Analysis of the SRISK Measure and Its
Application to the Canadian Banking and
Insurance Industries
Authors
Thomas F. Coleman, University of Waterloo, Global Risk Institute
Alex LaPlante, Global Risk Institute
Alexey Rubtsov, Global Risk Institute

February 14, 2017
The paper contains graphs in color, use color printer for best results.
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1. Introduction
The detrimental effects of the 2007-2009 financial crisis highlighted the need to identify and
more heavily regulate financial institutions whose failure would have significant negative
consequences for both the financial and real sectors of the economy. As opposed to a firm's
individual risk of failure, which can be contained without harming the entire system, systemic risk
is the risk of collapse of an entire financial system or market. Building on the model of Acharya et
al. (2010), Brownlees and Engle (2016) propose a systemic risk measure, SRISK, which is defined
as the expected capital shortfall of an institution during a financial crisis. SRISK values for
different countries and financial institutions are available on New York University’s Volatility
Institute website, which is updated daily.1 In this paper we thoroughly investigate, modify, and
reapply the SRISK measure to Canadian banking and insurance institutions.
As suggested by Acharya et al. (2012) it is sensible to regulate ex-ante financial institutions
whose failure is likely to have major impacts on the financial and real sectors of the economy.
Effective and efficient regulation of this type requires identification of systemically important
financial institutions (SIFIs). In this respect it is vital to construct systemic risk measures that
correctly identify SIFIs (see also Danielsson et al. (2016)).2 Undoubtedly, systemic risk measures
are also essential for investors who must be aware of the riskiness of their investments. Although
regulation and investment issues related to systemic risk are important for financial stability in
any country, this is especially so for Canada as the country has consistently topped the list of G7
countries with the best business environment and economic growth (see the Government of
Canada report “Invest in Canada” (2016)). Thus, a miscalculation of systemic riskiness in Canada
may have serious implications. To the best of our knowledge, this is the first study that applies
the SRISK measure to the Canadian financial services industry.
The SRISK measure is defined as the expected capital shortfall of a firm conditional on a
prolonged market decline. The simplicity and transparency of the SRISK measure makes it
particularly attractive for analysing the systemic risk of financial institutions. SRISK is a function
of the institution's size, leverage, and expected equity loss conditional on the market decline,
which is referred to as Long Run Marginal Expected Shortfall (LRMES). In this paper we employ a
GARCH-DCC time series model (see Engle (2002, 2009)) to estimate LRMES using Bloomberg data
from January 3, 2000 to June 30, 2016. It is worth highlighting that the use of balance sheet
information distinguishes SRISK from other well-known systemic risk measures, including Adrian
and Brunnermeier’s (2016) CoVaR. However, as we demonstrate in this paper, there are several
caveats to employing the SRISK analysis.
1

See http://vlab.stern.nyu.edu/welcome/risk
On December 18, 2014, one the largest US insurance companies, MetLife, was notified by the Financial Stability
Oversight Council (FSOC) that it had been designated a non-bank SIFI. MetLife challenged that decision in federal
court and on March 30, 2016 U.S. District Court Judge Rosemary Collyer ruled in MetLife’s favor and rescinded
FSOC’s designation of the company as a SIFI. The Department of Justice on behalf of FSOC has appealed that
decision and the case is now under consideration with the U.S. Court of Appeals for the DC Circuit. See
https://www.metlife.com/sifiupdate/index.html
2
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This paper makes the following four contributions. First, we argue that segregated funds should
be excluded from the debt of insurance companies. Indeed, both the Generally Accepted
Accounting Principles (GAAP) and International Financial Reporting Standards (IFRS) for
insurance companies require segregated funds to be included on the balance sheet (both as an
asset and as a liability). However, the value of the segregated funds is the value of the underlying
mutual fund and is distinct from the actuarial liability of the policyholder’s guarantee on the
segregated fund. The SRISK methodology’s inclusion of segregated funds as a liability gives a
misleading impression of high leverage in insurance companies and due to the significant size of
segregated funds this translates into a substantial overestimation of SRISK values. For example,
the expected capital shortfall of Hartford on June 30, 2016 was estimated as 8 billion USD
without the adjustment for the segregated funds. However, the expected capital shortfall
becomes zero when the segregated funds are accounted for.
Second, we estimate the prudential capital ratio that should be used for Canadian firms. Since US
firms report under US GAAP their derivative holdings are reported as net, whereas Canadian and
European institutions, who are under IFRS, report their derivatives as gross. To account for this
difference, Engle et al. (2015) and Brownlees and Engle (2016) suggest a prudential capital ratio
of 8% for US companies and 5.5% for European firms. Consequently, it may seem appropriate to
use a prudential capital ratio of 5.5% for the Canadian companies. However, Canadian financial
institutions are less active in the derivatives market (than many US and European firms) and our
analysis shows that if one value of prudential capital ratio is to be used for all Canadian
institutions then a capital ratio of 7.5% is more suitable than 5.5%. We would like to further point
out that the prudential capital ratio of 7.5% may be most appropriate for Canadian banks and
may be less so for other Canadian firms including insurance companies. In general, it is rather
difficult to pin down a single capital ratio value for all Canadian financial institutions using only
the historical prudential capital ratio analysis.
Third, we demonstrate that SRISK values of Canadian banks and insurance companies should not
be interpreted as being equal to their expected capital shortfall in a crisis. For instance, the total
SRISK of the top five Canadian banks was about 80 billion CAD at the end of 2008 (more than 5%
of Canadian GDP) which seems to be somewhat at odds with what was actually observed during
the crisis. Canadian financial institutions did not require bailout funds from the government and
overall, Canada faired relatively well during this period.3 Thus, it seems to be more appropriate
to regard the SRISK of Canadian banks and insurance companies as their propensity to suffer
severe losses during a financial crisis. Indeed, at the onset of the 2007-2009 financial crisis,
Canadian Imperial Bank of Commerce (CIBC) had high values of SRISK, whereas Toronto
Dominion (TD) bank’s SRISK was rather negligible. As it turned out, CIBC experienced large losses
during the crisis, while TD’s write-downs were smaller.

