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Abstract
Introduction: This study analyzes the optimization of Peruvian mutual fund portfolios and the effect of the

denomination currency on the relationship between risk, return, and diversification. Objective: To compare the performance
of the Markowitz and Black-Litterman models in estimating efficient frontiers and constructing optimal portfolios for mutual
funds denominated in soles, dollars, and an integrated portfolio combining both currencies during 2010-2025.
Methodology: A quantitative, non-experimental, longitudinal study was conducted using monthly quota values of 31 mutual
funds reported by Peru’s Superintendencia del Mercado de Valores. Returns, volatilities, Sharpe ratios, tangent portfolios,
and efficient frontiers were calculated under non-negativity and maximum asset-weight constraints. Results: Soles-
denominated funds showed greater relative efficiency; Markowitz produced more conservative portfolios and better Sharpe
ratios, while Black-Litterman achieved higher cumulative returns in dollar and integrated portfolios, albeit with greater
volatility. Discussion: The findings confirm that portfolio efficiency does not depend solely on the optimization model, but
also on the denomination currency, the risk structure of the funds, and the evaluation criterion adopted. In this regard,
Markowitz proves more consistent for defensive strategies oriented toward risk-adjusted efficiency, while Black-Litterman
allows incorporating market expectations and shifting the portfolio toward higher potential returns, with greater risk
exposure. Conclusions: Both models are complementary; Markowitz favors risk-adjusted efficiency, and Black-Litterman
incorporates expectations to expand return opportunities.

Keywords: financial management; risk management; investment; liquidity; financial market.
JEL: C58; C61; D81; G11; G12; G23.
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Resumen

Introduccidn: El estudio analiza la optimizacién de portafolios de fondos mutuos peruanos vy el
efecto en la moneda de denominacidn sobre la relacion entre riesgo, retorno y diversificacion. Objetivo:
Comparar el desempefio de los modelos de Markowitz y Black-Litterman en la estimacion de fronteras
eficientes y la construccion de carteras 6ptimas en fondos mutuos denominados en soles, dolares y un
portafolio integrado por ambas monedas durante 2010-2025. Metodologia: Se desarrollé una investigacion
cuantitativa, no experimental y longitudinal, con valores de cuota mensuales de 31 fondos mutuos
reportados por la Superintendencia del Mercado de Valores. Se calcularon retornos, volatilidades, ratios de
Sharpe, carteras tangentes y fronteras eficientes bajo restricciones de no negatividad y peso maximo por
activo. Resultados: Los fondos en soles mostraron mayor eficiencia relativa; Markowitz presentd carteras
mas conservadoras y mejores ratios de Sharpe, mientras Black-Litterman alcanzé mayores retornos
acumulados en ddlares e integrados, aunque con mayor volatilidad. Discusion: Los hallazgos confirman
gue la eficiencia de los portafolios no depende Gnicamente del modelo de optimizacion, sino también de la
moneda de denominacion, la estructura de riesgo de los fondos y el criterio de evaluacion adoptado. En ese
sentido, Markowitz resulta més consistente para estrategias defensivas orientadas a eficiencia ajustada por
riesgo, a la vez que Black-Litterman permite incorporar expectativas de mercado y desplazar la cartera
hacia mayores retornos potenciales, con una exposicion superior al riesgo. Conclusiones: Ambos modelos
son complementarios; Markowitz favorece eficiencia ajustada por riesgo y Black-Litterman incorpora
expectativas para ampliar oportunidades de retorno.

Palabras clave: administracidn financiera; gestion de riesgos; inversion; liquidez; mercado financiero.
JEL: C58; C61; D81; G11; G12; G23.

Resumo

Introducéo: O estudo analisa a otimizagdo de carteiras de fundos de investimento peruanos e o
efeito da moeda de denominacgdo na relacéo entre risco, retorno e diversificacdo. Objetivo: Comparar 0
desempenho dos modelos de Markowitz e Black-Litterman na estimativa de fronteiras eficientes e na
construcdo de carteiras 6timas em fundos de investimento denominados em soles, délares e numa carteira
composta por ambas as moedas durante o periodo de 2010 a 2025. Metodologia: Foi desenvolvida uma
investigacdo quantitativa, ndo experimental e longitudinal, com valores mensais das quotas de 31 fundos
de investimento comunicados pela Superintendéncia do Mercado de Valores. Foram calculados retornos,
volatilidades, racios de Sharpe, carteiras tangentes e fronteiras eficientes sob restricbes de ndo negatividade
e peso maximo por ativo. Resultados: Os fundos em soles apresentaram maior eficiéncia relativa; o modelo
de Markowitz apresentou carteiras mais conservadoras e melhores racios de Sharpe, enquanto o modelo de
Black-Litterman alcangou maiores retornos acumulados em ddlares e integrados, embora com maior
volatilidade. Discussdo: Os resultados confirmam que a eficiéncia das carteiras ndo depende apenas do
modelo de otimizacdo, mas também da moeda de denominacdo, da estrutura de risco dos fundos e do critério
de avaliagdo adotado. Nesse sentido, 0 modelo de Markowitz revela-se mais consistente para estratégias
defensivas orientadas para a eficiéncia ajustada ao risco, enquanto o modelo de Black-Litterman permite
incorporar as expectativas do mercado e orientar a carteira para maiores retornos potenciais, com uma
exposicao superior ao risco. Conclusdes: Ambos os modelos sdo complementares; 0 modelo de Markowitz
privilegia a eficiéncia ajustada ao risco, enquanto o modelo de Black-Litterman incorpora expectativas para
ampliar as oportunidades de retorno.

