of-trade shocks and features of political regimes in
countries with resource abundance.
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Introduction

Gold has always been considered a special reserve asset. It has certain
peculiarities: this asset is not someone’s liability, and therefore not a financial in-
strument in its purest form; gold is not subject to the risk of bankruptcy or insol-
vency; its value is substantial in content as a physical asset, even if the price is
determined by the market; gold plays the role of a hedging tool for geopolitical,
geoeconomic and even security risks. On the other hand, gold as a reserve asset
does not provide interest income, and therefore its contribution to the investment
qualities of foreign assets of central banks as a portfolio has a number of am-
biguous features. Significant fluctuations in market prices are typical for gold, as
a result of which the market value of central bank reserves can both increase and
decrease. Holding significant gold reserves entails significant storage costs. The
opportunity cost of holding gold reserves is significant. It is affected by both the
amount of storage costs and the potential return on investment in financial in-
struments.
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Cyclical changes in growing and declining interest from central banks in
holding gold reserves can be traced. This interest does not always correspond to
gold prices. There is also a relatively clear division among countries by propen-
sity to hold gold reserves. As a rule, developed countries maintain significant
gold reserves; such stocks are relatively stationary; they are not a manifestation
of diversification policy, but rather a reflection of the historical trajectory of the
country’s foreign assets management. Other countries are quite different in terms
of the share of gold in the foreign exchange reserves. Moreover, the status of a
«gold-mining country» is not always the decisive factor in the structure of gold
and foreign exchange reserves.

The long-term trend towards the accumulation of foreign exchange re-
serves in emerging markets and the advent of hoarding them has influenced the
idea of what the optimal structure of central bank’s foreign assets should be. Ob-
vious spikes in commodity prices, combined with the commodity exporters’ grow-
ing interest in mechanisms of ensuring macroeconomic stability, have put these
countries among the number of significant hoarders of foreign exchange re-
serves. Based on the hypothesis that the diversification of reserves is conditional
to their volume, in recent years the commodity exporters should have been in-
clined towards the search for options on how to go beyond treating reserves
solely as factors of international liquidity. Given the medium-term trend of rising
commodity prices and falling global interest rates, gold could be considered as
one of the directions for diversification of foreign exchange reserves for countries
prone to hoarding of foreign assets due to structural features and implemented
mechanisms of macroeconomic stability. As shown by Zulaica (2020), there has
recently been a clear inclination towards increasing gold reserves in the world
and, in particular, in countries that do not qualify as developed. However, it re-
mains unclear whether this trend is inherent to commodity exporters as a group
of countries that can potentially be united by a common pattern of “commodity
prices — significant reserves — search for options to diversify reserves — a grow-
ing share of gold in reserves». Considering the growing geopolitical tensions and
nationalist-sovereign tendencies in the policies of individual countries, the con-
firmation or refutation of this pattern may also be an argument in favour of the
confirmation or refutation of the hypothesis of non-economic drivers of demand
for gold from central banks. The article considers the role of gold in the foreign
exchange reserves of commodity exporters, taking into account the trends in
commodity prices and changes in the distribution of indicators characterizing the
accumulation of gold reserves.
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Literature Review and Problem Statement

The tendency to hoard foreign exchange reserves is quite closely scruti-
nised in scientific discussions (Strategy, Policy and Review Department, 2010).
The motives for holding significant reserves revolve around the postulates of new
mercantilism, avoiding structural reforms, smoothing productivity shocks, com-
pensating for the insufficient efficiency of the exchange rate as a tool for adjust-
ing to shocks in shallow financial markets, etc. (Aizenman & Lee, 2008;
Wijnholds & Sondergaard, 2007; Pineau et al., 2006; Choi et al., 2007; Aizenman
& Riera-Crichton, 2006). The motives of self-insurance and competitive accumu-
lation are clearly referred to in a number of studies (Aizenman & Lee, 2007; Ai-
zenman, 2007; Durdu et al., 2007).

