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1. Introduce Value-at-Risk (VaR) as a portfolio risk measure

Introduce Conditional Value-at-Risk (CVaR) as a portfolio
risk measure

Introduce Stress Testing (ST)

Discuss Basle Committee on Bank Supervision
Present the issue at hand

Describe methodology

Present no short selling results

Present short selling results

Conclude
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Consider 99% confidence level & normal distribution of annual returns

Portfolio Return Distribution Under Normality
Mean = .10 Standard Deviation = .20

-0.6 0.2 0.4 0.6 0.8

Return

-.366
VaR

» 190 tail 1s 2.33 standard deviations below the mean
10 -2.33*.20 = =366, or 36.6% = 99% one-year VaR

Trading portfolio of $1,000,000,000 is expected to lose at least $366,000,000 if a “bad event” occurs
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Portfolio Return Distribution Under Normality
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Consider a normal distribution of annual portfolio returns

Portfolio Return Distribution Under Normality
Mean = .10 Standard Deviation = .20
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Consider a normal distribution of annual portfolio returns

Portfolio Return Distribution Under Normality
Mean = .10 Standard Deviation = .20

-0.6 0.2 0.4 0.6 0.8

Return

-.433 -.366
CVaR VaR

« Expected return in the 1% tail is 2.665 standard deviations below the mean
10-2.33*.20= —433, or 43.3% = 99% one-year CVaR
Trading portfolio of $1,000,000,000 is expected to lose $433,000,000 if a “bad event” occurs
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V. Stress Testing .

A. Recent Extreme Events
 Black Monday 1987

 Asian financial crisis 1997 Wil had a major impact
e Russian default 1998 on financial markets
« Terrorist attacks 2001 and institutions

B. Emergence of Stress Testing (S7)

o Specify states (actual or hypothetical) where extreme
events occur

o Specify security returns in these states

« Constrain portfolio loss to be equal to or less than T; If
stress event I occurs
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V. Basle Committee on Banking Supervision

» Regulates internationally active banks

» Banks have “trading portfolios” and “loan portfolios”

* BCBS has established capital standards
 Sets minimum capital requirements for each portfolio
 Total minimum capital requirement is sum of two amounts

 Our concern: trading portfolios as regulated by BCBS

 Focus on price risk of:
 Equities, interest related securities, foreign exchange, commodities
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 Reqgulation of trading portfolios

1. Must use at least a year’s worth of daily data
» Update quarterly

2. Must use 99% confidence level with a 10-day horizon
e Multiply daily VaR by v 10
3. Must back-test for accuracy

» Compare daily changes in portfolio value to VaR
* Tests to be reviewed by BCBS regulators

4. Capital requirement if higher of:
* Previous day’s VaR
» Average VaR over last 60 trading days multiplied by 3
(or up to 4 if regulators deem the VaR system to be deficient)
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1. Must use at least a year’s worth of daily data
» Update quarterly

2. Must use 99% confidence level with a 10-day horizon
e Multiply daily VaR by v 10
3. Must back-test for accuracy

» Compare daily changes in portfolio value to VaR
* Tests to be reviewed by BCBS regulators

4. Capital requirement if higher of:

* Previous day’s VaR
» Average VaR over last 60 trading days multiplied by 3
(or up to 4 if regulators deem the VaR system to be deficient)

5. Stress testing Is required in reviewing capital adequacy

* Viewed as a supplement to VaR
 Risks are to be managed when tests show “particular vulnerability”
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o Artzner et al (1999) show that VaR is not “coherent”
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« Empirical Evidence:
« Liang and Park (2007) support the use of CVaR instead of VaR
e Question:

* How does a risk management system based on VaR and/or ST
compare to one based on CVaR in controlling tail risk?

e Result:

e Depends on whether short selling is or is not allowed:
* Not allowed: VaR + ST is effective in controlling tail risk

» Allowed: VaR + ST is ineffective in controlling tail risk
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V1. The Issue at Hand i

e Theory:
 VaR does not consider size of losses beyond VaR

o Artzner et al (1999) show that VaR is not “coherent”
» VaR of two-asset portfolio can be greater than sum of the two assets’ VaRs
e CVaR, however, is “coherent”

« Empirical Evidence:
« Liang and Park (2007) support the use of CVaR instead of VaR
e Question:

* How does a risk management system based on VaR and/or ST
compare to one based on CVaR in controlling tail risk?

e Result:

