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e Risk management for benchmark driven strategies

e Ex-ante Tracking error calculation

e Example of multifactor model (Northfield Global Equity model)
e TKB BNP Paribas IP Russia Equity model
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Benchmark driven strategies

e Benchmark is a reference index reflecting the performance of a specific market
sector

e Asset manager’s aim is to beat (over perform) the benchmark return

e All market risk is a client risk. Client choose the strategy according to his/her risk
tolerance.

e The risk of the portfolio should be close to the risk of the benchmark

e Risk manager’s aim is to control that risk is inside the prespecified range around
the benchmark risk
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Benchmark driven strategies
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Cumulative return Equity Fund vs MICEX Index Cumulative return Bond Fund vs RUX-Cbonds
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Tracking Error
Tracking Error — volatility of XS Return

Weekly XS return (Equity and Bond Funds)
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Rolling Tracking Error Equity and Bond Fund

18.00%

16.00%

14.00% ~\~'\v‘,

12.00% v\\

10.00% \\‘\

8.00% \-.., ,””—
6.00%

4.00% ™

2.00% \\\

0.00% T T T T T .
'{‘/Q@@{&@&(ﬁ@@@@@@@ \Q‘)'Q\Q 0‘9@&(&\&&\\@@\ @c@'\\ \Q‘)'Q\\ '{\99\\
S G A S S S S G A S

e==TE (hoHT akym  ====TE choHa obnurayui



I KB BNP PARI BAS A BNP Paribas Investment Partner Fui
INVESTMENT PARTNERS

Ex-ante Tracking Error

e The aim s to forecast the volatility of XS return of a portfolio or access the
expected distribution of portfolio return XS return
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Straightforward approach

Assumptions:
e Equities’ returns are regarded as final risk factors

e Returns are normally distributed

e Distribution parameters (Volatility and Covariance) are constant and do
not change over time.

Shortcomings:
e History distribution isn’t always good for forecasting future

e The covariance matrix has high dimensionality and thus calculation
is computational extensive (specific for developed markets)

e llliquid securities has insufficient amount of price data to estimate
meaningful covariance (specific for emerging markets)
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One factor model (CAPM) for TE calculation

e Equities returns are functions of market (index) return
N = a; +,Bi7"m + &

cov; ; = BiBjom + cov(e;, &)
cov(ei, ej)~0 Vi+]

e Allows to use expert betas (based on fundamental models and expectations) for
lliquid securities or other cases when you do not trust statistics

e Errors covariance are to be insignificant that is not true in most cases
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Multifactor model
e Equities returns are the function of several factors returns

K
= z Bixfix + &
k=1
cov(ri,rj) = z z BixBicov(fy, f1) + cov(e;, &), cov(e;, &)~0 Vi+#j
ko1

e Portfolio volatility
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Northfield Global Equity Risk Model

Basic characteristics

Hybrid model combines fundamental and macroeconomic approach with
statistical technics

Global model (for worldwide diversified global portfolio).

13 factors: region, economic sector, interest rates, oil prices, currency,
value/growth, market development, company size plus 5 blind factors. Factor
specified are assumed to account for all sources of correlation between
securities

Inclusion of blind factors aims to tailor the model to changing market conditions
without sacrificing the stability of a pre-specified model. They are used to identify
systematic sources of risk that may be transient in nature

Economic meaning of blind factors varies through time and from market to
market. Although it may not b able to give them detailed economic interpretation,
this is still a much better approach to risk assessment than mislabeling such risk
as being company specific
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Calculation peculiarities
e Exponential weighting of observations: older observations have lower weights

e Factor volatility calculates under a presumption that the mean factor return is
zero. Under normal market condition it is true, in case it is not the overestimated
risk figures will provide a warning of unusual factor behavior

e Generalized weighted least squares regression. WLS is appropriate in case the
error terms are heteroskedastic. Outlying events are given the lower weight
proportional to their errors.

e Stepwise least squares is used in case of multicollinearity

e Principal component analysis is performed on the securities’ returns not
explained by the model’s factors to get the blind factors.
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Testing the model

e The correlation of realized and estimated tracking error and absolute risk of the
portfolio for each month is measured and average is taken across time periods.
The values measures the ability of the model to discriminate low-risk portfolios
from high-risk portfolios.

e The bias of estimated and realized risk numbers is calculated to determine by
how much forecast risk was overestimated or underestimated.




