
Chapter Fifteen

Market Risk
INTRODUCTION

market risk
Risk related to the 
uncertainty of an FI's 
earnings on its trad
ing portfolio caused 
by changes in market 
conditions.

M a r k e t  r i s k  c a n  b e  d e f i n e d  a s  t h e  r i s k  r e l a t e d  t o  t h e  u n c e r t a i n t y  o f  a n  F I ' s  e a r n 

i n g s  o n  i t s  t r a d i n g  p o r t f o l i o  c a u s e d  b y  c h a n g e s ,  a n d  p a r t i c u l a r l y  e x t r e m e  c h a n g e s ,  

i n  m a r k e t  c o n d i t i o n s  s u c h  a s  t h e  p r i c e  o f  a n  a s s e t ,  i n t e r e s t  r a t e s ,  m a r k e t  v o l a t i l 

i t y ,  a n d  m a r k e t  l i q u i d i t y . 1 T h u s ,  r i s k s  s u c h  a s  i n t e r e s t  r a t e  r i s k  ( d i s c u s s e d  i n  

C h a p t e r s  8  a n d  9 ) ,  c r e d i t  r i s k  ( i n c l u d i n g  c r e d i t  r i s k  f r o m  s o v e r e i g n  d e b t  e x p o s u r e ,  

d i s c u s s e d  i n  C h a p t e r s  1 0 ,  1 1 ,  a n d  1 4 ) ,  l i q u i d i t y  r i s k  ( d i s c u s s e d  i n  C h a p t e r  1 2 ) ,  

a n d  f o r e i g n  e x c h a n g e  r i s k  ( d i s c u s s e d  i n  C h a p t e r  1 3 )  a f f e c t  m a r k e t  r i s k .  H o w e v e r ,  

m a r k e t  r i s k  e m p h a s i z e s  t h e  r i s k s  t o  F I s  t h a t  a c t i v e l y  t r a d e  a s s e t s  a n d  l i a b i l i t i e s  

( a n d  d e r i v a t i v e s )  r a t h e r  t h a n  h o l d  t h e m  f o r  l o n g e r - t e r m  i n v e s t m e n t ,  f u n d i n g ,  o r  

h e d g i n g  p u r p o s e s .

I n d e e d ,  m a r k e t  r i s k  w a s  a t  t h e  h e a r t  o f  m u c h  o f  t h e  l o s s e s  a s s o c i a t e d  w i t h  t h e  

f i n a n c i a l  c r i s i s .  S i g n s  o f  s i g n i f i c a n t  p r o b l e m s  i n  t h e  U . S .  e c o n o m y  f i r s t  a r o s e  i n  

l a t e  2 0 0 6  a n d  t h e  f i r s t  h a l f  o f  2 0 0 7  w h e n  h o m e  p r i c e s  p l u m m e t e d  a n d  d e f a u l t s  

b y  s u b p r i m e  m o r t g a g e  b o r r o w e r s  b e g a n  t o  a f f e c t  t h e  m o r t g a g e  l e n d i n g  i n d u s t r y  

a s  a  w h o l e ,  a s  w e l l  a s  o t h e r  p a r t s  o f  t h e  e c o n o m y ,  n o t i c e a b l y .  A s  m o r t g a g e  b o r 

r o w e r s  d e f a u l t e d  o n  t h e i r  m o r t g a g e s ,  f i n a n c i a l  i n s t i t u t i o n s  t h a t  h e l d  a n d  a c t i v e l y  

t r a d e d  t h e s e  m o r t g a g e s  a n d  m o r t g a g e - b a c k e d  s e c u r i t i e s  s t a r t e d  a n n o u n c i n g  h u g e  

l o s s e s  o n  t h e m .  L o s s e s  f r o m  t h e  f a l l i n g  v a l u e  o f  s u b p r i m e  m o r t g a g e s  a n d  s e c u r i 

t i e s  b a c k e d  b y  t h e s e  m o r t g a g e s  r e a c h e d  m o r e  t h a n  $ 1  t r i l l i o n  w o r l d w i d e  t h r o u g h  

m i d - 2 0 0 9 .  I n v e s t m e n t  b a n k s  a n d  s e c u r i t i e s  f i r m s  w e r e  m a j o r  t r a d e r s  o f  m o r t g a g e -  

b a c k e d  s e c u r i t i e s .  A s  m o r t g a g e  b o r r o w e r s  d e f a u l t e d  o n  t h e i r  m o r t g a g e s ,  i n v e s t 

m e n t  b a n k s  w e r e  p a r t i c u l a r l y  h a r d  h i t  w i t h  h u g e  l o s s e s  o n  t h e  m o r t g a g e s  a n d  

s e c u r i t i e s  b a c k i n g  t h e m .

A  p r i m e  e x a m p l e  o f  t h e  l o s s e s  i n c u r r e d  i s  t h a t  o f  B e a r  S t e a r n s .  I n  t h e  s u m m e r  o f  

2 0 0 7 ,  t w o  B e a r  S t e a r n s  h e d g e  f u n d s  s u f f e r e d  h e a v y  m a r k e t  r i s k  r e l a t e d  l o s s e s  o n  

i n v e s t m e n t s  i n  t h e  s u b p r i m e  m o r t g a g e  m a r k e t .  T h e  t w o  f u n d s  f i l e d  f o r  b a n k r u p t c y  

i n  t h e  f a l l  o f  2 0 0 7 .  B e a r  S t e a r n s '  m a r k e t  v a l u e  w a s  h u r t  b a d l y  f r o m  t h e s e  l o s s e s .  

T h e  l o s s e s  b e c a m e  s o  g r e a t  t h a t  i n  M a r c h  2 0 0 8  J . P .  M o r g a n  C h a s e  a n d  t h e  F e d e r a l  

R e s e r v e  s t e p p e d  i n  t o  r e s c u e  t h e  t h e n  f i f t h  l a r g e s t  i n v e s t m e n t  b a n k  i n  t h e  U n i t e d  

S t a t e s  b e f o r e  i t  f a i l e d  o r  w a s  s o l d  p i e c e m e a l  t o  v a r i o u s  f i n a n c i a l  i n s t i t u t i o n s .  T h e  

m a r k e t  r i s k  m e l t d o w n  c o n t i n u e d  t h r o u g h  t h e  s u m m e r  a n d  f a l l  o f  2 0 0 8 .  O n  M o n d a y ,  

S e p t e m b e r  1 5 ,  L e h m a n  B r o t h e r s  ( t h e  1 5 8 - y e a r - o l d  i n v e s t m e n t  b a n k )  f i l e d  f o r  b a n k 

r u p t c y ,  M e r r i l l  L y n c h  w a s  b o u g h t  b y  B a n k  o f  A m e r i c a ,  A I G  ( o n e  o f  t h e  w o r l d ' s

1 M arket risk used by FI managers and regulators is not synonymous w ith  systematic market risk analyzed 
by investors in securities markets. Systematic (market) risk reflects the co-m ovement o f a security w ith  
the market portfo lio  (reflected by the security's beta), a lthough beta is used to  measure the market risk of 
equities, as noted below.
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l a r g e s t  i n s u r a n c e  c o m p a n i e s )  m e t  w i t h  f e d e r a l  r e g u l a t o r s  t o  r a i s e  d e s p e r a t e l y  

n e e d e d  c a s h ,  a n d  W a s h i n g t o n  M u t u a l  ( t h e  l a r g e s t  s a v i n g s  i n s t i t u t i o n  i n  t h e  U n i t e d  

S t a t e s )  w a s  a c q u i r e d  b y  J . P .  M o r g a n  C h a s e .  A s  n e w s  s p r e a d  t h a t  L e h m a n  B r o t h e r s  

w o u l d  n o t  s u r v i v e ,  f i n a n c i a l  i n s t i t u t i o n s  m o v e d  t o  d i s e n t a n g l e  t r a d e s  m a d e  w i t h  

L e h m a n .  T h e  D o w  f e l l  m o r e  t h a n  5 0 0  p o i n t s ,  t h e  l a r g e s t  d r o p  i n  o v e r  s e v e n  y e a r s .  

A l s o  b y  W e d n e s d a y ,  t e n s i o n  m o u n t e d  a r o u n d  t h e  w o r l d .  S t o c k  m a r k e t s  s a w  h u g e  

s w i n g s  i n  v a l u e  a s  i n v e s t o r s  t r i e d  t o  s o r t  o u t  w h o  m i g h t  s u r v i v e  ( m a r k e t s  f r o m  

R u s s i a  t o  E u r o p e  w e r e  f o r c e d  t o  s u s p e n d  t r a d i n g  a s  s t o c k  p r i c e s  p l u n g e d ) .  B y  m i d -  

S e p t e m b e r ,  f i n a n c i a l  m a r k e t s  f r o z e  a n d  b a n k s  s t o p p e d  l e n d i n g  t o  e a c h  o t h e r  a t  

a n y t h i n g  b u t  e x o r b i t a n t l y  h i g h  r a t e s .  M a r k e t  r i s k  w a s  t h e  r o o t  c a u s e  o f  m u c h  o f  

t h i s  m a r k e t  f a i l u r e  a n d  s u b s t a n t i a l  l o s s e s  i n c u r r e d  b y  f i n a n c i a l  i n s t i t u t i o n s .

C o n c e p t u a l l y ,  a n  F I ' s  t r a d i n g  p o r t f o l i o  c a n  b e  d i f f e r e n t i a t e d  f r o m  i t s  i n v e s t m e n t  

p o r t f o l i o  o n  t h e  b a s i s  o f  t i m e  h o r i z o n  a n d  l i q u i d i t y .  T h e  t r a d i n g  p o r t f o l i o  c o n t a i n s  

a s s e t s ,  l i a b i l i t i e s ,  a n d  d e r i v a t i v e  c o n t r a c t s  t h a t  c a n  b e  q u i c k l y  b o u g h t  o r  s o l d  o n  

o r g a n i z e d  f i n a n c i a l  m a r k e t s  ( s u c h  a s  l o n g  a n d  s h o r t  p o s i t i o n s  i n  b o n d s ,  c o m m o d i 

t i e s ,  f o r e i g n  e x c h a n g e ,  e q u i t y  s e c u r i t i e s ,  i n t e r e s t  r a t e  s w a p s ,  a n d  o p t i o n s ) .  F u r t h e r ,  

w i t h  t h e  i n c r e a s i n g  s e c u r i t i z a t i o n  o f  b a n k  l o a n s  ( e . g . ,  m o r t g a g e s ) ,  m o r e  a n d  m o r e  

a s s e t s  h a v e  b e c o m e  l i q u i d  a n d  t r a d a b l e  ( e . g . ,  m o r t g a g e - b a c k e d  s e c u r i t i e s ) .  A d d i 

t i o n a l l y ,  m a n y  l a r g e  s y n d i c a t e d  l o a n s  a r e  o f t e n  p a r t l y  s o l d  o f f  ( p a r t i c i p a t i o n s  i n  

l o a n s ,  s e e  C h a p t e r  2 5 ) .  T h e  l e a d  b a n k  u s u a l l y  r e t a i n s  a  p e r c e n t a g e  ( n o r m a l l y  1 5  t o  

3 0  p e r c e n t ) .  T h e s e  s y n d i c a t e d  l o a n s  c a n  b e  v i e w e d  a s  h e l d  f o r  s a l e  a n d  t h u s  p a r t  o f  

t h e  t r a d i n g  b o o k .  T h e  i n v e s t m e n t  p o r t f o l i o  ( o r ,  i n  t h e  c a s e  o f  b a n k s ,  t h e  s o - c a l l e d  

b a n k i n g  b o o k )  c o n t a i n s  a s s e t s  a n d  l i a b i l i t i e s  t h a t  a r e  r e l a t i v e l y  i l l i q u i d  a n d  h e l d  

f o r  l o n g e r  h o l d i n g  p e r i o d s  ( s u c h  a s  c o n s u m e r  a n d  c o m m e r c i a l  l o a n s ,  r e t a i l  d e p o s 

i t s ,  a n d  b r a n c h e s ) .  T a b l e  1 5 - 1  s h o w s  a  h y p o t h e t i c a l  b r e a k d o w n  b e t w e e n  b a n k i n g  

b o o k  a n d  t r a d i n g  b o o k  a s s e t s  a n d  l i a b i l i t i e s .  N o t e  t h a t  c a p i t a l  p r o d u c e s  a  c u s h i o n  

a g a i n s t  l o s s e s  o n  e i t h e r  t h e  b a n k i n g  o r  t r a d i n g  b o o k s — s e e  C h a p t e r  2 0 .

I n c o m e  f r o m  t r a d i n g  a c t i v i t i e s  i s  i n c r e a s i n g l y  r e p l a c i n g  i n c o m e  f r o m  t r a d i 

t i o n a l  F I  a c t i v i t i e s  o f  d e p o s i t  t a k i n g  a n d  l e n d i n g .  T h e  r e s u l t i n g  e a r n i n g s  u n c e r 

t a i n t y ,  o r  m a r k e t  r i s k ,  c a n  b e  m e a s u r e d  o v e r  p e r i o d s  a s  s h o r t  a s  a  d a y  o r  a s  l o n g  

a s  a  y e a r .  W h i l e  b a n k  r e g u l a t o r s  h a v e  n o r m a l l y  v i e w e d  t r a d a b l e  a s s e t s  a s  t h o s e  

b e i n g  h e l d  f o r  h o r i z o n s  o f  l e s s  t h a n  o n e  y e a r ,  p r i v a t e  F I s  t a k e  a n  e v e n  s h o r t e r - t e r m  

v i e w .  I n  p a r t i c u l a r ,  F I s  a r e  c o n c e r n e d  a b o u t  t h e  f l u c t u a t i o n  i n  v a l u e — o r  v a l u e  a t  

r i s k  ( V A R ) — o f  t h e i r  t r a d i n g  a c c o u n t  a s s e t s  a n d  l i a b i l i t i e s  f o r  p e r i o d s  a s  s h o r t  a s  

o n e  d a y — e s p e c i a l l y  i f  s u c h  f l u c t u a t i o n s  p o s e  a  t h r e a t  t o  t h e i r  s o l v e n c y .  M o r e o v e r ,  

m a r k e t  r i s k  c a n  b e  d e f i n e d  i n  a b s o l u t e  t e r m s  a s  a  d o l l a r  e x p o s u r e  a m o u n t  o r  a s  a

T A B L E  1 5 - 1

The Investment 
(Banking) Book and 
Trading Book of a 
Commercial Bank

Assets Liabilities

Banking Book

C a s h

L o a n s

P r e m i s e s  a n d  e q u i p m e n t  

O t h e r  i l l iq u id  a s s e t s

D e p o s i t s

O t h e r  i l l iq u id  b o r r o w e d  f u n d s  

C a p i t a l

Trading Book

B o n d s  ( l o n g )

C o m m o d i t i e s  ( l o n g )

F X  ( l o n g )

E q u i t i e s  ( l o n g )

M o r t g a g e - b a c k e d  s e c u r i t i e s  ( l o n g )

B o n d s  ( s h o r t )  

C o m m o d i t i e s  ( s h o r t )  

F X  ( s h o r t )

E q u i t i e s  ( s h o r t )

D e r i v a t i v e s *  ( l o n g ) D e r i v a t i v e s *  ( s h o r t )

*  D erivatives are off-balance-sheet (as discussed in C hapter 6).
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r e l a t i v e  a m o u n t  a g a i n s t  s o m e  b e n c h m a r k .  F o r  e x a m p l e ,  B a n k  o f  A m e r i c a ' s  2 0 1 1  

A n n u a l  R e p o r t  ( p .  1 1 4 )  s t a t e s ,  " T o  e v a l u a t e  r i s k  i n  o u r  t r a d i n g  a c t i v i t i e s ,  w e  f o c u s  

o n  t h e  a c t u a l  a n d  p o t e n t i a l  v o l a t i l i t y  o f  i n d i v i d u a l  p o s i t i o n s  a s  w e l l  a s  p o r t f o l i o s .  

V A R  i s  t h e  k e y  s t a t i s t i c  u s e d  t o  m e a s u r e  m a r k e t  r i s k .  I n  o r d e r  t o  m a n a g e  d a y - t o -  

d a y  r i s k s ,  V A R  i s  s u b j e c t  t o  t r a d i n g  l i m i t s  b o t h  f o r  o u r  o v e r a l l  t r a d i n g  p o r t f o l i o  

a n d  w i t h i n  i n d i v i d u a l  b u s i n e s s e s . "  I n  r e c e n t  y e a r s ,  m a r k e t  r i s k  o f  F I s  h a s  r a i s e d  

c o n s i d e r a b l e  c o n c e r n  a m o n g  r e g u l a t o r s  a s  w e l l .  S o  i m p o r t a n t  i s  m a r k e t  r i s k  i n  

d e t e r m i n i n g  t h e  v i a b i l i t y  o f  a n  F I  t h a t  s i n c e  1 9 9 8 ,  U . S .  r e g u l a t o r s  h a v e  i n c l u d e d  

m a r k e t  r i s k  i n  d e t e r m i n i n g  t h e  r e q u i r e d  l e v e l  o f  c a p i t a l  a n  F I  m u s t  h o l d .

F u r t h e r ,  p a r t  o f  t h e  W a l l  S t r e e t  R e f o r m  a n d  C o n s u m e r  P r o t e c t i o n  A c t ,  p a s s e d  

i n  2 0 1 0  i n  r e s p o n s e  t o  t h e  f i n a n c i a l  c r i s i s ,  i s  t h e  V o l k e r  R u l e  ( t o  b e  i m p l e m e n t e d  

b y  b a n k s  b y  J u l y  2 0 1 4  a t  t h e  e a r l i e s t ) .  T h e  V o l c k e r  R u l e  p r o h i b i t s  U . S .  d e p o s i 

t o r y  i n s t i t u t i o n s  ( D I s )  f r o m  e n g a g i n g  i n  p r o p r i e t a r y  t r a d i n g  ( i . e . ,  a n y  t r a n s a c t i o n  

t o  p u r c h a s e  o r  s e l l  a s  a  p r i n c i p a l  f o r  t h e  t r a d i n g  a c c o u n t  o f  t h e  b a n k )  a n d  f r o m  

i n v e s t i n g  i n  h e d g e  f u n d s  o r  p r i v a t e  e q u i t y  f u n d s .  H o w e v e r ,  a  D I  m a y  o r g a n i z e  

a n d  o f f e r  a  h e d g e  f u n d  o r  p r i v a t e  e q u i t y  f u n d  i f  i t  d o e s  n o t  h a v e  a n  o w n e r s h i p  

i n t e r e s t  i n  t h e  f u n d  e x c e p t  f o r  a  s e e d  i n v e s t m e n t  t h a t  i s  l i m i t e d  t o  n o  m o r e  t h a n  

3  p e r c e n t  o f  t o t a l  o w n e r s h i p  i n t e r e s t  o f  t h e  f u n d  w i t h i n  o n e  y e a r  a f t e r  t h e  d a t e  

o f  e s t a b l i s h m e n t  o f  t h e  f u n d .  A d d i t i o n a l l y ,  t h e  D I ' s  o v e r a l l  i n v e s t m e n t  i n  h e d g e  

f u n d s  o r  p r i v a t e  e q u i t y  f u n d s  m a y  n o t  e x c e e d  3  p e r c e n t  o f  t h e  D I ' s  t i e r  1  c a p i t a l .  

T h e  r u l e  w a s  n a m e d  a f t e r  f o r m e r  F e d e r a l  R e s e r v e  C h a i r m a n  P a u l  V o l c k e r ,  w h o  

h a d  b e e n  o u t s p o k e n  i n  h i s  c l a i m s  t h a t  s u c h  a c t i v i t i e s  p l a y e d  a  m a j o r  p a r t  i n  

t h e  f i n a n c i a l  c r i s i s .  T h e  V o l k e r  R u l e  i s  i n t e n d e d  t o  r e s t r i c t  s p e c u l a t i v e  t r a d e s  m a d e  

b y  d e p o s i t o r y  i n s t i t u t i o n s  w i t h  t h e i r  o w n  m o n e y  a n d ,  t h u s ,  i s  i n t e n d e d  t o  r e d u c e  

m a r k e t  r i s k  a t  d e p o s i t o r y  i n s t i t u t i o n s .  H o w e v e r ,  s o m e  h a v e  s a i d  t h e  n e w  r u l e s  

a r e  a n t i - b a n k  s p e c i a l n e s s .  T h i s  a r g u m e n t  s t e m s  f r o m  t h e  f a c t  t h a t  t h e  n e w  r u l e s  

o n  F I s '  t r a d i n g  p o r t f o l i o s  v i r t u a l l y  f o r c e  F I s  t o  h o l d  a  m a t c h e d  m a t u r i t y  b o o k .  T h i s  

l i m i t s  t h e  t r a d i t i o n a l  s p e c i a l n e s s  i n  b a n k  m a t u r i t y  i n t e r m e d i a t i o n — t h a t  i s ,  b o r r o w  

i n  t h e  s h o r t - t e r m  f u n d s  m a r k e t  t o  l e n d  i n  t h e  l o n g - t e r m  m a r k e t .

T a b l e  1 5 - 2  s u m m a r i z e s  s e v e r a l  b e n e f i t s  o f  m e a s u r i n g  m a r k e t  r i s k ,  i n c l u d i n g  

p r o v i d i n g  m a n a g e m e n t  w i t h  i n f o r m a t i o n  o n  t h e  e x t e n t  o f  m a r k e t  r i s k  e x p o s u r e ,  

m a r k e t  r i s k  l i m i t s ,  r e s o u r c e  a l l o c a t i o n ,  a n d  p e r f o r m a n c e  e v a l u a t i o n ,  a s  w e l l  a s  

p r o v i d i n g  r e g u l a t o r s  w i t h  i n f o r m a t i o n  o n  h o w  t o  p r o t e c t  b a n k s  a n d  t h e  f i n a n c i a l  

s y s t e m  a g a i n s t  f a i l u r e  d u e  t o  e x t r e m e  m a r k e t  r i s k .  T h e  s e c t i o n s  t h a t  f o l l o w  

c o n c e n t r a t e  o n  a b s o l u t e  d o l l a r  m e a s u r e s  o f  m a r k e t  r i s k .  W e  l o o k  a t  t h r e e  

m a j o r  a p p r o a c h e s  t h a t  a r e  b e i n g  u s e d  t o  m e a s u r e  m a r k e t  r i s k :  R i s k M e t r i c s ,  h i s t o r i c  

o r  b a c k  s i m u l a t i o n ,  a n d  M o n t e  C a r l o  s i m u l a t i o n .  T h e  l i n k  b e t w e e n  m a r k e t  r i s k  a n d  

r e q u i r e d  c a p i t a l  l e v e l s  i s  a l s o  d i s c u s s e d  i n  t h e  c h a p t e r .

CALCULATING MARKET RISK EXPOSURE

L a r g e  c o m m e r c i a l  b a n k s ,  i n v e s t m e n t  b a n k s ,  i n s u r a n c e  c o m p a n i e s ,  a n d  m u t u a l  

f u n d s  h a v e  a l l  d e v e l o p e d  m a r k e t  r i s k  m o d e l s .  I n  t h e  d e v e l o p m e n t  o f  t h e s e  m o d 

e l s ,  f o u r  m a j o r  a p p r o a c h e s  h a v e  b e e n  f o l l o w e d :

• R i s k M e t r i c s  ( o r  t h e  v a r i a n c e / c o v a r i a n c e  a p p r o a c h ) .

• H i s t o r i c  o r  b a c k  s i m u l a t i o n .

• M o n t e  C a r l o  s i m u l a t i o n .

• E x p e c t e d  s h o r t f a l l .
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T A B L E  1 5 - 2

Benefits of Market 
Risk Measurement 
(MRM)

1 . Management information. M R M  p r o v i d e s  s e n i o r  m a n a g e m e n t  w i t h  i n f o r m a t i o n  o n  t h e  

r is k  e x p o s u r e  t a k e n  b y  FI t r a d e r s .  M a n a g e m e n t  c a n  t h e n  c o m p a r e  t h i s  r is k  e x p o s u r e  t o  t h e  

FI's c a p i t a l  r e s o u r c e s .

