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Abstract

How much capital should the central bank of a country hold? There is no consensus
on this matter. We review the balance sheets of 45 central banks from around the world
to describe actual practices. The principal findings are: (a) the average capital-asset
ratio of central banks globally (net of revaluation capital which is purely an accounting
entry) is 6.56 percent while the number in emerging economies is 6.96 percent. The
RBI at 6.60 percent is 5 percent under-capitalized relative to the emerging economy
average; (b) over one in every seven central banks suffers operating losses in any given
year with the average loss being 50 percent of core capital; and (c) our Value-at-Risk
estimates for the RBI excluding exchange rate risk indicate that the current level of
the core capital of the RBI at 6.6 percent is too low. The target number for
the RBI core capital should be above 16 percent. Value-at-Risk estimates including
exchange rate risk suggest that the overall level of capital including revaluation capital

may also need to be raised.

*We would like to thank Viral Acharya, Paul Beaudry, John Leahy, Raghuram Rajan and Anand Srini-
vasan for comments and discussions on this topic. All remaining errors are our responsibility. The opinions
expressed here are the opinions of the authors and do not reflect the views of any organization.



1 Introduction

How much capital should a central bank have? Central banks globally grapple with this while
making decisions regarding how much of their profits to transfer to their ultimate owners
and how much to set aside for augmenting their capital (including for contingencies funds).
In most cases the owner of central banks is the government (though there are examples such
as the US Federal Reserve System, the Swiss National Bank, South African Reserve Bank
etc., who have private shareholders). Central banks transfer their financial surpluses to the
government after deducting appropriate amounts to cover their operational requirements as
well as putting aside funds for contingencies. The issue about the appropriate capitalization
of central banks gains importance since there can potentially be a conflict between the
principal owners’ desire for profit-sharing revenue reasons and the central banks’ assessment
of their own capital needs.

Why does a central bank need capital? The Bank for International Settlements (BIS)
describes the need for equity as being based on the need for central banks to build financial
resources and financial strength. The goal is for the central bank to generate assets that
can be used to generate a steady source of income to finance its operations and to absorb
financial losses from these operations.

Commercial banks require capital to deal with valuation risks to their assets and li-
abilities and with operational risks. Central banks are no different. Their balance sheets
are sensitive to fluctuations on both their asset and liabilities sides. Changes in domestic
(foreign) interest rates, for example, alter the market value of the domestic (foreign) assets
and liabilities they hold. Changes in the value of the domestic currency affect the domestic
currency value of foreign assets. In addition, central banks can (and often do) make nega-
tive net profits in the process of meeting their monetary and financial policy goals[] These
losses have to be met either through borrowing or by drawing down capital. Lastly, any
conflict between mandated transfers to the government (if any) and the residual surplus of

the central bank that is available for transfer to the government also has to be met by either

!There is a related concept of central bank structural profits. Structural profits are the difference between
the present discounted value of all current and future flow net income. Central banks could also make
negative structural profits. This could indicate a dynamic insolvency if the initial capital of the central bank
is insufficient to cover this dynamic structural loss.



drawing down the bank’s capital or by printing additional liabilities (money).

The standard way in which central banks meet these balance sheet risks is by building
capital reserves. Overall central bank capital (or equity) comprises mostly of paid up capital,
contingency reserves and revaluation reserves. Individual central banks may sometimes have
one or two additional reserves that reflect their special needs. Out of these three types of
reserves, the paid up capital is typically very small. Most of the remaining capital reserves is
divided between contingency and revaluation reserves. The general practice at most central
banks is to record changes in the local currency value of foreign assets due to exchange
rate changes in their revaluation reserves. Revaluation reserves are essentially an accounting
reserve. Contingency reserves on the other hand are reserves that are readily deployable.

Central banks typically have multiple mandates that include managing inflation, tar-
geting credit aggregates to facilitate economic growth, managing the exchange rate of the
country’s currency to facilitate external adjustment, overseeing financial stability and reg-
ulating financial entities. With such an expansive mandate, an overarching principle of
prudent central bank practice is to try and avoid situations with conflicting objectives es-
pecially given the limited number of instruments that are typically available to the central
bank.

A good (and often unrecognized) example of limited instruments and multiple mandates
is the revaluation of central bank foreign assets due to exchange rate changes. If these
revaluation changes are counted as part of the core capital of the central bank then during
periods of exchange rate depreciation the amount of core capital will appear to be sub-
optimally high. This can lead to demands for transferring some of these funds to the fiscal
authority for either direct spending or to pursue other goals such as restructuring of banks.
Given that some of these potential uses of the funds may have implications for other goals
of the central bank such as inflation management or credit growth, the central bank may
preempt this by preventing the exchange rate from changing. But this, in turn, could
end up compromising the central bank’s mandate of maintaining external balance through
appropriate changes in the nominal exchange rate. An easy, simple and prudent way of
avoiding such policy conflicts for the central bank is to remove revaluation reserves from the

measure of core capital of the central bank.



In this paper, therefore, our measure of core capital strips off revaluation reserves from
the overall capital holdings of central banks. To do this, we examine the balance sheets of
45 central banks comprising both developed and emerging economies. Central banks tend to
follow different methods of accounting for revaluation of assets due to exchange rate changes.
Some account for the changes in their profit and loss accounts while others create a separate
entry in their balance sheet which records this amount. We compute the core capital of each
central bank in each year by netting out the exchange rate induced revaluation of capital
appropriately.

On the face of it, central banks do not necessarily need equity. First, they can always
print money over which they have a monopoly. Moreover, citizens of a country are obligated
to accept the money that the central bank prints. This gives central banks a unique ability
to issue liabilities to fund their operations when other sources of income decline. Second,
central banks can continue to operate even with negative equity since they are insulated from
bankruptcy proceedings. The only entity that can liquidate a central bank is its primary
shareholder — the government. Third, the government can always inject resources into the
central bank in order to cover its balance sheet losses.

