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Abstract

This paper introduces a robust optimization framework for multi-asset portfolios that allocate to
both active and passive funds. The approach examines how portfolio allocations shift between
active and passive funds depending on tactical and thematic investment views, as well as the
emphasis placed on active fund alpha in the optimization process. Robust portfolio optimization
is used to manage uncertainty in investment views and fund alpha expectations, while explicitly
accounting for the ongoing charges of all funds. The framework addresses practical
implementation challenges, including the differences between the set of indices used for
expressing tactical and thematic views, those used to define the reference strategic asset allocation,
and the benchmarks of the investable funds. It also accounts for the tracking error and alignment
of funds relative to their respective benchmarks. Detailed guidance is provided for implementation
of the framework, and an analytical appendix explains the intuition behind most observed
allocations. The result is a transparent and scalable solution for constructing multi-asset portfolios
that reflect investment views with real-world constraints.

Keywords: Robust Portfolio Optimization, Multi-Asset Portfolios, Active Funds, Passive
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1. INTRODUCTION

The growing digitalization of asset management and the rise of robo-advisors have intensified the
need for scalable, robust frameworks that support mass customization of asset allocation
portfolios. Beketov et al. (2018) report that most robo-advisors rely on simple mean—variance
optimization (MVO) or its variants, such as Black—Litterman (40%), pre-defined grid portfolios
(27%), or constant weights (14%), while the remainder employ alternative techniques like liability-
driven investment, full-scale optimization, risk parity, constant proportion portfolio insurance or
mean reversion trading.

However, traditional mean—variance approaches are widely acknowledged as inadequate for
delivering robust and transparent solutions, particularly when asset managers must implement
nuanced investment views across numerous mandates with diverse constraints and risk profiles.
Even in strategic asset allocation, weight constraints are critical to regularize solutions and ensure
financial viability. The Black—Litterman model (1992) introduces implicit regularization via
benchmarks or tracking error constraints, making it somewhat more robust. Yet, it remains an
MVO variant and inherits its fundamental limitations (Bourgeron et al., (2018)).

Robust portfolio optimization (RPO), as introduced by Lobo et al. (1998) and based on the
framework of Ben-Tal and Nemirovski (1998), is designed to address uncertainty in portfolio
inputs such as mean returns, variances, and covariances. Unlike traditional optimization, which
assumes these inputs are known precisely, robust optimization seeks portfolio allocations that
remain effective even when inputs deviate from their estimates. This is typically achieved through
worst-case scenario analysis, making the optimization problem more tractable and practical for
real-world applications. Tiitiincii and Konig (2004) advanced this approach by formulating a two-
step maximum—minimum problem, simplifying robust optimization for long-only portfolios to
solving an MVO problem using the worst-case estimates.

Further developments by Ceria and Stubbs (2006) introduced a quadratic form for estimation errors
and distinguished between the covariance of asset returns and the covariance of estimation errors,
proposing additional constraints to make robust optimization less conservative. Scherer (2006)
showed that when the covariance of estimation errors is proportional to the asset return covariance,
robust optimization yields portfolios that are weighted averages of the MVO and minimum
variance portfolios, converging to the latter as estimation error increases. Fabozzi et al. (2007)
contributed an absolute error formulation, though without detailing its differences from other
approaches.

Heckel et al. (2016) demonstrated that robust portfolio optimization, when uncertainty is limited
to expected returns, behaves predictably across different levels of uncertainty. With low
uncertainty, the robust portfolio closely matches the traditional mean-variance portfolio. As
uncertainty increases, the robust portfolio shifts toward risk-based allocations, such as minimum
variance, inverse variance, equal risk budget, or equal weighting, depending on the specific
formulation. At intermediate uncertainty, the robust portfolio is well-approximated by a weighted
average of the mean-variance and the relevant risk-based portfolio, especially in quadratic
formulations. These findings hold even when portfolio constraints are present.



Yin et al. (2020) proposed a practical framework for implementing RPO in real-world investment
settings specifically adapted to the optimization of strategic asset allocation (SAA). They
recommended the use of a quadratic uncertainty set and a diagonal uncertainty matrix based on
asset variances as the most adequate RPO formulation to reduce the sensitivity of the proposed
allocation to changes in expected returns, while preserving the volatility inputs which can be
forecast with much higher accuracy (see, e.g., Perchet et al. (2014) or Perchet et al. (2016)) than
expected returns. The authors provided clear guidelines for selecting the form and level of
uncertainty, advocating for calibrating the uncertainty parameter as half the average Sharpe ratio
of the investment universe. Their empirical examples demonstrate that this approach leads to well-
diversified portfolios that are robust to estimation errors.

Issaoui et al. (2021) adapted Yin et al. (2020)’s robust portfolio optimization framework to
construct highly customized tactical asset allocation (TAA) portfolios from a single set of tactical
views. The process begins with risk budgeting to translate qualitative views into target overweight
and underweight allocations, independent of the strategic benchmark and constraints. These active
allocations are then used to engineer implied returns in a reverse RPO step. Implied returns of a
portfolio are the expected returns that if used in the portfolio optimisation model, would result in
the observed portfolio weights being optimal. The implied returns are then used in RPO to build
consistent and robust portfolios even under complex constraints and multiple benchmarks. By
incorporating a factor-based risk model, the framework ensures transparency and enables scalable,
automated customization for institutional and robo-advisory applications.

In turn, Somefun et al. (2022) extended the framework proposed by Yin et al. (2020) to the context
of SAA portfolios using a core-satellite structure, where diversification asset classes such as
thematic investments are allocated to the satellite. The framework accounts for both the exposures
of thematic investments to conventional risk factors and the additional alpha and risk specific to
themes.

Our contribution builds on the frameworks of Issaoui et al. (2021) and Somefun et al. (2022) by
introducing an RPO approach for TAA portfolios, tailored to the operational realities of asset
managers, asset owners, distributors and robo-advisors. Specifically, we address four key
challenges: 1) integrating tactical and thematic investment views, i1) managing uncertainty in
expected returns and in expected alpha from actively managed fund, iii) incorporating ongoing
fund charges and tracking error constraints, and iv) reconciling inconsistencies between indices
used for expressing views, strategic allocation, and fund benchmarks.

Our framework allows tactical views to be expressed through traditional benchmark indices across
core asset classes, reflecting common industry practice. We tackle the practical difficulty of
implementing these views with both active and passive funds, tackling the mismatch between the
indices used for strategic and tactical asset allocation and the actual investable universe of selected
funds. The proposed approach constructs robust portfolios that embed tactical views while
accounting for ongoing fund charges, expected alpha from active and thematic funds, and tracking
errors relative to benchmarks. Crucially, we also address tracking error arising from discrepancies
between fund benchmarks, strategic allocation indices, and the indices used for TAA.



A key feature of the output from this framework is its compliance with practical investment
constraints. The portfolios are optimized to respect limits such as maximum tracking error, long-
only requirements, and caps on exposures to specific assets or asset classes. Another important
aspect of the output is its robustness to estimation errors. By leveraging RPO, the framework
generates portfolios that are much less sensitive to small changes in tactical views than those
produced by traditional MVO. This results in more stable and intuitive allocations, particularly in
environments characterized by high asset correlations or significant uncertainty in the views.

Transparency is also a central outcome of the proposed framework. The output can include a
detailed decomposition of portfolio risk into systematic (factor-based) and idiosyncratic
components. The idiosyncratic risk component in portfolio construction can be further
decomposed into two sources: 1) one arising from the mismatch between the benchmarks of the
funds used for implementation and the traditional indices employed for TAA, and ii) another
stemming from the alpha generated by active funds or any residual mismatch between passive
funds and their benchmarks. This distinction allows for a more precise attribution of idiosyncratic
risk, highlighting both structural differences in benchmark selection and the impact of fund-
specific performance characteristics.

Finally, we introduce a parameter into the framework that allows the tracking error of the final
TAA portfolio to be adjusted so that it can capture more of the expected returns generated from
tactical asset allocation views or, alternatively, more of the alpha expected from investing in the
active funds used in the allocation. Changing this parameter allows for the composition of active
versus passive funds to change, something we shall discuss in more detail.

This paper provides a clear, step-by-step description of the robust optimization framework for
multi-asset portfolios that include both active and passive funds. We begin by explaining how fund
exposures to their benchmarks are measured, and how benchmark exposures to the core indices
underlying TAA views are estimated. Next, we map direct fund exposures to core indices and
introduce the risk model, which distinguishes among systematic, thematic, and specific sources of
risk. We then discuss how uncertainty in investment views is defined. This is followed by an
outline of the construction of the SAA portfolio and the translation of tactical and thematic views
into portfolio allocations. Finally, we bring these components together in the robust portfolio
construction process. This structure ensures that each methodological step builds on the previous
one, providing a coherent and comprehensive foundation for the framework.

In the section thereafter, we provide a detailed example illustrating the implementation of the
proposed framework, using a set of TAA views for illustration and a representative list of active
and passive funds. We investigate how varying the parameter that controls the preference for
capturing TAA expected returns versus the alpha from active funds affects the final portfolio. This
example demonstrates the practical impact of this parameter on portfolio construction and
allocation outcomes.

Finally, we devote a section to discussing the results, drawing on a simplified analytical framework
presented in the appendices to help explain and interpret the findings from our examples.



2. METHODOLOGY

We propose a framework for constructing TAA portfolios that build upon a predefined SAA
portfolio. The goal is to design an investable portfolio composed of both active and passive funds,
integrating multiple layers of investment views and constraints in a systematic manner.

The framework assumes a set of tactical views expressed on core benchmark indices representing
major asset classes, alongside a pre-selected universe of active and passive funds. Passive funds
are expected to closely replicate their respective benchmarks, minimizing tracking error. Active
funds are selected for their potential to generate alpha relative to their benchmarks, reflecting
differentiated investment skills. Thematic funds are included based on their expected
outperformance versus exposure to traditional benchmarks.

The TAA views are expressed for a set of traditional benchmark core indices that span major asset
classes and reflect standard exposures commonly used by institutional investors. However, these
indices may differ from those used as benchmarks for the selected funds and from those used in
the SAA portfolio. Moreover, the actual exposures of the funds, particularly active ones, may not
align perfectly with their stated benchmarks. Several funds — such as thematic funds, global equity
and fixed income funds, or aggregate fixed income funds — tend to exhibit multiple exposures,
which makes their integration into the final portfolio highly complex and impractical without a
robust risk modelling approach like the one we propose here.

To reconcile these differences, we first estimate each fund’s exposure to its stated benchmark,
followed by assessing the benchmark’s exposure to the core indices used in the TAA framework.
Any indices used in the SAA that are not part of the core index set are also added to the list of
benchmarks requiring exposure estimation. This layered mapping ensures alignment between
fund-level implementation and the strategic and tactical allocation processes.

Beyond this multilayering, we introduced a risk model based on principal component analysis
(PCA) to capture systematic and idiosyncratic risks, including currency exposures, establishing
the individual independent sources of risk in the universe of available core indices.

In the reminder of the paper, we shall use fc for fund relative to core asset, /b for fund relative to
benchmark and bc for benchmark relative to core asset.

2.1. Exposures of funds to their benchmarks

Here we describe the methodology used to calculate the exposures of both active and passive funds
to their respective benchmarks. Our example is constructed for an investor in euro and thus all
returns in other currencies are converted into euro for consistency in the regressions below. For
fixed income and commodities, the funds selected are hedged into euro and so, no calculations
were required.

We use weekly excess returns. At a given time ¢ these are calculated for all funds i and their
respective benchmarks as:

XR} (t) = TR} (t) — Cash(t) — OCR} (1)



XRL (t) = TR (t) — Cash(t) )

where 7R and XR denote total and excess return respectively, Cash is the money market rate in the
Eurozone, and OCR are the ongoing charges ratio for each fund.

We regress the weekly excess returns of the fund, X R]ic (t), on the weekly excess returns of its
benchmark, XR}, (t):

XR} (t) = a}b + ﬁ}b XRj, (1) + gfib ®) (3)

Where a}b is the intercept of the regression. This regression is estimated using ordinary least

squares (OLS) over the five-year period ending in April 2025, with the additional constraint that
all betas are non-negative.

We define the information ratio of the fund relative to its exposure to the benchmark as:

ai
o _%p [
IR /a;b 4)

afb
Where the specific volatility of the fund, afib, is the annualized volatility of the residuals s}b ().

For passive funds that replicate their benchmark, we assume that the expected future alpha is zero.
For active funds, we assume that these were selected because the investor expects them to generate
positive alpha in the future. Instead of using the historical alpha estimated from the regression, we
set IR oy equal to 0.5 for all the selected active funds and 0 for all passive funds. This parameter

could have been chosen differently and could have differed across the selected funds. The actual
alpha for each fund will be corrected by its ongoing charges ratio (OCR).

afy, = (IR, = ofy — OCR} ) )
2.2. Exposures of benchmarks to core indices

The exposures of fund benchmarks and SAA benchmark indices to the core assets is estimated
from regressions of the weekly excess returns of the benchmarks of each fund i, XR}, (t), on the
weekly excess returns, XR.(t), of all the core assets used in the TAA. These are calculated from
the total returns of the core assets and cash returns using an equation like (2). The list of core assets
is made of 17 traditional core asset classes and three currency pairs against the euro:

XRY() = ahe + Bhe XRo(6) + ghe() ©6)

where B is the vector with the exposures of the benchmark of fund i to all the core assets, a},. is
the intercept of this regression and &.(t) are the regression residuals. We define op, as the
annualized volatility of the residuals €}, (t). By default, all a},, are set to zero for the benchmarks
of both active and passive funds, a choice which is supported by empirical evidence for most
benchmark indices used in our example. However, for thematic benchmark indices, these residuals
can be substantial and may even be expected to generate a positive alpha. We will return to this



point later and illustrate how thematic views can be incorporated by adjusting these alphas. For
clarity, throughout the remainder of the paper, we refer to the volatility of these residuals, obtained
from the regression of benchmark returns on core asset returns, as thematic volatility.

In practice, this regression is done in two steps. First, we select the core assets more likely to be
of relevance. We start by retaining only those core assets that match the asset class of a given
benchmark (e.g., equities, fixed income) and then we apply a LASSO regression to further reduce
the selection of core assets, retaining only those with coefficients above an empirically chosen
threshold of 0.01. Details of the LASSO regression can be found in Appendix 5.1.

For commodities and listed real estate, no LASSO selection is performed and the respective core
asset index for each is retained.

The regression above is then performed for each benchmark by using only the core assets selected
for each fund benchmark in this way.

2.3. Exposures of funds to core indices

Using (6) in (3) while setting the a},. to zero, we find:

. . . . T .
XR; (8) = apy + By Bpe XRc(E) + £5.(t) (7)
Where:
S]l;c(t) = g]l;b(t) + :B;b glijc(t) (8)
We can then define the fund exposures to core assets as:

. . . T
Bre = iy Bhe )

And, assuming that the residuals are uncorrelated, we can define the tracking error of the fund
relative to core assets as:

ofc = J(U}b)z + (Bl ohe)” (10)

This tracking error quantifies the residual risk of the fund after accounting for exposures to both
its benchmark and the underlying core assets, which includes three currency pairs.

ﬁ}c includes the betas for the three currency pairs. For an equity fund that is not currency-hedged,
the beta measuring the foreign currency exposures is calculated by summing the betas that capture
the exposure of its benchmark to core assets priced in those same currencies. For the funds hedged
into euro, these currency betas are zero.

2.4. Risk Model

Following Bass, Gladstone, and Ang (2017), we apply Principal Component Analysis (PCA) to
the correlation matrix of weekly excess returns for 17 major global asset class indices and three
currency pairs (see Appendix 5.2), using data from end of April 2005 to end of April 2025. PCA



decomposes the correlation matrix into eigenvectors (interpreted as long—short portfolios) and
eigenvalues (which indicate their relative importance), effectively reducing dimensionality and
redundancy. The resulting PCA correlation matrix is C.ope = VAVT, where V is the n, X n,
orthogonal matrix whose columns are the eigenvectors of C.,.. and A is the diagonal matrix of
eigenvalues 44, A, ..., 4, sorted in descending order. The variance—covariance matrix for the 17

core assets and three currencies (n,=20) is then constructed as X;ore = ZgiagCeoreZdiag> Where
L giag 1s the diagonal matrix of core asset and currency volatilities estimated over the same period.
Additional details are provided in Appendix 5.2.