TK BNP PARIBAS A BNP Paribas Investment Partner ol
INVESTMENT PARTNERS

Benchmark : MSCI Russia 10/40 (EUR) NR
Predicted Tracking Error : 6,49 Constrainton TE:  n.a.
Stock Specific Risk : 28,66 = 68%
Factor Risk : 1350 = 32%
Total Risk : 42,16 100%
Absolute Risk (portfolio wolatility) : 36,32 Number of unrecognised asset (portfolio) : 2
Absolute Risk (bench wolatility) : 38,62 Weight of unrecognised asset (portfolio) : 0,27
Predicted Beta : 0,93 Number of unrecognised asset (benchmark) 0
R-squared : 0,97 Weight of unrecognised asset (benchmark) : 0,00
Risk Model : NIS Global Model 31/07/2011

Date : 29/07/2011
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Risk Decomposition

Factor Portfolio Benchmé¢Active  Factor
Exposure Exposure Exposure Contribution

CONTINENTAL EUROPE 0,12 0,12 0,00 -0,04
ENGLISH-SPEAKING COUNTRIES 0,00 0,01 -0,01 0,32
ASIA 0,00 0,00 0,00 -0,03
INDUSTRIAL SECTOR 0,27 0,18 0,10 -2,44
CONSUMER SECTOR 0,11 0,11 0,00 -0,06
TECHNOLOGY&HEALTH SECTOR 0,10 0,05 0,05 -0,72
INTEREST RATE SENSITIVE SECTF 0,37 0,43 -0,07 2,04
NON-ENERGY MINERALS 0,30 0,29 0,01 -0,46
ENERGY MINERAL SECTOR 0,39 0,52 -0,13 5,70
S B WORLD GOVT BOND INDEX -0,04 0,17 -0,20 3,54
OIL PRICES IN USD 0,20 0,21 -0,01 0,61
DEVELOPING MARKET -0,11 -0,14 0,03 0,09
SIZE -1,05 -1,09 0,04 -0,15
VALUE/GROWTH -0,57 -0,62 0,05 0,02
BLIND FACTOR 1 -0,85 -0,83 -0,01 0,00
BLIND FACTOR 2 -1,32 -1,40 0,08 0,28
BLIND FACTOR 3 -0,56 -0,64 0,07 0,16
BLIND FACTOR 4 -0,38 -0,44 0,06 0,16
BLIND FACTOR 5 1,83 1,84 -0,01 0,01
HONG KONG $ 0,01 0,00 0,01 0,19
NORWEGIAN KRONE 0,00 0,00 0,00 0,00
US DOLLAR 0,21 0,11 0,10 2,66
UK POUND 0,03 0,00 0,03 0,22
RUSSIAN ROUBLE 0,70 0,89 -0,18 1,40
EURO 0,06 0,00 0,06 0,00
Total Factor Risk 13,50
Stock Specific Risk 28,66
Total Risk 42,16
Tracking Error 6,49
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TKB BNP Paribas Russia Equity Model. Targets

e Develop the model which will best forecast the Russian equity price risk, not just
explain the history

e For every specific security it would not the best model but it should be a
compromise to forecast the diversified portfolio risk.

e The factors are to be intuitive and interpretive
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TKB BNP Paribas Russia Equity Model. Specification

e Factors:

— Micex Indexes: Global and sector
equity indexes

— Interest rates (Russia 30 -
Treasures spread)

— Exchange rates (rub/basket)

— Volatility of oil prices (implied
volatility)

— CPMI index — China

e Core universe: 90 most liquid
securities. We used weekly returns
since 2009

Correlation analysis

Regression analysis:
— develop the best specification
— estimate universe specification

Errors analysis:
— No autocorrelation

— No correlation between factors
and errors

— No correlation between errors of
different securities
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TKB BNP Paribas Russia Equity Model. Application

e Volatility and Tracking error calculation

e VAR and Relative VAR calculation

e Stress testing
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Summary

Benchmark driven strategy is already popular on Russian market

To manage risk for benchmark driven strategy we need to forecast tracking error

Russian market needs the local model that will provide meaningful forecast for
risk
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[Onsa nonyyeHus 6onee aetanbHoOW
UHopmaLmm, noxanyncra, obpawantech
B TKB BHI Napu6a UHBecTmeHT MapTHepc

Ten.: 8800 700 07 08 (3BoHok no Poccun BecnnatHbli)
(812) 33273 32

dakc: (812) 324 65 57

www.tkb-bnpparibasip.com

office@tkb-bnpparibasip.com

[anHbiii matepuan nogrotosneH TKE BHIM Mapuba WHeectmewT MapTtHepe (OAQ) (TKB BNP Paribas Investment Partners (JSC)), uneHom BNP Paribas Investment Partners®.

