NYU STERN SYSTEMIC
RISK RANKING




“Financial institutions are systemically important if the
failure of the firm to meet its obligations to creditors and
customers would have significant adverse consequences for
the financial system and the broader economy.” (Governor
Daniel Tarullo).

Our view is that systemic risk emerges when aggregate
capitalization of the financial sector is low. When a financial
firm’s capital is low, re-intermediation of financial services is
difficult, and, when capital is low in the aggregate, it is not
possible for other financial firms to step into the breach.



WHAT CAUSES SYSTEMIC FAILURE?

To a first approximation, a systemic financial crisis occurs if and only if
there is a capital shortfall of the aggregate financial sector:

O Financial firms could all be highly leveraged and face aggregate market exposure. A large
shock to the economy could therefore cause large aggregate losses and a capital shortfall.

O The financial sector, possibly starting from a weak point, could suffer a capital shortfall if a
highly interconnected firm fails and losses reverberate throughout the sector.

O The financial sector could also suffer a capital shortfall if a large financial firm fails and
liquidation of illiquid assets leads to fire sales which pose funding problems for other
financial firms which in turn lead to greater liquidations and more funding problems, et
cetera.

O The failure of a firm providing an essential service such as clearing or short term repo, will
be systemic if the sector is weak so that no competitor can purchase the business even at an
advantageous price.

What should be clear from the above examples is that systemic risk
is really a statement about co-dependence.



THE APPROACH

We want to estimate for firm i, the expected capital
requirements in a future crisis: (e.g. Stress Test)

E (Capital Shortfall, |Crisis)

As we have little data on crises, it is necessary to carefully
structure the problem.

the expected equity losses for a firm from a
modest decline in overall returns, MES

Extrapolate this to a full financial crisis.
Calculate capital shortages.



ALTERNATIVE APPROACHES

Supervisory Data Available
e Stress Tests such as Supervisory Capital Assessment Program

e Network models with explicit counterparty exposure
information to trace shocks such as Duffie 10 x 10 x 10

e Analysis of specific risks - who holds Greek debt and how
vulnerable are these firms?

Public Data Only
e CoVaR and its variations
* VAR of VaR, CAViaR
e CDS as in IMF and FED?
e MES
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 STRESS TESTS

The role of stress tests is similar. If the economy
weakens in particular ways, how much capital will the
firm require?

Typically these are “bottom up” measures that look at

individual assets and assess their prospects under the
stress.

If the stress is designed to reflect a future financial
crisis, then the goals are the same.

Stress tests and market based measures provide checks
for each other.
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" INTERPRETATION

If there is a crisis, which firms will need the most
capital?

Capital shortages in a crisis have major impacts on the
rest of the economy.

Crisis is an endogenous variable.

So firms that have big shortfalls in a crisis are really the
major contributors to the crisis.
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MARGINAL EXPECTED SHORTFAL

The expected shortfall of a market index is

defined by
(
ESt =E,_, \_Rm,t ‘Rm,t < C)

ES is a useful and coherent measure of risk.

Recognizing that the market return is a
weighted average of individual firm returns,

ESt — ZN_llwi E (_Ri,t ‘Rm,t < C)

MES can be interpreted as each firm’s
contribution to system losses.

MESH = Et—l(_Ri,t ‘Rm,t < C)




- DYNAMICALLY

Use flexible time series approaches to modeling
volatilities, correlations and tails.

R .= E

The Model: mO ettt
Ri,t = Oj ¢ (ptgm,t + \/l_ptz gi,t)
(‘gm,t’ i,t) ~F

Disturbances are serially independent, mean zero,
variance one, uncorrelated but not independent random

variables. Copula.
Volatilities are models
Correlations are Asymmetric DCC.



MARGINAL EXPECTED SHORTFALL

At time t, MES is given by

|VIESi,t = Et—l(_Ri
_GltpltEtl( mt)+0 \/]7Et1( |t

Firms are risky if they have high volatility

)

Firms are systemically risky if they also have high
correlations.

Market ES is the same for all firms
Estimate tail probabilities non-parametrically
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TAILS

Estimate tail probabilities non-parametrically

Calculate how often this firm’s return is in the negative
tail when the market return is in the negative tail?

Use a kernel to smooth the estimates.