Palavras-chave: gestdo financeira; gestdo de risco; investimento; liquidez; mercado financeiro.
JEL: C58; C61; D81; G11; G12; G23.
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I Introduction

Mutual funds constitute relevant collective investment vehicles because they allow
channeling resources toward professionally managed portfolios, with different levels of risk,
liquidity, and expected return. In this market, the investment decision depends not only on the
historical profitability of the assets, but also on market volatility, the denomination currency, and

the portfolio’s diversification capacity.

On this point, it should be noted that international evidence shows that stock markets
receive global and regional financial shocks that affect diversification. Likewise, volatility,
financial contagion, and stock market interdependencies influence portfolio decisions (Cayatopa
& Bendezu, 2025; Reyes, 2016; Urdaneta et al., 2021).

This framework is especially relevant for the study of mutual funds, since the efficiency of
their portfolios depends on the quality of diversification and the ability to incorporate signals
coming from both the local market and the regional and international environment. Consequently,
analyzing the construction of efficient portfolios in the Peruvian market requires recognizing that
mutual fund quota values not only reflect internal asset allocation decisions, but also exposure to
episodes of volatility, financial contagion, and stock market interdependence at different levels of

the economic system.

In this context, the research problem centers on the limited empirical evidence comparing
the ability of the Markowitz and Black-Litterman models to construct efficient portfolios of
Peruvian mutual funds, differentiating by denomination currency. The question guiding the study
is: How do the efficient frontiers, tangent portfolios, and risk-return indicators generated by both
models differ for mutual funds denominated in soles, dollars, and an integrated portfolio

combining both currencies during 2010-2025?

Empirical background and research gap
The empirical literature continues to regard the mean-variance approach as a central

reference for portfolio selection. Anuno et al. (2024), Chaweewanchon and Chaysiri (2022), Chen
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and Zhou (2022), Elavia et al. (2022), Irhamni (2024), Mallieswari et al. (2024), Nolan et al.
(2021), and Skrinjari¢ (2019) show that diversification, rebalancing, and reoptimization remain
useful mechanisms for improving the risk-return relationship, although the classic model requires

explicit assumptions and constraints.

In a complementary manner, it is noted that empirical efficiency depends on the quality of
means, covariances, and constraints; concentration, multicollinearity, scenario filtering,
regularization, liquidity, and risk budgets can modify the optimal solution (Barro et al., 2024; Cao
& Li, 2024; Cetingoz et al., 2024; Gubu & Hilmi, 2024; Hediger & Naf, 2024; Ortiz et al., 2023,
Puerto et al., 2022; Sadik et al., 2024; Senthilkumar et al., 2022).

Along these lines, Markowitz (1952) has gained relevance because it combines equilibrium
returns with investor views. In this regard, Luna and Agudelo (2019) show its empirical usefulness
in portfolios of the Latin American Integrated Market, which is pertinent for emerging markets

and for exercises in which expectations modify the optimal allocation.

For its part, the literature on mutual funds emphasizes that performance should be assessed
using risk-adjusted indicators and not only observed returns. Sharpe (1966) opened this line of
evaluation, and Hilario et al. (2020) extend the discussion toward fund portfolios under multiple

criteria.

In Peru, Ames (2012), Castillo and Lama (1998), Pacheco (2018), Quintana (2015), and
Yong (2011) addressed performance, diversification, efficiency, and market structure. However,

the evidence remains concentrated on ex post diagnostics and specific industry segments.

The research gap lies in the absence of a systematic comparison between Markowitz and
Black-Litterman or other models applied to Peruvian mutual funds with differentiation by
currency. This study provides that contrast based on soles-denominated funds, dollar-denominated

funds, and an integrated basket.

The mutual fund market
According to Peru’s Superintendencia del Mercado de Valores (SMV, 2021), a mutual fund
pools voluntary contributions from individuals and legal entities so that a management company

can invest them with the objective of obtaining profitability. The quota value allows approximating
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the fund’s performance and constitutes the operational input for constructing the return series used

in this research.

Mutual funds can generally be classified into fixed income, mixed income, and equity
income. The first prioritize debt instruments and lower volatility; the second combine debt and
equities; and the third assume greater exposure to stocks and, therefore, to market fluctuations. In
Peru, their management corresponds to Mutual Fund Management Companies, under the

supervision of the SMV.

Based on the foregoing, the objective of this study is to comparatively assess the efficient
frontiers, the composition of the tangent portfolios, and the risk-return performance indicators
obtained through the Markowitz and Black-Litterman models in Peruvian mutual funds
denominated in soles, dollars, and in an integrated portfolio combining both currencies during the
2010-2025 period. This expands the applied literature on portfolio optimization and currency

differentiation in the Peruvian market.

| Methodology

This research was developed using a quantitative approach, non-experimental design, and
longitudinal scope, applying the portfolio management models of Harry Markowitz (1952) and
Black and Litterman (1992).

The research period covered the analysis of monthly returns from January 2010 to
December 2025. The Python programming language was used for all procedures, including

scraping, data analysis, and plotting libraries.

Data were collected from the SMV’s mutual fund statistical portal (SMV, 2026), following

the research path shown in Figure 1.