3

Please note that there is some controversy surrounding the strength of the Canadian banking system during the
crisis (see the discussion in Section 5 and references therein).
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Fourth, the application of the SRISK methodology to the Canadian banking sector reveals that
systemic risk has significantly increased over the last two years. The Canadian insurance industry
as a whole was found not to be systemically risky and for the analysed insurance companies, only
Manulife was found to be systemically risky under this measure. Historical analysis of SRISK
dynamics for Canada shows that the upward (downward) trend in SRISK values usually indicates
an increase (decrease) in systemic risk. In addition, financial institutions that ranked the most
systemically risky, based on their SRISK values, can be viewed as more prone to severe losses
during a financial crisis compared with those at the bottom of the ranking (smaller SRISK values).
In its current form, SRISK analysis does not differentiate between the types of financial
institutions (e.g., insurance companies and banks are treated the same) which may result in
significant miscalculation of the appropriate capital requirements. In this respect we
acknowledge that there is an ongoing debate on whether SRISK is an adequate measure of
systemic risk for insurance companies (Harrington (2009, 2010), Cummins and Weiss (2013),
Acharya and Richardson (2014), Scott et al. (2016)). We contribute to this debate by adjusting
the measure, making it more suitable for insurers and regulators. Nevertheless, additional
modifications may be required. For example, the assumption that debt is not affected during a
crisis may be less factual for insurance companies than for banks.
Next, we briefly review the related literature on market-based measures of systemic risk.
Acharya et al. (2010) propose a systemic risk measure, called Systemic Expected Shortfall (SES),
which measures the conditional capital shortfall of a financial firm. Adrian and Brunnermeier
(2011) develop another measure of systemic risk (CoVaR) which is the VaR of the financial system
conditional on institutions being under stress. Huang et al. (2011) measure systemic risk as the
marginal contribution of a financial firm to the distress insurance premium of the financial
sector. Allen et al. (2012) propose a system wide systemic risk index called CATFIN, which
associates systemic risk to the VaR of the financial system. Brownlees and Engle (2016) introduce
a measure of systemic risk, called SRISK, that merges market and balance sheet information and
it depends not only on equity volatility and correlation, but also explicitly depends on the size
and the degree of leverage of a financial firm. Engle et al. (2015) apply the SRISK methodology to
the European financial institutions.
This paper is organized as follows. Section 2 provides an overview of the SRISK measure. Some
subtleties of the SRISK methodology are discussed and analysed in Section 3. Section 4 applies
the SRISK measure to study the systemic risk of Canadian banks and insurance companies. A
discussion of the SRISK measure is provided in Section 5. Section 6 summarises our results.
Details of our modelling approach are given in the appendix.
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2. Overview of SRISK
In Brownlees and Engle (2016) SRISK is defined as the expected capital shortfall of an institution
during a financial crisis. To translate this definition of SRISK into a mathematical formula, we
start with the following definition of capital shortfall (CS) at time 𝑡 of the 𝑖 th institution
CS𝑖,𝑡 = 𝑘𝐴𝑖,𝑡 − 𝐸𝑖,𝑡
where 𝐸𝑖,𝑡 is the market price of a firm’s equity (market capitalization), 𝑘 is the prudential capital
ratio of equity to assets, and 𝐴𝑖,𝑡 is the “quasi-market value” of assets, that is,
𝐴𝑖,𝑡 = 𝐷𝑖,𝑡 + 𝐸𝑖,𝑡

(1)

with 𝐷𝑖,𝑡 representing the book value of debt.4
In other words, a firm is considered short of capital when its market value of equity becomes
smaller than some fraction, 𝑘, of its “quasi” assets. Since we want to measure the systemic risk
of an institution, we evaluate the expected capital shortfall (𝐸𝐶𝑆) of the institution 𝑖 during a
financial crisis between times 𝑡 and 𝑡 + 𝑇, that is,
𝐸𝐶𝑆𝑖,𝑡:𝑡+𝑇 = 𝔼𝑡 [𝑘𝐴𝑖,𝑡+𝑇 − 𝐸𝑖,𝑡+𝑇 |𝐶𝑟𝑖𝑠𝑖𝑠𝑡:𝑡+𝑇 ]

(2)

where 𝔼 is the expectation operator. The “systemic” nature of this definition comes from the
fact that capital shortfall is evaluated under the assumption that the financial system is already in
crisis, implying that the bankruptcy of a firm cannot be easily absorbed. Obligations will spread
throughout both the financial and real economy and the natural functions of the financial sector
will be curtailed. When the financial system is undercapitalised, it will no longer supply credit for
ordinary everyday business and the economy will suffer.
Based on the assumption that the expected value of debt does not change during the crisis, it
can be shown that
𝐸𝐶𝑆𝑖,𝑡:𝑡+𝑇 = 𝑘𝐷𝑖,𝑡 − (1 − 𝑘)(1 − 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡:𝑡+𝑇 )𝐸𝑖,𝑡

(3)

where 𝐿𝑅𝑀𝐸𝑆 (Long-Run Marginal Expected Shortfall) is the expected percentage loss of a firm's
equity value in the event of a crisis, i.e., 𝐿𝑅𝑀𝐸𝑆𝑖,𝑡:𝑡+𝑇 = −𝔼𝑡 [

𝐸𝑖,𝑡+𝑇
𝐸𝑖,𝑡

− 1| 𝐶𝑟𝑖𝑠𝑖𝑠𝑡:𝑡+𝑇 ]. Assuming

that a crisis occurs when the return on the market index falls by 40% over some time period (e.g.
6 months) 𝐿𝑅𝑀𝐸𝑆 is given by
4

The term “quasi-market value” of assets is to reflect the fact that we use the book value of debt (not its market
value) together with market value of equity.
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𝐿𝑅𝑀𝐸𝑆𝑖,𝑡:𝑡+𝑇 = −𝔼𝑡 [𝑅𝑖,𝑡:𝑡+𝑇 |𝑅𝑚,𝑡:𝑡+𝑇 ≤ −0.4]
where 𝑅𝑖,𝑡 is the cumulative return on a firm’s equity, and 𝑅𝑚,𝑡 is the cumulative return on the
market index defined as
𝑇

