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Motivation?
» Model Risk
If you haven’t heard about this:
Fed SR 11-7:Supervisory Guidance on Model Risk Management
nor this:

e
JPMorgan Tells SEC New VaR

Model Didn’t Require Prior
Disclosure As Whale Impact Fades

JPMorgan Chase, facing criticism that it
misled investors about a change to a risk
model as trades backfired last year, told U.S.
regulators that the bank wasn't cbligated to
disclose the move until May.

Bloomberg reports that while there was an
‘interim change' to the lender’s so-called value-
at-risk model during the first three months of
2012, that adjustment had been reversed by the
time the company filed its quarterly report in May,
then-Ghief Financial Officer Douglas Braunstein
1old the Securities and Exchange Commission in
a December 3rd letter that was released

Wednesday.

"As a result, the firm believes there was no model change within the meaning of* securities-disclosure
laws, he wrote.
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» What’s in your Model?
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Documentation?
Did | mention “documentation™? Everything begins with documentation.

» Can you reproduce your output?
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» Let’s see what “document” means for something that’s simple...
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Term Time until a rate applies, typically t

Tenor Time over which a rate applies, typically T — t, where T is the contract
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@® Forward points are a spread over spot:
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0® Once we have F; 1_t, a contract can be struck in a particular direction for the
agreed forward price (or “all-in price”), which we call K
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The cash flow in USD that occurs at maturity T is:

C3 e = £N° X (ST = K) (17)
i | —
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Vr(,:T—r = 7N$X97(f(T7t)X(Ft.T—t’K)
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usbcey
(rg=r)(T—t) _
c _ C . —rg(T-t) | St€ K
vt,Tft = #N’xe'd X[Sir
N —
cCcyusD
C C o ord(T-t —r)(T-
Ve x s = 2nOxe (T x(spelra= (-0 _ k)
_
CCYUSD S

CCYUsD

t.T-t

Phew!

If this were not the case you could make money by parking your cash in a foreign
bank
Perhaps in Cyprus?
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Vi eV (T-tsuKigry) = +NCxe (T (B[st|- k) trom Equation (22) (@2)
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Expressions for the Fair Value (CCYUSD)

» S, Fi.7-t, K quoted as CCYUSD

Vi eV(T-tsikrgy) = N 7T~ x (y[S7| - K) from Equation (22) (@2)
= #NCxe (T (F 7, ~K) from Equation (19) (23)
= «NCxed(T=1) (8, + f, 7_ ~K) from Equation (8) (24)
= +NCxea(T-1) (S,e('d"f)”_‘) —K) from Equation (5) (25)
=  +NCx (S[e_'f(T_t) - Ke_'d(T_t)) (26)

by rearranging terms in Equation (25)

» The dependencies are expressed most explicitly as:

V$

S0 V(T = 1,80 K 1) =+ x (1670 — ke T0) | (27)

CCYUsD
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Sensitivity to FX spot (CCYUSD)
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av.
$ def ot

A vf.SFOT - Z)S AS

= (N k(5T ke a(TD))as

5
= +NCxe(TDas (28)
Alternatively, we could perturb V/ T ; directly:
AVESFOT & VET f(St+AS)_ v 7-t(St)
= «\Cx (((st +28)e (T~ _ ke=ra(T=0) _ (5,6~1(T-D) - Ke—rd(Tft)))
= sNCxe(T-t)as (29)
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Sensitivity to FX spot (CCYUSD)

$
av.
$ def ot
A vf.SFOT - Z)S AS

= s 2 (=NC (57170 ke Ta(T-D))as

- NCxe(T-as (28)

Alternatively, we could perturb V/ T ; directly:

A $ def

fef 8
Vsror = Viro(St+88)-Vir_(s)

= NCx (51 +88)e™ 1T - ke a(T0) - (5,671 — ke~ (T-1)))

4NC x e~ H(T- s (29)

where VfT t(S‘ +AS) - VET*I(St) means perturb only S; in V?T (e V$(T7 t,St, K, rg. rf)

From both approaches we have:
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Sensitivity to FX spot (CCYUSD)

$
a vt.SPoT

0
35

avd
—ta
a5 A8

+NC x e f(T-Das

Alternatively, we could perturb VEH directly:

A $ def

$
VI.SPoT vt,T—f

= NCx (51 +88)e™ 1T - ke a(T0) - (5,671 — ke~ (T-1)))

(St+88)-VEr_(8)

= +NC x efrf(T’r)AS

$
where Vf.T— ¢

From both approaches we have:

(St +A8) - VETft(St) means perturb only S; in vtng—t o V$(T7 t,St, K, rg. rf)

(1NC x (spe1(T-0) — Ke*’d(T’t)))As

AV

t,Spor

= +N°x e(T-AS

(28)

(29)

(30)

Morgan Stanley ~ 21/33



Sensitivity to Domestic Spot Zero-Rate (CCYUSD)

Morgan Stanley ~ 22/33



Sensitivity to Domestic Spot Zero-Rate (CCYUSD)

$

av

avs, o E T
Td arg

= %(1NC X (Ste_’/(T_r) - Ke"d(T_f)))Ar

= =NCxk(T-ned(TDar
~ #NCxK(T =1 - rg(T - H)Ar

- +NCx (K(T —H)Ar—rg(T- t)zAr)
<
~0

~ =N xK(T-tar 1)
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Sensitivity to Domestic Spot Zero-Rate (CCYUSD)

avs
$ def t

A Vt,rd = aT Ar
d

~ =N°x K(T -t)Ar (31)

Alternatively, we could perturb Vf;m directly:

def
AV, S VP (ra+ Ar) = Vi (rg)
~ =N° X K(T-t)Ar (32)

From both approaches we have:
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Sensitivity to Domestic Spot Zero-Rate (CCYUSD)

av?

