Research and Policy Notes 1/2023

Balancing Volatility and Returns in the Czech
National Bank's Foreign Exchange Portfolio
Tomas Adam, Ales Michl, Michal Skoda

CNB CZECH

NATIONAL
BANK

1/2023

ch and Policy Notes

Resear

Czech National Bank



The Research and Policy Notes of the Czech National Bank (CNB) are intended to disseminate the results of
the CNB'’s research projects as well as the other research activities of both the staff of the CNB and
collaborating outside contributors, including invited speakers. The Notes aim to present topics related to
strategic issues or specific aspects of monetary policy and financial stability in a less technical manner than
the CNB Working Paper Series. The Notes are refereed internationally. The referee process is managed by
the CNB Economic Research Division. The Notes are circulated to stimulate discussion. The views
expressed are those of the authors and do not necessarily reflect the official views of the CNB.

Distributed by the Czech National Bank, available at www.cnb.cz

Reviewed by: Omar Zulaica (Bank for International Settlements)
Michael Koriak (Czech National Bank)
Project Coordinator: Michal Franta

Issued by: © Czech National Bank, September 2023



Balancing Volatility and Returns in the Czech National Bank’s Foreign
Exchange Portfolio

Tomas Adam, Ale§ Michl, and Michal Skoda*

Abstract

This paper discusses the implications of possible changes in the composition of the Czech
National Bank’s foreign exchange reserves, which are large by international standards and
account for about 98% of the CNB’s assets and are thus crucial for its earnings. Starting from
the allocation as of October 31, 2022, we test how the risk-return characteristics change under
the following three hypotheses: (i) increasing the share of equities from about 18% to, for
example, 20%, (ii) increasing the amount of gold to, for example, 100 tons (from about 0.5%
to 4.5% of the reserves), (iii) reducing the share of euro-denominated assets from 46% to, for
example, 40%. The results suggest that if asset prices followed the pattern of the last 20 years,
increasing the share of equities to 20% would increase the expected return on the portfolio,
while the volatility would increase only slightly. Next, increasing the amount of gold to 100
tons could increase the expected return on the portfolio, while its volatility, measured in Czech
koruna, would decrease. Reducing the share of euro-denominated assets, on the other hand,
could slightly increase the expected return on the portfolio but could also significantly increase
the volatility of the returns measured in Czech koruna, and is therefore not appropriate.

Abstrakt

Clanek hodnoti dopad moznych zmén ve slozeni devizovych rezerv Ceské narodni banky.
Jejich objem je v mezinarodnim méfitku vysoky, rezervy tvofi zhruba 98 % aktiv CNB, a jsou
tak rozhodujici pro jeji hospodaisky vysledek. Vychazime zalokace k31. fijnu 2022
atestujeme, jak se zméni charakteristiky vynosu a rizika pfi nasledujicich tfech hypotézach:
(i) zvySeni podilu akcii z cca 18 % na napt. 20 %, (ii) zvySeni objemu zlata na napt. 100 tun
(tj. 20,5 % na 4,5 % rezerv), (iii) sniZzeni podilu eurovych aktiv ze 46 % na napi. 40 %.
Vysledky naznacuji, ze pokud by ceny aktiv sledovaly podobny vyvoj jako v poslednich
20 letech, zvySeni podilu akcii na 20 % by zvysilo ocekavany vynos portfolia, zatimco volatilita
by vzrostla jen mirn€. Dale by nartist objemu zlata na 100 tun mohl zvysit o¢ekavany vynos
portfolia, zatimco jeho volatilita méfena v ¢eskych korunach by se snizila. Snizeni podilu aktiv
denominovanych v eurech by naopak mohlo mirné zvysit ofekavany vynos portfolia,
ale zaroven by mohlo vyrazné zvysit volatilitu vynosu méteného v ¢eskych korunach, a tato
zména tedy neni vhodna.
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1. Introduction

After the global financial crisis of 2008, central banks around the world began to use unconventional
monetary policy instruments (BIS, 2019). These tools were developed to combat short-term
disinflationary pressures or to keep markets running in stressful situations, such as the outbreak of
the European sovereign debt crisis and the Covid-19 pandemic.

Unconventional monetary policy led to a significant expansion of central banks’ balance sheets. On
the asset side, central banks purchased either domestic public/private sector assets (quantitative
easing policy) or foreign assets (foreign exchange commitment policy). These purchases were
financed by newly created central bank reserves, which appear on the liability side of central bank
balance sheets.

A negative side effect of these instruments is that, depending on the accounting principles applied
(Archer and Moser-Boehm, 2013; Bell et al., 2023), central banks risk suffering a significant
financial loss, which could even cause their net financial position to turn negative. This risk is
inherent in the design of unconventional monetary policy instruments, as purchases of long-term
financial assets are financed by short-term liabilities. The long-term assets were typically purchased
when yields were low (or prices were high) in the case of QE, or when the exchange rate was weak
in the case of FX commitments. When monetary policy is subsequently tightened, domestic asset
prices usually fall (as yields rise) and the currency in question appreciates, putting pressure on the
asset side of the balance sheet. At the same time, central banks have to pay interest on excess
reserves when they tighten monetary policy. As a result, many central banks recorded losses in 2022
(the Swiss National Bank, the Fed, the ECB, the Bank of England, the Reserve Bank of Australia,
and the Czech National Bank, to name a few) and even reached negative equity (e.g., the Reserve
Bank of Australia, the National Bank of Hungary, and the Czech National Bank).

The profitability of central banks, their financial position, and their impact on the ability to achieve
price stability have been extensively discussed in the literature and by central bankers (Bell et al.,
2023). This discussion is summarized, for example, by Archer and Moser-Boehm (2013) and in the
Hildebrand Report (2011) issued by the Central Bank Governance Group of the Bank for
International Settlements. These reports conclude that the ability of central banks to achieve their
policy objectives does not depend on their profitability or financial strength. Moreover, history
shows that central banks can achieve their objectives even with negative equity (e.g., the Central
Bank of Chile, the Czech Republic, Israel, and Mexico). However, success depends on the
credibility and transparency of the bank, the understanding of the financial markets and the general
public of the implications of negative equity, and the fiscal strength of the country’s government
(Bolt et al., 2023). Empirically, Benecka et al. (2012) show that the link between central bank
finances and inflation is very weak and not robust.

In this paper we focus on one part of the Czech National Bank’s profitability — the income on its
foreign exchange reserves in CZK terms. The CNB’s foreign exchange reserves are high by
international standards (the level of the reserves is about 50% of nominal GDP; see Table 1) and
account for about 98% of the CNB’s assets (Table 2). About two thirds of the FX reserves were
acquired while the CNB’s unconventional foreign exchange rate commitment policy was in place
(November 2013—-April 2017). Our basic research question is: Can we increase the expected return
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on the FX reserves without significantly increasing the risk (volatility) of the portfolio? Volatility
was chosen as the measure of risk because it is a basic and universal risk characteristic.

This question has implications for the profitability of the CNB. At the same time, we look at the
asset side independently of the liability side (which is driven by monetary policy) and adjust its
composition to increase the expected returns over the long term. It is worth noting that our exercise
does not have implications for monetary or financial conditions in the economy. This is because
monetary policy considerations other than the liquidity of the FX reserves need not be taken into
account in this analysis. On the other hand, central banks adjusting their domestic bond portfolio
(in the case of reinvestments) need to take into account the maturity profile of the assets they hold,
as this affects the shape of the domestic yield curve.

More specifically, we assess how changes in the allocation of the FX reserve portfolio affect its
properties in terms of various statistical measures. We consider changes in the composition of the
FX reserves along three dimensions: (i) changes in the share of equities in the portfolio, (ii) changes
in the weight of EUR in the portfolio, (iii) changes in the share of gold in the portfolio. We use
historical data and show how each of the changes in the portfolio affects its historical performance.

The analysis is based on the historical characteristics of asset returns — their means and variances
and the correlations between asset classes. It is important to remember that the analysis is based on
the assumption that future returns will be distributed like historical returns. The authors are aware
that risk characteristics obtained through the statistical processing of historical data are only a
representation of the historical behavior of the portfolios, which does not predict how the portfolios
or asset classes studied will behave in the future. The computed characteristics are therefore a
representation of the past rather than a statement about the future. The time frame in which the
analysis is conducted also affects our results. We performed the analysis using the longest available
sample (20 years) from the perspective of the CNB’s FX reserves model, which is based on
historical daily time series of money market interest rates, bond and stock indices, and gold prices.
Several robustness checks were performed by considering multiple subsamples (the last 5, 10, 15,
and 20 years). A significantly longer time frame than our reference value (20 years) is not relevant
for the analysis not only because of the FX reserves model used in this study, but also as the Czech
koruna was pegged to a currency basket until 1998 and then the euro was introduced in 1999 (which
also changed the currency allocation of the FX reserves).