2 . Setting limits. M R M  c o n s i d e r s  t h e  m a r k e t  r is k  o f  t r a d e r s '  p o r t f o l i o s ,  w h i c h  w ill  l e a d  t o  t h e  

e s t a b l i s h m e n t  o f  e c o n o m i c a l l y  l o g i c a l  p o s i t i o n  l im i t s  p e r  t r a d e r  in  e a c h  a r e a  o f  t r a d i n g .

3 .  Resource allocation. M R M  i n v o lv e s  t h e  c o m p a r i s o n  o f  r e t u r n s  t o  m a r k e t  r is k s  in  d i f f e r e n t  

a r e a s  o f  t r a d i n g ,  w h i c h  m a y  a l l o w  f o r  t h e  i d e n t i f i c a t i o n  o f  a r e a s  w i t h  t h e  g r e a t e s t  p o t e n t i a l  

r e t u r n  p e r  u n i t  o f  r is k  i n t o  w h i c h  m o r e  c a p i t a l  a n d  r e s o u r c e s  c a n  b e  d i r e c t e d .

4 .  Performance evaluation. M R M  c o n s i d e r s  t h e  r e t u r n - r i s k  r a t i o  o f  t r a d e r s ,  w h i c h  m a y  a l l o w  

a  m o r e  r a t i o n a l  b o n u s  ( c o m p e n s a t i o n )  s y s t e m  t o  b e  p u t  in  p l a c e .  T h a t  is , t h o s e  t r a d e r s  w i t h  

t h e  h i g h e s t  r e t u r n s  m a y  s im p ly  b e  t h e  o n e s  w h o  h a v e  t a k e n  t h e  l a r g e s t  r is k s .  It is n o t  c l e a r  

t h a t  t h e y  s h o u l d  r e c e i v e  h i g h e r  c o m p e n s a t i o n  t h a n  t r a d e r s  w i t h  l o w e r  r e t u r n s  a n d  l o w e r  

r is k  e x p o s u r e s .

5 . Regulation. W i t h  t h e  B a n k  f o r  I n t e r n a t i o n a l  S e t t l e m e n t s  ( B IS )  a n d  F e d e r a l  R e s e r v e  c u r 

r e n t l y  r e g u l a t i n g  m a r k e t  r is k  t h r o u g h  c a p i t a l  r e q u i r e m e n t s  ( d i s c u s s e d  l a t e r  in  t h i s  c h a p t e r ) ,  

p r i v a t e  s e c t o r  b e n c h m a r k s  a r e  i m p o r t a n t ,  s i n c e  it  is p o s s i b l e  t h a t  r e g u l a t o r s  w il l  o v e r p r i c e  

s o m e  r is k s .  M R M  c o n d u c t e d  b y  t h e  FI c a n  b e  u s e d  t o  p o i n t  t o  p o t e n t i a l  m i s a l l o c a t i o n s  o f  

r e s o u r c e s  a s  a  r e s u l t  o f  p r u d e n t i a l  r e g u l a t i o n .  A s  a  r e s u l t ,  in  c e r t a i n  c a s e s  r e g u l a t o r s  a r e  

a l l o w i n g  b a n k s  t o  u s e  t h e i r  o w n  ( i n t e r n a l )  m o d e l s  t o  c a l c u l a t e  t h e i r  c a p i t a l  r e q u i r e m e n t s .

T h e  f i r s t  t h r e e  m o d e l s  o f f e r  d i f f e r e n t  m e t h o d s  u s e d  t o  c a l c u l a t e  v a l u e  a t  r i s k .  

W e  c o n s i d e r  R i s k M e t r i c s  f i r s t  a n d  t h e n  c o m p a r e  i t  w i t h  o t h e r  i n t e r n a l  m o d e l  

a p p r o a c h e s ,  s u c h  a s  h i s t o r i c  o r  b a c k  s i m u l a t i o n .  T h e  e x p e c t e d  s h o r t f a l l  m o d e l  

( a l s o  c a l l e d  t h e  c o n d i t i o n a l  v a l u e  a t  r i s k )  i s  a n  a l t e r n a t i v e  t o  t h e  t r a d i t i o n a l  v a l u e  

a t  r i s k  m e a s u r e  t h a t  i s  m o r e  s e n s i t i v e  t o  t h e  s h a p e  o f  t h e  l o s s  t a i l  o f  t h e  p r o b a b i l i t y  

d i s t r i b u t i o n  o f  r e t u r n s .  S t a r t i n g  i n  J a n u a r y  2 0 1 3 ,  r e g u l a t o r s  h a v e  r e p l a c e d  v a l u e  a t  

r i s k  w i t h  t h e  e x p e c t e d  s h o r t f a l l  m e a s u r e  a s  t h e  m a i n  m e a s u r e  o f  m a r k e t  r i s k .

THE RISKMETRICS MODEL

T h e  u l t i m a t e  o b j e c t i v e  o f  m a r k e t  r i s k  m e a s u r e m e n t  m o d e l s  c a n  b e s t  b e  s e e n  f r o m  

t h e  f o l l o w i n g  q u e s t i o n  f r o m  a n  F I  m a n a g e r :  " I  a m  X %  s u r e  t h a t  t h e  F I  w i l l  n o t  l o s e  

m o r e  t h a n  $ V A R  i n  t h e  n e x t  T  d a y s . "  I n  a  n u t s h e l l ,  t h e  F I  m a n a g e r  w a n t s  a  s i n g l e  

d o l l a r  n u m b e r  t h a t  t e l l s  h i m  t h e  F I ' s  m a r k e t  r i s k  e x p o s u r e  o v e r  t h e  n e x t  d a y s —  

e s p e c i a l l y  i f  t h o s e  d a y s  t u r n  o u t  t o  b e  e x t r e m e l y  " b a d "  d a y s .

T h i s  c a n  b e  n o n t r i v i a l ,  g i v e n  t h e  e x t e n t  o f  a  l a r g e  o r  e v e n  m i d - s i z e d  F I ' s  t r a d i n g  

b u s i n e s s .  W h e n  J P M  d e v e l o p e d  i t s  R i s k M e t r i c s  m o d e l  i n  1 9 9 4  i t  h a d  1 4  a c t i v e  t r a d 

i n g  l o c a t i o n s  w i t h  1 2 0  i n d e p e n d e n t  u n i t s  t r a d i n g  f i x e d - i n c o m e  s e c u r i t i e s ,  f o r e i g n  

e x c h a n g e ,  c o m m o d i t i e s ,  d e r i v a t i v e s ,  e m e r g i n g - m a r k e t  s e c u r i t i e s ,  a n d  p r o p r i e t a r y  

a s s e t s . 2 I n  2 0 1 1 ,  J . P .  M o r g a n  C h a s e  o p e r a t e d  w o r l d w i d e  a n d  h e l d  a  t r a d i n g  p o r t f o 

l i o  w o r t h  o v e r  m o r e  t h a n  $ 4 4 4  b i l l i o n .  T h i s  s c a l e  a n d  v a r i e t y  o f  a c t i v i t i e s  i s  t y p i c a l  

o f  t h e  m a j o r  m o n e y  c e n t e r  b a n k s ,  l a r g e  o v e r s e a s  b a n k s  ( e . g . ,  D e u t s c h e  B a n k  a n d  

B a r c l a y s ) ,  a n d  m a j o r  i n s u r a n c e  c o m p a n i e s  a n d  i n v e s t m e n t  b a n k s .

2 J.P Morgan (JPM) first developed RiskMetrics In 1994. In 1998 the Corporate Risk M anagement Depart
ment tha t operated RiskMetrics was spun o ff from  J.P Morgan and became know n as RiskMetrics Group. 
The company w en t public in January 2008 and was subsequently acquired, in June 2010, by MSCI. The 
material presented in this chapter is an overview o f the RiskMetrics model. The details, additional discus
sion, and examples are found in "R e tu rn  to  RiskMetrics: The Evolution o f a S tandard," April 2001, avail
able at the J.P Morgan Chase website, w w w .jpm organchase.com , or www.riskmetrics.com .

http://www.jpmorganchase.com
http://www.riskmetrics.com
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H e r e ,  w e  w i l l  c o n c e n t r a t e  o n  m e a s u r i n g  t h e  m a r k e t  r i s k  e x p o s u r e  o f  a  m a j o r  F I  

o n  a  d a i l y  b a s i s  u s i n g  t h e  R i s k M e t r i c s  a p p r o a c h .  A s  w i l l  b e  d i s c u s s e d  l a t e r ,  m e a 

s u r i n g  t h e  r i s k  e x p o s u r e  f o r  p e r i o d s  l o n g e r  t h a n  a  d a y  ( e . g . ,  f i v e  d a y s )  i s  u n d e r  

c e r t a i n  a s s u m p t i o n s  a  s i m p l e  t r a n s f o r m a t i o n  o f  t h e  d a i l y  r i s k  e x p o s u r e  n u m b e r .  

E s s e n t i a l l y ,  t h e  F I  i s  c o n c e r n e d  w i t h  h o w  t o  p r e s e r v e  e q u i t y  i f  m a r k e t  c o n d i t i o n s  

m o v e  a d v e r s e l y  t o m o r r o w ;  t h a t  i s :

M a r k e t  r i s k  =  E s t i m a t e d  p o t e n t i a l  l o s s  u n d e r  a d v e r s e  c i r c u m s t a n c e s

M o r e  s p e c i f i c a l l y ,  t h e  m a r k e t  r i s k  i s  m e a s u r e d  i n  t e r m s  o f  t h e  F I ' s  d a i l y  e a r n i n g s  

a t  r i s k  ( D E A R )  a n d  h a s  t h r e e  c o m p o n e n t s :

D a i l y  e a r n i n g s  

a t  r i s k

S i n c e  p r i c e  s e n s i t i v i t y  m u l t i p l i e d  b y  a d v e r s e  y i e l d  m o v e  m e a s u r e s  t h e  d e g r e e  o f  

p r i c e  v o l a t i l i t y  o f  a n  a s s e t ,  w e  c a n  a l s o  w r i t e  t h i s  e q u a t i o n  a s :

/  y
D o l l a r  m a r k e t

/ y
P r i c e

/ \ 

P o t e n t i a l

v a l u e  o f X s e n s i t i v i t y  o f X a d v e r s e  m o v e

t h e  p o s i t i o n
V V

t h e  p o s i t i o n
V v

i n  y i e l d
V /

D a i l y  e a r n i n g s  

a t  r i s k

f  y
D o l l a r  m a r k e t  

v a l u e  o f  

t h e  p o s i t i o n

X
P r i c e

v o l a t i l i t y ( 1 )

H o w  p r i c e  s e n s i t i v i t y  a n d  a n  a d v e r s e  y i e l d  m o v e  w i l l  b e  m e a s u r e d  d e p e n d s  o n  

t h e  F I  a n d  i t s  c h o i c e  o f  a  p r i c e - s e n s i t i v i t y  m o d e l  a s  w e l l  a s  i t s  v i e w  o f  w h a t  e x a c t l y  

i s  a  p o t e n t i a l l y  a d v e r s e  p r i c e  ( y i e l d )  m o v e .

W e  c o n c e n t r a t e  o n  h o w  t h e  R i s k M e t r i c s  m o d e l  c a l c u l a t e s  d a i l y  e a r n i n g s  a t  r i s k  

i n  t h r e e  t r a d i n g  a r e a s — f i x e d  i n c o m e ,  f o r e i g n  e x c h a n g e  ( F X ) ,  a n d  e q u i t i e s — a n d  

t h e n  o n  h o w  i t  e s t i m a t e s  t h e  a g g r e g a t e  r i s k  o f  t h e  e n t i r e  t r a d i n g  p o r t f o l i o  t o  m e e t  

a n  F I  m a n a g e r ' s  o b j e c t i v e  o f  a  s i n g l e  a g g r e g a t e  d o l l a r  e x p o s u r e  m e a s u r e  a c r o s s  t h e  

w h o l e  b a n k  o n  a  g i v e n  d a y .

The Market Risk of Fixed-Income Securities
S u p p o s e  a n  F I  h a s  a  $ 1  m i l l i o n  m a r k e t  v a l u e  p o s i t i o n  i n  z e r o - c o u p o n  b o n d s  o f  

s e v e n  y e a r s  t o  m a t u r i t y  w i t h  a  f a c e  v a l u e  o f  $ 1 , 6 3 1 , 4 8 3 .  T o d a y ' s  y i e l d  o n  t h e s e  

b o n d s  i s  7 . 2 4 3  p e r c e n t  p e r  y e a r . 3 T h e s e  b o n d s  a r e  h e l d  a s  p a r t  o f  t h e  t r a d i n g  p o r t 

f o l i o .  T h u s ,

D o l l a r  m a r k e t  v a l u e  o f  p o s i t i o n  =  $ 1  m i l l i o n

T h e  F I  m a n a g e r  w a n t s  t o  k n o w  t h e  p o t e n t i a l  e x p o s u r e  t h e  F I  f a c e s  s h o u l d  i n t e r 

e s t  r a t e s  m o v e  a g a i n s t  t h e  F I  a s  t h e  r e s u l t  o f  a n  a d v e r s e  o r  r e a s o n a b l y  b a d  m a r k e t

3 The face value of the bonds is $ 1 ,631 ,483— that is, $1 ,631 ,483/(1 .07243)7 = $1 ,00 0 ,0 0 0  market
value. In the original model, prices were determined using a discrete rate of return, R . In the April 2001
document "Return to RiskMetrics: The Evolution of a Standard," prices are determined using a continu
ously compounded return, e~rt. The change was implemented because continuous compounding has
properties that facilitate mathematical treatment. For example, the logarithmic return on a zero-coupon 
bond equals the difference of interest rates multiplied by the maturity of the bond. That is:

In = ~(r -  r)t

where r is the expected return.

rt



Chapter 15 M arket Risk  443

E X A M P L E  1 5 - 1

Daily Earnings 
at Risk on Fixed- 
Income Securities

m o v e  t h e  n e x t  d a y .  H o w  m u c h  t h e  F I  w i l l  l o s e  d e p e n d s  o n  t h e  b o n d ' s  p r i c e  v o l a t i l 

i t y .  F r o m  t h e  d u r a t i o n  m o d e l  i n  C h a p t e r  9  w e  k n o w  t h a t :

D a i l y  p r i c e  v o l a t i l i t y  =  ( P r i c e  s e n s i t i v i t y  t o  a  s m a l l  c h a n g e  i n  y i e l d )

X  ( A d v e r s e  d a i l y  y i e l d  m o v e )  ( 2 )

=  (M D ) X  ( A d v e r s e  d a i l y  y i e l d  m o v e )

T h e  m o d i f i e d  d u r a t i o n  ( M D )  o f  t h i s  b o n d  i s : 4

D  7
M D  =  ------------  =    =  6 . 5 2 7

1  +  R  ( 1 . 0 7 2 4 3 )

g i v e n  t h a t  t h e  y i e l d  o n  t h e  b o n d  i s  R  =  7 . 2 4 3  p e r c e n t .  T o  e s t i m a t e  p r i c e  v o l a t i l i t y ,  

m u l t i p l y  t h e  b o n d ' s  M D  b y  t h e  e x p e c t e d  a d v e r s e  d a i l y  y i e l d  m o v e .

S u p p o s e  w e  d e f i n e  b a d  y ie ld  c h a n g e s  s u c h  t h a t  t h e r e  is o n l y  a  1 p e r c e n t  c h a n c e  t h a t  t h e  

y ie ld  c h a n g e s  w il l  e x c e e d  t h i s  a m o u n t  in  e i t h e r  d i r e c t i o n — o r , s i n c e  w e  a r e  c o n c e r n e d  o n ly  

w i t h  b a d  o u t c o m e s ,  a n d  w e  a r e  l o n g  in  b o n d s ,  t h a t  t h e r e  is 1 c h a n c e  in  1 0 0  ( o r  a  1 p e r c e n t  

c h a n c e )  t h a t  t h e  n e x t  d a y 's  y ie ld  i n c r e a s e  ( o r  s h o c k )  w il l  e x c e e d  t h i s  g i v e n  a d v e r s e  m o v e .

If w e  a s s u m e  t h a t  y ie ld  c h a n g e s  a r e  n o r m a l l y  d i s t r i b u t e d , 5 w e  c a n  f i t  a  n o r m a l  d i s t r i b u 

t i o n  t o  t h e  h i s t o g r a m  o f  r e c e n t  p a s t  c h a n g e s  in  s e v e n - y e a r  z e r o - c o u p o n  i n t e r e s t  r a t e s  (y ie ld s )  

t o  g e t  a n  e s t i m a t e  o f  t h e  s iz e  o f  t h i s  a d v e r s e  r a t e  m o v e .  F r o m  s t a t i s t i c s ,  w e  k n o w  t h a t  ( t h e  

m i d d l e )  9 8  p e r c e n t  o f  t h e  a r e a  u n d e r  t h e  n o r m a l  d i s t r i b u t i o n  is t o  b e  f o u n d  w i t h i n  ± 2 . 3 3  

s t a n d a r d  d e v i a t i o n s  (a ) f r o m  t h e  m e a n — t h a t  is , 2 . 3 3 a— a n d  2  p e r c e n t  o f  t h e  a r e a  u n d e r  

t h e  n o r m a l  d i s t r i b u t i o n  is f o u n d  b e y o n d  ± 2 . 3 3 a (1  p e r c e n t  u n d e r  e a c h  t a i l ,  - 2 . 3 3 a a n d  

+ 2 . 3 3 a , r e s p e c t i v e l y ) . 6 S u p p o s e  t h a t  d u r i n g  t h e  l a s t  y e a r  t h e  m e a n  c h a n g e  in  d a i ly  y i e l d s  o n  

s e v e n - y e a r  z e r o - c o u p o n  b o n d s  w a s  0  p e r c e n t , 7 w h i l e  t h e  s t a n d a r d  d e v i a t i o n  w a s  1 0  b a s i s  

p o i n t s  ( o r  0 . 0 0 1 ) .  T h u s ,  2 . 3 3 a is  2 3 . 3  b a s i s  p o i n t s  ( b p ) . 8 In  o t h e r  w o r d s ,  o v e r  t h e  l a s t  y e a r ,  

d a i ly  y i e l d s  o n  s e v e n - y e a r ,  z e r o - c o u p o n  b o n d s  h a v e  f l u c t u a t e d  ( e i t h e r  p o s i t i v e l y  o r  n e g a t i v e l y )  

b y  m o r e  t h a n  2 3 . 3  b p  2  p e r c e n t  o f  t h e  t i m e .  A d v e r s e  m o v e s  in  y i e l d s  a r e  t h o s e  t h a t  d e c r e a s e  

t h e  v a l u e  o f  t h e  s e c u r i t y  ( i . e . ,  t h e  y ie ld  i n c r e a s e s ) .  T h e s e  o c c u r r e d  1 p e r c e n t  o f  t h e  t i m e ,  o r  1 

in  1 0 0  d a y s .  T h is  is s h o w n  in  F i g u r e  1 5 - 1 .

4 Assuming annual compounding for simplicity.

5 In reality, many asset return distributions— such as exchange rates and interest rates— have "fat tails." 
Thus, the normal distribution will tend to underestimate extreme outcomes. This is a major criticism of 
the RiskMetrics modeling approach and a major reason for regulators' move to the use of expected short
fall from the traditional value at risk measure of market risk. Further, the original CreditMetrics calculation 
of DEAR incorporated a 5 percent chance that the next day's yield increase will exceed this given adverse 
move. The use of 1 percent to measure adverse moves produces a more conservative estimate of an FI's 
value at risk.

6 For 95 percent of the area under the normal distribution (2.5 percent under each tail), we use ±  1.96, 
and for 90 percent of the area (5 percent under each tail) we use ±  1.65. CreditMetrics originally used 
the 90 percent confidence level.

7 If the mean were nonzero (e.g., - 1  basis point), this could be added to the 23.3 bp (i.e., 22.3 bp) to 
project the yield shock.

8 RiskMetrics weights more recent observations more highly than past observations (this is called expo
nential weighting). This allows more recent news to be more heavily reflected in the calculation of a. 
Regular a calculations put an equal weight on all past observations.
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W e  c a n  n o w  c a l c u l a t e  t h e  p o t e n t i a l  d a i ly  p r i c e  v o l a t i l i t y  o n  s e v e n - y e a r  d i s c o u n t  b o n d s  

u s i n g  e q u a t i o n  ( 2 )  a s :

P r ic e  v o la t i l i t y  =  ( M D )  x  ( P o t e n t i a l  a d v e r s e  m o v e  in  y ie ld )

=  ( 6 . 5 2 7 )  x  ( 0 . 0 0 2 3 3 )

=  0 . 0 1 5 2 1  o r  1 . 5 2 1 %

G iv e n  t h i s  p r i c e  v o l a t i l i t y  a n d  t h e  in it ia l  m a r k e t  v a l u e  o f  t h e  s e v e n - y e a r  b o n d  p o r t f o l i o ,  

t h e n  e q u a t i o n  ( 1 )  c a n  b e  u s e d  t o  c a l c u l a t e  t h e  d a i ly  e a r n i n g s  a t  r is k  a s : 9

D a ily  e a r n i n g s  a t  r is k  =  ( D o l la r  m a r k e t  v a l u e  o f  p o s i t i o n )  x  ( P r ic e  v o la t i l i ty )

=  ( $ 1 , 0 0 0 , 0 0 0 )  x  ( 0 . 0 1 5 2 1 )

=  $ 1 5 , 2 1 0

T h a t  is , t h e  p o t e n t i a l  d a i ly  lo s s  in  e a r n i n g s  o n  t h e  $ 1  m i l l io n  p o s i t i o n  is $ 1 5 , 2 1 0  if t h e  1 b a d  

d a y  in  1 0 0  o c c u r s  t o m o r r o w .

W e  c a n  e x t e n d  t h i s  a n a l y s i s  t o  c a l c u l a t e  t h e  p o t e n t i a l  l o s s  o v e r  2 ,  3 ,  . . . N  d a y s .  