Regarding data access and analysis, in a first stage, the quota values and net asset records
of all mutual funds registered at the close of each month-end were accessed using scraping
techniques, from December 31, 2009, to December 31, 2025. In a second stage, in order to obtain
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a balanced panel, all mutual funds that recorded complete information for the entire analysis period

and that also showed a quota value greater than zero were selected. Thus, this research analyzed a

total of 31 mutual funds, distributed among fixed income, equity income, and mixed income funds

(Table 1), duly quoted in both soles and dollars (for further detail, see Annex 1).

Figure 1

Data collection and analysis process

SUPERINTENDENCIA
DEL MERCADO DE VALORES.
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Source: Own elaboration.
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=
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=

~

Efficient frontiers were
calculated using the
Markowitz and Black-
Litterman models.

The decision to work with a balanced panel responds to a criterion of internal

comparability, where both models require complete return matrices to estimate means, variances,

covariances, and optimal weights under the same universe of assets. However, this inclusion rule

may generate survivorship bias, to the extent that it excludes funds without continuity throughout

the entire period. Consequently, the results are circumscribed to funds with a complete operational

history between 2010 and 2025, and should not be interpreted as exhaustive inference about the

entirety of existing, liquidated, merged, or newly incorporated funds during the period. This

limitation is relevant in financial performance studies, as the selection of surviving series can alter

the historical assessment of returns and risks (Brown et al., 1992).
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Table 1

Summary of prioritized mutual funds (n=31)

Category Number of funds Participation (%0)
Fixed income 11 35.48
Mixed income 16 51.61
Equity income 4 12.90

Source: Own elaboration.

In the third and fourth stages, the monthly return matrix was determined, and the
investment frontiers were calculated using the Markowitz and Black-Litterman models,

respectively.

In line with the above, the mathematical formulation of the Markowitz (1952) and Black
and Litterman (1992) models is presented below, adapted to the case of Peruvian mutual funds
based on monthly quota value information. The presentation incorporates the constraints actually

used in constructing the study’s optimal portfolios.

Let VC; ; be the quota value of mutual fund i in month ¢, where i = 1,2,3, ..., N, noting that

for this study N = 31. Based on this information, the monthly return of each fund was calculated

(Equation 1):

_ VCi,t _
Tit = —Vci,t—l 1 (1)

Based on the calculation of the monthly return matrix, the vector of expected returns and

the sample variance-covariance matrix were estimated (Equations 2 and 3):
U1
U1 1
u= S Ui = ;Z’{:lri,t (2)
UN
1
X = [Uij]NxN1 o;j = Ezrtr:l(ri,t —u) (e — Kj) (3)

Let w = (wy,w,, ..., wy )’ be the portfolio weight vector. In turn, expected return and its

variance are expressed in Equations 4, 5, and 6.

Rev. Tend. ISSN-E 2539-0554. Vol. XXVII N°2, 147-173 - July - December 2026
Universidad de Narifio




Optimization of Peruvian mutual fund portfolios using the Markowitz and Black-Litterman Models, 2010-2025
Luis Enrique Cayatopa-Rivera; Carmen Patricia Peralta-Gonzales; Lily Tatiana Leén-Echevarria; Henry Céndor-Lucchini

E(Rp) =w'u 4)
Var(Rp) =wyw (5)
o, =W Xw (6)

Markowitz Model

In general terms, the Markowitz efficient frontier is obtained by solving the minimum-
variance problem for a target return  (Equation 7):

mmiin w'yw @)

Subject to the constraints in Equations 8, 9, and 10.

wu=r (8)
Liw = ©)
w;=>0,i=12,..,N (10)

It should be noted that the maximum Sharpe ratio was used to calculate this study’s tangent

portfolio. The resulting optimization problem was thus formulated based on Equation 11.

w'u-rys

Jorsw (11)

max S(w) =
w

Where 75 represents the risk-free rate. For purposes of this study, 7 = 0, so the simplified
function was expressed in Equation 12.

__wh
mmfile(w)— S (12)

Subject to the constraints in Equations 13 and 14.

?’:1 w; =1 (13)

0<w; <015 i=12..,N (14)
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It should be noted that the constraint in Equation 14 encompasses two operational
assumptions of this research. First, short sales are not allowed, so all weights must be non-negative.
Second, no fund may represent more than 15% of the portfolio, which introduces an upper

diversification bound and avoids excessively concentrated solutions.

The choice of a zero risk-free rate was incorporated as a comparative normalization and
not as a literal representation of a Peruvian market rate. Under this convention, the Sharpe ratio
should be read as an internal measure of return per unit of homogeneous volatility, used to compare
the portfolios generated by both models under the same reference assumption. This clarification is
necessary because the Sharpe ratio is defined over differential returns relative to a benchmark or
risk-free asset; therefore, its operational interpretation requires caution when this component is

normalized to zero (Sharpe, 1994).

Black-Litterman Model

The Black-Litterman model starts from a vector of implied equilibrium returns, obtained
from the covariance matrix and a reference portfolio. In this study, that reference portfolio was
constructed using market weights approximated by the average share of each fund’s assets under
management. Let w™kt be the weight vector. Accordingly, the equilibrium return vector was

defined in Equation 15.
T=248Ywnkt (15)

Where 6 is the market risk-aversion coefficient, which for this study was setat § = 2.5. In
addition, the model introduces the parameter = which scales the uncertainty of the equilibrium
prior. It should be noted that T = 0.05 was used. Under this approach, the prior on expected returns

was expressed in Equation 16.
u~N(m, %) (16)

Accordingly, the central procedure of the model consists of incorporating views; that is,
investor judgments about return differentials between groups of assets, which are summarized in

Equation 17.

