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11.2  Risk Appetite, Risk Capacity g Risk Limits

Risk capacity fiamnuaunsamaasygialunmssuanudenelasliinliidimnewianisy
dAgyidenig

Risk tolerance faszauauliuinaunrion1svInnuigamueensulalumngingsuwas s

U q

wewe Ingluusundamusgyaraianumanglngiv risk willingness Mldluunduvaingm,

Risk appetite AoUSunnuuazUssianvesrdssnosfnsviegamuadlaiuiioussqingUszan

a wvaa

Risk limit AadodinlesufiRniudas risk appetite TUilludan nsou vie trigger insrvaay
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Tildananudnlasuanuduniuiissagrafen
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WUIAR Aauman fnagnen1sun Y

Risk capacity Suanudemalawinls liability, liquidity,
Tngldnsynunisyvsedvune drawdown budget

Risk tolerance HOUSUAIIUN LRI suitability,
LLazmSﬂmV!uiﬁLﬁ‘&Jﬂm behavioral constraint

Risk appetite éﬂﬁummtﬁﬁﬂﬂ strategic risk budget
Wieusqinguszasd

Risk limit AAIUANYID trigger VaR/ES, beta, issuer,
TolddsAunasn liquidity, leverage

$e4 risk limits @unsalisusgensetuu
VaR) g9+ < Ly ESo.975,t < Lis, TE, < Lpg, 18] < Lg

PN position, sector, issuer, duration, FX, leverage, drawdown uag liquidity limits
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Uszhundneseda

Risk limit laiAasgniden ain A1 luna Yagduanmnsanmulddie udesdeudu loss-bearing

capacity, mandate, liquidity t.a% escalation process

11.3  Portfolio VaR
W R, € R™ Wunnwesuanauunu uae w, \Wulminvie exposure weights insureuiinga
nouwulunndnly Azl

Rp,t+1 = W;I—Rt+1» [Et<Rt+1) = My Vart<Rt+1> =2

T 2 _ T
Fop it = Wi Hys Opt = Wi W
gnstildlavianase long-only wavwesnidl short/leverage nsulaiilieny w, denpdesiuyadigiu V,

ey sign convention UBIENUL

dm3U loss variable L wagseauanuweiu « € (0,1)

VaR, (L) =inf{l:Pr(L <¥) > a}

VaR 10 quantile 984 loss distribution laild maximum possible loss waglilavanauinming

devefegdnningm quantile 1y

J

nelél loss convention # 1 VaR mspdamanseraiduaulsvin distribution vesnanauLnuey

Tuwpurilsegnaunn nMssenudalfifdsfosssy convention lidn limisteuli var Wugudlagla

25U18 Ws1vaziUasulenuvadiain

11.3.1 Delta-Normal VaR
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2
R, ~ N(p,,05)
warllonn L = —Vo R, agld

pr = —Vohyp, or = Voo,

Normal Portfolio VaR

Za =27 (@)
729819 11.1. WasnyaA1 10 AU i
p, = 0.04%
way
o, = 1.20%
o
ZO.99 - 2.3263
wld
VaRj g9 = 10,000,000 [2.3263(0.012) — 0.0004]
fathu
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VaRg g9 ~ 275,156 um

nsAAuAe 1eld Normal model Wag horizon 1 1 quantile Y83 ANUAsEAU 99% Bgusza

275,156 uwm

Usznuiifoeseds

VaR @89 5189 U N8 confidence level, horizon, currency, position date Wag model
specification falay “VaR = 1 duum” Inelifideyaarlidsldanysal uenainfinisuuas
one-day VaR \{u h-day VaR sheng v} feserdeausgmians wu snandudassuazau

wusUTIuA aldmslilnednlud®lutaei volatility uas liquidity Waswsa

g

11.4  Expected Shortfall

Expected Shortfall fiszdu o Aenilae

ES, (L) = ! /1VaRu(L) du

11—«

dusu distribution satllasnegldeulvunfanunsadisudu

ESo(L) =E[L | L > VvaR,(L)]

&

21 portfolio return \Ju Normal

Normal Expected Shortfall

. v {_Mp . ¢<za>}

Pl — o

dmsusiegnany 1 o = 0.99
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$(2.3263)
I~ 2. 2
0.01 665
Jale
ESo.90 ~ 10,000,000 [—0.0004 + 0.012(2.6652)]
wsaUsrun