These three arguments are, however, all subject to debate. First, the increasing use
of e-monies calls into question the sustainability of the monopoly role of central banks in
issuing money. Second, during times of inflationary stress a number of countries have found
that people switch to alternative currencies such as US dollars and avoid dealing with the
local currency. Hence, a better description of the money circulation process is that people
are not really forced to accept the money issued by the central bank but rather choose to
hold it. They could as easily choose to hold a different money if it proved to be a better
“product”. Lastly, the ability of a government to inject resources is limited by the health of
its own finances. Governments with large outstanding public debt and high fiscal deficits are
unlikely to be in a position to inject fresh capital into the central bank. Worse, it is precisely
these types of governments that may be looking for surplus transfers from the central bank
thereby calling into question the joint health of the whole financial and monetary system.

The preceding makes clear that the issue of the “appropriate” size of the central bank

capital remains unsettled. In this paper, we explore some of the international patterns



of central bank equity holdings, the likelihood of central banks suffering operational losses
and the size of such losses. We also examine the relationship between central bank equity
and variables such as the fiscal balances of the government, volatility of capital flows, non-
performing assets in the banking system and income losses of the central bank. In particular,
we focus on the relative position of India in these international patterns. Lastly, we compute
the Value-at-Risk (VaR) of the Reserve Bank of India’s (RBI’s) asset holdings to determine
the level of capital that the RBI should target.

2 Central Bank Capital: Cross-Country Patterns

Our sample consists of 45 countries from around the world consisting of the 14 developed
countries and 31 emerging and developing economies. Our data comes from the International
Financial Statistics (IFS), the World Bank and the Annual Reports of individual country
central banks. Some of the variables that are of key interest to us are central bank equity,
general government fiscal balances and the volatility of capital flows. The data for cen-
tral bank capital and for the general government fiscal balance is the latest available while
the data for capital flows covers the period 2009-2017. Details on the data, its sources,
computations methods are given in the Appendix.

Table [1] gives the sample coverage of countries broken down by variable and country

grouping.

Table 1: Sample Coverage by Variable and Country Group

Averages All Countries Emerging Developed
Countries Countries

Capital ratios 45 31 14

Fiscal Deficit 41 28 13

Volatility of Capital Flows | 41 28 13

2.1 Stylized Facts

We start by computing the capital to asset ratio of all the 45 countries in our sample. Our

measure of capital is deployable capital which is measured as total capital net of revaluation



reserve fundsP| Revaluation funds are essentially an accounting entry on the liability side
of the central bank balance sheet when the market value of their assets changes say due to
a change in the exchange rates. However, this is a form of accounting capital rather than
deployable capital. Hence, we remove this entry from the calculation of the central bank
asset base. In the following we shall refer to this measure of deployable capital as “core
capital ]

Table [2| reports the average level of the core capital to total asset ratio broken down
by the overall sample of countries as well as the sub-samples of developed and emerging
economies. The table also reports the stylized facts of the cross-country data regarding the

general government fiscal balances and the volatility of capital flows.

Table 2: Cross-Country Sample Averages
All Countries Emerging Developed India
Countries Countries

Capital ratios 6.56% 6.96% 5.67% 6.60%
Fiscal Balance -2.89% -3.99% -0.19% -6.60%
Volatility of Capital Flows | 0.82 0.90 0.68 0.54

The average capital-asset ratio (net of revaluation capital) in our sample of countries is
6.56 percent. The capital-to-asset ratio of the Reserve Bank of India (RBI) is 6.6 percent []
Clearly, the RBI is not over-capitalized by this average international norm. It is worth
noting that central banks in developed economies tend to have smaller capital ratios. The
average for the developed economies in our sample is 5.67 percent which likely reflects the
greater stability of those economies. The corresponding average for emerging and developing
economies is 6.96 percent. Relative to the emerging economy group, the RBI’s capital base

is 5 percent lower. Table 3| gives the individual capital-asset ratios of all the central banks

2For India, we also removed the Asset Development Fund which is a special vehicle set up by the RBI
to invest in its subsidiaries and entities that it promotes. Given its explicitly special role, we have excluded
it from the funds available for contingency purposes.

3We also dropped four countries whose central banks have negative equity since these are likely to be
somewhat special with distinct arrangements with their national governments. Moreover, the fact that these
banks have maintained negative equity levels suggests that these other arrangements have made the issue of
its capital holding irrelevant for these central banks.

4We should note that in a related paper, |Anand, Fellman, Sharma, and Subramanian| (2018) arrive at
an RBI core capital estimate of 8.2 percent by including both the asset development fund as well as funds
kept aside for bills payable. Both of those are clearly inappropriate to include in the contingency capital of
the RBI since those are demarcated for specific purposes.



in our sample/]

Table 3: Central Bank Capital Ratios (Recent Figures)

DEVELOPED ECONOMIES’
CENTRAL BANKS
(in descending order)

Denmark 14.65% Sweden 6.87% Japan 1.69%
Switzerland 13.77% ECB 4.05% France 1.20%
Singapore 13.42%  Netherlands 3.05% United States 0.93%
Australia 7.78%  Norway 2.47% Canada 0.12%
New Zealand 7.15%  Iceland 2.18%

OTHER CENTRAL BANKS

(in descending order)

Botswana 43.59% India 6.60% Hungary 2.26%
Hong Kong 18.90%  Turkey 6.28%  Pakistan 1.93%
Bahrain, Kingdom of 17.45% Bosnia & Herzegovina 5.63% Morocco 1.87%
Croatia 12.52% Namibia 5.02%  Philippines 1.76%
Kenya 11.44%  Sierra Leone 4.68% Netherlands Antilles 1.70%
Liberia 10.31% Malaysia 3.87% Iran 1.68%
Bahamas, The 9.29%  Ghana 3.85% Ethiopia 1.67%
South Africa 9.25%  Myanmar 3.69% Romania 1.18%
Indonesia 8.31%  South Korea 3.19% Peru 0.86%
Kyrgyz Republic 7.04% Bangladesh 2.50% Brazil 0.75%
Sri Lanka 6.70%

Notes: 1. The capital ratios are constructed from the financial statements and annual reports of various central banks.