Pu=Q+¢ a7
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Where P is the view exposure matrix, Q is the vector of expected returns associated with

the stated views, and ¢ is the error term distributed as e~N (0, ).

On this point, three relative views were used. The first view held that medium-term soles-
denominated debt funds should outperform short-term soles-denominated debt funds. The second
view posited that moderate mixed-income soles-denominated funds should outperform short-term
dollar-denominated debt funds. The third view indicated that equity income should outperform

funds of funds.

The incorporated views are not presented as structural market truths, but as ex ante
assumptions of a comparative scenario. Their function is to assess how the optimal allocation
changes when the equilibrium prior is adjusted with relative judgments about observable segments
of the Peruvian mutual fund market. In particular, the views favor contrasts between short- and
medium-term debt, moderate mixed funds and funds of funds, as well as equity income versus
diversified vehicles, in order to represent reasonable hypotheses about term premiums, risk
exposure, and return accumulation. This reading is consistent with the logic of the Black-Litterman
model, which combines equilibrium returns with investor opinions weighted by their confidence
level (He & Litterman, 2002; ldzorek, 2004).

Mathematically, these views can be represented in Equations 18 and 19.

p'1

P=|p, (18)
P’
[d1 0.0020

Q= CIz] = [0.0050‘ (19)
[q3 0.0070

Where the elements of P assign positive weights to the group of funds favored by the view
and negative weights to the compared group. It should be mentioned that the matrix € captures the
uncertainty associated with each view. In this research, this uncertainty was constructed based on
specific confidence levels (0.80, 0.08 and 0.60, respectively, for each view), such that € is

expressed in Equation 20.
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Q = diag (1;—:" PP ), k=123 (20)

Where ¢, represents the level of confidence assigned to view k.

The assigned confidence levels should be interpreted as research parameters and not as
estimates observed directly from the market. Greater confidence increases the influence of the
view on the posterior returns, while lower confidence preserves greater proximity to the
equilibrium portfolio. For this reason, the results of the Black-Litterman model are reported as
dependent on the calibration adopted. A natural extension of the study would be to test the
sensitivity of the portfolios to alternative values of risk aversion, tau, and confidence, especially if
the objective were to move from a historical comparison to an operational investment

recommendation.

Based on the structure presented, the posterior vector of expected returns under the Black-

Litterman model framework was expressed in Equation 21.
pBl = [(x2) 1+ P'Q P Y (x2)In + P'Q71Q] (21)
Meanwhile, the model’s adjusted covariance matrix was bounded in Equation 22:
L =3+ [(zx) '+ PQ1pP]? (22)

Having calculated pB* and B, the Black-Litterman tangent portfolio was calculated by

again solving the maximum-Sharpe problem (Equation 23).

BL
w/k e
max

w  JwIZBLy (23)

Considering 7 = 0, the objective function was determined in Equation 24.

BL

w'k
max

w  JwZBLy (24)

Subject to the same constraints set out in Equations 13 and 14.

In comparative terms, the Markowitz model exclusively uses the historical information
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contained in u and Z, while the Black-Litterman model combines this statistical base with an
additional block of structured beliefs, summarized in P, Q, and Q, differing in the way the vector

of expected returns is constructed, which determines the final portfolio decision.

| Results

The results are presented for 31 mutual funds with complete information during 2010
2025. The reading should be circumscribed to surviving funds and to an in-sample historical
comparison, differentiated between soles-denominated funds, dollar-denominated funds, and an

integrated portfolio.

Table 2 shows that soles-denominated funds concentrated higher cumulative medians than
dollar-denominated funds. In soles, fixed income and equity income reached 71.22% and 70.44%,
respectively; in dollars, the values were more moderate, showing that currency modifies the

reading of historical performance.

Table 2

Median cumulative return of the analyzed mutual funds, by category and currency (2010-2025)

Group Category Funds Median cumulative return
(%)

Soles funds Fixed income 6 71,22

Soles funds Mixed income 9 49,59

Soles funds Equity income 2 70,44

Dollar funds Fixed income 5 29,51

Dollar funds Mixed income 7 35,56

Dollar funds Equity income 2 41,37

Source: Own elaboration.

In turn, the historical evolution of the normalized funds (Figure 2) shows that the
trajectories were not homogeneous across categories. Along these lines, it is revealed that equity
income mutual funds exhibited greater dispersion among funds, while fixed income maintained a

more stable and compact trajectory.
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Figure 2
Historical evolution of the analyzed mutual funds by category (2010-2025)

Fixed -Income Funds (11 Funds)

Mixed rent

Equity Funds (4 Funds)

Source: Own elaboration.

Descriptive analysis

Table 3 shows that soles-denominated fixed income was the segment with the best relative
efficiency, with an average annual return of 3.45%, volatility of 1.35%, and a Sharpe ratio of 3.72.
Equity income recorded higher average returns, but also higher volatility, which reduced its risk-

adjusted performance (for further detail, see Annex 2).
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Table 3
Descriptive statistics of the analyzed mutual funds by category (2010-2025)

Group Category Funds  Annual return (%) Annual vol. Sharpe
(%)
Soles funds Fixed income 6 3,45 1,35 3,72
Soles funds Mixed income 9 2,87 7,94 0,50
Soles funds Equity income 2 5,06 19,12 0,26
Dollar funds Fixed income 5 1,69 1,41 2,13
Dollar funds Mixed income 7 1,90 5,72 0,52
Dollar funds Mixed income 2 4,20 22,82 0,19

Source: Own elaboration.

