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Abstract: This study examines the performance of multi-asset portfolios in global emerging markets, 
emphasizing their exposure to systemic risk and risk-adjusted returns. The analysis encompasses 
portfolios from regions such as  Southeast Asia, the  Middle East and Central Asia, Central and 
Eastern Europe, Africa, and Latin America. The research uses daily data, covering a 10 years period. 
Two advanced methodologies are applied in the portfolio construction – the Mahalanobis distance 
and the Stutzer ratio. The financial turbulence index constructed for the systemic risk measurement 
reveals a  pronounced allocation bias toward a  single asset, driven by  its distinctive attributes. 
Interestingly, the  asset with the  highest weight in  the  portfolio originates from frontier markets, 
which are less integrated into  the  global financial system and thus more insulated from global 
economic shocks. The Stutzer ratio, through its calculation of the decay parameter theta, provides 
insights into whether an emerging market portfolio is characterized by high volatility and frequent 
market fluctuations or is more aligned with long-term investment strategies that emphasize stability 
and consistent performance. The results indicate that all emerging markets portfolios have higher 
Stutzer ratio than the developed portfolio, which indicates better risk-adjusted results. However, 
the  theta parameter is mostly lower in  the  emerging markets portfolios, suggesting higher risk 
in these markets. The highest Sharpe ratio is found in the African countries portfolio, while the best 
portfolio, when using the more advanced Stutzer ratio, is with Latin American countries. This study 
provides insightful guidance for international investors exploring opportunities in emerging markets, 
focusing on systemic risk and evaluating returns through a risk-adjusted lens.
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Introduction
Over the  last couple of  decades, emerging 
markets have implemented numerous reform 
measures, making them more appealing 
to  global investors. Several reasons make 
them favourable for investment. First, emerg-
ing markets often experience faster economic 
growth compared to  developed economies, 
driven by  industrialization, urbanization, and 
increasing consumer demand (Časni & Vizek, 

2014). Younger and growing middle-class 
populations lead to  rising consumption, creat-
ing opportunities for companies to expand and 
generate higher profits (Eshun et  al., 2023). 
Many emerging markets are investing heavily 
in infrastructure projects (Babucea et al., 2017), 
leading to opportunities in construction, real es-
tate, and related sectors, while government-led 
reforms aimed at liberalizing markets or improv-
ing governance can spur economic growth and 
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attract more foreign investment. Some emerg-
ing markets are leapfrogging traditional tech-
nologies and adopting cutting-edge solutions, 
creating unique investment opportunities. 

On the other hand, emerging markets often 
face various vulnerabilities due to their develop-
ing nature and structural characteristics. They 
commonly struggle with issues such as  infla-
tion, exchange rate fluctuations, and heavy 
debt burdens (Rocha &  Moreira, 2010). From 
a stock market perspective, these markets are 
often characterized by a lack of liquidity (Urban, 
2017), which makes executing large trades 
challenging. According to Salisu et  al. (2022), 
stock prices in  emerging markets also  tend 
to  be more volatile, influenced by  speculative 
behaviour and external shocks. Moreover, 
emerging markets are particularly sensitive 
to geopolitical risks, as many of them are heav-
ily reliant on commodity exports (Pitterle et al., 
2015). Geopolitical risks can disrupt commodity 
markets, adversely affecting the revenues and 
economic stability of  these countries. In  ad-
dition, geopolitical tensions or  conflicts can 
heighten uncertainty, leading global investors 
to withdraw funds from emerging markets and 
shift to safer assets in developed economies.

All  emerging markets have their own pros 
and cons when it comes to  investment, and 
the  performance of  these investments differs 
significantly between countries due to  varying 
economic, political, social, and structural fac-
tors. The goal of the paper is to identify which 
emerging markets portfolio offers the best op-
portunities for investors, analysing two perspec-
tives – the level of systemic risk each portfolio is 
exposed to and its risk-adjusted performance. 
We  construct six-asset portfolios comprising 
stock indices from emerging markets across 
five global regions: Southeast Asia, the Middle 
East and Central Asia, Central and Eastern 
Europe, Africa, and Latin America. For  com-
parison, we also examine a portfolio consisting 
of developed G7 countries. While this topic is 
not new in the literature (Alqahtani et al., 2020; 
Liu, 2019; Salisu et al., 2020; Zhao et al., 2019), 
this paper seeks to contribute by employing two 
unconventional and sophisticated methodologi-
cal approaches –  the  Mahalanobis distance 
(MD) as  a  measure of  systemic risk and 
the  Stutzer ratio as  a  significant improvement 
over the classical Sharpe ratio. 