The analysis suggests that the first two hypotheses improve the risk-return characteristics of the FX
reserve portfolio. In particular, increasing the equity allocation to about 20% of the portfolio
increases the expected return on the portfolio, while the volatility of the returns shows no marginal
increase. Increasing the gold allocation to about 100 tons, which corresponds to about 4.5% of the
total reserves, should also increase the expected return on the portfolio, while slightly reducing the
volatility of the returns measured in Czech koruna (CZK). A reduction in the euro allocation, on the
other hand, could lead to a slight increase in returns, but would also significantly increase the
volatility in CZK.

It should be noted that our analysis is based on purely economic grounds, i.e., achieving the highest
returns given the level of risk. In practice, broader economic or even geopolitical factors are also
taken into account in the composition of the foreign exchange portfolio. For example, the share of
euro-denominated assets reflects the Czech Republic’s economic links to the euro area and the fact
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that the CNB intervenes in the CZK/EUR currency pair. These factors impose constraints on
policymakers that go beyond the scope of a portfolio analysis.

The paper is structured as follows. First, we discuss the size and composition of the CNB’s FX
reserve portfolio and the current approach to its management. We then explain our approach to
assessing changes in the portfolio along the three dimensions mentioned above. Finally, we discuss
the results and draw policy conclusions.

2. International Reserves of the Czech Republic

The Czech National Bank’s foreign exchange commitment policy (2013-2017) caused its
international reserves to triple in size. Unlike with quantitative easing policy, the balance sheet does
not shrink when the central bank decides to stop reinvesting principal payments from maturing
bonds. This is because the central bank has to take an active step to shrink its balance sheet — it has
to convert foreign assets into domestic currency. So far, the CNB has not decided to actively reduce
its balance sheet significantly.

From a historical perspective, the CNB’s FX reserves were relatively high even before 2013. In the
1990s, they were accumulated partly during the period of the fixed exchange rate (until May 1997)
in an environment of strong capital inflows and subsequently through foreign exchange
interventions against excessive koruna appreciation and the purchase of privatization proceeds from
the government.

The level of reserves fluctuated around 20% of GDP until 2013, when the CNB began to use the
exchange rate as a monetary policy instrument after reaching the zero lower bound on interest rates
(Figure 1). This policy involved the introduction of an exchange rate floor (27 CZK/EUR) to avert
the risk of deflation and anchor inflation expectations to the 2% target. Maintaining the commitment
required foreign exchange interventions and the accumulation of FX reserves by the CNB. During
the period of the FX commitment, the reserves held by the CNB increased by more than 150% in
USD terms. By the time the commitment ended (April 2017), they had reached about 70% of
nominal GDP, and they subsequently stabilized at about 60% of GDP. In 2022, part of the reserves
were used to limit excessive exchange rate volatility in line with the managed float regime. As a
result, the level of the reserves decreased to about 50% of GDP.
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Figure 1: Foreign Exchange Reserves of the CNB as a Percentage of GDP

W FXreserves / GDP (%)
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Note: The shaded area indicates the period of the foreign exchange commitment. GDP was interpolated to
monthly values using the Chow-Lin Method, and 12m moving sums were subsequently used in the
denominator.

Source: CNB ARAD
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Measured in terms of GDP, the size of the FX reserves is exceptional by international standards
(see Table 1). Among countries with inflation targets, Thailand (49% of GDP) and Israel (44% of
GDP) are the countries with the second and third largest reserves, respectively. The country with
the largest reserves relative to GDP is Switzerland (136% of GDP).

Table 1: Top 10 Countries with the Highest Ratio of International Reserves to GDP (in %)

2011 2016 2022
Hong Kong 114.8 | Hong Kong 120.4 | Switzerland 136.6
Singapore 85.0 | Switzerland 97.6 | Hong Kong 135.0
Lithuania 65.0 | Saudi Arabia 83.1 | Czech Republic 61.5
Iceland 56.2 | Singapore 77.8 | Saudi Arabia 54.6
Thailand 47.2 | Bulgaria 46.7 | Thailand 49.0
Switzerland 45.9 | Czech Republic 43.7 | Bulgaria 48.9
Hungary 34.4 | Thailand 40.9 | Israel 44.2
Philippines 32.1 | Mauritius 40.6 | Croatia 41.8
Bulgaria 29.9 | Iceland 34.6 | Albania 30.8
Israel 28.5 | Israel 30.9 | North Macedonia 29.8

Source: International Monetary Fund

Mechanics of the CNB’s Financial Results

To understand the mechanics of the CNB’s profitability, it is worth summarizing its balance sheet
(Table 2).
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Table 2: Balance Sheet of the Czech National Bank (Dec 31, 2022)

Assets Liabilities

Foreign exchange | Liabilities to banks
reserves | operating on
(97.8%) | domestic market
(63.4%)

Banknotes and coins
in circulation
(21.9%)

Fixed assets
(0.1%) | Other liabilities
(1.5%)

Other assets
(2.1%)

Source: Czech National Bank

The CNB’s total assets amounted to CZK 3,166 billion (about 50% of nominal GDP) at the end of
2022, of which nearly 98% were FX reserves, including gold. Assets are reported in CZK at the end
of the financial year. The other part is fixed assets — the CNB’s headquarters in Prague and its
branches, as well as other assets. Liabilities consist mainly of commercial banks’ deposits with the
central bank (roughly 63%) and currency in circulation (approx. 22%). Other liabilities include, for
example, deposits of public institutions and liabilities to the International Monetary Fund.

The financial result is mainly determined by the income?® on assets (FX reserves) and the costs of
liabilities (interest rates on commercial banks’ deposits with the central bank). Since the income is
in international currencies but the accounting is in koruna, there is also a loss or gain on the
conversion of FX reserves from euros, dollars, and other currencies into koruna.

The answer to the question of how the CNB can generate a profit in the long run is thus: it must
invest its assets, i.e., the FX reserves, in such a way that in the long run it earns more than the
potential exchange rate loss due to appreciation of the koruna and the interest costs it pays to
commercial banks on their deposits at the central bank. If the expected return on assets is higher
than the expected return on liabilities, then even a large loss in a given year (due to high costs of
sterilizing bank liquidity or to appreciation of the currency) can be financed by future profits on the
FX reserves.

International Reserves Management at the CNB

The vast majority of the CNB’s international reserves are actively managed. The remainder are
composed of claims on the IMF in the form of special drawing rights (SDRs) and gold held by the

1 The CNB applies fair value accounting principles. Income refers to all realized and unrealized foreign exchange
gains and losses (dividend and interest income, capital gain income, and income stemming from revaluation of
assets due to exchange rate movements).
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CNB. The allocation of the actively managed portfolios is the result of the CNB’s internal decision-
making process, which takes into account the function of the international reserves (support for the
CNB’s independent monetary policy and a source of foreign exchange liquidity for the CNB’s
customers) and appropriately considers security, liquidity, and returns. The CNB manages most of
its international reserves internally, with the exception of some equity and MBS portfolios, which
are managed by external portfolio managers.

The bulk of the international reserves portfolio is invested in debt securities issued by governments
of economically advanced countries, selected government-guaranteed bonds, and bonds issued by
international institutions with the highest credit ratings (Table 3). Other instruments used in the
management of the international reserves include equities, exchange-traded funds (ETFs), repos,
covered bonds, deposits with central banks, futures, and interest rate, currency, and equity swaps.
All creditor positions vis-a-vis private counterparties are backed by financial collateral.

Table 3: Investment Instruments in the CNB’s FX Reserves (Dec 31, 2022)

Type of investment Share (%)
Bonds 59.6
—government 45.4
— government agencies 7.7
— supranational issuers 2.9
— MBS and covered bonds 3.6
Money market instruments 22.4
Equities 17.5
Other 0.5

Source: Quarterly information on the CNB’s international reserves, available at
https://www.cnb.cz/en/financial-markets/foreign-exchange-market/quarterly-information-on-the-
cnbs-international-reserves/

The currency composition of the actively managed portfolio reflects the strategic allocation,
portfolio returns, changes in the exchange rate of the koruna against reserve currencies, purchases
of reserve currencies from clients, and client deposits (Table 4). The euro accounts for the highest
share (51.3%). This is because most Czech international trade is conducted with the euro area
countries. Currencies with a share of less than 10% (CAD, AUD, GBP, SEK, JPY, CNY) were
included for diversification purposes; their weight in the Czech Republic’s imports and exports is
negligible.