𝑅∗,𝑡:𝑡+𝑇 = 𝑒𝑥𝑝 (∑ 𝑟∗,𝑡+𝑗 ) − 1,

∗ ∈ {𝑖, 𝑚}

𝑗=1

with 𝑟𝑖,𝑡 and 𝑟𝑚,𝑡 representing the log-return of institution 𝑖 and the log-return of the market
index, respectively. The cumulative returns are evaluated over the same period of time (e.g., 6
months) in the future. 𝐿𝑅𝑀𝐸𝑆 captures the co-movement of the institution with the market; a
high 𝐿𝑅𝑀𝐸𝑆 corresponds to a high correlation between the institution and the market during a
crisis.
The systemic risk (𝑆𝑅𝐼𝑆𝐾) of an institution is defined as positive expected capital shortfall
𝑆𝑅𝐼𝑆𝐾𝑖,𝑡:𝑡+𝑇 = 𝑚𝑎𝑥(𝐸𝐶𝑆𝑖,𝑡:𝑡+𝑇 , 0),
implying that a firm with capital surplus has an 𝑆𝑅𝐼𝑆𝐾 value of zero.
In order to analyse SRISK dynamics, we can use the following equation
((1 − 𝑘)𝐸̅𝑖 ) △ 𝐿𝑅𝑀𝐸𝑆𝑖 + ⏟
△ 𝐸𝐶𝑆𝑖 = 𝑘⏟△ 𝐷𝑖 + ⏟
(−(1 − 𝑘)(1 − ̅̅̅̅̅̅̅̅̅̅
𝐿𝑅𝑀𝐸𝑆𝑖 )) △ 𝐸𝑖
△(𝐷)𝑖

△(𝑅𝑖𝑠𝑘)𝑖

(4)

△(𝐸)𝑖

where △ 𝐸𝐶𝑆i = ECSi,τ:τ+T − ECSi,t:t+T , 𝜏 > 𝑡 is the change in 𝐸𝐶𝑆 of institution 𝑖 between
times 𝑡 and 𝜏, 𝐸̅ and ̅̅̅̅̅̅̅̅̅̅
𝐿𝑅𝑀𝐸𝑆 are defined as the average of the initial (time 𝑡) and final (time 𝜏)
values of the corresponding variables. In the following sections we refer to (4) as the change in
𝑆𝑅𝐼𝑆𝐾 (not the change in 𝐸𝐶𝑆) since, in most cases, the firms’ 𝐸𝐶𝑆 are nonnegative. The
equation (4) allows us to decompose the change in 𝑆𝑅𝐼𝑆𝐾 into a weighted sum of changes in
debt, 𝐿𝑅𝑀𝐸𝑆, and market value of equity.
The following example illustrates how one would evaluate 𝑆𝑅𝐼𝑆𝐾 for a hypothetical institution,
ABC (see Figure 1). First, we define criteria for identifying a financial crisis. We then simulate
various market scenarios and determine which meet our crisis criteria. A depiction of six
simulated scenarios, three of which have been identified as crises, can be seen in Figure 1 (a).
Lastly, the market equity value of firm ABC is simulated for each crisis scenario (Figure 1 (b)).
Based on these equity values, the firm's current debt and the firm's current market equity, the
SRISK of the firm can be evaluated.

global risk institute

6

Analysis of the SRISK Measure and Its Application
to the Canadian Banking and Insurance Industries

(a) Scenarios of Broad Market Index,
(returns)

(b) ABC's equity value for crisis
scenarios, (returns)

1.2

0.2

0.7

0

0.2

-0.2
-0.4

-0.3

-0.6
crisis
scenarios -0.8
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Figure 1. Steps for systemic risk analysis. (a) Simulated market scenarios;
(b) Equity values under the crisis scenarios.

Firm specific SRISK can also be used to construct a system-wide measure of financial distress. The
total amount of systemic risk in a financial system consisting of N institutions, referred to as
aggregate SRISK, is measured as
𝑁

𝑆𝑅𝐼𝑆𝐾𝑡:𝑡+𝑇 = ∑ 𝑆𝑅𝐼𝑆𝐾𝑖,𝑡:𝑡+𝑇
𝑖=1

Aggregate SRISK can be thought of as the total amount of capital that the government would
have to provide to bail out the financial system conditional on a financial crisis. Note that in the
calculation of aggregate SRISK we ignore firms that have capital surplus (negative capital
shortfall). This is due to the fact that it is unlikely that capital will be easily mobilized through
mergers, private markets or loans during this time.
It may also be insightful to consider the institution's contribution to the financial system's capital
shortfall. The percentage SRISK of the 𝑖 th institution is evaluated as
𝑆𝑅𝐼𝑆𝐾%𝑖,𝑡:𝑡+𝑇 =

𝑆𝑅𝐼𝑆𝐾𝑖,𝑡:𝑡+𝑇
,
𝑆𝑅𝐼𝑆𝐾𝑡:𝑡+𝑇

𝑖𝑓 𝑆𝑅𝐼𝑆𝐾𝑡:𝑡+𝑇 > 0

In the next sections we discuss the SRISK methodology described in this section and apply it to
the Canadian banking and insurance industries.
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3. SRISK evaluation
In this section we discuss some important subtleties of the SRISK evaluation. In particular, we
consider the choice of the prudential capital ratio, k, and the importance of distinguishing
between the banking and insurance industries.
3.1 Prudential Capital Ratio
The systemic risk, as measured by SRISK, can vary significantly depending on the value of
parameter k, the prudential capital ratio. Figure 2 shows an example of SRISK sensitivity to the
prudential capital ratio.
SRISK as a function of prudential capital ratio (k)
(in million USD)
140,000
120,000
100,000
80,000
60,000
40,000
20,000
0
8.0%

7.5%
Prudential Financial

7.0%

6.5%

Metlife

Lincoln National

6.0%
The Hartford

5.5%

5.0%

Genworth

Figure 2. SRISK as a function of the prudential capital ratio (June 30, 2016)