Our approach extends Somefun et al. (2022) by incorporating currency pairs to account for non-
hedged currency risk from investing in funds in foreign currency selected for implementation. The
first two factors can also be easily interpreted as market risk and duration risk. However, adding
the three currency pairs makes the interpretation of the additional four factors more difficult.
Roncalli (2014) found that retaining only the few factors which explain most of the correlation
structure is an effective way to de-noise the covariance matrix and improve the portfolio
optimization stability.

When applied to the core assets we retain only the first six eigenvalues, which explain 83% of the
variance, and set the diagonal matrix of X, to the respective variance of each asset in the list of
core assets. The volatility of each core asset is estimated from the same set of weekly returns in
local currencies.

1 an
Varcore *° COVcpre
Liore = : : (1T)
nc,l Ne
cov o var.

core core

. . . . 2 ]
With varl,,.. = covly,, = (Uclore) for core asset i.

The final variance—covariance matrix X for core assets, benchmarks and funds will have sizen X n
with n = n. + n, + ng where n,, is the number of unique benchmarks and other indices which

are not in the list of core assets and ng is the number of funds selected. This matrix can be written
as the sum:

L= 2:systematic + 2“thematic + 2:fund specific (12)

and requires the betas of the funds, ﬁ}c, and benchmarks, B ., relative to core assets as well as the

. . . . 2 B . 2 .
specific variance of funds, vary, = (a}c) , and of benchmarks, var], = (ag}.)", relative to core
assets.

Systematic variance—covariance matrix: The systematic variance covariance, Ly stematic» 1 based

onX .. and on B, an X n. matrix where the columns have the vectors of exposures 7) of core
assets to themselves (each vector is 1 on the row for the respective core asset and zero otherwise),
ii) of the benchmarks to the core assets, B}, and iii) of the funds to the core assets, B,

2:sysl:ematic = ﬁallzcoreﬁ'gll (13)



With:

Core assets

T 0 1
1 Core assets
o .. 1
1,1 1nc
bc bc
. Benchmarks
Bai = np,1 np,Ne (14)
bc bc
1,1 1nc
B . B
P Funds
ngl ngne
Be; v Bio ]
And thus with:
Core assets Benchmarks Funds
[ h zcore,bengh zcore,funq ] Core assets
core systematic systematic
D - zcore,benchT ybench,bench bench,fund Benchmarks (15)
systematic systematic systematic systematic

core,fund T bench,fundT fund,fund Funds

) ) )
systematic systematic systematic

Thematic variance—covariance matrix: We assume that 1) the thematic risks of benchmark indices

are not correlated with each other, and 11) the thematic risks of benchmark indices are not correlated

with the risk of core assets.

However, it is important to consider the correlations of the thematic risk of each fund with thematic
risks of its benchmark index, determined by the beta ﬁ}b.

Core assets Benchmarks Funds
0 .. 0 0 0 0 0 1
0 0 Core assets
0 .. 0 0 0 0 0
0 .. 0 varg. .. 0 Biyvary, .. 0
: 0 Benchmarks
Linematic = |0 .. 0 0 varbnc” 0 B}Qé’varbncb
2

0 .. 0 Bpvare .. 0 (Bp)vame - 0
: 0 Funds

Np Np 2
_0 . 0 0 o Brpvan, 0 ('[’);Z) varbrzf_

(16)
Additionally, for any two funds, i and j, with the same benchmark, the off diagonal would be
ﬂ}b ,B;b vary, to consider that they have the same benchmark.

10



Fund specific variance—covariance matrix: We assume that the specific risks of individual funds
are uncorrelated with each other, and ii) also uncorrelated with the risks of core assets. Thus, this

matrix is based only on the specific variance of funds relative to their benchmarks, varg, = (a}b) :

Core assets Benchmarks Funds

0 .. 0 0 .. O 0 0 7

. . . 0 0 Core assets

0 0 0 0 0 0

0O .. 00 .. 0 0 0

: : : Benchmarks

Brund specific = | O 00 .0 0 0 0 (17

0 .. 0 0 .. 0 varp 0

VR 5 Funds
ng

o .. 00 .. 0 O o VAT

2.5. Uncertainty Matrix

The uncertainty matrix Q isan X n matrix associated with the uncertainty in the expected returns
and is an important input for the robust optimization process that will be detailed below. Our choice
for this matrix is:

Q= ststematic + 2:thematic + 2:fund specific (18)
where:
'ststematic = Baudiag (zcore)ﬁgll (19)

is consistent with the choice of Yin et al. (2022) to use a diagonal uncertainty matrix with the
variances of the assets for which we express our tactical views. However, here, while this remains
a suitable choice for core assets, we can no longer ignore the correlations between the returns of
funds and benchmarks with the core assets returns. These correlations are critical for translating
tactical views on core assets and thematic views on benchmarks into effective fund allocations,
and this is why the two additional terms X;pematic and Efyng specific in €quation (18) are required.
This feature is one of the most important in this framework when compared to that proposed by
Yin et al. (2022), and it is a good example of an application of robust portfolio optimization where
the uncertainty matrix of expected returns should not be diagonal. The final form of the uncertainty
matrix is then:

Core assets Benchmarks Funds
- core,bench core,fund
’ ’ ¢ t
dlag(zcore) ststemic ﬂsysi:emic ore assets
core,benchT bench,bench bench,fund
—— e . - Benchmark
ststemlc - Qsystemlc ﬂSystemlc systemic enehmarks (20)

Qcore,fundT Qbench,fundT qund,fund Funds
systemic systemic systemic

11



2.6. Strategic Asset Allocation portfolio

The SAA portfolio plays a critical role in the final allocation, as the tracking error is measured
against this portfolio and constraints on maximum active weights are defined relative to it. Table
Al in Appendix 5.2 presents our selected SAA portfolio. How this portfolio was constructed is
beyond the scope of this paper; however, we followed the methodology proposed by Somefun et
al. (2021).

While the choice of SAA portfolio influences the results, the framework proposed here is not
dependent on this specific selection and different SAA portfolios could have been used. The key
point is that the SAA is derived from indices that are not directly investable. Some of these indices
are part of the core indices used for TAA views, while others are not. The portfolio optimization
process is then used to determine the optimal portfolio benchmarked against this SAA, reflecting
tactical and thematic views while investing solely in the selected active and passive funds and
meeting all imposed portfolio constraints.

2.7. TAA and thematic views

The set of tactical views created from the views of an investment committee for the direction and

conviction of expected returns for each core asset index is grouped into a vector of scores
_ (cl n T :

Sairectional = Sairectionar ***» Sdirectionar) - While  Sgirectionar Spans all assets (core assets,

benchmarks and funds), in our example, only core asset indices are expected to have directional

scores different from zero.

. . . _ 1 n T
Thematic views are grouped into a vector of scores Sinematic = (Sthematicr ' » Sthematic

capturing only the thematic risk of the given index. While S¢pemaric Spans all assets (core assets,
benchmarks and funds), only thematic benchmark indices may have non-zero thematic scores.

The unconstrained active long-short portfolio w,.;e 1S constructed as the sum of two distinct
active portfolios: one derived from directional views and the other from the thematic views:

— directional thematic
Wactive = Wactive + Wactive (21)
Where:
directional _ -1
Wactive - Sdirectional * (RB o ) (22)

with ¢ = (04,++,0,)T the vector of asset volatilities and RB the risk budget so that each
directional view RB S; = W/,.ive 0; captures the tracking error of the portfolio that is allocated to
the view on the asset in question, based on the convictions and directions.

The second term, for thematic views, is given by:

thematic

— -1
Wctive - ﬁthematic * Sthematic * (RB O thematic (23)

where O pematic = (agc, -, 0;: 2 ) is the vector of asset thematic volatilities, the volatility of the
residuals from equation (6). Hence, each thematic score is normalized by the thematic volatility of
the corresponding index. The n X n matrix Bipematic 1S defined as:

12



Core assets Benchmarks Funds

0 .. 0 =B o By’ 0 .. 0]
* Core assets
0 .. 0 —gtet . =™ 0 .. 0
0 0 1 0 0o .. 0
Bthematic = : * : : ‘. : Benchmarks (24)
0O .. 0 0 1 0o .. 0
0O .. 0 0 0 0o .. 0
0 ... 0 0 0 0 .. 0

with the ﬁg‘ci in each column also estimated from equation (6).

The rationale behind constructing these thematic long-short portfolios, denoted as wiematic jq ¢

allow for views on the expected alpha of the unique idiosyncratic risk component of a given
thematic benchmark relative to its broader systematic risk exposures to core asset classes. This is
achieved by decomposing the thematic index into its systematic (betas) and thematic risks using
the regression in (6). When the manager holds a positive view on the theme, the portfolio takes a
long position in the thematic index and a short position in its corresponding beta exposures to core
assets. Conversely, a negative view is expressed by shorting the thematic index and going long on
its systematic risk exposure.

2.8. Robust portfolio construction with implied active returns

The final constrained optimal tactical portfolio is built using the method proposed by Issaoui et al.
(2021), which relies on robust portfolio optimization. It starts from the implied returns generated
by the unconstrained tactical active allocation reflecting tactical and thematic views, W tipe-
However, in our approach, we adjust these implied returns to also account for the expected alpha
of the active funds.

The robust portfolio optimization to find the optimal constrained set of active weights

wgf;;‘gfg ained — wfr‘}\’ftmmed — Wgaa can be found by solving for wypa:
constrained __ —T T
Wictive = argmax (W (Wraa — Wsaa ) — A(Wraa — Wsan) Z(Wrpa — Wsan)
WTAA

—k| (Wraa — Wsan) TQ(Wrapa — Wsan)) (25)

Under the desired constraints and with A the investor risk aversion, k the investor aversion to the
uncertainty in expected returns, X the variance co-variance matrix defined in (12), Q the
uncertainty matrix defined in (18). Here, both wgp 4 and wpp s are vectors with n rows. The SAA
vector will obviously have weights set to zero for all funds, benchmarks and core assets not used
in the SAA portfolio. In turn, the tactical portfolio will have all weights constrained to be zero
expect for the allocation to active and passive funds. The implied returns @ for all core assets,
benchmarks and funds used as inputs in (25) are calculated from the unconstrained active portfolio
based on tactical and thematic views, W ¢jye in (21) from:

13



— Qwactive 1
R= 2AZW  tipe + K +-asp (26)
acttve VWactive T @Wactive 14 f

With the last term added to accommodate the expected alphas for each active fund relative to the
exposure to their respective benchmark, a}b = (IR ab, * O'fib — OCR}), including the ongoing
charges ratio of each fund. This alpha is set to zero for all other assets. y is a scaling factor used to
calibrate the conviction on the expected active fund alphas. For very large values of y, the
conviction on the fund alphas will fall to zero. We set the investor risk aversion to uncertainty to

K = 0.23 *min (1, %]S4, | + X,185] 1) 27)

thematic

diluting the aversion to uncertainty from the views, directional or thematic, if the views become
increasingly small, so that the term in y with the alphas from active funds dominates the allocation
when there is lack of conviction in tactical and thematic views. On the other hand, k¥ will not
exceed 0.23, slightly above half the average long-term average Sharpe ratio observed for most
traditional assets, as proposed by Yin et al. (2020).

The risk aversion term is set to:
A==%= (28)

Substituting equation (28) into (26), while neglecting the second and third terms, and assuming a
single directional view on one asset as defined by equation (22), we find that the implied return
from the view is given by @ = 0.4 0 Sgirectionar- Lhis implies that a Syirectionar=100%
corresponds to an expected return of 0.4 per unit of the asset’s volatility, aligned with the average
long-term Sharpe ratio observed for most traditional asset classes. This choice of A allows us to
give a sensible meaning to the actual figures behind the implied returns.

3. RESULTS

In this section, we illustrate the implementation of our robust optimization framework through a
series of examples, with particular emphasis on the intuition behind portfolio allocations.

All data sources and calculation details are documented in the Appendix. The examples begin with
a strategic asset allocation (SAA) portfolio outlined in Table A1, which includes the betas of SAA
indices against core assets derived from equation (6), as well as thematic volatilities relative to the
same core asset combination. Table A2 extends this by presenting the betas and thematic
volatilities of fund benchmarks relative to core assets, also obtained via equation (6).

Table A3 details the characteristics of the funds used to construct the TAA portfolios, while Table
A4 provides the betas of funds against their respective benchmarks obtained from equation (3),
the betas of funds against the core assets obtained from equation (7), and specific volatilities of
the funds obtained from equation (8). Table A4 also includes each fund’s ongoing charges ratio
(OCR), expected information ratio, and final alpha from equation (5).

The factors from the PCA risk model for core assets are summarized in Table AS. The TAA
allocations to funds for all the examples considered below is also in the Appendix, in Table A6.
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Here, we begin by analyzing the impact of fund alphas on the final TAA portfolio under basic
constraints (no shorting, no leverage, and full investment in funds only) without tactical or
thematic views. We then introduce a sustainability constraint, reflecting current market practices
requiring minimum exposure to sustainable investments. Subsequent examples explore the effect
of adding views: First, a tactical view on US equities, followed by a tactical view on EUR
sovereign bonds, and finally a thematic view on disruptive technology.

3.1. No tactical or thematic views

We start with the example with no tactical views and no thematic views. In this case, w,¢tipe Will
be zero.

In the limit of a vanishingly small w, ;. , the term in QW ,¢ive/ \/ Wctive QW gctive in (27) will
converge to a directional unit vector and, because of our choice of k in (22), vanishing with
vanishing active and thematic views, the implied returns in (26) will converge to [t = @y, /7,
dominated by the alpha of the funds.

In this case, as we decrease our confidence in the fund alphas by increasing y, the solution to the
optimization in (25) for the fully invested wa portfolio with the typical no short and no leverage
constraints will converge towards the portfolio with the smallest possible ex-ante tracking error
relative to portfolio wgy 4 that allocates only to funds:

Woltie ¢4 = argmin ((WTAA — Wsaa) TEWrap — WSAA)) (29)
WTAA
In turn, for a given sufficiently small y, with (27), the optimization problem in (24) is only determined

by the two terms:

T
) a 0.4
constrained __ fb ) T
Wctive = argmax | —— (Wrtaa — Wsan ) — RB (Wraa — Wsan) Z(Wran — Wspa)
WTAA 14

(30)

and it becomes invariant to the choice of the ratio RB/y. For a given risk budget RB, reducing y
should favor allocations towards funds with positive alpha, while an increase in y should reduce
their importance relative to the combination of funds that best tracks the SAA portfolio.

The data provided in Tables A1, A2, A4 and A5 is required to implement the portfolio optimization
in equation (30). Under the assumption of no tactical or thematic views, the optimization was
conducted by increasing the investor’s appetite for alpha from active funds. This was achieved by
increasing the ratio RB/y. The only constraints imposed were no short positions, no leverage, and
the requirement that the optimal portfolio be fully and exclusively invested in the funds listed in
Table A4. The SAA used as a reference is detailed in Table A1. The resulting portfolio allocations
to funds is presented in Table A6. To facilitate interpretation and discussion, we analyze the
outcomes by aggregating the selected funds along multiple dimensions, highlighting the impact of
fund alpha appetite on the tactical portfolio and alignment with the SAA.
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At RB/y = 0 (i.e. in the limit of maximum aversion to active fund alpha (y — o) or the limit of zero
risk budget (RB— 0)) the optimal solution corresponds to the portfolio with the minimum tracking
error relative to the SAA portfolio while remaining fully invested exclusively in the funds listed
in Table A3. Indeed, in the Appendix 5.4.1, we show analytically that, for as long as the long only
and the no leverage constrained are fulfilled, the solution to equation (30) yields portfolios that
can be expressed as the sum of the fund allocation that minimizes the tracking error relative to the
SAA, plus a long-short component that scales with RB/y, tilting the final allocation towards funds
with the highest alpha. Moreover, in Appendix 5.4.2, we show that the square of the tracking error
can be written as the sum of the square of the tracking error of the portfolio that minimizes tracking
error plus the square of the variance of the long-short component, with the tilts towards high alpha
funds increasing with the appetite for active alpha (increasing with (RB/ y)?).

As shown in Table 1, with RB/y = 0, the optimized portfolio achieves an ex-ante volatility of
7.35%, marginally higher than the volatility of the SAA portfolio of 7.31%. Its tracking error is
just 0.49% relative to the SAA, indicating strong alignment with the reference allocation.
However, the portfolio comprises both active and passive funds, suggesting that passive funds
alone were insufficient to replicate the SAA with minimal tracking error. Even though in this case
the alpha signals from active funds play no role in determining the allocation, their inclusion
remains important from a risk management standpoint. Active funds help reduce tracking error
while adhering to constraints: no shorting, no leverage, and full investment in the funds listed in
Table A3 only. Even if active fund alpha plays no role in determining the minimum tracking error,
given our fund alpha expectations in Table A4, this portfolio can be expected to marginally
outperform the SAA portfolio by 5 basis points (bp) after accounting for fund costs.