In terms of instruments, the most liquid assets (deposits with central banks and T-bills) are
denominated in euros and US dollars. This is due to the fact that foreign exchange interventions are
mainly carried out in the CZK/EUR currency pair and the exchange of USD into EUR is easy to
perform. Longer-term bonds are held in all currencies except the Japanese yen, which has a long
history of low yields. Equities are held in all the major markets of the currencies contained in the
FX reserves except SEK and CNY. Finally, the CNB’s FX reserve portfolio includes USD-
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denominated mortgage-backed securities, giving the portfolio indirect and liquid exposure to the
US real estate market.

Table 4: Currency Composition of CNB’s FX Reserves (Dec 31, 2022)

Currency Share (%) | Money Market | Fixed Income Equities MBS
EUR 51.3 X X X n.a.
usD 28.6 X X X X
CAD 7.5 X X
AUD 4.0 X X n.a.
GBP 3.3 X X n.a.
CNY 1.8 X n.a.
JPY 1.6 X n.a.
SEK 1.1 X n.a.
SDR 0.4 n.a. n.a. n.a. n.a.
Gold 0.4 n.a. n.a. n.a. n.a.

Note: n.a. = not available

Source: Quarterly information on the CNB’s international reserves, available at
https://www.cnb.cz/en/financial-markets/foreign-exchange-market/quarterly-information-on-the-
cnbs-international-reserves/

3. Methodology and Data

The objective of this paper is to assess how the characteristics of the FX reserve portfolio change
when we adjust it relative to the current portfolio. We consider three dimensions along which we
change the reserve portfolio:

1. Increasing the share of equities in the portfolio from about 18% to, for example, 20%.
2. Reducing the share of euro-denominated assets from 46% to, for example, 40%.

3. Increasing the amount of gold in the portfolio to, for example, 100 tons? (from about 0.5%
to 4.5% of the reserves).

We rank the portfolios according to two measures — return and risk (captured by volatility). We
assess the portfolio characteristics from two perspectives: the reserve currency perspective (the
weighted average of the returns on each sub-portfolio in the reserve currencies) and the domestic
currency perspective (where the returns are measured in the Czech koruna).

The model is based on historical daily time series of money market interest rates, bond and stock
indices, and gold prices. As a benchmark portfolio, we take the CNB’s portfolio of FX reserves as
composed on October 31, 2022. We obtain the modified portfolios by adjusting the weights
(different weights of equities and gold, and different proportions of the euro) in the portfolio. The

2 The amount of gold is expressed in absolute terms, since the representation of gold in FX reserves is traditionally
very often expressed in absolute terms (tons).
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resulting characteristics (mean, variance) are presented for the annualized moving average returns
for the last 5, 10, 15, and 20 years. We use daily data.

Construction of Portfolio Characteristics

1. We use a total of 34 index time series of individual asset classes (interest rates, bonds, MBS and
stock indices, and gold) for each reserve currency considered. Summary statistics of the asset
returns are presented in Tables A2a and A2b and Figures Ala and Alb in the Appendix.

2. Based on the downloaded data, we build models of the eligible FX reserve sub-portfolios and
then calculate their historical daily returns.

3. We set the benchmark portfolio weights (with weights as of October 31, 2022) and alternative
portfolio weights (for example, with an equity portion of 20% of the portfolio or a euro portion of
40%). Each time we set the adjusted portfolio weights, we recalculate the remaining weights relative
to the initial portfolio.

4. For each set of weights, we construct a series of portfolios and time series of daily historical
returns based on a linear combination of the returns on each sub-portfolio.

5. For each of the resulting time series, we compute two time series of 1- and 5-year annualized
returns for each day. We know the return for the last year and for the last 5 years.

6. For each of the resulting series (1-year and 5-year annualized returns) we calculate statistics —
the minimum, maximum, average, and standard deviation of the returns. We take the data for the
last 5, 10, 15, and 20 years.

4. Results

In this section we present and analyze the results of our calculations. We show how the
characteristics of portfolio returns change as a function of changes in portfolio allocation.
Ultimately, the question is whether the proposed changes to the portfolio can increase the expected
returns on, and the stability of, the portfolio.

To approach this question, we use Markowitz’s portfolio theory (Markowitz, 1952; Sharpe, 1964;
Merton, 1972). We examine the portfolio characteristics from two angles — we look at both the
reserve currency returns and the Czech koruna returns. The first approach is appropriate for
assessing the success of FX reserves management, as it does not take into account the performance
of the Czech koruna. On the other hand, the Czech koruna returns approach is critical to the CNB’s
financial performance. The data used covers the last 20 years (November 2002—October 2022) and
thus includes the global financial crisis of 2008, the outbreak of the Covid-19 pandemic, and also
the period of monetary policy normalization in 2022. We also perform a robustness check by
presenting the results for several sub-periods (1 year, 5 years, 15 years).



10 Tomds Adam, Ales Michl, and Michal Skoda

Effects of Portfolio Composition Adjustments on Returns in the Reserve Currencies

Figure 2a summarizes the trade-off between the annual returns (the y-axis) and the assumed
volatility of the annual returns (the x-axis). Each point summarizes the portfolio characteristics
measured in the reserve currencies® and estimated for the whole sample (20 years).

The starting point is the initial portfolio as of October 31, 2022, indicated by the black diamond. It
contained about 18% equities and 12 tons of gold, while investment in the euro accounted for about
46%. First, we examine isolated changes in one dimension of the portfolio: changes in the equity
share (represented by the red line), changes in the euro share (the green line), and changes in the
gold share (the yellow line). Next, we set the equity share to 20% (which is higher than in the initial
portfolio) and increase the gold share in the reserves. These combined portfolios are summarized
by the blue line.

The figure shows that increasing the proportion of gold in the portfolio provided the best balance
between return and risk. This means that for a given increase in the return, the volatility increased
the least (as shown by the steepest yellow line). For example, a portfolio with 100 tons of gold had
lower volatility than a portfolio with a 20% share of equities (i.e., where the share of equities
increases by 2 percentage points), although the return was higher in the first case.

Next, the figure shows important differences between the effects of increasing the share of equities
and gold versus reducing the share of the euro. Increasing the equity and gold share of the initial
portfolio leads to an increase in both returns and risk, while a reduction in the euro share leads to
an increase in returns but also a decrease in risk.

3 Alternatively, in local currency terms, where “local” means that of each asset.
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Figure 2a: Impact of Changes in the Composition of the FX Reserves on Their Risk Profile
(return-volatility) in Terms of the Return in Reserve Currencies (1-year investment
horizon, data: Nov 2002—0Oct 2022)
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Source: Authors’ calculations

At the same time, the figure shows that adjusting the euro component had a smaller impact on risk
than adjusting the equity and gold components. For equities (represented by the red line), the
portfolio with the lowest variance can be identified — the volatility was lowest at an equity
component of 10%. The initial portfolio (approx. 18%) had similar volatility to the portfolio without
equities but a much higher return.

The other black symbols in the figure denote the other combinations of the hypotheses tested: 20%
equities and 40% euro investment; 100 tons of gold and 40% euro investment; 20% equities, 100
tons of gold and 40% euro investment. Table 5a provides a numerical quantification of the results
for the reserve currency returns. The last two columns of the table show the corresponding change
(in basis points) in the annual reserve currency returns and the change in volatility compared to the
reference portfolio. The initial portfolio, i.e., the composition of the FX reserves as of October 31,
2022 (18% equities, 46% euros, 12 tons of gold), corresponds to an average annual foreign
exchange return of 3.70% p.a. and an annual return volatility of 2.74%. The minimum (—8.37%
p.a.) and maximum returns (11.72% p.a.) achieved during the period under consideration are also
shown. The following lines of the table then show how each of the adjustments in the composition
of the reserves (changes in the representation of the euro and equities, increases in gold, and a
combination of increases in equities and gold) changes their return characteristics. The rows in gray
always correspond to the parameters for the initial composition of the reserves. The bold lines then
correspond directly to the hypotheses and combinations of hypotheses examined.
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In line with Figure 2a, Table 5a shows that all three portfolio adjustments examined lead to an
increase in the annual return in the reserve currencies (the highest increase in return was achieved
by increasing the amount of gold to 100 tons). The combination of all three adjustments achieved
the largest improvement in the return, increasing it by 56 basis points per year, but also increased
the volatility by 43 basis points per year. A similar increase in the returns (55 basis points per year)
was achieved by adding 25% equities to the portfolio, but this doubled the volatility increase to 92
basis points per year.