The fact that central banks in developed economies tend to hold lower levels of core

capital relative to emerging economies is interesting. There are two possible explanations
for it. The first is that developed economies tend to be characterized by lower economic
volatility than emerging economies. The greater stability (and deeper institutions) in de-
veloped economies lowers the possibility of their central banks being called upon to provide
back-stopping aid for various sectors of the economy, in particular the banking system. The
second explanation for the higher capital holdings of central banks in emerging economies
is that keeping some of the country’s assets in the hands of an “autonomous” agency such
as the central bank could potentially raise the borrowing ability of the government that has

a low sovereign credit rating. Intuitively, parking some assets in the central bank is a form

5Including the four countries with negative equity reduces the overall international core capital ratio to
5.75 percent while reducing the developed and emerging economy averages to 4.25 percent and 6.43 percent,
respectively. Clearly, the effects are marginal.



of collateral pledging by the country. Developed countries, which have higher average credit
ratings, have a lower need for this.

Table [2| also highlights a second key feature of the cross-country data. The general
government (federal and state combined) fiscal deficit in India is 6.6 percent of GDP. This
is about twice as large as both the overall international average as well as the emerging
country average. Even more strikingly, the Indian fiscal deficit is over six-fold larger than
the developed country average of 0.19 percent. The high level of the fiscal deficit in India
is particularly relevant since one potential source of funds for recapitalization of the central
bank (if needed) is the fiscal authority. However, if the fiscal authority is itself deeply in
deficit then it is not a viable source of funds in an emergency.

Moreover, the times at which the central bank requires capital injections due to oper-
ating losses are also likely to be periods of high macroeconomic and fiscal stress, rendering
the possibility of recapitalization in those states less likely. Yet another confounding aspect
of relying on the fiscal authority to recapitalize the central bank in the event that its equity
position becomes negative is that such an arrangement could engender expectations of a
quid pro quo between the fiscal and monetary authority. This, in turn, could lead to a loss
of operational autonomy of the central bank.

The main takeaway from the above comparisons is that the RBI is not over-capitalized
relative to overall international standards. In fact, it is marginally undercapitalized relative

to the group of emerging and developing economies.

2.2 Do Central Banks Suffer Losses?

Central banks use the surpluses generated from their regular operations to distribute div-
idends to the government or to add to their contingency reserves. Conceptually then, a
central bank that has negative surpluses, i.e., it makes losses, would have to accommodate
it by eliminating dividends and reducing its contingency reserve capital. The problem with
having an undercapitalized central bank is that operating losses could push the central bank
into negative equity territory thereby severely jeopardising its ability to cope with operational

risks.



Is the possibility of central banks suffering operating losses just a theoretical possibility?
An examination of the experience of our sample countries sheds some light on this. We
examined the financial accounts of the 45 countries in our sample from 2014 to 2017. Figure
shows the proportion of central banks with negative surpluses (or losses) in each of the four
years that we examined. Clearly, more than one in every seven central banks suffer losses

every year with the proportion becoming as high as one in five in some years.

Figure 1: Proportion of Central Banks With Losses

Share of Countries with Losses
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While Figure [2| demonstrates that central bank operating losses are fairly common, one
might wonder about the size of these losses. More specifically, when losses do occur are they
large or are they small relative to the size of central bank assets? Figure [2] answers this
question. It plots the frequency distribution of the size of the loss as a percentage of the
central bank’s core capital. The average size of the loss, contingent on a central bank making
a loss, was 50 percent of core capital. Underlying that average, there is a lot of variation in
the size of these central bank losses. While the smaller losses were under 5 percent of central
bank core capital, some of the bigger losses were large enough to wipe out the entire capital

of those central banks. Clearly, losses, when they occur, are often not insignificant in size.



Figure 2: Magnitude of Central Bank Losses
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Does the RBI face income risk? Figure [3| plots the growth rate of income, expenditure
and net income of the RBI since 2000. Clearly, there is significant volatility in the RBI’s net
income growth series with negative growth in seven out of the last sixteen years.

Table [4] shows the statistics on the mean and standard deviation of RBI’s net income
series between 2000 and 2018. The important number is the third row which says that a
1.29 standard deviation negative shock to RBI’s net income would have implied operational
losses for the RBI in 2008 and 2017. This doesn’t appear to be an implausible event given

global experiences.

Table 4: RBI Net Income Summary Statistics: 2000-2018

Mean 248.79
Standard Deviation 192.45
Size of Shock needed for negative profits | 1.29

Notes:

1. Income numbers are in billions of rupees.

2. A 1.29 standard deviation negative shock to its net income would have caused the RBI to have a net income loss in the
years 2008 and 2017.

The main takeaway from the above is that central bank losses are not just a theoretical

10



Figure 3: RBI Income Volatility
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possibility. Not only do they occur but they also occur often. Moreover, when losses occur

they can also be large with the average size of the loss being almost 50 percent of core capital.

2.3 Government Fiscal Balance and Central Bank Capital

An argument for why central banks do not need a lot of capital on their balance sheets is
that the government, which is their owner, can provide capital and resources in emergencies
for which the capital is typically provisioned. However, the viability of this source depends
critically on the health of government fiscal balances. The weaker the state of public finances
the less credible this option is. Consequently, central banks in countries where governments
run large fiscal deficits may be expected to hold more capital as a form of insurance.
Figure 4] plots the scatter of general government (federal plus state governments) fiscal
balances against the capital ratios for the countries in our sample. The figure reveals the
anticipated pattern: central banks in countries with larger fiscal deficits tend to have larger

capital ratios. The relationship appears to be best described as non-linear. The relationship
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is strongly negative in countries with fiscal deficits but becomes weakly positive in the small

set of countries that have fiscal surpluses.

Figure 4: Fiscal balance and Central Bank Capital
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Where does India fit in this picture? The average consolidated fiscal deficit (for the
general government which combines federal and state governments) for countries in our
sample in 2017 (or the latest available year) is 2.89 percent. The corresponding deficit
for India was 6.6 percent, or 128 percent more than the international average. Even more
disconcertingly, the fiscal deficit in India is 65 percent more than the average deficit in
emerging economies.

