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1. CoVaR (Adrian and Brunnermeier, 2009)
— Systemic risk measure that captures VaR of a financiabseoihditional on institution
| being in distress
2. Systemic Expected Shortfall (SES) and Marginal ExpectedShortfall (MES)
(Acharya, Pedersen, Philippon, and Richardson, 2010)

— SES measures each financial institution’s contributionsystemic risk, i.e., its
propensity to be undercapitalized when the system as a vidhaledercapitalized

- MES measure institution’s losse. in the tail of the system’: loss distributior
3. Distress Insurance Premium(Huang, Zhou, and Zhu, 2010)
— Insurance premium to cover distressed losses in a bankatgmns
4, Rare Outcomes(Duggey, 2009)
— Set of measures based on rare and unknown outcomes anuatifam entropy
5. Conditional Marginal Expected Shortfall (Brownlees and Engle, (2010))
— Marginal ES of institution | conditional on the market detrig of a given percentage
6. Absorption Ratio (Kritzman, Li, Page, and Rigobon (2010)
— Absorption ratio is based on principal components anslysi
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where o7 is variance of institution .

o2 is variance of the whole system.
L;;. is the loading (eigenvector) of institution z on k-th PC, and

A 1s the k-th eigenvalue.
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Cumulative Risk Fraction

Sample Period PC 1 PC 110 PC 1-20
Hedge Funds, Brokers, Banks, Insurers
1994 to 1996 27% 1% 91%
1996 to 1998 34% 83% 95%
1999 to 2001 27% 85% 96%
2002 to 2004 41% 80% 94%

2006 to 2008 37% 89% 97%
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PCAS
Index PC1 PC2-10 PC11-20 PC21-100
Jan1994-Dec1996
Hedge Funds 0.04 0.02 0.01 0.01
Brokers 0.12 0.04 0.02 0.01
Banks 0.10 0.03 0.02 0.01
Insurers 0.09 0.03 0.02 0.01
Jan1996-Dec1998
Hedge Funds 0.04 0.02 0.01 0.00
Brokers 0.13 0.05 0.01 0.00
Banks 0.09 0.03 0.01 0.00
Insurers 0.08 0.03 0.01 0.00
Jan1999-Dec2001
Hedge Funds 0.02 0.01 0.00 0.00
Brokers 0.14 0.06 0.01 0.00
Banks 0.02 0.04 0.01 0.00
Insurers 0.02 0.05 0.01 0.00
Jan2002-Dec2004
Hedge Funds 0.02 0.01 0.00 0.00
Brokers 0.14 0.04 0.01 0.01
Banks 0.09 0.02 0.01 0.01
Insurers 0.08 0.03 0.01 0.01
Jan2006-Dec2008
Hedge Funds 0.02 0.01 0.00 0.00
Brokers 0.11 0.04 0.01 0.00
Banks 0.07 0.04 0.01 0.00
Insurers 0.12 0.03 0.01 0.00
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# of Connections as % of All Possible 4ofC .
Asset Asset Asset Connections ot Honnections
Sector Weighted | Weighted Weighted 6
AutoCorr Corr Hedge Brokers | Banks | Insurers Hedge Brokers | Banks | Insurers
Funds Funds
January 1994 to December 1996
All -0.07 0.30 0.04 ( 6% ) 583
Hedge Funds 0.03 0.31 0.03 7% 3l 6% 6% 41 21 36 37
Brokers -0.15 0.54 0.06 3% 5% 6% 4% 18 29 36 24
Banks -0.03 0.38 0.04 6% 7% 9% 7% 40 46 54 44
Insurers -0.10 0.25 0.04 5% 6% 6% 9% 33 38 35 51
January 1996 to Dec beﬁﬁ%
All -0.03 0.43 0.06 \ 9% ) 856
Hedge Funds 0.08 0.36 0.04 14% 6% ~—1 5% 3% 82 38 30 20
Brokers -0.04 0.54 0.10 13% 9% 9% 9% 81 53 54 57
Banks -0.09 0.54 0.06 11% 8% 11% 10% 71 52 65 64
Insurers 0.02 0.40 0.05 9% 9% 7% 6% 57 54 < 34
January 1999 to December 2001
All -0.09 0.35 0.06 ( 5%) 520
Hedge Funds 0.17 0.18 0.02 5% s}’ 5% 9% 32 32 33 58
Brokers 0.03 0.63 0.12 8% 9% 3% 5% 53 52 19 29
Banks -0.09 0.48 0.07 5% 3% 4% 7% 30 17 25 42
Insurers -0.20 0.53 0.08 5% 3% 2% 6% 32 16 14 36
January 2002 to December 2004
All -0.08 0.38 0.04 ( 5%) 611
Hedge Funds 0.20 0.15 0.01 10% It 9% 5% 61 20 56 29
Brokers -0.09 0.66 0.07 8% 4% 4% 6% 5 23 26 39
Banks -0.14 0.49 0.04 9% 3% 4% 5% 55 16 24 30
Insurers 0.00 0.32 0.04 8% 6% 9% 6% 48 40 55 36
January 2006 to Deﬁﬁqoa
All 0.08 0.36 0.06 3% 1244
Hedge Funds 0.23 0.33 0.02 10% 13% 57 82 31 23
Brokers 0.23 0.54 0.08 PN 17% T~ 12% 78 102 55 73
Banks 0.02 0.46 0.07 ( 23% ) 12% 10% 9% 142 74 58 54
Insurers 0.12 0.37 0.07 Nyaer” 16% 12% 16% 34 102 73 96
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In