Table 1: TAA portfolios as a function of appetite for active alpha with no tactical or thematic
views.

Optimal Tactical Portfolios as a finction of RB /1y

RB |y 2.00% 0.40% 0.13% 0.04% 0.00%
Portfolio Active Fund Net Alpha 1.41% 0.95% 0.47% 0.18% 0.05%
Tactical & Thematic Implied Excess Returns - - - - -
Information ratio 0.80 0.99 0.77 0.35 0.11
Portfolio Volatility 7.73% 7.42% 7.36% 7.35% 7.35%
Portfolio Tracking Error 1.76% 0.97% 0.61% 0.50% 0.49%
Active Fundamental 72.2% 67.0% 58.1% 50.2% 48.0%
Active Quant 27.8% 32.3% 20.9% 12.7% 7.1%
Passive Index 0.0% 0.7% 21.0% 37.1% 44.8%
Equity 50.8% 44.0% 42.2% 41.4% 41.1%
Fixed Income 39.5% 45.8% 47.8% 48.6% 48.9%
Commodities 7.8% 6.3% 6.1% 6.1% 6.1%
Real Estate 1.9% 3.9% 3.9% 3.8% 3.8%

Note: For illustration purpose only. Past performance is not indicative of future performance. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class, fund approach and philosophy. Authors’ calculations on 1%
September 2025

As confidence in active fund alpha increases, reflected by a higher RB/ y ratio, the optimized
portfolio tilts in favor of active funds. This adjustment captures the additional source of positive,
uncorrelated returns, enhancing the portfolio’s expected performance. The contribution of net
active alpha to the TAA portfolio’s excess return over the SAA grows with RB/y.
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At sufficiently high levels of RB/y, the share of passive funds in the optimized portfolio falls to
zero, and beyond that level we can expect the portfolio to tilt in favor of the active funds with the
highest alpha. This explains why the allocation to equities starts increasing beyond a certain level:
equity active funds have higher alpha than fixed income active funds.

We also see that the allocation to active quant funds in Table 1 declines at the highest RB/y values.
As shown in Table A6, this arises mainly due to a drop in the allocation to fixed income quant
funds, which have smaller net active alpha (see Table A4).

These intuitions are supported by a deeper analysis of the optimization problem presented in
equation (30). In Appendix 5.4.3, we demonstrate analytically, using a simplified example with
two funds, that increasing the appetite for active alpha naturally leads to a greater allocation to the
fund offering the highest net active alpha. This explains why, in a scenario involving one active
equity fund and one active fixed income fund, it is reasonable to expect a tilt towards equity, given
its typically higher net active alpha. Likewise, when choosing between a passive fund and an active
fund with positive net active alpha, the allocation increasingly favors the active fund as the appetite
for active alpha grows.

Table 2: TAA portfolios as a function of appetite for active alpha with no tactical or thematic
views.

Optimal Tactical Portfolios as function of RB /y

RB /y 2.00% 0.40% 0.13% 0.04% 0.00%
Equity Europe Active 12% 16% 14% 12% 11%
Equity USA Active 8.5% 9.5% 5.5% 1.9% 0.3%
Equity Japan Active 12.7% 7.7% 4.6% 1.5% 0.3%
Equity Emerging Active 9.8% 5.0% 1.7% 0.6% 0.1%
Equity World Active 8.1% 5.4% 2.7% 1.0% 0.3%
Bond EUR Sovereign Active - 10.2% 7.4% 3.4% 1.7%
Bond EUR Investment Grade Active - 4.6% 3.1% 1.2% 0.6%
Bond EUR Aggregate Active = 5.0% 11.2% 14.1%
Bond EUR High Yield Active - - 0.1% 0.1% 0.1%
Bond USA Investment Grade Active - 6.6% 5.8% 5.6% 3.7%
Bond USA High Yield Active - 1.9% 3.2% 3.4% 3.5%
Bond Global Agg Active 32.3% 17.0% 15.5% 14.2% 13.5%
Bond Emerging HC Active 7.2% 5.5% 2.7% 0.4% -
Commodities Active 7.8% 6.3% 3.9% 2.9% 2.5%
Real Estate Europe Active 1.9% 3.9% 3.8% 3.4% 3.1%
Equity Europe Passive - - 1.9% 3.5% 4.1%
Equity USA Passive - - 4.5% 8.4% 10.0%
Equity Japan Passive - - 2.2% 5.1% 6.3%
Equity Emerging Passive - 0.7% 4.3% 5.4% 5.9%
Equity World Passive - 0.9% 2.0% 2.4%
Bond EUR Sovereign Passive - - 1.8% 2.6% 2.9%
Bond EUR Investment Grade Passive - - -
Bond USA Investment Grade Passive - - - - 1.8%
Bond Emerging HC Passive - - 3.1% 6.4% 7.1%
Commodities Passive - - 2.3% 3.2% 3.7%
Real Estate Europe Passive - - 0.1% 0.5% 0.6%

Note: For illustration purpose only. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class, fund approach, coverage areas, and for bonds, by investment
styles. Authors’ calculations on 1% September 2025.

In Table 2, we regroup the portfolios with no tactical and no thematic views from Table A6 by
fund type, fund philosophy, coverage areas, and investment styles. This aggregation reveals that,
as confidence in the expected alpha of active funds increases, the optimal fund allocation diverges
significantly from the original minimum tracking error portfolio. In this specific case, several funds
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that were nearly absent from the portfolio with the smallest tracking error relative to the SAA
become dominant at high levels of confidence in active fund alpha. For fixed income, the allocation
eventually becomes concentrated entirely in just two active bond funds — those with the highest
expected alpha in Table A4.

However, these changes in the allocation to funds arise from increasing exposure to high alpha
active funds without compromising the exposures to core assets in the SAA. As shown in Table 3,
the exposures to core assets of these optimized portfolios, constructed under varying levels of
confidence in active fund alphas, remain closely aligned with the exposures of the SAA. This
indicates that the optimizer effectively combines available funds to maximize expected active fund
alpha while preserving the overall risk profile of the reference allocation. The rise in tracking error
is thus driven almost entirely by the inclusion of uncorrelated alpha sources from active funds,
despite substantial changes in the underlying fund composition.

Table 3: Betas of TAA portfolios relative to core assets as a function of appetite for active alpha
with no tactical or thematic views.

Portfolio Beta exposures of to Core Assets
Optimal Tactical Portfolios as a function of RB /'y .

RB /y 2.00% 0.40% 0.13% 0.04% 0007 | SAAPortble
Equity Europe EMU 0.05 0.07 0.08 0.08 0.08 0.08
Equity Europe EMU SC 0.01 0.02 0.02 0.02 0.02 0.01
Equity Europe UK 0.04 0.06 0.06 0.06 0.06 0.06
Equity North America USA 0.14 0.12 0.12 0.12 0.12 0.12
Equity North America USA SC - 0.01 - - - -
Equity Pacific Japan 0.12 0.08 0.07 0.07 0.07 0.07
Equity Emerging Global 0.09 0.05 0.06 0.06 0.06 0.06
Bond EUR Sovereign 0.07 0.14 0.16 0.17 0.17 0.13
Bond EUR Investment Grade 0.05 0.08 0.09 0.09 0.09 0.05
Bond EUR High Yield - - - - - 0.01
Bond USD Sovereign 0.14 0.07 0.06 0.05 0.05 0.13
Bond USD Investment Grade 0.03 0.08 0.07 0.07 0.06 0.05
Bond USD High Yield - 0.02 0.03 0.03 0.03 0.04
Bond EMD HC Sov Global 0.11 0.08 0.07 0.07 0.07 0.07
Bond EMD LC Sov Global - - - - - -
Diversification Real Estate Pan-Europe 0.02 0.04 0.04 0.04 0.04 0.04
Diversification Commodity Global 0.07 0.05 0.05 0.05 0.05 0.05
Currency USD 0.23 0.18 0.18 0.18 0.18 0.18
Currency GBP 0.04 0.06 0.06 0.06 0.06 0.06
Currency JPY 0.12 0.08 0.07 0.07 0.07 0.07

Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

Finally, Figure 1 illustrates the contributions of systematic, thematic, and specific risk to portfolio
tracking error, based on the risk model described in Section 2.4. The results indicate that as the
appetite for active alpha increases with RB/y, the rise in tracking error is driven primarily by higher
specific risk, resulting from greater allocations to active funds, as desired. Contributions from
thematic and systematic risk remain negligible for most of the range. Only at the highest levels of
active alpha appetite does the allocation introduce additional systematic risk, as this becomes the
only way to satisfy the increased demand for active exposure. Conversely, when there is no
appetite for active alpha (RB/y = 0.00%), tracking error arises mainly from residual specific and
thematic risk that cannot be further reduced given the available fund selection, while the
contribution from systematic risk remains minimal.

18



Based on the results in this section, we chose to work with RB/y = 0.13%, i.e., with a risk budget
RB=2% and with y = 15, for the remainder of the paper. This choice represents a reasonable trade-
off between capturing meaningful active fund alpha net contributions and avoiding excessive
concentration in a narrow subset of higher alpha funds. At this level, the portfolio achieves a
diversified allocation across active strategies while remaining well-aligned with the SAA
exposures.

Figure 1: Contributions of systematic, thematic, and specific risk to the tracking error of the
TAA portfolios as a function of RB/y.

2.0%
1.8%
1.6%

1.4%

1.2%
1.0%
0.8%
0.6%
0.4%
0.2%
0.0% o . [

Systematic risk Thematic risk Specific risk Total risk
m2.00% m040% ®m0.13% ©0.04% = 0.00%

Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1
September 2025.

3.2. No tactical or thematic views and additional constraints

We now repeat the exercise from the previous section, this time introducing a constraint on the
portfolio’s allocation — that of sustainable investments. This constraint should push the portfolios
to increasingly favor funds with the highest sustainable investment allocations, even if we did not
explicitly express a positive thematic view in favor of funds with higher allocations to sustainable
investments.
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In Table 4, we regroup the results for minimum sustainable investment (SI) constraint in Table A6.
The results indicate that, for the set of funds used in the example, portfolio allocations appear
largely unchanged up to a 30% minimum allocation to sustainable investments. However, once
the minimum allocation to SI exceeds 40%, allocations start changing and the tracking error begins
to rise. At the 75% threshold, the tracking error increases significantly as the allocation becomes
dominated by active fundamental funds and the allocation to fixed income increases.

Table 4: TAA portfolios with minimum allocation to a sustainable investment constraint and no
tactical or thematic views.

Optimal Tactical Portfolios with Minimum allocation to Sustainable Investments
Minimum SI 0% 30% 40% 50% 75%
Portfolio Active Fund Net Alpha 0.47% 0.47% 0.51% 0.52% 0.33%
Tactical & Thematic Implied Excess Returns - - - - -
Information ratio 0.77 0.77 0.77 0.67 0.12
Portfolio Volatility 7.36% 7.36% 7.37% 7.38% 6.92%
Portfolio Tracking Error 0.61% 0.61% 0.66% 0.77% 2.66%
Active Fundamental 58.1% 58.1% 65.1% 70.6% 95.1%
Active Quant 20.9% 20.9% 19.0% 17.7% 4.9%
Passive Index 21.0% 21.0% 15.9% 11.7% 0.0%
Equity 42.2% 42.2% 42.8% 43.5% 40.0%
Fixed Income 47.8% 47.8% 47.2% 46.5% 54.9%
Commodities 6.1% 6.1% 6.1% 6.1% 0.0%
Real Estate 3.9% 3.9% 3.9% 4.0% 52%

Note: For illustration purpose only. Past performance is not indicative of future performance. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class and fund approach and philosophy. Authors’ calculations on 1
September 2025.

Table 5: TAA portfolios with minimum allocation to a sustainable investment constraint and no
tactical or thematic views.

Optimal Tactical Portfolios with Minimum allocation to Sustainable Investments
Minimum SI 0% 30% 40% 50% 75%
Equity Europe Active 14% 14% 14% 15% 16%
Equity USA Active 5.4% 5.4% 7.0% 7.7% -
Equity Japan Active 4.6% 4.6% 4.6% 4.6% -
Equity Emerging Active 1.7% 1.7% 1.7% 1.7% -
Equity World Active 2.7% 2.7% 3.5% 4.5% 24.4%
Bond EUR Sovereign Active 7.5% 7.5% 7.1% - -
Bond EUR Investment Grade Active 3.1% 3.1% 0.8% - -
Bond EUR Aggregate Active 5.0% 5.0% - - -
Bond EUR High Yield Active - - 0.3% 0.4% -
Bond USA Investment Grade Active 5.8% 5.8% 4.7% 2.8% -
Bond USA High Yield Active 3.2% 3.2% 2.8% 1.5% -
Bond Global Agg Active 15.5% 15.5% 26.6% 37.9% 54.9%
Bond Emerging HC Active 2.7% 2.7% 3.0% 3.9% -
Commodities Active 3.9% 3.9% 3.9% 3.9% -
Real Estate Europe Active 3.8% 3.8% 3.9% 4.0% 5.2%
Equity Europe Passive 1.9% 1.9% 1.5% 1.3% -
Equity USA Passive 4.5% 4.5% 1.2% - -
Equity Japan Passive 2.2% 2.2% 1.8% 1.6% -
Equity Emerging Passive 4.3% 4.3% 4.1% 4.0% -
Equity World Passive 0.9% 0.9% 2.9% 2.7% -
Bond EUR Sovereign Passive 1.7% 1.7% - - -
Bond EUR Investment Grade Passive - - - - -
Bond USA Investment Grade Passive - - - - -
Bond Emerging HC Passive 3.1% 3.1% 2.1% - -
Commodities Passive 2.3% 2.3% 2.2% 2.2% -
Real Estate Europe Passive 0.1% 0.1% - - -

Note: For illustration purpose only. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class, fund approach, coverage areas, and for bonds, by investment
styles. Authors’ calculations on 1% September 2025.
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Using an alternative grouping, Table 5 shows that when a minimum of 75% allocation to
sustainable investments is imposed, the portfolio becomes heavily concentrated in Bond Global
Aggregate Active, which includes the Bonds Global Green Active Fundamental Art 9 fund, and
Equity World Active, which includes the Equity World Water Active Fundamental Art 9 fund —
see Table A6 for allocation with funds. The remaining allocation is directed to Equity Europe
Active, spread across two active funds. So, it is the fact that only two funds listed in Table A3
exceed the 75% sustainability threshold which explains the resulting lack of fund diversification.

Moreover, the concentration required to meet a 75% minimum allocation to sustainable
investments reduces the allocation to higher-alpha active funds, which explains the fall in the
expected information ratio. In the absence of an explicit positive thematic view favoring funds
with larger sustainable allocations, and given the current fund universe, such a high minimum
threshold increases exposure to a single fixed-income fund with relatively low net active alpha,
contributing to the drop in the information ratio.

As shown in Table 6, despite the reduction in fund diversification caused by the increasing
allocation to funds with high sustainable investment exposure, the portfolios maintain a reasonable
alignment with the core asset class exposures in the SAA up to a minimum 50% allocation. The
optimizer successfully finds a reasonable compromise of fund allocation, preserving alignment
with the SAA portfolio.