The fact that the RBI’s capital ratio is just around the global average while India’s fiscal
deficit is 128 percent above the global average suggests that India is under-capitalized by
this metric. This follows from the observed pattern that countries with larger deficits tend
to have larger capital ratios.

We now econometrically examine the core capital holdings of central banks. This ap-
proach has the benefit of allowing for a clean cross-country determination of central bank

capital holdings as a function of different variables while allowing for country specific con-
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trols.

To run our regressions we construct a panel of countries in our sample for the period
2014-2017. We include as regressors the fiscal balance as a share of GDP, an interaction
term between the fiscal balance and a dummy that indicates whether the country has a
fiscal deficit, the volatility of capital flows, the net income of the central bank (net of mark-
to-market gains or losses), and the share of non-performing assets in gross loans. The
dependent variable is our measure of bank core capital (capital net of revaluation capital).
Table |5| gives the regressions results for various specifications of bank capital.

Table 5: Central Bank Core Capital: Panel Regressions

Regressions with Core Equity Ratio

) 2) ®3) (4)

VARIABLES (Core Equity)/Assets  (Core Equity)/Assets  (Core Equity)/Assets  (Core Equity)/Assets
Adj Net Income as % of Assets 1.195%%* 1.209%%*
(0.283) (0.283)
Coefficient of Variation of Capital Flows -0.016 -0.091 0.019 -0.075
(0.245) (0.235) (0.240) (0.235)
% NPA to Gross Loans -0.049 -0.011 -0.016 -0.008
(0.167) (0.187) (0.164) (0.187)
Govt Budget Balance as % of GDP -0.231 0.694 -0.451%* 0.341
(0.245) (0.551) (0.257) (0.630)
1.Govt Budget Deficit x Budget Balance 0.814** -0.431 0.791** -0.185
(0.348) (0.648) (0.341) (0.681)
1.India 2.806 0.286 2.679 0.295
(4.032) (4.345) (3.958) (4.338)
1.Developed Economies -1.162 -1.646 -0.967 -1.561
(1.555) (1.718) (1.528) (1.717)
1.Govt Budget Deficit -4.669** -2.544
(1.875) (2.211)
Constant 8.852%** 6.391%%* 11.673%** 8.116%***
(1.463) (1.698) (1.829) (2.263)
Observations 143 101 143 101
R-squared 0.060 0.201 0.101 0.212

Standard errors in parentheses
¥ 520,01, ¥* p<0.05, * p<0.1
We essentially run two sets of regressions: regressions with and without central bank
net income; regressions with and without country fixed effects. The most comprehensive
regression is specification 4 which includes both central bank adjusted income and country
fixed effects. Two features stand out in these regressions. First, most variables appear to be
insignificant in explaining the cross-country variation in core central bank capital. Second,
the dummy for India is insignificant indicating that the level of core capital held by the RBI
is not an outlier once we control for all the other factors.

The upshot of these results is that the cross-country variation in central bank capital is

13



difficult to explain using standard variables. Rather, country-specific factors seem to be driv-
ing most of the cross-country variation. However, even on this country-specific margin India
is not an outlier (as evidenced by the insignificant India dummy in regression specification

4.

3 Value at Risk of the RBI

So how much capital should the RBI hold? That was the original question that we started
with. Our analysis thus far has revealed that the RBI’s core capital base of 6.6 percent is lower
than the average for emerging market economies and around the same as the international
average including developed economies which tend to hold lower levels of capital. That
however does not tell us much about the desirable level of capital that the RBI should hold.
This is what we turn to next.

An internationally accepted method of ascertaining the recommended level of capital
for commercial banks is the Value at Risk (VaR) approach. The method is simple. Over any
given time horizon (10 days, 30 days, three months, etc.) one can compute the return on the
portfolio of the bank which can then be annualized. Every negative return when multiplied
by the size of the portfolio gives the size of the fall in the value of the portfolio due to that
particular negative realization. The computed annualized shocks to the value of the portfolio
can then be ordered in ascending order to get a whole distribution of annual losses. Clearly,
negative losses would be increases in the value of the portfolio.

This computed distribution can then be used to compute the Value at Risk of the
portfolio. Specifically, one can choose a particular confidence interval % and determine the
size of the 1 — 2% largest portfolio losses. Let this computed number be y. This number
would be interpreted as “with 2% certainty the loss in value of the portfolio will be less
than y.” The higher the x the greater the certainty one is demanding and consequently
the greater the size of the loss that one is ruling out. Suppose one chooses the 99 percent
confidence interval then x = 0.99. In this case one is trying to pick out the largest 1% of
portfolio losses. Hence, the computed number for the 99 percent confidence interval will be

greater than, say, the 95 percent confidence interval.
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There are a couple of other methods that are also used to compute the potential risk
to portfolio which are related to the VaR approach. The first alternative is the Expected
Shortfall approach or ES-VaR. This computes the total value at risk for a given confidence
interval by adding up (integrating under the distribution) all the losses to left of the cut-off
threshold. The VaR, in contrast, only computes the value at the chosen confidence interval
threshold. Consequently, the estimated value at risk under ES-VaR will be greater than that
under VaR.

A second alternative to VaR is the S-VaR approach which focuses on the worst z percent
of all outcomes and computes the VaR for that truncated distribution. Since the worst 2%
outcomes under the full distribution will be lower than the worst % outcomes under the
truncated distribution of the worst z percent of all outcomes say, the loss numbers computed
under S-VaR will also be greater than those under VaR for the same confidence interval.
The S-VaR is a more stringent requirement than VaR which gives capital level to fend off a
crisis now. Given that central banks must be credible even under stressed scenarios to fend
off crises like the Global Financial Crisis (GFC) in 2008 or the Taper Tantrum in 2013, the
S-VaR may be more appropriate. Indeed, after the GFC, commercial banks are being asked
to hold capital based on stress tests and not just average time loss based risk weights.