PRINCIPAL FINANCIAL GROUP INC
BERKSHIRE HATHAWAY INC DEL
INSTINET GROUP INC

Cerberus International Lid
BERKSHIRE HATHAWAY INC DELB
M Kingdon Offshore Lid

Perry Partners LP

LABRANCHE & CO INC

KEYCORP NEW

Sagamore Hill Ltd

EDWARDS A G INC

JEFFERIES GROUP INC NEW
WADDELL & REED FINANCIAL INC
BANK MONTREAL QUE
AMERITRADE HOLDING CORP NEW
INVESTORS FINANCIAL SERVE CORP
STEWARTWPA&COLTD
TORONTO DOMINION BANK ONT
MANULIFE FINANCIAL CORP

Ellicit International Lid

In from Other

PRINCIPAL FINANCIAL GROUP INC
BERKSHIRE HATHAWAY INC DEL
INSTINET GROUP INC

BERKSHIRE HATHAWAY INC DELB
M Kingdon Offshore Lid

Cerberus International Lid
LABRANCHE & CO INC

Perry Partners LP

WADDELL & REED FINANCIAL INC
KEYCORP NEW

EDWARDS A G INC
STEWARTWPA&COLTD

BANK MONTREAL QUE
AMERITRADE HOLDING CORP NEW
INVESTORS FINANCIAL SERVE CORP
JEFFERIES GROUP INC NEW
Sagamore Hill Ltd

TORONTO DOMINION BANK ONT
MANULIFE FINANCIAL CORP

Ellicit International Lid

Closeness

WELLE FARGO & CO NEW
PROGRESSIVE CORP OH

BANK OF AMERICA CORP

CITIGROUP INC
STEWARTWPA&COLTD

FEDERAL NATIONAL MORTGAGE ASEN
UBSAG

UNITEDHEALTH GROUP INC
INVESTMENT TECHNCOLOGY GP INC NEW
LEHMAN BROTHERS HOLDINGES INC

T ROWE PRICE GROUP INC

EATON VANCE CORP

AMERICAN EXPRESS CO

MEIAINC

JEFFERIES GROUP INC NEW
MENACORP

Graham Global Invesiment K4D-13
RAYMOND JAMES FINANCIAL INC
WACHOVIA CORP 2ND NEW

AMBAC FINANCIAL GROUP INC

174

1.4
1.85
1.86
1.86
1.86
1.86
1.86
1.87
1.87
1.88
1.88
1.88
1.88

NARTW F & COLTD
ERAL NATIONAL MORTGAGE ASSN
SAG

ITEDHEALTH GROUP INC

[WVESTMENT TECHNOLOGY GP INC NEW
EHMAN BROTHERS HOLDINGS INC 1
ROWE PRICE GROUP INC

EATOM VANCE CORP 14
AMERICAN EXFRESS CO 14
ME|AINC 14

JEFFERIES GROUP INC NEW 13
MENACORP 13
Graham Global Invesiment K4D-13 12
RAYMOND JAMES FINANCIAL INC 12
WACHOVIA CORP 2ND NEW 12
AMBAC FINANCIAL GROUP INC 12
Out to Other
WELLE FARGO & CO NEW 23
PROGRESSIVE CORP OH 20