$  def t
AVt,rd = EAI’
~ =N°x K(T -t)Ar (31)

Alternatively, we could perturb VfH directly:

def
AV € va_,(rd + Ar) - VET_t(rd)

t,rg

~ =N° X K(T-t)Ar (32)

From both approaches we have:

AV}, = N° x K(T - t)Ar (33)
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Sensitivity to Foreign Spot Zero-Rate (CCYUSD)

$
1A%

$ def t
Avt.rf = Tr, Ar

= HBT, (1NC X (Sr e f(T-0 - Ke"d(T’r)))Ar

= +NC x (—S[(T - r)e"’f(T’t)Ar)
~  =NCx (-s,(T- (1 - (T - r))Ar)

- +NCx (73[(77 Ar—r(T- r)ZAr)
Z
~0

~  =NCx-s(T-1ar

Morgan Stanley ~ 23/33



Sensitivity to Foreign Spot Zero-Rate (CCYUSD)

Ve
$ def t
A Vt,rf = 6—”Ar

Q

+N° x =S(T - t)Ar

Morgan Stanley ~ 23/33
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Sensitivity to Foreign Spot Zero-Rate (CCYUSD)

%
$ def
AVp = _ar: Ar

~

Alternatively, we could perturb VET_t directly:

A V$ def V$

try t,Tft(rf + Ar) - V?;Tft(rf)

~ =N x-S(Ar(T-1))

From both approaches we have:

~ =N x=S(T-t)Ar
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Sensitivity to Foreign Spot Zero-Rate (CCYUSD)

%
$ def
AVp = _ar: Ar

~

~ =N x=S(T-t)Ar
Alternatively, we could perturb VET_t directly:

def
Avf;,f Ed vfim(rf + Ar) - v};H(rf)

~  +N°x —St(Ar(T - t))
From both approaches we have:

AVP, = £N°x -S(T - t)Ar
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Sensitivity to Tenor (CCYUSD)

$

av

avs E T
i ar

= ;—T(iNC x(Spe™"fT - Ke”'dT))Ar

=  +NCx (—r,S{ e T 4 rdKef’dT)Ar
~ +NC x(frfSrU —ret) 4+ rgK(1 7rdr))A1

= «N\C x(—r,S‘Ar+rf25rrA'r+rdKAr— rczjKrAr)
— g
~0 ~0

x #NCx (- Ar + rgka)
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Sensitivity to Tenor (CCYUSD)

oV}
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Sensitivity to Tenor (CCYUSD)

~ +N°x (—r,s,AT + rdKAT)

Alternatively, we could perturb Vim directly:
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Sensitivity to Tenor (CCYUSD)

A%
AvE € tar

- ar

Q

+NC X (—rfs,AT + rdKAr)

Alternatively, we could perturb VfH directly:
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Sensitivity to Tenor (CCYUSD)

Ve
$ def t
A VY, T = F AT

Q

+NC X (—rfs,AT + rdKAr)

Alternatively, we could perturb V*

LTt directly:

AVE E VS (r 4 A7) - VE(7)

Q

+NC X (—rfs,AT + rdKAr)

From both approaches we have:
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Sensitivity to Tenor (CCYUSD)

Ve
$ def t
A VY, T = ? AT

Q

+NC X (—rfs,AT + rdKAr)

Alternatively, we could perturb V*

LTt directly:

AVE E VS (r 4 A7) - VE(7)

Q

+NC X (—rfs,AT + rdKAr)

From both approaches we have:

AVS = N x (—rfst + I’dK)AT (35)
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The FX Forward Contract (CCYUSD)

Vt$T—t A V$(T - 1,81, K, rg, 1) = £N° x (Ste"’(T*') - Ke*fd(T*f))
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The FX Forward Contract (CCYUSD)
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The FX Forward Contract (CCYUSD)

Vi, © V(T - 1.8 K. 1g.11) = £N° x (Ste*'f(T*f) - Ke—rd(T—t))

CCYUsD

AVE — N x e (T-DAS

t,SPOT
szfd = =N°x K(T - t)AI’
Avfrf = +N°x =§(T - t)Ar

AVET = £N°x (—I’fSt + I’dK)AT
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The FX Forward Contract (USDCCY)
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usbcey
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The FX Forward Contract (USDCCY)
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The FX Forward Contract (USDCCY)

VE & VO(T = 1,8, K, rg, 1) = FN® x (ste*fd(T*O - Ke”'(T"))

usbcey

AVE,, ==N x e TAS
C _ —nS o _
AVE = 3N x -S(T - t)Ar
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The FX Forward Contract (USDCCY)

VE & VO(T = 1,8, K, rg, 1) = FN® x (ste*fd(T*O - Ke”'(T"))

usbcey

AVE,, ==N x e TAS
AVE, = 3N x —S(T - t)Ar

AVE =3NS x K(T - t)Ar

t.re

AVE = %N x (—rdSt + er)AT

Morgan Stanley

26/33



The End is Nigh!