Table 6: Betas of TAA portfolios relative to core assets as a function of minimum allocation to a
sustainable investment constraint and no tactical or thematic views

Portfolio Beta exposures of to Core Assets
SAA Portfolio Optimal Tactical Portfolios with Minimum allocation to Sustainable Investments
Minimum SI 0% 30% 40% 50% 75%
Equity Europe EMU 0.08 0.08 0.08 0.08 0.08 0.07
Equity Europe EMU SC 0.01 0.02 0.02 0.02 0.02 0.04
Equity Europe UK 0.06 0.06 0.06 0.06 0.07 0.09
Equity USA 0.12 0.12 0.12 0.11 0.11 0.06
Equity USA SC - 0.00 0.00 0.00 0.01 0.05
Equity Pacific Japan 0.07 0.07 0.07 0.07 0.07 0.03
Equity Emerging Global 0.06 0.06 0.06 0.06 0.06 0.01
Bond EUR Sovereign 0.13 0.16 0.16 0.14 0.11 0.16
Bond EUR Investment Grade 0.05 0.09 0.09 0.11 0.17 0.26
Bond EUR High Yield 0.01 0.00 0.00 0.00 0.00 0.00
Bond USD Sovereign 0.13 0.06 0.06 0.08 0.10 0.15
Bond USD Investment Grade 0.05 0.07 0.07 0.06 0.05 0.03
Bond USD High Yield 0.04 0.03 0.03 0.03 0.01 0.00
Bond EMD HC Sov Global 0.07 0.07 0.07 0.06 0.05 0.00
Bond EMD LC Sov Global - 0.00 0.00 0.00 0.00 0.00
Diversification Real Estate Pan- Europe 0.04 0.04 0.04 0.04 0.04 0.05
Diversification Commodity Global 0.05 0.05 0.05 0.05 0.05 0.00
Currency USD 0.18 0.18 0.18 0.18 0.17 0.12
Currency GBP 0.06 0.06 0.06 0.06 0.07 0.09
Currency JPY 0.07 0.07 0.07 0.07 0.07 0.03

Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

Figure 2 shows the contributions of systematic, thematic, and specific risk to portfolio tracking
error of the portfolios discussed in this section. For the given fund selection, the results indicate
that when the required minimum allocation to sustainable investments is below 50%, tracking error
remains broadly aligned with that of an unconstrained portfolio. In this range, tracking error is
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driven mainly by specific risk, consistent with the targeted appetite for active alpha. However, at
much higher minimum allocations, e.g. at 75%, the portfolio is forced to introduce exposures to
systematic and thematic risk. Given the current investment views in this example, these risks are
not expected to contribute to performance. Therefore, under these conditions and with this fund
universe, imposing a 75% minimum allocation to sustainable investments is suboptimal.

Figure 2: Contributions of systematic, thematic, and specific risk to the tracking error of the
TAA portfolios as a function of the minimum sustainable investment (SI) constraint.
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Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1
September 2025.

3.4. Tactical and thematic views

We now examine the impact of incorporating tactical and thematic views into the portfolio. These
views are analyzed separately. First, we introduce a directional view on Equity USA, testing five
different values for Sgirectionar 1N €quation (22), ranging from very negative (-100%) to very
positive (+100%). We then repeat the exercise for a directional view on Bond EUR Sovereign,
with Sgirectionar Varying also from -100% to +100%. Finally, we assess a thematic view on
Disruptive Tech, where S¢pematic 1n €quation (23) also ranges from -100% to +100%. The thematic
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view requires constructing the matrix in equation (24) by using the exposures of the Equity Global
All Countries Disruptive Tech index in Table A4.

The portfolios are constructed by solving equation (25), using the implied returns from equation
(26), the active allocations constructed from equations (23) and (24) and the different Sg;rectionat
and Sipematic Signals. As noted earlier, we set RB = 2% and y = 15. The TAA portfolios are fully
invested and subject to the no short and no leverage constraints. Table A6 in the appendix presents
the optimal TAA portfolios together with the underlying fund allocations. Below, we analyze the
results by examining various aggregations of the portfolios shown in Table A6.

Table 7 summarizes several key results for these portfolios. First, it shows the net alpha
contribution from active fund investments, calculated by multiplying the TAA portfolio weights
from Table A6 by the net alphas of each fund listed in Table A4. This approach reflects the use of
y to change the impact of active fund alphas in the portfolio optimization, without altering our
underlying views on those alphas. For a similar reason, Table 7 also presents the expected excess
return of the TAA portfolio relative to the SAA arising from the tactical and thematic views,
calculated by multiplying the active weights of portfolios TAA relative to SAA by the first term
of the implied returns from equation (26), i.e., excluding the second term on x and third term on

1/y.

Table 7: TAA portfolios with either tactical or thematic views.

Optimal Tactical Portfolios with views
Equity USA view (S girectionat ) Bond EUR Sovereign View (S yirecrionat ) Disruptive Tech Thematic view (S jemaric )

S -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100%
Portfolio Active Fund Net Alpha 0.29% 037% 047% 035% 031% | 0.44% 0.42% 047% 024% 0.16% | 0.22% 0.28% 0.47% 0.51% 0.50%
Tactical & Thematic Implied Excess Returns | 0.72%  0.20% - 0.21% 0.78% | 0.19%  0.06% - 0.11%  0.32% - - - 0.11%  0.31%
Total Excess Return 1.01% 0.56% 0.47% 0.56% 1.10% | 0.63% 0.52% 0.47% 0.44% 0.48% | 0.22% 0.28% 0.47% 0.67% 0.81%
Information ratio 0.52 0.48 0.77 0.47 0.53 0.59 0.63 0.77 0.54 0.41 0.41 0.51 0.77 0.72 0.67

Portfolio Volatility 6.19% 6.71% 7.36% 8.11% 8.85% | 7.72%  7.55% 7.36% 728% 7.17% | 7.41% 738% 7.36% 7.45% 7.54%
Portfolio Tracking Error 1.94% 1.18% 0.61% 1.19% 2.05% | 1.06% 0.83% 0.61% 0.81% 1.16% | 0.54% 0.55% 0.61% 0.93% 1.22%
Active Fundamental 68.9% 658% 58.1% 51.8% 462% | 51.8% 53.5% 58.1% 382% 28.0% | 522% 55.5% 58.1% 68.2%  69.9%
Active Quant 10.7% 13.9% 209% 13.4% 12.1% | 193% 18.6% 20.9% 6.2% 3.1% 10.1% 11.8% 20.9% 12.9% 9.7%
Passive Index 20.4% 203% 21.0% 34.7% 41.7% | 28.9% 27.9% 21.0% 55.6% 689% | 37.7% 32.8% 21.0% 18.9%  20.4%
Equity 29.8% 35.6% 422% 482% 53.8% | 442% 43.6% 422% 39.6% 38.0% | 41.8% 41.9% 422% 403% 39.4%
Fixed Income 60.0% 54.2% 47.8% 42.0% 36.4% | 44.9% 46.0% 47.8% 50.8% 53.0% | 482% 48.1% 47.8% 49.7%  50.7%
Commodities 6.7% 6.3% 6.1% 5.7% 5.4% 7.8% 7.1% 6.1% 4.9% 3.9% 6.0% 6.0% 6.1% 6.1% 6.1%
Real Estate 3.5% 3.8% 3.9% 4.1% 4.4% 3.0% 3.3% 3.9% 4.7% 5.1% 4.0% 4.0% 3.9% 3.9% 3.8%

Note: For illustration purpose only. Past performance is not indicative of future performance. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class and fund approach and philosophy. Authors’ calculations on 1
September 2025.

As the tactical view on the core asset Equity USA shifts from negative to positive, the portfolio’s
allocation to equities increases significantly, as expected, offset by a corresponding decrease in
fixed income exposure. Conversely, for Bond EUR Sovereign, a more positive view results in
higher allocations to fixed income, with a reduction in equity exposure.

For the tactical views on Equity USA and Bond EUR Sovereign, the results in Table 7 show that
strong directional views lead to an increase in expected excess returns and to an increase in tracking
error, regardless of whether the view is positive or negative.

Another important observation is that the allocation to passive funds tends to increase as the
tactical view on equities or sovereign bonds becomes more positive.
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For the thematic view on Disruptive Tech, only positive views create positive excess returns and
increase tracking error. Here, the share of passive decreases as we become more bullish on
Disruptive Tech.

The results in Table 8 help clarify what is going on. A positive tactical view on Equity USA is
primarily implemented through increased allocations to US passive equity funds, while the share
of US active equity funds remains relatively stable. This stability persists until the tactical view
becomes sufficiently negative, at which point all US equities are removed from the portfolio. As
the view on Equity USA turns negative, the declining allocation to US equities is offset by a shift
towards the most attractive form of fixed income, specifically, the two Aggregate Fixed Income
Active funds, which are the least volatile.

A strong positive tactical view on Bond EUR Sovereign is primarily implemented through
increased allocations to passive sovereign bond funds, accompanied by a broad reduction in active
fixed income exposure, except for a few select positions. As the tactical view turns negative, the
portfolio shifts towards greater allocations to active fixed income funds, particularly concentrating
in Bond Global Aggregate Active and Bond Euro Investment Grade funds. This is because these
two funds have the least volatility. This reallocation occurs with minimal changes to equity
exposures, both active and passive, highlighting the preference for reallocating within fixed
income rather than adjusting equity positions in response to sovereign bond views.

Table 8: TAA portfolios with either tactical or thematic views.

Optimal Tactical Portfolios with views

Equity US view (S girectionat ) Bond EUR Sovereign view (S giectionat ) Disruptive Tech Thematic view (S yemaric )
S -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100%
Equity Europe Active 14% 14% 14% 13% 12% 14% 14% 14% 12% 10% 12% 13% 14% 13% 13%
Equity USA Active - 3.7% 5.5% 3.7% 3.4% 4.0% 4.2% 5.5% 2.7% 1.5% 2.0% 2.9% 5.5% 3.2% -
Equity Japan Active 3.6% 3.6% 4.6% 3.0% 2.6% 3.6% 3.7% 4.6% 2.2% 1.0% 1.7% 2.5% 4.6% 3.0% 2.6%
Equity Emerging Active 1.5% 1.4% 1.7% 1.1% 0.9% 1.6% 1.6% 1.7% 0.7% 0.1% 0.7% 0.9% 1.7% 1.2% 1.0%
Equity World Active 0.3% 2.0% 2.7% 1.7% 1.6% 2.5% 2.1% 2.7% 1.3% 1.7% 0.7% 0.9% 2.7% 9.5%  12.3%
Bond EUR Sovereign Active 1.7% 3.7% 7.4% 3.8% 1.6% - - 7.4% 1.1% - 3.7% 4.6% 7.4% 5.6% 5.3%
Bond EUR Investment Grade Active - - 3.1% - - 11.7%  72% 3.1% - - - - 3.1% - -
Bond EUR Aggregate Active 18.1% 13.1%  5.0% - - - - 5.0% - - 1.7% 3.2% 5.0% 6.7% 6.4%
Bond EUR High Yield Active 1.0% 1.0% 0.1% 0.6% 0.6% 2.1% 1.4% 0.1% 0.4% - 1.2% 1.0% 0.1% 0.8% 0.9%
Bond USA Investment Grade Active | 3.8% 3.8% 5.8% 4.9% 4.6% 3.2% 3.6% 5.8% - - 3.9% 4.1% 5.8% 4.2% 4.1%
Bond USA High Yield Active 4.1% 4.0% 3.2% 3.1% 2.8% 5.6% 4.7% 3.2% 2.3% 1.0% 3.8% 3.6% 3.2% 3.5% 3.6%
Bond Global Aggregate Active 25.0% 22.4% 155% 194% 154% | 16.4% 232% 155%  8.6% 12% | 23.8% 22.9% 155% 22.5% 23.7%
Bond Emerging HC Active - - 2.7% 4.0% 5.4% - - 2.7% 5.9% 6.5% 0.6% 1.1% 2.7% 0.9% 0.2%
Commodities Active 3.5% 3.5% 3.9% 3.4% 3.3% 3.4% 3.4% 3.9% 3.2% 2.9% 2.9% 3.1% 3.9% 3.3% 3.2%
Real Estate Europe Active 3.3% 3.6% 3.8% 3.9% 4.1% 2.7% 3.0% 3.8% 4.3% 4.7% 3.5% 3.6% 3.8% 3.6% 3.5%
Equity Europe Passive 2.7% 2.9% 1.9% 2.2% 2.3% 2.9% 2.8% 1.9% 2.4% 2.5% 3.4% 3.0% 1.9% 2.5% 2.6%
Equity USA Passive - - 45% 13.1% 18.5% | 7.8% 7.6% 4.5% 5.8% 5.2% 8.8% 8.0% 4.5% - -
Equity Japan Passive 3.4% 3.4% 2.2% 3.7% 4.1% 3.1% 3.1% 2.2% 4.6% 5.6% 5.1% 4.4% 2.2% 4.0% 4.5%
Equity Emerging Passive 4.4% 4.6% 43% 4.8% 5.0% 4.4% 4.4% 43% 5.2% 5.6% 5.3% 5.1% 4.3% 3.9% 3.4%
Equity World Passive - - 0.9% 2.1% 3.3% - - 0.9% 3.0% 4.3% 1.8% 1.5% 0.9% - -
Bond EUR Sovereign Passive - - 1.8% 4.5% 5.7% - - 18%  273% 384% | 3.9% 2.5% 1.8% 0.2% 0.5%
Bond EUR Investment Grade Passive - - - - - - - - - - - - - - -
Bond USA Investment Grade Passive - - - - 0.4% - - - 52% 5.8% - - - - -
Bond Emerging HC Passive 6.3% 6.2% 3.1% 1.6% - 5.9% 6.0% 3.1% - - 5.8% 5.1% 3.1% 5.3% 6.1%
Commodities Passive 3.3% 2.8% 2.3% 2.4% 2.1% 4.4% 3.7% 2.3% 1.7% 1.0% 3.1% 2.8% 2.3% 2.8% 2.9%
Real Estate Europe Passive 0.2% 0.2% 0.1% 0.3% 0.3% 0.3% 0.2% 0.1% 0.4% 0.4% 0.5% 0.4% 0.1% 0.3% 0.3%

Note: For illustration purpose only. Not investment advice.

Source: Based on the results in Table A6 aggregated by asset class, fund approach, coverage areas, and for bonds, by investment
styles. Authors’ calculations on 1% September 2025.

The thematic view on Disruptive Tech primarily results in a reallocation from US passive equities,
and to a lesser extent from US active equities, towards Equity World Active. This shift reflects the
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inclusion of the Equity World Disruptive Tech Active Fundamental Art 8 fund within the Equity
World Active category, allowing the portfolio to express the thematic view while maintaining
diversification. The adjustment highlights how thematic convictions can be implemented through
broader active global equity exposures when dedicated passive instruments are limited or
unavailable.

Table 9 presents the portfolio regrouped by asset class and style, allowing for a clearer
interpretation of thematic impacts. A positive view on Disruptive Tech leads to a noticeable
increase in allocation to this theme, primarily funded by reductions across other equity styles. In
contrast, implementing a negative view proves more challenging, as the baseline allocation to
Disruptive Tech in the portfolio without thematic conviction is already minimal and quickly drops
to zero. This explains the absence of positive excess returns in Table 7 for portfolios reflecting a
negative view on Disruptive Tech.

Finally, we examine the portfolios through their beta exposures to core asset classes, focusing on
those targeted by tactical views, namely Equity USA and Bond EUR Sovereign. Table 10 presents
the results, and despite the significant changes in fund allocations shown in Table A6, the actual
exposures to core assets behave as expected. Most exposures remain closely aligned with those in
the SAA portfolio, while exposures to the core assets influenced by tactical views adjust
accordingly. This confirms that the optimization process effectively translates tactical signals into
meaningful shifts in asset class exposure without disrupting the overall portfolio structure.

Table 9: TAA portfolios with thematic views on Disruptive Tech.

Optimal Tactical Portfolios with views

Disruptive Tech Thematic view (S yemaic )

S pemaic -100%  -50% 0%  50%  100%
Equity Mid-large 35%  34%  32%  24%  22%
Equity Dividend 5.6% 5.4% 5.1% 5.4% 5.5%
Equity Value 0.4% 0.6% 1.2% 0.7% -
Equity Growth 04%  0.6% 1.0%  0.5%

Equity Water 02%  02%  0.6%  0.1% -
Equity Disruptive Tech - - 0.9% 85%  123%
Equity Low Risk 0.5% 0.7% 1.2% 0.8% -
Bonds Sovereign 7.6% 7.1% 9.2% 5.8% 5.8%
Bonds Investment Grade 3.9% 4.1% 8.9% 42% 4.1%
Bonds High Yield 49%  47%  33%  44%  45%
Bonds Aggregate 10.5%  12.0% 12.6% 159% 16.1%
Bonds HC 6.3% 6.2% 5.8% 6.1% 6.3%
Bonds Green 150%  141%  7.9% 13.3%  14.0%
Commodities 6.0% 6.0% 6.1% 6.1% 6.1%
Real Estate 4.0% 4.0% 3.9% 3.9% 3.8%

Note: For illustration purpose only. Not investment advice.

Source: Based on the results in Table A6, aggregated by asset class and investment styles. Authors’ calculations on 1% September
2025.