BANK OF AMERICA CORP 17
STEWARTW P & COLTD 16

UNITEDHEALTH GROUP INC 15
INVESTMENT TECHNCLOGY GP INC NEW 14
CITIGROUP INC 14
BSAG

EDERAL NATIONAL MORTGAGE ASEN
MERICAN EXPRESS CO

MBAC FINANCIAL GROUP INC

ate Global Lid USD Shares

WE PRICE GROUP INC

bal investment K4D-10
TERNATIONAL GROUP

PROGRESSIVE CORP OH 0.31
WELLE FARGO & CO NEW 0.31
BANK OF AMERICA CORP 0.24
CITIGROUP INC 0.22
STEWARTWPA&COLTD 0.21
UNITEDHEALTH GROUP INC D12
FEDERAL NATIONAL MORTGAGE ASEN D.12
INVESTMENT TECHNCLOGY GP INC NEW D12
AMBAC FINANCIAL GROUP INC D18
MEN A CORP D.18
T ROWE PRICE GROUP INC D15
XLCAPITALLTD D15
UBSAG 0.14
Kingate Global Ltd USD Shares 0.14
AMERICAN EXPRESS CO 0.14
BlackRock Cbeidian (Offshore) Fund 0.14
LEHMAN BROTHERS HOLDINGES INC 0.14
Crabel Div Futures(4X composite) 013
WASHINGTON MUTUAL INC D12
MEIAINC D12

In+0ut

PRIMCIPAL FINANCIAL GROUP INC
STEWARTW P& COLTD
INSTINET GROUP INC

BERKSHIRE HATHAWAY INC DEL
WELLE FARGO & CO NEW
PROGRESSIVE CORP OH
JEFFERIES GROUP INC NEW
BERKSHIRE HATHAWAY INC DEL B
UBSAG

Cerberus Intemational Lid

M Kingdon Offshore Lid

T ROWE PRICE GROUP INC
LABRANCHE & CO INC
MENACORP

Graham Global Investment K4D-10
AMERITRADE HOLDING CORP NEW
EATON VANCE CORP

CITIGROUP INC

BANK OF AMERICA CORP
TORONTC DOMINION BANK ONT

In+0ut Other

PRINCIPAL FINANCIAL GROUP INC
STEWARTW P& COLTD
BERKSHIRE HATHAWAY INC DEL
WELLE FARGO & CO NEW
INSTINET GROUP INC

UBSAG

BERKSHIRE HATHAWAY INC DEL B
M Kingdon Offshore Lid

JEFFERIES GROUP INC NEW
PROGRESSIVE CORP OH
LABRANCHE & CO INC

T ROWE PRICE GROUP INC
Cerberus Intemational Lid
INVESTMENT TECHNCLOGY GP INC NEW
BANE OF AMERICA CORP
KEYCORP NEW

EDWARDS A G INC
UNITEDHEALTH GROUP INC
XLCAPITALLTD

Graham Global Investment K4D-10

-~ I
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Jan1994-Dec1996 LR

MERRILL LYNCH & CO INC © Chesapaaks Aggressive Growth
DEANWITTER DISCOVER &G0 © © ©  UBS Cumency Porffalia Limited & Geries 1
MORGAN STANLEY GROUF INC . Templeton &lobal Strategy Emerging Markets
FRAMKLIN RESOURCES INC I Fund Ltd