Morgan Stanley ~ 27/33



The End is Nigh!

» We're done!

Morgan Stanley ~ 27/33



The End is Nigh!

» We're done! Right?

Morgan Stanley ~ 27/33



The End is Nigh!

» We're done! Right?
» Nah, ah, ah!

Morgan Stanley ~ 27/33



The End is Nigh!

» We're done! Right?
> Nah, ah, ah!
» How ’bout them perturbations?

Morgan Stanley ~ 27/33



The End is Nigh!

v

We’re done! Right?
Nah, ah, ah!
How ‘bout them perturbations?

v

v

\{

Where does ry come from?

Morgan Stanley ~ 27/33



The End is Nigh!

v

We’re done! Right?
Nah, ah, ah!
How ‘bout them perturbations?

v

v

\{

Where does ry come from?
Where does r; come from?

v

Morgan Stanley ~ 27/33



The End is Nigh!

v

We’re done! Right?
Nah, ah, ah!
How ‘bout them perturbations?

v

v

\{

Where does ry come from?
Where does r; come from?
Does any of this stuff actually work?

v

v

Morgan Stanley ~ 27/33



The End is Nigh!

v

We’re done! Right?

Nah, ah, ah!

How ‘bout them perturbations?
Where does ry come from?

Where does rs come from?

Does any of this stuff actually work?
That's a pretty tall order

v

v

\{

v

v

v
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Perturbing Spot: Directionality

AV, >0
CCY 1= CCYUSD T AS > gj/ st

AVS. <0

Srot
CCYUSD
AVS

spot

>0

AVS <0

spot
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Perturbing Spot: Directionality

AVS, >0 AV, >0
COY1=C0vUSDT AS >0l T s
+N3 ,
AVSI'()T <0 AV,\(‘mx <0
CCYUSD USDCCY
AV:[’UT > 0 AVg'(‘] < 0
_NS
AVE. <0 USDCCY 1= COY T AS <OIN, A 50
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No means No (Arbitrage)!

» The observables in the market are S; and f; r—; (and therefore F; r_;, by
Equation (8))
» Once a contract has been struck, K is also known

» Curve cooking and interpolating to unknown tenors is an entire discussion
unto itself but let's assume that the Fairy Godmother gives you a decent r4 to
play with

» You can’t have an arbitrary r; otherwise there’s an arbortunity

That's my new portmanteau: arbitrage opportunity < arbortunity
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Implied Non-domestic Zero Rates (CCYUSD)

Morgan Stanley ~ 30/33



Implied Non-domestic Zero Rates (CCYUSD)

Si+fir, & gelem(T-)

Morgan Stanley ~ 30/33



Implied Non-domestic Zero Rates (CCYUSD)

Si+fir, & gelem(T-)

|Og(1 + ft,Tft/St) = (rd - I’f)(T - t)

Morgan Stanley ~ 30/33



Implied Non-domestic Zero Rates (CCYUSD)

Si+fir, & gelem(T-)

|Og(1 + f[,T,[/St) = (rd - I’f)(T - t)
log(1 + fi.7-t/St) — iy
Tt T

Morgan Stanley ~ 30/33



Implied Non-domestic Zero Rates (CCYUSD)

Si+fir, & gelem(T-)

|Og(1 + f[,T,[/St) = (rd - I’f)(T - t)
log(1 + fi.7-t/St) — iy
Tt T
log(1 + fr7-t/S
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Implied Non-domestic Zero Rates (CCYUSD)

Si+fir, & gelem(T-)

|Og(1 + ft,Tft/St) = (rd . I’f)(T — t)
log(1 + fi.7-t/St) — iy
Tt T
log(1 + fy7_+/S
ry=r+ a( + 7-t/St) (36)
T-t
log(1 + fr7-t/S
rF="rqg— —Og( —;_t’; t/ t) (37)
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Implied Non-domestic Zero Rates (USDCCY)

Si+fir, & gelrra(T-1)

|Og(1 + f[,T,[/St) = (I’f - rd)(T - t)
log(1 + fe7-t/St) — n_t
Tt e

B log(1 + fi7-t/St)

fo =11 T—t
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Implied Non-domestic Zero Rates (USDCCY)

S+ i1y def Ste(ff—fu)(T—f)

|Og(1 + ft,Tft/St) = (I’f — rd)(T — t)
log(1 + fe7-t/St) — n_t
Tt e
log(1 + fi7-t/St)
L Tt/ 5t) 38
fg = I T—1 (38)
log(1 + fr7-t/S
rf=ry —Og( —_Ii:_t’; t/ t) (39)
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