* Depends on whether short selling is or is not allowed:
» Not allowed: VaR + ST is effective in controlling tail risk

Bounds must
« Allowed: VaR + ST is effective in controlling tail risk be “appropriate”
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VII. Methodology ——

o Historical simulation based on:
e T-bills
e Government bonds
e Corporate bonds
o Six size/value-growth portfolios of Fama-French

e ST events:

e 1987 stock market crash
e 0-11

e Time Period

o 1982-2006
 Monthly data (also use daily data for ST)



Data: Table 1 (in %)
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Fama-French portfolios

Treas. | Govt. | Corp. Small Big
bills | bonds | bonds | Low | Inter. | High | Low | Inter. | High
Mean 043 073 083 082 144| 158 110 | 122| 1.27
Std. dev. 0.00 | 147 1.65| 6.82| 481| 465 47| 419| 412
VaRosy; 043 166 161 913| 546| 553| 6.92| 4.52| 5.60
VaRaggy; 043 244 311 1623 | 1293 | 1438 | 1091 | 9.37 | 10.21
CVaRgsy, | 043 241 2.71| 1482 1037 | 1023 | 10.12 | 856 | 8.88
CVaRggy, | 043 334 3.75| 2448 2020 | 1991 | 1636 | 16.11 | 14.50

Returns in ST events

Crash of 87 | 0.04 | 0.34| -0.55 | -13.03 | -11.12 | -10.97 | -17.94 | -18.60 | -17.92
9/11 .16 | 0.69 | -0.60 | -15.06 | -13.14 | -15.34 | -11.72 | -11.36 | -11.72

Data is “normal” — note size, BV/MYV, and return/risk relationships
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e Consider six cases e
Case A. No short selling

Al. VaR constraint
A2. ST constraints
A3. VaR + ST constraints

Case B. Short selling
B1. VaR constraint
B2. ST constraints
B3. VaR + ST constraints

> Set constraints with either fixed or variable bounds

INn each case:
VaR. < V V, T1, T2 are bounds for
T, " <T, constraints on portfolio p
P
T2,p < T2
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Fixed Bound -

4&

VaR

For given expected return E,., portfolio p* has minimum CVaR
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e Graphical Representation:
Fixed Bound

E
4&
. p**
e - . » p* h AN
CVaR,.. < v
CVaR,. ™.
. le.
VaR

Of all portfolios with expected return E,. and VaR <V, portfolio p** has maximum CVaR
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e Graphical Representation:
Fixed Bound

E
4&

o p**

Efficiency Loss M, N
_ /// »p* \\\
CVaR, < > Y
CVaR,. ™.
CVaR te,
VaR

Efficiency loss of portfolio p** is equal to CVaR .. — CVaR, .
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e Graphical Representation:

Fixed Bound Note that VaR bound V does not
- depend on E;. and is thus “fixed”
4&

X p**
Efficiency Loss M, N
//// -7 ,op* \
CVaRp v
CVaR,. ™.

CVaR VaR

Efficiency loss of portfolio p** is equal to CVaR .. — CVaR, .
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e Graphical Representation:

Fixed Bound Note that VaR bound V does not
- depend on E;. and is thus “fixed”
4&

X p**
Efficiency Loss M, RN
//// -7 )p* \\\\
CVaRp v
CVaR,. ™.

CVaR VaR

Determine average efficiency loss (AL) and global efficiency loss (GL) from 101 values of M,
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e Graphical Representation:
Variable Bound

E
4&
p *
/ Pt - | Va R p*
CVaR p*
VAR "L'"Ei*
VaR

For given expected return E,., portfolio p* has minimum CVaR
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e Graphical Representation:
Variable Bound

E
4&
P
CVaR ™ VR,
CVaR . ™.
CVaR T E;s
VaR

Of all portfolios with expected return E;. & VaR < VaR . portfolio p*** has maximum CVaR
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e Graphical Representation:
Variable Bound

Efficiency Loss M, pr**

-
e -7 \
-
-~ -1

CVaR o M
CVaR . ™.

CVaR VaR

Efficiency loss of portfolio p*** is equal to CVaR,,...— CVaR,,.
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e Graphical Representation:

Variable Bound E Note that VaR bound depends
: on E;. and is thus “variable”

Efficiency Loss M, pr**

-
e -7 \
-
-~ -1

CVaR o M
CVaR . ™.