Markowitz Model Results

Markowitz optimization (Table 4) converged under non-negativity and 15% maximum
asset-weight constraints. The model generated conservative portfolios: in soles it reached an
annualized return of 3.30%, volatility of 1.01%, and Sharpe of 3.21; in dollars, 1.76%, 1.16%, and
1.51; and in the integrated portfolio, 2.41%, 0.43%, and 5.49, respectively.

Table 4

Composition of the Markowitz tangent portfolio

Portfolio ~ Mutual fund Weight
(%)
Soles CC conservative medium-term 15,00
Credicorp conservative liquidity 15,00
BBVA short-term income 15,00
BBVA médium-term income 15,00
BBVA cash 15,00
Scotia cash fund 15,00
IF medium-term 8,03
IF flexible investment 1,97
Dollars Scotia cash fund 15,00
FdF BBVA global conservative 15,00
Credicorp conservative liquidity 15,00
BBVA cash 15,00
BBVA short-term income 15,00
Credicorp conservative liquidity 15,00
BBV A medium-term income 10,00
Integrated = BBVA cash [dollars] 15,00
BBVA cash [soles] 15,00
BBVA short-term income [soles] 15,00
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Credicorp conservative liquidity [dollars] 15,00
Credicorp conservative liquidity [soles] 15,00
Scotia cash fund [soles] 14,71
BBVA short-term income [dollars] 10,29

Source: Own elaboration.

The integrated basket allowed combining low-volatility funds in both currencies, which

explains the higher Sharpe ratio obtained by Markowitz.

Black-Litterman Model Results

Black-Litterman maintained a significant presence of fixed income, but incorporated
medium-term, mixed income, and equity income funds more heavily (Table 5). In soles it obtained
an annualized return of 3.29%, volatility of 1.54%, and Sharpe of 2.10; in dollars, 2.07%, 7.72%,
and 0.30; and in the integrated portfolio it achieved the highest cumulative return of the exercise,
at 58.26%.

Table 5

Composition of the Black-Litterman tangent portfolio

Portfolio Mutual fund Weight
(%)
Soles BBVA medium-term income 15,00
IF medium term 15,00
(First and third Credicorp conservative liquidity 15,00
views applied) CC conservative medium-term 15,00
BBVA short-term income 14,56
Credicorp moderate VCS 11,45
Scotia cash fund 7,32
Scotia Premium fund 4,40
BBVA cash 2,27
Dollars (Third BBVA cash 15,00
view applied) BBVA short-term income 15,00
Credicorp conservative liquidity 15,00
Credicorp capital equities 15,00
Promoinvest selective fund 15,00
Scotia cash fund 15,00
IF balanced mixed 6,18
Credicorp balanced 2,21
Scotia premium fund 1,61
Integrated IF medium-term [soles] 15,00
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Credicorp moderate VCS [soles] 15,00
(First, second, and BBVA medium-term income [soles] 15,00
third views CC conservative medium-term [soles] 15,00
applied) BBVA cash [dollar] 14,46
Scotia cash fund [soles] 11,65
FdF BBVA global conservative 6,24
[dollars]
BBVA short-term income [soles] 3,81
Scotia premium fund [soles] 2,47
BBVA medium-term income [dollars] 0,99
IF flexible investment [soles] 0,26
Scotia cash fund [dollars] 0,13

Source: Own elaboration.
Comparative Analysis

Table 6 confirms that dominance depends on the evaluation criterion. Markowitz presents
the greatest risk-adjusted efficiency, especially in the integrated portfolio, while Black-Litterman

achieves higher cumulative return in dollars and in the integrated portfolio, with greater volatility.

Table 6

Comparison between the Markowitz and Black-Litterman tangent portfolios

Portfolio Model Annual Annual vol. Sharpe Cumulative
return (%) (%) return (%)
Soles Markowitz 3,30 1,01 3,21 68,18
Soles Black-Litterman 3,29 1,54 2,10 67,74
Dollars Markowitz 1,76 1,16 1,51 32,21
Dollars Black-Litterman 2,07 7,72 0,30 38,84
Integrated Markowitz 2,41 0,43 5,49 46,41
Integrated Black-Litterman 2,91 1,72 1,68 58,26

Source: Own elaboration.

Figure 3 reinforces this reading, where the frontiers of soles-denominated funds are located
in a more favorable return zone than those of dollar-denominated funds; the integrated portfolio
expands the feasible set; and Black-Litterman shifts the frontier toward portfolios with higher

expected return and higher relative risk (for further detail, see Annex 3).
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Figure 3

Markowitz and Black-Litterman efficient frontiers
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| Discussion

The results confirm the continued relevance of the mean-variance approach as an efficient
allocation tool, in line with Chaweewanchon and Chaysiri (2022), Chen and Zhou (2022), Elavia
et al. (2022), and Skrinjari¢ (2019). However, its performance depends on the currency universe
and the constraints applied. In this research, Markowitz generated defensive portfolios,

concentrated in low-volatility assets, with high risk-adjusted efficiency.
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The evidence also coincides with the critical literature on parametric sensitivity and
covariance estimation (Cao & Li, 2023; Hediger & Naf, 2024; Senthilkumar et al., 2022). This
warning is relevant because the optimal portfolio can vary if the inputs, constraints, or investment
objective change. Therefore, the results should be interpreted as historical efficiency under defined

assumptions, not as a universal operational recommendation.