SMOOTHING THE TAILS
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Equity Loss in Crisis

To estimate the fall in equity value in a crisis, an
adjustment is made to MES

~

e MES is adjusted to measure the expected fall in equity
prices that would occur in six months if the market
return is worse than a 40% decline.

e Approximately this is 18 times daily MES. The factor 18
is constant across firms and reflects the severity of the
Crisis.

This is the step.



~ MULTI-STEP FORECASTING

Simulate the bivariate outcome of (r,r,,) for six months
starting on date t using the estimated model for volatilities,
correlations and copula.

Examine all the scenarios where market return falls by at least
40%. Find average loss for firm i. R are fractional returns.

126

0 =

Et Z Ri i+
j=1

126

> R, <—40
j=1

~18

E (R

1t+1

R

m,t+1

< .02)

Factor of 18 is slightly too big, particularly after converting to
fractional returns, and does not incorporate mean reversion.



/ N /

" SRISK : CAPITAL SHORTFALL IN A CRISIS

As equity values fall in a crisis, leverage increases until
the firm is in distress.

Nominal debt is taken from Bloomberg and changes
little over time. It is from 10-K and 10-Q filings.

SRISK=min(o0,E-kA)=min(o,(1-k)E-kD) where k is a
prudential standard ratio of equity to assets such as
8%. E is equity, D is debt and A is asset value = E+D



~ SRISK%

When equity falls dramatically, CAPITAL SHORTFALL
becomes positive and it is the contribution by each
firm to aggregate SHORTFALL that is the Stern
Systemic Risk measure.

SRISK%; = SRISK; , /(Total SRISK, )

This is the calculation step.



VLAB.STERN.NYU.EDU

Daily updates of volatilities and correlations of
hundreds of assets with a variety of methodologies

New measures of Long Term Risk called the LTR
Forecasts

Systemic Risk Measures with details on the
components. These are updated weekly.
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Citigroup Correlation
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group Volatility
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group Leverage
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B ank OFf America

JP Morgan Chase

Criigrougy
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" DETAILS

Systemic RiskRankings for 2011-04-20 + (MES is e quity loss for a 2% daily market decline)

Institution

Bank Of Ametica
JP Morgan Ghase
Ciigroup
\Morgan Stanley
MetLife

WellsFargo
Goldman Sachs

Prucential Financial

American Inernation Group

Harfiord Financial Services

SRBK% RNK SRIEK ($m) MES Beta Cor Vol Lvg
7% A 122668 357 119 055 274 1746
16.3% 2 06512 335 135 070 243 123
129% 3 76697 259 091 058 198 1433
8% 4 46069 356 136 070 244 1944
8%% 5 35043 301 116 063 230 1574
2.2% B 70 327 119 061 247 B3
91% 7 30370 299 112 038 244 1074
49 8 29048 321 143 072 250 1812
48% 9 28707 380 107 046 294 1080
31% 10 18649 29 120 055 272 2066

MV
124186.6
1775052
1330719

402483
462580
151878.7

83493 1

296120
581238

12087 9



" SORT BY SIZE

Systemic Risk Rankings for 2011-04-20 v (MES is e quity loss for a 2% daily market decline)

Institution SRIEK% RNK  SRISK (5m) MES Beta Cor Vol Lvg
Berkshire Hathaway Shares 00% 77 01699 231 080 069 145 204
JP Margan Chase 168.3% 2 06512 335 130 070 243 1237
Wells Fargo 52% 6 3170 327 119 061 247 831
Citigraup 29% 3 76687 259 091 058 198 1433
Bank Of America 7% 1 122668 357 119 055 274 1746
Goldman Sachs 6% 7 30370 289 112 D58 244 1074
American Internafion Group 4.8% G 28707 380 107 046 294 1080
American Express 0% 75 20075 232 096 068 177 325
UnitedHealth Group 00% 76 -20562 262 096 045 266 177
US Bancorp 00% 45 1812 249 093 058 203 6A7

MV
2019831
1775052
151878.7
13307119
1241866

B5493 1

581238

565132
48385 1

477414



" SORT BY MES

Systemic RiskRankings for 20110420 « (MES is e quity loss fora 2% daily market decline)