We estimated the VaR, ES-VaR and S-VaR for the RBI portfolio under the 99.9, 99
percent, 97.5 and 95 percent confidence intervals. We estimated these for returns over
windows of 10 days, 30 days and 90 days. To construct the RBI asset portfolio we follow
Anand, Fellman, Sharma, and Subramanian| (2018]). We assume that the RBI foreign asset
portfolio is composed of 30 percent foreign currency and 70 percent foreign assets. The
currency portfolio is assumed to be 70 percent US dollars, 20 percent Euro and 10 percent
British pounds. Similarly, the asset portfolio is assumed to be 70 percent US dollar assets,
20 percent German assets and 10 percent UK assets. We assume that all assets are held in
terms of 10 year government securities. Lastly, the RBI’s domestic securities are assumed to
be held entirely in terms of 10-year government securities []

VaR computations require incorporating the various shocks that typically impact the

6We are forced to follow this ad-hoc assumption of |Anand, Fellman, Sharma, and Subramanian| (2018)
regarding the portfolio composition of the RBI due to unavailability of its portfolio composition data.
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value of central bank assets. One of these shocks is the value of the exchange rate as it
affects the domestic currency value of the central bank’s foreign assets. As we argued above,
under our conceptual principle, exchange rate generated changes in the value of assets are
accounting entities that should not be counted as part of core capital. Including these
revaluation funds in capital also generates conflicting policy objectives as we highlighted
above which makes it even more important to leave this out of any baseline measure of
a central bank’s core capital. In light of this, we take the following approach. For our
baseline estimates, we compute VaR without incorporating exchange rate risk and compare
the resultant estimates with the RBI’s core capital which excludes the revaluation capital.
We then conduct a second set of computations wherein we estimate the VaR of the RBI asset
base by including exchange rate risk. These estimates are then compared with the RBI’s
overall capital base which includes the revaluation capital.

To compute actual returns on the portfolio we take the bond’s clean price index value
P+, get negative return over h-day window, so that losses are on the right tail and profits

are on the left[]

We then annualise the above return as:

ari¢ = (1 + 7“@02722 —1
where 252 is the usual number of trading days per year in global markets.

Lastly, we compute the loss-to-asset ratio as

Bonds held on balance sheet; ; * ar;

100
Total Assets;_y, *

LTAz',t =

Table [6] shows the estimated value at risk (excluding exchange rate risk) of the RBI’s

"We use the clean price index instead of the total return index, so that our constructed losses on the
bonds are not contaminated by recent coupon payments, and only reflect daily changes in yields. For India,
this index is CCIL’s Principal Return Index, while for the USA it is provided by Barclays for government
bonds in the 10-year maturity bracket, and for Germany and the UK in the 7-10 year maturity bracket. For
the VaRs excluding exchange rate risk, the indices are computed in the local currency of the bond while for
VaRs including exchange rate risk we use rupee value of the bonds.
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asset portfolio for different confidence intervals and time horizons. Our sample period is
January 2013 - November 2018. The key feature that stands out from the VaR calculations
is that the current core capital of the RBI at 6.6 percent is significantly lower than the
estimated asset values of the RBI that are at risk for all confidence intervals, for all
time horizons and for all methods. Even a 30-day horizon VaR estimate at the 95
percent confidence interval is 17.1 percent which is over 150 percent greater than the current
core capital of the RBI.

Perhaps most strikingly, the 10-day return horizon VaR, ES-VaR and S-VaR estimates
are all greater than even the overall capital of the RBI (including the revaluation capital fund)
even at the 95 percent confidence interval. Indeed, at the 97.5 percent confidence interval
the 10-day return horizon VaR estimate is 38.9 percent which is 11 percentage points more
than the RBI’s current overall capital holding including its revaluation capital!

Table 6: Capital required to cover Market Risk, as percent of total assets,

January 2013 - November 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR

95 29.0 42.5 49.9 17.1 23.3 28.1 8.3 13.1 16.9
97.5 38.9 51.7 55.4 21.9 27.5 29.8 12.2 16.3 18.2
99 49.9 64.0 78.3 28.1 31.2 31.9 16.9 18.2 18.7

99.99  99.8 99.8 99.8 41.6 41.6 41.6 19.4 19.4 19.4

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

One might wonder if our VaR estimates are high due to our using the sample period
2013-18 which includes the taper tantrum of 2013. At some level, episodes such as the taper
tantrum are precisely the kinds of events for which the central bank needs to have capital.
Nevertheless, we estimate the sensitivity of our VaR estimates to the sample period in two
alternative ways. First, we use the sample period 2014-18 to re-estimate the VaR numbers
reported in Table [6] These are reported in Table [7] Next, we re-estimate the VaR using
only the 2017-18 data. These numbers are reported in Table [§l As the Tables make clear,
the VaR estimates are robust in terms of our main conclusion: the RBI’s core capital base of
6.6 percent is probably less than half of what it should be. In fact, even the 90-day horizon

VaR estimates at all confidence intervals are greater than the current core capital ratio of
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the RBI.

Table 7: Capital Required to cover Market Risk, as percent of total assets,
January 2014 - November 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR

95 24.8 34.8 424 12.9 16.3 18.4 7.0 7.9 8.5
97.5 32.1 41.3 47.9 15.6 18.4 20.7 7.8 8.4 8.9
99 424 48.7 53.0 18.4 20.3 21.9 8.5 9.0 9.4
99.99 66.8 66.8 66.8 22.6 22.6 22.6 9.7 9.7 9.7

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

Table 8: Capital Required to cover Market Risk, as percent of total assets,
April 2017 - November 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR

95 23.1 28.7 32.0 12.9 15.4 17.1 7.3 7.8 8.1
97.5 29.6 32.1 33.8 15.4 17.0 18.2 7.8 8.1 8.5
99 32.0 33.9 36.8 17.1 18.0 18.4 8.1 8.4 8.7
99.99 36.8 36.8 36.8 18.4 18.4 18.4 8.7 8.7 8.7

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

The results also illustrate the importance of using as much data as possible for computing
VaRs since any single year may be atypical in terms of the return profile that it generated.
As is easy to see from Tables [7] and [§] the computed VaR’s at all horizons and confidence
intervals are increasing in the sample period that we used. That just reflects the fact that
the longer time periods included more negative shocks to returns relative to, say, only the
2017-18 sample.