I f  w e  a s s u m e  t h a t  y i e l d  s h o c k s  a r e  i n d e p e n d e n t  a n d  d a i l y  v o l a t i l i t y  i s  a p p r o x i 

m a t e l y  c o n s t a n t , 10 a n d  t h a t  t h e  F I  i s  l o c k e d  i n  t o  h o l d i n g  t h i s  a s s e t  f o r  N  n u m b e r

F I G U R E  1 5 - 1

Seven-Year Rates

2 .3 3 s

9 Since we are calculating loss, we drop the minus sign here.

10 The assumptions that daily volatility is constant and that there is no autocorrelation in yield shocks are 
strong assumptions. Much recent literature suggests that shocks are autocorrelated in many asset mar
kets over relatively long horizons. To understand why we take the square root of N, consider a five-day 
holding period. The oj ,  or five-day variance of asset returns, will equal the current one-day variance, a 2 , 
times 5 under the assumptions of constant daily variance and no autocorrelation in shocks, or:

a;2 = a 2 X  5

The standard deviation of this equation is:

o 5 = a , X  -Jb

or since DEAR is measured in the same dimensions as a standard deviation (a ), in the terminology of Risk- 
Metrics, the five-day value at risk is:

5-day VAR =  DEAR X V5
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r mü

o f  d a y s ,  t h e n  t h e  N - d a y  m a r k e t  v a l u e  a t  r i s k  ( V A R )  i s  r e l a t e d  t o  d a i l y  e a r n i n g s  a t  

r i s k  ( D E A R )  b y :

N  - d a y  V A R  =  D E A R  X  V Ñ  ( 3 )

T h a t  i s ,  t h e  e a r n i n g s  t h e  F I  h a s  a t  r i s k ,  s h o u l d  i n t e r e s t  r a t e  y i e l d s  m o v e  a g a i n s t  

t h e  F I ,  a r e  a  f u n c t i o n  o f  t h e  v a l u e  o r  e a r n i n g s  a t  r i s k  f o r  o n e  d a y  ( D E A R )  a n d  

t h e  ( s q u a r e  r o o t  o f  t h e )  n u m b e r  o f  d a y s  t h a t  t h e  F I  i s  f o r c e d  t o  h o l d  t h e  s e c u r i t i e s  

b e c a u s e  o f  a n  i l l i q u i d  m a r k e t .  S p e c i f i c a l l y ,  D E A R  a s s u m e s  t h a t  t h e  F I  c a n  s e l l  a l l  

t h e  b o n d s  t o m o r r o w ,  e v e n  a t  t h e  n e w  l o w e r  p r i c e .  I n  r e a l i t y ,  i t  m a y  t a k e  m a n y  d a y s  

f o r  t h e  F I  t o  u n l o a d  i t s  p o s i t i o n .  T h i s  r e l a t i v e  i l l i q u i d i t y  o f  a  m a r k e t  e x p o s e s  t h e  F I  

t o  m a g n i f i e d  l o s s e s  ( m e a s u r e d  b y  t h e  s q u a r e  r o o t  o f  N ) . 11 I f  N  i s  f i v e  d a y s ,  t h e n :

5 - d a y  V A R  =  $ 1 5 , 2 1 0  X  V 5  =  $ 3 4 , 0 1 1

I f  N  i s  1 0  d a y s ,  t h e n : 12

1 0 - d a y  V A R  =  $ 1 5 , 2 1 0  X  V Í 0  =  $ 4 8 , 0 9 8

I n  t h e  p r e c e d i n g  c a l c u l a t i o n s ,  w e  e s t i m a t e d  p r i c e  s e n s i t i v i t y  u s i n g  m o d i f i e d  d u r a 

t i o n .  H o w e v e r ,  t h e  R i s k M e t r i c s  m o d e l  g e n e r a l l y  p r e f e r s  u s i n g  t h e  p r e s e n t  v a l u e  o f  

c a s h  f l o w  c h a n g e s  a s  t h e  p r i c e - s e n s i t i v i t y  w e i g h t s  o v e r  m o d i f i e d  d u r a t i o n s .  E s s e n 

t i a l l y ,  e a c h  c a s h  f l o w  i s  d i s c o u n t e d  b y  t h e  a p p r o p r i a t e  z e r o - c o u p o n  r a t e  t o  g e n e r a t e  

t h e  d a i l y  e a r n i n g s  a t  r i s k  m e a s u r e .  I f  w e  u s e d  t h e  d i r e c t  c a s h  f l o w  c a l c u l a t i o n  i n  t h i s  

c a s e ,  t h e  l o s s  w o u l d  b e  $ 1 5 , 2 0 9 . 6 3 . 13 T h e  e s t i m a t e s  i n  t h i s  c a s e  a r e  v e r y  c l o s e .

Foreign Exchange
L a r g e  F I s  a l s o  a c t i v e l y  t r a d e  i n  f o r e i g n  e x c h a n g e  ( F X ) .  R e m e m b e r  t h a t :

D E A R  =  ( D o l l a r  v a l u e  o f  p o s i t i o n )  X  ( P r i c e  v o l a t i l i t y )

E X A M P L E  1 5 - 2

Daily Earnings 
at Risk o f Foreign 
Exchange 
Contracts

Suppose the FI had a €800,000 trading position in spot euros at the close of business on a 
particular day. The FI wants to calculate the daily earnings at risk from this position (i.e., the 
risk exposure on this position should the next day be a bad day in the FX markets with respect 
to the value of the euro against the dollar).

The first step is to calculate the dollar value of the position:

Dollar equivalent value of position = (FX position) x ($ per unit of foreign currency)

Suppose for simplicity that the exchange rate is €0.8000/$1 or $1.25/€ at the daily close; then: 
Dollar value of position = €800,000 x $1.25 /€

= $ 1 million

11 In practice, a number of FIs calculate N internally by dividing the position held in a security by the 
median daily volume of trading of that security over recent days. Thus, if trading volume is low because 
of a "one-way market," in that most people are seeking to sell rather than buy, then N can rise substan
tially; that is, N =  ($ position in security/median daily $ volume of trading).

12 Under the BIS market risk capital requirements, a 10-day holding period (N =  10) is assumed to mea
sure exposure.

13 The initial market value of the seven-year zero was $ 1 ,000 ,000 , or $1 ,631 ,483/(1 .07243)7. The (loss) 
effect on each $1 (market value) invested in the bond of a rise in rates by 1 bp from 7 .243 percent to 
7 .253 percent is 0 .00065277 . However, the adverse rate move is 23.3 bp. Thus:

DEAR =  ($1 million) X (0.00065277) X (23.3) =  $15, 210
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S u p p o s e  t h a t ,  l o o k i n g  b a c k  a t  t h e  € / $  e x c h a n g e  r a t e  o v e r  t h e  p a s t  y e a r ,  w e  f i n d  t h a t  t h e  

v o la t i l i t y ,  o r  s t a n d a r d  d e v i a t i o n  (a ) , o f  d a i ly  p e r c e n t a g e  c h a n g e s  in  t h e  s p o t  e x c h a n g e  r a t e  

w a s  5 6 . 5  b p .  H o w e v e r ,  s u p p o s e  t h a t  t h e  FI is i n t e r e s t e d  in  a d v e r s e  m o v e s — t h a t  is , b a d  m o v e s  

t h a t  w ill  n o t  o c c u r  m o r e  t h a n  1 p e r c e n t  o f  t h e  t i m e ,  o r  1 d a y  in  e v e r y  1 0 0 .  S t a t i s t i c a l l y  s p e a k 

i n g ,  i f  c h a n g e s  in  e x c h a n g e  r a t e s  a r e  h i s t o r i c a l l y  " n o r m a l l y "  d i s t r i b u t e d ,  t h e  e x c h a n g e  r a t e  

m u s t  c h a n g e  in  t h e  a d v e r s e  d i r e c t i o n  b y  2 . 3 3 a ( 2 . 3 3  X 5 6 . 5  b p )  f o r  t h i s  c h a n g e  t o  b e  v i e w e d  

a s  l ik e ly  t o  o c c u r  o n l y  1 d a y  in  e v e r y  1 0 0  d a y s : 14

F X  v o la t i l i t y  = 2 . 3 3  X 5 6 . 5  b p  = 1 3 1 . 6 4 5  b p

In o t h e r  w o r d s ,  d u r i n g  t h e  l a s t  y e a r ,  t h e  e u r o  d e c l i n e d  in  v a l u e  a g a i n s t  t h e  d o l l a r  b y  1 3 1 . 6 4 5  

b p  1 p e r c e n t  o f  t h e  t i m e .  A s  a  r e s u lt :

D E A R  = ( D o l la r  v a l u e  o f  p o s i t i o n )  X (F X  v o la t i l i ty )

= ($ 1  m il l io n )  X ( 0 . 0 1 3 1 6 4 5 )

= $ 1 3 , 1 6 4

T h is  is t h e  p o t e n t i a l  d a i ly  e a r n i n g s  e x p o s u r e  t o  a d v e r s e  e u r o  t o  d o l l a r  e x c h a n g e  r a t e  c h a n g e s  

f o r  t h e  FI f r o m  t h e  € 1 . 4  m i l l io n  s p o t  c u r r e n c y  h o l d i n g s .

Equities
M a n y  la r g e  F Is  a ls o  ta k e  p o s it io n s  in  e q u itie s . A s  is  w e ll  k n o w n  f r o m  th e  C a p ita l  

A s s e t  P r i c in g  M o d e l  ( C A P M ) , th e r e  a r e  t w o  t y p e s  o f  r is k  to  a n  e q u i ty  p o s i t io n  in  

a n  in d iv id u a l  s to c k  i :

T o ta l  ris k  =  S y s te m a tic  r is k  +  U n s y s te m a tic  risk

( CT a  ) ( ß r I t )  +  ( ct ä  )

( 4 )

beta
Systematic (undiver- 
sifiable) risk reflecting 
the co-movement 
of the returns on a 
specific stock with 
returns on the market 
portfolio.

S y s te m a tic  r is k  re f le c ts  th e  c o - m o v e m e n t  o f  t h a t  s to c k  w i t h  th e  m a r k e t  p o r tf o lio  

r e f le c te d  b y  th e  s to c k 's  b e t a  (p j  a n d  th e  v o la t i l i ty  o f  th e  m a r k e t  p o r tf o lio  ( a mt), 

w h ile  u n s y s t e m a t i c  r is k  is  s p e c if ic  to  th e  f i r m  i ts e lf  ( a eit).

In  a  v e r y  w e ll  d iv e r s if ie d  p o r tf o l io ,  u n s y s t e m a t i c  r is k  ( a 2eit) c a n  b e  l a r g e ly  d iv e r 

s if ie d  a w a y  ( i .e .,  w il l  e q u a l  z e r o ) ,  l e a v in g  b e h in d  s y s t e m a t ic  (u n d iv e r s i f ia b le )  m a r 

k e t  r is k  (p 2ia 2mt). If  th e  F I 's  t r a d in g  p o r tf o lio  fo l lo w s  ( r e p li c a te s )  th e  r e tu r n s  o n  th e  

s to c k  m a r k e t  in d e x , th e  p o f  t h a t  p o r tf o lio  w il l  b e  1 , s in c e  th e  m o v e m e n t  o f  r e tu r n s  

o n  th e  F I 's  p o r tf o lio  w il l  b e  o n e  to  o n e  w i t h  th e  m a r k e t ,15 a n d  th e  s ta n d a r d  d e v i a 

t io n  o f  th e  p o r tf o l io ,  a it, w il l  b e  e q u a l  to  th e  s t a n d a r d  d e v i a t io n  o f  th e  s to c k  m a r k e t  
in d e x , a m t.

14 Technically, 98 percent o f the area under a normal d istribution lies between + /— 2.33a from  the mean. 
This means tha t 1 percent o f the tim e, daily exchange rate changes w ill increase by more than 2.33a, and 
1 percent o f the tim e, w ill decrease by 2.33a. This case concerns only adverse moves in the exchange 
rate o f euros to  dollars (i.e., a depreciation o f 2.33a).
15 If p *  1, as in the case o f most individual stocks, DEAR = dollar value o f position X  p, X  2 .33am, 
w here p, is the systematic risk o f the Zth stock.
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EXAMPLE 15-3
Daily Earnings 
at Risk on 
Equities

Suppose the FI holds a $1 million trading position in stocks that reflect a U.S. stock market 
index (e.g., the Wilshire 5000). Then p = 1 and the DEAR for equities is:

DEAR = (Dollar market value of position) x (Stock market return volatility)
= ($1,000,000) x (2.33 CTm)

If, over the last year, the arn of the daily returns on the stock market index was 200 bp, 
then 2.33am = 466 bp (i.e., the adverse change or decline in the daily return on the stock 
market exceeded 466 bp only 1 percent of the time). In this case:

DEAR = ($1,000,000) x (0.0466)
= $46,600

That is, the FI stands to lose at least $46,600 in earnings if adverse stock market returns 
materialize tomorrow.16

I n  l e s s  w e l l  d i v e r s i f i e d  p o r t f o l i o s  o r  p o r t f o l i o s  o f  i n d i v i d u a l  s t o c k s ,  t h e  e f f e c t  

o f  u n s y s t e m a t i c  r i s k  a e it  o n  t h e  v a l u e  o f  t h e  t r a d i n g  p o s i t i o n  w o u l d  n e e d  t o  b e  

a d d e d .  M o r e o v e r ,  i f  t h e  C A P M  d o e s  n o t  o f f e r  a  g o o d  e x p l a n a t i o n  o f  a s s e t  p r i c i n g  

c o m p a r e d  w i t h ,  s a y ,  m u l t i - i n d e x  a r b i t r a g e  p r i c i n g  t h e o r y  ( A P T ) ,  a  d e g r e e  o f  e r r o r  

w i l l  b e  b u i l t  i n t o  t h e  D E A R  c a l c u l a t i o n . 17

Portfolio Aggregation
T h e  p r e c e d i n g  s e c t i o n s  a n a l y z e d  t h e  d a i l y  e a r n i n g s  a t  r i s k  o f  i n d i v i d u a l  t r a d i n g  

p o s i t i o n s .  T h e  e x a m p l e s  c o n s i d e r e d  a  s e v e n - y e a r ,  z e r o - c o u p o n ,  f i x e d - i n c o m e  s e c u 

r i t y  ( $ 1  m i l l i o n  m a r k e t  v a l u e ) ;  a  p o s i t i o n  i n  s p o t  e u r o s  ( $ 1  m i l l i o n  m a r k e t  v a l u e ) ;  

a n d  a  p o s i t i o n  i n  t h e  U . S .  s t o c k  m a r k e t  i n d e x  ( $ 1  m i l l i o n  m a r k e t  v a l u e ) .  T h e  i n d i 

v i d u a l  D E A R s  w e r e :

1 .  S e v e n - y e a r ,  z e r o - c o u p o n  b o n d s  =  $ 1 5 , 2 1 0

2 .  E u r o  s p o t  =  $ 1 3 , 1 6 4

3 .  U . S .  e q u i t i e s  =  $ 4 6 , 6 0 0

H o w e v e r ,  s e n i o r  m a n a g e m e n t  w a n t s  t o  k n o w  t h e  a g g r e g a t e  r i s k  o f  t h e  e n t i r e  

t r a d i n g  p o s i t i o n .  T o  c a l c u l a t e  t h i s ,  w e  c  a n n o t  s i m p l y  s u m  t h e  t h r e e  D E A R s —  

$ 1 5 , 2 1 0  +  $ 1 3 , 1 6 4  +  $ 4 6 , 6 0 0  =  $ 7 4 , 9 7 4 — b e c a u s e  t h a t  i g n o r e s  a n y  d e g r e e  o f  

o f f s e t t i n g  c o v a r i a n c e  o r  c o r r e l a t i o n  a m o n g  t h e  f i x e d - i n c o m e ,  F X ,  a n d  e q u i t y  t r a d 

i n g  p o s i t i o n s .  I n  p a r t i c u l a r ,  s o m e  o f  t h e s e  a s s e t  s h o c k s  ( a d v e r s e  m o v e s )  m a y  b e  

n e g a t i v e l y  c o r r e l a t e d .  A s  i s  w e l l  k n o w n  f r o m  m o d e r n  p o r t f o l i o  t h e o r y ,  a n y t h i n g  

b u t  p e r f e c t  p o s i t i v e  c o r r e l a t i o n s  a m o n g  a s s e t  s h o c k s  w i l l  r e d u c e  t h e  d e g r e e  o f  

p o r t f o l i o  r i s k .

16 If w e consider a single equity security w ith  a beta (p) = 1.25 (i.e., one tha t is more sensitive than 
the market, such tha t as market returns increase [decrease] by 1 percent, the security's return increases 
[decreases] by 1.25 percent), then w ith  a $1 m illion investm ent and the same (assumed) volatility  (a) of
2 percent, the FI w ould stand to  lose at least $58,250 in daily earnings if adverse stock returns materialize 
(i.e., DEAR = $1,000,000 X  1.25 X  2.33 X  0.02 = $58,250).
17 As noted in the introduction, derivatives are also used fo r trading purposes. In the calculation o f its 
DEAR, a derivative has to  be converted into a position in the underlying asset (e.g., bond, FX, o r equity).
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E X A M P L E  1 5 - 4

Calculation of 
the DEAR of a 
Portfolio

m m

T a b l e  1 5 - 3  s h o w s  a  h y p o t h e t i c a l  c o r r e l a t i o n  m a t r i x  b e t w e e n  d a i ly  s e v e n - y e a r ,  z e r o - c o u p o n  

b o n d  y ie ld  c h a n g e s ,  € / $  s p o t  e x c h a n g e  r a t e  c h a n g e s ,  a n d  c h a n g e s  in  d a i ly  r e t u r n s  o n  a  U .S .  

s t o c k  m a r k e t  i n d e x  ( W i l s h i r e  5 0 0 0 ) .  F r o m  T a b l e  1 5 - 3 ,  t h e  c o r r e l a t i o n  b e t w e e n  t h e  s e v e n - y e a r ,  

z e r o - c o u p o n  b o n d s  a n d  € / $  e x c h a n g e  r a t e s ,  pz € , is  n e g a t i v e  ( — 0 . 2 ) ,  w h i l e  U .S .  s t o c k  r e t u r n  

c h a n g e s  w i t h ,  r e s p e c t i v e l y ,  s e v e n - y e a r ,  z e r o  c o u p o n  y i e l d s ,  pz, US., ( 0 . 4 )  a n d  € / $  s h o c k s ,  p US.,€ , 

( 0 . 1 )  a r e  p o s i t i v e l y  c o r r e l a t e d .

U s in g  t h i s  c o r r e l a t i o n  m a t r i x  a l o n g  w i t h  t h e  in d iv id u a l  a s s e t  D E A R s , w e  c a n  c a l c u l a t e  t h e  

r is k  o r  s t a n d a r d  d e v i a t i o n  o f  t h e  w h o l e  ( t h r e e - a s s e t )  t r a d i n g  p o r t f o l i o  a s : 18

D E A R  p o r t f o l i o  =

[ (D E A R z  ) 2 +  (D E A R € )2 +  ( D E A R U S ) 2 

X D E A R ,(2 X Pz,€ 

(2 X Pz,U.S.

'U.S.'
X  D E A R € )

X D E A R z X D E A R US

+  ( 2  X  pU S.,€ X  D E A R US X D E A R €  )]

1 2

( 5 )

T h is  is a  d i r e c t  a p p l i c a t i o n  o f  m o d e r n  p o r t f o l i o  t h e o r y  ( M P T )  s i n c e  D E A R s  a r e  d i r e c t l y  s im i la r  t o  

s t a n d a r d  d e v i a t i o n s .  S u b s t i t u t i n g  i n t o  e q u a t i o n  ( 5 )  t h e  c a l c u l a t e d  in d iv id u a l  D E A R s , w e  g e t :

D E A R  p o r t f o l i o  =
[ ( 1 5 , 2 1 0 ) 2 +  ( 1 3 , 1 6 4 ) 2 +  ( 4 6 , 6 0 0 ) 2 +  2 ( — 0 . 2 )  ( 1 5 , 2 1 0 )  ( 1 3 , 1 6 4 )  

+  2 ( 0 . 4 ) ( 1 5 , 2 1 0 )  ( 4 6 , 6 0 0 )  +  2 ( 0 . 1 )  ( 1 3 , 1 6 4 )  ( 4 6 , 6 0 0 ) ]

=  $ 5 6 , 4 4 3

1 2

T h e  e q u a t i o n  i n d i c a t e s  t h a t  c o n s i d e r i n g  t h e  r is k  o f  e a c h  t r a d i n g  p o s i t i o n  a s  w e l l  a s  t h e  

c o r r e l a t i o n  s t r u c t u r e  a m o n g  t h o s e  p o s i t i o n s '  r e t u r n s  r e s u l t s  in  a  l o w e r  m e a s u r e  o f  p o r t f o l i o  

t r a d i n g  r is k  ( $ 5 6 , 4 4 3 )  t h a n  w h e n  r is k s  o f  t h e  u n d e r l y i n g  t r a d i n g  p o s i t i o n s  ( t h e  s u m  o f  w h i c h  

w a s  $ 7 4 , 9 7 4 )  a r e  a d d e d .  A  q u i c k  c h e c k  w ill  r e v e a l  t h a t  h a d  w e  a s s u m e d  t h a t  a ll t h r e e  a s s e t s  

w e r e  p e r f e c t l y  p o s i t i v e l y  c o r r e l a t e d  ( i . e . ,  p ÿ =  1 ) ,  D E A R  f o r  t h e  p o r t f o l i o  w o u l d  h a v e  b e e n  

$ 7 4 , 9 7 4  ( i . e . ,  e q u a l  t o  t h e  s u m  o f  t h e  t h r e e  D E A R s ) .  C le a r ly ,  e v e n  in  a b n o r m a l  m a r k e t  c o n 

d i t i o n s ,  a s s u m i n g  t h a t  a s s e t  r e t u r n s  a r e  p e r f e c t l y  c o r r e l a t e d  w il l  e x a g g e r a t e  t h e  d e g r e e  o f  

a c t u a l  t r a d i n g  r is k  e x p o s u r e .

Table 1 5 -4  show s th e  ty p e  o f sp read sh eet u sed  b y  FIs to  ca lcu la te  D E A R . A s 
y o u  can  see , in  th is exam p le , p o sitio n s are  tak en  in  13 d ifferen t co u n try  (cu rrency) 
b o n d s in  e ig h t d ifferen t m atu rity  b u ck e ts .19 T h ere  is a lso  a co lu m n  for F X  risk  
(an d , if necessary , equ ity  risk) in  th ese  d ifferen t cou ntry  m ark ets , a lth o u g h  in  th is 
exam p le , the FI has n o  FX  risk  exp o su re  (all the ce lls  are em pty).
18 This is a standard relationship from  modern portfo lio  theory in which the standard deviation o r risk of 
a portfo lio  o f three assets is equal to  the square root o f the sum o f the variances o f returns on each of 
the three assets individually plus tw o  times the covariances among each pair o f these assets. W ith  three 
assets there are three covariances. Here w e use the fact th a t a correlation coefficient times the standard 
deviations on each pair o f assets equals the covariance between each pair o f assets. Note tha t DEAR is 
measured in dollars and has the same dimensions as a standard deviation. W e discussed modern p o rtfo 
lio theory in more detail in Chapter 11.
19 Bonds held w ith  d ifferent m aturity  dates (e.g., six years) are split in to  tw o  and allocated to  the near
est tw o  o f the eight m aturity  buckets (here, five years and seven years) using three criteria: (1) The sum 
o f the current market value o f the tw o  resulting cash flow s must be identical to  the market value o f the 
original cash flow ; (2) the market risk o f the portfo lio  o f tw o  cash flow s must be identical to  the overall 
market risk o f the original cash flow ; and (3) the tw o  cash flow s have the same sign as the original cash 
flow . See J.P Morgan, "R iskMetrics— Technical D ocum ent," November 1994, and "R e tu rn  to  RiskMetrics: 
The Evolution o f a S tandard," April 2001, w ww .m sci.com .

http://www.msci.com
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T A B L E  1 5 - 3

Correlations (pj 
among Assets

T A B L E  1 5 - 4  Portfolio DEAR Spreadsheet

Interest Rate Risk
Notional Amounts (US$ millions equivalents) Interest FX Risk Total

1 1 2  3 4 5 7 10 DEAR Spot FX Portfolio Total
Month Year Years Years Years Years Years Years ($000s) FX DEAR Effect DEAR

A u s t r a l i a A U D

B r a z il B R L

C a n a d a C A D

D e n m a r k 1 9  - 3 0 1 1 4 8 D K K 4 8

E u r o p e a n  U n io n - 1 9  3 0 - 1 1 2 7 E U R 2 7

H o n g  K o n g H K D

J a p a n Y E N

M e x i c o M X N

S i n g a p o r e S G D

S w e d e n S E K

S w i t z e r l a n d C H F

U n i t e d  K i n g d o m G B P

U n i t e d  S t a t e s 1 0  1 0 7 6 U S D 7 6

T o ta l 1 0  1 0 1 5 1 1 5 1

P o r t f o l i o  e f f e c t ( 6 2 ) ( 6 2 )

R IS K d a t a  P R IN T  C L O S E T o t a l  D E A R  ( $ 0 0 0 s ) 8 9 8 9

In  th e  e x a m p le  in  T a b le  1 5 - 4 ,  w h ile  th e  F I  is  h o ld in g  o f f s e t tin g  lo n g  a n d  s h o r t  

p o s it io n s  in  b o th  D a n is h  b o n d s  a n d  E u r o b o n d s , i t  is  still  e x p o s e d  to  t r a d in g  r isk s  

o f  $ 4 8 ,0 0 0  a n d  $ 2 7 ,0 0 0 ,  r e s p e c t iv e ly  (s e e  th e  c o lu m n  I n te r e s t  D E A R ) . T h is  h a p 

p e n s  b e c a u s e  th e  E u r o p e a n  U n io n  y ie ld  c u r v e  is  m o r e  v o la t i le  th a n  th e  D a n is h  a n d  

s h o c k s  a t  d if fe re n t  m a t u r i ty  b u c k e ts  a r e  n o t  e q u a l . T h e  D E A R  f ig u r e  fo r  a  U .S . b o n d  

p o s it io n  o f  lo n g  $ 2 0  m illio n  is $ 7 6 ,0 0 0 .  A d d i n g  th e s e  th r e e  p o s it io n s  y ie ld s  a  D E A R  

o f  $ 1 5 1 ,0 0 0 .  H o w e v e r ,  th is  ig n o r e s  th e  f a c t  t h a t  D a n is h , E u r o p e a n  U n io n , a n d  U .S . 
y ie ld  s h o c k s  a r e  n o t  p e r f e c t ly  c o r r e la te d . A l lo w in g  fo r  d iv e rs if ic a t io n  e ffe c ts  ( th e  

p o r tf o lio  e ffe c t)  re s u l ts  in  a  to ta l  D E A R  o f  o n ly  $ 8 9 ,0 0 0 .  T h is  w o u l d  b e  th e  n u m b e r  

r e p o r t e d  to  th e  F I 's  s e n io r  m a n a g e m e n t .  M o s t  f in a n c ia l  in s t i tu tio n s  e s ta b lis h  lim its  
f o r  v a lu e  a t  r is k , d a i ly  e a r n in g s  a t  r is k , p o s it io n  lim its , a n d  d o l la r  t r a d in g  lo s s  l im 

its  fo r  th e ir  t r a d in g  p o r tf o lio s . A c tu a l  a c t iv i ty  c o m p a r e d  w ith  th e s e  lim its  is  th e n  

m o n ito r e d  d a ily . S h o u ld  a  r is k  e x p o s u r e  le v e l  e x c e e d  a p p r o v e d  l im it  le v e ls , m a n 

a g e m e n t  m u s t  p r o v id e  a  s t r a t e g y  fo r  b r in g in g  r is k  le v e ls  w ith in  a p p r o v e d  lim its .  