From Figure 2 it can be observed that overall SRISK decreases by almost 50% as the value of k
decreases from 8% to 5%. According to the literature pertaining to the SRISK methodology, the
choice of k should be based on the analysis of the historical capital ratio (Brownlees and Engle
(2016)) and accounting standards (Engle et al. (2015)).
Historical capital ratio
In Brownlees and Engle (2016) the choice of k=8% is based on the capital ratio maintained by
well-managed, large financial institutions in normal times. The capital ratio is defined as
𝐸𝑞𝑢𝑖𝑡𝑦
𝐷𝑒𝑏𝑡 + 𝐸𝑞𝑢𝑖𝑡𝑦
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where Equity is the market value of equity and Debt is the book value of debt (see Section 2). It
should be noted that when an institution’s capital ratio is equal to k, its expected capital shortfall
is equal to zero (see formulae (1) and (2)). Therefore, the value of k should be based on the
historical capital ratio over the period when the institution is deemed to be capitalised just
enough to be solvent.
For example, Brownlees and Engle (2016) use spring 2009 to spring 2011 as a “normal” operating
period. During this period the prudential capital ratio used by Wells Fargo was about 10% while
JP Morgan was closer to 7% (see Figure 3 (a) and (b)). Based on these estimates the authors
assume that k=8%. Interestingly, the same analysis for Canadian banks yields similar numbers
(see Figure 3 (c) and (d)).5

(a) Wells Fargo
24%
22%
20%
18%
16%
14%
12%
10%
8%
6%
4%

(b) JPM
13%
12%
11%
10%
9%
8%
7%
6%
5%
4%

(d) CIBC

(c) TD Bank
12%
11%
10%
9%
8%
7%
6%
5%
4%

12%
11%
10%
9%
8%
7%
6%
5%
4%

Figure 3. Historical capital ratio of banks
(a) Wells Fargo (b) JP Morgan (c) TD bank (d) CIBC
5

The graphs for Royal Bank of Canada (RBC), Bank of Montreal (BMO), and Scotiabank provide similar estimates.
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When performing the historical capital ratio analysis, it should be understood that the Canadian
financial system was in a healthier state than its American counterpart after the 2007-2009
financial crisis. According to the IMF Country Report (2009), the capital requirements for
Canadian banks during that time were more stringent than those called for by Basel II and by all
other G7 bank regulators. Canadian banks were required to hold at least 7% of risk-weighted
assets in Tier 1 capital (versus 6% in the US), and at least 10% of risk-weighted assets in total
capital (versus 8% in most other G7 countries). This observation implies that the historical capital
ratio analysis provided above may overestimate the prudential capital ratio (k) for Canadian
banks. One can reasonably argue that the prudential capital ratio should be less than 8% when
SRISK is calculated for Canadian banks.
Accounting standards
When assessing the systemic risk in Europe, Engle et al. (2015) used a k=5.5%. The rationale for
this choice is the difference in accounting standards: US uses Generally Accepted Accounting
Principles (GAAP), whereas European companies are under International Financial Reporting
Standards (IFRS). In contrast to IFRS, US GAAP reports derivatives as net rather than gross and as
a result, derivatives represent a negligible portion of US financial institutions’ balance sheet
assets (see Figure 4). In order to make a valid cross-regional comparison, the value of k must
therefore be different for the two regions.

Derivatives to Assets
(American banks)
5%
4%
3%
2%

BOA

JPM

Citigroup

Figure 4. The ratio of Derivative Assets (netted) to Total Assets for American banks

Engle et al. (2015) state that under IFRS the total assets of large US banks would be 40-60%
larger. One way to deal with this difference in accounting standards is to use a different value of
parameter k. Since the Assets are multiplied by k in the capital shortfall definition (1), an
appropriate value of k that would reflect the difference in accounting standards is:
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1

0.08

0.08

× (1+0.4 + 1+0.6) ≈ 0.054 or, rounding to the nearest half, 0.055. However, we note that
2
European banks are relatively non-uniform with respect to the derivative-to-assets ratio (see
Figure 5 (a)) and using one value of k for all European banks is problematic.
A more suitable way of handling the difference in accounting standards may be to use an
institution specific value of k, such as
0.08 ×

𝐴𝑠𝑠𝑒𝑡𝑠𝑈𝑆 𝐺𝐴𝐴𝑃

(5)

𝐴𝑠𝑠𝑒𝑡𝑠𝐼𝐹𝑅𝑆

where 𝐴𝑠𝑠𝑒𝑡𝑠𝑈𝑆 𝐺𝐴𝐴𝑃 (𝐴𝑠𝑠𝑒𝑡𝑠𝐼𝐹𝑅𝑆 ) are the assets as reported under US GAAP (IFRS).
In this respect, it is worth emphasising that Canadian financial institutions also report under IFRS.
This fact implies that the default value of k=8% used on the V-Lab webpage for Canadian
institutions is inconsistent. Figure 5 (b) shows the ratio of total derivative assets to total assets
for three Canadian banks.

(a) Derivatives to Assets
(European banks)

(b) Derivatives to Assets
(Canadian banks)

44%
39%
34%
29%
24%
19%
14%
9%

14%
12%
10%
8%
6%
4%
2%

Deutsche Bank

RBS

HSBC

TD

RBC

CIBC

Figure 5. The ratio of Derivative Assets (gross) to Total Assets for
(a) European banks (b) Canadian banks

As one can see from Figure 5 (b), Canadian banks are less active in the derivatives market as
compared to their European counterparts. In addition, the derivatives-to-assets ratio appears to
be more uniform across the Canadian banks. To get some idea of a possible k adjustment for
Canadian banks, we look at TD’s report on reconciliation of Canadian GAAP (C GAAP) and US
GAAP.6 Although Canadian banks do not report under C GAAP anymore, we would like to note
that the derivative assets are reported as gross under both C GAAP and IFRS.
6

https://www.td.com/document/PDF/investor/2011/td-investor-2011-q2-11-us-gaap-reconciliation-e.pdf
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According to the report, as of April 30, 2011, TD’s derivative assets under C GAAP were 50,208
million CAD, whereas under US GAAP they totaled to 10,806 million CAD. In other words, the
difference in derivative assets under the two accounting standards was 39,402 million CAD. Since
the total assets under C GAAP were 629,867 million CAD, the formula (5) implies that the proper
629,867−39,402
value of k should be 0.08 ×
≈ 0.075, or, equivalently, k=7.5%. Similarly, October
629,867
31, 2010 data from the report yields the same estimate for k. Taking into account the relatively
uniform derivatives-to-assets ratios across Canadian banks (see Figure 5 (c)), the value of k=7.5%
seems to be appropriate if one value of k is to be used for all Canadian institutions.7 Table 1
shows the SRISK values of Canadian banks for different values of the prudential capital ratio.
Table 1. SRISK of Canadian banks for different values of k, in million CAD (June 30, 2016)