Examining systemic risk in  emerging 
markets is important for investors because 

emerging markets are sensitive to global eco-
nomic conditions, such as changes in  interest 
rates, commodity prices, or  investor sentiment 
(Mensi et  al., 2021). Investors who effectively 
analyse and manage systemic risks can better 
navigate volatility in these markets, while taking 
advantage of their growth potential. On the oth-
er hand, the  analysis of  risk-adjusted perfor-
mance is equally important because it helps 
balance the  higher growth potential of  these 
markets with the  significant risks they pose. 
Specifically, this calculation enables investors 
to make informed decisions, optimize portfolios, 
and avoid excessive risks while capitalizing 
on growth opportunities.

The Mahalanobis distance is used to calcu-
late the level of systemic risk in each portfolio. 
It was originally developed as a statistical tool 
to  classify human skulls into distinct groups 
based on  their physical characteristics (Ma-
halanobis, 1927). In  the  realm of  finance, this 
concept can be adapted to  analyse features 
such as  the  statistical moments of  assets 
in a portfolio or the characteristics of portfolios 
held by  investors. When portfolio weights are 
optimized using outdated or  shifting distribu-
tions, they can become highly suboptimal, 
while trading strategies relying on past market 
patterns that no longer exist are likely to  incur 
losses. To address this issue, Kritzman and Li 
(2010) introduce the  concept of  “financial tur-
bulence,” measured using the  Mahalanobis 
distance. The  financial turbulence index (FTI) 
captures the degree of multivariate irregularity 
or  unexpected behaviour in  financial market 
data. In other words, the Mahalanobis distance 
can be characterized as a  statistical measure 
used to determine the distance between a point 
and a distribution, taking into account the cor-
relations among variables (Stöckl &  Hanke, 
2014). In  finance, this measure can identify 
unusual observations in  multivariate datasets, 
such as outliers in portfolio returns or economic 
indicators (Kanga et  al., 2023). Giglio et  al. 
(2016) assert that this methodology has sev-
eral useful characteristics that make it superior 
to  other methods in  detecting turbulence and 
systemic risk. First, it  incorporates the  covari-
ance structure of the variables, making it effec-
tive in  financial systems where variables are 
highly correlated. Second, it adjusts for different 
scales of the variables, ensuring that no single 
variable disproportionately influences the  re-
sults. Third, it detects extreme deviations from 
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the norm, which indicates stress or vulnerability 
in financial systems.

There is substantial evidence in  the  litera-
ture indicating that stock returns in  emerging 
markets often deviate from a normal distribution 
(Dridi & Boughrara, 2023; Li et al., 2021; Tanos 
et al., 2024; Yiming et al., 2024). This challeng-
es the practical applicability of the Sharpe ratio 
because it is based on the variance, assigning 
equal weight to deviations both above and be-
low the mean (Sharpe, 1966). This assumption, 
however, may not align with real-world inves-
tor preferences, particularly when the  focus 
is on  protecting against losses. The  Stutzer 
ratio, introduced by  Stutzer (2000), redefines 
the concept of risk by focusing on the likelihood 
of failing to meet a specified target return. Un-
like the Sharpe ratio, which views all volatility 
as risk, the Stutzer ratio emphasizes downside 
risk. As  Stutzer (2000) demonstrates, when 
a portfolio is expected to outperform a bench-
mark over time, the probability of underperfor-
mance diminishes exponentially as the sample 
period grows. This decay rate, represented 
mathematically as theta, is proposed as a per-
formance measure, and Stutzer (2000) provides 
a method to construct portfolios that maximize 
this decay rate. The  Stutzer ratio has several 
advantages over the  traditional Sharpe mea-
sure, according to  Haley and McGee (2006). 
First, it  is not constrained by the  assumption 
of  normally distributed returns, making  it 
a more flexible and robust performance metric. 
Second, it  accounts for investor preferences 
for positive skewness, which are overlooked 
in  the  mean-variance paradigm. Third, it  dis-
courages strategies that generate high returns 
at the cost of taking extreme risks.