For Equity USA, a strongly negative directional view leads to a complete removal of exposure to
this core asset class, accompanied by an increased allocation to Bond EUR Sovereign. Conversely,
under the most aggressive positive view on Equity USA, the portfolio significantly overweights
its exposure relative to the SAA, with a corresponding reduction in Bond EUR Sovereign
exposure. These shifts are also reflected in changes to USD currency exposure, which adjusts in
line with the evolving allocation to US equities.
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Table 10: Betas of TAA portfolios relative to core assets in portfolios with either tactical or
thematic views

Beta exposures of to Core Assets

SAA Equity US view (S giectional ) Bond EUR Sovereign view (S yiecional ) Disruptive Tech Thematic view (S yemaric )
S Portfolio| -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100% | -100%  -50% 0% 50% 100%
Equity Europe EMU 0.08 0.08 0.08 0.08 0.07 0.07 0.08 0.08 0.08 0.07 0.07 0.08 0.08 0.08 0.07 0.07
Equity Europe EMU SC 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Equity Europe UK 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.05
Equity North America USA 0.12 - 0.04 0.12 0.19 0.25 0.12 0.12 0.12 0.11 0.11 0.12 0.12 0.12 0.12 0.12
Equity North America USA SC - - - - - - - - - - - - - - - -
Equity Pacific Japan 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Equity Emerging Global 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Bond EUR Sovereign 0.13 0.20 0.18 0.16 0.13 0.11 0.04 0.06 0.16 0.30 0.38 0.15 0.15 0.16 0.16 0.16
Bond EUR Investment Grade 0.05 0.13 0.11 0.09 0.07 0.06 0.14 0.14 0.09 0.03 0.01 0.09 0.09 0.09 0.09 0.10
Bond EUR High Yield 0.01 0.01 0.01 - 0.01 0.01 0.02 0.01 - - - 0.01 0.01 - 0.01 0.01
Bond USD Sovereign 0.13 0.09 0.08 0.06 0.06 0.05 0.07 0.08 0.06 0.03 - 0.08 0.08 0.06 0.08 0.08
Bond USD Investment Grade 0.05 0.06 0.05 0.07 0.06 0.06 0.05 0.05 0.07 0.06 0.06 0.06 0.06 0.07 0.06 0.06
Bond USD High Yield 0.04 0.04 0.04 0.03 0.03 0.03 0.05 0.04 0.03 0.02 0.01 0.04 0.03 0.03 0.03 0.03
Bond EMD HC Sov Global 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.07 0.08 0.09 0.07 0.07 0.07 0.07 0.07

Bond EMD LC Sov Global - - - - - - - - - - - - - - - -
Diversification Real Estate Pan-Europe| 0.04 0.03 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.05 0.05 0.04 0.04 0.04 0.04 0.04

Diversification Commodity Global 0.05 0.06 0.05 0.05 0.05 0.04 0.06 0.06 0.05 0.04 0.03 0.05 0.05 0.05 0.05 0.05
Currency USD 0.18 0.06 0.11 0.18 0.25 0.31 0.19 0.18 0.18 0.18 0.17 0.18 0.18 0.18 0.18 0.18
Currency GBP 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.05
Currency JPY 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1
September 2025.

For tactical views on Bond EUR Sovereign, exposure to this core asset class decreases as the view
turns negative, with increased allocations to Bond EUR Investment Grade serving as a
compensating adjustment. Under a strongly positive view, exposure to Bond EUR Sovereign rises
significantly, primarily at the expense of Bond EUR Investment Grade, and to a lesser extent, Bond
USD Sovereign and Bond USD High Yield.

For the thematic view on Disruptive Tech, all excess returns are generated with minimal impact
on exposures to core asset classes, which remain closely aligned with those in the SAA portfolio.
This stability is reassuring, as it confirms that thematic tilts can be implemented without
compromising the portfolio’s overall strategic balance.

In Appendix 5.4.4, we present a simplified example that explains many of the results observed in
this section. We focus on a portfolio invested in a single asset class only, equities, on which there
is a tactical view. The portfolio can invest in a passive equity fund and in an active equity fund
offering positive net active alpha. We show that, as the tactical view on equities becomes more
positive, the overall allocation to the passive equity fund increases for as long as the active fund
exhibits a higher tracking error relative to the equity core index than the passive fund. Conversely,
when views turn negative, the portfolio has a preference to reduce the exposure to the passive fund.
To simplify, we ignored the uncertainty term in the robust optimization, assumed that both funds
have broadly similar beta to the core asset index and that the no leverage and no short constraints
were fulfilled. We also provide a more a general example: that the tracking error of the TAA
portfolio relative to the SAA portfolio increases as views become more extreme, whether positive
or negative. The tracking error behaves in a monotonic fashion, reaching a minimum when the
view on equities is neutral. By deriving the analytical expression for this tracking error, we
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demonstrate in Appendix 5.4.5 that it is a positive function of the positive expected return implied
by the tactical view, regardless of the tactical direction of the view.

Figure 3: Contributions of systematic, thematic, and specific risk to the tracking error of the
TAA portfolios as a function of the signal Sairecrionar for the US Equity tactical view.
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Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1
September 2025.

Figures 3, 4, and 5 show the contributions of systematic, thematic, and specific risk to the tracking
error of the portfolios discussed in this section, reflecting tactical directional views on US Equity,
EUR Sovereign Bonds, and a thematic view on Disruptive Tech, respectively.

Figures 3 and 4 show a clear increase in portfolio tracking error as tactical views on US Equity or
EUR Sovereign Bonds become more positive or negative. This increase is driven primarily by a
higher contribution from systematic risk. When the tactical view is neutral on these asset classes,
systematic risk becomes negligible, and tracking error is instead dominated by specific risk. In
both cases, thematic risk remains consistently small. These results align with expectations for
portfolios incorporating tactical views and are supported by the analytical discussions in
Appendices 5.4.4 and 5.4.5.
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Figure 4: Contributions of systematic, thematic, and specific risk to the tracking error of the
TAA portfolios as a function of the signal Sgireciiona for the Bond EUR Sovereign tactical view.
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Note: For illustration purpose only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

Figure 5 illustrates the impact of changing a thematic view on Disruptive Tech on the contributions
of systematic, thematic, and specific risk to the tracking error of the TAA portfolios. As expected,
changes in this view have almost no effect on systematic risk, which remains negligible
throughout. When the view becomes more positive, the tracking error rises due to higher
contributions from both thematic and specific risk. The increase in specific risk occurs because the
only funds in the selected universe with exposure to the Disruptive Tech theme are active funds,
which carry specific risk. Conversely, when the view turns negative, tracking error changes only
marginally as thematic risk increases only slightly, while specific risk declines. This limited impact
is due to the long-only constraint: portfolios can remove funds exposed to Disruptive Tech but
cannot short sell them, restricting the ability to fully capitalize on this negative thematic view.
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Figure 5: Contributions of systematic, thematic, and specific risk to the tracking error of the TAA
portfolios as a function of the Siemasic for the Disruptive Tech thematic view.
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Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

4. CONCLUSIONS

This paper introduces a robust optimization framework for constructing multi-asset portfolios that
allocate to both active and passive funds, addressing the practical challenges faced by asset
managers, asset owners, distributors and robo-advisors. By explicitly accounting for tactical and
thematic investment views, expected alpha from active funds, ongoing fund charges, tracking error
constraints, and the fact that investment views can be expressed using a set of benchmark indices
that may differ from those used in the SAA portfolio and for benchmarking passive and active
funds, the framework enables the creation of TAA portfolios that reflect — in a transparent and
scalable way — the different sets of investment views.

The framework provides the means to trade off net active alpha from active funds against the
expected return from tactical views. This will result in different allocations to passive and active
funds as a function of the appetite for active alpha. As confidence in active fund alpha increases,
the portfolio tilts towards funds with higher expected net alpha, while strong tactical views are
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primarily implemented through increased allocations to passive funds of the underlying asset class.
The analytical examples in appendices and empirical results confirm that tracking error rises
monotonically as tactical views become more extreme, irrespectively of direction of view, with
the lowest tracking error occurring at neutral views.

Overall, the proposed framework provides a practical and robust solution for implementing multi-
asset portfolios that reflect investment views with real-world constraints. It offers asset managers,
institutional investors and robo-advisors a transparent methodology for balancing strategic
exposures, active alpha, and tactical convictions, paving the way for scalable and customizable
portfolio solutions in an increasingly digitalized investment landscape.

5. APPENDIX

5.1 Exposures of benchmarks and funds to the core assets

The LASSO regressions (Tibshiran (1996)) used to decide which core assets should be retained in
the regressions (5) of benchmarks against core assets are based on the following equation:

Buasso = min(XR}, (1) ~ (Bhe) XR(0)"(XR}, () + Bhe XR(D) +2[|Bic]l, (A1)

which minimizes the residual sum of squares with an £ penalty on the coefficients, and the
regularization parameter A tuned via cross-validation over a grid of 100 values spanning from Az,
the smallest value that zeroes all coefficients, to A,in= Amax/10°. The final 1 is selected using the
one-standard-error rule to balance sparsity and predictive performance, as proposed in Hastie et
al. (2015).

In Table Al, we show the assets in the SAA portfolio with their corresponding weights and
benchmark indices. The thematic volatility and betas are obtained from the regression in equation
(6) after selecting the core assets for the regression using the LASSO approach described above.
In Table A2, we show results equivalent to those in Table A1 but now for the benchmarks of funds
with characteristics in Table A3.
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Table Al: SAA Indices: SAA weights, thematic volatilities and beta against Core Assets

Beta of SAA assets to Core Assets
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SAA Assets Tickers | 9] %) Eled|ld & & § § 8§ |8 & & & & & @ @ a]0 © ©
Equity Europe M7EU Index 1 No | 16% [ 1.8% [ 0.99 [0.49 0.09 0.37 0.37
Equity USA NDDUUS Index 1 No [ 12% [ 0.0% [ 1.00 1.00 1.00
Equity Japan NDDLIN Index 1 | No | 7% | 0.0%| 1.00 1.00 1.00
Equity Emerging Global INDUEEGF Index 1 No 6% | 0.0% [ 1.00 1.00 1.00
Bond EUR Aggregate LBEATREU Index 2 Yes | 20% [ 0.3% [ 1.00 0.65 0.27 0.03
Bond USD Aggregate LBUSTRUU Index 2 Yes | 20% [ 0.9% [ 0.96 0.61 0.24 0.06
Bond High Yield Global LG30TREH Index 2 - 6% | 1.0% | 0.98 0.21 0.60 0.24
Bond EMD HC Sov Global JPGCCOMP Index 3 Yes 4% | 0.0% | 1.00 1.00
Diversification Real Estate Pan-Europe TRNHUE Index 4 Yes | 4% [ 0.0% [ 1.00 1.00
Diversification Commodity Global BCOMXALT Index 2 Yes 5% | 0.0% | 1.00 1.00

Note: Regression estimation from end of April 2005 through end of April 2025 using weekly EUR returns and returns hedged into
EUR for international fixed income and commodities. For illustration purpose only.

Source: 1) MSCI, 2) Bloomberg, 3) J.P. Morgan, 4) FTSE EPRA. Authors’ calculations on 1 September 2025.

Table A2: Fund Benchmarks: Thematic volatilities and beta against Core Assets.
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Equity Europe M7EU Index 1 No | 1.8% [ 0.99 | 049 0.09 0.37 0.37
Equity Europe ESG MXEUEFMT Index 1 No |2.0% | 099 [0.49 0.10 0.36 0.36
Equity USA S&P500 SPTR500N Index 2 No [ 0.6% | 1.00 0.99 0.99
Equity USA Value MI1US000V Index 1 No | 5.1% | 0.90 0.78 0.13 091
Equity USA Growth RLG Index 3 No | 45% | 0.94 1.05 1.05
Equity Japan NDDLIN Index 1 No | 0.0% | 1.00 1.00 1.00
Equity Japan ESG MXIPMTNY Index 1 No | 0.5% | 1.00 1.00 1.00
Equity Emerging Global INDUEEGF Index 1 No | 0.0% | 1.00 1.00 1.00
Equity Emerging Global ESG MXEMEFMT Index 1 No [ 0.6% | 1.00 1.00 1.00
Equity Global Developed ESG MXWOEMNU Index 1 No | 1.6% | 0.99 [0.11 0.04 0.10 0.58 0.01 0.11 0.05 0.64 0.10 0.11
Equity Global All Countries Water EOWR Index 4 No | 6.3% | 0.84 | 0.01 0.12 0.17 0.26 0.20 0.12 0.06 051 0.17 0.12
Equity Global All Countries Disruptive Tech MXACIDSR Index 1 No [5.5% | 0.90 |0.00 0.08 0.88 0.11 0.99
Equity Global Developed Low Risk M7CXLAA Index 1 No | 5.4% | 0.80 0.07 0.49 0.15 0.49 0.07 0.15
Bond EUR Sovereign LBEATREU Index 5 - 0.0% | 1.00 1.00
Bond EUR Sovereign ESG (GBIEIGTR Index 6 - 0.2% | 1.00 0.99
Bond EUR Investment Grade LECPTREU Index 5 - 0.0% | 1.00 1.00
Bond EUR Investment Grade SRI 134235EU Index 5 - 0.3% | 0.99 0.01 1.04 0.01
Bond EUR High Yield LF88TREU Index 5 - 0.0% | 1.00 1.00
Bond EUR Aggregate LEATTREU Index 5 - 0.3% | 1.00 0.65 0.27 0.03
Bond USD Investment Grade LUACTRUU Index 5 Yes | 0.0% | 1.00 1.00
Bond USD Investment Grade SRI 137668US Index 5 Yes | 0.1% [ 1.00 1.01
Bond USD High Yield LF89TRUU Index 5 Yes | 0.0% [ 1.00 1.00
Bond EMD HC Sov Global JPGCCOMP Index 6 Yes | 0.0% | 1.00 1.00
Bond Global Aggregate LEGATREH Index 5 Yes | 0.6% | 0.97 0.20 0.13 037 0.08 0.03
Bond Global Aggregate Green (GBGLTREH Index 5 Yes | 0.9% | 0.96 0.30 0.49 0.28 0.06
Diversification Commodity Energy & Metals BNPIC52T Index 7 Yes | 4.7% | 0.92 0.79
Diversification Commodity Global BCOMXALT Index 5 Yes | 0.0% | 1.00 1.00
Diversification Real Estate EMU NROEUE Index 8 B 6.8% | 0.91 0.96
Diversification Real Estate Pan-Europe 'TRNHUE Index 8 Yes | 0.0% | 1.00 1.00

Note: Regression estimation from end of April 2005 through end of April 2025 using weekly EUR returns and returns hedged into
EUR for international fixed income and commodities. Note: For illustration purpose only.

Source: 1) MSCI, 2) S&P, 3) Russell, 4) FTSE, 5) Bloomberg, 6) J.P. Morgan, 7) BNP Paribas, 8) FTSE EPRA. Authors’
calculations on 1% September 2025.
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Table A3: Characteristics of the funds selected for portfolio construction.