It is important to note that our VaR estimates are higher than the estimates reported
in the work of |Anand, Fellman, Sharma, and Subramanian (2018) across the board. The
reasons for differences between our estimates and their’s are three-fold: (a) our estimates do
not include the exchange rate risk to asset values; (b) our estimates are based on a five-year
time period from 2013-2018 to compute the VaR. This time period may be different from the

sample period used by |Anand, Fellman, Sharma, and Subramanian| (2018)) since they never
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explicitly report the sample period that they used; and (c) our VaR estimates are based on
the clean price index of the various government securities while |Anand, Fellman, Sharma,
and Subramanian| (2018)), like with their sample time period silence, never explicitly state
the bond price series that they use.ﬂ

We made the crucial conceptual and analytical choice of not including exchange rate risk
while deriving the estimates for VaR of the RBI asset base. How much of a difference does
this make? Conceptually, one can anticipate that it might make a difference depending on
the sample one is using. Recall that a rupee appreciation reduces the value of foreign assets
while a depreciation raises the value. Thus, a researcher who only considers a sample period
in which the rupee depreciated (say 2017-18 for India) would not find any negative return
episodes on account of exchange rate fluctuations. Contrarily, a researcher who considers
a longer sample such as 2013-18 that included periods of rupee appreciation would find
negative return episodes due to exchange rate fluctuations and consequently will estimate a
higher VaR.

To examine this we incorporate exchange rate risk as well and recompute the VaRs at
all horizons, frequencies and confidence intervals. Tables [9] and [10] below report the results

for the full sample and for the 2017-18 sample period, respectively.

Table 9: VaR with exchange rate risk, as percent of total assets,
January 2013 - November 2018
CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR  VaR  ES-VaR S-VaR  VaR  ES-VaR S-VaR

95 54.4 88.7 90.6 19.0 27.4 30.0 8.8 11.3 12.5
97.5 69.5 115.7 142.8 24.8 33.3 38.9 10.6 12.9 13.9
99 90.6 170.6 204.2 30.0 41.8 52.4 12.5 15.0 17.2

99.99 533.6 533.6 533.6 73.1 73.1 73.1 23.3 23.3 23.3

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

As anticipated, considering longer time periods that include periods when the rupee ap-

preciated raises the estimated VaR for the 10 and 30-day horizons for all confidence intervals

8From our attempts at reverse engineering their results, our best guess is that they just used a simple
price that is the inverse of the gross interest factor on the asset. Moreover, the estimated results come closest
to the ones that they report for the sample period April 2017 - March 2018. The tables in the Appendix try
to illustrate this.
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Table 10: VaR with exchange rate risk, as percent of total assets,
April 2017 - November 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR ES-VaR S-VaR VaR ES-VaR S-VaR VaR ES-VaR S-VaR

95 25.2 30.4 33.2 14.8 18.2 20.8 10.2 11.9 13.3
97.5 29.8 34.0 33.8 16.5 21.1 234 11.2 13.3 14.0
99 33.2 36.7 43.3 20.8 25.8 28.2 13.3 13.9 14.4
99.99 43.3 43.3 43.3 28.2 28.2 28.2 14.4 14.4 14.4

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

and methods. As an example, the estimated 30-day S-VaR under the 95 percent confidence
interval for the 2017-18 sample period is 20.8 percent. When the sample period considered
is broadened to the entire 2013-18 period, the estimated S-VaR at the 95 percent confidence
interval rises to 30 percent, a number that is even greater than the 27 percent consolidated
capital base including the entire revaluation capital of the RBI!

There are two main takeaways from the above. First, the estimated VaR for the RBI
asset portfolio is quite high under all methods, horizons and confidence intervals. Indeed,
our estimates excluding exchange rate risk suggest that the RBI’s core capital needs to be
well above 16 percent, which is more than double its current level of 6.6 percent. Second,
including exchange rate risk raises the VaR estimates as long as one also includes periods
where the exchange rate appreciated rather than only depreciating. Importantly, our S-VaR
estimate including exchange rate risk is 30 percent for the 30-day horizon at the 95 percent
confidence interval. This is almost 3 percentage points greater than the total capital of the
RBI currently. Indeed, even the ES-VaR estimate at the 95 percent confidence interval for
the 30-day horizon is 27.4 percent. The corresponding number for the 10-day horizon is a
whopping 88.7 percent. Hence, independent of whether or not one includes exchange rate

risk or not, the RBI’s relevant capital base needs to be increased, not reduced.

4 Central Bank Capital and Operational Independence

The issue of central bank capital at the end of the day cannot be removed from the issue of

the operational autonomy or independence of the central bank. There are three reasons for
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this:

1. The main source of financing for central banks is seignorage, or real resources generated in
the process of printing money. The revenue from money printing has two components. The
first is the rate of expansion of the real money base while the second is the inflation tax. []
Central banks also face policy mandates on managing inflation. If the implied revenue from
the inflation tax at the policy mandated inflation rate is insufficient to finance the central
bank’s operational expenses then it will make losses. These would have to be financed either
through drawing down the central bank’s capital reserves or by a fresh injection of resources
from the government. In the absence of adequate capital reserves that generate their own
stream of resources, such a situation would severely compromise the central bank’s ability
to deliver on its policy mandate and its operational independence since it would perpetually

have to rely on its owner to stay afloat.

2. In the absence of capital buffers, operational losses suffered due to fluctuating asset prices
or due to quasi-fiscal losses incurred on account of operations that were needed to meet policy
objectives would have to be financed using the inflation tax. This would directly compromise
the central bank’s ability to meet its inflation and financial objectives. Failing to deliver on
its mandate is the surest way for the central bank to lose its operational independence as

well.