Table 5a: Impact of Changes in the Composition of the FX Reserves on Their Risk Profile
(return-volatility) in Terms of the Return in Reserve Currencies (1-year investment
horizon, data: Nov 2002—Oct 2022)

FX reserves Return (p.a. Volatility Return | Volatility
composition average min max (p.a.) change change
Composition as of 10/2022* 3.70% -8.37% | 11.72% | 2.74% (bp) (bp)
60% 3.48% -8.20% 12.03% 2.86% -22 12
° 55% 3.56% -8.26% 11.92% 2.81% -14 7
USJ 50% 3.64% -8.32% 11.81% 2.77% -6 3
46% 3.70% -8.37% 11.72% 2.74%
40% 3.80% -8.45% 11.58% 2.71% 10 -4
0% 2.39% -7.57% 9.99% 2.66% -131 -8
5% 2.76% -7.79% 7.01% 2.29% -94 -45
10% 3.13% -8.01% 8.24% 2.22% -57 -52
4 15% 3.50% -8.24% 10.22% 2.49% -20 -25
:g 18% 3.70% -8.37% 11.72% 2.74%
& 20% 3.87% -8.48% 13.04% 3.00% 17 26
25% 4.25% -8.89% 15.93% 3.66% 55 92
30% 4.62% -11.81% 18.87% 4.40% 92 166
40% 5.37% -17.43% | 24.94% 6.01% 167 327
12 tons 3.70% -8.37% 11.72% 2.74%
50 tons 3.84% -8.31% 12.08% 2.82% 14 8
% 100 tons 4.02% -8.25% 12.53% 2.96% 32 22
O 200 tons 4.36% -8.12% 14.31% 3.33% 66 59
300 tons 4.71% -7.99% 16.46% 3.79% 101 105
400 tons 5.05% -7.91% 18.64% 4.32% 135 158
% 20% & 50 tons 4.02% -8.43% 13.41% 3.08% 32 34
;S" . 20% & 100 tons 4.19% -8.36% 13.86% 3.21% 49 47
S E 20% & 200 tons 4.54% -8.23% 15.21% 3.55% 84 81
3% 20% & 300 tons 4.883% -8.10% 17.37% 3.99% 118 124
g 20% & 400 tons 5.23% -8.02% 19.57% 4.49% 153 175
20% equities & 40% euro 3.97% -8.54% 12.91% 2.95% 27 21
40% euro & 100 tons of gold 4.09% -8.30% 12.43% 2.94% 39 20
ZO‘V;ef:(;t:z::::Og"/:;lzuro 4.26% -8.40% 13.76% 3.18% 56 43

* Composition of the FX reserve portfolio as of October 31, 2022: 18% equities, 46% euro, 12t of gold
Source: Authors’ calculations

Effects of Portfolio Composition Adjustment on Returns in the Czech Koruna

Figure 2b and Table 5b reveal that the returns measured in the Czech koruna had higher volatility
due to exchange rate risk. The volatility of the returns on the reference portfolio (the CNB’s
portfolio as of October 31, 2022) measured in the Czech koruna (CZK) was 6.81% per year,
approximately 2.5 times higher than that on the returns measured in the reserve currencies.

Looking at the returns from the Czech koruna perspective also led to a different shape of the
frontiers. More fundamentally, the location of the reference portfolio corresponded to the minimum
variance with respect to the share of equities (the red line). The yellow curve indicates that adding
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gold not only increased the returns, but also reduced their volatility up to about 200 tons; the
volatility was lowest at about 100 tons of gold, while 200 tons of gold represented a similar risk as
the benchmark portfolio. Increasing the amount of gold to about 100 tons led to a 30 basis point
increase in the returns in CZK per year and a 3 basis point decrease in volatility.

Interestingly, the Czech koruna and reserve currency risk-return frontiers had similar shapes for
changes in the gold and equity shares, but the effect of the euro share was the opposite of that in
Figure 2a. Reducing the euro share significantly increased the volatility of the koruna returns, while
the return on the reserve portfolio increased only marginally. This phenomenon can be attributed to
the higher positive correlation between the euro and the koruna compared with the other reserve
currencies.

In more detail, reducing the euro’s representation to 40% of the reserves increased the volatility of
the koruna returns to a level of volatility corresponding to an equity representation of almost 30%.
The same volatility, for example, significantly exceeded the volatility of the returns corresponding
to an increase in the amount of gold to 400 tons. However, the increase in returns attained by
reducing the euro representation was negligible, comparable to increasing the share of equities to
20%. Figure 2b shows that the best results were achieved when combining increases in the gold and
equity shares.
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Figure 2b: Impact of Changes in the Composition of the FX Reserves on Their Risk Profile
(return-volatility) in Terms of the Return in the Czech Koruna (1-year investment
horizon, data: Nov 2002—0Oct 2022)
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Table 5b shows the impact of changes in the composition of the FX reserves on their return
characteristics in the Czech koruna (CZK). A comparison of Tables 5a and 5b confirms the previous
conclusions from Figures 2a and 2b that, of the hypothetical adjustments to the composition of the
reserves and the combinations thereof studied (rows in bold), those that do not involve a reduction
in the euro’s representation had a more favorable impact. Their effect was usually even more
favorable than in the case of the reserve currency yield, since, for a similar increase in the yield,
there was a much smaller increase, or even a decrease, in its volatility. This is due to the fact,
discussed above, that reducing the representation of the euro in the reserve portfolio significantly
increased the volatility of the Czech koruna yields.

Similar to Figure 2b, Table 5b shows that all three individual changes to the portfolio led to an
increase in the CZK return, with the highest increase being achieved by increasing the amount of
gold to 100 tons. Regarding the combinations of proposed adjustments, the Czech koruna return
was increased the most by the combination of the three hypotheses. This combination increased the
return by 57 basis points, while increasing the volatility by 17 basis points. However, in order to
reduce the volatility, only the gold and equity shares should be increased, while the euro share
should not be reduced.



Balancing Volatility and Returns in the Czech National Bank’s Foreign Exchange Portfolio
15

Table 5b: Impact of Changes in the Composition of the FX Reserves on Their Risk Profile
(return-volatility) in Terms of the Return in the Czech Koruna (1-year investment
horizon, data: Nov 2002—Oct 2022)

FX reserves Return (p.a. Volatility Return | Volatility
composition average min max (p.a.) change change
Composition as of 10/2022* 2.85% | -21.93% | 21.11% 6.81% (bp) (bp)

60% 2.51% | -21.55% | 19.94% 6.28% -34 -53
o 55% 2.63% | -21.69% | 20.30% 6.46% -22 -36
5 50% 2.76% | -21.83% | 20.65% 6.65% -9 -16
46% 2.85% | -21.93% | 21.11% 6.81% 0 0
40% 3.00% | -22.11% | 21.89% 7.09% 15 28
0% 1.63% | -18.21% | 32.87% 7.56% -122 75
5% 1.97% | -19.27% | 29.49% 7.22% -88 40
10% 2.32% | -20.33% | 26.15% 6.97% -53 16
P 15% 2.67% | -21.38% | 22.85% 6.84% -19 2

£ 18% 2.85% | -21.93% | 21.11% 6.81% 0
&g 20% 3.01% | -22.42% | 20.22% 6.82% 16 1
25% 3.36% | -23.46% | 20.90% 6.92% 51 10
30% 3.71% | -24.49% | 21.85% 7.13% 86 31
40% 4.41% | -26.68% | 23.74% 7.84% 156 103
12 tons 2.85% | -21.93% | 21.11% 6.81% 0 0
50 tons 2.99% | -21.59% | 21.41% 6.80% 13 -2
D 100 tons 3.15% | -21.17% | 21.78% 6.79% 30 -3
S 200 tons 3.48% | -20.32% | 22.51% 6.81% 62 0
300 tons 3.80% | -19.48% | 23.20% 6.89% 95 7
400 tons 4.12% | -18.63% | 23.88% 7.02% 127 20
z 20% & 50 tons 3.15% | -22.08% | 20.27% 6.80% 30 =il
- . 20% & 100 tons 3.31% | -21.66% | 20.31% 6.79% 46 -3
¢ g 20% & 200 tons 3.64% | -20.82% | 20.98% 6.80% 79 =il
£ 20% & 300 tons 3.96% | -19.98% | 21.68% 6.88% 111 6
g 20% & 400 tons 4.28% | -19.13% | 22.35% 7.00% 143 19
20% equities & 40% euro 3.17% -22.59% 21.56% 7.09% 32 27
40% euro & 100 tons of gold 3.26% -21.29% 22.34% 6.99% 41 18
20% equities & 40% euro 3.42% | -21.78% | 21.22% | 6.98% 57 17

& 100 tons of gold

* Composition of the FX reserve portfolio as of October 31, 2022: 18% equities, 46% euro, 12t of gold
Source: Authors’ calculations

Robustness Checks: Role of the Time Period

We consider the results for the longest period studied (11/2002—-10/2022) to be the most relevant
for our long-term analysis. However, several other shorter periods were also examined, as were the
return characteristics for annualized 5-year returns. The appendix shows the statistical treatment of
the time series of rolling annual and annualized 5-year returns for the last 5, 10, 15, and 20 years —
see Tables Ala (in terms of the yield in the reserve currencies) and Alb (in terms of the yield in the
Czech koruna).