TD bank
Scotiabank
BMO
RBC
CIBC

SRISK (k=8%)
16,320
15,336
15,443
10,442
12,328

SRISK (k=7.5%)
10,664
10,848
12,035
4,618
9,915

As follows from Table 1, the proposed value of k=7.5% substantially reduces the SRISK values of
Canadian banks. For example, the SRISK of RBC decreases by more than 50% when k=7.5% is
used instead of previously used k=8%. Furthermore, the change in prudential ration also affects
the ranking and while TD bank tops the list for k=8%, it becomes third when k=7.5%.
3.2 Insurance Companies
Brownlees and Engle (2016) express that among the possible extensions of the baseline model
(k=8%), one could think of using different values of the prudential capital ratio k for different
types of institutions. However, as argued in Acharya and Richardson (2014), the appropriate
value of k is less clear for insurance companies.
Historical capital ratio
Consider the historical capital ratios for insurance companies in the US and in Canada. Typical
graphs are shown in Figure 6.8

7

We would like to emphasize that this analysis ignores the differences in other non-derivative balance sheet
categories that result in accounting standard differences.
8
The book values of Debt used in the historical capital ratio calculation were adjusted for the segregated fund (see
section ‘Segregated Fund Adjustment’).
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(c) Manulife

(d) Sun Life

34%

29%

29%

24%

24%

19%

19%
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9%
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Figure 6. Historical capital ratios for insurance companies
(a) MetLife (b) Genworth (c) Manulife (d) Sun Life

A rough calculation shows that from spring 2009 to spring 2011 the prudential capital ratios of
MetLife, Genworth, Manulife, and Sun Life were 7%, 6%, 14%, and 14%, respectively. Therefore,
the value of k=6.5% may be an appropriate prudential ratio for the US insurance companies,
while k=14% may be more suitable for Canadian insurance companies. However, it should be
noted that the threshold value of 14% for Canadian companies may be an overestimate since,
compared to the US, the Canadian economy was in a healthier state after the financial crisis. As
this example shows, it is difficult to pin down one value of k for Canadian and US insurance
companies based on the historical prudential capital ratio analysis.
There is also evidence that suggests the prudential capital ratio of 8% is too conservative for
some insurance companies (see Acharya and Richardson (2014)). This is especially true for
global risk institute
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property-casualty insurance companies as their market value of equity covers a higher fraction of
total assets. If the capital ratio of an insurance company were to fall to 8%, this level would be far
from normal. In summation, the above analysis demonstrates the difficulty of specifying the
value of k for the insurance sector.
Segregated funds adjustment
As discussed in the Introduction, the inclusion of segregated funds into the actuarial liabilities
gives a misleading impression that insurance companies are highly leveraged. In this section we
modify the SRISK methodology by adjusting the book value of debt for the segregated funds
(assuming k=8% for US and k=7.5% for Canadian institutions). When evaluating SRISK for
insurance companies the Debt is decreased by the value of the segregated funds (see formula
(3)). We denote the adjusted SRISK values by SRISKa. Segregated accounts include products such
as variable life insurance policies, variable annuities, and pension products – all of which have
some market-based risks that are borne by contract and account holders, not the insurance
company. Table 2 shows the SRISK and SRISKa values as well as the liabilities (book value) and
segregated funds values for five insurance companies in the US and four insurance companies in
Canada.
Table 2. SRISK and SRISKa for US and Canadian insurance companies (June 30, 2016)9
US insurance companies (in million USD)
SRISK
SRISKa
Seg.Fund
Prudential
43,835
21,315
281,501
Metlife
54,754
30,270
306,047
Lincoln National
16,928
7,048
123,506
Hartford
7,943
0
118,361
Genworth
6,725
6,115
7,624

Debt
723,730
841,463
241,060
209,381
91,200

Canadian insurance companies (in million CAD)
SRISK
SRISKa
Seg.Fund
Manulife
34,739
12,337
298,684
Great-West Life
7,303
0
193,001
Sun Life
3,079
0
89,795
Intact
0
0
0

Debt
656,000
365,714
225,721
15,362

There are three important observations to be made from Table 2. First is that the segregated
funds adjustment yields a substantial reduction in SRISK values. For example, as of the end of Q22016, the overall SRISK is reduced by more than 50% when the segregated funds are accounted
for. Second, the adjustment may change the ranking of the insurance companies based on their
systemic risk. For instance, without the adjustment Hartford is more systemically risky than
9

The balance sheet data is for the last quarter before June 30, 2016, that is, Q1, 2016.
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Genworth, whereas exactly the opposite holds after the adjustment. Third, the segregated funds
adjustment can reduce the SRISK values to such an extent that companies with positive SRISK are
not systemically risky under the adjusted SRISK measure.10 It follows that the segregated funds
adjustment can have a significant impact on the SRISK measure of insurance companies.
Debt
Another issue with SRISK’s application to the insurance sector is that formula (3) is based on the
assumption that Debt does not change significantly during a financial crisis. Although this
assumption may typically be valid for banks, it may not hold for insurance companies. Insurance
companies have variable annuity guarantees included in their liabilities. If not properly hedged,
these guarantees will change in value during a financial crisis (see also, Scott et al. (2016)).
Therefore, without analysing the liability structure of the insurance company, it is difficult to
determine whether or not the SRISK methodology can be sensibly applied.

4. Analysis of Canadian banking and insurance sectors
In this section we analyse SRISK for Canadian financial institutions based on the adjustments
explained in the previous section, that is, the modification for segregated funds and setting
k=7.5%. In addition to a world-wide crisis (40% drop in MSCI World Index) we also consider a
local crisis as a 40% drop in S&P/TSX Composite Index. The threshold of 40% on market index
returns is consistent with historical data (see Figure 7).