T a b le  1 5 - 5  r e p o r ts  th e  a v e r a g e ,  m in im u m , a n d  m a x i m u m  d a i ly  e a r n in g s  a t  r is k  fo r  

s e v e r a l  la r g e  U .S . c o m m e r c ia l  b a n k s  in  2 0 0 5  a n d  2 0 1 1 . N o t e  th e  in c r e a s e  in  m a r k e t  

r is k  f o r  a ll  o f  th e s e  F Is  o v e r  th is  p e r io d . F o r  e x a m p le , C i t ig r o u p  w a s  e x p o s e d  to  

a n  a v e r a g e  D E A R  o f  $ 1 0 9  m illio n  in  2 0 0 5  a n d  $ 1 5 3  m illio n  in  2 0 1 1 . C u r r e n t ly , th e  
n u m b e r  o f  m a r k e ts  c o v e r e d  b y  C i t i g r o u p 's  t r a d e r s  a n d  th e  n u m b e r  o f  c o r r e la t io n s  

a m o n g  t h o s e  m a r k e ts  re q u ir e  th e  d a ily  p r o d u c t io n  a n d  u p d a t i n g  o f  o v e r  2 5 0 ,0 0 0  

v o la t i l i ty  e s t im a te s  (u )  a n d  c o r r e la t io n s  (p ). T h e s e  d a ta  a r e  u p d a te d  d aily .

7-Year Zero €/$1 U.S. Stock Index
7 - y e a r  z e r o — - 0 . 2 . 4

€ / $ 1 — .1

U .S .  s t o c k  I n d e x —
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T A B L E  1 5 - 5

D a ily  E a rn in g s  at 
R is k  fo r L arg e  U .S . 
C o m m e rc ia l B an k s, 
2 0 0 5  an d  2011* (in  
m illio n s  of d o lla rs )

Source: Year 2011 and 2005 
10-K  reports for the respec
tive com panies.

Maximum
Average DEAR Minimum DEAR DEAR during

Name for the year during the year the year
2011:
B a n k  o f  A m e r i c a $  1 6 7 $  7 B $ 3 1 9

C i t i g r o u p 1 B 3 1 0 4 2 0 B

J.P . M o r g a n  C h a s e 1 0 1 6 7 1 4 7

K e y C o r p 2 1 2

W e l l s  F a r g o 2 9 1 9 4 2

S u n  T r u s t B 3 7

200S:
B a n k  o f  A m e r i c a $  6 2 $  3 8 $  9 2

C i t i g r o u p 1 0 9 7 8 1 B 7

J .P . M o r g a n  C h a s e 8 6 B 3 1 3 0

K e y C o r p 2 1 B

W e l l s  F a r g o 1 8 1 1 2 4

S u n  T r u s t 4 2 6

* The figures are based on these banks' internal m odels, i.e., they m ay be based on m ethodologies other than RiskM etrics.

C _  t  1 . W h a t  is  t h e  u l t i m a t e  o b j e c t i v e  o f  m a r k e t  r is k  m e a s u r e m e n t  m o d e l s ?

_  t P  2 .  R e f e r  t o  E x a m p l e  1 5 - 1 .  W h a t  is t h e  D E A R  f o r  t h i s  b o n d  if a is 1 5  b p ?

Q  3 .  R e f e r  t o  E x a m p l e  1 5 - 4 .  W h a t  is t h e  D E A R  o f  t h e  p o r t f o l i o  i f  t h e  r e t u r n s  o n  t h e  t h r e e

a s s e t s  a r e  i n d e p e n d e n t  o f  e a c h  o t h e r ?

HISTORIC (BACK SIMULATION) APPROACH

A  m a j o r  c r i t i c i s m  o f  R i s k M e t r i c s  i s  t h e  n e e d  t o  a s s u m e  a  s y m m e t r i c  ( n o r m a l )  

d i s t r i b u t i o n  f o r  a l l  a s s e t  r e t u r n s . i 0 C l e a r l y ,  f o r  s o m e  a s s e t s ,  s u c h  a s  o p t i o n s  a n d  

s h o r t - t e r m  s e c u r i t i e s  ( b o n d s ) ,  t h i s  i s  h i g h l y  q u e s t i o n a b l e .  F o r  e x a m p l e ,  t h e  m o s t  a n  

i n v e s t o r  c a n  l o s e  i f  h e  o r  s h e  b u y s  a  c a l l  o p t i o n  o n  a n  e q u i t y  i s  t h e  c a l l  p r e m i u m .

20 Another criticism is that VAR models like RiskMetrics ignore the (risk in the) payments o f accrued inter
est on an FI's debt securities. Thus, VAR models w ill underestimate the true probability o f default and the 
appropriate level o f capital to  be held against this risk. Also, because o f the distributional assumptions, while 
RiskMetrics produces reasonable estimates o f downside risk fo r FIs w ith  highly diversified portfolios, FIs w ith 
small, undiversified portfolios w ill significantly underestimate their true risk exposure using RiskMetrics. Fur
ther, a number o f authors have argued that many asset distributions have " fa t  ta ils" and that RiskMetrics, 
by assuming the normal distribution, underestimates the risk o f extreme losses. One alternative approach to 
dealing w ith  the "fa t- ta il" problem is extreme value theory. Simply put, one can view an asset distribution 
as being explained by tw o  distributions. For example, a normal distribution may explain returns up to the 
95 percent threshold, but fo r losses beyond that threshold another distribution, such as the generalized Pareto 
distribution, may provide a better explanation o f loss outcomes such as the 99 percent level and beyond. In 
short, the normal distribution is likely to underestimate the importance and size o f observations in the tail of 
the distribution, which is, after all, w hat value at risk models are meant to  be measuring. Finally, VAR models 
by definition concern themselves w ith  risk rather than return. It should be noted that minimizing risk may be 
highly costly in terms o f the return the FI gives up. Indeed, there may be many more return-risk combinations 
preferable to that achieved at the m inimum risk point in the trading portfolio. Recent upgrades to  RiskMetrics 
(see the RiskMetrics W eb site at www.msci.com) a llow management to  incorporate a return dimension to 
VAR analysis so that management can evaluate how trading portfo lio returns differ as VAR changes.

http://www.msci.com
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H o w e v e r ,  t h e  i n v e s t o r ' s  p o t e n t i a l  u p s i d e  r e t u r n s  a r e  u n l i m i t e d .  I n  a  s t a t i s t i c a l  

s e n s e ,  t h e  r e t u r n s  o n  c a l l  o p t i o n s  a r e  n o n n o r m a l  s i n c e  t h e y  e x h i b i t  a  p o s i t i v e  s k e w . 21

B e c a u s e  o f  t h e s e  a n d  o t h e r  c o n s i d e r a t i o n s  d i s c u s s e d  h e r e i n ,  m a n y  F I s  t h a t  

h a v e  d e v e l o p e d  m a r k e t  r i s k  m o d e l s  h a v e  e m p l o y e d  a  h i s t o r i c  o r  b a c k  s i m u l a t i o n  

a p p r o a c h .  T h e  a d v a n t a g e s  o f  t h i s  a p p r o a c h  a r e  t h a t  ( 1 )  i t  i s  s i m p l e ,  ( 2 )  i t  d o e s  n o t  

r e q u i r e  t h a t  a s s e t  r e t u r n s  b e  n o r m a l l y  d i s t r i b u t e d ,  a n d  ( 3 )  i t  d o e s  n o t  r e q u i r e  t h a t  

t h e  c o r r e l a t i o n s  o r  s t a n d a r d  d e v i a t i o n s  o f  a s s e t  r e t u r n s  b e  c a l c u l a t e d .

T h e  e s s e n t i a l  i d e a  i s  t o  t a k e  t h e  c u r r e n t  m a r k e t  p o r t f o l i o  o f  a s s e t s  ( F X ,  b o n d s ,  

e q u i t i e s ,  e t c . )  a n d  r e v a l u e  t h e m  o n  t h e  b a s i s  o f  t h e  a c t u a l  p r i c e s  ( r e t u r n s )  t h a t  

e x i s t e d  o n  t h o s e  a s s e t s  y e s t e r d a y ,  t h e  d a y  b e f o r e  t h a t ,  a n d  s o  o n .  F r e q u e n t l y ,  t h e  F I  

w i l l  c a l c u l a t e  t h e  m a r k e t  o r  v a l u e  r i s k  o f  i t s  c u r r e n t  p o r t f o l i o  o n  t h e  b a s i s  o f  p r i c e s  

( r e t u r n s )  t h a t  e x i s t e d  f o r  t h o s e  a s s e t s  o n  e a c h  o f  t h e  l a s t  5 0 0  d a y s .  I t  w i l l  t h e n  c a l 

c u l a t e  t h e  1  p e r c e n t  w o r s t  c a s e — t h e  p o r t f o l i o  v a l u e  t h a t  h a s  t h e  5 t h  l o w e s t  v a l u e  

o u t  o f  5 0 0 .  T h a t  i s ,  o n  o n l y  5  d a y s  o u t  o f  5 0 0 ,  o r  1  p e r c e n t  o f  t h e  t i m e ,  w o u l d  t h e  

v a l u e  o f  t h e  p o r t f o l i o  f a l l  b e l o w  t h i s  n u m b e r  b a s e d  o n  r e c e n t  h i s t o r i c  e x p e r i e n c e  

y iiS i*  o f  e x c h a n g e  r a t e  c h a n g e s ,  e q u i t y  p r i c e  c h a n g e s ,  i n t e r e s t  r a t e  c h a n g e s ,  a n d  s o  o n .

C o n s i d e r  t h e  f o l l o w i n g  s i m p l e  e x a m p l e  i n  T a b l e  1 5 - 6 ,  w h e r e  a  U . S .  F I  i s  t r a d i n g  

t w o  c u r r e n c i e s :  t h e  J a p a n e s e  y e n  a n d  t h e  S w i s s  f r a n c .  A t  t h e  c l o s e  o f  t r a d i n g  o n  

D e c e m b e r  1 ,  2 0 1 5 ,  i t  h a s  a  l o n g  p o s i t i o n  i n  J a p a n e s e  y e n  o f  5 0 0  m i l l i o n  a n d  a  l o n g  

p o s i t i o n  i n  S w i s s  f r a n c s  o f  2 0  m i l l i o n .  I t  w a n t s  t o  a s s e s s  i t s  V A R .  T h a t  i s ,  i f  t o m o r 

r o w  i s  t h a t  1  b a d  d a y  i n  1 0 0  ( t h e  1  p e r c e n t  w o r s t  c a s e ) ,  h o w  m u c h  d o e s  i t  s t a n d  t o  

l o s e  o n  i t s  t o t a l  f o r e i g n  c u r r e n c y  p o s i t i o n ?  A s  s h o w n  i n  T a b l e  1 5 - 6 ,  s i x  s t e p s  a r e  

r e q u i r e d  t o  c a l c u l a t e  t h e  V A R  o f  i t s  c u r r e n c y  p o r t f o l i o .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  

s a m e  m e t h o d o l o g i c a l  a p p r o a c h  w o u l d  b e  f o l l o w e d  t o  c a l c u l a t e  t h e  V A R  o f  a n y  

a s s e t ,  l i a b i l i t y ,  o r  d e r i v a t i v e  ( b o n d s ,  o p t i o n s ,  e t c . )  a s  l o n g  a s  m a r k e t  p r i c e s  w e r e  

a v a i l a b l e  o n  t h o s e  a s s e t s  o v e r  a  s u f f i c i e n t l y  l o n g  h i s t o r i c  t i m e  p e r i o d .

• S t e p  1 :  M e a s u r e  e x p o s u r e s .  C o n v e r t  t o d a y ' s  f o r e i g n  c u r r e n c y  p o s i t i o n s  i n t o  d o l 

l a r  e q u i v a l e n t s  u s i n g  t o d a y ' s  e x c h a n g e  r a t e s .  T h u s ,  a n  e v a l u a t i o n  o f  t h e  F X  

p o s i t i o n  o f  t h e  F I  o n  D e c e m b e r  1 ,  2 0 1 5 ,  i n d i c a t e s  t h a t  i t  h a s  a  l o n g  p o s i t i o n  

o f  $ 5 , 0 0 0 , 0 0 0  ( ¥ 5 0 0 , 0 0 0 , 0 0 0 / ( ¥ 1 0 0 / $ 1 ) )  i n  y e n  a n d  $ 1 8 , 1 8 1 , 8 1 8  ( S F 2 0 , 0 0 0 , 0 0 0 /  

( S F 1 . 1 / $ 1 ) )  i n  S w i s s  f r a n c s .

• S t e p  2 :  M e a s u r e  s e n s i t i v i t y .  M e a s u r e  t h e  s e n s i t i v i t y  o f  e a c h  F X  p o s i t i o n  b y  c a l c u 

l a t i n g  i t s  d e l t a ,  w h e r e  d e l t a  m e a s u r e s  t h e  c h a n g e  i n  t h e  d o l l a r  v a l u e  o f  e a c h  F X  

p o s i t i o n  i f  t h e  y e n  o r  t h e  S w i s s  f r a n c  d e p r e c i a t e s  ( d e c l i n e s  i n  v a l u e )  b y  1  p e r c e n t  

a g a i n s t  t h e  d o l l a r . 22 A s  c a n  b e  s e e n  f r o m  T a b l e  1 5 - 6 ,  l i n e  6 ,  t h e  d e l t a  f o r  t h e  

J a p a n e s e  y e n  p o s i t i o n  i s  - $ 4 9 , 5 0 5  ( o r ,  ( ¥ 5 0 0 , 0 0 0 , 0 0 0 / ( ¥ 1 0 1 / $ 1 )  -  ¥ 5 0 0 , 0 0 0 , 0 0 0 /  

( ¥ 1 0 0 / $ 1 ) ) ,  a n d  f o r  t h e  S w i s s  f r a n c  p o s i t i o n ,  i t  i s  - $ 1 8 0 , 0 1 8  ( o r  ( S F 2 0 , 0 0 0 , 0 0 0 /  

( S F 1 . 1 1 1 / $ 1 )  -  S F 2 0 , 0 0 0 , 0 0 0 / ( S F 1 . 1 / $ 1 ) ) .

• S t e p  3 :  M e a s u r e  r i s k .  L o o k  a t  t h e  a c t u a l  p e r c e n t a g e  c h a n g e s  i n  e x c h a n g e  r a t e s ,  

¥ / $  a n d  S F / $ ,  o n  e a c h  o f  t h e  p a s t  5 0 0  d a y s .  T h u s ,  o n  N o v e m b e r  3 0 ,  2 0 1 5 ,  t h e  

y e n  d e c l i n e d  i n  v a l u e  a g a i n s t  t h e  d o l l a r  o v e r  t h e  d a y  b y  0 . 5  p e r c e n t  w h i l e  

t h e  S w i s s  f r a n c  d e c l i n e d  i n  v a l u e  a g a i n s t  t h e  d o l l a r  b y  0 . 2  p e r c e n t .  ( I t  m i g h t  

b e  n o t e d  t h a t  i f  t h e  c u r r e n c i e s  w e r e  t o  a p p r e c i a t e  i n  v a l u e  a g a i n s t  t h e  d o l l a r ,  t h e  

s i g n  a g a i n s t  t h e  n u m b e r  i n  r o w  7  o f  T a b l e  1 5 - 6  w o u l d  b e  n e g a t i v e ;  t h a t  i s ,  i t

21 For a normal d istribution, its skew (which is the third m om ent o f a distribution) is zero.
22 That is, in the case o f FX, delta measures the dollar change in FX holdings fo r a 1 percent change in the 
foreign exchange rate. In the case o f equities, it w ould measure the change in the value o f those securities 
fo r a 1 percent change in price, while  fo r bonds, it measures the change in value fo r a 1 percent change in 
the yield on the bond (note tha t delta measures sensitivity o f a bond's value to  a change in yield, not price).
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T A B L E  1 5 - 6  Hypothetical Example of the Historic, or Back Simulation, Approach Using Two Currencies, as 
of December 1, 2015

Yen Swiss Franc
Step 1. Measure exposures

1. Closing position on December 1, 2015 ¥500,000,000 SF20,000,000
2. Exchange rate on December 1, 2015 ¥ 100/$ 1 SF1.1/$1
3. U.S. $ equivalent position on December 1, 2015 $5,000,000 $18,181,818

Step 2. Measure sensitivity
4. 1.01 X current exchange rate ¥101/$1 SF1.111/$1
5. Revalued position in $s $4,950,495 $18,001,800
6. Delta of position ($s) (measure of sensitivity

to a 1% adverse change in exchange rate,
or row 5 minus row 3) —$49,505 — $180,018

Step 3. Measure risk of December 1, 2015, closing position using exchange rates
that existed on each of the last 500 days

November 30, 2015 Yen Swiss Franc
7. Change in exchange rate (%) on November 30, 2015 0.5% 0.2%
8. Risk (delta x change in exchange rate) — $24,752.5 —$36,003.6
9. Sum of risks = —$60,756.1

Step 4. Repeat step 3 for each of the remaining 499 days
November 29, 2015

April 15, 2014

November 30, 2013

Step 5. Rank days by risk from worst to best
Date Risk ($)

1. May 6, 2014 — $119,096
2. Jan 27, 2015 — $116,703
3. Dec 1, 2013 — $104,366
4. Sept 14, 2013 — 100,248
5. Aug 8, 2014 —97,210

25. Nov 30, 2015 — $60,756.1

499. April 8, 2015 + $112,260
500. July 28, 2014 + $121,803
Step 6. VAR (5th worst day out of last 500)
VAR = —97,210 (August 8, 2014)

t a k e s  f e w e r  u n i t s  o f  f o r e i g n  c u r r e n c y  t o  b u y  a  d o l l a r  t h a n  i t  d i d  t h e  d a y  b e f o r e ) .  

A s  c a n  b e  s e e n  i n  r o w  8 ,  c o m b i n i n g  t h e  d e l t a  a n d  t h e  a c t u a l  p e r c e n t a g e  c h a n g e  

i n  e a c h  F X  r a t e  m e a n s  a  t o t a l  l o s s  o f  $ 6 0 , 7 5 6 . 1  i f  t h e  F I  h a d  h e l d  t h e  c u r r e n t  

¥ 5 0 0 , 0 0 0 , 0 0 0  a n d  S F 2 0 , 0 0 0 , 0 0 0  p o s i t i o n s  o n  t h a t  d a y  ( N o v e m b e r  3 0 ,  2 0 1 5 ) .
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• S t e p  4 :  R e p e a t  s t e p  3 .  S t e p  4  r e p e a t s  t h e  s a m e  e x e r c i s e  f o r  t h e  y e n  a n d  S w i s s  

f r a n c  p o s i t i o n s  b u t  u s e s  a c t u a l  e x c h a n g e  r a t e  c h a n g e s  o n  N o v e m b e r  2 9 ,  2 0 1 5 ;  

N o v e m b e r  2 8 ,  2 0 1 5 ;  a n d  s o  o n .  T h a t  i s ,  w e  c a l c u l a t e  t h e  F X  l o s s e s  a n d / o r  g a i n s  

o n  e a c h  o f  t h e  p a s t  5 0 0  t r a d i n g  d a y s ,  e x c l u d i n g  w e e k e n d s  a n d  h o l i d a y s ,  w h e n  

t h e  F X  m a r k e t  i s  c l o s e d .  T h i s  a m o u n t s  t o  g o i n g  b a c k  i n  t i m e  o v e r  t w o  y e a r s .  F o r  

e a c h  o f  t h e s e  d a y s  t h e  a c t u a l  c h a n g e  i n  e x c h a n g e  r a t e s  i s  c a l c u l a t e d  ( r o w  7 )  a n d  

m u l t i p l i e d  b y  t h e  d e l t a s  o f  e a c h  p o s i t i o n  ( t h e  n u m b e r s  i n  r o w  6  o f  T a b l e  1 5 - 6 ) .  

T h e s e  t w o  n u m b e r s  a r e  s u m m e d  t o  a t t a i n  t o t a l  r i s k  m e a s u r e s  f o r  e a c h  o f  t h e  

p a s t  5 0 0  d a y s .

• S t e p  5 :  R a n k  d a y s  b y  r i s k  f r o m  w o r s t  t o  b e s t .  T h e s e  r i s k  m e a s u r e s  c a n  t h e n  b e  

r a n k e d  f r o m  w o r s t  t o  b e s t .  C l e a r l y  t h e  w o r s t - c a s e  l o s s  w o u l d  h a v e  o c c u r r e d  o n  

t h i s  p o s i t i o n  o n  M a y  6 ,  2 0 1 4 ,  w i t h  a  t o t a l  l o s s  o f  $ 1 1 9 , 0 9 6 .  W h i l e  t h i s  w o r s t  c a s e  

s c e n a r i o  i s  o f  i n t e r e s t  t o  F I  m a n a g e r s ,  w e  a r e  i n t e r e s t e d  i n  t h e  1  p e r c e n t  w o r s t  

c a s e ,  t h a t  i s ,  a  l o s s  t h a t  d o e s  n o t  o c c u r  m o r e  t h a n  5  d a y s  o u t  o f  t h e  5 0 0  d a y s  

( 5  e  5 0 0  =  1  p e r c e n t ) .  A s  c a n  b e  s e e n ,  i n  o u r  e x a m p l e ,  t h e  5 t h  w o r s t  l o s s  o u t  o f  

5 0 0  o c c u r r e d  o n  A u g u s t  8 ,  2 0 1 4 .  T h i s  l o s s  a m o u n t e d  t o  $ 9 7 , 2 1 0 .

• S t e p  6 :  V A R .  I f  i t  i s  a s s u m e d  t h a t  t h e  r e c e n t  p a s t  d i s t r i b u t i o n  o f  e x c h a n g e  r a t e s  i s  

a n  a c c u r a t e  r e f l e c t i o n  o f  t h e  l i k e l y  d i s t r i b u t i o n  o f  F X  r a t e  c h a n g e s  i n  t h e  f u t u r e  —  

t h a t  e x c h a n g e  r a t e  c h a n g e s  h a v e  a  s t a t i o n a r y  d i s t r i b u t i o n — t h e n  t h e  $ 9 7 , 2 1 0  c a n  

b e  v i e w e d  a s  t h e  F X  v a l u e  a t  r i s k  ( V A R )  e x p o s u r e  o f  t h e  F I  o n  D e c e m b e r  1 ,  2 0 1 5 .  