The  main contribution of  the  paper lies 
in the methodologies employed. First, it evalu-
ates the  level of  systemic risk in  emerging 
market portfolios using the  elaborate Mahala-
nobis distance approach. Second, it assesses 
the risk-adjusted performance of  the portfolios 
using the advanced, but rarely used Stutzer ra-
tio metric. To the best of our knowledge, neither 
methodology has been applied in this context, 
which provides the motivation for this research.

Apart from the  introduction, the  paper is 
organized as  follows. The  second section 
provides a  review of  the  existing literature. 
The  third section outlines the  methodologies 
used, focusing on  Mahalanobis distance and 
Stutzer ratio-optimized portfolios. The  fourth 

section presents the  dataset and descriptive 
statistics. Section five is dedicated to present-
ing the  research findings in  two subsections. 
The final section offers the conclusions.

1	 Theoretical background
This section presents studies that use emerg-
ing equity markets in global portfolios. For  in-
stance, Christoffersen et  al. (2014) analyse 
trends and changes in  correlations over time 
using weekly return data from both developed 
and emerging markets. They argue that includ-
ing emerging markets alongside developed 
markets enhances diversification opportunities. 
Abuaf et  al. (2019) conducted an  empirical 
analysis to determine if emerging-market port-
folios lie on the mean-variance efficient frontier 
and assessed which specific markets offer 
superior diversification benefits. Their findings 
highlighted Mexico and China as the most sig-
nificant contributors to  portfolio diversification. 
Gupta and Donleavy (2009) found that, even 
with rising correlations, Australian investors 
can still gain advantages by  including inter-
national emerging markets in  their portfolios. 
Guidi and Ugur (2014) examine the  integra-
tion of  South-Eastern European (SEE) stock 
markets, specifically those in Bulgaria, Croatia, 
Romania, Slovenia, and Turkey, with developed 
markets in  Germany, the  UK, and the  USA. 
Their study reveals that, despite dynamic coin-
tegration observed during much of  the  global 
financial crisis (September 2008 to May 2010), 
investors could still achieve diversification ben-
efits between September 2007 and June 2013. 
Jayasuriya and Shambora (2009) build upon 
existing research regarding enhancements 
to the efficient portfolio frontier within globally di-
versified portfolios. Their findings indicate that, 
over the past eight years, a U.S. investor could 
have achieved superior returns at  the  same 
level of risk by including emerging and frontier 
markets in their portfolio. Hadhri and Ftiti (2019) 
explore the profitability of investing in emerging 
markets. Beyond the traditional first and second 
moments considered in  asset allocation, their 
analysis emphasizes the third moment: realized 
skewness. Their results suggest that emerging 
markets tend to outperform developed markets 
over various time horizons, particularly during 
periods of financial crises.

Thomas et  al. (2022) explore how frontier 
markets contribute to  enhancing the  diver-
sification benefits of  international portfolios, 
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particularly in  the  Asia-Pacific and European 
regions. Their findings show that while frontier 
markets provide greater diversification potential 
than emerging markets, they are more suitable 
for investors with a  higher tolerance for risk. 
Buchanan et al. (2011) demonstrate that add-
ing emerging markets to a global portfolio offers 
the combined advantage of lowering risk while 
boosting returns. Ngene et al. (2018) present de-
tailed findings on the interactions of shocks and 
volatility between the stock markets of 24 fron-
tier markets and the  U.S. They contend that 
the  conditional correlation between the  U.S. 
and each of  these frontier markets is typically 
low or negative, suggesting that U.S. investors 
can benefit from diversification by  including 
frontier markets in  their portfolios. Chan-Lau 
(2012) contends that allocating a  larger por-
tion to emerging markets may enable investors 
to surpass their benchmarks in growth phases, 
while keeping the potential for downside risks 
relatively low. Berger et  al. (2013) conclude 
that emerging markets provide diversification 
advantages by  reducing risk. Their analysis 
reveals that the volatility in emerging markets is 
mostly driven by idiosyncratic factors, reinforc-
ing their capacity to  mitigate overall portfolio 
risk. Kohlert (2011) concludes that emerging 
markets can offer valuable diversification ben-
efits, though their effectiveness largely depends 
on the  specific composition of  frontier market 
indices. If an inappropriate index is selected, its 
return patterns and correlations may fail, lead-
ing to  unexpectedly poor performance during 
turbulent times. 