3. If the central bank relies on injection of resources by the government in the event of suf-
fering operating loss that cannot be covered by its capital base, then there will automatically
be the expectation that the central bank will make fiscal transfers to the government when
it has operating profits and when the government needs those transfers. This will tend to
cause inflationary expectations since the inflation tax is the primary revenue source for the
central bank. This will naturally lead to a subversion of the bank’s independence and ability

to deliver on its inflation target.

Is there evidence that weakened financial conditions compromise the performance of

the central banks? There does indeed exist evidence that suggests that central banks with

9Inflation is a tax that gets levied on the money in circulation and on the non-interest bearing component
of bank reserves.
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positive structural profits deliver lower inflation rates than central banks with negative struc-
tural profits (see Ize (2006]), |(Oulidi and Ize (2009) and |Stella) (1997))). Researchers have also
found that weakening of the financial strength of central banks is accompanied by worse
macroeconomic performance on inflation and on monetary policy transmission (see |Adler,
Castro, and Mora, (2012)), |Klueh and Stellal (2008) and |Stella/ (2008))).

In summary, allowing the central bank to build its deployable capital base would appear

to be the best way for a country to empower the bank to deliver on its mandate.

5 Conclusion

This paper has explored international patterns of central bank capital-asset ratios. The focus
has been on capital that is available to be deployed in emergencies. The RBI’s current capital
ratio is about 5 percent lower than the emerging economy average. Low capital reserves create
two problems. First, they compromise the ability of a central bank to manage risks. Second,
negative income shocks can push the central bank into negative equity territory which could
further compromise the banks operational capability. We find that negative income shocks
amongst central banks are fairly common. In any given year, more than one in seven central
banks have negative surpluses with the number rising to one in five in some years. Moreover,
when negative income shocks occur they can be large enough to wipe out the entire core
capital of the central bank. In the Indian context, the time series behavior of surpluses of the
RBI over the last 20 years indicate that a negative income shock of 1.29 standard deviations
would be enough to wipe out all of the RBI’s current core capital of 6.6 percent.

Amongst possible factors that obviate the need for a central bank to hold capital is the
potential availability of capital injection by the government in case of emergencies. However
this possibility depends crucially on the health of government finances. The consolidated
fiscal deficit in India is 65 percent more than the average fiscal deficit amongst emerging
economies and 128 percent greater than the international average. Clearly, relying on injec-
tions of resources from a government running such a high deficit would seem to be risky if
not improbable.

To answer the original question on the optimal size of the central bank balance sheet,
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we have conducted VaR estimation for the RBI balance sheet. Our estimates, for all confi-
dence intervals, all methods and all time horizons for computing returns, suggest
that at 6.6 percent the current level of the core capital of the RBI is too low.
The target number for the RBI core capital, as per our estimates, should be above 16 per-
cent, which is more than double the RBI’s current level of core capital. Moreover, once one
includes exchange rate risk in the VaR computations, we find that the RBI’s overall capital
base including revaluation capital needs to be closer to 30 percent relative to its current
level of 27 percent. Our primary conclusion is that the RBI is certainly not over-capitalized.
Rather, its capital ratio (certainly the core capital but probably the overall capital ratio
as well) needs to be raised.

Our analysis of the capital structure of central banks around the world has focused on
deployable capital, or capital that can be put to immediate use in the event of an emergency.
In order to do so we have put aside the revaluation capital that a number of central banks
carry on their balance sheets. Revaluation capital is an accounting entry that is used to
accommodate changes in the domestic currency value of foreign assets due to changes in the
exchange rate and gold prices.

Leaving out revaluation capital from measures of core equity is part of a more gen-
eral point regarding the design of a central bank’s capital structure. Stipulating a strictly
mandated level for total central bank capital (including revaluation capital) could induce
demands for special dividend payments to the fiscal authority when the central bank’s cap-
ital rises above the stipulated target. Such payments would either increase fiscal spending
directly and potentially compromise the central bank’s inflation target or, when commercial
banks are publicly owned, raise the credit in the economy which would compromise the cen-
tral bank’s liquidity and credit targets. In anticipation of such payment demands, central
banks could respond by deviating from their preferred monetary policy in order to avoid
paying out this one-time excess capital cess.

One example of this is interest rate policy. A lower policy rate that is transmitted
through the economy causes the value of central bank domestic assets to rise. Hence, a
central bank could try and prevent a rise in its capital levels above the stipulated thresh-

old by not reducing policy rates by as much as they would have in the absence of such a
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mandated threshold. A second example is exchange rate policy. Since a depreciation of the
local currency causes total capital of the central bank to rise, a central bank could try and
avoid the resultant demand for payments to the fiscal authority by preventing the currency
depreciation. But this would compromise the central bank’s policy mandate of targeting
growth and external balance.

Both of these are examples where mandating a strict capital level with associated ex-
pectations of special dividend payments of the excess capital would compromise the central
bank’s operational independence to achieve its policy mandate. While determining the opti-
mal capital base of the central bank is a desirable goal, it is also important that this does not
introduce conflicts in the central bank’s policy mandates. A couple of methods to achieve

this are:

1. Compute the actual capital level as a three-year moving average when evaluating its level
relative to the agreed capital target. Moreover, there should be a band around the capital
target with the moving average of central bank capital expected to remain within the bounds.
Violation of the upper and lower threshold bounds should induce at least a one year period

in which the central bank is expected to bring the moving average back to within the bound.

2. Only target core capital (excluding revaluation capital) since this will leave the central
bank to pursue its exchange rate policy unencumbered by considerations of their effect on
the value of its overall capital (including revaluation capital) relative to the mandated capital

threshold.

3. Payments of any excess average capital holdings need to be made in a phased manner
rather than a one-time payout. The least distortionary method of making such payments
is by gradually retiring some of the public debt that the central bank typically holds. This
does not have a direct inflationary impact since it avoids directly generating revenue for the

fiscal authority.
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6 Appendix

In this data appendix we outline our data sources, the methods we use to separate core capital

from overall capital, and the effect of choosing different time periods on the estimated VaRs.