In the case of Black-Litterman, the findings are consistent with Luna and Agudelo (2019),
as the incorporation of views allows shifting the portfolio toward segments with greater potential
return. However, the cost of that greater accumulation is higher risk exposure, especially in dollars.
Thus, Markowitz proves more suitable for conservative profiles, while Black-Litterman is more

pertinent for investors willing to accept additional volatility.

In light of the literature on mutual funds and the Peruvian case (Ames, 2012; Castillo &
Lama, 1998; Hilario et al., 2020; Pacheco, 2018; Quintana, 2015; Yong, 2011), the main
contribution consists of showing that the denomination currency conditions the efficient frontier.
Efficiency does not appear as a single outcome, but as a solution dependent on the model, the
currency, the fund category, and the decision criterion.

I Conclusions

This research compared the Markowitz and Black-Litterman models in Peruvian mutual
funds during 20102025, differentiating soles-denominated funds, dollar-denominated funds, and
an integrated portfolio combining both currencies. The findings show that the denomination
currency modifies the risk-return structure, so the efficient frontier should not be interpreted as

homogeneous across the entire industry.

Markowitz showed greater consistency in constructing conservative, Sharpe-efficient
portfolios, especially in the integrated portfolio. Black-Litterman generated portfolios that were
more sensitive to the incorporated views and achieved higher cumulative returns in dollars and in

the integrated portfolio, although with greater volatility.
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There is no absolute superiority of one model over the other. The choice depends on the
decision criterion: risk-adjusted efficiency, for conservative profiles, or the pursuit of greater

potential return with market expectations, for profiles with higher risk tolerance.

The future research agenda should assess out-of-sample performance, transaction costs,
fees, taxes, liquidity, conversion to a common base currency, and the sensitivity of Black-
Litterman parameters, in addition to contrasting these results with robust, Bayesian, or tail-risk
models.
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Annexs 1

Annexs

List of prioritized mutual funds. 2010-2025. (n=31)

Mutual Fund SMV Classification Category Manager Quota Currency
BBVA CASH DOLLARS Short —Term Debt Inst. $ Fixed income BBVA SAF $
BBVA CASH SOLES Short —Term Debt Inst. S/ Fixed income BBVA SAF S/
BBVA RENTA CORTO PLAZO $ Short —Term Debt Inst.$ Fixed income BBVA SAF $
BBVA RENTA CORTO PLAZO S/. Short —Term Debt Inst. S/ Fixed income BBVA SAF S/
BBVA RENTA MED. PLAZO $ Medium-Term Debt Inst. $ Fixed income BBVA SAF $
BBVA RENTA MED. PLAZO S/. Medium-Term Debt Inst. S/ Fixed income BBVA SAF S/
CC CONSERV. MED. PLAZO S/. Medium-Term Debt Inst. S/ Fixed income CREDICORP SAF S/
CRED. CONSERVAD. LIQUIDEZ S/ Short —Term Debt Inst. Fixed income CREDICORP SAF S/
CRED. CONSERVADOR LIQUIDEZ $ Short —Term Debt Inst.$ Fixed income CREDICORP SAF $
IF MEDIANO PLAZO Medium-Term Debt Inst. $ Fixed income INTERFONDO $
IF MEDIANO PLAZO SOLES Medium-Term Debt Inst. S/ Fixed income INTERFONDO S/
CRED. CRECIMIENTO VCS Mixed Income Growth Soles Mixed income CREDICORP SAF S/
CRED. EQUILIBRADO Mixed Income Moderate Dollars Mixed income CREDICORP SAF $
CRED. EQUILIBRADO VCS Fund of Funds Mixed income CREDICORP SAF S/
CRED. MODERADO Mixed Income Moderate Dollars Mixed income CREDICORP SAF $
CRED. MODERADO VCS Mixed Income Growth Soles Mixed income CREDICORP SAF S/
CREDICORP CONSER. MED. PLA. $ Fund of Funds Mixed income CREDICORP SAF $
FdF BBVA CONSERV GLO $ Fund of Funds Mixed income BBVA SAF $
FdF BBVA CONSERV GLO S/ Fund of Funds Mixed income BBVA SAF s/
FdF BBVA DINAMICO GLOBAL S/ Fund of Funds Mixed income BBVA SAF S/
FdF BBVA Equilibrado Global S/ Fund of Funds Mixed income BBVA SAF S/
IF INVERSION FLEXIBLE Flexible Mixed income INTERFONDO S/
IF MIXTO BALANCEADO Mixed Income Balanced Dollars Mixed income INTERFONDO $
SCOTIA FONDO CASH $ Flexible Mixed income SCOTIA FONDOS $
SCOTIA FONDO CASH S/. Flexible Mixed income SCOTIA FONDOS S/
SCOTIA FONDO PREMIUM $ Flexible Mixed income SCOTIA FONDOS $
SCOTIA FONDO PREMIUM S/. Flexible Mixed income SCOTIA FONDOS S/
CREDICORP CAPITAL ACCIONES Equity income Equity income CREDICORP SAF $
IF ACCIONES Equity income Equity income INTERFONDO S/
Promoinvest Fondo Selectivo Equity income Equity income PROMOINVEST SAF $
SURA ACCIONES Equity income Equity income FONDOS SURA SAF S/