Hoarding of reserves is recognized as a prerequisite for the tendency of
central banks to more diversified holding of reserves (Beck & Weber, 2010). In
this context, a number of points should be noted. Summarizing the findings of a
number of studies (Beck & Weber, 2010; Ahmed et al., 2011; Goyal et al., 2011;
McCauley & Rigaudy, 2011; Morahan & Mulder, 2013; Borio, 2008), we can see
the following incentives for active reserve management, resulting in a higher level
of diversification:

e larger reserves automatically mean increased fiscal losses due to in-
creased exchange rate flexibility, and therefore more active manage-
ment of foreign assets can partially offset such losses;

e large exposures involve an exacerbation of the investment value-at-
risk problem;

e more active management is facilitated by the search for going beyond
the standard set of reserve currencies (assets) and the growing role of
multi-currency reserve assets due to the inclusion of a number of pe-
ripheral currencies in the framework of possible management of for-
eign assets;

e under competitive accumulation of reserves, the ability to minimize the
holding losses is an important prerequisite for competitive gain, etc.

However, the most significant factor that encourages more active diversifi-
cation of foreign exchange reserves is the segmentation of management mo-
tives. In the simplest terms, this means dividing reserves into a liquidity pool and
an active investment management pool. The first is designed to maintain a struc-
ture that enables smoothing out fluctuations in the foreign exchange market and
responding to strong global shocks. The second is meant to increase the profit-
ability of holding the reserves and minimize the risks of fluctuations in the value
of the asset portfolio (Beck & Weber, 2010).
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However, studies on more active management of foreign exchange re-
serves offer no direct reservations about the special role of gold. Most likely, this
is due to the cyclical sensitivity of gold prices, which means that increasing the
share of gold in reserves its pure form does not guarantee the effect supposed to
be achieved through the diversification of foreign assets and more active man-
agement. However, the recent upward trend in the share of gold reserves (Zula-
ica, 2020) requires additional attention in terms of how this fact could be affected
by the tendency to accumulate significant reserves.

The studies on the peculiarities of holding reserves in gold can be clearly
divided into approaches from the standpoint of asset portfolio management and
approaches that take into account political and economic factors. Under any cir-
cumstances, central banks are significantly limited in their ability to diversify re-
serves compared to traditional portfolio managers since certain asset classes are
generally not available to them due to restrictions on the reserve management
profile. This explains why restrictions on the asset class in the management of
foreign exchange reserves skew the choice in favour of gold.

Regarding the first approach, for example, Mendez-Barreira (2020) has
noted that the medium-term downward trend in interest rates has significantly af-
fected the reduction of alternative losses of holding large gold reserves. In com-
bination with rising gold prices, a larger share of gold in the structure of foreign
assets can be considered the best choice in terms of increasing profitability. For
some countries with significant reserves denominated in euro, the shift in the
composition of the portfolio of foreign assets in favour of gold may also be
caused by negative interest rates.

On the other hand, the survey of central bank managers on foreign ex-
change reserves has shown no clear inclination towards viewing gold as a crite-
rion for a significant change in the composition of foreign assets. At the same
time, the reasons for choosing gold indicated most often included the benefits of
diversification (64% of respondents), low interest rates (41%), and the contribu-
tion to portfolio risk assessment (36%). A smaller, though not insignificant, share
of respondents (32%) recognized international geopolitical challenges as impor-
tant for this. Moreover, most respondents believe that the share of gold in re-
serves should be within 10%, while only 18% would allow the share to increase
to 10-19% and 20-49% each. Almost no one considers the optimal share of gold
to be more than 50% of reserves (Carver & Pringle; 2020). Taking into account
that since 2007 the volume of gold reserves in tons has not changed in devel-
oped countries (about 23 thousand tons), and increased by 5 thousand tons in
the rest of the world (Central Banking, 2020), we can assume that the precious
metal receives more attention in the process of managing foreign assets if the
reserves are being increased. This is strengthened by the fact that the nominal
and real yield of gold in times of recession shows better indicators than other
classs of reserve assets, even if the calculations for 1973-2019 imply the pre-
dominance of financial instruments issued in the United States (Central Banking,
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2020). This confirms that there is no cyclical neutrality to holding gold. However,
in the context of the large-scale crisis of 2020-2021 and the fight against its con-
sequences, increasing the share of metal reserves may seem natural, despite
the fact that some countries have sold some gold reserves in order to better
combat the effects of the pandemic.