From the  perspective of  Mahalanobis dis-
tance and Stutzer ratio portfolios, few papers 
have utilized these methodologies. Shi and 
Weidong (2022) introduce an  innovative ap-
proach named weighted turbulence, which 
integrates a  dynamic network framework with 
a  weighted Mahalanobis distance to  assess 
systemic risk across global energy markets. 
According to their findings, this technique effec-
tively captures sharp increases in systemic risk 
while remaining resilient to  distortions caused 
by noisy data. Their model demonstrates strong 
practical value for real-world applications 
in  systemic risk analysis. Stöckl and Hanke 
(2014) explore both current and prospective 
uses of the Mahalanobis distance within finan-
cial contexts. They organize these applica-
tions based on the  characteristics and origins 
of  the  input variables involved. Their analysis 

highlights how this statistical measure can offer 
valuable insights and practical benefits for ac-
tors operating in financial markets. On the other 
hand, Benson et  al. (2008) utilize the  Stutzer 
ratio framework to examine optimal portfolio de-
sign and assess the performance of Australian 
equity funds. Through a  comparative analysis 
of  the  Stutzer and Sharpe ratios, they reveal 
how deviations from normal return distributions 
carry meaningful economic implications. Their 
findings underscore the  influence of  return 
non-normalities on  both portfolio formation 
and performance assessment methodologies. 
Alcock et  al. (2013) investigate potential ma-
nipulation within U.S.  REITs by  contrasting 
performance assessments derived from 
the  manipulation-proof performance measure 
(MPPM) with those based on conventional met-
rics such as the Sharpe ratio, Jensen’s alpha, 
the  information ratio, and the  Stutzer index. 
Their analysis uncovers indications that cer-
tain manipulation tactics may exploit leverage 
in a strategic and opportunistic manner.

2	 Research methodologies
2.1	 Mahalanobis distance
Kritzman and Li (2010) suggest that the Mahala-
nobis distance can serve as an effective measure 
of unusualness in financial markets. Considering 
an asset return (rt) at a given day t, the deviation 
of how much this return deviates from the norm 
is to  calculate the  standardized squared devia-
tion: (rt − μ)2/σ2, where: μ – the expected return; 
σ2 – the return variance. A higher ratio indicates 
a more “unusual” return, implying that the instan-
taneous return variance surpasses its long-term 
average. Notably, this ratio corresponds to  the 
squared Mahalanobis distance for a single asset. 
To extend this concept to a portfolio with n assets, 
one could sum the Mahalanobis distances of all 
individual assets, yielding the squared Euclidean 
distance, as in Equation (1):

	
(1)

However, this approach disregards the de-
pendencies between assets, which are crucial 
for assessing the systemic risk of a group of as-
sets in a portfolio, according to Stöckl and Hanke 
(2014). The direction of deviations in asset re-
turns from their means holds critical information 
about their interrelationships, which requires 
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a  multivariate distance measure to  capture. 
The  squared Mahalanobis distance incorpo-
rates this consideration, as in Equation (2).

	
(2)

In  cases where the  covariance matrix is 
diagonal (with zero off-diagonal elements), 
MD  simplifies to  the  squared Euclidean dis-
tance. Yet, its key advantage lies in  its ability 
to account for joint deviations in asset returns, 
ri and rj (for i,  j = 1, …, n and i ≠  j). When cal-
culating the Mahalanobis distance, demeaned 
returns are taken into account, ensuring that 
the  calculation reflects how far a  data point 
is from the  centre of  the  distribution. Without 
demeaning, the  Mahalanobis distance would 
measure the distance from the origin, which is 
not meaningful when analysing data that natu-
rally clusters around its mean. Using demeaned 
returns allows the  Mahalanobis distance 
to  identify unusual returns relative to  the  ex-
pected behaviour (mean and covariance struc-
ture), and also to detect outliers or anomalies 
(e.g., extreme deviations from normal returns).

