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ABOUT THIS DOCUMENT

This document describes in detail the construction of an international Fama-French five-
factor model prepared for NBIM by MSCI. The implementationis based on the methodology
of Fama and French (2015). The estimation universeand allinputdata necessary for model
estimation aresupplied by MSCI.
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DESCRIPTION OF INPUT DATA

All data used in model estimationis proprietary to MSCl and was chosen with the aim of
approximatingas closely as possiblethe data used by Fama and French (2015).

1) Investment universe.The investment universeis defined by the MSCI ACWI IMI
Index, restricted to assets which (i) fallinto the 23 Developed Market countries
specifiedin Fama and French (2015), (ii) with all factor scores non-missing.

2) Model history & calendar. Model history spansslightly over 20 years, fromJuly 31
1995 to December 312015. Model factor returns arecalculated on a monthly
business day calendar,i.e.dated on the lastbusiness day of each month. Similarly,

all model data is end-of-month.

3) Returns. Factor returns areestimated from monthly USD excess returns, calculated
as the difference between monthly USD returns and monthly US risk-freerate.

4) Market caps.Inbothregional and global portfolios, assets are weighted by their
USD security market cap, i.e. the USD market cap of individualissues, notfloat

adjusted.

5) Factorscores. Factors areconstructed using MSCl descriptors, as implementedin
the MSCI Global Total Market Model (cf. Morozov et al.(2015) and MSCI (2015) for
further details). Thenon-Market factors in the Fama-French 5-factor model are
mapped to MSCI descriptorsas follows:

e Small Cap (Size) 2 USD security marketcap
e Value(B/M) = Book-to-Price (BTOP)
e Op. Profitability (Op) = Gross Profitability (GP)
e Investment (Inv) > Asset Growth (AGRO)
The Market factoris the cap weighted portfolio on the investment universe.
MSCI defines Gross Profitability as:

CP = Sales — COGS
B TA
Here, COGS stands for “Costof Goods Sold” and T'A stands for Total Assets. Fama and

French (2015) subtractselling, general and administrative expenses, as well as interest, from
the numerator and normalize with book equity.

MSCI defines Asset Growth as the 5 year trend growth in Total Assets by regressing TA
againsttimeover a period of five fiscal years. Fama and French (2015) use YoY growth of T A.
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The factor scores B/M, Op and Invarecalculated from MSCI descriptors based on Point-in-
Time (PiT) data. This means thata descriptor value with timestamp T reflects the value of
that descriptor asitwas known attime T and does not include subsequentrestatements.

CALCULATING B/M

Fama and French calculate B/M inJune of each year by using book valuefromthe end of the
previous fiscal year, buttaking marketvalue (assetprice) fromthe end of the previous year’s
December. Note that this definition introduces asynchronicity between firms’ book value
and market value.

Using MSCl’s PiT data for Book-to-Price, we emulate this methodology by taking Book-to-
Pricefromthe end of February,and multiplyingitwith the ratio of assetprices in December
and February:

PFeb
B/MFeb = P, BTOPFeb

Dec
Inthe aboveequation, Prep(pec) is the USD assetpricein February (December). February

was chosen to capturethe book value of firms which reporttheir fiscal year-end results late.

DEFINING THE INVESTMENT UNIVERSE

The model estimation universeisbased onthe MSCI ACWI IMI Index, whichin MSCl’s viewis
the broadestindex universeappropriate for factor estimationandis closetheestimation
universe of the MSCI Global Total Market Model.

Following the methodology of Fama and French (2015), portfoliosarerebalanced annually,
at the end of every June. Hence, the estimation universeisalso defined annually, based on
information available up to the lastbusinessday of June.

To define the investment universe, the MSCI ACWI IMI Index is restricted to:

1) Assets with both country-of-exposureand country-of-quotation fallingin the 23
Developed Market countries specifiedin Fama and French (2015), groupedinto 4
regions as follows:

a. North America: United States, Canada
b. Japan:Japan
c. Asia-Pacific (ex-Japan): Australia, New Zealand, Hong-Kong, Singapore

d. Europe: Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Great
Britain
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2) Assets with non-missing marketcaps.

3) Assets with non-missingfactor scores for B/M, Op and Inv.