VaR naui tail Guiila @ ES noudmaudng tail udianudemedesuuseiiodls antey

Wuudufinsauag monotonicity ¥e4 quantile s ES, > VaR,, Wieraavnglu tail o

ANNEUTUSTIIU sanity check fid1Atyues risk engine

Expected Shortfall #unuméddeylu tail-risk optimization wag awnsa@Weudu optimization
problem {1 auxiliary threshold aMunsaUVBY Rockafellar ag Uryasev [41] wanant ES AGLVGHIG)
coherent risk measure malﬁﬁaulsummgm yauzd VaR 919l subadditive @115y distribution
veila Feesdiladinisden var vise S lluifisanisidonseau confidence usiiunmsidenauantd

984 risk measure A28 [3]

11.5 Historical Simulation

Historical Simulation 14 empirical joint-return scenarios WnuASaUNA distribution awz3u fqmlfﬁﬁ
drAgyRen1sldnnmesHanauunuvesiukieliuniyn 335nwn dependence MARTUATISENINEUNTNE

Tuusiag scenario RN sduusdagaunindusnainiu

19 historical return vectors 1u
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14 current weights fgﬁﬂqﬂ scenario

L, =—Vyw'R s=1,..,T

S

NTULSE9 losses

uazUszanad quantile Nsediv o

Historical ES fip@1tadaues tail losses 1y quantile convention 7ifviua Tudiegrsauinian
quantile interpolation wazn153ANTS observation Magnsa cutoff @ansavilyl VaR/ES ssfiuld

A5UUTIN convention T1ATu model specification

dusunesa @@y N5y current weights U historical returns 1Junns revalue Nifigane ua
mnwesnd options 38 payoff lu@adu A1 historical factor shocks U full revaluation 3ol

approximation 91513 gamma/vega fiagtiu Historical Simulation 8198%Usgiiiu tail AuAuasls

Uszuifaesede

¥

Historical Simulation laiauu@ Normal distribution wsilil@usimainauufigiu msiznadwsuu

AU sample window, stale prices, missing data, corporate actions, survivorship wazANUduY

funuves historical regimes

11.6 EWMA Covariance a¥ Conditional Risk

Tusgsuneasn EWMA a1unsasuian covariance matrix yu
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EWMA Covariance

Y = )‘Et—l + (1 - A)“t—lu;r—l

0<A<1

-
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) U, WU return innovation MY mean convention NAMUA

nowun 11.1

oy
X120
waz
0<A<1
1P
5, = 0
J
igol. dwiualn q
alY,a=Xa'%, ja+(1—XN)(a'uy,_1)2>0
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Conditional portfolio variance f®

2 _ T
Opt =Wy 2w,
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1191INYaY observation ANANAILUULSVIAMA A9t half-life TnaUssunaesimin@e
b in(0.5)
1/2 = Ty
27 (N

i A figahbilieafinnudienuasnouaussiindy vueiian A isneuaussie shock railsandt ws

3l estimation noise 1N

EWMA 1l covariance nau awed sia doyalual s lileud heavy tails %38 nonlinear

dependence Tngdnlud® covariance dynamics fu distributional assumptions \Juauaydu

YDILUUINADY

11.7 Marginal VaR uag Component VaR

#5001 delta-normal VaR #fiag mean term ity risk contribution Ineuas w 1lu exposure vector
fNanunsa perturb lalawiz nsAam derivative 130U local sensitivity lalin1sdsdulinasiuves

WwinAsEnINenIsmauius

V(w) = Vpz, VW Ew

Marginal VaR @&

MVaR; = 8—V = Vyz @
ow;, »

Component VaR Ch)

CVaR™™ =w;,MVaR,
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ngufun 11.2

mele delta-normal homogeneous VaR
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muuLﬂiaﬂwmﬂauiﬂmma’n position VLllllﬂ’J'WlILaEN LeuUan Waﬁmﬂﬁ]ﬁ!uu NM3LNU exposure