SFDR Currency

Fund Fund Fund Fund Fund classification | Hedging into |Fund Sustainable Inception
Asset Class  Coverage Style Approch _ Philosophy Article EUR Benchmark Investment Date
Equity Europe  Mid-large Active Fundamental 8 No Equity Europe 45% 21-Jun-04
Equity Europe Mid-large Active Quant 8 No Equity Europe 50% 13-Juk-16
Equity Europe  Mid-large Passive  Index 8 No Equity Europe ESG 40% 12-Jul-16
Equity Europe Dividend Active Fundamental 8 No Equity Europe 50% 29-Sep-03
Equity USA Mid-large Active Fundamental 8 No Equity USA S&P500 37% 3-Feb-17
Equity USA Mid-large Passive  Index 6 No Equity USA S&P500 0% 10-Jun-08
Equity USA Value Active Quant 8 No Equity USA Value 40% 15-Sep-17
Equity USA Growth Active Fundamental 8 No Equity USA Growth 25% 3-Jan-95
Equity Japan Mid-large Active Fundamental 8 No Equity Japan 30% 31-Dec-90
Equity Japan Mid-large Active Quant 8 No Equity Japan 50% 21-Nov-16
Equity Japan Mid-large Passive  Index 8 No Equity Japan ESG 40% 2-Aug-23
Equity Emerging  Mid-large Active Fundamental 8 No Equity Emerging Global 20% 20-Oct-97
Equity Emerging Mid-large Passive  Index 8 No Equity Emerging Global ESG 20% 3-Sep-12
Equity World Water Active Fundamental 9 No Equity Global All Countries Water 85% 29-Sep-17
Equity World Disruptive Tech Active Fundamental 8 No Equity Global All Countries Disruptive Tech 30% 17-May-13
Equity World Low Risk Active Quant 8 No Equity Global Developed Low Risk 50% 7-Dec-12
Equity World Mid-large Passive  Index 8 No Equity Global Developed ESG 30% 26-Oct-22
Bonds EUR Sovereign Active Fundamental 8 - Bond EUR Sovereign 20% 27-Jun-01
Bonds EUR Sovereign Passive  Index 8 - Bond EUR Sovereign ESG 0% 31-May-17
Bonds EUR Investment Grade ~ Active Fundamental 8 - Bond EUR Investment Grade 40% 25-Jul-01
Bonds EUR Investment Grade ~ Active Quant 8 - Bond EUR Investment Grade 50% 24-Jan-18
Bonds EUR Investment Grade  Passive  Index 8 - Bond EUR Investment Grade SRI 30% 15-Jan-19
Bonds EUR High Yield Active Fundamental 8 - Bond EUR High Yield 20% 8-Dec-03
Bonds EUR Aggregate Active Fundamental 8 - Bond EUR Aggregate 20% 4-Apr-00
Bonds USD Investment Grade ~ Active Quant 8 Yes Bond USD Investment Grade 35% 28-Jun-19
Bonds USD Investment Grade  Passive  Index 8 Yes Bond USD Investment Grade SRI 25% 12-Sep-23
Bonds USD High Yield Active Fundamental 8 Yes Bond USD High Yield 10% 2-Apr-01
Bonds Emerging HC Active Fundamental 8 Yes Bond EMD HC Sov Global 1% 30-Apr-99
Bonds Emerging HC Passive  Index 8 Yes Bond EMD HC Sov Global 0% 16-May-11
Bonds Global Aggregate Active Fundamental 8 Yes Bond Global Aggregate 20% 4-Aug-06
Bonds Global Green Active Fundamental 9 Yes Bond Global Aggregate Green 80% 7-Sep-17
Commodities Global Commodities Passive  Index 6 Yes Diversification Commodity Energy & Metals 0% 25-Apr-16
Commodities Global Commodities Active Fundamental 6 Yes Diversification Commodity Global 0% 15-Nov-19
Real Estate  Eurozone Real Estate Passive  Index 6 Yes Diversification Real Estate EMU 0% 10-Jul-13
Real Estate  Europe  Real Estate Active Fundamental 8 Yes Diversification Real Estate Pan-Europe 50% 28-May-15

Notes: The European Regulation 2019/2088 on Sustainable Finance Disclosure Regulation (SFDR) in the financial services sector
(SFDR) classifies funds into three main categories based on their sustainability characteristics and objectives: "Article 9"
investments, which have a sustainable investment objective, "Article 8" investments, which declare that social and/or environmental
criteria are taken into account, "Article 6" investments, which do not have a sustainable investment objective and do not declare
that they take ESG criteria into account, which are essentially all other investments that are neither "Article 8" nor "Article 9". For
illustration purposes only.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

In Table A4, we show the betas of the funds relative to the core assets calculated from equation
(7). These are based on the betas of the benchmarks to core assets in Table A2 and the betas of
funds relative to their own benchmark using equation (3). The results from this last regression are
also in Table A4, which also includes the OCR of all funds and our expected information ratios
for each fund, and the final alpha obtained from equation (5).
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Table A4: Funds: Betas against benchmarks, specific volatility against benchmarks, expected
information ratios before costs, OCR, expected alpha and beta against core assets.

Beta of Funds to Core Assets
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Equity Europe Mid-large Active Fundamental Art 8 1.01 | 3.5% | 0.95 0.5 [0.96%]| 0.8% [ 0.50 0.09 0.37 0.37
Equity Europe Mid-large Active Quant Art 8 093 | 34% | 094 | 0.5 [0.61%]| 1.1% | 0.46 0.09 0.34 0.34
Equity Europe Mid-large Passive Index Art 8 1.00 [ 0.5% | 1.00 | 0.0 |0.15%|-0.2%| 0.49 0.10 0.36 0.36
Equity Europe Dividend Active Fundamental Art 8 0.96 | 24% | 097 | 0.5 [0.96%| 0.2% | 0.47 0.09 0.35 0.35
Equity USA Mid-large Active Quant Art 8 093 | 41% | 093 | 0.5 [0.61%( 1.5% 0.92 0.92
Equity USA Mid-large Passive Index Art 6 1.00 | 0.1% | 1.00 | 0.0 [0.13%]|-0.1% 0.99 0.99
Equity USA Value Active Quant Art 8 1.02 [ 4.1% [ 092 | 0.5 |0.61%]| 1.5% 0.79 0.13 0.92
Equity USA Growth Active Fundamental Art 8 0.99 | 3.6% | 097 | 0.5 [0.96%| 0.8% 1.04 1.04
Equity Japan Mid-large Active Fundamental Art 8 091 | 63% | 0.83 | 0.5 [0.98%( 2.1% 091 0.91
Equity Japan Mid-large Active Quant Art 8 093 | 5.8% | 0.86 | 0.5 [0.61% 2.3% 0.93 0.93
Equity Japan Mid-large Passive Index Art 8 1.00 | 0.1% | 1.00 | 0.0 [0.16%]|-0.2% 1.00 1.00
Equity Emerging Mid-large Active Fundamental Art 8 0.86 | 80% | 0.76 | 0.5 [1.11%| 2.9% 0.86 0.86
Equity Emerging Mid-large Passive Index Art 8 100 | 03% | 1.00 | 0.0 [027%]|-03% 1.00 1.00
Equity World Water Active Fundamental Art 9 098 | 44% | 092 | 0.5 [1.11%[ 1.1% | 0.01 0.12 0.16 0.26 0.19 0.12 0.05 0.50 0.16 0.12
Equity World Disruptive Tech Active Fundamental Art 8 1.14 | 6.1% | 092 | 0.5 [0.96%( 2.1% 0.09 1.01 0.12 113
Equity World Low Risk Active Quant Art 8 1.06 | 5.4% | 0.81 0.5 [0.97%( 1.7% 0.08 0.52 0.16 0.52 0.08 0.16
Equity World Mid-large Passive Index Art 8 1.00 | 0.1% | 1.00 | 0.0 [0.16%|-0.2%| 0.11 0.04 0.10 0.58 0.01 0.11 0.05 0.64 0.10 0.11
Bonds EUR Sovereign Active Fundamental Art 8 097 | 0.8% | 098 | 0.5 [0.43%]| 0.0% 0.97
Bonds EUR Sovereign Passive Index Art 8 1.00 [ 02% | 1.00 | 0.0 |0.15%]-0.2% 0.99
Bonds EUR Investment Grade Active Fundamental Art 8 1.02 | 0.7% | 097 | 0.5 [0.49%]|-0.1% 1.02
Bonds EUR Investment Grade Active Quant Art 8 1.03 | 0.6% | 098 | 0.5 [0.31%]| 0.0% 1.03
Bonds EUR Investment Grade Passive Index Art 8 1.00 | 0.1% | 1.00 | 0.0 |0.15%-0.2% 0.01 1.04 0.01
Bonds EUR High Yield Active Fundamental Art 8 1.02 | 1.1% | 0.96 | 0.5 [0.74%]|-0.2% 1.02
Bonds EUR Aggregate Active Fundamental Art 8 0.99 | 0.6% | 0.99 | 0.5 [0.49%|-0.2% 0.64 0.27 0.03
Bonds USD Investment Grade Active Quant Art 8 0.98 | 0.6% | 0.99 | 0.5 [0.23%[ 0.1% 0.98
Bonds USD Investment Grade Passive Index Art 8 1.01 | 0.1% | 1.00 | 0.0 [0.15%]|-0.2% 1.01
Bonds USD High Yield Active Fundamental Art 8 0.96 | 1.2% | 0.96 | 0.5 [0.74%|-0.1% 0.96
Bonds Emerging HC Active Fundamental Art 8 131 | 2.8% | 0.93 0.5 [0.74%| 0.7% 131
Bonds Emerging HC Passive Index Art 8 0.99 | 0.8% | 0.99 | 0.0 [0.20%]|-0.2% 0.99
Bonds Global Aggregate Active Fundamental Art 8 1.14 | 2.5% | 0.81 0.5 10.52%| 0.7% 023 0.14 042 0.10 0.04
Bonds Global Green Active F Art 9 0.96 | 0.7% | 0.98 | 0.5 [0.43%]|-0.1% 0.29 0.47 0.27 0.06
Commodities Global All Passive Index Art 6 1.00 | 0.1% | 1.00 | 0.0 [0.39%]|-0.4% 0.79
Commodities Global All Active Fundamental Art 6 0.85 | 58% | 0.90 | 0.5 [0.96%| 1.9% 0.85
Real Estate Eurozone Real Estate Passive Index Art 6 1.00 | 0.2% | 1.00 | 0.0 [0.40%|-0.4% 0.96
Real Estate Europe Real Estate Active F Art 8 097 [3.0% | 098 | 0.5 |0.96%]| 0.6% 097

Note: Regression estimation from end of April 2020 through end of April 2025 using weekly EUR returns and returns hedged into
EUR for international fixed income and commodities. For illustration purpose only. Past performance is not indicative of future
performance. Not investment advice.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1%
September 2025.

5.2 PCA factors for the core assets

We use the weekly returns of the core assets in local currency and in excess of local cash (EUR,
USD, GBP or JPY). The data spans 20 years from the end of April 2005 to the end of April 2025.
The risk factors are derived from a PCA applied to reduce the dimensionality of the correlation
matrix. The PCA factors represent portfolios allocated to the original assets. We retain the first six
factors, which together explain 83% of the total risk. Finally, we reconstruct the correlation matrix
using these PCA factors, ensuring that the diagonal elements are set to one.

When compared to the approaches in Issaoui et al. (2021) and Somefun et al. (2022), here we
introduce currencies as currency exposure is essential for fund implementation since the portfolio
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valuation occurs in a specific currency and several of the selected funds face currency risk relative
to that currency.

Table AS: Statistical risk factors from risk model

Statistical factors
Total Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Index

% of variance explained 83% 45% 17% 9% 5% 4% 3% provider
Core Assets Tickers Core Asset weights in PCA orthonormal factors

Equity Europe EMU NDDLEURO Index 29.0% -11.0% -14.0% -26.0% -4.0% -2.0% 1
Equity Europe EMU SC NCLDEMU Index 30.0% -8.0% -12.0% -17.0% 1.0% 2.0% 1
Equity Europe UK NDDLUK Index 28.0% -11.0% -10.0% -29.0% -5.0% 20.0% 1
Equity USA NDDUUS Index 29.0% -8.0% -6.0% -15.0% 0.0% 10.0% 1
Equity USA SC RU20INTR Index 28.0% -9.0% -7.0% -16.0% -2.0% 13.0% 2
Equity Japan NDDLIN Index 23.0% -12.0% -12.0% 2.0% 12.0% -47.0% 1
Equity Emerging Global NDUEEGF Index 29.0% -6.0% 9.0% 3.0% -21.0% -3.0% 1
Bond EUR Sovereign LEATTREU Index 3.0% 43.0% -5.0% -28.0% -14.0% -21.0% 3
Bond EUR Investment Grade LECPTREU Index 13.0% 43.0% -9.0% 7.0% 15.0% 0.0% 3
Bond EUR High Yield LF88TREU Index 26.0% 11.0% -8.0% 33.0% 44.0% 12.0% 3
Bond USD Sovereign LUATTRUU Index -4.0% 46.0% 17.0% -16.0% -21.0% -12.0% 3
Bond USD Investment Grade LUACTRUU Index 12.0% 45.0% 10.0% 9.0% 10.0% 2.0% 3
Bond USD High Yield LF89TRUU Index 27.0% 12.0% -4.0% 29.0% 33.0% 23.0% 3
Bond EMD HC Sov Global JPGCCOMP Index 26.0% 19.0% 12.0% 8.0% 1.0% -4.0% 4
Bond EMD LC Sov Global JGENVUUG Index 26.0% 5.0% 29.0% 0.0% -24.0% -4.0% 4
Diversification Real Estate Pan-Europe TRNHUE Index 27.0% 3.0% -16.0% -15.0% -17.0% -7.0% 5
Diversification Commodity Global BCOMXALT Index 17.0% -9.0% 17.0% 45.0% -51.0% 34.0% 3
Currency USD 'USDEUR Curncy -13.0% 3.0% -60.0% -4.0% 4.0% 14.0% 3
Currency GBP GBPEUR Curncy 5.0% 5.0% -50.0% 46.0% -38.0% -40.0% 3
Currency JPY JPYEUR Curncy -15.0% 27.0% -30.0% -11.0% -23.0% 53.0% 3

Note: Risk model estimation from end of April 2005 through end of April 2025 using weekly local returns based on a PCA model.
For illustration purposes only.

Source: 1) MSCI, 2) Russell, 3) Bloomberg, 4) J.P. Morgan, 5) FTSE EPRA. Authors’ calculations on 1% September 2025.
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5.3. TAA portfolio allocation to funds
In Table A6, we show the fund allocation for all the examples in the main text.

Table A6: TAA portfolio allocation to funds.

RBJy y=15,RB =2% (RB /y=0.13%)
Minimum ST Constraint Equity USA Tactical View Bond EUR Sovereign Tactical View Disruptive Tech Thematic View