FACTOR CONSTRUCTION

Factors areconstructed usingthe ‘2x3 double sorting’ methodology, as describedin Fama
and French (2015). The four non-market factors (Size, B/M, Op and Inv) areconstructedin
both a global-and a regional variant,as wedescribe below. Additionally, thethree non-Size
factors (B/M, Op andInv) are calculatedin a ‘Big’ and ‘Small’ versions, both globally and
regionally.

All portfoliosareconstructed (rebalanced) annually attheend of June, from assets in the
estimation universeconstructed onthe sameday. Factor returns arecalculated on each
month-end throughout the year.

Only one global Marketfactoris constructed, which is the cap weighted portfolio on the
estimation universe.

REGIONAL PORTFOLIOS

Size, B/M, Op and Inv portfolios are constructed identically in each of the four regions,
resultingin a total of 4x4 = 16 portfolios.

Inthe 2x3 double-sorting methodology, each factor portfolioisa long-short combination of
double-sorted portfolios. Adouble-sorted portfolio,inturn, is a cap-weighted portfolio
sorted first by Size (into one of 2 buckets) and secondly by B/M, Op or Inv (into one of 3
buckets). The 2 Size- and 3 non Size-sorted buckets are defined by breakpoints, which are
calculated as follows.

For Size, the breakpointis the 10% percentile of cumulative marketcap in the global
universe.lnanyregion,assets which fall below the breakpointareassigned to the “Small”
bucket and assets which fallaboveitareassigned to the “Big” bucket. We emphasizethat,
even though we areconstructingregional portfolios, (i) the breakpointis calculated on a
global universe,and (ii)itis defined as a percentile of market cap, not number of assets. Due
to large number of small caps, thelower 10% in cumulativerepresents a much larger
fraction of assets —intended to be roughly 50%.

For B/M, Op and Inv, the breakpoints arethe 30%and 70% percentile, regionally. Inany
region, assets fallingbelowthe 30%are assigned to the “Low” bucket, those between the
30% and 70% percentiles areassigned to the “Neutral” bucket and those above the 70%
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percentileareassigned to the “High” bucket, respectivelyl. Note that for the three non-Size
factors, the breakpoints are defined on the regional universes.

NON-SIZE FACTORS

We firstdescribethe construction of non-Sizefactors in someregion which we denote X,
choosingB/Mas an example (the constructionfor Opand Invis entirely analogous).

There are2x3 = 6 double-sorted regional portfoliosfromthe intersection of 2 regional Size
buckets and 3 regional B/M buckets which we denote, respectively: Hight, au,
Neutral a1 , Lowgnay, Highly;,, Neutral§;, and Lowg;, . Each double-sorted portfoliois

cap weighted, long-only and with weights summingto one.
The factor portfolio corresponding to the B/M factor is denoted HML (for “High Minus Low”)
andis defined as:

X 1 X X 1 . X X . X X
HML® = E (HMLSmall + HMLBig) = E ((nghSmall - LOWSmall) + (nghBig - LOWBig))
HML is by definition dollar neutral and can bethought of as the average of the HML
portfolio calculated on “Small” and “Large “ assets.

The factor portfolio corresponding to the factor Op is denoted RMWX (for “Robust Minus
Weak”). The factor portfolio corresponding to the factor Invis denoted CMA* (for
“Conservative Minus Aggressive”). Their construction exactly mirrors the construction

of HMLX.

SIZE FACTOR
Returningto the 2x3 double-sorted portfolios defined for the pair (Size, B/M) above, we can

define a dollar neutral small-cap portfolio SMB;(/M (for “Small Minus Big”) as follows:

1
SMB;‘/M = g(Highé‘ma” + Neutral¥,,u; + Low, i)

1
—3 (High’gig + Neutral;; + Lowé‘iQ)

Similarly, fromthe doublesorts involving (Size, Op) and (Size, Inv), respectively, we construct
the factors SMB(, and SMB}%,,.Finally, we define the Size factor portfolio SMBportfoliois

defined as the average:

YIn [FF5], the terms “Low”, “Neutral” and “High” are reserved for sorts performed on B/M. For Op, the low and high
percentile buckets are called “Weak” and “Robust”. For Inv, the corresponding terms are “Conservative” and
“Aggressive”.
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1
SMBX = g(SMBg m + SMBE, + SMB},,)

There areintotal 4x4=16 regional portfolios correspondingto the four factors and four
regions:

e Size DSMBX, X = {N.America,]apan, Asia Pac, Europe }
e Value> HMLX, X = {N.America,]apan,Asia Pac, Europe }
e Op~> RMWX, X = {N.America,]apan,Asia Pac, Europe }