WBnisetiean Var lukuuiiasadl

Uszhundneszda

o

fga CVaR e1avmanedls Conditional Value at Risk Seinldlunnumanglng Expected Shortfall

aauluunilazi@eu Component VaR uAisdilonaduau

11.8 Factor Risk Decomposition

19 factor model 1Ju

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS



undl 11: A1SUSWITANNULEHEIYRINRSA 334

R=DBf+e¢
19

Cov(f) = F, Cov(e) =S5, Cov(f,e) =0

neldaunfignudn factor AU idiosyncratic shocks Taiduiusiu

¥ =BFBT+5)|

portfolio factor exposure g

uwaz portfolio variance A9

012) =w'BFBTwW+w'Sw

02 =Bl FB +w'Sw

Jauen factor risk 89n37N idiosyncratic risk la Uslewilieausmshonasniia diversified audnuiu

nannindonadadl factor risk Ns¥ANFI WU UNaNEAI8193 exposure o equity-market, duration %38
FX factor Tuiievnadeniiu

11.9 Concentration Risk

weight concentration @11303as18 Herfindahl-Hirschman Index

HHI, = i w?
=1
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d1m3U long-only fully invested portfolio

L mmr, <1
n

wag effective number of positions Ae

1

Ny=—r
" HHI,

nowun 11.3

#1m3U long-only fully invested portfolio

1
HHI, > -
gay. M Cauchy-Schwarz
2
Su) <u¥ el
A 7

bbel®

1<nHHI,
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Uszhundneseda

Weight concentration lalivhffu risk concentration wesmiitiniinnszarewinfuenadsdl factor
exposure N3¥ANaslavnduningdauduiusiuin uaﬂmﬂﬁgm 1/n<HHI, <1
waz N = 1/HHI, fimnunnsasslunsandmsu long-only fully invested portfolio
Lvhﬁ?u a5 long-short portfolio MI5WA38UN gross exposure, factor concentration %38 risk

contributions LiuLA

11.10 Backtesting VaR

fiNnun exception indicator

I, = 1{L; > VaR, ,;}

duuUUTNaeq calibrate gnAedlayileny quantile/horizon aenAdaIil
E(,)~1—«

dwsu distribution siasies Msld > vve > unulisneiu uiludeyaliserliowse historical quantile

1l ties fon1vun exception convention TitnLau

11.10.1 Exception Rate a2 Violation Ratio

931U exceptions 1Hu

t=1
exception rate Uag Violation Ratio Jadu
T T
p=—= VR= ————
P=N N(1—a)

Alnantlananefediuiy exceptions Inamaianune ui VR 11in5399134An exceptions nseand

ERIRY
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11.10.2 Kupiec Unconditional Coverage Test

ANUA

pp=1l-a

153}
A_.T
P=N

1o & APIUIU exceptions

Kupiec Test

- N—x,
LR, — —2n [(1 pP)N_ APO]

meld H,

LR, ~x?

& J

Kupiec test #1373 unconditional coverage [29] Tun1sAuiuassdesinnisnsal x = 0 Wse © =

N ¢ log-likelihood Tngld limit convention fwnzea ununisuszdugy 00 lnense

11.10.3  Christoffersen Independence Test

1 1, ; luduau transition

de i, j e {0,1}
fiNnuA transition probabilities

Mo ~ T

. ~ Nop + Nqy
) 11 — ™=
Nog + N1

b
Nyg + Ny Nog + Nop + Mo + Ny

To1 =
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% . < a ' < A a B o , X o ' v &
01 exceptions WWudasy anutaziluiagiia exception lunndnluliastuiuinneneunindu
exception visol naafeasdll Ty, = 7,

likelihood M&lé independence wag first-order Markov alternative @eulsidu

L,= (1 — 7’{-)”00"‘”10%"01‘*’”11,

Ly = (1 — @y 00 Ro 0t (1 — 7)Moy 1

L
LR, ;=2 (L—(l)) <3

uag Christoffersen conditional coverage statistic A

LRcc = LRuc + LRznd ft\l’ X%

[15]

o

¥
VBEILNA

WUUT18B9919 WU coverage Wi laisi1u independence £191U3U exceptions TIUQN FBA A
exceptions nszqn M lugaedngn M3k VaR backtest fidalally wdn gulaensadn €S gn