CVaR VaR

Efficiency loss of portfolio p*** is equal to CVaR,,...— CVaR,,.
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e Graphical Representation:

Variable Bound E Note that VaR bound depends
: on E;. and is thus “variable”

Efficiency Loss M, pr**

-
e -7 \
-
-~ -1

CVaR o M
CVaR. .

CVaR VaR

Determine average efficiency loss (AL) and global efficiency loss (GL) from 101 values of M,




 Figure 1: Determining Efficiency Losses

Step 1 : Choose confidence level and bound(s)

Step 2 : Find maximum feasible expected

return E given the constraint(s)

Step 3 : Calculate 6 =(E—-E)/ 100
where E is the risk-free rate

Step 4 : Determine grid of 101 expected returns
E,=E;E,=E+03;E3=E+26;...;E;p=E

Step 5 : Solve for maximum efficiency loss
M; for each expected return E;

Step 6 : Find Average and Global Maximum Efficiency
Losses AL and GL from the 101 values of M,

CAR_LSOI:I

SUNDOL OF MANAREMENT

UnVERSITY OF MINNERITA

We are agnostic
about the model
used to select
portfolios, as
our focus is on
controlling CVaR

47




VIII. Case Al: No Short Selling, VaR
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e Constraint with fixed bound: VaRp < 2% and VaRIO <

4

o 95% 99%

V 2% | 4% | 4% | 8%
Average maximum efficiency loss |/2.03\ 3.97 | 4.46 | 8.38
Global maximum efficiency loss 3.27 15.91 | 6.20 | 11.79
Maximum feasible expected return \1.10/] 1.38 | 1.03 | 1.26
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e Constraint with fixed bound: VaRp < 2% and VaRIO <

4

o 95% 99%
V 2% | 4% | 4% | 8%
Average maximum efficiency loss |/2.03\ 3.97 | 4.46 | 8.38
Global maximum efficiency loss 3.27 15.91 | 6.20 | 11.79
Maximum feasible expected return \1.10/] 1.38 | 1.03 | 1.26

Set bound V = VaR of each minimum CVaR portfolio with
exper==—

P T

at 95% | 99%
Average maximum efficiency loss .65\| 1.29
lobal maximum efficiency loss 1.59 65
Maximum feasible expected return \1.58 /[ 1.55
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» Constraints with fixed bounds: T, , =T, , < 4% and 8%
v 95% 99%
Ty =15 49 | 8% | 4% | 8%
Average maximum efficiency loss  |/2.06\ 4.03 | 3.52 | 7.54
(zlobal maximum efficiency loss 3.51 | 6.88 | 598 | 11.72
Maximum feasible expected return \1.01/] 1.21 | 1.01 | 1.21




e Constraints with fixed bounds: -

| X. Case A2: No Short Selling, ST
1o = Top < 4% and 8%
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v 95% 99%
Ty =15 49 | 8% | 4% | 8%
Average maximum efficiency loss  |/2.06\ 4.03 | 3.52 | 7.54
(zlobal maximum efficiency loss 3.51 | 6.88 | 598 | 11.72
Maximum feasible expected return \1.01/] 1.21 | 1.01 | 1.21

e Set each bound equal to loss on each minimum CVaR

portfolio with expected return E during that event

v 95% | 99%
Average maximum efficiency loss 0.27\| 0.41
Global maximum efficiency loss 1.06 | 1.52
Maximum feasible expected return \1.58 /] 1.58
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Fixed-bound constraints on VaR, T, ,, and T, , as before

¥

95%

V

8%

I =1,

.-I'lr
ol

Average maximum efficiency loss
(zlobal maximum efficiency loss
Maximum feasible expected return

2.04
3.27
1.10)

2.6
3.51

7.51
11.42
1.21
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X. Case A3: No Short Selling, VaR+ST
« Fixed-bound constraints on VaR, T, ;, and T, , as before

Qv 95% 99%
V 2% 4% 4% 8%
I =T 4% | 8% | 4% | 8% | 4% | 8% | 4% | 8%
Average maximum efficiency loss |/1.77\ 2.04 | 2.06 | 3.79 | 3.52 | 443 | 3.52 | 7.51
(zlobal maximum efficiency loss 3.25 | 3.27 | 3.51 | 594 | 591 | 6.20 | 5.95 | 11.42
Maximum feasible expected return \1.01/ 1.10 | 1.01 | 1.21 | 1.01 | 1.03 | 1.O1 | 1.21

e Set each bound equal to loss on minimum CVaR portfolio
with expected return E during that event

a 95% | 99%

Average maximum efficiency loss [/ 0.14\ (.21
(lobal maximnm efficiency loss (.55 ] (.83
\1.5# 1.58