° Inv> CMAX, X = {N.America,]apan,Asia Pac, Europe }

Additionally, wealso calculate 4x3x2=24 regional “Small” and “Big” portfolios for each non-
Size factor:

e Value—> HML{,‘, X = {N.America,]apan,Asia Pac, Europe LY = {Small,Big}
e Op~> RMWYX, X = {N.America,]apan,Asia Pac, Europe 1Ly= {Small,Big}

° Inv> CMAY, X = {N.America,]a'pan,Asia Pac, Europe LY = {Small,Big}

GLOBAL PORTFOLIOS

Global portfolios SMB, HML, RMW and CMA are constructed from global double-sorted
portfolios. Global double-sorted portfolios are defined with the same breakpoints thatare
used to calculatethe regional portfolios,i.e.a global breakpointin Sizeand regional
breakpoints for B/M, Op and Inv.

Returningto the exampleof (Size, B/M), the 2x3 global double-sorted portfolios

are Highgmqy, Neutral gy, LoWgpnay, Highgg, Neutralg,, and Lowg;, . The portfolio
Highg,,.u contains allassets, fromallregions, with B/M abovetheir respectiveregional
breakpointand with Size below the global breakpoint. All global double-sorted portfoliosare
cap weighted, with weights summingto one.

The global HML portfoliois defined as:
1
HML = E((Highs,nau — LoWspma) + (Highgsy —Low,))

The global RMW and CMA portfolios aredefined analogously.

The global Sizefactor portfolioisdefined as:
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1
SMB = §(SMBB m +SMB,, +SMB,,,)

Where for examplethe portfolio SMBg , is defined as:

1
SMBg,y = E(Highs,na” + Neutralg,au + Lowsmau)
1
~3 (HighBl-g + Neutralg;, + LowBl-g)

There areintotal 5 global portfolios:

e Market = Cap weighted estimation universe

Size > SMB
Value> HML

Op > RMW
e Inv>CMA
Additionally, wecalculate 3x2=6 global “Small” and “Big” portfolios for each non-Sizefactor:
e Value> HMLy, Y = {Small, Big}
e Op->RMW,, Y= {Small, Big}
e Inv>CMA,, Y= {Small,Big}

ALTERNATIVE ESTIMATION OF GLOBAL PORTFOLIOS

The global factor portfolios containthe same assets as theregional factor portfolios taken all
together. This suggests a two-step process to constructglobal factors:

1) Firstconstructtheregional factors
2) Average the regional factors with regions’ cap weights to arriveatthe global factors

This is closeto, but not the same as, the process we arefollowing. The reason for the
discrepancyisthatregions’cap weightalsoincludes the weights of assets which are not
even selected in factor construction.
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This document and all of the information contained in it, including without limitation all text, data, graphs, charts (collectively, the “Information”) is
the property of MSCl Inc. or its subsidiaries (collectively, “MSCI”), or MSCI’s licensors, direct or indirect suppliers or any third party involved in making
or compiling any Information (collectively, with MSCI, the “Information Providers”) and is provided for informational purposes only. The Information
may not be modified, reverse-engineered, reproduced or redisseminated in whole or in part without prior written permission from MSCI.

The Information may not be used to create derivative works or to verify or correct other data or information. For example (but without limitation),
the Information may not be used to create indexes, databases, risk models, analytics, software, or in connection with the issuing, offering,
sponsoring, managing or marketing of any securities, portfolios, financial products or other investment vehicles utilizing or based on, linked to,
tracking or otherwise derived from the Information or any other MSCI data, information, products or services.

The user of the Information assumes the entire risk of any use it may make or permit to be made of the Information. NONE OF THE INFORMATION
PROVIDERS MAKES ANY EXPRESS OR IMPLIED WARRANTIES OR REPRESENTATIONS WITH RESPECT TO THE INFORMATION (OR THE RESULTS TO BE
OBTAINED BY THE USE THEREOF), AND TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, EACH INFORMATION PROVIDER EXPRESSLY
DISCLAIMS ALL IMPLIED WARRANTIES (INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF ORIGINALITY, ACCURACY, TIMELINESS,
NON-INFRINGEMENT, COMPLETENESS, MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE) WITH RESPECT TO ANY OF THE
INFORMATION.