Appaloosa Imvestment LF |

Fenchurch Gamma Ltd

First Eagle Ny A
Fequot Fartners LF
Contrarian Capital Fund | LF

MBS Gamma O

Latinwest Ltd
Sofaer Capital Asian Hedge (Series B)
COC MBS ALFHA

Genesis Chile Ltd
Pictets Emeraing Market
Elliott Azzociates LP

SCHWAE CHARLES CORF NEW
BEAR STEARNS COMPANIES INC
EDWMARDS A G INC
T ROWE FRICE ASS00C ING
NUVEEN JOHNCO
NEWW ENGLAND INVESTMENT COSLF
ALEX BROWN INC
JOHN ALDEN FINANCIAL CORP
FIONEER $ROUF INC
FENNCORP FINANCIAL GROUF INC
QUICK & REILLY GROUP INC
C M A C INVESTMENT CORP

CAPITOL AMERICAN FINANCIAL CORF I, Fuma LF
RATMOND JAMES FINANCIAL INC M Kingdon Ofishore Ltd
Quota NV

WALUE LINE INC

EATOMN WANCE CORP

CRIMI MAE TNC

INTER REGIONAL FINL GROUP INC
JEFFERIES GROUP INC
FIPER JAFFRAY COS INC

Quasar Intemational
Quantum Emerging Grouth N
Tiger LP

Quantum Endowment Ny A1 Resticted USD
Jaguar Fund Ny

AMERICAN MATIONAL INS CO
AMBAL INC
USF&GCORF

MORGAN KEEGAN INC

FEDERAL HATIONAL MORTGAGE ASEN
AMERICAN EXFRESS CO

FEDERAL HOME LOAN MORTGAGE CORP ACELTD
WMELLE FARGO & CO OXFORD HEALTH PLANS INC
FIRST UNION CORF UHITRIN INC
BANK NEW TORK INC MG CINVESTMENT CORP WIS
P N C BANK CORP EAELLTD
M B 1A NG

CORESTATES FINANCIAL CORP
BANKERS TRUST MY CORF
HOUSEHOLE INTERNATIONAL NG
STUDENT LOAN MARKETING ASSN
GREEM TREE FINANCIAL CORF

SREAT WESTERN FINANCIAL CORP

FIRST USAINC

SUNAMERICA ING i AFLACING

MERCANTILE BANCORPORATION INC © © ST RAUL COS INC

Green BrOker SOUTHERM MATIONALCORPNC & 1 1 1 R o © T LINCOLN NATIONAL CORP N
CRESTAR FINANCIALCORP ™ & o A " AON CORP

SYNOWUS FINAHCIAL CORF : CHAFINANCIAL CORP

Iaed I Iedge I und DANAHER CORP™ 1 o 11 MARSH & MCLENNAN COS INC
SIGNET BANKING CORF N ©AMERICAN GENERAL CORF

CINCINNATI FINANCIAL CORF
TORCHMARK CORP
PROGRESSIVE CORF OH

" EQUITABLE COS INC

UNUMCORP

' SAFECO CORP

TOTAL SVSTEM SERVICES |NC: N :GENERAL RE CORF
BIaCk I nsurer FIRST VIRGINIA BANKS NG © © ALLSTATE CORP
FIRST EMPIRE STATE CORF ©  BERKSHIRE HATHAVIAY ING DEL
BANKERS LIFE HOLDING CORP
P-Value=0.05

Blue Bank
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'ALLSTATE CORP
UBSAG 'BERKSHIRE HATHAWAY INC DEL
TORONTO DOMINION BANK ONT P_Value=0 05

™ 1y,
slEh e
=& Do
25 S

i
Donin oot

Jan2006-Dec2008

Shepherd Investments International Ltd

Crabel Div Futuresrdx composite)
: King Strest Capital LP
Fairfiald Sentry &
Campbell Strategic Allocation LP
© o Investment Lid
Stai Investments LP

Spinnaker Global Opportunity
o European Oppertunities LP
: King Straet Capital Ltd

R Inzt Equities Int

tional LP B
Alphaten Capella Lid (Class &)
© AlphaGen Capella Lid (Class B)

Graham Global Imvestment K3D-10

BlueTrend Ltd USD

Irary Flagship Strateay

BlueCrest Capital Intemational Ltd A USD
M Kingdon Offshore Ltd
. inetics Fund, Inc