Maximum feasible expected return
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XI1. Comparison of Cases
3 _
= 95% confidence level
2;* 257 Bounds depend on expected returns
E 27 — T
2 |
2 1oy |
0 |
e Iy N
f
E |
Z 05} T
=
ol 1
VaR ST ’aR + ST
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XI1. Comparison of Cases S
3 _

~ 95% confidence level
- 297 Bounds depend on expected returns
= 2
) T
5 |
5 1.5¢ |
s |
= 1
= |
E |
= 0357
=

0 I

Vak. ST TaR.+ 58T
Test hyvpotheses v
DEH-{ ggl-!{.l
(a) Ho: cdfs of losses are equal (Kolmogorov-Smirnov test )

Hy: edfiVaR, short selling disallowed ) < edf{ ST, short selling disallowed ) <& ﬂ)
Hy: edff VaR, short selling allowed) = edfi5T, short selling allowed ) 0. 73" (.68"
(b Hy: medians of losses are equal { Wileoxon rank sum test)

Hy: median| Val, short selling disallowed ) > median( 5T, short selling disallowed ) <&_T/’f’*>
Hy: median{VaR, short selling allowed ) < median|{ST, short selling allowed ) —9.99* | —10.38*
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XI1. Comparison of Cases S
3 _

~ 95% confidence level

- 297 Bounds depend on expected returns

= S

2 | Conclude:

5 13y | 1. ST better than VaR

E‘ 1 ' S 2. VaR+ST is effective

= I

E |

= 0357

=

0 I
Vak. ST TaR.+ 58T
Test hyvpotheses v
DEH-{ ggl-!{.l
(a) Ho: cdfs of losses are equal (Kolmogorov-Smirnov test )
Hy: edfiVaR, short selling disallowed ) < edf{ ST, short selling disallowed ) <& ﬂ)
Hy: edff VaR, short selling allowed) = edfi5T, short selling allowed ) 0. 73" (.68"
(b Hy: medians of losses are equal { Wileoxon rank sum test)

Hy: median| Val, short selling disallowed ) > median( 5T, short selling disallowed ) <&_T/’f’*>
Hy: median{VaR, short selling allowed ) < median|{ST, short selling allowed ) —9.99* | —10.38*
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XI11. Case B1: Short Selling, VaR e
* Constraint with fixed bound: VaR, < 2% and VaR;, <
4% . 95% 097
V 2% | 4% | 4% 8%

Average maximum efficiency loss /‘3.80 7.01) 825 | 14.94
Global maximum efficiency loss 5.6 949 | 11.11 | 20.97
Maximum feasible expected return \1\{Jy 2.06 | 1.59 | 2.07
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XI11. Case B1: Short Selling, VaR o

e Constraint with fixed bound: VaRIO < 2% and VaRIO <

4% o 05% 097
V 2% | 4% | 4% | 8%
Average maximum efficiency loss m 7.01 | 825 | 14.94

(:lobal maximum efficiency loss 5.36 (1 9.49 [ 11.11 | 20.97

Maximum feasible expected return | 1.64 { 2.06 | 1.59 | 2.07
N

e SetboundV =VaR of each minimum CVaR portfolio with
expecty o 95% | 99%
Average maximum efficiency loss /5[]2\ 3.79
7.44 | 9.56

Maximum feasible expected return \2.16 | 2.16

Global maximum efficiency loss
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XI11l. Case B2: Short Selling, ST e

» Constraints with fixed bounds: T, , =T, , < 4% and 8%

o 95% 99%
7 =15 4% 8% 4% 8%
Average maximum efficiency loss 9.89\| 10.91 | 16.52 | 17.80
(lobal maximum efficiency loss 14.84 | 17.96 | 24.18 | 28.19
Maximum feasible expected return |\1.54 /| 2.04 | 1.84 | 2.04