More sophisticated among techniques for assessing the effectiveness of
portfolio management also show mixed results. The share of gold in reserves has
a certain optimal final value due to the market risk associated with gold. This is
indicated by a set of investment criteria, namely prevention of portfolio volatility,
risks of unlikely but severe shocks (tail risks), probability of losses, and criteria for
diversification. At the same time, a larger share of gold may also be justified in
certain specific cases. This is the case when reserves are sensitive to the dura-
tion risk, or when the return on reserves is not determined in traditional reserve
currencies (Zulaica, 2020). In other words, the choice of reserve management
criteria can determine the tendencies of central banks when deciding on their op-
timal composition in terms of asset class. For example, criteria based on stan-
dard portfolio theory will show a different optimal share of gold than approaches
based on the concept of value-at-risk (for more details, these opposing positions
are presented by Zulaica (2020), Baur and McDermott (2010), and Reboreddo
(2013)).

Political and economic factors in the management of foreign exchange re-
serves create a different view of this problem. For example, a number of papers
point out that there are excellent motives for hoarding reserves in the context of
democracies and autocracies, and the concentration of exports can significantly
affect the incentives for hypertrophy of foreign assets (Jager, 2016; Son, 2020;
Leblang & Pepinsky, 2008). In other words, the political regime is a factor influ-
encing the amount of reserves. For example, Koziuk (2016a) shows the relation-
ship between the political regime, financial development and the size of reserves
in the context of heterogeneity of commodity economies, which may form quite
different patterns of institutional quality relevant to the chosen modality of adapta-
tion to macroeconomic shocks. Given that commodity exporters are often autoc-
racies, the political motives for choosing the structure of foreign assets cannot be
ignored.

In turn, gold is seen as a specific asset class, the prices of which are de-
termined by geopolitical factors; while such prices can affect the motivation to
hold large gold reserves, the latter, in turn, pushes metal prices up. In addition,
historically, gold retains the role of “safe haven» in times of geopolitical tensions
or outright conflicts (Bahrami Moghadam & Baghernia, 2020). Analysis of the cur-
rency structure of foreign assets indicates that geopolitical factors influence the
choice of central banks, thereby confirming that the political and economic as-
pects of foreign asset management cannot be ignored (Eichengreen et al., 2017).
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Empirical analysis of gold reserves also confirms the importance of the his-
torical trajectory. For example, the size of gold reserves is a reflection of the
global power of the country, its geopolitical capacity and international respect it
commands. The status of a former empire as well as the issuance of reserve cur-
rency are factors that determine larger shares of gold in reserves. On the other
hand, the requirements central banks must adhere to concerning the size of gold
reserves reflect the efforts to avoid significant losses associated with fluctuations
in metal prices (Aizenman & Inoue, 2013). Central bankers’ risk aversion may
seem like a purely technical issue, but it stems from a political assessment of
losses from holding reserves and therefore becomes an institutional incentive to
self-limit the choice of asset classes through which diversification is implemented
(Aizenman & Marion, 2003). Active management of reserves as a result of their
hoarding does not necessarily affect the physical volume of gold. For the most
part, it is under passive control (Aizenman & Inoue, 2013). It follows that even if
the size of reserves affects the motivation to manage them more actively, as pre-
dicted by Beck and Weber (2010), this does not necessarily mean that gold will
represent the asset class through which such proactive management will be car-
ried out.