10

It is also the case that the dynamics of SRISK can change after the adjustment. It can be shown that over the last
decade there is an obvious upward trend of total SRISK for the US insurance companies under consideration,
a
whereas there is no observable trend in SRISK .
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(a) MSCI World Index (in CAD)
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Figure 7. MSCI World Index (a) and S&P/TSX Composite Index (b)

The first drawdown of S&P/TSX and MSCI indices over the time span depicted in Figure 7
occurred when the Internet bubble burst and the second occurred during the subprime crisis.
Based on the market declines observed during these two crises, we can conclude that the
assumption of a 40% drawdown per decade is consistent with historical data.
The joint dynamics of a firm’s equity and the market index is modelled by a GARCH-DCC model
(Engle (2002, 2009)). To evaluate LRMES, an important constituent of the SRISK methodology
(see formula (3)), we employ the semi-parametric bootstrap approach of Brownlees and Engle
(2016). To make the paper self-contained, we describe the GARCH-DCC model and LRMES
calculation algorithm in the Appendix. We use Bloomberg data from January 3, 2000 to June 30,
global risk institute

16

Analysis of the SRISK Measure and Its Application
to the Canadian Banking and Insurance Industries

2016 to estimate the parameters of the model. All time-series are converted into Canadian
dollars based on end-of-day exchange rates reported by Bloomberg.
4.1 Global crisis
First we analyse the case when the market, modelled by MSCI World index, falls by 40% over the
next six months. Quarterly dynamics of SRISK for Canadian banks and SRISKa for Canadian
insurance companies are shown in Figure 8.

(a) SRISK for Canadian Banks, k=7.5% (in million CAD)
100,000
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CIBC

(b) SRISK for Canadian Insurance Companies (in million CAD)
14,000
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10,000
8,000
6,000
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Manulife

Sunlife

GWL

Intact

Figure 8. (a) SRISK for Canadian banks and (b) SRISKa for Canadian insurance companies (global crisis)
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The analysis of Figure 8 (a) yields the following four observations. First, since the 2007-2009
financial crisis, SRISK values of the top five Canadian banks saw an overall decrease. Second, in
2016 the systemic risk values were relatively uniform across all five banks implying that all
institutions would (almost equally) contribute to the risk during a financial crisis. Third, the
systemic risk in the banking sector reached its five-year maximum in January 2016 which can be
attributed to the fact that MSCI World index (the market) was volatile, losing approximately 10%
in the first three weeks of the month. The main drivers behind MSCI’s decline were the declining
price of oil and concerns regarding China’s economic slowdown. In addition, Canadian firms were
faced with increased volatility in the Canadian market and a weaker Canadian dollar. Fourth, the
systemic risk of Canadian banks significantly increased over the last two years. To understand the
causes of this increase we apply formula (4) and decompose the changes in SRISK into changes in
debt, LRMES, and market capitalization (see Table 3).
Table 3. Change in SRISK due to Debt, LRMES, and Equity changes, in million CAD
(Dec.2015-Jun.2016)

∆(D)

31-Dec-14
31-Mar-15
30-Jun-15
30-Sep-15
31-Dec-15
31-Mar-16
30-Jun-16

∑∆(D)

∆(Risk)

31-Dec-14
31-Mar-15
30-Jun-15
30-Sep-15
31-Dec-15
31-Mar-16
30-Jun-16

∑∆(Risk)

∆(E)

∑∆(E)

31-Dec-14
31-Mar-15
30-Jun-15
30-Sep-15
31-Dec-15
31-Mar-16
30-Jun-16

TD

Scotiabank

BMO

RBC

CIBC

Total

2,799
8,493
-3,613
4,791
308
4,842
-3,371

1,004
3,318
-1,086
1,791
-531
4,571
-1,712

54
6,108
-2,837
2,766
-2,384
4,178
-1,143

1,926
10,742
-4,151
3,701
-976
9,015
-3,617

691
2,222
-482
1,309
373
1,148
-52

6,473
30,883
-12,168
14,359
-3,210
23,754
-9,896

14,250

7,355

6,742

16,639

5,210

50,196

1,839
-3,052
2,660
5,939
3,546
-10,752
6,735

923
1,928
-1,997
4,359
3,646
-6,397
1,557

-694
-808
1,277
3,053
654
-2,524
193

376
2,472
-2,433
4,554
7,057
-9,241
3,552

1,555
-708
-74
2,963
1,081
-2,092
1,894

3,999
-169
-566
20,868
15,985
-31,006
13,931

6,914

4,019

1,151

6,337

4,621

23,042

-407
1,635
1,437
552
-2,039
-2,114
657

2,666
2,728
-810
4,863
2,380
-5,936
103

55
3,144
1,043
648
-2,211
-374
-1,386

-241
4,005
-35
2,620
-2,370
-772
-1,614

208
2,294
-82
-1,068
1,216
-1,342
-22

2,279
13,805
1,554
7,616
-3,024
-10,538
-2,261

-280

5,993

918

1,593

1,206

9,431
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Analysis of Table 3 reveals that the substantial increase in SRISK starting from December 2015 is
primarily due to the increase in liabilities across the Canadian banks. It should also be noted that
changes in other variables (LRMES and market capitalization) also contributed to the increase,
but to a somewhat smaller extent.
Manulife was the only insurance company, out of the four listed in Figure 8 (b) that experienced
an increase in SRISKa values in 2016. Table 4 provides a decomposition of changes in Manulife’s
SRISKa into changes in debt, LRMES, and market capitalization.
Table 4. Change in Manulife’s SRISKa due to Debt, LRMES, and Equity changes, in million CAD
(Mar.2016-Jun.2016)

∆(D)
∆(Risk)
∆(E)
Total

31-Mar-16
650
1,480
2,836
4,966

30-Jun-16
590
6,255
697
7,542

Total
1,240
7,735
3,534
12,509

It follows from Table 4 that from April 2016 until July 2016 Manulife’s SRISKa value increased to
12,509 million CAD, which can largely be attributed to the increase in its market risk
(∆(Risk)=6,255).
In case of a global crisis it makes sense to compare total SRISK values across different countries
(e.g., Canada, the US, Europe). Although such a comparison is not within the scope of this paper,
we would like to point out that to make a valid cross-country comparison one should account for
the size of the economies. In particular, total SRISK of 10 billion USD could be regarded as small
for the US economy, but unacceptably large for Finland. To adjust for economy size one could
divide total SRISK values by the corresponding values of GDP and then make the comparison.
4.2 Local crisis
Finally we consider the case of a local crisis, that is, when S&P/TSX Composite Index falls by 40%.
Figure 9 shows the corresponding SRISK and SRISKa values.
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(a) SRISK for Canadian Banks (in million CAD)
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Figure 9. (a) SRISK for Canadian banks and (b) SRISKa for Canadian insurance companies (local crisis)