Institution
MEIA
Regions Financial

American Infernation Group

T.Rowe Price
Gharles Schwab

Janus Gapifal
SLM Garporatian

Lincaln N ational
Bank Of America
Morgan Stanley

SREK% RNK SRISK (Sm) MES Beta Cor Vol Lvg
04% 21 2090 480 215 047 570 1497
1% 14 6646 381 142 064 281 139
48% 9 28707 380 107 046 294 1080
00% 61 503 378 158 083 238 102
00% 34 198 375 167 070 302 448
00% 36 592 374 171 068 36 182
230 11 13703 372 144 061 26 2/ 8
19% 12 11506 361 149 071 265 2062
7% 1 122668 357 119 055 274 1746
8% 4 46069 356 136 070 244 1944

MY
2107 4
B879.7

581238
171894

224122
2352 1

7619.1
92245
1241866
402483



" SORT BY LEVERAGE

Systemic Risk Rankings for 2011-04-20 v (MES is equity loss for a 2% daily market decline)

Institution
SLM Gorparation
HarfordFinancial Senices

Lincoln N ational

\Morgan Stanley
Prudential Financial

Genworth Financial
Bank Of America
MeiLiie

MEIA

Synowus Financial

SREK% RNK SRISK (§m) MES Beta Cor Vol
23% 1 13703 372 144 061 296
31% 10 18649 296 120 D055 272
19% 12 11006 361 149 071 265
78% 4 46069 356 136 070 244
49% 8 29048 321 143 072 20
10% 15 o712 343 133 056 293
207% 1 122668 357 119 055 274
59% b 30043 301 116 063 230
D4% 21 2090 480 215 047 5/0
02% 30 933 179 073 029 35

Lvg
2729
20 66

2062
1944

18.12
1750

1746

1574
1497

1468

MV
76191
120879

92245
402483

296120
0905 9

1241866

462380
21074

19789



WHAT IS NEW IN VLAB?

The entire calculation and web display is now recursive
so that the risk measures at any point in time use only
information that was available at that time.

We can look back at past rankings to see how well they
worked.



“A Look Back”




27 = 5 Sl

Systemic Risk Rankings for 2007-03-20 v (MES is e quity loss for a 2% daily market decline)

Institution
KMorgan Stanley

Merrill Lynch
Goldman Sachs

Fannie Mae
Freddie Mac
Gitigroup

Lehman Erothers
JP Morgan Ghase
BearSteams

Meilife
H artiord Financial Se nices

Ameriprise Financial
Frucential Financial

Washingion Mutual

Countrywide Financial

Lincoln M ational
Bank Of America

SRIEK %

16.5%
12.4%
10.0%
9.5%
8.3%
7 9%
7 B%
59%
5.7%
3.7%
2.1%
2.0%
1.6%
1.6%
12%
11%
1.0%

RNK

L =~ o L ha o=

L T,
-~ O M B L) = O W

SREK (8 m)
78,503

58,876
AT TTT
45,368
39,315
37.785
36910
28211
27253
17426
9,932
0548
7 463
7392
5,605
5,120
4,907

MES
462
419
416
342
204
3.08
450
302
447
276
266
6.36
1.71
253
274
282
288

Beta
1.71

1.45
1.63
1.21

0.79
112
1.83
1.24
1.64
1.02
0.97
2.06
0.74
1.13
1.33
1.16
1.02

Cor

0.77
0.73
084
0.67
0.59
0.77
0.73
0.78
0.70
0.71
0.73
0.81
0.63
0.56
0.51
0.80
0.79

Vol
33.1
294
288
26.7
201
21.6
37.3
237
349
21.3
19.6
31.4
17.3
297
38.7
214
19.2

Lvg
1465
1402
1033
16.08
2076
g.01
1571
B35
2218
11.36
1105
B.0G
1117
DAa3
10.36
0BG
6.80

v
838453
722237
092734 3
532184
393380

251684 5
368630
1680407
179979
47531 1
306064
13668 2
424213
35899 2
19841 4
18764 9
228177 5



DID THIS PREDICT WELL?

EIGHT OUT OF TOP TEN FAILED OR NEARLY
FAILED IN CRISIS

Morgan Stanley, Merrill Lynch, Goldman Sachs,
Fannie Mae, Freddie Mac, Citigroup, Lehman Bros, ]J.P.
Morgan Chase, Bear Stearns, Met Life.