Research shows that with significant reserves, the likelihood that the role
of gold will increase is obvious, but this does not correspond so clearly to a more
proactive approach to foreign asset management. Thus, countries with resource
abundance are likely to use a more sophisticated model of reserves manage-
ment when making the choice in favour of gold.

The article suggests that for commodity economies there must be some
connection between commodity prices and the shift towards holding larger gold
reserves. If such a relationship is direct and significant, it will mean that such
countries diversify foreign assets in favour of gold while increasing reserves dur-
ing the commodity boom. If the relationship is weak or inverse, gold will not play
a significant role in adapting the structure of reserves to a positive price shock.
The article also aims to analyse changes in the distribution of indicators of gold
reserves in tons, gold as a share of total reserves and reserves to GDP in 53
commodity exporters compared to the world as a whole. These 53 countries are
identified in the IMF study based on the relevant methodology (International
Monetary Fund, 2015).

Empirical overview of the tendency
to hoard gold reserves

Hoarding of reserves has grown into a problem of global monetary and
macrofinancial stability due to significant volumes of foreign assets. A limited
number of countries hoarding gold and active management of foreign assets
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highlight a number of risks that threaten to destabilize global finance in the event
of significant changes in the structure of central bank assets (Koziuk, 2016b).
Several commodity exporters are among the top ten countries with the largest
reserves (for example, Norway, Russia, Saudi Arabia, Algeria).

Although the general tendency of hoarding reserves that has emerged
since 2015 does not seem to be as dramatic as it used to be before the global fi-
nancial crisis, it is clear that the underlying global trend of increasing the ratio of
external central bank assets to GDP remains (Fig. 1). It is no longer exponential,
as it was before 2008, but after the rapid recovery of the global economy in 2011-
2012, the hoarding of reserves as a percentage of GDP has slowed significantly.
The corresponding indicator for 53 commodity exporters clearly shows a higher
level of volatility: faster growth before the global financial crisis, instability after it
and a gradual decline against the backdrop of falling commodity prices since
2014 (Fig. 1).

Figure 1
Ratio of foreign exchange reserves to GDP
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Source: calculated by the author using the data of International Monetary Fund.

Fig. 2 shows that there is a clear link between the trends in global com-
modity prices and the hoarding of reserves by resource-rich countries. It should
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be noted that the logarithmic approximation function has slightly better character-
istics than the linear one. This suggests that there is no automatic transfer of
commodity prices to reserves. That is, macro-policy bodies search for additional
options to respond to strong positive shocks in commaodity prices, combining ap-
propriate tools. Strengthening the exchange rate is likely to be one of them. The
relationship between commodity prices and hoarding of reserves confirms that
commodity exporters are quite severely impacted by terms-of-trade shocks,
which should in theory maintain the balance between liquidity and the benefits of
diversifying foreign exchange reserves.

Figure 2

Global commodity prices and hoarding of foreign exchange reserves
by commodity exporting countries
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Source: calculated by the author using the data of International Monetary Fund and World
Gold Council.

The vulnerability of resource-rich countries to terms-of-trade shocks raises
the question of the optimal structure of foreign assets. Recently, the global econ-
omy has faced a clear upward trend in commodity prices, going through three
peaks in 2008, 2011 and 2021. Responding to this by avoiding a significant
strengthening of exchange rates should encourage a larger share of reserves
that need to be diversified. At the same time, the pro-cyclical nature of commod-
ity prices is especially evident in the context of the increasing financial openness
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of many commodity exporters. The need to smooth out not only price shocks but
also capital flow shocks should mean that the relevant central banks cannot rely
solely on the criterion of maximizing portfolio returns. The need to maintain sig-
nificant amounts of liquid reserves should potentially reduce interest in the role of
gold as a key driver of foreign asset management. The well-known fact of close
correlation between commodity prices and gold prices can both precipitate an in-
crease in the share of metal and encourage a more restrained assessment of its
role in ensuring compliance with selected criteria for the effectiveness of reserves
management. However, there has been a recent tendency of metal prices to out-
pace the aggregate commaodity price index, indicating that the gold market is de-
veloping an autonomous trend towards equilibrium that is not related to the
commodity cycle.