Although Figure 9 (a) looks somewhat similar to Figure 8, there is one noticeable difference. As
one would expect, SRISK values are larger in the case of a local crisis since Canadian institutions
are more correlated with the local equity index than with the global index. For example, the total
SRISK in June 2016 based on a local crisis is more than 50% larger than its corresponding value in
the case of a global crisis. However, the observed SRISK dynamics remain largely the same
regardless of whether a global or local crisis scenario is used. Moreover, the drivers behind the
notable increase in SRISK over the last two years are similar to those mentioned for the global
crisis. Consequently, the decomposition of the changes in SRISK for the local crisis were very
similar to Table 2, and thus were not provided.
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5. Discussion of Section 3 and Section 4
The analysis presented in Section 3 demonstrates that one should exercise caution when using
the SRISK methodology. Although SRISK is defined as the positive expected capital shortfall, the
issues raised in Section 3 suggest that a somewhat different interpretation of the results should
be taken when using this measure.
On the one hand, the following facts make SRISK a useful component of systemic risk analysis:
 Brownlees and Engle (2016) show that SRISK was a significant predictor of the capital
injections carried out by the Fed during the 2007-2009 financial crisis.
 SRISK delivers useful rankings of systemically risky firms. For example, the SRISK rankings
identified Fannie Mae, Freddie Mac, Morgan Stanley, Bear Stearns and Lehman Brothers
as top systemic contributors as early as Q1-2005.
 Aggregate SRISK provides early warning signals of worsening macroeconomic conditions.
Brownlees and Engle (2016) show that an increase in SRISK predicted future declines in
industrial production and increases in the unemployment rate, and that the predictive
ability of aggregate SRISK is stronger at longer horizons.
 An important difference between SRISK and the majority of market-based systemic risk
indices (e.g., CoVaR of Adrian and Brunnermeier (2011), CATFIN of Allen et al. (2011),
etc.) is that it does not only depend on equity volatility and correlation, but it also
explicitly depends on the size and the degree of leverage of a financial firm.
On the other hand, consider for example Figure 8 (a). According to the figure, the expected
capital shortfall of the top five Canadian banks was about 80 billion CAD at the end of 2008, or
more than 5% of Canadian GDP. This seems to be somewhat at odds with what was actually
observed during the crisis. Canadian financial institutions did not require bailout funds from the
government and overall, Canada faired relatively well during this period. However, there is still
some controversy about the strength of the Canadian banking system during the crisis with some
arguing that the Bank of Canada’s liquidity provision helped the sector avoid any bailouts.11
Overall, there seems to be no real evidence suggesting that the SRISK value of a given Canadian
bank is equal to its expected capital shortfall. Perhaps, SRISK for Canadian banks should be
regarded as the propensity of a bank to suffer severe losses during a crisis. Indeed, at the onset
of the 2007-2009 financial crisis, CIBC had high values of SRISK, whereas TD’s SRISK was rather
negligible. As it turned out, CIBC experienced large losses during the crisis, while TD’s writedowns were smaller.12

11

Canada Bank Bailout: Yes, There Was One, And Here’s Why It’s Important To Remember That. The Huffington
Post, May 1, 2012
Don’t Call it a Bailout. It Wasn’t. The Huffington Post, May 1, 2012
12
U.S. financial crisis hits CIBC. Toronto Star, March 17, 2008.
TD bank reports $350M in credit losses. Toronto Star, November 29, 2008.
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In addition, SRISK values can fluctuate quite substantially when different return modelling
approaches are used or when the specifications for the crisis threshold and length are changed.
For example, reducing the crisis threshold by 5% (from 40% to 35%) decreases SRISK by 20% (3
billion USD) for TD as of June 30, 2016. Moreover, NYU’s V-Lab allows one to choose between
two methods of estimating LRMES (see Section 2): CAPM-beta (MES option on the website) and
the bootstrap approach (MESSIM option on the website). On June 30, 2016, SRISK for Wells
Fargo was 7,119 million USD using CAPM-beta and 38,758 million USD using the bootstrap
approach. SRISK under the bootstrap approach was 5 times larger than under CAPM-beta
approach. These observations suggest that the margin of error due to model and parameter
uncertainty may be substantial.
Taking into account the above arguments, the following interpretation of SRISK analysis seems to
be appropriate. First, the upward (downward) trend in SRISK values usually indicates an increase
(decrease) in systemic risk. Second, financial institutions that ranked the most systemically risky,
based on their SRISK values, can be viewed as more prone to severe losses during a financial
crisis compared with those at the bottom of the ranking (smaller SRISK values). In summary, the
SRISK measure can be regarded as an important constituent of systemic risk analysis.

6. Summary and conclusions
In this paper we analyse and discuss possible modifications to the systemic risk measure (SRISK)
that was developed by NYU Volatility Institute. We examine the impact and the choice of the
prudential capital ratio parameter for banks and insurance companies. It is shown that when the
SRISK methodology is applied to insurance companies, the segregated funds adjustment
significantly decreases SRISK values. Careful examination of SRISK dynamics for Canadian banks
suggests that instead of expected capital shortfall it would be more suitable to interpret SRISK
values as propensity of financial institutions to have large losses during a financial crisis. Taking
into account the considered adjustments to the SRISK evaluation, we study the systemic risk of
Canadian banks and insurance companies.
The comparison of the US and Canadian accounting standards shows that the prudential capital
ratio of 7.5% is more appropriate for Canadian institutions (instead of the currently used 8% on
NYU V-Lab webpage). We also demonstrate that the segregated funds adjustment significantly
reduces the systemic risk of insurance companies. When the methodology is applied to the
Canadian institutions, we separately study a global financial crisis (40% decrease in MSCI World
Index) and a local financial crisis (40% decrease in S&P/TSX Composite Index). As anticipated,
local crises are more impactful and result in higher estimates of systemic risk for both banks and
insurance companies. Overall, the application of the SRISK methodology to the Canadian banking
sector reveals that starting from December 2015 the systemic risk has been increasing. For the
analysed insurance companies, only Manulife is found to be systemically risky under this
measure.
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A. Appendix (GARCH-DCC model)
Let 𝑟𝑖𝑡 = log(1 + 𝑅𝑖𝑡 ) and 𝑟𝑚𝑡 = log(1 + 𝑅𝑚𝑡 ) represent the logarithmic returns of the firm
and the market, respectively. We assume that conditional on the information set ℱ𝑡−1 available
at time 𝑡 − 1, the return pair has an unspecified distribution, 𝒟, with zero mean and time varying
covariance,
𝑟𝑖𝑡
𝜎𝑖𝑡2
[𝑟 ]| ℱ𝑡−1 ~ 𝒟 (0, [
𝑚𝑡
𝜌𝑖𝑡 𝜎𝑖𝑡 𝜎𝑚𝑡