T h a t  i s ,  i f  t o m o r r o w  ( i n  o u r  c a s e ,  D e c e m b e r  2 ,  2 0 1 5 )  i s  a  b a d  d a y  i n  t h e  F X  m a r 

k e t s ,  a n d  g i v e n  t h e  F I ' s  p o s i t i o n  o f  l o n g  y e n  5 0 0  m i l l i o n  a n d  l o n g  S w i s s  f r a n c s  

2 0  m i l l i o n ,  t h e  F I  c a n  e x p e c t  t o  l o s e  $ 9 7 , 2 1 0  ( o r  m o r e )  w i t h  a  1  p e r c e n t  p r o b 

a b i l i t y .  T h i s  V A R  m e a s u r e  c a n  t h e n  b e  u p d a t e d  e v e r y  d a y  a s  t h e  F X  p o s i t i o n  

c h a n g e s  a n d  t h e  d e l t a  c h a n g e s .  F o r  e x a m p l e ,  g i v e n  t h e  n a t u r e  o f  F X  t r a d i n g ,  t h e  

p o s i t i o n s  h e l d  o n  D e c e m b e r  5 ,  2 0 1 5 ,  c o u l d  b e  v e r y  d i f f e r e n t  f r o m  t h o s e  h e l d  o n  

D e c e m b e r  1 ,  2 0 1 5 . 23

The Historic (Back Simulation) Model versus RiskMetrics
O n e  o b v i o u s  b e n e f i t  o f  t h e  h i s t o r i c ,  o r  b a c k  s i m u l a t i o n ,  a p p r o a c h  i s  t h a t  w e  d o  

n o t  n e e d  t o  c a l c u l a t e  s t a n d a r d  d e v i a t i o n s  a n d  c o r r e l a t i o n s  ( o r  a s s u m e  n o r m a l  

d i s t r i b u t i o n s  f o r  a s s e t  r e t u r n s )  t o  c a l c u l a t e  t h e  p o r t f o l i o  r i s k  f i g u r e s  i n  r o w  9  o f  

T a b l e  1 5 - 6 . 24 A  s e c o n d  a d v a n t a g e  i s  t h a t  i t  d i r e c t l y  p r o v i d e s  a  w o r s t - c a s e  s c e 

n a r i o  n u m b e r ,  i n  o u r  e x a m p l e ,  a  l o s s  o f  $ 1 1 9 , 0 9 6 — s e e  s t e p  5 .  R i s k M e t r i c s ,  s i n c e  

i t  a s s u m e s  a s s e t  r e t u r n s  a r e  n o r m a l l y  d i s t r i b u t e d  ( t h a t  r e t u r n s  c a n  g o  t o  p l u s  a n d  

m i n u s  i n f i n i t y ) ,  p r o v i d e s  n o  s u c h  w o r s t - c a s e  s c e n a r i o  n u m b e r . 25

T h e  d i s a d v a n t a g e  o f  t h e  b a c k  s i m u l a t i o n  a p p r o a c h  i s  t h e  d e g r e e  o f  c o n f i d e n c e  w e  

h a v e  i n  t h e  1  p e r c e n t  V A R  n u m b e r  b a s e d  o n  5 0 0  o b s e r v a t i o n s .  S t a t i s t i c a l l y  s p e a k 

i n g ,  5 0 0  o b s e r v a t i o n s  a r e  n o t  v e r y  m a n y ,  s o  t h e r e  w i l l  b e  a  v e r y  w i d e  c o n f i d e n c e

23 As in RiskMetrics, an adjustm ent can be made fo r illiquidity o f the market, in this case, by assuming 
the FI is locked into longer holding periods. For example, if it is estimated tha t it w ill take five days for 
the FI to  sell its FX position, then the FI w ill be interested in the weekly (i.e., five trading days) changes in 
FX rates in the past. One immediate problem is tha t w ith  500 past trading days, only 100 w eekly periods 
w ould  be available, which reduces the statistical power o f the VAR estimate (see below).
24 The reason is tha t the historic, o r back simulation, approach uses actual exchange rates on each day that 
explicitly include correlations o r comovements w ith  o ther exchange rates and asset returns on tha t day,
25 The 1 percent number in RiskMetrics tells us th a t w e w ill lose more than this am ount on 1 day ou t of 
every 100. It does not tell us the maximum am ount w e can lose. As noted in the text, theoretically, w ith  a 
normal distribution, this could be an infin ite  am ount.
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b a n d  ( o r  s t a n d a r d  e r r o r )  a r o u n d  t h e  e s t i m a t e d  n u m b e r  ( $ 9 7 , 2 1 0  i n  o u r  e x a m p l e ) .  

O n e  p o s s i b l e  s o l u t i o n  t o  t h e  p r o b l e m  i s  t o  g o  b a c k  i n  t i m e  m o r e  t h a n  5 0 0  d a y s  a n d  

e s t i m a t e  t h e  1  p e r c e n t  V A R  b a s e d  o n  1 , 0 0 0  p a s t  d a i l y  o b s e r v a t i o n s  ( t h e  1 0 t h  w o r s t  

c a s e )  o r  e v e n  1 0 , 0 0 0  p a s t  o b s e r v a t i o n s  ( t h e  1 0 0 t h  w o r s t  c a s e ) .  T h e  p r o b l e m  i s  t h a t  

a s  o n e  g o e s  b a c k  f a r t h e r  i n  t i m e ,  p a s t  o b s e r v a t i o n s  m a y  b e c o m e  d e c r e a s i n g l y  r e l e 

v a n t  i n  p r e d i c t i n g  V A R  i n  t h e  f u t u r e .  F o r  e x a m p l e ,  1 0 , 0 0 0  o b s e r v a t i o n s  m a y  r e q u i r e  

t h e  F I  t o  a n a l y z e  F X  d a t a  g o i n g  b a c k  4 0  y e a r s .  O v e r  t h i s  p e r i o d  w e  h a v e  m o v e d  

t h r o u g h  m a n y  v e r y  d i f f e r e n t  F X  r e g i m e s :  f r o m  r e l a t i v e l y  f i x e d  e x c h a n g e  r a t e s  i n  

t h e  1 9 5 0 - 7 0  p e r i o d ,  t o  r e l a t i v e l y  f l o a t i n g  e x c h a n g e  r a t e s  i n  t h e  1 9 7 0 s ,  t o  m o r e  m a n 

a g e d  f l o a t i n g  r a t e s  i n  t h e  1 9 8 0 s  a n d  1 9 9 0 s ,  t o  t h e  a b o l i t i o n  o f  e x c h a n g e  r a t e s  a n d  

t h e  i n t r o d u c t i o n  o f  t h e  e u r o  i n  J a n u a r y  2 0 0 2 ,  t o  l a r g e  f l u c t u a t i o n s  i n  e x c h a n g e  r a t e s  

d u r i n g  t h e  f i n a n c i a l  c r i s i s  o f  2 0 0 8 - 2 0 0 9 .  C l e a r l y ,  e x c h a n g e  r a t e  b e h a v i o r  a n d  r i s k  i n  

a  f i x e d - e x c h a n g e  r a t e  r e g i m e  w i l l  h a v e  l i t t l e  r e l e v a n c e  t o  a n  F X  t r a d e r  o r  m a r k e t  

r i s k  m a n a g e r  o p e r a t i n g  a n d  a n a l y z i n g  r i s k  i n  a  f l o a t i n g - e x c h a n g e  r a t e  r e g i m e .

T h i s  s e e m s  t o  c o n f r o n t  t h e  m a r k e t  r i s k  m a n a g e r  w i t h  a  d i f f i c u l t  m o d e l i n g  p r o b 

l e m .  T h e r e  a r e ,  h o w e v e r ,  a t  l e a s t  t w o  a p p r o a c h e s  t o  t h i s  p r o b l e m .  T h e  f i r s t  i s  t o  

w e i g h t  p a s t  o b s e r v a t i o n s  i n  t h e  b a c k  s i m u l a t i o n  u n e q u a l l y ,  g i v i n g  a  h i g h e r  w e i g h t  

t o  t h e  m o r e  r e c e n t  p a s t  o b s e r v a t i o n s .  T h e  s e c o n d  i s  t o  u s e  a  M o n t e  C a r l o  s i m u l a 

t i o n  a p p r o a c h ,  w h i c h  g e n e r a t e s  a d d i t i o n a l  o b s e r v a t i o n s  t h a t  a r e  c o n s i s t e n t  w i t h  

r e c e n t  h i s t o r i c  e x p e r i e n c e .  T h e  l a t t e r  a p p r o a c h ,  i n  e f f e c t ,  a m o u n t s  t o  s i m u l a t i n g  o r  

c r e a t i n g  a r t i f i c i a l  t r a d i n g  d a y s  a n d  F X  r a t e  c h a n g e s .

The Monte Carlo Simulation Approach
T o  o v e r c o m e  t h e  p r o b l e m s  i m p o s e d  b y  a  l i m i t e d  n u m b e r  o f  a c t u a l  o b s e r v a t i o n s ,  

w e  c a n  g e n e r a t e  a d d i t i o n a l  o b s e r v a t i o n s  ( i n  o u r  e x a m p l e ,  F X  c h a n g e s ) .  N o r m a l l y ,  

t h e  s i m u l a t i o n  o r  g e n e r a t i o n  o f  t h e s e  a d d i t i o n a l  o b s e r v a t i o n s  i s  s t r u c t u r e d  u s i n g  a  

M o n t e  C a r l o  s i m u l a t i o n  a p p r o a c h  s o  t h a t  r e t u r n s  o r  r a t e s  g e n e r a t e d  r e f l e c t  t h e  p r o b 

a b i l i t y  w i t h  w h i c h  t h e y  h a v e  o c c u r r e d  i n  r e c e n t  h i s t o r i c  t i m e  p e r i o d s .  T h e  f i r s t  s t e p  

i s  t o  c a l c u l a t e  t h e  h i s t o r i c  v a r i a n c e - c o v a r i a n c e  m a t r i x  ( 2 )  o f  F X  c h a n g e s .  T h i s  m a t r i x  

i s  t h e n  d e c o m p o s e d  i n t o  t w o  s y m m e t r i c  m a t r i c e s ,  A  a n d  A ' . 26 T h i s  a l l o w s  t h e  F I  t o  

g e n e r a t e  s c e n a r i o s  f o r  t h e  F X  p o s i t i o n  b y  m u l t i p l y i n g  t h e  A '  m a t r i x ,  w h i c h  r e f l e c t s  

t h e  h i s t o r i c  v o l a t i l i t i e s  a n d  c o r r e l a t i o n s  a m o n g  F X  r a t e s ,  b y  a  r a n d o m  n u m b e r  v e c t o r  

z : 27  1 0 , 0 0 0  r a n d o m  v a l u e s  o f  z  a r e  d r a w n  f o r  e a c h  F X  e x c h a n g e  r a t e . 28 T h i s  s i m u l a 

t i o n  a p p r o a c h  r e s u l t s  i n  r e a l i s t i c  F X  s c e n a r i o s  b e i n g  g e n e r a t e d  a s  h i s t o r i c  v o l a t i l i t i e s  

a n d  c o r r e l a t i o n s  a m o n g  F X  r a t e s  a r e  m u l t i p l i e d  b y  t h e  r a n d o m l y  d r a w n  v a l u e s  o f  z .  

T h e  V A R  o f  t h e  c u r r e n t  p o s i t i o n  i s  t h e n  c a l c u l a t e d  a s  i n  T a b l e  1 5 - 6 ,  e x c e p t  t h a t  i n  t h e  

M o n t e  C a r l o  a p p r o a c h ,  t h e  V A R  i s  t h e  1 0 0 t h  w o r s t  s i m u l a t e d  l o s s  o u t  o f  1 0 , 0 0 0 .

M o n t e  C a r l o  s i m u l a t i o n  i s ,  t h e r e f o r e ,  a  t o o l  f o r  c o n s i d e r i n g  p o r t f o l i o  v a l u a t i o n  

u n d e r  a l l  p o s s i b l e  c o m b i n a t i o n s  o f  f a c t o r s  t h a t  d e t e r m i n e  a  s e c u r i t y ' s  v a l u e .  T h e  

m o d e l  g e n e r a t e s  r a n d o m  m a r k e t  v a l u e s  d r a w n  f r o m  t h e  m u l t i v a r i a t e  n o r m a l  d i s 

t r i b u t i o n s  r e p r e s e n t i n g  e a c h  v a r i a b l e .  T h e  I n d u s t r y  P e r s p e c t i v e s  b o x  o u t l i n e s  t h e  

p r o c e s s  C i t i g r o u p  f o l l o w s  i n  e s t i m a t i n g  V A R  u s i n g  t h e  M o n t e  C a r l o  s i m u l a t i o n  

a p p r o a c h  a n d  g i v e s  m o r e  d e t a i l  o n  i t s  2 0 1 1  V A R s .

26 The only difference between A  and A ' is tha t the numbers in the rows o f A  become the numbers in the 
columns o f A '. The technical term  fo r  this procedure is the Cholesky decomposition, w here 2  = A A '.
27 W here z  is assumed to  be norm ally distributed w ith  a mean o f zero and a standard deviation o f 1 or 
z  ~ N (0, 1).
28 Technically, let y  be an FX scenario; then y  = A'z. For each FX rate, 10,000 values o f z  are randomly 
generated to  produce 10,000 values o f y. The y  values are then used to  revalue the FX position and calcu
late gains and losses.
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Industry Perspectives Citigroup—Vaiue at Risk

Value a t risk (VAR) estim ates, a t  a 9 9  p ercen t confi
d en ce  level, th e  p oten tial decline in th e  valu e o f a 
position o r a p ortfo lio  under norm al m arket condi
tions. VAR statistics can  be m aterially  d ifferen t across 
firms due to  d ifferences in p ortfo lio  com p osition , 
differences in VAR m eth od o lo g ies , and differences  
in m odel p aram eters . Citi believes VAR statistics can  
be used m ore effectively as indicators o f tren d s in 
risk tak in g  w ithin a firm , ra th er th a n  as a basis for  
inferring d ifferences in risk tak in g  across firms.

Citi uses M onte Carlo sim ulation, which it believes 
is conservatively calibrated  to  incorporate  th e  g re a te r  
o f short-term  (m ost recent m onth) and long-term  
(th ree  years) m arket volatility. The M onte Carlo simu
lation involves approxim ately 3 0 0 ,0 0 0  m arket factors, 
m aking use of 1 8 0 ,0 0 0  tim e series, w ith m arket factors  
u pd ated  daily and model p aram eters updated  weekly.

T he con servative fe a tu re s  o f th e  VAR calibration  
co n trib u te  ap p roxim ately  20 p ercen t ad d-on  to  w h a t  
w ould  be a VAR estim ated  under th e  assum ption  
o f stab le  and perfectly  norm ally distributed  m ar
kets. U nder norm al and stab le m ark et conditions, 
Citi w ould  thu s e x p e ct th e  num ber of days w h ere  
trad in g  losses e xceed  its VAR to  be less th a n  tw o  or 
th re e  excep tio n s per year. Periods o f u nstable m ar
ket conditions could increase th e  num ber o f th e se

excep tions. During th e  last fo u r q u arters, th e re  w as  
o n e  b ack-testing  excep tio n  w h e re  trad in g  losses 
e x ceed ed  th e  VAR e stim ate  a t  th e  C itigroup level 
(back -testin g  is th e  process in w hich th e  daily VAR 
o f a p ortfo lio  is co m p ared  to  th e  actual daily ch an g e  
in th e  m arket value o f tran sactio n s). This occu rred  
on A ugu st 8, 2 0 1 1 , a fte r  th e  U.S. g o v ern m en t rating  
w as d ow n grad ed  by S&P.

The accom panying ta b le  sum m arizes VAR fo r Citi- 
w ide trad in g  portfolios a t  and during 2011 and 2 010 , 
including quarterly  averages. Historically, Citi included 
only th e  hedges associated  w ith th e  CVA (credit valu
ation  adjustm ent) o f its derivative tran saction s in its 
VAR calculations and disclosures (these hedges w ere , 
and continue to  be, included within th e  relevant risk 
typ e e .g ., interest rate , foreign  exch an g e, equity). 
However, Citi now  includes both  th e  hedges associ
ated  w ith th e  CVA of its derivatives and th e  CVA on 
th e  derivative cou n terp arty  exp osure (included in th e  
line "Increm ental Im pact o f Derivative CVA"). The 
inclusion of th e  CVA on derivative co u n terp arty  e xp o 
sure reduces Citi's to ta l trad in g  VAR; Citi believes this 
calculation and p resen tation  reflect a m ore com p lete  
and accu rate  view  of its m ark-to -m ark et risk profile 
as it incorporates both  th e  CVA underlying derivative  
tran saction s and related  hedges.

In Millions o f Dollars
Dec. 31, 

2011
2011

Average
Dec. 31, 

2010
2010

Average
Interest rate $250 $246 $235 $234
Foreign exchange 51 61 52 61
Equity 36 46 56 59
Commodity 16 22 19 23
Covariance adjustment™ (118) (162) (171) (172)
Total Trading VAR— all m arke t risk 

factors, inc lud ing general and specific 
risk (excluding de rivative CVA) $235 $213 $191 $205

Specific risk-on ly component™ $ 14 $ 22 $ 8 $ 18
Total—genera l m arke t factors on ly $221 $191 $183 $187
Incremental im pact o f deriva tive CVA $ (52) $ (24) $ (5) N/A
Total Trading and CVA VAR $183 $189 $186 N/A
(1) Covariance adjustm ent (also know n as diversification benefit) equals the difference between the tota l VAR and the sum of 
the VARs tied to  each individual risk type. The benefit reflects the fact th a t the risks w ith in  each and across risk types are not 
perfectly correlated and, consequently, the to ta l VAR on a given day w ill be lower than the sum o f the VARs relating to  each 
individual risk type. The determ ination o f the primary drivers o f changes to  the covariance adjustm ent is made by an examina
tion o f the impact o f both model parameter and position changes.
(2) The specific risk-only component represents the level o f equity and fixed income issuer-specific risk embedded in VAR.
N/A Not available
Source: Citigroup 2011 10-k Report, March 2012, p. 98.
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E X A M P L E  1 5 - 5

Calculating 
Value at Risk 
Using Monte 
Carlo Simulation

Consider an FI with a long position in a one-year, zero-coupon €1,000,000 bond. The current 
one year interest rate on the Eurobond is 10 percent. So, the present value of the one-year, 
€1m notional Eurobond is €909,091. The current $/€ exchange rate is 0.65 (i.e., the €/$ 
exchange rate is 1.538461). Thus, the FI has a long position of $590,909 in the Eurobond. 
The FI wants to evaluate the value at risk for this bond based on changes in interest rates and 
FX rates over the next 10 days.

The two underlying bond characteristics to be simulated are the $/€ exchange rate and 
the one year Eurobond price for changes in one year interest rates. Historical daily volatilities 
of the $/€ exchange rate and the bond price are such that a FX = 0.0042 and a8 = 0.0008. 
The historic correlation between the two is pFXB = -0.17. To generate one thousand sce
narios for values of the two underlying assets in 10 days, Monte Carlo analysis first generates 
one thousand pairs of standard normal variates whose correlation is pFXB = -0.17. Label 
each pair zFX and zB. Histograms for the results are shown in Figure 15-2. Note that the dis
tributions are essentially the same.

Next, Monte Carlo simulation creates the actual scenarios for the variables, FX and B. That 
is, for each pair zFX and zB future values are created by applying

To express the bond price in dollars (accounting for both the exchange rate and interest rate 
risk for the bond), it is necessary to multiply the simulated bond price by the exchange rate 
in each scenario. Figures 15-3 and 15-4 show the distributions of future values, PFX and 
PB, respectively, obtained by one thousand simulations. Note that the distributions are no 
longer normal, and for the bond price, the distribution shows a marked asymmetry. This 
is due to the transformation made from normal to lognormal variates by applying 
Equations (6) and (7). Table 15-7 lists the first ten scenarios generated from Monte Carlo 
analysis. The process would be repeated until the 10,000 random observations are gener
ated. Then with the observations rank ordered from worst (biggest loss) to best (biggest 
gain), the VAR is the 100th worst estimate out of 10,000.

(6)
and

PB = €909,091e00008 x A x zB ( 7 )

F I G U R E  1 5 - 2

Frequency 
Distribution for ZFX 
and ZB (1000 trials)

Frequency

120

100 - Eurobond

80  -

80  - $ /€  — ►

60 -

20  -

0
- 3 .5  - 2 .8  - 2 .0  - 1 .3  - 0 .5  0 .3  1.0 1.8 2 .5  3.3

Standard deviation
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F I G U R E  1 5 - 3

Frequency 
Distribution for 
Eurobond Price 
(1000 trials)

Frequency

F I G U R E  1 5 - 4 Frequency
Frequency 2 0 0  -
Distribution for $/€ 180 -
Exchange Rate (1000 160 -
trials) 140 -

120 -

100 -

80  -

60  -

40  -

20  -

0 - 1

Bond price

F N -
0.631 0 .637  0 .642  0 .648  0 .654  0 .659  0 .665  0 .670  

$ /€  Exchange rate

T A B L E  1 5 - 7

Monte Carlo 
Scenarios (1000 
trials)

$/€ PV of Cash Flow (in €s) PV of Cash Flow (in $s)
0.6500 €906,663 $589,350
0.6540 907,898 593,742
0.6606 911,214 601,935
0.6513 908,004 591,399
0.6707 910,074 610,430
0.6444 908,478 585,460
0.6569 908,860 597,053
0.6559 906,797 594,789
0.6530 906,931 592,267
0.6625 920,768 603,348

Concept 1. What are the advantages of the historic, or back simulation, approach over Risk-
Questions Metrics to measure market risk?

2. What are the steps involved with the historic, or back simulation, approach to mea-
suring market risk?

3. What is the Monte Carlo simulation approach to measuring market risk?
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Expected Shortfall
A s  m e n tio n e d  e a rlie r, a  c r it ic is m  o f  V A R  is th a t  it  te lls  th e  F I  m a n a g e r  th e  le v e l o f  

p o s s ib le  lo s s e s  th a t  m ig h t  o c c u r  w ith  a  g iv e n  c o n fid e n c e  le v e l— th a t  is , th e  9 9 th  

p e rc e n tile — a s s u m in g  a  n o r m a lly  s h a p e d  r e tu r n  d is tr ib u tio n . E x p e c te d  sh o rtfa ll  (E S ), 

a ls o  re fe rre d  to  a s  c o n d itio n a l  V A R  a n d  e x p e c te d  ta il lo s s , te lls  u s  th e  a v e r a g e  o f  th e  

lo s s e s  in  th e  ta il o f  th e  d is tr ib u tio n  b e y o n d  th e  9 9 th  p e rc e n tile — th a t  is , if 1 in  e v e r y  

1 0 0  d a y s  th e r e  is a  lo s s , E S  tells  u s  th e  a v e r a g e  o f  th o s e  1 in  1 0 0  d a y  lo s se s . F o r  e x a m 

p le , in  T ab le 1 5 - 6 ,  th e  F I 's  9 9  p e rc e n t  c o n fid e n c e  le v e l  V A R  is  $ 9 7 ,2 1 0 . T h u s , if to m o r 

r o w  is a  b a d  d a y , th e r e  is a  1 p e r c e n t  p ro b a b ility  th a t  th e  F I 's  lo s s e s  w ill  e x c e e d  $ 9 7 ,2 1 0  

a s s u m in g  a  n o r m a l  p ro b a b ility  d is tr ib u tio n . H o w e v e r , m a n y  re tu r n  d is tr ib u tio n s  h a v e  

" f a t  ta ils ."  C o n s id e r  F ig u re  1 5 - 5 .  T h e  V A R  o f  th e  p ro b a b ility  d is tr ib u tio n  is $ 9 7 ,2 1 0 —  

th a t  is , a s s u m in g  a  n o r m a l  p ro b a b ility  d is tr ib u tio n , th e r e  is a  1 in  1 0 0  c h a n c e  th a t  th e  FI  

w ill  lo s e  $ 9 7 ,2 1 0 . H o w e v e r , c le a r ly  th e  p ro b a b ility  d is tr ib u tio n  is  n o t  n o r m a l , b u t  h a s  

a  fa t-ta il  lo s s . T h u s , th e  a v e r a g e  o f  th e  1 in  1 0 0  d a y  lo s s e s  w ill  b e  la rg e r  th a n  $ 9 7 ,2 1 0 .