Figure 3
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Source: calculated by the author using the data of International Monetary Fund and World
Gold Council.

The data in Figures 4-8 paint a rather ambiguous picture of the role of gold
in the structure of foreign exchange reserves of commodity exporting countries.
For instance, data depicted in Fig. 4 makes it obvious that the global financial cri-
sis has proved to be a watershed for the hoarding of gold reserves. While before
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2008 there was a clear trend for the world as a whole of reducing gold reserves
in tons, it completely changed to the opposite after. For 53 countries, gold re-
serves in tons were almost unchanged until 2007, after which they began to
grow, slowing down over the past year. However, the growth rate of gold re-
serves in tons (Fig. 5) is different. While the growth rate is relatively uniform
worldwide, the indicators of commodity exporters are characterized by clear vola-
tility. Moreover, the peak acceleration of the rate of gold reserves accumulation
was achieved prior to the global financial crisis, whereas since 2018 there has
been a decline in this indicator.

Figure 4

Accumulation of gold reserves, tons
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Source: calculated by the author using the data of World Gold Council.

Fig. 6 highlights the direct linear relationship between the changes in
commodity prices and demand for gold reserves from resource-rich countries,
which may be the confirmation of the hypothesis concerning the role of gold in
the diversification of foreign assets of central banks. However, the significance of
this relationship is not sufficient to argue that gold itself is the means of the diver-
sification of foreign exchange reserves, whose accumulation is facilitated by
commodity prices.
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Figure 5

Growth rate of gold reserves (in tons) worldwide and in commodity
exporting countries
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Figure 6

Global commodity prices and growth of gold reserves
in commodity-exporting countries
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The dynamics of the share of gold in the foreign exchange reserves indi-
cates that the link between commodity prices and diversification is not always
obvious. In particular, Fig. 7 shows that the global trend towards the choosing
gold in the structure of foreign exchange reserves is generally replicated by the
commodity exporting countries. There have only been some differences in the
last two years. However, the data of Fig. 8 indicate that the relationship between
this share and the changes in commodity prices is inverse. At first glance, this
contradicts the data in Fig. 6, but this is explained by the fact that the increase in
the share of gold is significantly outpaced by the maximum increase in total re-
serves caused by the positive shock of commodity prices.

There are three conclusions that can be drawn from this trend in terms of
reserves management.

First, there is an endogenous demand for gold, which is in some way tied
to the general process of hoarding reserves. If the latter is determined by price
trends, so will be the motives behind the demand for gold.

Second, diversification in favour of gold is not a automatic consequence of
such endogenous demand. Additional incentives are needed for decisions on
changes to the composition of reserves. Their adoption may not always coincide
with the global commodity cycle. Alternatives to diversification may at times be
more attractive.

Figure 7
Average value of the share of gold in foreign exchange reserves
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Figure 8

Commodity prices and the share of gold in foreign exchange reserves
in commodity exporting countries
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Third, the choice to diversify reserves through gold entails consideration of
the more complex links between the expected changes in commodity prices, ac-
cumulation of reserves, and possible division of the latter into liquidity and in-
vestment component. In other words, expectations about the stability of the fu-
ture price trend determine the ratio between the liquid and investment part of re-
serves, which brings to forefront the importance of choosing the composition of
reserves that meets the criteria for managing the portfolio of foreign assets. For
example, if the forecast projects a steady rise in commodity prices accompanied
by low interest rates, diversification through gold may meet a wide range of crite-
ria for the investment portfolio of central bank foreign assets. Conversely, when
commodity price volatility is expected along with uncertainty about global de-
mand for commodities, diversification through gold may not meet the criteria for
effective management even in case of growing reserves.