Without limiting any of the foregoing and to the maximum extent permitted by applicable law, in no event shall any Information Provider have any
liability regarding any of the Information for any direct, indirect, special, punitive, consequential (including lost profits) or any other damages even if
notified of the possibility of such damages. The foregoing shall not exclude or limit any liability that may not by applicable law be excluded or limited,
including without limitation (as applicable), any liability for death or personal injury to the extent that such injury resul ts from the negligence or
willful default of itself, its servants, agents or sub-contractors.

Information containing any historical information, data or analysis should not be taken as an indication or guarantee of any future performance,
analysis, forecast or prediction. Past performance does not guarantee future results.

The Information should not be relied on and is not a substitute for the skill, judgment and experience of the user, its management, employees,
advisors and/or clients when making investment and other business decisions. All Information is impersonal and not tailored to the needs of any
person, entity or group of persons.

None of the Information constitutes an offer to sell (or a solicitation of an offer to buy), any security, financial product or other investment vehicle or
any trading strategy.

It is not possible to invest directly in an index. Exposure to an asset class or trading strategy or other category represented by an index is only
available through third party investable instruments (if any) based on that index. MSCI does not issue, sponsor, endorse, market, offer, review or
otherwise express any opinion regarding any fund, ETF, derivative or other security, investment, financial product or trading strategy that is based on,
linked to or seeks to provide an investment return related to the performance of any MSCI index (collectively, “Index Linked Investments”). MSCI
makes no assurance that any Index Linked Investments will accurately track index performance or provide positive inve stment returns. MSCI Inc. is
not an investment adviser or fiduciary and MSCl makes no representation regarding the advisability of investing in any Index Linked Investments.

Index returns do not represent the results of actual trading of investible assets/securities. MSCI maintains and calculates indexes, but does not
manage actual assets. Index returns do not reflect payment of any sales charges or fees an investor may pay to purchase the securities underlying the
index or Index Linked Investments. The imposition of these fees and charges would cause the performance of an Index Linked Investment to be
different than the MSCl index performance.

The Information may contain back tested data. Back-tested performance is not actual performance, but is hypothetical. There are frequently
material differences between back tested performance results and actual results subsequently achieved by any investment strategy.

Constituents of MSCI equity indexes are listed companies, which are included in or excluded from the indexes according to the application of the
relevant index methodologies. Accordingly, constituents in MSCI equity indexes may include MSCI Inc., clients of MSCI or suppliers to MSCI. Inclusion
of a security within an MSCI index is not a recommendation by MSCI to buy, sell, or hold such security, nor is it considered to be investment advice.

Data and information produced by various affiliates of MSCI Inc., including MSCI ESG Research Inc. and Barra LLC, may be used in calculating certain
MSCl indexes. More information can be found in the relevant index methodologies on www.msci.com.

MSCI receives compensation in connection with licensing its indexes to third parties. MSCI Inc.’s revenue includes fees based on assets in Index
Linked Investments. Information can be found in MSCI Inc.’s company filings on the Investor Relations section of www.msci.com.

MSCI ESG Research Inc. is a Registered Investment Adviser under the Investment Advisers Act of 1940 and a subsidiary of MSCI Inc. Except with
respect to any applicable products or services from MSCI ESG Research, neither MSCI nor any of its products or services recommends, endor ses,
approves or otherwise expresses any opinion regarding any issuer, securities, financial products or instruments or trading st rategies and MSClI’s
products or services are not intended to constitute investment advice or a recommendation to make (or refrain from making) any kind of investment
decision and may not be relied on as such. Issuers mentioned or included in any MSCI ESG Research materials may include MSCI Inc., clients of MSCI
or suppliers to MSCI, and may also purchase research or other products or services from MSCI ESG Research. MSCI ESG Research materials, including
materials utilized in any MSCI ESG Indexes or other products, have not been submitted to, nor received approval from, the United States Securities
and Exchange Commission or any other regulatory body.

Any use of or access to products, services or information of MSCI requires a license from MSCI. MSCI, Barra, RiskMetrics, IPD, FEA, InvestorForce, and
other MSCI brands and product names are the trademarks, service marks, or registered trademarks of MSCI or its subsidiaries i n the United States
and other jurisdictions. The Global Industry Classification Standard (GICS) was developed by and is the exclusive property of MSCl and Standard &
Poor’s. “Global Industry Classification Standard (GICS)” is a service mark of MSCl and Standard & Poor’s.
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