2.00% 0.40% 0.13% 0.04% 0.00% [ 0% 30% 40%  50%  75% [-100% -50% 0% 50% 100% [-100% -50% 0% 50% 100% [-100% -50% 0% 50%  100%
Portfolio Volatility 77% T14% 14% T4% T4% | 74% 74% 74% 74% 69% | 62% 6.7% 74% 81% 88% | 7.7% 15% 14% 13% 12% | 74% 714% 74% 1.5% 71.5%
Portfolio Tracking Error 1.8% 1.0% 0.6% 0.5% 0.5% | 0.6% 0.6% 0.7% 0.8% 2.7% [ 1.9% 12% 0.6% 12% 2.1% | 1.1% 08% 0.6% 0.8% 12% | 0.5% 0.5% 0.6% 0.9% 12%
Equity Europe Mid-large Active Fundamental Art 8 - 53% 3.8% 3.0% 2.6% |38% 38% 37% 37% - 3.1% 34% 3.8% 3.6% 3.7% |23% 28% 38% 4.0% 44% |3.1% 32% 38% 33% 32%
Equity Europe Mid-large Active Quant Art 8 11.7% 85% 51% 3.6% 29% | 51% 51% 53% 56% 49% | 50% 49% 5.1% 41% 3.7% | 54% 52% 51% 33% 22% | 3.7% 4.0% 51% 44% 42%
Equity Europe Mid-large Passive Index Art 8 - - 1.9% 35% 41% | 1.9% 1.9% 15% 13% - 27% 29% 1.9% 22% 23% [ 29% 28% 19% 24% 25% | 34% 3.0% 19% 25% 2.6%
Equity Europe Dividend Active Fundamental Art 8 - 20% 5.1% 5.6% 58% | 5.1% S5.1% 54% 6.1% 107% | 58% 57% 51% 50% 48% | 6.5% 6.1% 51% 45% 39% | 56% 54% 51% 54% 55%
Equity USA Mid-large Active Quant Art 8 6.1% 6.1% 32% 1.1% 02% | 32% 32% 4.1% 47% - - 24% 32% 21% 1.7% | 29% 28% 32% 13% 03% [ 12% 1.7% 32% 2.0% -
Equity USA Mid-large Passive Index Art 6 - - 45% 84% 10.0% | 4.5% 4.5% 1.2% - - - - 45% 13.1% 185% | 78% 7.6% 45% 58% 52% | 88% 8.0% 4.5% - -
Equity USA Value Active Quant Art 8 24% 23% 12% 04% 0.1% | 1.2% 12% 1.5% 1.7% - - 09% 12% 07% 06% [ 1.1% 1.0% 12% 0.4% - 04% 0.6% 12% 0.7% -
Equity USA Growth Active Fundamental Art 8 - 1.1%  1.0% 04% 0.1% | 1.0% 1.0% 13% 13% - - 04% 1.0% 09% 1.1% - 03% 1.0% 1.0% 13% | 04% 0.6% 1.0% 0.5% -
Equity Japan Mid-large Active Fundamental Art 8 51% 34% 21% 07% 0.1% | 21% 21% 2.0% 1.8% - 1.7% 1.7% 21% 13% 1.1% | 1.8% 1.8% 21% 09% 03% | 08% 1.1% 21% 14% 12%
Equity Japan Mid-large Active Quant Art 8 7.6% 43% 25% 08% 0.1% | 25% 25% 2.6% 2.9% - 1.9% 2.0% 25% 1.7% 1.5% | 1.9% 2.0% 25% 13% 07% | 09% 13% 25% 1.7% 14%
Equity Japan Mid-large Passive Index Art 8 - - 22%  5.1% 63% | 22% 22% 1.8% 1.6% - 34% 34% 22% 37% 41% | 3.1% 3.1% 22% 46% 56% | 51% 44% 22% 4.0% 4.5%
Equity Emerging Mid-large Active Fundamental Art 8 98% 5.0% 1.7% 0.6% 0.1% [ 1.7% 17% 17% 1.7% - 1.5% 14% 1.7% 1.1% 09% | 1.6% 1.6% 1.7% 0.7% 0.1% | 0.7% 09% 1.7% 12% 1.0%
Equity Emerging Mid-large Passive Index Art 8 - 0.7% 43% 54% 59% | 43% 43% 4.1% 4.0% - 44% 4.6% 43% 48% 5.0% | 44% 44% 43% 52% 5.6% | 53% 5.1% 43% 3.9% 3.4%
Equity World Water Active Fundamental Art 9 - 1.1% 0.6% 03% 0.1% [ 0.6% 0.6% 1.0% 1.7% 24.4% - 0.6% 0.6% 02% 02% [ 0.6% 0.5% 0.6% - - 02% 02% 0.6% 0.1% -
Equity World Disruptive Tech Active Fundamental Art 8 3.7% 2.0% 09% 0.2% - 09% 09% 1.1% 1.1% - - 03% 09% 0.8% 1.0% - - 09% 12% 1.7% - - 09% 85% 12.3%
Equity World Low Vol Active Quant Art 8 45% 23% 12% 05% 02% | 1.2% 12% 14% 1.6% - 03% 1.1% 12% 0.6% 04% | 1.9% 1.6% 12% - - 0.5% 0.7% 12% 0.8% -
Equity World Mid-large Passive Index Art 8 - - 0.9% 2.0% 24% | 0.9% 0.9% 2.9% 2.7% - - - 0.9% 2.1% 3.3% - - 0.9% 3.0% 43% [ 1.8% 1.5% 0.9% - -
Bonds EUR Sovereign Active Fundamental Art 8 - 102% 74% 34% 17% | 7.5% 1.5% 7.1% - - 1.7% 3.7% 74% 38% 1.6% - - 74% 1.1% - 3.7% 4.6% 74% 5.6% 53%
Bonds EUR Sovereign Passive Index Art 8 - - 1.8% 2.6% 29% | 1.7% 1.7% - - - - - 1.8% 45% 57% - - - - - - - - - -
Bonds EUR Investment Grade Active Fundamental Art 8 - - - 0.1%  0.5% - - - - - - - - - - 6.9% 3.2% - - - - - - - -
Bonds EUR Investment Grade Active Quant Art 8 - 4.6% 31% 1.1% 0.1% | 3.1% 3.1% 0.8% - - - - 3.1% - - 48% 4.0% 3.1% - - - - 3.1% - -
Bonds EUR Investment Grade Passive Index Art 8 - - - - - - - - - - - - - - - - - 1.8% 27.3% 384%| 3.9% 25% 1.8% 02% 0.5%
Bonds EUR High Yield Active Fundamental Art 8 - - 0.1% 0.1% 0.1% - - 0.3% 0.4% - 1.0% 1.0% 0.1% 0.6% 0.6% | 2.1% 14% 0.1% 0.4% - 12% 1.0% 0.1% 0.8% 0.9%
Bonds EUR Aggregate Active Fundamental Art 8 - - 50% 11.2% 14.1% | 5.0% 5.0% - - - 18.1% 13.1% 5.0% - - - - 5.0% - - 1.7% 32% 50% 67% 6.4%
Bonds USD Investment Grade Active Quant Art 8 - 6.6% 58% 5.6% 3.7% | 58% 58% 47% 2.8% - 38% 3.8% 58% 49% 4.6% | 32% 3.6% 5.8% - - 39% 41% 58% 42% 4.1%
Bonds USD Investment Grade Passive Index Art 8 - - - - 1.8% - - - - - - - - - 0.4% - - - 52% 58% - - - - -
Bonds USD High Yield Active Fundamental Art 8 - 19% 32% 34% 35% | 32% 32% 28% 1.5% - 41% 4.0% 32% 3.1% 2.8% [ 5.6% 47% 32% 23% 1.0% | 38% 3.6% 32% 3.5% 3.6%
Bonds Emerging HC Active Fundamental Art 8 72% 55% 27% 04% - 27% 27% 3.0% 3.9% - - - 2.7% 4.0% 54% - - 27% 59% 6.5% | 0.6% 1.1% 27% 09% 02%
Bonds Emerging HC Passive Index Art 8 - - 31%  64%  7.1% | 3.1% 3.1% 2.1% - - 63% 62% 3.1% 1.6% - 59% 6.0% 3.1% - - 58% 51% 3.1% 53% 6.1%
Bonds Global Aggregate Active Fundamental Art 8 323% 142% 7.6% 50% 4.0% | 7.6% 7.6% 6.1% 2.4% - 124% 102% 7.6% 6.8% 4.9% | 16.4% 143% 7.6% 1.9% - 89% 88% 7.6% 92% 9.7%
Bonds Global Green Active Fundamental Art 9 - 27%  7.9% 9.1% 9.5% | 7.9% 7.9% 20.5% 35.5% 54.9% | 12.6% 12.2% 7.9% 12.5% 10.5% - 88% 79% 6.7% 12% |15.0% 14.1% 7.9% 13.3% 14.0%
Commodities Global All Passive Index Art 6 - - 23% 32% 3.7% | 23% 23% 22% 22% - 33% 28% 23% 24% 21% | 44% 37% 23% 1.7% 1.0% | 3.1% 28% 23% 28% 2.9%
Commodities Global All Active Fundamental Art 6 78% 63% 39% 29% 25% | 39% 39% 3.9% 3.9% - 35% 35% 39% 34% 33% [ 34% 34% 39% 32% 29% | 29% 3.1% 39% 33% 32%
Real Estate Eurozone Real Estate Passive Index Art 6 - - 0.1% 05% 0.6% | 0.1% 0.1% - - - 02% 02% 0.1% 03% 03% [ 03% 02% 0.1% 04% 04% [ 0.5% 04% 0.1% 03% 03%
Real Estate Europe Real Estate Active Fundamental Art 8 1.9% 39% 38% 34% 3.1% | 38% 38% 39% 4.0% 52% | 33% 3.6% 38% 39% 4.1% | 2.7% 3.0% 3.8% 43% 4.7% | 3.5% 3.6% 3.8% 3.6% 3.5%

Note: The full allocation of the TAA portfolios to funds derived throughout the article. The first ten portfolios from the left have no tactical and no thematic views. The alphas from
the funds impact the final allocation as a function of the choice of the ratio RB/y. The other portfolios have either a tactical view on Equity USA, a tactical view on Bond EUR
Sovereign or a thematic view on Disruptive Tech. For illustration purpose only. Past performance is not indicative of future performance. Not investment advice.

Source: BNP Paribas Asset Management, MSCI, Russell, Bloomberg, J.P. Morgan, FTSE EPRA. Authors’ calculations on 1% September 2025.
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5.4. Decomposition of the portfolio in the absence of tactical and thematic views

In this appendix, we provide analytical support that, as long as the long-only and no-leverage
constraints are satisfied, the solution to equation (30) for fully invested portfolios yields a solution
that can be decomposed into two components: (i) the allocation to funds that minimizes tracking
error relative to the SAA, where the SAA itself allocates only to a selection of benchmark and core
asset indices, and (ii) a long-short component that scales with RB/y, tilting the allocation towards
funds with the highest alpha. Furthermore, we show that the squared tracking error of the portfolio
invested exclusively in funds, relative to the SAA, is equal to the sum of the squared tracking error
of the minimum tracking error portfolio and the squared variance of the long-short component,
with the latter weighted by (RB/y)?, increasing as the appetite for active alpha increases.

We start by simplifying equation (25), rewriting this equation with a new set of portfolio vectors
Wiaa, Waaa and implied returns fi* of size ngas + Ny, where the rows in Wgaa, Wraa and H for
the core assets and benchmarks that are not in the SAA were removed. Similarly, £, and Q,4 of
size (nSAA + nf) X (ns AA T+ nf) are based on X and Q by removing rows and columns for those
same assets. Because those assets will always have zero weight in both the SAA and TAA
portfolios, equation (25) can be re-written in terms of these new vectors and matrices as:

A)T

max (AT WEas — Wian ) —AWign — WA TEa(WipA — Wiaa)

WTAA

_’C\/ (W%AA - W'quA)TﬂA(W%AA - WéAA) ) (A2)

Under the typical constraints of fully invested portfolio Y; wia a; = 1, no short, w; = 0, and no
leverage erlAAi < 0 if the asset 7 is not investable and W-‘E‘AAL. < 1 otherwise. We could have

included additional linear constraints — for example, sustainable investment exposures — or
quadratic constraints, e.g., to control the final volatility of the portfolio.

We ignore the uncertainty term in « for simplicity and, because the weights of SAA indices in the
TAA portfolio are set to zero, we can further simplify (A2) in terms of the vector w£ A Created
from w4, by keeping only the rows for funds:

f Ty Wf
max (p'f Wraa ~ AWrps Ef WTAA) (A3)
Wraa
With:
Mp = Ty + 227, (A4)

where W is the implied return vector constructed from [ in (26) by keeping only the rows for

funds only, and ﬁg aals the vector of implied returns E,wé,, derived from the SAA portfolio and
where only rows for funds are kept.

The Karush-Kuhn-Tucker conditions for this case, with 1 the unitary vector of size ng, can be
written as:
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° Stationarity: lefw'{AA - My + Smax - 6min + 6funding1 =0
e Primal feasibility: w/,, <1, -w/,, < 0and 1"w/,, = 1
e Dual feasibility: 8,,0x = 0, 0pin = 0

e Complementary slackness: 8,4y ;- (WTAA’i - 1) =0, Opmini-Wraa,; = 0 forall i

Hence:
WgAA = %Zfl(p.f + 8max — Omin — Sunaing1)

= %zfl(l_lf + 24 ﬁﬁAA + 8max — Omin — Sfunaing1) (AS5)
For as long as 0 < wyaa; < 1 holds, the Lagrangian multipliers 8,45 ; = Opmin; = 0 for all i,
simplifying (AS):
Whan = 57 %7 (B = Opunding1) (A6)

1 Te—1

aat B Wt
1iTy-1
2)11 2:fl

Since 1Tw£AA = 1 we have §rynaing =

5.4.1 TAA portfolio with no tactical and no thematic views

Based on the previous results, we now demonstrate that, as long as 0 < wyaa; < 1 holds for all
funds and in the absence of tactical or thematic views, the optimal TAA portfolio allocation can
be expressed as the sum of the fully invested long-only fund portfolio that minimizes tracking error
relative to the SAA, and a long-short portfolio of funds representing deviations from this minimum
tracking error allocation. The magnitude of this deviation portfolio scales with RB/ y, reflecting
the appetite for active alpha.

With the Lagrangian multipliers 6,,4x; = Omin; = 0 for all i

1 _ _ _
Whpn = 3727 (i + 24 W g — Spunaing1) (A7)

replacing 8rynaing:

1 -1(= —f
1-2AT8 7 (4227 ) 1)

S _ley-1s =f
Wran = 35 X5 (l‘-f + 24 Pgpn + Ly
21

1 Ty—1: Ty—1-f
—y-1=f -1(1= 171 Zp Wy—1 Zp Hgpp
= X7 Hgap + Z7 (ﬁ He+—2 a1 1 (AB)
In the case with no tactical or thematic views:
-1-f Ty—-1f
fnoviews _ -1 —=f 1—1T2f1uSAA RB «_1 f 12 ay),
Wran =% <”SAA T L) Yoy % T i L (A9)
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And this is the sum of:

fmoviews _ _ f RB f
Wraa = Wninte ¥ 54, Wapha (A10)
with the long-short dollar neutral portfolio of fund tilts:
Ty—1,f
R N L el 1.
Walpha = 2:f (afb - ITEIZ11 1) (A11)

relative to the long-only fully invested allocation to funds with the smallest possible tracking error
relative to the SAA portfolio:

—1f
foo et wf o 1E Esaa
Whinte = Zf (uSAA-I_ 17311 1 (Al2)

5.4.2 Tracking error of TAA portfolio with no tactical and no thematic views

We show that, under the same assumptions as in Appendix 5.4.1, the squared tracking error of the
TAA portfolio can be decomposed into the sum of two terms: (i) the squared tracking error of the
fully invested long-only portfolio that minimizes tracking error with respect to the SAA, and (ii)
the variance of the long-short component, which tilts the allocation towards high-alpha funds. The
contribution of this long-short component increases proportionally with (RB/ y)2.

In the absence of tactical or thematic views, the tracking error of the TAA portfolio is:
2 . T .
= (w? A A, A
(TEwﬂ}(iews) = (Wraa " = wian) Za(wiaa " — wiaa) (A13)

Using (A10):

2 2/ RB\? T
— f f
(TEW%%K%WS) - (Twa ) + <0-4Y) Walpha 2:f Walpha

minTE

+2 (%) WélphaTzA (Wélin TE — WéAA) (A14)

with wélp nq constructed from W£1p na DY adding the respective rows for SAA assets and filling
them with zero. Since these tilts on the SAA assets in ngp ha are zero, and using (A12):
2 2 (RB\* T RB T
— f f f f =f
(TEw%‘iXiews) - (TEW{ninTE) + (0_4)/) Waipha szalpha +2 (0.4)/) Waipha (wamin TE ~ uSAA)
_ 2 RB 2 f T f RB f T 1—1TZ;1 l_ljscAA
o (TEw{nin TE) t+ (m) Waipha szalpha +2 (m) Waipha 1T5711 1) (AI5)
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The sum of weights of both w3 X% and w;in r¢ adds to 100%. Thus, ngp ha

short portfolio and therefore the last term in the second line of (A15) is zero. The square of the
tracking error can then be written as:

is a zero sum long-

(TE%OM,GEWS)2 (TE,/ )2+(ﬁ)2wf EW e (A16)

minTE 0.4y alpha

5.4.3. Impact of RB/y on the allocation to equities versus fixed income and passive
versus active funds in the absence of tactical or thematic views

In this appendix we provide a simplified model to explain the portfolio tilts observed in Section
3.1, in particular why, in the absence of tactical or thematic views, portfolios increase the allocation
to equities and to active funds as RB/ y increases.

We consider a universe of two funds, one for equities and one for fixed income. The SAA is
allocated in some proportion to the benchmarks of these funds. In this case, we can significantly
simplify the notation because the benchmarks of the funds are the core assets used in the SAA.
With this in mind:

2 f
Of EQ COVEo Fi
% = [ ; ¢ (A17)

where o5 g and o5 ; are the volatilities of returns of the equity and fixed income funds and

cong ¢ 1s the covariance of the returns of the funds. The inverse of this variance-covariance

matrix is then:

2 f

o, —cov

41 I EQ,FI

gt= | Y ) (A18)
I =covgq gy Of EQ

2
Where |Z/| = aj%, FI 0%, EQ ( covéQ' FI) is the determinant of . In this case, we can also simplify

the notation of:

f _ [%EQ
af, = [ e (A19)
w
{:Aomews [ EQ‘ (A20)
WFI

so that in the absence of tactical and thematic views, using (A10) and (A11):

—1[®EQ
WEgo f 1T2fl[oz
[ ] mlnTE + —Z ( Arp — 1Tz—1fl 1 (A21)
WFI !

where WgQ + W;, =1
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To assess how the allocation to changes as a function of RB/ y, let us take the derivative of (A21)

relative to RB/ y, recalling that w! 5 1s independent of RB/ y:

minT

aWE]?CQ/a(RB/V) :iz—l([aEQ] R [ai?] [1]) (A22)
aWP]-CI/a(RB/Y) 04 S arp 1TZ 11

defining:

a
_ 1T2:f [ai?] _ aEQ(O-%,FI_ Cong,FI)'l'aFI(O_%,EQ_COUII;Q,FI)
@funding - Ty—1 - 2 2 f (A23)
11271 0F p1+0f EQ™ 2 COVgg gy

where the second term can be found using (A18). Given that X 1is positive definite, then the
denominator in (A23) is positive:

2 152 o f
1T2:]?11 _ %1F1 Uf,Elci | OVEQFL - (A24)
f

With definition (A23) we can rewrite (A22):

f
anQ/a(RB/V) 1 UfZ,FI —COVgo rr | [%EQ — OFunding AD5
ow., /0(RB/ 0zl ot 2 ar; — Opynai (A25)
o1 Y) COVgq 0f EQ funding
which for equities results in:
Owkq 1 2 f
a(RB/y) = 0.4 |Zf| * (Uf,FI(aEQ - @funding ) - COUEQ_FI (aFI - qunding)) (A26)
and noting that from (A23):
_ (ago=ar1)(of o= covfgri)
Ago — O A27
EQ funding = aleI+af_EQ 2 cong‘FI ( )
_ (ar—ap)(0} i~ covfo )
29251 @funding - a}%’F1+J/%‘EQ_ > CO”;;Q,FI (AZS)
replacing (A27) and (A28) into (A26):
aWécQ 1 (aEQ - aFI) (UfZ,FI(UfZ,EQ - Covgq,n) + Cong,F, (UfZ,FI - COUE]'CQ,FI))
= *
d(RB/y) 0.4 |2 0P + 0fgg — 2OV}, oy
_ 1 " (ZEQ - (ZFI
T 04 f
0.4 afz’F, + afZ‘EQ 2 covgy gy
(A29)
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In practice, we tend to find a higher alpha from actively managed equity funds than from fixed

income funds, as shown in Table A4. Therefore, recalling in (A24) that the denominator is also

positive, ang /0(RB/y) is positive and because ng + wp; = 1 the change in the allocation to

fixed income is aw},/(RB/y) = —dw},/(RB/y) and is negative.