In addition, drivers of currency inflows may matter for commodity export-
ers. Since the commodity price cycle and the capital inflow cycle are fairly syn-
chronized in resource-rich countries, the motives for expanding gold reserves
may be determined by how stable the source of foreign exchange is. The rela-
tionship between commodity prices and gold reserves in tons is opposite to that
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between commodity prices and the share of gold in reserves. This can be ex-
plained by the fact that if the capital flows are perceived as volatile, it significantly
complicates the criteria for optimal management of foreign assets.

Let it not be forgotten that both the demand for gold and fluctuations in
commodity prices respond to geopolitical factors. The heterogeneity of political
regimes and the exported resources makes commodity exporters very sensitive
to geopolitical tensions. For example, oil prices tend to be more sensitive to
them, and most energy exporters are autocracies in which demand for gold can
be a tool for maintaining the stability and independence of the political regime
from external pressures. Metal prices are more closely tied to the global con-
struction cycle, and metal exporters themselves are less vulnerable to confronta-
tions between countries with different perceptions of the global good and national
interests. Agricultural exporters are more sensitive to weather shocks, on the one
hand, and to long-term changes in the nature of food consumption, on the other.
They may be less dependent on the terms-of-trade shocks introduced by geopo-
litical factors.

Uneven distribution of gold reserves

Differences in the political and economic structures of commodity econo-
mies increase the likelihood that their ability to both accumulate reserves and
have an incentive to increase the share of gold in them may differ significantly.
The degree of heterogeneity of resource-rich countries as a group was deter-
mined using a formal assessment of the characteristics of the distribution of three
indicators: foreign exchange reserves (excluding gold) as percentage of GDP,
gold in tons, and the share of gold in foreign exchange reserves. The calculated
values of asymmetry, excess and standard deviation ratios for the world as a
whole and a sample of 53 commodity exporters (Table 1) enable a comparison of
how the analysed countries differ in terms of heterogeneity of policies for the
management of external central bank assets. Formal assessment of the statisti-
cal characteristics of the distribution through the years allows us to see a clear
trend towards increasing heterogeneity in the management of foreign exchange
reserves, which highlights the fact that commodity exporters appear to be a more
homogeneous group than the world as a whole.

Several conclusion can be drawn by analysing the calculation results of
the statistical properties of the distribution. First, the ratio of reserves to GDP for
the world as a whole tended to be more evenly distributed before the global fi-
nancial crisis, after which the trend reversed and became less stable. Moreover,
although the peak of uneven distribution was recorded in 2015 and afterwards
the unevenness decreased slightly, it did not return to the level of the global fi-
nancial crisis.
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Statistical assessment of the distribution of foreigh exchange reserves

to GDP, the share of gold in the foreigh exchange reserves

and gold reserves in tons

2000 2004 2007 2015 2020
Asymmetry 9,9 9,8 9,78 10,0 10,1
All countries, gold, | Excess 103,5 | 102,5 | 101,4 | 105,0 | 106,44
tons Standard 3103,6 | 2950,2 | 2820,4 | 3068,0 | 3257,1
deviation ’ ’ ’ ’ ’
. Asymmetry 2,2 2,4 2,7 2,5 1,9
All countries, gold
as % of foreign ex- g;(:r?j:rd 4.6 5.3 6.7 5.5 2.7
change reserves deviai 12,96 14,94 18,4 18,04 | 20,95
eviation
All countries, for- Asymmetry 3,1 2,7 2,6 5,4 3,3
eign exchange re- | Excess 14,2 9,1 8,6 38,7 13,9
serves as % of Standard
GDP deviation 11,6 16,1 19,5 31,3 23,7
Asymmetry 3,0 3,1 3,3 5,6 6,1
53 countries, gold, | Excess 9,5 9,8 11,8 34,0 39,1
tons gtaf‘df‘“d 81,6 | 853 | 913 | 2197 | 349,3
eviation
. Asymmetr 3,4 3,8 4,0 5,2 2,8
53 countries, gold Exgess : 151 | 17,3 | 19,8 | 30,3 | 872
as % of foreign ex- Standard
change reserves* deviati 11,3 11,6 8,9 13,6 17,8
eviation
53 countries, for- Asymmetry 1,1 2,7 2,7 4,8 4.4
eign exchange re- | Excess 1,4 8,99 8,3 26,0 22,2
serves as % of Standard
GDP* deviation 7,7 15,2 23,1 45,0 26,5