Where are Bank of America and AIG?
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Systemic Risk Ranking Progressions

Bank ot America

Date Rank SRISK % MES
6/29/2007 87 0.0% 2.07 7.30
1/30/2008 1 4.8% 3.15 9.01
7/31/2008 1 11.9% 8.78 11.61
6/30/2009 1 18.6% 7.01 19.12
6/30/2010 1 17.1% 3.73 15.78
Current 1 21.5% 3.38 16.10
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Systemic Risk Ranking Progressions

American International Group

Date Rank SRISK % MES LVG
6/29/2007 o1 0.0% 1.99 5.89
10/31/2007 9 3.7% 3.80 6.92
7/31/2008 4 7.3% 9.58 14.85
6/30/2009 5 6.4% 6.72 48.42
6/30/2010 4 6.9% 3.37 32.03

Current 8 41% 3.30 10.03
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BEFORE BEAR STERNS

Systemic Risk Rankings for 2008-02-25 v (MES is e quity loss fora 2% daily market decline)

Institution SRIEK% RNK
Citigroup 12 6% 1
JP Morgan Chase { B% 2
Merrill Lynch 75% 3
Morgan Stanley 7 2% 4
American Infernation Group 6.3% i
Goldman Sachs 6.0% 6
Bank Of America 5 9% 7
Fannie Mae b.7% 8
Lehman Erothers 5 6% 9
F reddie Mac 55% 10
Wachovia Bank 4 7% 11
BearsSteamns 29% 12
Prudential Financial 2.7% 13
MetLife 25% 14

Washingion Mutual 2 2% 15

SRIEK (& m)
132,746

81,776
78,614
79,642
66,263
62,977
62,295
59,501
58,873
87,920
49,299
29,937
27 873
25,854
22 689

MES

393
4.08
2.50
438
o2.09
328
3.39
392
5.10
426
4 87
4580
3.86
323
497

Beta
1.51

164
208
1.61

1.81

1.38
131

1.46
204
1.60
1.86
1.74
149
124
199

Cor
069
0.70
0.72
0.72
0.58
0.61
071
0.52
0.73
047
0.72
0.66
0.63
0.68
0.51

Vol
418
448
049
426
293
430
353
535
536
65.5
491
14
469
347
737

Lvg
17.80
11561
2152
2373

897
1625

985
31.88
2914
4818
1258
4205
1521
1364
2392

MV
1234418
136884 .8

481500
46527 .5
118196.7
74467 B
1765634 2
27049 6
270647
16267 9
60688 4
94307
32544 6
413161
13061 8



LEHMAN and A.l.G.

Systemic RiskRankings for 2008-08-25 ~ (MES is equity loss for a 2% daily market decline)

Institution SREK% RNK SREK($m) MES Beta Cor Vol Lvg MV
Gitigroup 11.7% 1 173288 650 251 080 591 1999 1034080
Bank Of America 115% 2 171,334 755 2594 076 748 1154 1420019
JP Morgan Ghase 09.8% 3 145,537 620 248 075 627 1342 1322017
American Infernation Group 82% 4 121,658 1024 372 070 999 1762 577830
Merrill Lynch 6.7% 5 100,114 912 346 078 B40 2245 434170

G

-

8

Morgan Stanley 2.4% /3906 5958 210 075 529 230 452810
Fannie Mae 5.3% 78878 1484 550 051 2053 11568 73639
Freddie Mac 459% /2801 1285 500 D43 2204 29776 29180
Wachovia Bank 4 9% 9 72553 799 309 066 B8B83 2240 34304 2
Goldman Sachs 44% 10 65839 411 170 076 427 1573 /01136
Lehman Brothers 42% 11 61849 1247 507 074 1299 5588 111729
Wells Fargo 26% 12 38418 517 199 071 533 660 100162.3
MeiLife 20% 13 0041 372 144 079 345 14566 384700
Prudential Financial 1.7% 14 25516 350 135 072 360 1539 214742

Washingion Mutual 16% 15 23898 688 274 D45 1164 4150 69067
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DURING STRESS TEST

Systemic Risk Rankings for 200504-30 - (MES is equity loss for a 2% daily market decline)