6.1 Data sources

Our data comes from various sources which are detailed in Table [11l
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Table 11: Data Sources

Series Source Period Frequency

Capital, Core Equity, Net | Central Bank Balance Sheet | 2014-2017 Annual

income, Total Assets

Current Account in USD | International Financial | 2014-2017 Annual

Mn Statistics (IFS)

Government Budget Bal- | World Bank Database & | 2014-2017 Annual

ance as % of GDP Bloomberg

NPA to Gross Loans World Development Indica- | 2014-2017 Annual

tor of World Bank Database
& Bloomberg

RBI Assets & Liabilities | Reserve Bank of India, | January  2013- | Weekly

(Gold, Foreign Currency, | DBIE November 2018

Foreign Assets & Domestic

Securities) in INR Bn

Gold Prices in USD per Oz | World Gold Council January  2013- | Daily
November 2018

Exchange Rates (INR-USD, | Bloomberg January  2013- | Daily

INR-EUR, INR-GBP) November 2018

Principal Clean Price In- | CCIL January  2013- | Daily

dex for Indian 10 Yr Govt. November 2018

Bonds

Barclay’s Clean Price In- | Bloomberg January  2013- | Daily

dex (Germany, UK- 7-10 Yr November 2018

Govt. Bonds, US- 10 Yr

Govt. Bonds)

10 Yr Govt. Bond Yields for | Bloomberg January  2013- | Daily

US, UK, Euro & India

November 2018

Notes:

1. Our measure of Capital Flow Volatility uses current account data from 2009-2017 to compute coefficent of variation of capital flows for

the years 2014-2017 on rolling basis.

2. Value at Risk is computed at different horizons for various sample periods using the weekly RBI asset and Liability data.

6.2 Accounting method

To compute the core equity of all the central banks in our sample we conducted a detailed

reading of the individual central bank balance sheets before making the appropriate adjust-

ments. Our calculation methods are outlined in Table 12
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6.3 Shorter time periods and estimated VaRs

In order to compare our results with Anand, Fellman, Sharma, and Subramanian| (2018) we

computed the VaRs over the sample period April 2017 to March 2018. This sample period

gave us numbers that are closest to the VaR estimates reported in |Anand, Fellman, Sharma,|

and Subramanian| (2018). Tables [L3] and [14] report the results.
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Table 12: Calculation of core equity

Case | Reported | Treatment | Reported | Calculation of | Calculation Countries
net in- | of MtM | broad core equity of adjused
come in | changes equity in net in-
P&L balance come
sheet
A Does  mot | Not re- | Includes Deduct amount | None. Namibia, Singa-
reflect MtM | ported some  re- | of accumu- pore, Bahrain,
changes explicitly serve’ of | lated MtM Iceland,The Ba-
accumu- changes over hamas, Hungary,
lated MtM | time,including India, Japan, In-
changes those  of  the donesia, Liberia,
over the | current year Pakistan, Philip-
year, in- ines, Turkey,
cluding Morocco, South
those of Korea
current
year
B Reflects Retained Includes Same as Case A. | Deduct Australia,
MtM by cen- | some  ’re- MtM Botswana,
changes tral bank; | serve’ of changes HongKong,
posted accumu- from re- | Switerland,
to some | lated MtM ported net | Denmark, Sri
reserves changes income Lanka, Malaysia,
which over time, Peru, Bosnia
are part | including &  Herzegovina,
of  braod | those of Bangladesh,
equity current Ethiopia, Iran,
year Krygyz  Repub-
lic, Romania,
Sweden, USA,
ECB
C Reflects Left as it is, | May in- | Deduct MtM | Deduct New Zealand,
MtM likely avail- | clude changes and any | MtM Brazil, Canada,
changes able for dis- | reserves revaluation re- | changes Croatia, Ghana,
tribution of accu- | serves from the | from re- | Kenya, Myanmar,
mulated reported  broad | ported net | Netherlands,
revaluation | equity income Netherland  An-
over time, tilles, Norway,
inlcuding Sierra Leone,
those of the France
ccurrent
year, inde-
pendent of
MtM  items
in PE&L

Notes: 1. South Africa transitions from Case A to Case B in 2015 due to differential representation of losses and profits.
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Table 13: Capital required to cover Market Risk, as percent of total assets,
April 2017 - March 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR VaR  ES-VaR S-VaR

95 23.9 29.8 33.8 14.2 16.7 18.2 7.6 8.0 8.5
97.5 29.9 33.2 34.6 16.9 17.7 18.2 8.0 8.3 8.6
99 33.8 35.0 36.8 18.2 18.3 18.4 8.5 8.6 8.7
99.99  36.8 36.8 36.8 18.4 18.4 18.4 8.7 8.7 8.7

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

Table 14: VaR with exchange rate risk, as percent of total assets,April 2017 - March 2018

CI 10-day  10-day  10-day 30-day 30-day 30-day 90-day 90-day  90-day
VaR  ES-VaR S-VaR  VaR  ES-VaR S-VaR  VaR  ES-VaR S-VaR

95 30.6 45.3 50.3 14.9 21.9 27.5 8.7 10.9 12.5
97.5 43.3 53.6 62.5 20.8 27.8 30.5 10.6 12.2 13.3
99 50.3 62.1 74.5 27.5 31.6 37.1 12.5 13.7 14.4

99.99 74.5 74.5 74.5 37.1 37.1 37.1 14.4 14.4 14.4

Notes:
1. ES-VaR is the simple mean of losses in the right tail beyond the VaR cut-off.
2. S-VaR is VaR among the worst 20% of losses.

29



	Introduction
	Central Bank Capital: Cross-Country Patterns
	Stylized Facts
	Do Central Banks Suffer Losses?
	Government Fiscal Balance and Central Bank Capital

	Value at Risk of the RBI
	Central Bank Capital and Operational Independence
	Conclusion
	Appendix
	Data sources
	Accounting method
	Shorter time periods and estimated VaRs