Note*: 53 commodity exporters were chosen according to International Monetary Fund
(2015). World economic outlook: Adjusting to lower commodity prices.

Note: calculated by the author using the STATISTICA software based on IMF and World
Gold Council data.

This may indicate that in the period characterized by the greatest expan-
sion of foreign assets of central banks, monetary authorities accumulate them
relatively evenly, but in periods of volatility of foreign assets, the loss / accumula-
tion is uneven. The same trend is quite clear in the case of commodity exporters.
In both cases, it is interesting that an increase in the standard deviation of the re-
serve ratio to GDP was combined with a decrease in the coefficients of asymme-
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try and excess prior to the global financial crisis. This indicates that there were
two coexisting trends: increased homogeneity in the accumulation of reserves
where their ratio to GDP was close to the median, and an increase in the number
of countries with concentrated reserves in volumes that were unattainable for
most countries. After the global financial crisis, the situation changed to the op-
posite. For both groups of countries there is a decrease in the standard deviation
from the peak values in 2015 to slightly higher than the previous period in 2020,
along with a decrease in the coefficients of asymmetry and excess for the same
period. This indicates that the distribution curve has flattened and shifted to the
right. In other words, the share of countries with reserves in excess of the median
value has increased. Such changes in the distribution may suggest that if before
the crisis a very limited number of countries with concentrated reserves could be
prone to more active diversification, in particular in the direction of gold, then later
such behaviour could be used by many more countries, but not on such a large
scale.

Second, statistics show that there has indeed been an increase in demand
for gold in countries that were actively accumulating reserves. In particular, the
world indicator of gold in tons is characterized by slight changes in the statistical
characteristics of the distribution without a clear trend although the uneven distri-
bution has generally increased, which can be seen from all three indicators. The
coefficients of asymmetry, excess and standard deviation increased simultane-
ously at the end of the period. However, for a sample of 53 countries, this trend
has been observed throughout the twenty-year period and is much clearer. All
three indicators of the statistical distribution increased in value. On the one hand,
this is evidence of an increase in the number of countries with roughly median
gold holdings. On the other hand, the uneven distribution is observed in the "tail"
zone of the distribution curve, i.e. heterogeneity is determined by the countries
that have hoarded more gold reserves while the number of countries with similar
shares of gold in foreign assets has increased. Taking into account the connec-
tion described above between the increase in reserves and the demand for metal
by central banks, we can confirm the assertion of endogenous motives for the in-
crease in gold in the reserves of monetary authorities. Such endogeneity, al-
though not an automatic continuation of the accumulation of foreign assets, is
clearly observed where there is a tendency to move from median holdings to
concentrated ones. Concentrated holdings generally lead to additional incentives
for diversification, making gold a possible option for a more sophisticated portfo-
lio approach to foreign asset management.