V A R  c o r r e s p o n d s  to  a  s p e c if ic  p o in t  o f  lo s s  o n  th e  p r o b a b il i ty  d is t r ib u t io n . I t  

d o e s  n o t  p r o v id e  i n f o r m a t io n  a b o u t  th e  p o te n t ia l  s iz e  o f  th e  lo s s  t h a t  e x c e e d s  it—  

t h a t  is , V A R  c o m p l e te l y  ig n o r e s  th e  p a t t e r n s  a n d  th e  s e v e r i t y  o f  th e  lo s s e s  in  th e  

e x t r e m e  ta il . T h u s , V A R  g iv e s  o n ly  p a r t ia l  i n f o r m a t io n  a b o u t  th e  e x t e n t  o f  p o s s ib le  

lo s s e s , p a r t i c u l a r l y  w h e n  p r o b a b i l i ty  d is t r ib u t io n s  a r e  n o n - n o r m a l .  T h e  d r a w b a c k s  

o f  V A R  b e c a m e  p a in f u lly  e v id e n t  d u r in g  th e  f in a n c ia l  c r is is  a s  a s s e t  r e tu r n s  p lu m 

m e t e d  in to  th e  f a t - ta i l  r e g io n  o f  n o n - n o r m a l l y  s h a p e d  d is t r ib u t io n s . F I  m a n a g e r s  

a n d  r e g u la t o r s  w e r e  f o r c e d  to  r e c o g n iz e  t h a t  V A R  p r o je c t io n s  o f  p o s s ib le  lo s s e s  fa r  

u n d e r e s t im a t e d  a c t u a l  lo s s e s  o n  e x t r e m e  b a d  d a y s .
E S  is  a  m e a s u r e  o f  m a r k e t  r is k  t h a t  e s t im a te s  th e  e x p e c te d  v a lu e  o f  lo s s e s  

b e y o n d  a  g iv e n  c o n f id e n c e  le v e l— t h a t  is , i t  is  th e  a v e r a g e  o f  V A R s  b e y o n d  a  g iv e n  

c o n f id e n c e  le v e l . S p e c if ic a lly , f o r  a  c o n f id e n c e  le v e l  c ,  E S  c a n  b e  s o lv e d  u s in g  th e  

fo l lo w in g  f o r m u la  f o r  a  c o n t in u o u s  p r o b a b i l i ty  d is t r ib u t io n :

T h a t  is , f o r  a  c o n f id e n c e  le v e l  o f , sa y , 9 9  p e r c e n t  ( i .e . ,  c ) , w e  m e a s u r e  th e  a r e a  u n d e r  

th e  p r o b a b il i ty  d is t r ib u t io n  f r o m  th e  9 9 t h  to  1 0 0 th  p e rc e n ti le .

1 fi
E S (c )  =   [ V a r (u )  d u

1  -  c J c

F I G U R E  1 5 - 5

Probability 
Distribution of 
Returns for a 
Security

99%  VAR 
= -$ 9 7 ,2 1 0

▲ Probability

 ►
Payoff
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EXAMPLE 15-6
Simple Example 
o f VAR versus 
ES

For a discrete distribution,

ES = -E(AV|AV <  -Var)

That is, for a confidence level of, say, 99 percent, we sum the weighted value of any 
observation in the discrete probability distribution from the 99th to 100th percentile.

In Figure 15-5, VAR tells the FI manager the loss at a particular point, c, on 
the probability distribution (i.e., 99th percentile). It, however, fails to incorporate 
information regarding the shape of the probability distribution below that par
ticular point. Expected shortfall is the average VAR to the left of the 99 percent 
confidence level. Thus, VAR is identical for both probability distributions. How
ever, ES, which incorporates points to the left of VAR, is larger when the probabil
ity distribution exhibits fat-tail losses. Accordingly, ES provides more information 
about possible market risk losses than VAR. For situations in which probability 
distributions exhibit fat-tail losses, VAR may look relatively small, but ES may be 
very large.

C o n s i d e r  t h e  f o l l o w i n g  d i s c r e t e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  p a y o f f s  f o r  t w o  s e c u r i t i e s ,  A  a n d  B , 

h e ld  in  t h e  t r a d i n g  p o r t f o l i o  o f  a n  FI:

Probability A Probability B
5 0 . 0 0 % $ 1 0 0  m 5 0 . 0 0 % $ 1 0 0  m

4 9 . 0 0 8 0  m 4 9 . 0 0 9 2  m

1 . 0 0 - 9 2 0  m 0 . 2 5 - 9 2 0  m

0 . 7 5 - 1 , 7 0 4  m

T h e  FI w a n t s  t o  e s t i m a t e  w h i c h  o f  t h e  t w o  s e c u r i t i e s  w ill  a d d  m o r e  m a r k e t  r is k  t o  i ts  t r a d i n g  

p o r t f o l i o  a c c o r d i n g  t o  b o t h  t h e  V A R  a n d  E S  m e a s u r e s .

E x p e c t e d  r e t u r n  o n  s e c u r i t y  A  =  0 . 5 0 ( $ 1 0 0  m )  +  0 . 4 9 ( $ 8 0  m )  +  0 . 0 1 ( - $ 9 2 0  m )  =  $ 8 0  m

E x p e c t e d  r e t u r n  o n  s e c u r i t y  B =  0 . 5 0 ( $ 1 0 0  m )  +  0 . 4 9 ( $ 9 2  m )  +  0 . 0 0 2 5 ( - $ 9 2 0  m )

+  0 . 0 0 7 5 ( - $ 1 , 7 0 4  m )  =  $ 8 0  m

F o r  a  9 9  p e r c e n t  c o n f i d e n c e  le v e l ,

V A R a  =  V A R b =  - $ 9 2 0  m

Y e t ,  f o r  a  9 9  p e r c e n t  c o n f i d e n c e  le v e l ,

E S a  =  - $ 9 2 0  m ,  w h i l e  E S B =  0 . 2 5 ( - $ 9 2 0  m )  +  0 . 7 5 ( - $ 1 , 7 0 4  m )  =  - $ 1 , 5 0 8  m

T h u s ,  w h i l e  t h e  V A R  is i d e n t i c a l  f o r  b o t h  s e c u r i t i e s ,  t h e  ES f i n d s  t h a t  s e c u r i t y  B h a s  t h e  p o t e n 

t ia l  t o  s u b j e c t  t h e  FI t o  m u c h  g r e a t e r  l o s s e s  t h a n  s e c u r i t y  A . S p e c i f i c a l l y ,  i f  t o m o r r o w  is a  b a d  

d a y ,  V A R  f i n d s  t h a t  t h e r e  is  a  1 p e r c e n t  p r o b a b i l i t y  t h a t  t h e  FI's  l o s s e s  w il l  e x c e e d  $ 9 2 0  m i l l io n  

o n  e i t h e r  s e c u r i t y .  H o w e v e r ,  if  t o m o r r o w  is a  b a d  d a y , ES f i n d s  t h a t  t h e r e  is a  1 p e r c e n t  p r o b 

a b i l i t y  t h a t  t h e  FI's l o s s e s  w il l  e x c e e d  $ 9 2 0  m i l l io n  if  s e c u r i t y  A  is in  its  t r a d i n g  p o r t f o l i o ,  b u t  

l o s s e s  w ill  e x c e e d  $ 1 , 5 0 8  m il l io n  if  s e c u r i t y  B is  in  i ts  t r a d i n g  p o r t f o l i o .



460 Part Two Measuring Risk

EXAMPLE 15-7
Estimating 
VAR and ES of 
Trading Portfolio 
Securities

F o r  c o n t in u o u s  p r o b a b i l i t y  d i s t r ib u t io n s  E S  u s e s  a  s c a l in g  f a c t o r  b a s e d  o n  a 
f a t - t a i l e d  s t u d e n t 's  t  d i s t r i b u t i o n . 29 T h u s ,  w h i l e  th e  s c a l in g  f a c t o r s  f o r  V A R  a re  
2 .3 3  f o r  a  1 p e r c e n t  c o n f id e n c e  le v e l  ( a n d  1 .6 5  f o r  a  5  p e r c e n t  c o n f id e n c e  le v e l ) ,  
E S  s c a le s  u p  t h e  r i s k  f a c t o r  t o  a c c o u n t  f o r  f a t  t a i l s  i n  t h e  p r o b a b i l i t y  d i s t r i b u 
t i o n ,  u s in g  2 .6 6 5  f o r  a  1 p e r c e n t  c o n f id e n c e  le v e l  ( a n d  2 .0 6 3  f o r  a  5  p e r c e n t  c o n 
f id e n c e  le v e l ) .

An FI has €1 million In Its trading portfolio on the close of business on a particular day. The 
FI wants to calculate the one-day VAR and ES from this position. The first step is to calculate 
the dollar value position:

Suppose the current exchange rate of euros for dollars is €0.7983/$, or dollars for euros 
is $1.2527, at the daily close. So,

Dollar value of position = €1 million x 1.2527 = $1,252,700
Suppose also that looking back at the daily percentage changes in the €/$ exchange rate over 
the past year, we find that the volatility, or standard deviation (a), of daily percentage changes 
in the spot exchange rate was 44.3 bp. However, the FI is interested in adverse moves—bad 
moves that will not occur more than 1 percent of the time, or 1 day in every 100.

Value at Risk
Using VAR, which assumes that changes in exchange rates are normally distributed, the 
exchange rate must change in the adverse direction by 2.33a (2.33 x 44.3 bp) for this 
change to be viewed as likely to occur only 1 day in every 100 days:

FX volatility = 2.33 x 44.3 bp = 103.219 bp
In other words, using VAR during the last year the euro declined in value against the dollar by
103.219 bp 1 percent of the time. As a result, the one-day VAR is:

VAR = $1,252,700 x 0.0103219 = $12,930

Expected Shortfall
Using ES, which assumes that changes in exchange rates are normally distributed but with fat 
tails, the exchange rate must change in the adverse direction by 2.665a (2.665 x 44.3 bp) 
for this change to be viewed as likely to occur only 1 day in every 100 days:

FX volatility = 2.665 x 44.3 bp = 1 18.0595 bp
In other words, using ES during the last year the euro declined in value against the dollar by
1 18.0595 bp 1 percent of the time. As a result, the one-day ES is:

ES = $1,252,700 x 0.01 180595 = $14,798
The potential loss exposure to adverse euro to dollar exchange rate changes for the FI 

from the €1 million spot currency holdings are higher using the ES measure of market risk. ES 
estimates potential losses that are $1,868 higher than VAR. This is because VAR focuses on 
the location of the extreme tail of the probability distribution. ES also considers the shape of 
the probability distribution once VAR is exceeded.

29 Specifically,

where,
ES = ScaleES x  a  x  X

ES = N pdf ( N -1(1 -  c) )
1— c



Chapter 15 M arket Risk  461

Concept 1 . W h a t  is  t h e  d i f f e r e n c e  b e t w e e n  V A R  a n d  E S ?

Questions 2 . W h y  is E S  s u p e r i o r  t o  V A R  a s  a  m e a s u r e  o f  m a r k e t  r is k ?

REGULATORY MODELS: THE BIS STANDARDIZED FRAMEWORK

T h e  d e v e l o p m e n t  o f  i n t e r n a l  m a r k e t  r i s k  m o d e l s  b y  F I s  s u c h  a s  J . P .  M o r g a n  C h a s e  

w w w .b is.o rg  w a s  p a r t l y  i n  r e s p o n s e  t o  p r o p o s a l s  b y  t h e  B a n k  f o r  I n t e r n a t i o n a l  S e t t l e m e n t s  ( B I S )

i n  1 9 9 3  t o  m e a s u r e  a n d  r e g u l a t e  t h e  m a r k e t  r i s k  e x p o s u r e s  o f  b a n k s  b y  i m p o s 

i n g  c a p i t a l  r e q u i r e m e n t s  o n  t h e i r  t r a d i n g  p o r t f o l i o s . 30 A s  n o t e d  i n  C h a p t e r  7 ,  t h e  

B I S  i s  a n  o r g a n i z a t i o n  e n c o m p a s s i n g  t h e  l a r g e s t  c e n t r a l  b a n k s  i n  t h e  w o r l d .  A f t e r  

r e f i n i n g  t h e s e  p r o p o s a l s  o v e r  a  n u m b e r  o f  y e a r s ,  m o s t  r e c e n t l y  i n  2 0 1 3 ,  t h e  B I S  

w w w .fe d e ra ire se rv e .g o v  ( i n c l u d i n g  t h e  F e d e r a l  R e s e r v e )  d e c i d e d  o n  a  f i n a l  a p p r o a c h  t o  m e a s u r i n g  m a r k e t  

r i s k  a n d  t h e  c a p i t a l  r e s e r v e s  n e c e s s a r y  f o r  a n  F I  t o  h o l d  t o  w i t h s t a n d  a n d  s u r v i v e  

m a r k e t  r i s k  l o s s e s .  T h e s e  r e q u i r e d  l e v e l s  o f  c a p i t a l  h e l d  t o  p r o t e c t  a g a i n s t  m a r k e t  

r i s k  e x p o s u r e  a r e  i n  a d d i t i o n  t o  t h e  m i n i m u m  l e v e l  o f  c a p i t a l  b a n k s  a r e  r e q u i r e d  

t o  h o l d  f o r  c r e d i t  r i s k  p u r p o s e s  ( s e e  C h a p t e r  2 0 ) .  S i n c e  J a n u a r y  1 9 9 8  b a n k s  i n  t h e  

c o u n t r i e s  t h a t  a r e  m e m b e r s  o f  t h e  B I S  c a n  c a l c u l a t e  t h e i r  m a r k e t  r i s k  e x p o s u r e s  i n  

o n e  o f  t w o  w a y s .  T h e  f i r s t  i s  t o  u s e  a  s i m p l e  s t a n d a r d i z e d  f r a m e w o r k  ( t o  b e  d i s 

c u s s e d  b e l o w ) .  T h e  s e c o n d ,  w i t h  r e g u l a t o r y  a p p r o v a l ,  i s  t o  u s e  t h e i r  o w n  i n t e r n a l  

m o d e l s ,  w h i c h  a r e  s i m i l a r  t o  t h e  m o d e l s  d e s c r i b e d  a b o v e .  H o w e v e r ,  i f  a n  i n t e r n a l  

m o d e l  i s  a p p r o v e d  f o r  u s e  i n  c a l c u l a t i n g  c a p i t a l  r e q u i r e m e n t s  f o r  t h e  F I ,  i t  i s  s u b 

j e c t  t o  r e g u l a t o r y  a u d i t  a n d  c e r t a i n  c o n s t r a i n t s .  B e f o r e  l o o k i n g  a t  t h e s e  c o n s t r a i n t s ,  

w e  e x a m i n e  t h e  B I S  s t a n d a r d i z e d  f r a m e w o r k .  A d d i t i o n a l  d e t a i l s  o f  t h i s  m o d e l  c a n  

b e  f o u n d  a t  t h e  B I S  w e b s i t e ,  www.bis.org.31

T h e  f i n a n c i a l  c r i s i s  e x p o s e d  a  n u m b e r  o f  s h o r t c o m i n g s  i n  t h e  w a y  m a r k e t  r i s k  

w a s  b e i n g  m e a s u r e d  i n  a c c o r d a n c e  w i t h  B a s e l  I I  r u l e s .  A l t h o u g h  t h e  c r i s i s  l a r g e l y  

e x p o s e d  p r o b l e m s  w i t h  t h e  l a r g e - b a n k  i n t e r n a l  m o d e l s  a p p r o a c h  t o  m e a s u r i n g  

m a r k e t  r i s k ,  t h e  B I S  a l s o  i d e n t i f i e d  s h o r t c o m i n g s  w i t h  t h e  s t a n d a r d i z e d  a p p r o a c h .  

T h e s e  i n c l u d e d  a  l a c k  o f  r i s k  s e n s i t i v i t y ,  a  v e r y  l i m i t e d  r e c o g n i t i o n  o f  h e d g i n g  a n d  

d i v e r s i f i c a t i o n  b e n e f i t s ,  a n d  a n  i n a b i l i t y  t o  s u f f i c i e n t l y  c a p t u r e  r i s k s  a s s o c i a t e d  w i t h  

m o r e  c o m p l e x  i n s t r u m e n t s .  T o  a d d r e s s  s h o r t c o m i n g s  o f  t h e  s t a n d a r d i z e d  a p p r o a c h  

t o  m e a s u r i n g  m a r k e t  r i s k ,  B a s e l  I I I  p r o p o s e s  a  " p a r t i a l  r i s k  f a c t o r "  a p p r o a c h  a s  

a  r e v i s e d  s t a n d a r d i z e d  a p p r o a c h .  B a s e l  I I I  a l s o  i n t r o d u c e s  a  " f u l l e r  r i s k  f a c t o r "  

a p p r o a c h  a s  a n  a l t e r n a t i v e  t o  t h e  r e v i s e d  p a r t i a l  r i s k  f a c t o r  s t a n d a r d i z e d  a p p r o a c h .

Partial Risk Factor Approach
T h e  p a r t i a l  r i s k  f a c t o r  a p p r o a c h  a p p l i e s  r i s k  w e i g h t s  t o  t h e  m a r k e t  v a l u e s  o f  t r a d i n g  

p o r t f o l i o  s e c u r i t i e s ,  w i t h  e n h a n c e m e n t s  t o  p r u d e n t l y  r e f l e c t  h e d g i n g  o f  a n d  d i v e r 

s i f i c a t i o n  a c r o s s  s e c u r i t i e s .  P a r t i c u l a r l y ,  t h e  p a r t i a l  r i s k  f a c t o r  a p p r o a c h  r e q u i r e s  

t h e  f o l l o w i n g  p r o c e s s  b e  f o l l o w e d  b y  F I s  t o  d e t e r m i n e  c a p i t a l  r e q u i r e m e n t s :

1 .  A s s i g n  i n s t r u m e n t s  t o  a s s e t  " b u c k e t s . "  I n s t r u m e n t s  a r e  p l a c e d  i n  o n e  o f  2 0  a s s e t  

b u c k e t s  a c r o s s  e a c h  o f  f i v e  r i s k  c l a s s e s  a c c o r d i n g  t o  t h e i r  r i s k  s i m i l a r i t y .  T h e  f i v e

30 BIS, Basel Com m ittee on Banking Supervision, "The  Supervisory Treatment o f M arket Risks," Basel, 
Switzerland, April 1993; "The  New Basel Capital Accord: Third Consultative Paper," Basel, Switzerland, 
April 2003; and Revisions to  Basel II M arket Risk Framework, Basel, Switzerland, January 2009.
31 Specifically, Basel 2.5 and Basel 3 changes are discussed in "Fundam ental Review o f the Trading Book," 
BIS Basel Com m ittee on Banking Supervision, May 2012.

http://www.bis.org
http://www.federaireserve.gov
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r i s k  c l a s s e s  i n c l u d e  F X ,  i n t e r e s t  r a t e s ,  e q u i t i e s ,  c r e d i t  ( i n c l u d i n g  s e c u r i t i z a t i o n s ) ,  

a n d  c o m m o d i t i e s .

2 .  C a l c u l a t e  e a c h  b u c k e t ' s  r i s k  m e a s u r e .  A  r i s k  m e a s u r e  i s  c a l c u l a t e d  f o r  e a c h  

b u c k e t  u s i n g  a  r e g u l a t o r - s p e c i f i e d  f o r m u l a  b a s e d  o n  E S  e s t i m a t e s .  T h e  m a r k e t  v a l 

u e s  o f  t h e  a s s e t s  i n  e a c h  b u c k e t  a r e  t h e n  m u l t i p l i e d  b y  t h e  r i s k  w e i g h t .

3 .  A g g r e g a t e  t h e  b u c k e t s .  T h e  r i s k  m e a s u r e s  o f  t h e  i n d i v i d u a l  a s s e t  b u c k e t s  a r e  

a g g r e g a t e d  t o  o b t a i n  t h e  c a p i t a l  r e q u i r e m e n t  f o r  t h e  t r a d i n g  p o r t f o l i o .  T h e  f o r m u l a  

u s e d  t o  a g g r e g a t e  i s :

C a p i t a l  =  h  K b  +  YJ J b c S b S c

\ b = 1  b = 1 b

w h e r e  S b =  l i ^ bR W iM V i,  a n d  y bc i s  c o r r e l a t i o n  p a r a m e t e r  b e t w e e n  b u c k e t s  b  a n d  c ,  

d e f i n e d  b y  r e g u l a t o r s .  T h e  f i r s t  t e r m  i n  t h i s  f o r m u l a  a g g r e g a t e s  r i s k  a c r o s s  b u c k e t s  

w i t h o u t  c o n s i d e r i n g  c r o s s - b u c k e t  d i v e r s i f i c a t i o n  ( t h e  " s u m  o f  s q u a r e s " ) .  T h e  s e c 

o n d  t e r m  a d j u s t s  f o r  t h e  " s a m e  d i r e c t i o n "  c o r r e l a t i o n  b e t w e e n  t h e  a s s e t  t y p e s  i n  b  

a n d  c  ( i . e . ,  l o n g / l o n g  o r  s h o r t / s h o r t ) ,  y bc .

Fuller Risk Factor Approach
T h e  f u l l e r  r i s k  f a c t o r  a p p r o a c h  m a p s  e a c h  t r a d i n g  p o r t f o l i o  s e c u r i t y  t o  a  s e t  o f  r i s k  

f a c t o r s  a n d  a s s o c i a t e d  s h o c k s  t h a t  e x p l a i n  t h e  v a r i a t i o n  i n  t h e  s e c u r i t y  v a l u e s .  T h e  

s e t  o f  r i s k  f a c t o r s  a n d  s h o c k s  t o  t h e  r i s k  f a c t o r s  a r e  e s t a b l i s h e d  b y  r e g u l a t o r s .  T h e  

r i s k  f a c t o r s  a r e  o r g a n i z e d  i n  a  h i e r a r c h y .  T h o s e  r i s k  f a c t o r s  l i s t e d  a t  t h e  t o p  o f  

t h e  h i e r a r c h y  a f f e c t  t h e  l a r g e s t  n u m b e r  o f  s e c u r i t i e s .  R i s k  f a c t o r s  l i s t e d  f u r t h e r  d o w n  

i n  t h e  h i e r a r c h y  a r e  m o r e  s p e c i f i c  i n  n a t u r e .  T h u s ,  c h a n g e s  i n  t h e s e  r i s k  f a c t o r s  

w o u l d  i m p a c t  a  s m a l l e r  n u m b e r  o f  i n s t r u m e n t s .  F i n a l l y ,  r i s k  f a c t o r s  l i s t e d  a t  t h e  

b o t t o m  o f  t h e  h i e r a r c h y  a r e  n o n h e d g e a b l e  r i s k  f a c t o r s  ( i . e . ,  r i s k  t h a t  c a n n o t  e a s i l y  

b e  h e d g e d  i n  p e r i o d  o f  f i n a n c i a l  s t r e s s ) .  T a b l e  1 5 - 8  p r o v i d e s  a n  i l l u s t r a t i o n  o f  t h e

T A B L E  1 5 - 8  Hierarchy of Hedgeable Risk Factors under the Standardized Model Fuller Risk Factor Approach
Source: "Fundam ental Review  of the Trading Book," BIS Basel C om m ittee on Banking Supervision, M ay 2012.