OTOT MaTepnan co3aaH UCKIYMTENBHO B MHAOPMALMOHHBIX Liensx 1 He sBnsetcs: 1. OdepToit unm NpeanoxeHnem 0 MOKynKke Wi Npogaxe Kakux-nmmbo LeHHbIX Bymar unn vHaHCOBbIX MHCTPYMEHTOB; 2. VHdopmavyen, Ha
KOTOPYHO €ro nomyyaTenb MOXeT NonarathCs B CBA3M C KakUM-INO0 KOHTPAKTOM, COrMaLLeHnem unu JOroBopoM; 3. ®HaHCOBbLIM UMW MHBECTULMOHHBIM COBETOM MM KOHCYMbTaLMeN.

Mio6ble MHEHNS, BKITIOYEHHbIE B HACTOSILMA MaTepuan, ecnv NpsmMo He ykasaHo MHoe, AaHbl cneynanuctam TKB BNP Paribas Investment Partners (JSC) B ykasaHHOe BpeMsi U MOTyT ObITb M3MeHeHbI Be3 npeaBapuTenbHOro
yBEOOMITEHVS.

TKB BNP Paribas Investment Partners (JSC) octaBnsieT 3a coboii npaBo N0 CBOEMY YCMOTPEHNIO M3MEHSTb MO0 He akTyanuanpoBaTh MHAOPMALMIO U MHEHMS], COLepXaLLyecs B JaHHOM MaTepuarne.

VHBECTOPbI AOMKHBI CAMOCTOSATENBHO KOHCYMBTUPOBATLCS CO CBOVMM OPUANYECKVMY U HANOrOBLIMW COBETHIKaMI B OTHOLLIEHWM MHOBbIX topuandeckux, ByxranTepckix 1 HanoroBbIX BOMPOCOB NPY MHBECTUPOBAHUN B Kakie-nnbo
(pMHAHCOBbIE MHCTPYMEHTBI A4S TOr0, YTOBbI MPUHATL CAMOCTOSITENBHOE PELLEHIE O COOTBETCTBUM TaKUX MHBECTULMIA UX COBCTBEHHBIM TPEGOBaHNAM 1 O MOCNEACTBUSX TakuX MHBECTULWN.

Moxanyicta, obpatuTe BHUMaHWe Ha TO, YTO pasnuyHble BUAbI MHBECTULA, NHGOPMALNS O KOTOPbIX MOXET COAEpKaTbCs B HAcTOsLLEM MaTepuane, 0bnafatoT pasnuyHoi CTEMeHb0 pUCKa, U MOTYT He UMETb rapaHTuil no
BO3BpaTy WHBECTUPOBAHHbIX CPEACTB, MOryT ObITh HE MOAXOAALMMM MO0 HEBLIFOAHBIMM A8 KaKoro-nbo KOHKPETHOTO KMMEHTA WK MOTEHLMAMNBHOTO KNeHTa, B0 Anst KOHKPETHOTO MHBECTULMOHHOTO nopTdens. MpuHumas
BO BHUMaHe 3KOHOMUYECKIE U PbIHOYHBIE PUCKM, MOXET He DbITb HIKaKOM rapaHTiu, YTO Kakas-nbo NHBECTULMOHHAS CTpaTervs, yNoMsHyTas B HacTOSILLEM MaTepuane, JOCTUTHET CBOWX MHBECTULIMOHHBIX Lienen.