5 . ° 1 . & Y a v a
calibrate w512 exception tests @519 ILAUS quantile LUUKAN VLN ES ABIUITLAUIUIN

ANULEYelu tail aALrs ol joint VaR-ES validation Musngau

11.11 Three-Zone wa¥ Model Governance

U exceptions @NWNIOTBUAY

K ~ Binomial (N, 1 — «)

19
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WUIAR zone classification ¥18UaIIIUIU exceptions \Ju escalation framework u# threshold
foaszyliinseiu confidence level, 31U observations wag framework 1489 Tlasih cutoff
Mnnmsneaeuyanisluiiiudnynlnednluid Tuidenadinaansausafmuniunain tail probability
489 Binomial distribution wWd1deunsazuaiuszRUNS review, model override e capital/risk-limit

action Nfvualia1antn

NUTWITINYUREWETBUTiEY Normal EWMA fiu Historical Simulation uagld Violation Ratio,

Three-Zone ka¥n157m573 tail loss taUsyiliukuuinasa [71]

NMUTLgnITUsEEnd: ndnn1sauranImadaudounds

Ha N Fvg Ut valuefinmsgnldidunsd@nwives model validation laldnisdn

uruaaseUagduy

a o ° Yo
danesihldlgsefanszuiunig

Forecast — Realized Loss — Exception

— Statistical Test — Model Review

11.12  Stress Testing
VaR wa ES «Ju distribution-based risk measures vzl stress testing fasna1uin
61 shock JuusHARYY NosnazFemewinls

11.12.1  Historical Stress

1 shock vector :MNMANTRIATA

Ax(8)

1liiu exposures Yaqiu
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11.12.2 Hypothetical Stress

@379 scenario 91N economic narrative Wy

Equity = —20%

Ay = +150 bp

FX shock = +10%

191

Credit spread = +200 bp

11.12.3 Linear Stress Loss

& e 1w exposure vector way Ax 10U factor shocks n1sildsuyarnasalaeUssunafie
AV ~ e Ax

neld loss convention ¥asuUNil stress loss FedpIndUAIBILNeLTU

stress —eTAx

#1350 nonlinear instruments A3t second-order terms U delta—gamma approximation
1
AV ~ ATAS + §ASTFAS +vTAco
\lo scenario i volatility shock @18 wazdiasly LU = —AV fiesnhw sign convention i
a9nAaBINY VaR/ES
11.12.4 Reverse Stress Testing

Auun loss threshold L* Aau w@3n1u31 scenario tavinle
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undleny 11.5

Reverse stress testing 131311 “AuaNIaIisoAUIEemeNlilgonsu” WaAUNT scenario %1

Wluganiu Jselame vulnerability fienalidegly historical scenario library

wn T 105 3 A Juuss vie A du Tl I ves scenario wu d(Ax) Jayvn awnse Beu g
optimization Tondu

min d(Ax) st L(Ax) > L*

o

FenoUAInINI1 “scenario Nlnan1zuningaudduitlvinesadumeiiussiuingareesls”

11.13  Correlation Stress ttag Diversification Breakdown

Tuga9ingn correlations @19 WuNTaxAU 35 stress NSnw1lATIaT14 correlation matrix LAlaensafafs
WNSNGLANILN perfect-correlation matrix
Pstress — (1 . 77)}) + ,’711T’ 0 S n S 1
gaudwmiu i # j
stress __
P = (1 =n)py; +n
way diagonal fapaviniunila 1ieaannsis P uag 117 18w positive semidefinite wmindg P> Jauiy

PSD wuiunelansnauwuy convex i

NUUAS WAL AU

t t
ES ress _ DUPStreSSDU, o — WTES ressw

P,stress

Uszhundneszda

Toazuizes PSD 1196uld iU stress construction Uy convex blend Wlngianiy Uiy

correlation $18AKUY ad hoc ¥3BfmuA shock AefUUsaee FBINTIA symmetry, diagonal

uay positive semidefiniteness Tusdnauinluly
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11.14  Liquidity Risk