By  summarizing the  unusual behaviour 
of  all assets into a  single metric, the  Maha-
lanobis distance provides a  comprehensive 
measure of  systemic irregularities. Moreover, 
it does not rely on strict distributional assump-
tions and is particularly well-suited for elliptically 
distributed random variables, which can be fully 
characterized by their location parameter μ and 
scatter matrix  Σ. When this measure is used 
in  the  context of  portfolios, MD  is referred to 
as (squared) financial turbulence index (FTI):

	
(3)

where: rt  –  the  vector of  asset returns; 
μ – the mean vector of the distribution; Σ – co-
variance matrix of the variables and Σ−1 – the in-
verse of the covariance matrix; wD – the diago-
nal matrix of weights wi.

2.2	 Stutzer ratio
After calculating the  level of  systemic risk 
for each portfolio, we  aim to  compare their 
risk-adjusted performance using the Stutzer ra-
tio. The Stutzer ratio offers a refined alternative 
to  the  Sharpe ratio, addressing several of  its 

shortcomings. While the  Sharpe ratio evalu-
ates risk-adjusted returns by comparing excess 
returns to  volatility, the  Stutzer ratio takes 
a broader perspective by  incorporating the full 
characteristics of return distributions, including 
skewness and kurtosis (Haley & McGee, 2011). 
It leverages an exponentially tilted likelihood ratio 
to  account for risks that the  Sharpe ratio often 
overlooks (Bondarenko, 2014). A  key limitation 
of  the  Sharpe ratio is its sensitivity to  outliers, 
which can distort the assessment of risk-adjusted 
returns. In  contrast, the  Stutzer ratio reduces 
this issue by  focusing on the overall distribution 
of  returns rather than solely relying on  volatil-
ity (Benson et al., 2008). This makes the Stutzer 
ratio particularly effective in capturing the reliabil-
ity of  long-term returns. Unlike the Sharpe ratio, 
which can reward portfolios with erratic perfor-
mance as long as the returns are high, the Stutzer 
ratio emphasizes consistency. It  is specifically 
designed to  favour portfolios that deliver stable 
returns over time, offering a more accurate repre-
sentation of risk-adjusted performance for portfo-
lios with non-normal return distributions.

We  design portfolios with the  objective 
of maximizing the Stutzer ratio. This metric is cal-
culated in relation to a chosen benchmark asset, 
where rp,t denotes the return of portfolio at time T, 
adjusted by the  benchmark returns. The  mean 
excess return (r ̅p ) is subsequently defined as:

	
(4)

Stutzer (2000) explains that when a portfolio 
has a positive expected excess return, the law 
of  large numbers implies that the  probability 
of observing a negative sample excess return, 
r ̅p (T), approaches zero as the sample period T 
increases. From this standpoint, an  investor 
aiming to minimize the risk of underperformance 
might construct a  portfolio designed to  reduce 
the  likelihood of  non-positive average excess 
returns as quickly as possible. The rate at which 
this probability diminishes, referred to  as  Ip, 
is  known as  the  “portfolio performance index.” 
This index quantifies how rapidly the  chance 
of underperformance converges to zero and is 
defined mathematically in Equation (5).

	
(5)

where: ᶿ < 0
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For investors aiming to minimize benchmark 
underperformance, the optimal portfolio is the one 
with the highest decay rate. Stutzer (2000) shows 
that if stock returns are normally distributed, Ip is 
directly linked to  the  traditional Sharpe ratio, 
ensuring that portfolio rankings remain identi-
cal whether assessed using the Stutzer ratio or 
the  Sharpe ratio. From a  portfolio construction 
perspective, Ip can be utilized as a practical tool for 
designing portfolios in advance. Consider N po-
tential assets for inclusion in  the portfolio, each 
with a time series of T observed excess returns, 
ri,t for asset i. The portfolio’s excess return at any 
given time t is then calculated as follows:

	