Source: Own elaboration.
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Annex 2
Prioritized mutual funds. Descriptive statistics. 2010-2025. (n=31)
Mutual fund Category Avg. Monthly Avg. Annual Annual vol. Sharpe Cumulative return
Monthly vol. return (%) (%) (%)
return
CC CONSERV, MED, PLAZO s/ Fixed income 0,0035 0,0056 4,1590 1,9394 2,1445 93,7340
BBVA RENTA MED, PLAZO S/ Fixed income 0,0030 0,0061 3,6096 2,1139 1,7076 77,3814
CRED, CONSERVAD, LIQUIDEZ S/ Fixed income 0,0029 0,0014 3,4216 0,4855 7,0481 72,7186
BBVA RENTA CORTO PLAZO S/ Fixed income 0,0028 0,0024 3,3145 0,8396 3,9477 69,7291
IF MEDIANO PLAZO SOLES Fixed income 0,0026 0,0064 3,1198 2,2295 1,3994 63,9781
BBVA CASH SOLES Fixed income 0,0025 0,0014 3,0477 0,5014 6,0781 62,7128
BBVA RENTA MED, PLAZO $ Fixed income 0,0016 0,0071 1,9591 2,4511 0,7992 36,1231
IF MEDIANO PLAZO Fixed income 0,0015 0,0088 1,8471 3,0416 0,6073 33,3447
BBVA RENTA CORTO PLAZO $ Fixed income 0,0013 0,0019 1,6192 0,6596 2,4548 29,5064
CRED, CONSERVADOR LIQUIDEZ$  Fixed income 0,0013 0,0013 1,6097 0,4479 3,5934 29,3321
BBVA CASH DOLARES Fixed income 0,0012 0,0013 1,4328 0,4457 3,2144 25,7283
CRED, CRECIMIENTO VCS Mixed income 0,0046 0,0426 5,4833 14,7452 0,3719 102,0605
FdF BBVA DINAMICO GLOBAL S/ Mixed income 0,0033 0,0493 3,9674 17,0849 0,2322 49,5893
IF INVERSION FLEXIBLE Mixed income 0,0031 0,0133 3,7570 4,5930 0,8180 79,2242
CRED, MODERADO VCS Mixed income 0,0028 0,0153 3,4063 5,3033 0,6423 68,5300
CRED, EQUILIBRADO Mixed income 0,0027 0,0333 3,2415 11,5239 0,2813 50,9660
FdF BBVA Equilibrado Global S/ Mixed income 0,0026 0,0255 3,0713 8,8506 0,3470 53,5335
IF MIXTO BALANCEADO Mixed income 0,0021 0,0314 2,4906 10,8702 0,2291 35,5605
CREDICORP CONSER, MED, PLA, $ Mixed income 0,0020 0,0078 2,4194 2,7157 0,8909 46,3386
FdF BBVA CONSERV GLO S/ Mixed income 0,0020 0,0135 2,4001 4,6743 0,5135 44,2380
FdF BBVA CONSERV GLO $ Mixed income 0,0018 0,0075 2,2021 2,5878 0,8510 41,4350
SCOTIA FONDO CASH S/ Mixed income 0,0017 0,0041 2,0093 1,4299 1,4052 37,6555
CRED, MODERADO Mixed income 0,0016 0,0189 1,8829 6,5360 0,2881 30,5606
CRED, EQUILIBRADO VCS Mixed income 0,0012 0,0286 1,4561 9,8973 0,1471 16,7499
SCOTIA FONDO CASH $ Mixed income 0,0009 0,0029 1,0971 1,0141 1,0819 19,0823
SCOTIA FONDO PREMIUM S/ Mixed income 0,0003 0,0141 0,3083 4,8997 0,0629 3,0032
SCOTIA FONDO PREMIUM $ Mixed income 0,0000 0,0138 -0,0592 4,7848 -0,0124 -2,7403
CREDICORP CAPITAL ACCIONES Equity income 0,0056 0,0637 6,6847 22,0627 0,3030 98,0354
SURA ACCIONES Equity income 0,0053 0,0578 6,3725 20,0388 0,3180 101,0651
IF ACCIONES Equity income 0,0031 0,0525 3,7519 18,1931 0,2062 39,8228
Promoinvest Fondo Selectivo Equity income 0,0014 0,0681 1,7156 23,5842 0,0727 -15,2900