Market-risk number NANWININNTIANNANBIIAINIIANU LAY T TLBNBSNAIV Y IURAIA AN N
AADIAN
Tiyaraauzveduning ¢ 10u V'™ uaz Average Daily Value Traded lu A DV Fsoglumiie
a a 9] . . . . I~
WULMEINUY days-to-liquidate approximation A®
pos
v
' Kk ADV, |

DTL 0<r; <1

e r; 1 participation rate figeusuld wnldSuwiuunuyaat fesdsuriadumsuas ADV T4

aglumbigduuiuuReliuiesne dimensional consistency

simple liquidity-adjusted loss @ansa@suiu

Léiq _ L:nkt + C:pread + C;L'mpact

Usziunaaeszde

DT L, u capacity approximation ldmsuusziuinazaneldasumeluduuiusing
w31z ADV, spread wag market depth a1snsaanasmiauiuluniig stress N1 one-day
VaR Mg v/ b iiea$ns multi-day VaR Aendeauufigiu scaling ionaldmnnzidle volatility wWasy

MUK returns i serial dependence #3e liquidation itself 3 market impact

11.15 Drawdown Risk @z Path Dependence

191 wealth process Ju

running peak #o

M, = max W

0<s<t °
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drawdown @9

DD, =1— —t

WAz Maximum Drawdown

MDD = mtax DD,

vaR Ju distributional measure # horizon #ils @ drawdown L{u path-dependent measure

JwWoUAMNUALAEITN NoIRABINESND13E one-day VaR Tnaiuusil MDD @eduunn mnwesnnile

1Y

Ainn1svIanuseiliosvatevn wenani MDD Livenseesliafiliiundugnaanidy 3sarsiansan

drawdown duration pugLileUsziliuadsald Mg SzaveN

11.16 n15 Hedge A28 Index Futures

1% equity portfolio value 1u Vp wag portfolio beta iy index 1u
quity p P P P
o1 futures contract #59a1 Fy wag multiplier g

notional siadayey 1A

VF = Foq

1% B WU beta slo notional a3 futures Lisuiudsiifiediu FslaeUszanasinlndnis mndenw

]

Iy nuuiinissine g Ny > 0 vunedis long wag Np < 0 wunsds short S1uiudyagnd

il beta Wi lnaithwne 5* fe

Beta Hedge

¥ o v a o v v i d £ '
gnsilvinlifien1a hedge dawau: 61 B* < Sp avld N7 < 0 wagsioa short futures dauns
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W beta 2zl long futures

A79819 11.2. WosnvuLac

Vp = 50,000,000

it}

o )
naIN1sanL U

B* =0.30

o1 futures price iU 900 wag multiplier Wiy 200 UMFBgn

Fyq = 180,000

aud g ~ 1 azlel
(0.30 — 1.20)50,000,000
180,000

Femnald short futures Uszann 250 &gy wasladruudygyniuduauduaiseui residual beta

= —250

signed
Nz =

Indd w512 hedge Nvhlaassenalinsadmnened

Uspiuiidesseds
Beta hedge lilaf1dn basis risk, tracking error, nonlinear exposure, liquidity risk #38n13

WasuwUauas beta way notional ¥e4 futures LUABUMILTIAY F35DIAAAIN residual exposure

waan13 hedge ldldruiauiieansufeudifionnanudegnionaias

11.17  Minimum-Variance Hedge Ratio

W AS Wunsiasunlasues spot exposure hay AF lunswadsundasves futures
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hedged change #®

AH = AS — hAF

AMULUSUTIUAD

Var(AH) = 0% + h?0% — 2hogp

v 6
meyusa h

0
h Var(AH) = 2}?,0'% —20gp

fainiugud wardunadeyiussuduaeariiiu 20% > 0 dle 0% > 0 Judugasiign azle

nowun 11.4

Minimum-variance hedge ratio #®

. Cov(AS,AF) s
 var(AF) PsF op

J

= v

UIUFYYI39609UTUMY hedge ratio Laz LI exposure NLABIUBY N A% Uszunaainns

o

q‘ da 0 a o o & £ 7% o .
wWasuuUasnaidmbeiediu Snnudganleemlliisy N* = h*(Qg/Qp) We Qg uaz Qp
ADVUINNUIBVDY spot exposure ag futures contract MNa1RU 9Ty returns Wnu price changes

fosfimn A* 10U notional hedge ratio wagasianiieliaenadssnsunlasduduudyan

11.18 Protective Put

° v a o ¢ = ' = ' P .
FANRIUAUNINYNUINUIYLLAY pUt RUINUYN strike K

terminal payoff nausn premium fAe

Sy + (K —Sp)*
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ST + (K — ST)JF == maX(ST,K)