Examining the results revealed that various time windows have broadly similar characteristics in
terms of the risk-return ratio for the proposed changes (changes in the share of the euro and equities
and the combination of rising equities and gold). The 5-year returns generally had much lower
volatility than the 1-year returns, as a longer investment horizon filters out extremes on both sides
of the distribution (gains and losses).

However, there was a notable anomaly: for the November 2012—-October 2017 data period and 1-
year returns, there was no significant increase in the returns when the amount of gold increases;
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instead, only the volatility increased. To better understand this anomaly, we also examined
specifically the Nov 2012—Oct 2017 period, which is a subset of the former period and where an
even more unfavorable situation occurred — see Figures 3a (reserve currency returns) and 3b (koruna
returns). While the mean-variance curves for the various equity and euro holdings had their
characteristic shape, especially in Figure 3a, gold showed very different behavior for both the
reserve currency and koruna returns. As the amount of gold in the reserves increases, the returns in
both reserve currency and koruna terms decreased. On the positive side, for the period Nov 2012—
Oct 2022, increasing the amount of gold in the reserves reduced the return, but up to about 100 tons,
it reduced the volatility of the return. Above about 100 tons, however, not only did the return
decrease, but the volatility also increased. Furthermore, Figure 3b also shows that the curve for
equities lost its usual shape and the minimum portfolio volatility is reached when there are no
equities in the portfolio.

Figure 3a: FX Reserve Composition Changes and Risk Profile (return-volatility), Measured in
the Reserve Currencies, over a 1-year Investment Horizon (data: Nov 2012—Oct
2017)
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Figure 3b: FX Reserve Composition Changes and Risk Profile (return-volatility), Measured in
the Czech Koruna, over a 1-year Investment Horizon (data: Nov 2012—0Oct 2017)
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The change in the risk-return profile of the gold allocation over the period from November 2012 to
October 2017 can be attributed to two factors. First, the value of gold declined in both US dollar
and koruna terms during the period. Second, the correlation coefficients between gold and the other
asset classes became less stable, as can be seen in Figure 4a. Taking the Czech koruna as the
numeraire (as shown in Figure 4b), the correlation coefficients become even more volatile and
positive, as they are influenced by fluctuations of the currency.
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Figure 4a: Weekly Rolling Correlations of Returns on Selected Assets, Measured in Local
Currencies (USD); Average Values in Dotted Lines
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Figure 4b: Weekly Rolling Correlations of Returns on Selected Assets, Measured in the Czech
Koruna; Average Values in Dotted Lines
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The correlation coefficients between gold and local currency-denominated bonds/shares were
generally more positive and thus less favorable than those between equities and bonds. On the other
hand, the situation reversed when the returns were converted into Czech koruna. Nevertheless, the
correlation coefficients were generally higher, as shown in Figure 4b.

5. Other Considerations

The article presents a theoretical concept. In practice, the composition of the foreign exchange
portfolio is not only based on portfolio optimization, but also takes into account broader economic
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factors. For example, the share of euro-denominated assets reflects the Czech Republic’s economic
links to the euro area and the fact that the CNB intervenes in the CZK/EUR currency pair.

The paper examines the impact of an increase in two assets (gold and equities) on the risk
characteristics of the FX reserves. It is important to note the fundamental difference between gold
and equities as an asset. According to the authors’ observations, the gold price shows long-term
trends that change from time to time, and we cannot predict the breaking points. That is, there are
periods when the gold price rises and periods when it falls. When the trend turns, the new trend
lasts for a relatively long time. In contrast, equity indices show more erratic trend changes.
Moreover, we have to bear in mind that gold has no income component (dividends). As shown in
PolaSkova et al. (2019), the lack of an income component in gold means that extending the
investment horizon has a less positive effect on the statistical distribution of the returns for gold
than for an equity index.

The round numbers in the hypotheses are not global optima. However, we can see from the effective
frontiers that the optimum in terms of the risk-adjusted return always lies in an interval. The tested
values are both nice round numbers and close to the optimum, usually at the lower limit of the
“optimal” interval.

6. Conclusion

After the global financial crisis of 2008, central banks began to expand their balance sheets in order
to ease monetary policy or keep financial markets running in times of stress. This expansion
accelerated at the start of the Covid-19 pandemic in 2022. Monetary tightening since 2022 has
caused many central banks to incur significant financial losses due to the revaluation of assets
acquired during the expansion and to rising interest costs on commercial banks’ deposits at the
central bank. The literature does not see a close link between the financial strength of central banks
and their ability to achieve price stability objectives. However, many consecutive years of financial
losses could undermine the credibility of central banks or lead to political pressure on monetary
policymakers.

In this paper, we focused on one part of the Czech National Bank’s profitability — returns on assets.
In particular, we looked at the returns on the FX reserves, as these make up the largest part of the
CNB’s assets. We examined the portfolio characteristics from two angles — we looked at both
reserve currency returns and Czech koruna local currency returns. The first approach is appropriate
for assessing the success of FX reserve management, as it does not take into account the
performance of the Czech koruna. On the other hand, the Czech koruna returns approach is critical
to the CNB’s financial performance. Our final question was how to increase the expected return on
the reserves without disproportionately increasing — or, even better, while reducing — the volatility
of the returns. If the returns on the FX reserves are higher than the cost of liabilities (the cost of
sterilizing excess liquidity) in the long run, the CNB can return to profitability. An advantage of the
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CNB’s balance sheet structure is that the structure of its FX reserves does not directly influence
monetary conditions in the Czech economy and thus the monetary policy stance.

We discussed three options for adjusting the CNB’s FX reserve portfolio:
1. Increasing the share of equities in the portfolio from the current 18% to, for example, 20%.
2. Reducing the share of the euro in the portfolio from the current 46% to, for example, 40%.

3. Increasing the proportion of gold in the portfolio from the current 12 tons to, for example, 100
tons (which would represent about 4.5% of the reserves)

The figures in the above hypotheses are “rules of thumb” and do not necessarily represent global
optima in terms of the risk-adjusted return. In addition, we examined combinations of the three
adjustments mentioned above.

The effects of adjusting the composition of the FX reserve portfolio (increasing the share of equities,
reducing the share of euro-denominated investments, and increasing the share of gold) on its return
characteristics were examined using the CNB’s FX reserve model over a time frame of the past 20
years. The starting point was the composition of the FX reserves as of October 31, 2022, which, in
terms of the assets studied, comprised about 18% equities, 12 tons of gold and about 46% euro-
denominated investments.

We found that increasing the share of equities consistently increased the return on the FX reserves
in both the reserve currency and CZK over the long run. Under the hypothesis tested, i.e., increasing
the share of equities in the FX reserves to 20%, the increase in the annual return was 17 basis points
p.a. in the reserve currency and 16 basis points p.a. in CZK. As far as the volatility of the returns is
concerned, an increase of about 26 basis points p.a. and 1 basis point p.a. can be expected in the
case of the reserve currency and the koruna, respectively. It is the consistency of the risk-return
characteristics that characterizes the adjustment of the equity share in the reserves.

An increase in the share of gold in the FX reserves to about 100 tons (which corresponds to an
increase from 0.5% to about 4.5% of the reserves) had a positive impact on the returns in the long
run. The increase in the 1-year return amounted to 30 basis points p.a. in the reserve currencies and
32 basis points p.a. in CZK. As for the volatility, it increased by about 20 basis points per year when
measured in reserve currency returns and decreased slightly by 3 basis points per year when
measured in CZK. However, there were some sub-periods when an increase in the gold component
could slightly reduce the returns (notably in 2012—-2017). But even in this period, an increase in the
gold share to 100 tons (and 200 tons if the equity share was increased to 20%) leads to a slight
reduction in the volatility of both the reserve currency and the CZK returns.

Our results may seem to contradict those of Polaskova et al. (2019), who showed that the correlation
between the returns on gold and other asset classes is positive when measured in reserve currencies,
making gold an asset that is not very suitable as an essential component of FX reserves. However,
it is important to stress that Czech koruna returns are the ultimate target of the portfolio allocation
changes. When the returns are measured in CZK, our results are consistent with research by Zulaica
(2020) suggesting that in risk terms gold can serve as a hedge for reserve currency managers whose
returns are measured in a non-reserve currency or for portfolios with high interest rate sensitivity.



Balancing Volatility and Returns in the Czech National Bank’s Foreign Exchange Portfolio
21

Zulaica also points out that even portfolios denominated in reserve currencies can benefit from
small gold allocations of between 0% and 5%. Our considered allocation of 4.5% falls within this
range.