Winton Futures B USD
FEDERAL NATIONAL MORTGAGE ASSH

AMERICAN EXFRESS CO

Global Undenalued Securities LP
FEDERAL HOME LOAN MORT GAGE CORF

Bridgewater Pure Alpha 1
AllBlue Limited USE
BANK OF AMERICA CORF

WELLS FARGO & CO NEW

METLIFE INC
JPMORGAN CHASE & CO

WELLPOINT INC

AETHA INC NEW
DEUTSCHE BANK AG

NORTHERN TRUST CORP

COVENTRY HEALTH CARE INC
ROwAL BANK CANADA MONTREAL QUE

C NAFINANCIAL CORP
A LCAPITALLTD
SUM LIFE FINANCIAL INC
MANULIFE FINANCIAL CORFP
GENWORTH FINANCIAL INC
PRUDENTIAL FINANCIAL INC
AMERICAN INTERNATIONAL ¢ROUF INC

PROGRESSIVE CORP OH
CHUBB CORF

F N C FINANCIAL SERVICES GRP INC

STATE STREET CORF
CAPITAL ONE FINANCIAL CORP

EANK MONTREAL QUE
CAMNADIAMN IMPERIAL BANK COMMERCE

REGIONS FINANCIAL CORP NEW :
BANK OF NOWA SCOTIA :
SUNTRUST BANKS INC
NATIOHAL CITY CORF
Red Hedge Fund CITIGROUP [NC

Black Insurer

SLMCORFP

N © 0 MARSH & MCLENNAN COS INC
S0 D1 HARTFORD FINANCIAL SWOE GROUF IN
BEAZTCORF - :
U BANCORP DEL & ©

TGN ACORE

BERKSHIRE HATHAWR™Y INC DEL B
UNITEDHEALTH GROUP INC
AFLACING

" PRINCIPAL FINANCIAL GROUP INC

LINCOLN NATIONAL CORF IN
"AON CORF

" HUMANA INC

COS Convertible & Quantitative Strategies Feader

Renaiszance Institutional Equities Fund LLC
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Jen1994-Dec1905.

Green Broker
Red Hedge Fund
Black Insurer
Blue Bank

Jen2002 Dec2004

P
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Max % Loss 2005

Max % Loss 2007

Coeff | t-stat | p-value | Kendall(| Coeff | t-stat | p-value | Kendall C
# of "In" Connections 0.03 0.25 0.80 0.02 -0.01 -0.07 0.94 -0.01
023 223 003 016/ 0.25 253 0.01 0.40
# of "In+Out" Connections 0.16 1.51 0.13 0.11 0.19 1.89 0.06 0.13
# of "In-from-Other" Connections 0.12 1.15 0.25 0.09 -0.02 -0.19 0.85 -0.02
0.32 3.11 0.00 0.22| 0.17 1.68 0.10 0.13
# of "In+Out Other" Connections 0.2z 2.2° 0.0z 0.1t 0.0¢ 0.84 0.41 0.0¢
0.23 2.23 0.03 0.16 0.25 2.53 0.01 0.40
0.24 2.31 0.02 0.16 0.24 2.44 0.02 0.17
PCA 0.32 3.11 0.00 0.24| 0.16 1.51 0.13 0.12
P F 4
N2 P E 3
I ) C * I ) * S I E
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Panel A: PCA, Leverage, and systemic risk measures based on Granger causality are calculated over October 2002-September 2005

Coeff t-stat Coeff t-stat Coeff t-stat Coeff t-stat Coeff t-stat Coeff tstat Coeff t-stat Coeff t-stat

Intercept 16.33 208 7.59 1.00 8.83 1.1316.19 2.17 6.86 094 1040 1.38 7.59 1.00 8.97 1

Leverage 0.23 2.26 0.25 259 0.25 254 0.23 222 0.28 287 0.25 252 0.25 259 0.25 254
CA 0.3¢ 3.17 0.2¢ 2.9: 031 3.11 031 297 0.2z 2.1t 0.27 2.67 0.2¢ 2.9: 0.2¢ 2.8¢€
# of "In" Connections 0.06 0.57

020 2T

# of "In+Out" Connections 0.23 2.26
# of "In-from-Other" Connections 0.08 0.76

034 326

# of "In+Out Other" Connections 0.23 2.21

0.28 2.77
0.25 2.44

o

R-square 0.16 0.23 0.21 0.16 0.26 0.21 0.23 0.22
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