J9a579 terminal asset-value floor 91 K naufiansain option premium uag financing cost oesls
< « | ' o ° a,, P o ' . & X%
finy “floor Yesyar1Uaeain” Ll “floor vaeilsans” s edamuiesdng premium Aaudsy

Ny a v o = ~ o 1 v v a v & = o
LAZDIAUAUNULUIU ﬂﬁuuﬂ’]iLUiﬂULWﬂUﬂUﬂanﬁﬂlu hedge W@\ﬂsuﬁunuLimmuWﬂuﬂﬂiuiquLﬂﬂ'ﬂﬂu

terminal value

A underlying S

floor

! ST

§‘U‘17|i 11.2: Protective put @513 floor ‘Uadﬂ,ﬂamﬂmm’mﬁ K nisuin option premium Wag financing
cost

11.19 Delta, Gamma a2 Vega Limits

dmsu option portfolio @ansain local sensitivities nanleidu

v Y ov

AP:%, FP_Wv Vp—ao_

61 hedge instrument nilsniied delta A 5

e Ineufeshiae AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



Uil 11: MSUSUITANULFDIVRINESA 347

UIUNNBEMIU local delta-neutral hedge A

u delta lWaBUAINTIAT 187 Wa volatility 39A8INATAUT re-hedging cost, gamma, vega uay

liquidity nMsiwue limit Jsenad@isulugy |Ap| < La,

I'p| < Ly wee |vp| < L, lngdnasey
wihslaz shock size NAAAIN Greek UAazda
n13 hedge wuuldseiilesdsll gap risk s¥n119a1MUSU hedge g5 Imansanselannnsolnaou

wnfeuyhgsnssusaudntul Aty delta-neutral i a1 ¢ lildnanennuimmesnUasnnnuidewann
99 [t, ¢+ 1]

ﬁnnmuaffﬂémiﬂizqnﬁ: Parameter Uncertainty was Hedging Range

dm3u derivative models 1 parameters Tins1uuiusu NM1551897U point Greek LiveNALAE?

pnalausiulanniiuly wuafa robust 38 ambiguity-aware hedging &@111505189U

Ae [ALv AU]

bhae

VaR € [VaRp, VaRy]

udeeNUUU hedge Nwonsulanel@nae parameter uncertainty

11.20 Basis Risk ka2 Hedge Effectiveness

01 spot fiu hedge instrument luitpdoulnamniloununaun residual risk %89 hedge fo

Var(AS — hAF)

A h=h" s
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Var(AH*) = 0% (1= pp)

fadungle simplified two-variable variance framework

B var(AH*)
HE=1- var(AS) PsF

wa HE = p? 1ifu minimum-variance linear hedge meldanuigruvasuvudassi laildng

anadmiu hedge vnvilia e |p| = 1 residual variance Wugudluuuudasaduduil uslu

lana3edsonande liquidity, rollover, discrete-hedging az model risk

11.21 Risk Dashboard tag Escalation

risk dashboard NiUselevinisnausgnatiaannAIy

1. wasmdsailsneld normal conditions
avlsfusdupmuides

fuin stress azidaninls

position &11150918%50 hedge lAasananli

risk model §4 calibrate fvsalal

A T

Wle limit gn breach fiasdniunserls
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( N ( N
Normal Risk Risk Drivers Stress
VaR / ES / Vol Component / Factor Historical / Reverse
- J - i J
[ 1 Validation ) Limits & Action
Liquidity
— VR / Kupiec / —| Escalate / Rebalance /
Spread / ADV / Margin
L ) Christoffersen ) Hedge

JU# 11.3: Risk dashboard MiwauszRuANUEEY MYTuAILLEYS stress @n1maded N13RTIFRULIAS
way action AU liarantin