OTOT MaTepuan He SBnseTcs rapaHTven unu obellannem Oypyliel addeKTUBHOCTM N AOXOAHOCTU OT MHBECTULMOHHOW [esTenbHOCTU. PesynbTaThl MHBECTUPOBAHWS B MPOLLNOM He SBMSIOTCSA rapaHTUel Takux ke
pesynbTaToB B OyayLlem, rocyfapcTBO He rapaHTUpyeT JOXOAHOCTb MHBECTULIMIA B MHBECTULMOHHbIE (hOHIbI. Bce npoLunbie AaHHbIe MEOT JOKYMEHTanbHOe NOATBEPXKAEHNE. HET HUKakux rapaHTuil Npubbiny unu OXOA0B OT
(PMHAHCOBBIX MHCTPYMEHTOB, MOKa MHas MHOPMaLMS He ykadaHa B COOTBETCTBYIOLLMX NMybnvkauusx. Ha pasmep [oxoda MOryT MOBMWSTb, CPEAM MPOYEro, MHBECTULMOHHbIE CTpaTerii W Leny HaHCOBOTO MHCTPYMEHTa 1
CYLLIECTBEHHbIE PbIHOYHbBIE 1 3KOHOMMYECKIE YCIOBWS, B TOM YUCIE MPOLIEHTHbIE CTaBKM W PbIHOYHbIE YCIIOBMAM B LIENOM. PasnuyHble cTpateruu, npuMeHsiemble K (MHaHCOBbLIM MHCTPYMEHTaM, MOTYT OKasaTb CyLeCTBEHHOe
BMUSHUE Ha pe3ynbTaThl, ONMCcaHHble B HacTosLeM MaTepuane. CTOMMOCTb MHBECTULMOHHOTO Masi MOXET CHKaThCs TGO pacTu. VIHBECTOpBI MOTYT He MOMy4MTb Hadad CyMMY, KOTOPYH OHU NepBOHaYanbHO MHBECTUPOBANM.
CyLLecTByeT BEPOSTHOCTb NOJHOI NOTEPU M3HAYarnbHO MHBECTUPOBAHHON CyMMbI. [laHHbIE O JOXOAHOCTW UM UHBIX pe3ynbTaTax, OTPaXEHHbIE B MaTepuane, He y4uTbIBAKT KOMUCCIN, HAnoroBble COOPbI W MHbIE PACXOAbI.

TKB BHIM Mapuba VueectmenT MaptHepc (OAO) sBnsieTcs topuoMyeckum NWLOM, 3aperucTpupoBaHHbIM B COOTBETCTBMW C 3akoHomaTtenscTBom Poccuiickonn ®epepauun (OFPH 1027809213596), topuandeckuii appec:
Poccuiickas ®epepaups, 191119, Cankr-letepbypr, yn. Mapata, f. 69-71, muT. A, JuLeH3ns Ha ocyLuecTBneHue LesTenbHOCTU MO YNpaBneHno MHBECTULIMOHHBIMU (DOHAAMM, MaeBbIMU MHBECTULMOHHBIMI (oHOaMK 1
HerocyapCTBEHHbIMM NeHcMoHHbIMKU dhoHaamm Ne21-000-1-00069 ot 17 mons 2002 ropa, BbigaHa PCOP Poccum (cpok AeicTBIS nuLeHanm - 6eccpoyHo); JuueH3ns npoeccoHanbHoro yqacTHIKa pbiHKa LieHHbIX Gymar Ha
OCYLLIECTBIEHWE AEATENBHOCTH MO ynpaBmneHuio LeHHbIMK Bymaramu Ne 078-09042-001000 ot 11 anpens 2006, BbigaHa PCOP Poccun (cpok feicTus nuueHaum - 6e3 orpaHuyeHns cpoka ericTaus). TenedoH: (812) 332-7332,
akc: (812) 324-6557.

* BNP Paribas Investment Partners sisnsietcs rnobansHoit Mapkoii aktuoB rpynmnsl BNP Paribas. OtaensHble nuua no ynpasnenuto aktusamu B BNP Paribas Investment Partners, ykasaHHble B HacTosiLLEM AOKYMEHTe, yka3aHbl
TONbBKO B MH(POPMALMOHHBIX LiensiX U He 06S3aTeNbHO YNpaBnsioT B BaLLen PUCAUKLMN. 3a AOMONHUTENBHOM MH(OPMaLMen, NoxXanyincTa, CBSXMTECH C OdrLManbHBIM MECTHBIM MHBECTULIMOHHBIM NapTHEPOM.
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