Interest Rate Commodity
Level FX Risk Risk Equity Risk Credit Risk Risk

1 E x c h a n g e  r a t e  o f W o r l d w i d e  i n t e r e s t  r a t e W o r l d w i d e W o r l d w i d e C o m m o d i t y

d o m e s t i c  c u r r e n c y i n d e x e q u i t y  i n d e x c r e d i t  s p r e a d p r i c e  i n d e x

t o  w o r l d w i d e i n d e x

c u r r e n c y  b a s k e t

II E x c h a n g e  r a t e  o f L e v e l  o f  m o n e y E q u i t y  i n d e x  b y C r e d i t  s p r e a d P r ic e  i n d e x  f o r

w o r l d w i d e  c u r r e n c y m a r k e t / s w a p  r a t e b r o a d  in d u s t r y i n d e x  b y c o m m o d i t y

b a s k e t  t o  r e s p e c t i v e c u r v e  in  r e s p e c t i v e c a t e g o r y i n d u s t r y t y p e

f o r e i g n  c u r r e n c y c u r r e n c y c a t e g o r y

III S l o p e  o f  m o n e y P r ic e  o f C r e d i t  s p r e a d P r ic e  i n d e x  f o r

m a r k e t / s w a p  r a t e in d iv id u a l  e q u i t y f o r  in d iv id u a l p h y s ic a l  t y p e

c u r v e  in  r e s p e c t i v e i s s u e r o f  c o m m o d i t y

c u r r e n c y

IV M o n e y  m a r k e t / s w a p  

r a t e  b e t w e e n  v e r t e x  

p o i n t s  in  r e s p e c t i v e  

c u r r e n c y  ( r e s i d u a l )



Chapter 15 M arket Risk  463

o r d e r  o f  r i s k  f a c t o r s  p r o p o s e d  b y  t h e  B I S  f o r  B a s e l  I I I .  F I s  t h e n  a p p l y  B I S  e m p i r i c a l l y  

e s t i m a t e d  s t a n d a r d  d e v i a t i o n s  o f  s h o c k s  t o  t h e s e  u n d e r l y i n g  r i s k  f a c t o r s .  T h e  c a p i t a l  

c h a r g e  i s  t h e n  d e t e r m i n e d  b y  c o n v e r t i n g  t h e  r i s k  p o s i t i o n  t o  a n  e x p e c t e d  s h o r t f a l l  

( E S )  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  T h e  f u l l e r  r i s k  f a c t o r  a p p r o a c h  

r e q u i r e s  t h e  f o l l o w i n g  p r o c e s s  b e  f o l l o w e d  b y  F I s  t o  d e t e r m i n e  c a p i t a l  r e q u i r e m e n t s :

1 .  A s s i g n  e a c h  i n s t r u m e n t  t o  a p p l i c a b l e  r i s k f a c t o r s .  T h e  B I S  d e f i n e s  a  s e t  o f  r i s k  

f a c t o r s  a n d  a s s o c i a t e d  s h o c k s  t h a t  e x p l a i n  t h e  v a r i a t i o n  i n  t h e  v a l u e  o f  a n  F I ' s  

t r a d i n g  p o r t f o l i o  s e c u r i t i e s .  U s i n g  a  B I S - p r o v i d e d  d e s c r i p t i o n  o f  t h e  m a p p i n g  o f  

s e c u r i t i e s  t o  e a c h  r i s k  f a c t o r ,  F I s  d e t e r m i n e  w h i c h  r i s k  f a c t o r s  i n f l u e n c e  t h e  v a l u e  

o f  t h e i r  t r a d i n g  p o r t f o l i o  s e c u r i t i e s .

2 .  D e t e r m i n e  t h e  s i z e  o f t h e  n e t  r i s k  p o s i t i o n  i n  e a c h  r i s k f a c t o r .  O n c e  t h e  F I  d e t e r 

m i n e s  t h e  r i s k  f a c t o r s  t h a t  a p p l y  t o  e a c h  o f  i t s  t r a d i n g  p o r t f o l i o  s e c u r i t i e s ,  i t  u s e s  a  

p r i c i n g  m o d e l  t o  d e t e r m i n e  t h e  s i z e  o f  t h e  r i s k  p o s i t i o n s  f r o m  e a c h  s e c u r i t y  w i t h  

r e s p e c t  t o  t h e  a p p l i c a b l e  r i s k  f a c t o r s .  T h e  s i z e  o f  t h e  r i s k  p o s i t i o n s  i s  b a s e d  o n  t h e  

s e n s i t i v i t y  o f  t h e  i n s t r u m e n t s  t o  t h e  p r e s c r i b e d  r i s k  f a c t o r s .  T h e  F I  t h e n  a g g r e g a t e s  

a l l  n e g a t i v e  a n d  p o s i t i v e  g r o s s  r i s k  p o s i t i o n s  t o  d e t e r m i n e  t h e  n e t  r i s k  p o s i t i o n .  F o r  

n o n h e d g e a b l e  r i s k  f a c t o r s ,  t h e  g r o s s  r i s k  p o s i t i o n  w o u l d  e q u a l  t h e  n e t  r i s k  p o s i t i o n .

3 .  A g g r e g a t e  o v e r a l l  r i s k  p o s i t i o n  a c r o s s  r i s k f a c t o r s .  T o  c o m p u t e  t h e  o v e r a l l  c a p i t a l  

r e q u i r e m e n t  f o r  e a c h  r i s k  f a c t o r  c l a s s ,  t h e  n e t  r i s k  p o s i t i o n s  d e t e r m i n e d  i n  s t e p  2  

a r e  a g g r e g a t e d .  R e g u l a t o r s  s p e c i f y  t h e  d i s t r i b u t i o n  o f  t h e  r i s k  f a c t o r s  ( i . e . ,  t h e  s t a n 

d a r d  d e v i a t i o n s  t o  a p p l y  a g a i n s t  e a c h  o f  t h e  r i s k  f a c t o r s ) .  O n e  o p t i o n  o f f e r e d  b y  

t h e  B I S  i s  t o  a s s u m e  t h a t  a l l  r i s k  f a c t o r s  o f  t h e  s a m e  r i s k  f a c t o r  c l a s s  a r e  i n d e 

p e n d e n t l y  d i s t r i b u t e d . 32 T h u s ,  t h e  o v e r a l l  p o r t f o l i o  s t a n d a r d  d e v i a t i o n  i s  c a l c u 

l a t e d  u s i n g  a  s u m  o f  s q u a r e s  m u l t i p l i e d  b y  a  s c a l a r  t h a t  a p p r o x i m a t e s  t h e  a v e r a g e  

a c r o s s  t h e  l o s s  t a i l  o f  t h e  p o r t f o l i o  d i s t r i b u t i o n  ( i . e . ,  t h e  E S ) .  T h e  E S  s c a l a r  f a c t o r  

i m p l e m e n t e d  b y  r e g u l a t o r s  i n  B a s e l  I I I  i s  f o u r .  T h u s ,  t h e  o v e r a l l  c a p i t a l  r e q u i r e 

m e n t  i s  f o u r  t i m e s  t h e  o v e r a l l  p o r t f o l i o  s t a n d a r d  d e v i a t i o n .

T h e  f o l l o w i n g  e x a m p l e  i s  t h e  B I S  i l l u s t r a t i o n  o f  t h e  f u l l e r  r i s k  f a c t o r  a p p r o a c h  

o f  t h e  s t a n d a r d i z e d  m o d e l . 33

In i ts  t r a d i n g  p o r t f o l i o ,  a n  FI h o l d s  1 , 0 0 0  D a i m l e r  s h a r e s  a t  a  s h a r e  p r i c e  o f  € 1 0 1  a n d  h a s  s o ld  

5 0 0  V o l k s w a g e n  s h a r e s  u n d e r  a  f o r w a r d  c o n t r a c t  t h a t  m a t u r e s  in  o n e  y e a r .  T h e  c u r r e n t  s h a r e  

p r i c e  f o r  V o l k s w a g e n  is € 2 0 .  T o  c a l c u l a t e  t h e  m a r k e t  r is k  c a p i t a l  c h a r g e  o n  t h e s e  s e c u r i t i e s ,  

t h e  FI p r o c e e d s  a s  f o l l o w s .

Step 1. Assign each instrument to applicable risk factors
F r o m  T a b l e  1 5 - 8 ,  h e d g e a b l e  r is k  f a c t o r s  f o r  t h e s e  e q u i t i e s  i n c l u d e  le v e l  I m o v e m e n t s  in  g l o b a l  

e q u i t y  m a r k e t s  ( w o r l d w i d e  e q u i t y  i n d e x ) ,  le v e l  II m o v e m e n t s  in  s e c t o r a l  e q u i t y  i n d i c e s  ( e q u i t y  

i n d e x  b y  b r o a d  in d u s t r y  c a t e g o r y ) ,  a n d  le v e l  III m o v e m e n t s  in  t h e  p r i c e s  o f  in d iv id u a l  e q u i t y .  

D a i m l e r  a n d  V o l k s w a g e n  h a v e  t h e  s a m e  h e d g e a b l e  r is k  f a c t o r s  a t  l e v e ls  I a n d  II ( i . e . ,  g l o b a l  

a n d  in d u s t r y  s p e c i f i c  e q u i t y  in d i c e s ) .  H o w e v e r ,  m o v e m e n t s  in  t h e  p r i c e s  o f  t h e  t w o  f i r m s  

a r e  u n i q u e .  T h u s ,  t h e y  d o  n o t  h a v e  t h e  s a m e  r is k  f a c t o r  a t  le v e l  III, a n d  a s  a  r e s u l t ,  t h e y  a r e

32 The BIS stated tha t to  recognize diversification it w ould be necessary to  impose a distribution on the 
risk factors. However, specifying a distribution o f risk factors, w ith  appropriate pairwise correlations 
between risk factors, is likely to  be a burdensome and complex task fo r  regulators and w ould  also com
plicate FIs' calculations considerably. Thus, the BIS decided tha t the com putationally simplest approach is 
to  treat all risk factors o f the same risk factor class as independently distributed.
33 See "Fundamental Review o f the Trading Book," BIS Basel Committee on Banking Supervision, May 2012
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mapped to different individual equity risk factors.34 There is also a nonhedgeable risk factor 
for the Volkswagen equity price to capture basis risk from the forward contract.

Step 2. Determine the size of the net risk position in each risk factor
For each risk factor, the FI determines a net risk position, calculated as the sum of 
gross risk positions for all instruments that are subject to that risk factor.3 5 Table 15-9 
shows the gross and net positions for Daimler and Volkswagen equities for the equity 
risk factor. The size of the gross position in Daimler for the three applicable risk fac
tors is €101,000 (1,000 shares x €101) and for the short position in Volkswagen is 
-€10,000 (500 shares x €20). Note again that the two securities do not have the same risk 
factor at level III. Thus, they are mapped to different individual equity risk factors. Further, 
to capture basis risk from the forward contract, there is a nonhedgeable risk factor for the 
Volkswagen equity price, -€10,000. The net risk position of the two securities for each
risk factor, listed in the last column of Table 15-9, is the sum of the gross risk factors for
the securities at each level—that is, €91,000 for levels I and II, €101,000 and -€10,000, 
respectively, for level III, and -€10,000 for nonhedgeable risk.

Step 3. Aggregate overall risk position across risk factors
The net risk positions is then converted into a capital charge by multiplying by regulator 
specified standard deviations (i.e., shift risk factors). Table 15-10 shows the calculations 
of the capital charge for market risk. The net risk positions (listed in column 3 for each risk 
level) are multiplied by the standard deviations assigned for each level (column 4) to pro
duce the standard deviations of the net risk position (column 5). For example, the standard 
deviation of the net risk position for the level I worldwide equity index is equal to the net 
risk (€91,000) times the regulator set shift risk factor (5 percent) to give the standard devia
tion associated with level I risk factor (€4,550). The square of the standard deviation (the 
variance) is then listed in column 6 (i.e., €20,702,500 for level I). Summing the squared 
standard deviations gives the portfolio variance (€164,289,400) and taking the square root 
of this gives the portfolio standard deviation (€12,818). Finally, this portfolio standard devi
ation is multiplied by a scalar (currently set at 4) to achieve the overall expected shortfall for 
the portfolio.

T A B L E  1 5 - 9  C a l c u l a t i o n  o f  G r o s s  a n d  N e t  R i s k  P o s i t i o n

Daimler Gross Volkswagen Gross Total Size of
Level Equity Risk Risk Position Risk Position Net Risk Position

I Worldwide equity index €101,000 -€10,000 €91,000
II Industry equity index €101,000 -€10,000 €91,000
III Daimler share price €101,000 — €101,000

Volkswagen share price — -€10,000 -€10,000
N-h* Volkswagen share price — -€10,000 -€10,000

* N onhedgeable risk factor.

34 However, these risk factors can be hedged w ith  o ther positions th a t shared this risk factor, such as 
Daimler equity options.
35 For equities, this is equivalent to  assuming th a t equity betas are homogeneous and equal to  one. For 
FX, the size o f the gross risk position is the market value o f the instrum ent converted to  the reporting 
currency o f the FI. For linear interest rate risk and credit risk-related instruments, the size o f the gross risk 
position is determined by applying a small shift to  the respective risk factor and determ ining the value 
change o f the instrum ent in relation to  the shift applied.
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TABLE 15-10 Calculation of Market Risk Capital Charge

Standard Standard Square the
Net Risk Deviation Deviation Standard Deviation

Equity Risk: Position (i.e., shift of of Net Risk of the Net Risk
Level Portfolio (EUR) risk factor) Position Position (i.e, variance)

I W o r l d w i d e  e q u i t y  i n d e x € 9 1 , 0 0 0 5 % € 4 , 5 5 0 € 2 0 , 7 0 2 , 5 0 0

II I n d u s t r y  e q u i t y  i n d e x 9 1 , 0 0 0 7 % 6 , 3 7 0 4 0 , 5 7 6 , 9 0 0

III D a i m l e r  s h a r e  p r i c e 1 0 1 , 0 0 0 1 0 % 1 0 , 1 0 0 1 0 2 , 0 1 0 , 0 0 0

V o l k s w a g e n  s h a r e  p r i c e - 1 0 , 0 0 0 - 1 0 % 1 , 0 0 0 1 , 0 0 0 , 0 0 0

N - h * V o l k s w a g e n  s h a r e  p r i c e - 1 0 , 0 0 0 1 % 1 0 0 1 0 , 0 0 0

P o r t fo l io  S u m  t h e  s q u a r e d  s t a n d a r d  d e v i a t i o n s  ( p o r t f o l i o  v a r i a n c e )  € 1 6 4 , 2 8 9 , 4 0 0

P o r t fo l io  T a k e  t h e  s q u a r e  r o o t  ( p o r t f o l i o  s t a n d a r d  d e v i a t i o n )  € 1 2 , 8 1 8

P o r t fo l io  M u l t ip ly  b y  s c a l a r  t o  o b t a i n  e x p e c t e d  s h o r t f a l l  € 5 1 , 2 7 0

* N onhedgeable risk factor.
N otes: ES scalar factor decided by  regulators =  4 X standard deviation. C orrelation (p) betw een stocks =  0 i s  assum ed by  the model.

THE BIS REGULATIONS AND LARGE-BANK INTERNAL MODELS

A s  d i s c u s s e d  a b o v e ,  t h e  B I S  c a p i t a l  r e q u i r e m e n t  f o r  m a r k e t  r i s k  e x p o s u r e  i n t r o d u c e d  

i n  J a n u a r y  1 9 9 8  a l l o w s  l a r g e  b a n k s  ( s u b j e c t  t o  r e g u l a t o r y  p e r m i s s i o n )  t o  u s e  t h e i r  

o w n  i n t e r n a l  m o d e l s  t o  c a l c u l a t e  m a r k e t  r i s k  i n s t e a d  o f  t h e  s t a n d a r d i z e d  f r a m e w o r k .  

T h e  i n i t i a l  m a r k e t  r i s k  c a p i t a l  r e q u i r e m e n t s  w e r e  i n c l u d e d  a s  p a r t  o f  w h a t  b e c a m e  

k n o w n  a s  B a s e l  I  c a p i t a l  r u l e s .  H o w e v e r ,  d e t a i l s  o f  t h e  c a p i t a l  c a l c u l a t i o n s  h a v e  b e e n  

r e f i n e d  a n d  r e v i s e d  o v e r  t h e  y e a r s .  T o d a y ,  F I s '  i n t e r n a l  m o d e l s  a r e  g o v e r n e d  b y  B a s e l  

2 . 5  ( i m p l e m e n t e d  i n  2 0 1 2 )  a n d  B a s e l  I I I  ( b e i n g  p h a s e d  i n  b e t w e e n  2 0 1 3  a n d  2 0 1 9 )  

v e r s i o n s  o f  t h e  r u l e s  f o r  a d e q u a t e  c a p i t a l  a t  F I s .  ( W e  e x a m i n e  t h e  i n i t i a t i v e s  t a k e n  

b y  t h e  B I S  a n d  t h e  m a j o r  c e n t r a l  b a n k s ,  e . g . ,  t h e  F e d e r a l  R e s e r v e ,  i n  c o n t r o l l i n g  b a n k  

r i s k  e x p o s u r e  t h r o u g h  c a p i t a l  r e q u i r e m e n t s  i n  g r e a t e r  d e t a i l  i n  C h a p t e r  2 0 . )

D u r i n g  t h e  f i n a n c i a l  c r i s i s ,  l o s s e s  d u e  t o  m a r k e t  r i s k  w e r e  s i g n i f i c a n t l y  h i g h e r  

t h a n  t h e  m i n i m u m  m a r k e t  r i s k  c a p i t a l  r e q u i r e m e n t s  u n d e r  B I S  B a s e l  I  a n d  B a s e l  I I  

r u l e s .  A s  a  r e s u l t ,  i n  J u l y  2 0 0 9  t h e  B I S  a n n o u n c e d  B a s e l  2 . 5 ,  a  f i n a l  v e r s i o n  o f  r e v i s e d  

r u l e s  f o r  m a r k e t  r i s k  c a p i t a l  r e q u i r e m e n t s .  S p e c i f i c a l l y ,  i n  a d d i t i o n  t o  t h e  r i s k  c a p 

i t a l  c h a r g e  a l r e a d y  i n  p l a c e  ( s t e p s  1  a n d  2  l i s t e d  b e l o w ) ,  a n  i n c r e m e n t a l  c a p i t a l  

c h a r g e  i s  a s s e s s e d  w h i c h  i n c l u d e s  a  " s t r e s s e d  v a l u e  a t  r i s k "  c a p i t a l  r e q u i r e m e n t  

t a k i n g  i n t o  a c c o u n t  a  o n e - y e a r  o b s e r v a t i o n  p e r i o d  o f  s i g n i f i c a n t  f i n a n c i a l  s t r e s s  r e l 

e v a n t  t o  t h e  F I ' s  p o r t f o l i o  ( s t e p  3  l i s t e d  b e l o w ) .  T h e  i n t r o d u c t i o n  o f  s t r e s s e d  V A R  i n  

B a s e l  2 . 5  i s  i n t e n d e d  t o  r e d u c e  t h e  c y c l i c a l i t y  o f  t h e  V A R  m e a s u r e  a n d  a l l e v i a t e  t h e  

p r o b l e m  o f  m a r k e t  s t r e s s  p e r i o d s  d r o p p i n g  o u t  o f  t h e  d a t a  p e r i o d  u s e d  t o  c a l c u l a t e  

V A R  a f t e r  s o m e  t i m e .  B a s e l  2 . 5  r e q u i r e s  t h e  f o l l o w i n g  p r o c e s s  b e  f o l l o w e d  b y  l a r g e  

F I s  u s i n g  i n t e r n a l  m o d e l s  t o  c a l c u l a t e  t h e  m a r k e t  r i s k  c a p i t a l  c h a r g e .

1 .  I n  c a l c u l a t i n g  D E A R ,  t h e  F I  m u s t  d e f i n e  a n  a d v e r s e  c h a n g e  i n  r a t e s  a s  b e i n g  i n  

t h e  9 9 t h  p e r c e n t i l e  ( m u l t i p l y  n  b y  2 . 3 3 ) .

2 .  T h e  F I  m u s t  a s s u m e  t h e  m i n i m u m  h o l d i n g  p e r i o d  t o  b e  1 0  d a y s  ( t h i s  m e a n s  

t h a t  d a i l y  D E A R  w o u l d  h a v e  t o  b e  m u l t i p l i e d  b y  > / 1 0 ) .

3 .  T h e  F I  m u s t  a d d  t o  t h i s  a  " s t r e s s e d  V A R "  t h a t  i s  i n t e n d e d  t o  r e p l i c a t e  a  V A R  

c a l c u l a t i o n  t h a t  w o u l d  b e  g e n e r a t e d  o n  t h e  F I ' s  t r a d i n g  p o r t f o l i o  i f  t h e  r e l e v a n t
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m a rk e t facto rs w ere  exp erien cin g  a p eriod  o f stress. T h e  stressed  V A R  is b ased  
o n  the 10-day, 99 th  p ercen tile  V A R  o f th e  trad in g  p o rtfo lio , w ith  m o d el inputs 
in co rp o ra tin g  h isto rica l d ata  fro m  a o n e-y ear p erio d  o f s ig n ifican t fin an cia l 
stress. T he p eriod  u sed  m u st b e  ap p rov ed  b y  th e  su p erv iso r an d  regu larly  
rev iew ed . F o r exam p le , a  12 -m on th  p eriod  re la tin g  to  sig n ifican t losses d u rin g  
th e  fin an cia l cris is  w o u ld  ad eq u ate ly  re flect a  p eriod  o f su ch  stress.
T h e  F I m u st co n sid er its p ro p osed  cap ita l ch arg e  o r req u irem en t as th e  su m  of:

1. T he h igher o f the previous d ay 's  V A R (value a t risk or D E A R  X >/10) and  the aver
age d aily  V A R over the previous 60 business days tim es a m u ltip lication factor 
w ith  a m in im u m  value o f 3, i.e., cap ital charge = D E A R  > r  X 3 (in  general, 
th e  m u ltip lica tio n  facto r m ak es requ ired  cap ita l s ig n ifican tly  h ig h er th an  V A R  
produced from  private m odels), plus

2. T h e  h ig h er o f its la test av a ilab le  stressed  V A R  an d  an  av erag e  o f th e  stressed  
V A R  o v er th e  p reced in g  60  b u sin ess  d ays tim es a m u ltip lica tio n  facto r w ith  a 
m in im u m  v alu e  o f 3  an d  a m a x im u m  o f 4.

Fro m  th is,
C ap ita l ch arg e  fo r m a rk e t risk  = (V A R X >/10 X 3) + (S tressed  V A R  X >/10 X 3)

F o r exam p le , su p p ose  an  F I's  p o rtfo lio  V A R  o v er th e  p rev iou s 60  d ays w as 
$10  m illio n  an d  stressed  V A R  o v er th e  p rev iou s 60  d ay s w as $25 m illio n  u sin g  the 
1 p e rce n t w o rst case  (o r 9 9 th  p ercen tile ). T h e  m in im u m  cap ita l ch arge  w o u ld  b e :36

C ap ital charge = ($10 m illion  X >/10 X 3) + ($25 m illion  X >/10 X 3)
= $332 .04  m illion

B asel III  p ro p oses to rep lace  V A R  m o d els  w ith  th o se  b ased  o n  ex trem e v alu e  
th eo ry  an d  exp ected  sh ortfa ll (E S). A s d iscu ssed  earlier, the E S  m easu re  an aly zes 
th e  size  an d  lik e lih o o d  o f lo sses ab o v e  th e  99 th  p ercen tile  in  a crisis  p eriod  for a 
trad ed  a sset an d  th u s m easu res " ta il  r is k "  m o re precisely . T h u s, E S  is a  r isk  m e a
sure th a t co n sid ers a m o re co m p reh en siv e  se t o f p o ten tia l o u tco m es th an  VAR. 
T h e  B IS  ch an g e  to  E S h ig h lig h ts  th e  im p o rtan ce  o f m ain ta in in g  su ffic ien t reg u la 
to ry  cap ita l n o t o n ly  in  stab le  m a rk e t co n d itio n s, b u t a lso  in  p eriod s o f s ig n ifican t 
fin an cia l stress. In d eed , it  is p rec ise ly  d u rin g  p erio d s o f stress th a t cap ita l is  v ital 
fo r ab so rb in g  losses an d  sa feg u ard in g  th e  stab ility  o f th e  b a n k in g  system . A cco rd 
ingly, th e  co m m ittee  in ten d s to m o v e to a fram ew o rk  th a t is ca lib ra ted  to a p eriod  
o f s ig n ifican t fin an cia l stress.