Dashboard N1aA35wanIne value, limit, headroom, trend, as-of time LLﬁ&:ﬁ%’Uﬁm%aU action 1il®
\in breach n1suansfavduusnnlaglisey threshold %38 owner enaiiindayaudlaldiiugmuan

N13AIVANAIILLFLS

11.22 Model Risk ttay Data Governance

v
o

Risk engine flogstioe@turasnuLdes

1. Data risk 19U missing data, stale prices Wag incorrect corporate-action adjustment
Estimation risk 19U covariance uay tail quantiles litafios

Model risk 131 Normal assumption %%® linear exposure #luiiang

Eal

Implementation risk WU wrong position sign, multiplier, currency conversion #3©

timestamp

Point-in-Time Risk Data

dmSuwn risk report AITULTN

position timestamp

market-data timestamp
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model version

parameter version

confidence level and horizon

currency and unit

Welsaunsa reproduce risk number Ais1eaulusinls
N\ Y,

11.23  Investment Lab: Portfolio Risk Engine

Investment Lab: Excel: Daily Risk Ticket

@519 workbook 98191y 7 sheets
1. Positions

Returns

VaR-ES

Contributions

Backtest

Stress-Liquidity

N R WD

Hedge
ien hardcoded assumptions @8n31n formulas LagmII3 position date, confidence level,

horizon, covariance convention, risk limits e hedge multipliers

Investment Lab: Python: Portfolio Risk Management Engine

asevseusulugalvsiilaiduetetos
- portfolio_loss(returns, weights, value)

- historical_var_es(losses, alpha)
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normal_var_es(mu, sigma, value, alpha)
ewma_covariance(returns, lambda)

component_var (weights, cov, value, alpha)
kupiec_test(exceptions, alpha)
christoffersen_test(exceptions)
stress_loss(exposures, shocks)
days_to_liquidate(position, adv, participation)
futures_hedge_contracts(...)

minimum_variance_hedge ratio(...)

11.24

Rolling Validation a2 Model Comparison

d1115U forecast vian t

\7a\Ra,t+1 =9(D,)

g D, dealianzdeyaivnsiu o van ¢

NAINNTUIIFILNR

Lt+1

LAYESNS

Ly =1L > \Z'J‘\Ra,tﬂ}

NFEUIUNTUIG UL rolling

D, —VaRy 1 — Lyyq — I, — validation

nsiSeuiigulaaalimsgiileadnuiu exceptions uAAsHaANTUN coverage, independence, ¥u1a tail
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loss WaLiin exception, responsiveness #ie regime 1, numerical stability Wazaugugdouveslung
T2 13U horizon vaneiu mnle overlapping forecasts @iy exceptions 8131l dependence 134

IAssasuiny Jdeudenisnageulidenndssiu sampling scheme

Uszhundneszde

nsUszanalueameteyanTiniuimamaasuagyinliiin look-ahead bias wagyinlvi backtest

ladlYn5Useiiu forecast 339

11.25  a@gwiugn1sussliunanIsusnIswase

n13an VaR 5o drawdown lildidmunsanvieiauely imws1en1s hedge uasnisan exposure ffuyu

LaED13an expected return

AIUTEINNTIARAZ ATUANANULEEILEY ABIR1NRBT1 portfolio manager af1ananauLnulaANiy

AadgInsunselal duiluguni 12

t%
0 ERREINT
Portfolio Risk Management lailinsAuan VaR iigsdaaiien uaduasas
Measure — Decompose/Stress — Validate — Limit — Act — Review

@95U loss variable

L=-WR,
VaR 18w quantile w84 loss distribution Uil Expected Shortfall Saanudemeadslu tail
Mele Normal model
VaRa = VO(ZaUp - up>

bhae
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ES, = VO {—,pr + o'pf(_zaoz]

Component VaR 918en risk budget wazneld homogeneous delta-normal formulation & Euler

decomposition

> CVaR?™ = var

VaR model o4 gn backtest 79 coverage Wag independence My LATDIED WU Kupiec uay

Christoffersen tests
Stress testing, concentration, liquidity wag drawdown \RURAT VaR/ES lidpsaunquyisviun

113 hedge e futures #131130AIUAL beta exposure Wz minimum-variance hedge ratio Ao