𝜌𝑖𝑡 𝜎𝑖𝑡 𝜎𝑚𝑡
])
2
𝜎𝑚𝑡

This approach requires specifying equations for the evolution of the time varying volatilities and
correlation. We opt for the GJR-GARCH volatility model and the standard DCC correlation model
(Glosten et al. (1993)). The GJR-GARCH model equations for the volatility dynamics are as
follows:
2
2
−
2
𝜎𝑖𝑡2 = 𝜔𝑉𝑖 + 𝛼𝑉𝑖 𝑟𝑖𝑡−1
+ 𝛾𝑉𝑖 𝑟𝑖𝑡−1
𝐼𝑖𝑡−1
+ 𝛽𝑉𝑖 𝜎𝑖𝑡−1
,
2
2
−
2
2
𝜎𝑚𝑡
= 𝜔𝑉𝑚 + 𝛼𝑉𝑚 𝑟𝑚𝑡−1
+ 𝛾𝑉𝑚 𝑟𝑚𝑡−1
𝐼𝑚𝑡−1
+ 𝛽𝑉𝑚 𝜎𝑚𝑡−1
,
−
with 𝐼𝑖𝑡− = 1 if {𝑟𝑖𝑡 < 0} and 𝐼𝑚𝑡
= 1 if {𝑟𝑚𝑡 < 0}. The DCC specification models correlation
through the volatility adjusted returns 𝜖𝑖𝑡 = 𝑟𝑖𝑡 ⁄𝜎𝑖𝑡 and 𝜖𝑚𝑡 = 𝑟𝑚𝑡 ⁄𝜎𝑚𝑡

𝜖𝑖𝑡
1
𝐶𝑜𝑟 (𝜖 ) = 𝑅𝑡 = [
𝜌𝑖𝑡
𝑚𝑡

𝜌𝑖𝑡
] = 𝑑𝑖𝑎𝑔(𝑄𝑖𝑡 )−1⁄2 𝑄𝑖𝑡 𝑑𝑖𝑎𝑔(𝑄𝑖𝑡 )−1⁄2 ,
1

where 𝑄𝑖𝑡 is the so-called pseudo correlation matrix. The DCC model then specifies the dynamics
of the pseudo-correlation matrix 𝑄𝑖𝑡 as
𝜖𝑖𝑡−1 𝜖𝑖𝑡−1 ′
𝑄𝑖𝑡 = (1 − 𝛼𝐶𝑖 − 𝛽𝐶𝑖 )𝑆𝑖 + 𝛼𝐶𝑖 [𝜖
] [𝜖
] + 𝛽𝐶𝑖 𝑄𝑖𝑡−1 ,
𝑚𝑡−1

𝑚𝑡−1

where 𝑆𝑖 is the unconditional correlation matrix of the firm and market adjusted returns.
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B. Appendix (LRMES estimation)
The following bootstrap approach is used to evaluate LRMES (see also Brownlees and Engle
(2016)). It assumes parameters are known while in practice we estimate parameters using all of
the information available up to time 𝑇.
1. Construct the GARCH-DCC standardized innovations
𝑟

𝑟

𝑟

2
𝜖𝑚𝑡 = 𝜎𝑚𝑡 and 𝜉𝑖𝑡 = (𝜎𝑖𝑡 − 𝜌𝑖𝑡 𝜎𝑚𝑡 )⁄√1 − 𝜌𝑖𝑡
,
𝑚𝑡

𝑚𝑡

𝑖𝑡

for each 𝑡 = 1, … , 𝑇. Note that by construction 𝜖𝑚𝑡 and 𝜉𝑖𝑡 are zero mean, unit variance
and cross-sectionally as well as serially uncorrelated.
2. Sample with replacement 𝑆 × ℎ pairs of standardized innovations [𝜉𝑖𝑡 , 𝜖𝑚𝑡 ]′ . Use these
to construct 𝑆 pseudo samples of GARCH-DCC innovations from period 𝑇 + 1 to period
𝑇 + ℎ, that is
[

𝑠
𝜉𝑖𝑇+𝑡
]
𝑠 = 1, … , 𝑆.
𝑠
𝜖𝑚𝑇+𝑡
𝑡=1,…,ℎ

3. Use the pseudo samples of GARCH-DCC innovations as inputs of the DCC and GARCH
filters respectively using as initial conditions the last values of the conditional correlation
2
2
𝜌𝑖𝑇 and variances 𝜎𝑖𝑇
and 𝜎𝑚𝑇
. This step delivers 𝑆 pseudo samples of GARCH-DCC
logarithmic returns from period 𝑇 + 1 to period 𝑇 + ℎ conditional on the realized process
up to time 𝑇, that is
[

𝑠
𝑟𝑖𝑇+𝑡
]
| ℱ𝑇 𝑠 = 1, … , 𝑆.
𝑠
𝑟𝑚𝑇+𝑡
𝑡=1,…,ℎ

4. Construct the multi-period arithmetic firm return of each pseudo sample
ℎ
𝑠
𝑅𝑖𝑇+1:𝑇+ℎ

𝑠
= 𝑒𝑥𝑝 {∑ 𝑟𝑖𝑇+𝑡
}−1,
𝑡=1

𝑠
and compute the multi-period arithmetic market return 𝑅𝑚𝑇+1:𝑇+ℎ
analogously.

5. Compute 𝐿𝑅𝑀𝐸𝑆 as the Monte Carlo average of the simulated multi-period arithmetic
returns conditional on the systemic event
𝐿𝑅𝑀𝐸𝑆𝑖𝑇 = −

𝑠
𝑠
∑𝑆𝑠=1 𝑅𝑖𝑇+1:𝑇+ℎ
𝐼{𝑅𝑚𝑇+1:𝑇+ℎ
< 𝐶}
.
𝑆
𝑠
∑𝑠=1 𝐼{𝑅𝑚𝑇+1:𝑇+ℎ < 𝐶}
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