The hypothesis of reducing the euro share to 40% had a positive effect on the annual return: 10 basis
points p.a. in the reserve currencies and 15 basis points p.a. in CZK. As for the volatility of the
reserve currency returns on the total FX reserves, it decreased by about 4 basis points p.a. Compared
to the other adjustments examined, however, it significantly increased the volatility of the koruna
returns by 28 basis points p.a., i.e., to a level corresponding, for example, to an equity share in the
reserves of about 25-30% or a gold share of more than 400 tons, while the latter adjustment could
generate a higher koruna return.

Therefore, if asset prices follow the pattern of the last 20 years, it would be appropriate to increase
the share of equities to about 20% of the FX reserve portfolio and to increase the share of gold to
up to 100 tons. Conversely, reducing the share of euros might slightly increase the return, but it
could also significantly increase the volatility.

To sum up, the paper confirmed that the parameters of the hypotheses improved the statistical
characteristics of the returns and risk. The actual optimization is visible in the figures showing the
effective frontier.
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Appendix

Table Ala: Impact of Changes in the Composition of the FX Reserves on Their Return

Characteristics in Terms of the Yield in Reserve Currencies for Different periods
and Investment Horizons of 1 and 5 Years (data: Nov 2002—Oct 2022)

Date period last 5 years last 10 years last 15 years last 20 years
Annualized return over 1y 5Y 1y 5Y 1y 5Y 1y 5Y
Composition as of 10/2022* min -8.37% - -8.37% 0.66% -8.37% 0.66% -8.37% 0.66%
- 18% equities max 9.59% - 9.59% 3.32%| 11.72% 5.57%| 11.72% 6.05%
- 12 tons of gold average 2.00% - 2.72% 2.54% 3.14% 3.30% 3.70% 3.68%
- 46% euro volatility 3.21% - 2.58% 0.55% 2.75% 0.91% 2.74% 0.97%
min -8.45% - -8.45% 0.82% -8.45% 0.82% -8.45% 0.82%
max 9.56% - 9.56% 3.54%| 11.58% 5.65%| 11.58% 6.06%
40% euro average 2.17% - 2.82% 2.69% 3.27% 3.42% 3.80% 3.80%
volatility 3.27% - 2.59% 0.54% 2.73% 0.89% 2.71% 0.95%
return change (bp) 16 - 10 15 13 12 10 11
volatility change (bp) 6 - 1 -1 -2 -2 -4 -3
min|  -8.48% - -8.48% 0.81%| -8.48% 0.81%| -8.48% 0.81%
max 10.93% - 10.93% 3.61% 13.04% 5.98% 13.04% 6.36%
. average 2.23% - 2.98% 2.74% 3.27% 3.49% 3.87% 3.81%
20% equities —
volatility 3.40% - 2.75% 0.59% 3.02% 0.92% 3.00% 0.96%
return change (bp) 23 - 26 20 12 19 17 12
volatility change (bp) 19 - 17 4 27 2 26 -1
min -8.25% - -8.25% 0.93% -8.25% 0.93% -8.25% 0.93%
max 10.31% - 10.31% 3.76% 12.53% 5.85% 12.53% 6.85%
average 2.30% - 2.73% 2.69% 3.38% 3.37% 4.02% 3.96%
100 tons of gold —
volatility 3.33% - 2.57% 0.54% 2.94% 0.92% 2.96% 1.17%
return change (bp) 30 - 1 15 23 7 32 28
volatility change (bp) 12 - -1 -1 20 2 22 20
min|  -8.36% - -8.36% 1.08%| -8.36% 1.08%| -8.36% 1.08%
max 11.66% - 11.66% 4.02% 13.86% 6.24% 13.86% 7.16%
20% equities average 2.54% - 2.99% 2.89% 3.50% 3.56% 4.19% 4.09%
& 100 tons of gold volatility 3.51% - 2.73% 0.59% 3.19% 0.93% 3.21% 1.14%
return change (bp) 54 - 26 35 35 26 49 40
volatility change (bp) 29 - 15 3 44 2 47 16
min -8.54% - -8.54% 0.98% -8.54% 0.98% -8.54% 0.98%
max 10.89% - 10.89% 3.81% 12.91% 6.06% 12.91% 6.36%
20% equities average 2.41% - 3.08% 2.90% 3.40% 3.61% 3.97% 3.92%
& 40% euro volatility 3.44% - 2.74% 0.58% 2.98% 0.90% 2.95% 0.93%
return change (bp) 40 - 36 35 25 32 27 24
volatility change (bp) 23 - 16 3 23 -1 21 -4
min -8.30% - -8.30% 1.04% -8.30% 1.04% -8.30% 1.04%
max| 10.28% - 10.28% 3.91%| 12.43% 5.92%| 12.43% 6.85%
40% euro average 2.42% - 2.80% 2.80% 3.47% 3.45% 4.09% 4.05%
& 100 tons of gold volatility 3.38% - 2.59% 0.55% 2.94% 0.91% 2.94% 1.16%
return change (bp) 42 - 8 25 32 16 39 36
volatility change (bp) 16 - 1 0 20 1 20 19
min -8.40% - -8.40% 1.21% -8.40% 1.21% -8.40% 1.21%
- max 11.62% - 11.62% 4.18% 13.76% 6.29% 13.76% 7.15%
20% equities,
20% euro average 2.66% - 3.06% 3.00% 3.59% 3.65% 4.26% 4.17%
volatility 3.54% - 2.73% 0.59% 3.17% 0.92% 3.18% 1.12%
& 100 tons of gold
return change (bp) 66 - 34 46 45 35 56 49
volatility change (bp) 33 - 15 3 43 1 43 15

* Composition of the FX reserve portfolio as of October 31, 2022

Source: Authors’ calculations
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Table Alb: Impact of Changes in the Composition of the FX Reserves on Their Return
Characteristics in Terms of the Yield in the Czech Koruna for Different Periods
and Investment Horizons of 1 and 5 Years (data: Nov 2002—0ct 2022)

Date period last 5 years last 10 years last 15 years last 20 years
Annualized return over 1Y 5Y 1y 5Y 1Y 5Y 1y 5Y

Composition as of 10/2022* min| -11.35% - -11.35% -0.27%| -21.93% -0.27%| -21.93% -4.13%
- 18% equities max| 10.92% - 19.53% 4.29%| 21.11% 9.13%| 21.11% 9.13%
- 12 tons of gold average 0.84% - 3.32% 1.98% 3.31% 4.39% 2.85% 3.09%
- 46% euro volatility 4.95% - 5.88% 1.01% 7.32% 2.57% 6.81% 2.92%
min| -11.95% - -11.95% -0.17%| -22.11% -0.17%| -22.11% -4.29%
max| 11.69% - 21.13% 4.41%| 21.89% 9.46%| 21.89% 9.46%
40% euro average 1.07% - 3.50% 2.15% 3.55% 4.60% 3.00% 3.25%
volatility 5.21% - 6.14% 1.01% 7.61% 2.62% 7.09% 3.02%
return change (bp) 23 - 18 18 23 21 15 16
volatility change (bp) 26 - 26 0 29 5 28 10
min| -11.20% - -11.20% -0.28%| -22.42% -0.28%| -22.42% -3.97%
max 10.70% - 19.96% 4.55% 20.22% 9.17% 20.22% 9.17%
" average 1.06% - 3.56% 2.17% 3.43% 4.58% 3.01% 3.21%

20% equities -
volatility 4.88% - 5.90% 1.02% 7.33% 2.57% 6.82% 2.96%
return change (bp) 22 - 25 19 11 19 16 12
volatility change (bp) -7 - 2 1 1 -1 1 4
min| -11.45% - -11.45% -0.03%| -21.17% -0.03%| -21.17% -3.58%
max 12.20% - 19.67% 4.14% 21.78% 9.36% 21.78% 9.36%
average 1.17% - 3.38% 2.16% 3.57% 4.51% 3.15% 3.37%

100 tons of gold —
volatility 5.15% - 5.84% 0.88% 7.30% 2.50% 6.79% 2.76%
return change (bp) 33 - 6 18 26 12 30 28
volatility change (bp) 20 - -3 -13 -2 -8 -3 -16
min| -11.29% - -11.29%| -0.04%| -21.66%| -0.04%| -21.66%| -3.42%
max 11.98% - 20.11% 4.40% 20.31% 9.41% 20.31% 9.41%
20% equities average 1.39% - 3.62% 2.35% 3.68% 4.70% 3.31% 3.48%
& 100 tons of gold volatility| 5.07% - 5.85% 0.89% 7.29% 2.49% 6.79% 2.79%
return change (bp) 54 - 31 38 37 31 46 40
volatility change (bp) 12 - -3 -12 -3 -9 -3 -13
min| -11.76% - -11.76% -0.17%| -22.59% -0.17%| -22.59% -4.14%
max 11.49% - 21.56% 4.67% 21.56% 9.52% 21.56% 9.52%
20% equities average 1.30% - 3.75% 2.35% 3.66% 4.79% 3.17% 3.37%
& 40% euro volatility 5.14% - 6.14% 1.02% 7.61% 2.61% 7.09% 3.06%
return change (bp) 45 - 43 37 35 40 32 28
volatility change (bp) 18 - 27 1 29 4 27 14
min| -11.84% - -11.84% 0.05%| -21.29% 0.05%| -21.29% -3.69%
max| 12.75% - 20.79% 4.22%| 22.34% 9.60%| 22.34% 9.60%
40% euro average 1.33% - 3.51% 2.28% 3.74% 4.66% 3.26% 3.48%
& 100 tons of gold volatility 5.33% - 6.04% 0.88% 7.51% 2.53% 6.99% 2.83%
return change (bp) 49 - 19 31 42 27 41 39
volatility change (bp) 38 - 16 -12 19 -4 18 -10
min| -11.69% - -11.69% 0.04%| -21.78% 0.04%| -21.78% -3.54%
" max 12.54% - 21.22% 4.49% 21.22% 9.66% 21.22% 9.66%