. Cov(AS, AF)
Var(AF)
Protective put \Wasu downside payoff 1Ju floor usidl premium ez model/market frictions

risk dashboard % @asi@en risk numbers WA limits, escalation, rebalancing way hedging

actions W3puLAU point-in-time data L audit way reproduce walg

ANANIIEIARY
« Risk Capacity « EWMA
« Risk Tolerance » Marginal VaR
« Risk Appetite « Component VaR
« Risk Limit « Euler Decomposition
« Loss Variable » Factor Risk

» Value at Risk

Idiosyncratic Risk
» Expected Shortfall » Concentration Risk

 Historical Simulation Effective Positions
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Exception « Maximum Drawdown
Violation Ratio + Beta Hedge

Kupiec Test - Hedge Ratio
Christoffersen Test « Basis Risk
Conditional Coverage « Protective Put
Stress Testing « Delta Hedge

Reverse Stress Testing « Gap Risk

Correlation Stress « Model Risk

Liquidity Risk « Risk Dashboard

Days to Liquidate

LUURNAANIgUN

—_

D e L T

R T N ==
W N - O

14.
15.
16.
17.

DBUNAMULANANTENIN risk measurement U risk management

eI risk capacity, risk tolerance, risk appetite &g risk limit

Tnwesayarn 20 auum i p, = 0.03% uas o, = 1.5% 23w Normal VaR 95% uaw 99%
TidayatanauntiiAuan Normal ES 95% wag 99%

a’%mam@ma‘ﬁ' ES Taimaseinngn Var n1eld Loss convention way continuous tail setting

@314 Historical Simulation VaR 911 loss observations 250

95UN8NAVDY quantile interpolation rule 19 Historical VaR

#g91191 EWMA covariance recursion $nw1 PSD

Wisuisuraves A = 0.94 Au A = 0.99 sia responsiveness 183 EWMA

11 Marginal VaR llag Component VaR YOINDINAWAUNTNIDIN covariance matrix AHUA

. ‘Wgﬁ]ﬂ Euler decomposition U84 delta-normal VaR
. 95UVl Component VaR ¥83U4 position 39819RAaU

. 970 factor covariance F', loadings B Wag idiosyncratic covariance .S 998319 total covariance

matrix

waal HHI,, > 1/n dmsu long-only fully invested portfolio

Awad effective number of positions ¥8snasa 40/30/20/10

19 VaR 99% backtest 500 Tuuazil exceptions 9 a%s 99 Violation Ratio

2BUNBAULANGITZIIN exception rate AU independence
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18. 1Weu likelihood 983 Kupiec unconditional coverage test

19. @34 transition counts Moo N1, N1 1011 3N exception sequence firviun

20. eBUNEWANATILUUTIABID1MU Kupiec uslsiinu Christoffersen

21. @¥ historical stress scenario dusunesawu na1aswil uag FX

22. @319 hypothetical stress scenario fifi equity, yield, FX way spread shocks wiauriu
23. 93U"Y reverse stress testing wazr A loss threshold ivianzfuseg 1wl

24. @319 correlation-stress matrix WazA$33 PSD

25. AU days to liquidate 911 position value, ADV Way participation rate

26. WisUWiBy VaR iu Maximum Drawdown 3100UAa 8 ueesls

27. Fwansuau index futures contracts iewdsw beta 910 1.1 18 0.4

28. #g91 minimum-variance hedge ratio

29. figat31 minimum residual variance Tu simplified hedge model wihiu o (1 — p2 1)

30. 98nkUU rolling VaR backtest ilaif! look-ahead bias wazil model-escalation rule

ANDIUBIUAR

—_

61 VaR model 511 backtest w# stress loss gaiiu risk capacity A3stia31 model THaulansalal
13 hedge 7ian VaR wsviiy liquidity risk foi1annnudesaiseiissdeauides

£ exceptions (Aatamztsingn wuusiaesdiil coverage gnifedlnasindafimonselsl

Risk dashboard msiifalavsnilgnuienisiiameiiaviideniu action

Tunesn?il options mﬁﬂm delta-normal VaR 381al#inm downside ﬁlﬂﬁuyiiﬁ

S

A risk model wag portfolio optimizer 1% covariance model AURLYR ziintgymi governance
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