Institution

Bank Of America

JP Morgan Chase

Wells Fargo

Citigroup

American Internation Group

Goldman Sachs

Morgan Stanley
MetLife
Prudential Financial

LS Bancorp
Hartford Financial Senvices

PMC Financial Services

American Express
State Street

Capital One Financial
BB&T Corporation
Suntrust Banks

Lincoln Mational
SLIM Corporation
Bank Of Mew Yoark Mellon

SRISK% RNK  SRISK ($ m)
17.3% 1 244 409
14.2% 2 200,222
11.3% 3 159,404
10.4% 4 146,658

4.9% ) 69,757
4.5% 6 64,115
3.8% 7 53.748
3.1% g 43,975
3.0% 9 42,322
29% 10 41,061
1.7% 11 24,394
16% 12 22131
16% 13 21,968
1.58% 14 21.557
14% 15 20,433
1.3% 16 17,872
13% 17 17,752
1.1% 18 15,519
1.0% 19 14,252
1.0% 20 13.797

MES Beta

13.78
7.a7
1017
10.05
8.23
515
7.35
7.18
10.08
9.75
10.30
6.07
8.33
1016
13.26
9.1
11.60
12.92
8.03
5.5

4.58
263
3.40
3.33
2.1
1.81
246
2.55
3.30
3.23
3.38
2.08
2.81
3.34
448
2.98
3.92
419
2.90
1.84

Cor
0.77
0.80
0.75
0.67
0.56
0.74
0.74
0.75
0.76
0.76
0.74
0.65
0.81
0.59
0.70
0.79
0.75
0.67
0.53
0.69

Vol

174.2

956
1314
1447
140.4

7.5

96.4

95.8
129.9
1238
132.9

93.5
101.4
163.8
186.6
109.2
1512
1822
159.0

78.3

Lvg
3743

16.39
1482
100.72
4077
13.28
23.585
20.23
3481
8.37
72.87
16.61
4.58
9.65
23.92
10.74
.57
53.16
74.76
6.96

Mv
57160.5
124004 1
85270.6
16614.0
19248.5
700707
2h583.2
243379
122451
31978.7
3r32.7
17639.2
294570
146253
6573.8
13065.5
51506
28779
2258.5
29389.9



SCAP

Bank of America
Wells Fargo
GMAC
Citigroup
Regions Financial
SunTrust Banks
Morgan Stanley
KeyCorp
Fifth Third Bancorp
PNC Financial Services
JP Morgan Chase
Goldman Sachs
US Bancorp
Capital One Financial
American Express
MetlLife
BB&T Corporation
State Street
Bank of NY Mellon

33.9

13.7

11.5
5.5
2.5
2.2
1.8
1.8
1.1

45.44236
18.36461
15.41555
7.372654
3.351206
2.949062
2.412869
2.412869
1.474531
0.80429
0

O OO OO o o o

SRISK%
P
FIRM SRISK-BHC%

Bank Of America
JP Morgan Chase
Wells Fargo
Citigroup
Goldman Sachs
Morgan Stanley
MetLife
US Bancorp
PNC Financial Services
American Express
State Street
Capital One Financial
BB&T Corporation

Suntrust Banks
Bank Of New York Mellon
Regions Financial

Fifth Third Bancorp
Keycorp

21.77594
17.83904
14.20231
13.06669
5.71241
4.788748
3.91801
3.658383
1.97179
1.957268
1.920649
1.820505
1.592329

1.581638

1.229262
1.11406
0.939253
0.911722
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" LONG RUN MES

SIMULATE MARKET RETURN 10000 TIMES FOR SIX
MONTHS, AND RECORD ALL SIMULATIONS
WHERE FRACTIONAL RETURNS <-40%. Use
bootstrap of residuals prior to each date.

SIMULATE FIRM RETURNS ON THESE PATHS AND
RECORD FRACTIONAL RETURN FOR THESE
PATHS. THIS IS CALLED LR MES. Again bootstrap
from empirical bivariate distribution (copula) and
simulate garch and dcc processes.



LONG RUN MES - BAC
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LR MES CITI
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P W RISKY IS THE LCONOT
TODAY?

The total capital shortfall expected if we have another
crisis is a measure of the external cost of a crisis today.

If firms reduce leverage, size, correlation or volatility;,
their shortfall will be reduced.

What is total capital shortfall?

N

Total Capital Shortfall = (Firm, Capital Shortfall |Crisis)

=1
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