20% equities,

40% euro average 1.56% - 3.76% 2.48% 3.85% 4.85% 3.42% 3.60%
& 100 tons of gold volatility 5.25% - 6.04% 0.89% 7.50% 2.52% 6.98% 2.86%
return change (bp) 71 - 44 50 54 46 57 51
volatility change (bp) 30 - 16 -12 18 -5 17 -6

* Composition of the FX reserve portfolio as of October 31, 2022
Source: Authors’ calculations
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Table A2a: Summary Statistics for Individual Asset Classes in Terms of the Yield in Reserve
Currencies for Different Periods and Investment Horizons of 1 and 5 Years (data:
Nov 2002—0ct 2022)

Date period last 5 years last 10 years last 15 years last 20 years

Annualizet return over 1y 5Y 1y 5Y 1Y 5Y 1y 5Y
min| -0.52% - -0.52%| -0.46%| -0.52%| -0.46%| -0.52%| -0.46%
EUR Fixed Income max| -0.28% - 0.21%| -0.20% 3.21% 0.99% 3.21% 1.98%
Liquidity tranche average| -0.45% - -0.29%| -0.37% 0.24%| -0.08% 0.48% 0.52%
volatility 0.05% - 0.20% 0.08% 1.03% 0.35% 1.06% 0.89%
min 0.00% - 0.00% 0.23% 0.00% 0.08% 0.00% 0.08%
USD Fixed Income max 2.22% - 2.22% 1.05% 5.25% 1.05% 5.42% 3.30%
Liquidity tranche average 1.00% - 0.56% 0.80% 0.73% 0.46% 1.22% 1.15%
volatility 0.79% - 0.70% 0.27% 1.11% 0.38% 1.57% 1.12%
min|  -7.42% - -7.82%|  -1.76%| -7.42%| -1.76%| -7.42%| -1.76%
EUR Fixed Income max 1.40% - 4.13% 0.86%| 10.72% 4.57%| 10.72% 4.99%
Investment tranche average| -0.83% - 0.19% 0.08% 1.73% 1.32% 1.94% 2.22%
volatility 1.72% - 1.69% 0.60% 2.88% 1.47% 2.70% 1.76%
min| -12.03% - -12.03%| -0.25%| -12.03%| -0.25%| -12.03%| -0.25%
USD Fixed Income max| 12.06% - 12.06% 3.63%| 14.08% 6.08%| 14.08% 7.16%
Investment tranche average 1.25% - 1.35% 1.96% 3.15% 2.56% 3.11% 3.59%
volatility 5.46% - 4.14% 0.84% 4.53% 1.17% 4.15% 1.79%
min| -9.87% - -9.87%| -0.77%| -9.87%| -0.77%| -9.87%| -0.77%|
CAD Fixed Income max 7.07% - 7.07% 2.33%| 13.21% 5.51%| 13.21% 6.30%
Investment tranche average 0.27% - 1.09% 1.33% 2.67% 2.32% 3.08% 3.36%
volatility 4.24% - 3.45% 0.60% 3.91% 1.23% 3.69% 1.77%)
min| -12.62% - -12.62%| -0.08%| -12.62%| -0.08%| -12.62%| -0.08%
AUD Fixed Income max| 11.33% - 11.81% 5.08%| 19.92% 8.49%| 19.92% 8.79%
Investment tranche average 1.64% - 2.85% 3.40% 4.63% 4.69% 4.63% 5.25%)
volatility 5.50% - 4.58% 1.17% 5.31% 1.75% 4.79% 1.76%
min| -9.97% - -9.97%| -1.68%| -9.97%| -1.68%| -9.97%| -1.68%
SEK Fixed Income max 4.56% - 10.65% 3.11%| 13.94% 6.07%| 13.94% 6.60%
Investment tranche average| -0.54% - 1.03% 1.18% 2.73% 2.64% 3.05% 3.36%
volatility 3.10% - 3.58% 1.26% 4.27% 1.80% 4.15% 1.84%
min|  -2.74% - -2.83% 2.92%| -3.52% 1.13%| -3.52% 1.13%
CNY Fixed Income max 9.16% - 10.37% 5.22%| 17.39% 5.22%| 17.39% 5.84%
Investment tranche average 4.09% - 3.83% 3.89% 3.98% 3.79% 3.91% 3.85%
volatility 2.34% - 3.09% 0.61% 3.70% 0.80% 4.05% 0.88%
min| -15.94% - -15.94%| -2.50%| -15.94%| -2.50%| -15.94%| -2.50%
GBP Fixed Income max 6.83% - 8.04% 3.14%| 16.32% 7.58%| 16.32% 8.66%
Investment tranche average| -0.24% - 1.14% 1.66% 3.47% 3.00% 3.49% 4.08%
volatility 3.95% - 3.67% 1.17% 4.77% 1.84% 4.39% 2.23%
min| -16.46% - -16.46%| -1.52%| -16.46%| -1.52%| -16.46%| -1.52%
MBS max 9.20% - 9.20% 3.38%| 12.18% 6.10%| 12.18% 7.18%
Investment tranche average 0.90% - 1.51% 2.13% 3.21% 2.81% 3.40% 3.88%
volatility 5.24% - 3.97% 0.88% 4.14% 1.18% 3.79% 1.82%
min| -12.31% - -29.05%| -6.20%| -29.05%| -7.76%| -29.05%| -7.76%
Gold max| 38.04% - 38.04%| 12.83%| 57.50%| 17.04%| 70.26%| 25.56%
Investment tranche average 7.38% - 0.90% 3.92% 7.83% 2.74%| 10.02% 8.71%
volatility| 12.26% - 13.19% 4.80%| 16.93% 5.99%| 16.82% 9.72%
min| -28.30% - -28.30%| -4.75%| -48.69%| -6.53%| -48.69%| -10.11%
EUR equity max| 66.89% - 66.89%| 12.93%| 66.89%| 17.91%| 66.89%| 18.90%
Investment tranche average 7.19% - 10.54% 6.70% 5.65% 7.51% 8.87% 5.46%
volatility| 16.70% - 15.09% 3.35%| 19.31% 4.51%| 18.65% 6.14%
min| -18.51% - -18.51% 3.33%| -47.50% 0.36%| -47.50%| -8.20%
USD equity max| 77.80% - 77.80%| 19.86%| 77.80%| 25.05%| 77.80%| 25.05%
Investment tranche average| 15.13% - 14.99%| 13.37%| 11.06%| 13.41%| 11.73% 9.51%
volatility| 15.34% - 12.32% 2.97%| 17.52% 3.89%| 16.03% 6.74%
min| -27.99% - -27.99%| -2.67%| -42.03%| -2.67%| -42.03%| -2.67%
CAD equity max| 71.68% - 71.68%| 12.13%| 71.68%| 16.85%| 71.68%| 19.96%
Investment tranche average| 10.16% - 9.44% 7.49% 7.25% 7.04%| 10.10% 6.96%
volatility| 13.50% - 11.87% 2.45%| 15.80% 3.27%| 15.49% 4.19%
min| -23.55% - -23.55%| -1.04%| -45.31%| -3.92%| -45.31%| -4.53%
AUD equity max| 52.49% - 52.49%| 11.90%| 59.25%| 16.69%| 59.25%| 22.60%|
Investment tranche average| 10.00% - 10.75% 8.43% 7.01% 8.35%| 10.62% 7.58%
volatility| 12.07% - 10.84% 1.99%| 15.85% 3.07%| 15.95% 4.77%
min| -27.48% - -27.48%| -2.71%| -39.86%| -2.71%| -39.86%| -2.71%
GBP equity max| 38.19% - 38.19% 9.72%| 65.26%| 18.18%| 65.26%| 18.18%
Investment tranche average 5.84% - 7.86% 5.26% 6.40% 6.94% 8.53% 6.24%
volatility| 11.83% - 10.98% 1.95%| 14.79% 3.17%| 14.04% 3.53%
min| -21.61% - -26.96%| -1.31%| -55.82%| -10.22%| -55.82%| -12.49%
JPY equity max| 84.09% - 84.09%| 23.34%| 84.09%| 23.34%| 84.09%| 23.34%
Investment tranche average| 10.30% - 16.06%| 10.52% 7.73%| 11.57%| 10.24% 6.66%
volatility|  16.06% - 20.76% 4.09%| 23.43% 5.81%| 22.57% 9.31%
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Table A2b: Summary Statistics for Individual Asset Classes in Terms of the Yield in the Czech
Koruna for Different Periods and Investment Horizons of 1 and 5 Years (data: Nov
2002—0ct 2022)