For this reason, increasing RB/y should lead to an increase in the equity allocation, a consequence
of the higher net alpha of active equity funds. For the same reasons, we can explain why the
allocation to active funds with positive higher net alpha increases with RB/y while allocation to
passive funds and active funds with lower or negative net alpha decreases.

5.4.4. Allocation to passive versus active funds as a function of tactical views

The objective of this appendix is to explain why, in Section 3.4, when there are tactical views for
a given asset class, as the tactical view becomes more positive, the allocation to the passive fund
increases, and as the tactical view becomes more negative, the allocation to the passive fund
decreases, this while the allocation to active funds of the same asset class remains relatively
unchanged for as long as the no short and no leverage constraints are met.

We consider a simplified problem where there is only one asset class and only two funds: one
active and one passive. The benchmark is the same for both funds, with volatility a3, and is also
the only asset in the SAA portfolio. Directional tactical views will be made for this benchmark.

Since the benchmark of the funds is also the only asset in the SAA, equation (3) can be simplified:

XR;lctive (t) = qActive 4 gactive xR () 4 gActive y) (A30)
XRJI:assive(t) = qPassive 4 gPassive yp (1) 4 gPassive(y) (A31)
with the alphas:

a;:lbctive = 0.5 % O.ﬁ)ctive — OCRActive (A32)
a}f};lssive — _QCRPassive (A33)

and with the volatility of the residuals € given by aﬁfti”e and O';Dbass tve,

In this case, the matrix X,y is given by

. 2 . 2 . . ,
('BPasswe Jb) + (O.]fbasswe) ﬁPassweﬁActwe O'g ﬁPassweo.g
ZA = 'BPassive’BActive 0.5 ('BActive O'b)z + (O.]%ctive)z 'BActiveO.l? (A34)
'BPasswe O_g 'BActive O-I? O-I?

The variance-covariance matrix for funds X; can be obtained from of X, by removing the last
row and column:
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5 _ [(ﬁPassive O'b)z + (O_beasswe)z ﬁPassiveﬁActive crf ] (A35)
f = ; ; 2 2
’BPasswe'BActweo.g (BActlve O'b) + (O.ﬁ)ctwe)
And much like in the Appendix 5.4.3. the inverse of Xf is given by:
1 ('BActweo. ) + (O']%the) IBPassweBActwe 2
-1 _
ro |Zf| Passive pActive .2 Passive Passive (A36)
-B B Op (ﬁ Ub) + (Ufb )
In this simplified case, the implied returns from the SAA portfolio as in (A4) are just:
J
Passive 2
5 _|B Op
Hsaa = [ﬁActiveO_Z ] (A37)
b

and the expected returns for the funds in (A4) derived from tactical views and fund alphas are:

l_lf — [E_Passive] ( A38)
I'J’Active

which, in the absence of tactical views, simplifies into:

_ 1 —QCRPasstve L [afssre
R = - 0.5 Active __ OCRACtive == fACtive (A39)
v |Y.0 * Opp 14 Afp

However, if there is a directional tactical view Sgrectionar On the benchmark, with the active
portfolio:

0
Wactive = [ 0 _1] (A40)
Sdirectional * RB Op

the implied returns from the tactical views are 2AZ W tive- Retaining only the rows for funds in
the tactical implied returns vector, and adding this tactical term to (A39) results in:

ﬁPasswe O.gl 1 I —OCR Passive

pActive 52 7105 % o.ffzctive — OCRActive (A41)

l_lf = 21 * Sgirectionat * RB O—b_1 I
From now on we assume that the long-only and no leverage constraints are fulfilled. We also
remove the funding constraint to facilitate the implementation of the view given that we have a
single asset in the SAA portfolio. The optimization problem in (A7) can now be re-written using
(A36) for the inverse variance covariance of funds, (A37) for the fund implied returns derived
from the SAA, and (A38) for the fund implied returns derived from the tactical view and ignoring
the funding Lagrange multiplier:
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Passive 1 1 [(ﬁActweo. ) + (O.ﬁ)ctwe) ﬁPassweﬁActwe 2 ]
e
w )’

Active | = ﬁ |zf| IBPasswe’BActwe 2 (BPassweo.b) + ( Passive

o Ofp

IJ‘PaSSlVe + Zlﬁpass”’)e l?‘| (A42)

UActwe + ZAﬁAthe ;

Let us define the ratio of volatilities of excess returns relative to the beta exposure of each fund to

the benchmark 7, = af‘%“we / a]f’bass ¢ which is typically larger than 1, and the ratio of fund betas

relative to the only benchmark in this example 1z = f8 Active /pPassive  [Jsing these definitions in
(A42):
[WPassive B [(rﬁﬁPassiveo_b)z + (O_ffzctive)z —r (ﬁPassiveo. )2 ]
Active ; 2
w 2/1 |Zf| —1p (ﬁPassmeo.b) (ﬁPassweO. ) + (O.]fbasswe)

% Hpassive T Zﬂﬁpassh')eag
Hactive T ZArB 3Passwe ag

l (A43)

We shall now use (A41) in (A43), first while ignoring tactical views and then including a tactical
view to see the difference. For the case Sdirectional = 0, and recalling (A32) and (A33):

Passive Passive .2 Actwe
[Wsd_o l_ﬁ Op [ (G ]

Wéftwe |Zf | (O.Passwe

a}I:l;zsswe ((T‘ ﬁPassweO. ) 4+ (O.fz%ctwe) ) a;lbctwer (ﬁPassiveO_b)z

RB 1
0.4y * |Z [l ., acti p p 2 p Passi 2 (A44)
. f afbc ive ((ﬁ assweo_b) + (O_fbasswe) ) _ aﬂ;lsswerﬁ (,3 assweo.b)
which means that the final portfolio of funds can be decomposed into:
W;{jasswe Passwe Passwe A45
WActwe Actwe Actlve ( )
Sq=0 WsaAA

with the second term that scales with RB/y and a first term that is independent of it. Moreover,
with the ratio of the weight in the first term

ggzsive r,;
wActive = r_ (A46)
WsaAA B

and with w2 < 0 and wit™¢ > 0. Therefore, RB/y can be used to calibrate the proportion
of passive versus active and reduce the impact of 7.2 /7 p in the final allocation.

If we repeat the exercise while considering Sgirectionar 0 in (A41) to rederive (A45), we can
show that the ratio of the differences in the weights allocated to passive and to active arising from
introducing directional views are:
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, . , 2

Passive Passive -1 Active Passive 2

Sq#0  Wsg=o 21 * Sgirectional * RB 0p " * (Ufb ) *B % 1 A47
Active_WActive - 2 - ( )

w = =1, (gPasst ive;2 T
Sq#0 Sq=0 22 * Sqirectional * RB o}~ * (Jﬂ?sswe) xTg pPassiveg? B

In practice, the exposure of the two funds to the benchmark is likely similar, so that 75~1, whereas

the square of the ratio of alphas should be 7,2 > 1. Therefore, the difference in weights generated
by the introduction of a tactical view is mainly driven by the change in the allocation to the passive
fund, both for positive directional views, increasing it, and for negative views, decreasing it, and
the change in weights goes in the same direction for both passive and active.

5.4.5. Tracking error of TAA portfolio with tactical views

In this appendix we show, using a simple example with a single tactical view, that the tracking
error of the TAA portfolio relative to the SAA portfolio increases as views become more extreme,
whether positive or negative. Indeed, in this example, the square of the tracking error of a TAA
portfolio incorporating views is driven by two distinct components: The square of the tracking
error of the allocation without tactical views, and an additional term equal to the square of the
tracking error of the asset class for which the tactical view is expressed, scaled by the square of
the score used for the directional view.

We consider a universe with several funds with benchmarks that are used in the SAA portfolio. As
in previous examples, we assume that the long-only and no-short constraints are satisfied. This
allows us to use (A6), ignoring the respective Lagrangian multipliers in the optimization equation
(AS5), which simplifies the analysis.

In this case, the implied return in (A6) is:
Wr= Fp+ 240, (A48)

Here, as before, ﬁ£ aals the vector of implied returns X,w§,, derived from the SAA portfolio and
where only rows for funds are kept. In turn, i is the vector with the implied returns from tactical

views and net fund alpha as in (26) where, for simplicity, we ignore the term in k. This last vector
can be decomposed into its two components:

l_lf — i—l;actical + l._l;llpha (A49)

The second term F.?lpha is:

IR junay 0}y — OCR["™ ™

—alph 1 fb

l"’? = ; fun(.i.,.l fundy (ASO)
IRa;annafb — OCR;

and ﬁ}amcal is constructed from the implied returns of the tactical view 2AZ W tive by

retaining only the rows for funds.
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Hence, (A6) with no tactical views is:

no tactical _ 1 «—1(—alph —f j
whag fectieat = S yr1 (@I 4 22 i, — S0UENe1) (AS1)

and with tactical views is:

,With tactical 1 1/ — ; —alvh _ , .
W%XX actical _ zzfl(p‘;rcactwal + u? pha +22 p‘gAA _ 6%£2$§W51) (A52)

The difference between the two:

ftactical _ _ f,withtactical _ fno tactical

Awrya = Wraa WTaa

_ 1 w—1(=tactical with tactical no tactical

- ﬁzf (p‘f - (Sfunding - 6funding )1) (AS3)
where:

. Ty—1 —tactical
SWwith tactical _ gnotactical _ 12 iy _ (A54)
funding funding — 1T2;11

In this example we consider one directional tactical view only, expressed on the benchmark index
representing a given asset class j, so that:

- 0 T index;
0 index;_q
Woctive = Sdirectional * RB O-i;l}ziexj 1 inder (AS5)
0 index; 4,
| 0 | fund,,,

spanning all benchmark indices and all funds. In this case, the vector i of the implied returns
from tactical views can be written as the product:

—tactical —tactical

Hr = Sdirectional * Urs,=1 (A56)

between the directional score Sg;rectionar fOr the tactical view and ﬁ;f‘f;‘ffl, the implied returns of

a similar tactical view but with directional score Syirectionar =1 in (AS5), obtained from
2AZ W tive DY retaining only the rows for funds. This means that the difference in (A54) is
proportional to the tactical score:

with tactical no tactical
(6funding — Ofunding ) x Sdirectional (A57)

And then, we can also write (A53) as the product between the directional score Syirectiona: and

f.tactical _ .
AWTAA, Sq=1 for Sdirectional =1las:

f.tactical __ f.tactical
AWipa = Sdirectional * AWTAA, Sg=1 (AS8)

45



The tracking error of the portfolio with tactical views relative to the SAA portfolio is, by definition:

2 . . T , .
) ) _ A,with tactical A A,with tactical A
(TEW%L& tactlcal) = (wixa — wiia) Za(wis —wésn) (A59)
: A,with tactical , i , i
using WTAVX actreat — W%:X tactlcal_i_Aw%Atzctlcal and (A58):

2 2 . ,
) ) _ ) 2 f.tactical \T f,tactical
(TEW%&T tactlcal) = (TEW%ZXMUCM) + Sdirectional (AWTAA, Sd=1) Zf AWTAA, Sg=1
. T .
Atactical Ano tactical _ A
+2(Awpaa ") Za(Wrpa wésa)  (A60)

Atactical Ano tactical
because the rows for SAA assets are the same as zero for both AWTAZC @ and WT:: X actied “the

last term in (A60) can be simplified:
. T . . T .
A,tactical A,no tactical A _ f,tactical f,no tactical —f
(Awia ) Za(wraa —wian) = (Awra™ ) (Zr wiaa ~ Hsaa

. T .
= — (Awjacieaty (uprhe — spotacticaly) - (A61)

22
which, recalling that the sum of all elements of the vector Awltactical 4 zero, then simplifies
g TAA p
further into:
Atactical T Amno tactical A _ 1 f.tactical T —alpha
(Awrai ) Za(wraa —Wipa) = 1 (Awpxa ") (uf ) (A62)
If ﬁ}‘flpha ~ 0, e.g. if y is large enough, then (A60) is:
2 2 . .
2 f.tactical \T f.tactical
(TE yigptactica) ~ (TE g tactica) + S3irectionat (AWhan ac)TE; Awhaacace] (A63)

Demonstrating that, under such conditions, the square of the tracking error of the allocation with
tactical views is equal to the sum of the tracking error of the allocation without tactical views and
a term which scales with the square of the directional view.

The result above also holds when more than one tactical view is considered by keeping all tactical
views frozen but the one. It can also be extended to tactical views.
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This material is produced for information purposes only and does not constitute:

1. an offer to buy nor a solicitation to sell, nor shall it form the basis of or be relied upon in
connection with any contract or commitment whatsoever or
2. investment advice.

This material makes reference to certain financial instruments authorized and regulated in their
jurisdiction(s) of incorporation. No action has been taken which would permit the public offering
of the financial instrument(s) in any other jurisdiction, except as indicated in the most recent
prospectus of the relevant financial instrument(s), or on the website (under heading “our funds”),
where such action would be required, in particular, in the United States, to US persons (as such
term is defined in Regulation S of the United States Securities Act of 1933). Prior to any
subscription in a country in which such financial instrument(s) is/are registered, investors should
verify any legal constraints or restrictions there may be in connection with the subscription,
purchase, possession or sale of the financial instrument(s).

Investors considering subscribing to the financial instrument(s) should read carefully the most
recent prospectus and Key Information Document (KID) and consult the financial instrument(s”)
most recent financial reports.

These documents are available in the language of the country in which the financial instrument(s)
is authorized for the distribution and/or in English as the case may be, on the following website,
under heading "our funds": https://www.bnpparibas-am.com/

Opinions included in this material constitute the judgement of the investment management
company at the time specified and may be subject to change without notice. The investment
management company is not obliged to update or alter the information or opinions contained
within this material. Investors should consult their own legal and tax advisors in respect of legal,
accounting, domicile and tax advice prior to investing in the financial instrument(s) in order to
make an independent determination of the suitability and consequences of an investment therein,
if permitted. Please note that different types of investments, if contained within this material,
involve varying degrees of risk and there can be no assurance that any specific investment may
either be suitable, appropriate or profitable for an investor’s investment portfolio.

Given the economic and market risks, there can be no assurance that the financial instrument(s)
will achieve its/their investment objectives. Returns may be affected by, amongst other things,
investment strategies or objectives of the financial instrument(s) and material market and
economic conditions, including interest rates, market terms and general market conditions. The
different strategies applied to financial instruments may have a significant effect on the results
presented in this material. Past performance is not a guide to future performance and the value of
the investments in financial instrument(s) may go down as well as up. Investors may not get back
the amount they originally invested.

The performance data, as applicable, reflected in this material, do not take into account the
commissions, costs incurred on the issue and redemption and taxes.
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https://www.bnpparibas-am.com/

You can obtain this by clicking here: www.bnpparibas-am.fr/investisseur-professionnel/synthese-
des-droits-des-investisseurs a summary of investor rights in French. BNP PARIBAS ASSET
MANAGEMENT Europe may decide to terminate the arrangements made for the marketing of its
collective investment undertakings/financial instruments, in the cases covered by the applicable
regulations.

“The sustainable investor for a changing world” reflects the objective of BNP PARIBAS ASSET
MANAGEMENT Europe to integrate sustainable development into its activities, although not all
funds managed by BNP PARIBAS ASSET MANAGEMENT Europe fulfil the requirement of
either Article 8, for a minimum proportion of sustainable investments, or those of Article 9 under
the European Regulation 2019/2088 on sustainability-related disclosures in the financial services
sector (SFDR). For more information, please see www.bnpparibas-am.com/en/sustainability.
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