Tw o m eth o d s o f id en tify in g  th e  stress p erio d  an d  ca lcu la tin g  cap ita l req u ire
m en ts u n d er th e  in tern a l m o d els  are th e  d irect m eth o d  an d  th e  in d irect m ethod . 
T h e  d irect m eth o d  is b ased  o n  the ap p ro ach  u sed  in  th e  B asel 2 .5  stressed  V A R. The 
F I w o u ld  search  th e  en tire  h isto rica l p eriod  an d  id en tify  th e  p eriod  th a t p ro d u ces
36 The idea of a minimum multiplication factor of 3 is to create a scheme that is "incentive compatible." 
Specifically, if FIs using internal models constantly underestimate the amount of capital they need to meet 
their market risk exposures, regulators can punish those FIs by raising the multiplication factor to as high 
as 4. Such a response may effectively put the FI out of the trading business. The degree to which the 
multiplication factor is raised above 3 depends on the number of days an FI's model underestimates its 
market risk over the preceding year. For example, an underestimation error that occurs on more than 
10 days out of the past 250 days will result in the multiplication factor's being raised to 4.
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TABLE 15-11
Ratio o f M arke t 
R isk to Total R isk- 
Based Cap ita l fo r  
Bank H o ld ing  
Companies U sing  
In te rna l Models
Source: Federal Reserve 
Board, FR Y-9C Reports, 
2011.

Name
Market Risk to  Total 
Risk-Based Capital (%)

Bank of America 2.34%
Citigroup 0.81
J.P. Morgan Chase 4.42
HSBC North America 1.48
KeyCorp 0.67
Suntrust 0.45
Wells Fargo 0.80
Bank of New York Mellon 1.13
PNC Financial 0.81
US Bancorp 0.10

the  h ig he s t ES re su lt w h e n  a ll r is k  fac to rs  are in c lu d ed . H ow eve r, Basel I I I  w o u ld  
re qu ire  the  F I to  de te rm in e  the  stressed p e r io d  on  the basis o f a reduced  set o f r is k  
fac to rs . Once the  F I has id e n t if ie d  the  stressed p e r io d , i t  m u s t th e n  de te rm in e  the  
ES fo r  the  fu l l  set o f r is k  fac to rs  fo r  the  stress p e rio d . The in d ire c t m e th od  id e n t i
fies the  re le van t h is to r ic a l p e r io d  o f stress b y  u s in g  a reduced  set o f r is k  factors . 
H ow eve r, in s tead  o f c a lc u la tin g  the  f u l l  ES m ode l to  th a t p e r io d , the  F I ca lcu la tes  
a loss based on  the  reduced  set o f r is k  fac to rs . T h is  loss is then  scaled u s in g  the  
ra t io  o f the  fu l l  ES m od e l u s in g  c u rre n t m a rke t da ta  to  the  fu l l  ES m od e l u s in g  the  
reduced  set o f r is k  fac to rs  u s in g  c u rre n t m a rke t data.

F ina lly , i t  s h o u ld  be no ted  th a t the  m a rke t r is k  fra m e w o rk  d iscussed e a rlie r is 
based o n  an a ssum p tio n  th a t an F I's  t ra d in g  b o o k  po s itio n s  are l iq u id — th a t is, 
th a t FIs can e x it o r  hedge the  tra d in g  b o o k  po s itio n s  o ve r a 10 -day h o riz o n . The  
f in a n c ia l c ris is  p ro v e d  th is  to  be false. Thus , u n d e r the  n e w  l iq u id i t y  r is k  measures  
the  10 -day l iq u id i t y  m e tr ic  as used in  the  V A R  ca lcu la tio ns  (i.e., V A R  X V10) are 
rep laced  w it h  l iq u id i t y  ho rizon s  based on  a set o f q u a n tita tiv e  and  q u a lita t iv e  c r i
te r ia  th a t a llo w  fo r  changes in  m a rk e t l iq u id i t y  cond itio n s . S pec ifica lly , F Is ' e xpo 
sures w o u ld  be ass igned to  one o f f iv e  l iq u id i t y  h o r iz o n  categories, ra n g in g  fro m  
10 days to  one yea r based on  the  t im e  re q u ire d  to  e x it o r hedge a r is k  p o s it io n  in  
a stressed m a rke t e n v iro nm en t. Fu rthe r, c ap ita l add -ons are in c lu d e d  fo r  jum p s  
in  l iq u id i t y  p rem ia . These add -ons w o u ld  a p p ly  o n ly  to  in s trum en ts  th a t c o u ld  
becom e p a r t ic u la r ly  i l l iq u id  to  the  ex ten t th a t the  m a rke t r is k  measures, even w ith  
ex tended  l iq u id i t y  ho rizon s , w o u ld  n o t s u ff ic ie n t ly  cap tu re  the  r is k  to  F I so lvency  
f ro m  la rge  flu c tu a tio n s  in  l iq u id i t y  p rem ia  on  these securities.

Table 15-11 lis ts  the m a rke t r is k  to  the  to ta l risk -based  cap ita l fo r  severa l la rge  
U.S. b a n k  h o ld in g  com pan ies in  2011. N o tic e  h o w  sm a ll the  m a rke t r is k  cap ita l 
is  re la tiv e  to  the  to ta l risk -based  cap ita l fo r  these banks. O n ly  J.P. M o rg a n  Chase  
has a ra t io  g rea te r th a n  4 pe rcen t. The average ra t io  o f m a rke t r is k  cap ita l to  to ta l 
risk -based  cap ita l re q u ire d  fo r  the  10 b a n k  h o ld in g  com pan ies is o n ly  1.30 percent. 
M oreove r, v e ry  fe w  banks, o th e r th a n  the  v e ry  la rges t (above), re p o r t m a rke t r is k  
exposures a t a ll.

Concept 1. What is the BIS standardized framework for measuring market risk?
Questions 2 . What is the effect of using the 99th percentile (1 percent worst case) rather than the

95th percentile (5 percent worst case) on the measured size of an FI's market risk 
exposures?
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Summary

Questions 
and Problems

In this chapter we analyzed the importance of measuring an FI's market risk expo
sure. This risk is likely to continue to grow in importance as more and more loans 
and previously illiquid assets become marketable and as the traditional franchises 
of commercial banks, insurance companies, and investment banks shrink. Given 
the risks involved, both private FI management and regulators are investing 
increasing resources in models to measure and track market risk exposures. We 
analyzed in detail four approaches FIs have used to measure market risk: Risk- 
Metrics, the historic (or back simulation) approach, the Monte Carlo simulation 
approach, and the expected shortfall (ES) approach. The four approaches were 
also compared in terms of simplicity and accuracy. Market risk is also of concern 
to regulators. Beginning in January 1998, banks in the United States have had to 
hold a capital requirement against the risk of their trading positions. The novel 
feature of the regulation of market risk is that the Federal Reserve and other cen
tral banks (subject to regulatory approval) have given large FIs the option to cal
culate capital requirements based on their own internal models rather than the 
regulatory model.

1. What is meant by marketrisk?
2. Why is the measurement of market risk important to the manager of a finan

cial institution?
3. What is meant by daily earnings at risk (DEAR)? What are the three measurable 

components? What is the price volatility component?
4. Follow Bank has a $1 million position in a five-year, zero-coupon bond with 

a face value of $1,402,552. The bond is trading at a yield to maturity of 7.00 
percent. The historical mean change in daily yields is 0.0 percent and the stan
dard deviation is 12 basis points.
a. What is the modified duration of the bond?
b. What is the maximum adverse daily yield move given that we desire no more 

than a 1 percent chance that yield changes will be greater than this maximum?
c. What is the price volatility of this bond?
d. What is the daily earnings at risk for this bond?

5. How can DEAR be adjusted to account for potential losses over multiple days? 
What would be the VAR for the bond in problem 4 for a 10-day period? What 
statistical assumption is needed for this calculation? Could this treatment be 
critical?

6. The DEAR for a bank is $8,500. What is the VAR for a 10-day period? A 20-day 
period? Why is the VAR for a 20-day period not twice as much as that for a 
10-day period?

7. The mean change in the daily yields of a 15-year, zero-coupon bond has been 
five basis points (bp) over the past year with a standard deviation of 15 bp. 
Use these data and assume that the yield changes are normally distributed.
a. What is the highest yield change expected if a 99 percent confidence limit is 

required; that is, adverse moves will not occur more than 1 day in 100?
b. What is the highest yield change expected if a 95 percent confidence limit is 

required; adverse moves will not occur more than 1 day in 20?
8. In what sense is duration a measure of market risk?
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9. Bank Alpha has an inventory of AAA-rated, 15-year zero-coupon bonds with 
a face value of $400 million. The bonds currently are yielding 9.5 percent in 
the over-the-counter market.
a. What is the modified duration of these bonds?
b. What is the price volatility if the potential adverse move in yields is 25 

basis points?
c. What is the DEAR?
d. If the price volatility is based on a 99 percent confidence limit and a mean 

historical change in daily yields of 0.0 percent, what is the implied stan
dard deviation of daily yield changes?

10. Bank Beta has an inventory of AAA-rated, 10-year zero-coupon bonds with a 
face value of $100 million. The modified duration of these bonds is 12.5 years, 
the DEAR is $2,150,000, and the potential adverse move in yields is 35 basis 
points. What is the market value of the bonds, the yield on the bonds, and the 
duration of the bonds?

11. Bank Two has a portfolio of bonds with a market value of $200 million. The 
bonds have an estimated price volatility of 0.95 percent. What are the DEAR 
and the 10-day VAR for these bonds?

12. Suppose that an FI has a €1.6 million long trading position in spot euros at 
the close of business on a particular day. Looking back at the daily percent
age changes in the exchange rate of the €/$ for the past year, the volatility or 
standard deviation (n) of daily percentage changes in the €/$ spot exchange 
rate was 62.5 basis points (bp). Calculate the FI's daily earnings at risk from 
this position (i.e., adverse moves in the FX markets with respect to the value 
of the euro against the dollar will not occur more than 1 percent of the time, or 
1 day in every 100 days) if the spot exchange rate is €0.80/$1, or $1.25/€, at 
the daily close.

13. Bank of Southern Vermont has determined that its inventory of 20 million 
euros (€) and 25 million British pounds (£) is subject to market risk. The 
spot exchange rates are $0.40/€ and $1.28/£, respectively. The n ' s of the 
spot exchange rates of the €  and £, based on the daily changes of spot rates 
over the past six months, are 65 bp and 45 bp, respectively. Determine the 
bank's 10-day VAR for both currencies. Use adverse rate changes in the 99th 
percentile.

14. Bank of Bentley has determined that its inventory of yen (¥) and Swiss franc 
(SF) denominated securities is subject to market risk. The spot exchange rates 
are ¥80.00/$ and SF0.9600/$, respectively. The n's of the spot exchange rates 
of the ¥ and SF, based on the daily changes of spot rates over the past six 
months, are 75 bp and 55 bp, respectively. Using adverse rate changes in the 
99th percentile, the 10-day Va Rs for the two currencies, ¥ and SF, are $350,000 
and $500,000, respectively. Calculate the yen and Swiss franc-denominated 
value positions for Bank of Bentley.

15. Suppose that an FI holds a $15 million trading position in stocks that reflect 
the U.S. stock market index (e.g., the S&P 500). Over the last year, the nm of the 
daily returns on the stock market index was 156 bp. Calculate the VAR for this 
portfolio of stocks using a 99 percent confidence limit.

16. Bank of Alaska's stock portfolio has a market value of $10 million. The beta 
of the portfolio approximates the market portfolio, whose standard deviation 
(nm) has been estimated at 1.5 percent. What is the five-day VAR of this portfo
lio using adverse rate changes in the 99th percentile? ww
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470 Part Two Measuring Risk

17. Jeff Resnick, v ice  p re s id e n t o f ope ra tions  a t C ho ice  Bank, is e s tim a tin g  the  
aggregate D E A R  o f the  bank 's  p o r t fo lio  o f assets cons is tin g  o f loans (L ), fo r 
e ig n  currenc ies (FX), and  com m on  s tock (EQ ). The in d iv id u a l D EAR s are 
$300,700; $274,000; and  $126,700, respec tive ly . I f  the  c o rre la tio n  coe ffic ien ts  
(Py) be tw een  L  and  FX, L  and  EQ , and  FX and  EQ  are 0.3, 0.7, and  0.0, respec
t ive ly , w h a t is the  D E A R  o f the  aggregate p o rtfo lio ?

18. C a lcu la te  the  D E A R  fo r  the  fo l lo w in g  p o r t fo lio  w it h  the  c o rre la tio n  coe f
f ic ie n ts  and  th e n  w ith  pe rfe c t p o s it iv e  c o rre la tio n  be tw een  va r io u s  asset 
g roups .

Assets Estimated DEAR (Ps,fx) (pS,B) (pFX,ß)
Stocks (5) $300,000 -0 .1 0 0.75 0.20
Foreign Exchange (FX) 200,000
Bonds (B) 250,000

W h a t is the am o u n t o f r is k  re d u c tio n  re su lt in g  f ro m  the  la c k  o f pe rfe c t p o s i
t iv e  co rre la tio n  be tw een  the  va rio u s  asset groups?

19. W h a t are the  advan tages o f u s in g  the  back s im u la t io n  app roa ch  to  es tim a te  
m a rke t risk?  E xp la in  h o w  th is  app roa ch  w o u ld  be im p lem en te d .

20. E x p o r t B ank has a tra d in g  p o s it io n  in  Japanese y en  and  Sw iss francs. A t  the  
close o f bus iness o n  F eb ru a ry  4, the  ba n k  had  ¥300 m il l io n  and  SF10 m ill io n .  
The exchange rates fo r  the  m os t recen t s ix days are g iv e n  be low .

Exchange Rates per U.S. Dollar at the Close o f Business
2/4 2/3 2/2 2/1 1/29 1/28

Japanese yen 80.13 80.84 80.14 83.05 84.35 84.32
Swiss francs 0.9540 0.9575 0.9533 0.9617 0.9557 0.9523

a. W h a t is the fo re ig n  exchange (FX) p o s it io n  in  d o lla r  equ iva le n ts  u s in g  the  
FX rates on  F eb ru a ry  4?

b. W h a t is the d e f in it io n  o f de lta  as i t  re lates to  the  FX  pos itio n?
c. W h a t is the  se n s it iv ity  o f each FX po s itio n ; th a t is, w h a t is the  va lu e  o f de lta  

fo r  each cu rre n cy  on  Feb rua ry  4?
d. W h a t is the  d a ily  pe rcen tage change in  exchange rates fo r  each cu rren cy  

ove r the  f iv e -d a y  pe riod?
e. W h a t is the to ta l r is k  faced b y  the  b a n k  on  each day? W h a t is the w ors t-case  

day? W h a t is the  best-case day?
f. A ssum e th a t y o u  have da ta  fo r  the  500 tra d in g  days p re ced ing  Feb rua ry  4. 

E xp la in  h o w  y o u  w o u ld  id e n t ify  the w ors t-case scenario w it h  a 99 pe rcen t 
degree o f con fidence .

g. E x p la in  h o w  the  1 pe rcen t va lu e  a t r is k  (VAR ) p o s it io n  w o u ld  be in te r 
p re te d  fo r  bus iness o n  Feb rua ry  5.

h. H o w  w o u ld  the s im u la t io n  change a t the  end o f the  d a y  on  F eb ru a ry  5? 
W h a t va riab le s  a n d /o r  processes in  the  ana lys is  m a y  change? W h a t v a r i
ables a n d /o r  processes w i l l  n o t change?
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21. E x p o r t B ank has a t ra d in g  p o s it io n  in  euros and  A u s tra lia n  do lla rs . A t  the  
close o f bus iness o n  O c tobe r 20, the b a n k  had  € 2 0  m il l io n  and  A$30 m ill io n .  
The exchange rates fo r  the  m os t recen t s ix days are g iv e n  be low :

Exchange Rates per U.S. Dollar at the Close o f Business
10/20 10/19 10/18 10/17 10/16 10/15

Euros 0.8000 0.7970 0.7775 0.7875 0.7950 0.81 15
Australian $s 0.9700 0.9550 0.9800 0.9655 0.9505 0.9460

a. W h a t is the fo re ig n  exchange (FX) p o s it io n  in  d o lla r  equ iva le n ts  u s in g  the  
FX rates on  O c tobe r 20?

b. W h a t is the  se n s it iv ity  o f each FX po s itio n ; th a t is, w h a t is the  va lu e  o f de lta  
fo r  each cu rre n cy  on  O c tobe r 20?

c. W h a t is the  d a ily  pe rcen tage change in  exchange rates fo r  each cu rren cy  
ove r the  f iv e -d a y  pe riod?

d. W h a t is the to ta l r is k  faced b y  the  b a n k  on  each day? W h a t is the w ors t-case  
day? W h a t is the  best-case day?

22. W h a t is the  p r im a ry  d isadvan tage  o f the  back  s im u la t io n  app roach  in  m easur
in g  m a rke t r isk?  W h a t e ffec t does the  in c lu s io n  o f m o re  ob se rva tio n  days have  
as a rem edy  fo r  th is  d isadvan tage? W h a t o th e r rem ed ies can be used to  dea l 
w ith  the d isadvan tage?

23. H o w  is M on te  C a rlo  s im u la t io n  use fu l in  add ress ing  the  d isadvan tages o f back  
s im u la tio n?  W h a t is the  p r im a ry  s ta tis tica l a ssum p tio n  u n d e r ly in g  its  use?

24. W h a t is the  d iffe rence  be tw een  V A R  and  expected s h o rtfa ll (ES) as m easure o f  
m a rke t risk?

25. C on s id e r the  fo l lo w in g  d isc re te  p ro b a b il i ty  d is t r ib u t io n  o f pa yo ffs  fo r  tw o  
securitie s, A  and  B, h e ld  in  the  tra d in g  p o r t fo lio  o f an  FI:

Probability A Probability B
50.00% $80m 50.00% $80m
49.00 60m 49.00 68m

1.00 -7 4 0 m 0.40 -7 4 0 m
0.60 -1 ,3 9 3 m

W h ic h  o f the  tw o  securities  w i l l  ad d  m o re  m a rke t r is k  to  the  F I's  t ra d in g  p o r t 
fo lio  a cco rd in g  to  the  V A R  and  ES measures?

26. C on s id e r the  fo l lo w in g  d isc re te  p ro b a b il i ty  d is t r ib u t io n  o f pa yo ffs  fo r  tw o  
securitie s, A  and  B, h e ld  in  the  tra d in g  p o r t fo lio  o f an  FI:

Probability A Probability B
55.00% $120m 55.00% $120m
44.00 95m 44.00 100m

1.00 -1 ,1 0 0 m 0.30 -1 ,1 0 0 m
0.70 -1 ,4 1 4 m

W h ic h  o f the  tw o  securities  w i l l  ad d  m o re  m a rke t r is k  to  the  F I's  t ra d in g  p o r t 
fo lio  a cco rd in g  to  the  V A R  and  ES measures?
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472 Part Two Measuring Risk

29.

30.

27. An FI has £5 million in its trading portfolio on the close of business on a par
ticular day. The current exchange rate of pounds for dollars is £0.6400/$, or 
dollars for pounds is $1.5625, at the daily close. The volatility, or standard 
deviation (n), of daily percentage changes in the spot £/$ exchange rate over 
the past year was 58.5 bp. The FI is interested in adverse moves-bad moves 
that will not occur more than 1 percent of the time, or 1 day in every 100. Cal
culate the one-day VAR and ES from this position.

28. An FI has ¥500 million in its trading portfolio on the close of business on a 
particular day. The current exchange rate of yen for dollars is ¥80.00/$, or dol
lars for yen is $0.0125, at the daily close. The volatility, or standard deviation 
(n), of daily percentage changes in the spot ¥/$ exchange rate over the past 
year was 121.6 bp. The FI is interested in adverse moves-bad moves that will 
not occur more than 1 percent of the time, or 1 day in every 100. Calculate the 
one-day VAR and ES from this position.
Bank of Hawaii's stock portfolio has a market value of $250 million. The beta 
of the portfolio approximates the market portfolio, whose standard deviation 
(nm) has been estimated at 2.25 percent. What are the five-day VAR and ES of 
this portfolio using adverse rate changes in the 99th percentile?
Despite the fact that market risk capital requirements have been imposed 
on FIs since the 1990s, huge losses in value were recorded from losses 
incurred in FIs' trading portfolios. Why did this happen? What changes to 
capital requirements did regulators propose to prevent such losses from 
reoccurring?

31. In its trading portfolio, an FI holds 10,000 ExxonMobil (XOM) shares at a 
share price of $86.50 and has sold 5,000 General Electric (GE) shares under 
a forward contract that matures in one year. The current share price for GE 
is $20.50. The shift risk factor (i.e., standard deviation) for level 1 risk factor 
is 4 percent, for level II risk factor is 6 percent, for level III long positions is 
9 percent, for level III short positions is —9 percent, and for nonhedgeable risk 
is 1 percent. Using the risk factors listed in Table 15-8, calculate the market 
risk capital charge on these securities.

32. In its trading portfolio, a U.S. FI is long £20 million worth of pound FX for
ward contracts and has sold €40 million of euro FX forward contracts that 
mature in one year. The current exchange rate of dollars for pounds is $1.5625 
and the exchange rate of euros for pounds is $1.25 at the daily close. The shift 
risk factor (i.e., standard deviation) for level 1 risk factor is 5 percent, for level
11 risk factor for pounds is 8 percent, and for level II risk factors for euros is
12 percent. Using the risk factors listed in Table 15-8, calculate the market risk 
capital charge on these securities.

33. Suppose an FI's portfolio VAR for the previous 60 days was $3 million and 
stressed VAR for the previous 60 days was $8 million using the 1 percent 
worst case (or 99th percentile). Calculate the minimum capital charge for mar
ket risk for this FI.
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Integrated Mini Case
CALCULATING DEAR ON AN FI'S TRADING PORTFOLIO
An FI wants to obtain the DEAR on its trading portfolio. The portfolio consists of the following securities.

Fixed-incom e securities:
(i) The FI has a $1 million position in a six-year, zero
coupon bond with a face value of $1,543,302. The 
bond is trading at a yield to maturity of 7.50 percent. 
The historical mean change in daily yields is 0.0 per
cent, and the standard deviation is 22 basis points.
(ii) The FI also holds a 12-year, zero-coupon bond 
with a face value of $1,000,000. The bond is trad
ing at a yield to maturity of 6.75 percent. The price 
volatility if the potential adverse move in yields is 
65 basis points.

Foreign exchange contracts:
The FI has a €2.0 million long trading position in 
spot euros at the close of business on a particular

day. The exchange rate is €0.80/$1, or $1.25/€, at 
the daily close. Looking back at the daily percent
age changes in the exchange rate of the euro to dol
lars for the past year, the FI finds that the volatility 
or standard deviation (n) of the spot exchange rate 
was 55.5 basis points (bp).

Equities:
The FI holds a $2.5 million trading position in stocks 
that reflect the U.S. stock market index (e.g., the S&P 
500). The (3 = 1. Over the last year, the standard devi
ation of the stock market index was 175 basis points. 
Correlations (pi;) among assets are as follows:

Six-year, zero-coupon 
12-year, zero-coupon 
€/$
U.S. stock index

Six-Year, Zero-Coupon 12-Year, Zero-Coupon
0.75

€ /$  U.S. Stock Index
-0 .2  0.40
-0 .3  0.45

0.25

Calculate the DEAR of this trading portfolio.
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