Source: Own elaboration.
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Annex 3
Efficient frontiers resulting from the research. Descriptive portfolio results.
Markowitz Model Black-Litterman Model
Expected annual Expected annual Expected Expected annual Expected annual Expected
return (%) volatility (%) Sharpe return (%) volatility (%) Sharpe
2,2455 0,5407 4,1526 0,4765 0,5535 0,8609
2,3577 0,5499 4,2875 1,0686 0,9349 1,1429
2,4699 0,5755 4,2917 1,6606 1,3927 1,1923
2,5822 0,6151 4,1978 2,2526 1,8533 1,2155
2,6944 0,6677 4,0351 2,8447 2,3626 1,2040
2,8066 0,7153 3,9237 3,4367 2,9324 1,1720
2,9188 0,7878 3,7048 4,0288 3,5311 1,1409
3,0310 0,8709 3,4803 4,6208 4,1692 1,1083
3,1433 0,9699 3,2410 5,2128 4,8369 1,0777
3,2555 1,0749 3,0287 5,8049 5,5220 1,0512
3,3677 1,2221 2,7556 6,3969 6,2166 1,0290
3,4799 1,4590 2,3852 6,9889 6,9588 1,0043
3,5921 1,8172 1,9767 7,5810 7,7320 0,9805
3,7044 2,3281 1,5912 8,1730 8,5064 0,9608
3,8166 2,9145 1,3095 8,7650 9,3075 0,9417
3,9288 3,5324 1,1122 9,3571 10,1094 0,9256
4,0410 4,1726 0,9685 9,9491 10,9234 0,9108
4,1532 4,8252 0,8607 10,5412 11,7528 0,8969
4,2655 5,4785 0,7786 11,1332 12,6149 0,8825
43777 6,1380 0,7132 11,7252 13,4335 0,8728
4,4899 6,8017 0,6601 12,3173 14,2916 0,8619
4,6021 7,4820 0,6151 12,9093 15,1561 0,8518
4,7143 8,1988 0,5750 13,5013 16,0317 0,8422
4,8266 9,0363 0,5341 14,0934 16,9328 0,8323
4,9388 13,1980 0,3742 14,6854 17,9133 0,8198
Markowitz Model Black-Litterman Model
Expected annual Expected annual Expected  Expected annual Expected annual Expected
return (%) volatility (%) Sharpe return (%) volatility (%) Sharpe
3,2037 1,0744 2,9818 1,0873 1,0653 1,0206
3,2571 1,0520 3,0961 1,3887 1,2910 1,0757
3,3105 1,0801 3,0650 1,6901 1,5551 1,0868
3,3638 1,2115 2,7766 1,9915 1,8552 1,0735
3,4172 1,3876 2,4628 2,2929 2,1753 1,0541
3,4706 1,4727 2,3565 2,5943 2,5056 1,0354
3,5239 1,4848 2,3733 2,8958 2,9069 0,9962
3,5773 1,6943 2,1113 3,1972 3,3106 0,9657
3,6307 1,9265 1,8846 3,4986 3,7422 0,9349
3,6841 2,2639 1,6273 3,8000 4,2249 0,8994
3,7374 2,5317 1,4762 4,1014 4,6836 0,8757
3,7908 2,8044 1,3517 4,4028 5,1550 0,8541
3,8442 3,0959 1,2417 4,7042 5,6428 0,8337
3,8975 3,3896 1,1499 5,0056 6,1513 0,8138
3,9509 3,6878 1,0713 5,3071 6,6704 0,7956
4,0043 3,9902 1,0035 5,6085 7,2367 0,7750
4,0577 4,2668 0,9510 5,9099 7,7952 0,7581
4,1110 4,6101 0,8917 6,2113 8,3631 0,7427
4,1644 4,8941 0,8509 6,5127 8,9651 0,7265
4,2178 5,2371 0,8054 6,8141 9,5893 0,7106
4,2711 5,5242 0,7732 7,1155 10,2460 0,6945
4,3245 5,8614 0,7378 7,4170 10,9214 0,6791
4,3779 6,7974 0,6441 7,7184 11,6517 0,6624
4,4313 8,0010 0,5538 8,0198 12,4668 0,6433
4,4846 10,9855 0,4082 8,3212 13,4091 0,6206
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Markowitz Model Black-Litterman Model
Expected annual Expected annual Expected Expected annual Expected annual Expected
return (%) volatility (%) Sharpe return (%) volatility (%) Sharpe
1,6927 1,1876 1,4253 0,1344 1,2127 0,1109
1,7488 1,1929 1,4660 0,2438 1,4341 0,1700
1,8048 1,3766 1,3110 0,3531 1,7517 0,2016
1,8609 1,4981 1,2421 0,4625 2,1033 0,2199
1,9169 1,5476 1,2387 0,5719 2,5063 0,2282
1,9730 1,6979 1,1620 0,6812 2,9184 0,2334
2,0290 1,8605 1,0906 0,7906 3,3384 0,2368
2,0851 2,0857 0,9997 0,8999 3,7676 0,2389
2,1411 2,2665 0,9447 1,0093 4,2048 0,2400
2,1972 2,4485 0,8974 1,1186 4,6434 0,2409
2,2532 2,6027 0,8657 1,2280 5,0815 0,2417
2,3093 2,8102 0,8217 1,3373 5,5244 0,2421
2,3653 3,0233 0,7824 1,4467 5,9657 0,2425
2,4214 3,2802 0,7382 1,5560 6,4098 0,2428
2,4774 3,4622 0,7156 1,6654 6,8548 0,2430
2,5335 3,6856 0,6874 1,7747 7,3014 0,2431
2,5895 3,9341 0,6582 1,8841 7,7493 0,2431
2,6456 4,1721 0,6341 1,9934 8,1996 0,2431
2,7016 4,4839 0,6025 2,1028 8,6532 0,2430
2,7577 4,8654 0,5668 2,2122 9,1112 0,2428
2,8137 5,2482 0,5361 2,3215 9,5580 0,2429
2,8698 5,6335 0,5094 2,4309 10,0121 0,2428
2,9258 6,1108 0,4788 2,5402 10,4681 0,2427
2,9819 6,8628 0,4345 2,6496 10,9278 0,2425
3,0379 7,8898 0,3850 2,7589 11,4364 0,2412

Source: Own elaboration.
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