Date period last 5 years last 10 years last 15 years last 20 years

Annualizet return over 1y 5Y 1y 5Y 1Y 5Y 1Y 5Y
min -8.81% - -8.81%| -2.63%| -16.07%| -2.63%| -16.07%| -4.72%
EUR Fixed Income max 7.91% - 9.83% 0.45%| 20.72% 3.00%| 20.72% 3.00%
Liquidity tranche average -2.12% - -0.50% -1.26% -0.55% 0.10% -0.78% -0.53%
volatility 3.53% - 3.92% 0.69% 4.92% 1.47% 4.72% 1.56%
min| -19.71% - -19.71%|  -2.60%| -26.77%| -2.87%| -26.77%| -9.75%
USD Fixed Income max| 19.22% - 31.93% 4.60%| 38.73% 8.08%| 38.73% 8.08%
Liquidity tranche average 0.76% - 2.82% 1.10% 2.14% 2.69% 0.68% 0.72%
volatility 9.43% - 9.46% 1.99%| 11.63% 2.70%| 11.06% 3.83%
min| -11.57% - -11.57%|  -2.93%| -15.64%| -2.93%| -15.64%| -3.93%
EUR Fixed Income max 8.23% - 11.18% 1.36%| 26.22% 6.93%| 26.22% 6.93%
Investment tranche average -2.48% - 0.01% -0.82% 0.96% 1.51% 0.68% 1.16%
volatility 4.37% - 4.83% 1.05% 6.35% 2.47% 5.96% 2.24%
min| -20.82% - -20.82%|  -1.47%| -22.28%| -1.47%| -22.28%| -9.08%
USD Fixed Income max| 26.38% - 36.59% 5.31%| 48.27%| 11.46%| 48.27%| 11.46%
Investment tranche average 0.99% - 3.69% 2.25% 4.64% 4.85% 2.63% 3.16%
volatility| 10.68% - 11.08% 1.88%| 13.28% 3.38%| 12.68% 4.27%
min -8.48% - -8.48%| -0.52%| -8.48%| -0.52%| -8.48%| -0.52%
CAD Fixed Income max 8.38% - 9.92% 1.89%| 12.55% 6.00%| 12.55% 6.63%
Investment tranche average 0.24% - 0.99% 1.00% 2.71% 2.39% 3.06% 3.26%
volatility 4.47% - 3.91% 0.48% 4.31% 1.66% 4.06% 1.85%
min| -16.34% - -19.42%|  -2.60%| -22.27%| -2.60%| -22.27%| -3.26%
AUD Fixed Income max| 15.75% - 23.99% 3.51%| 39.03%| 15.80%| 39.03%| 15.80%
Investment tranche average -1.00% - 0.81% 0.53% 4.77% 4.46% 4.48% 4.66%
volatility 7.22% - 8.88% 1.33%| 11.88% 4.90%| 11.16% 4.69%
min| -21.80% - -21.80%| -5.38%| -21.80%| -5.38%| -21.80%| -5.38%
SEK Fixed Income max| 11.76% - 14.97% 0.22%| 25.67% 9.99%| 25.67% 9.99%
Investment tranche average -4.10% - -1.06% -2.19% 1.09% 2.03% 1.05% 1.55%
volatility 6.63% - 6.39% 1.15% 8.13% 4.51% 7.55% 4.02%
min| -14.29% - -14.29%| -0.86%| -20.91%| -0.86%| -20.91%| -2.17%
CNY Fixed Income max| 16.42% - 41.20% 6.40%| 60.27%| 13.76%| 60.27%| 13.76%
Investment tranche average 4.06% - 5.59% 3.19% 6.59% 6.16% 5.91% 5.28%
volatility 7.10% - 10.25% 1.84%| 14.09% 3.82%| 13.47% 3.73%
min| -23.67% - -23.77%|  -7.46%| -41.86%| -7.46%| -41.86%| -13.77%
GBP Fixed Income max| 18.69% - 59.62% 3.74%| 65.88%| 21.25%| 65.88%| 21.25%
Investment tranche average -1.24% - 2.97% -1.23% 4.53% 5.44% 2.50% 2.47%
volatility 9.02% - 16.66% 2.59%| 20.28% 7.54%| 18.81% 7.92%
min| -20.03% - -20.03%| -1.76%| -24.67%| -1.76%| -24.67%| -8.78%
MBS max| 20.95% - 37.79% 5.91%| 49.01%| 11.78%| 49.01%| 11.78%
Investment tranche average 0.56% - 3.82% 2.43% 4.69% 5.11% 2.90% 3.45%
volatility 9.84% - 10.80% 2.15%| 13.17% 3.43%| 12.45% 4.23%
min| -15.21% - -29.29%|  -4.32%| -29.29%| -4.32%| -29.29%| -4.32%
Gold max| 51.07% - 51.07%| 10.79%| 51.84%| 19.29%| 57.86%| 21.01%
Investment tranche average 7.02% - 2.88% 4.14% 8.49% 4.92% 8.65% 7.93%
volatility| 15.23% - 14.53% 3.43%| 15.93% 4.85%| 15.62% 6.28%
min| -22.31% - -22.31%|  -4.47%| -52.56%| -7.86%| -52.56%| -11.75%
EUR equity max| 57.25% - 57.25%| 13.29%| 57.25%| 17.57%| 62.09%| 17.57%
Investment tranche average 5.05% - 10.25% 5.74% 4.71% 7.72% 7.37% 4.42%
volatility|  14.39% - 15.15% 3.47%| 19.18% 5.02%| 18.39% 7.06%
min -7.99% - -10.41% 3.82%| -44.31% 1.16%| -44.31%| -11.82%
USD equity max| 51.78% - 53.92%| 19.31%| 53.92%| 25.44%| 53.92%| 25.44%
Investment tranche average 13.87% - 17.05%| 13.67%| 11.95%| 15.90%| 10.58% 9.25%
volatility]  10.94% - 12.23% 2.48%| 18.08% 4.48%| 16.77%| 10.10%
min| -24.13% - -26.87%| -4.81%| -51.65%| -4.81%| -51.65%| -4.81%
CAD equity max| 68.71% - 68.71%| 12.06%| 77.60%| 19.70%| 77.60%| 19.77%
Investment tranche average 9.91% - 8.90% 5.77% 7.43% 6.92% 9.98% 6.06%
volatility| 14.66% - 14.29% 2.96%| 19.04% 3.78%| 18.66% 4.27%
min| -28.35% - -28.35%|  -6.15%| -58.72%| -6.15%| -58.72%| -6.15%
AUD equity max| 69.95% - 69.95%| 10.98%| 98.77%| 24.41%| 98.77%| 24.41%
Investment tranche average 7.19% - 8.54% 5.43% 7.65% 8.06%| 10.82% 6.90%
volatility| 13.56% - 13.45% 2.46%| 21.76% 4.49%| 20.84% 5.02%
min| -28.05% - -28.05%| -6.98%| -51.73%| -6.98%| -51.73%| -10.46%
GBP equity max| 42.18% - 42.18% 8.13%| 56.05%| 19.76%| 56.05%| 19.76%
Investment tranche average 4.70% - 7.34% 2.97% 4.52% 6.92% 6.38% 3.61%
volatility] 12.04% - 12.31% 2.74%| 17.75% 5.28%| 16.57% 6.68%
min| -20.73% - -20.73% 0.44%| -45.50%| -2.77%| -45.50%| -10.39%
JPY equity max| 59.54% - 60.34%| 17.03%| 60.34%| 18.09%| 67.66%| 18.09%
Investment tranche average 6.21% - 11.64% 9.58% 6.89%| 11.15% 7.66% 6.08%
volatility| 12.22% - 14.44% 3.32%| 17.34% 3.99%| 17.44% 7.98%
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Figure Ala: Summary Statistics for Individual Asset Classes in Terms of the Yield in Reserve
Currencies for the Last 20 Years and 5 Years

Last 5 years, 1 year investment horizon

Last 20 years, 5 year investment horizon
(summary statistics in %, gray lines denote min-max range)
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