Third, despite the fact that distribution of gold in tons indicates the likeli-
hood of a growing role of the metal as a way to build a more sophisticated portfo-
lio of foreign assets, the distribution of gold’s share in reserves indicates ambigu-
ous processes. For the world as a whole, changes in the distribution are inclined
towards the increasing heterogeneity of countries in terms of gold’s share in the
reserves. The distribution curve simultaneously flattens and shifts to the left as
the standard deviation increases. In other words, the world as a whole is charac-
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terized by significant variations in the role of metal in the structure of reserves.
This underscores the assertion that there are excellent motives for managing a
portfolio of foreign assets and that such motives may go beyond purely economic
considerations. The situation is less clear when it comes to commodity exporters.
Until 2015, the number of countries with a share of gold in reserves close to the
median value tended to increase, as did the number of countries with a clear ad-
vantage in terms of holding a significant share of gold reserves. However, since
then the situation echoed the worldwide trend — the distribution curve flattened
and shifted to the left. In other words, the uneven distribution worsened (the
standard deviation of gold’s share in reserves was increasing from 2015 to 2020)
due to deviations from the median values. The relatively high volatility of com-
modity prices during this period influenced the differentiation of incentives to de-
termine the optimal share of gold in reserves in terms of many resource-rich
countries. This confirms the existence of two coexisting motives behind the de-
mand for metal — endogenous (determined by the size of reserves) and induced
(determined by the aspiration for more sophisticated management of the foreign
assets portfolio when reserves are sufficiently concentrated). The more commod-
ity economies differ in their ability to accumulate reserves (due to the role of for-
eign assets in maintaining both macroeconomic and political stability), the more
they will differ in the tendency to determine the optimal share of gold in the re-
serves adjusted for endogenous metal demand.

The specific relationship between the demand for gold from commodity
exporters and commodity prices has a number of implications for global macro-
financial processes. For one, there will certainly be no strong effects of concen-
tration. That is, a few players are unlikely to be able to significantly influence the
modality of yield in the gold market. At the same time, additional market volatility
may be brought on by a significant number of countries with a fairly significant
potential demand for gold but no pronounced portfolio shift in its favour. This can
be explained by the fact that the probability of significant increase in the demand
for gold for the purposes of diversifying the reserves and maintaining a certain
level of endogenous demand will be distributed roughly equally for such coun-
tries, which will make it difficult to predict the market conditions. In turn, such un-
certainty about the demand for gold as a reserve asset may spill over to some
other segments of the global financial market in the form of volatility (the effects
of the transition to more active management of central bank reserves are de-
scribed by Koziuk (2016b)). The shift in demand from one asset class to another
can be palpable. The ability to predict such shifts will also be limited.
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Conclusions

Peculiarities of gold as a reserve asset have long drawn the attention of
central banks. The long-term downward trend in global real interest rates poten-
tially creates the preconditions for increasing demand for gold, as the opportunity
costs of holding it decrease. Theoretically, there is some uncertainty about the
optimal share of gold in the structure of foreign exchange reserves. The issues
concerning the criteria for managing the portfolio of foreign assets that take into
account the peculiarities of price dynamics in the gold market also remain under
scrutiny. Economic science does not rule out non-economic factors in the man-
agement of central bank reserves, in particular, this applies to gold as a tool for
hedging geopolitical risks.

In light of the medium-term upward trend in commodity prices, resource-
rich countries have significant foreign assets. Their central banks could poten-
tially be considered the largest contributors to global demand for gold, in particu-
lar for reasons of greater diversification of reserves as the latter are hoarded.
However, empirical analysis of a number of indicators of foreign exchange re-
serves worldwide and for a group of commodity exporters does not indicate that
diversification by gold is undeniable. On the one hand, the demand for the metal
is positively correlated with changes in global commodity prices. On the other
hand, the share of gold in the reserves of central banks of commodity-rich coun-
tries does not show the same direct relationship with commodity prices. Together
with the distribution of the chosen indicators on the volume and structure of for-
eign exchange reserves, this indicates that there is a so-called endogenous de-
mand for gold tied to the general trend of increasing reserves, as well as demand
for gold determined by specific motives. At the same time, commodity exporters
are more heterogeneous in terms of gold holdings than the world as a whole. The
tendency to uneven distribution of gold reserves is accompanied by an increase
in the number of countries whose metal reserves exceed the median value. For
global macrofinance, this has some significance: volatility in reserve asset mar-
kets can be brought about by unpredictable changes in the criteria for maintain-
ing the optimal structure of central bank reserves by a significant number of
countries.
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