XI11. Case B2: Short Selling, ST

» Constraints with fixed bounds: T, , =T, , < 4% and 8%
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o 95% 99%
7 =15 4% 8% 4% 8%
Average maximum efficiency loss 9.89\| 10.91 | 16.52 | 17.80
(lobal maximum efficiency loss 14.84 | 17.96 | 24.18 | 28.19
Maximum feasible expected return |\1.54 /| 2.04 | 1.84 | 2.04

e Set each bound equal to loss on each minimum CVaR
portfolio with expected return E during that event

o 95% | 99%
Average maximum efficiency loss |/ 9.67\| 15.50
Global maximum efficiency loss 17.39 | 26.97
Maximum feasible expected return |\ 2.16 /| 2.16
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XIV. Case B3: Short Selling, VaR+ST s

« Fixed-bound constraints on VaR, T, ;, and T, , as before

v 95% 99%
V 2% 4% 4% 8%
T =T, 49 | 8% | 4% | 8% | 4% | &% | 4% | 8%
Average maximum efficiency loss  |/3.13Y3.70 | 5.85 | 6.08 | 6.59 | 7.91 | 12.34 | 12.22
Global maximum efficiency loss 5.06 115.32 | 9.53 1 953 | 10.35 | 10.89 | 17.54 | 17.54
Maximum feasible expected return |\L.52 £ 1.64 | 1.82 | 1.93 | 159 | 1.59 | 1.78 | 1.95
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XIV. Case B3: Short Selling, VaR+ST s

« Fixed-bound constraints on VaR, T, ;, and T, , as before

v 95% 99%
V 2% 4% 4% 8%
T =T, 49 | 8% | 4% | 8% | 4% | &% | 4% | 8%
Average maximum efficiency loss  |/3.13Y3.70 | 5.85 | 6.08 | 6.59 | 7.91 | 12.34 | 12.22
Global maximum efficiency loss 5.06 115.32 | 9.53 1 953 | 10.35 | 10.89 | 17.54 | 17.54
Maximum feasible expected return |\L.52 £ 1.64 | 1.82 | 1.93 | 159 | 1.59 | 1.78 | 1.95

e Set each bound equal to loss on minimum CVaR portfolio
with expected return E during that event

v 95% | 99%
Average maximum efficiency loss 144\ 1.94
Global maximum efficiency loss S3.08 ) 4.03
Maximum feasible expected return (\2.16/| 2.16
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XV. Comparison of Cases S
3

|:| _
S el 95% confidence level
2 Bounds depend on expected returns
= 20t
—
5 151 |
= 10}
.-% 5k I
= |
-
N L ——
VaR ST VaR + ST
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XV. Comparison of Cases e
3

|:| _

< Ll 95% confidence level

2 Bounds depend on expected returns

= 20t

—

5 151 |

= 10}

—% 51 |

= |

-

N e ==
VaFk ST VaR + 5T
Test hyvpotheses v
DEH-{ ggl-!{.l
(a) Ho: cdfs of losses are equal (Kolmogorov-Smirnov test )
Hy: edfiVaR, short selling disallowed ) < edf{ ST, short selling disallowed ) 046" .4s8"
- . - . |
Hy: edff VaR, short selling allowed) = edfi5T, short selling allowed ) q_ 0.73* m>
(b Hy: medians of losses are equal { Wileoxon rank sum test)

Hy: median| Val, short selling disallowed ) > median( 5T, short selling disallowed ) ﬂ*_ T\?*
Hy: median|VaR, short selling allowed ) <¢ median(ST, short selling allowed ) Q—9.99* | —10.38* D
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— Conclude:
157 | 1. VaR better than ST
2. VaR+ST not effective
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(a) Ho: cdfs of losses are equal (Kolmogorov-Smirnov test )

Hy: edfiVaR, short selling disallowed ) < edf{ ST, short selling disallowed ) 046" .4s8"
Hy: edff VaR, short selling allowed) = edfi5T, short selling allowed ) q_ 0.73* .65* D

(b Hy: medians of losses are equal { Wileoxon rank sum test)

Hy: median| Val, short selling disallowed ) > median( 5T, short selling disallowed ) B9t
Hy: median|VaR, short selling allowed ) <¢ median(ST, short selling allowed ) Q—9.99* | —10.38* D
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SO

UnVERSITY OF MINNERITA

XVI. Conclusion

* No short selling:
o ST works better than VaR in controlling tail risk

o With appropriate bounds, VaR plus ST effectively
controls tail risk

 Short selling:
 VaR works better than ST in controlling tail risk
* VaR plus ST does not effectively control tail risk

 Since bank trading books typically have short
positions, the joint use of VaR and ST to set
minimum capital requirements Is unreliable
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