(6)

where wi – the weight assigned to asset i with-
in the portfolio. The sample estimate of the ex-
pression on the right-hand side of Equation (6) 
is calculated in the following manner:

	

(7)

The  optimal asset weights, according 
to  the  portfolio performance index criterion, 
are found by  solving the  maximization prob-
lem outlined in  Equation  (8). When optimizing 
the Stutzer portfolio, it  is crucial to choose suit-
able initial values for both the asset weights and 
the portfolio performance index. Stutzer (2000) 
suggests starting with the  asset weights that 
maximize the Sharpe ratio as an initial approxi-
mation in  Equation  (8). Similarly, a  reasonable 
starting value for θ is typically set as the negative 
of the mean excess return divided by its variance.

	

(8)

2.3	 Dataset 
This study analyses daily closing prices of stock 
indices from both emerging and developed 
markets to  form six-asset portfolios. The sam-
ple includes 30  stock indices representing 

emerging markets across five global regions: 
East Asia, the Middle East and Central Asia, 
Central and Eastern Europe, Africa, and Latin 
America. For  comparison, six indices from 
G7  countries are incorporated to  represent 
developed markets. The selected indices from 
East Asia are: JKSE (Indonesia), KLCI (Ma-
laysia), SET (Thailand), VNI  (Vietnam), PSEi 
(Philippines) and STI (Singapore). The Middle 
East and Central Asia indices are: SENSEX 
(India), DSEX (Bangladesh), KSI (Pakistan), 
KASE (Kazakhstan), TADAWUL (Saudi 
Arabia) and DFM (United Arab Emirates). 
The  emerging European indices are: WIG 
(Poland), PX (the Czech Republic), BUX (Hun-
gary), BET (Romania), SOFIX (Bulgaria) and 
SBITOP (Slovenia). The  African indices are: 
EGX (Egypt), MASI (Morocco), NSE (Nigeria), 
NSX (Namibia), BRVM (Côte d’Ivoire) and JSE 
(South Africa). The Latin American indices are: 
BOVESPA (Brazil), IPC (Mexico), IPSA (Chile), 
COLCAP (Columbia), Lima general (Peru) and 
JSEAJC (Jamaica). At the end, the G7 indices 
are: S&P500 (USA), NIKKEI225 (Japan), DAX 
(Germany), CAC (France), FTSE100 (UK) 
and FTSE-MIB (Italy). All selected indices are 
composite stock indices that track the  over-
all performance of  multiple stocks across 
various sectors, providing a  broad measure 
of market performance.

The dataset spans a significant period, from 
January 2015 to December 2024, with all data 
sourced from the Investing.com platform. Stock 
prices are converted into log-returns, denoted 
as ri,t, using the formula: ri,t = 100 × log(Pi,t /Pi,t−1), 
where Pi refers to the stock price. To maintain 
consistency across the dataset, all time-series 
of  a  single portfolio are synchronized based 
on available observations. The MSCI All Coun-
try World Index serves as  the  benchmark 
asset for constructing the  Stutzer portfolio, 
providing a  comprehensive measure of  global 
equity performance across both developed and 
emerging markets.

Tab.  1 presents the  four-moment descrip-
tive statistics of  the  selected indices. It  can 
be observed that all kurtosis values exceed 
the  benchmark of  3, indicating the  presence 
of  extreme risk. The  Mahalanobis distance 
provides a  comprehensive measure of  sys-
temic risk for each portfolio, accounting for both 
the  mean characteristics of  the  indices and 
their correlation interdependencies. Addition-
ally, the third moment also reveals non-normal 
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behaviour, suggesting that the normally-based 
Sharpe ratio results may diverge from the more 
complex Stutzer ratio, which takes into account 
significantly more factors than the  classical 
Sharpe ratio. Both the  Mahalanobis distance 
and the  Stutzer ratio incorporate the  correla-
tion matrix when optimizing a  portfolio, and 
these results may help explain  the  portfolio 
outcomes. Therefore, Tab. 2 presents the pair-
wise Spearman correlations for each portfolio. 
The average correlations between indices are: 
0.287, 0.119, 0.226, 0.096, 0.240 and 0.589 
for SEAC, MEAC, CEEC, AFC, LAC and DEC 
portfolio, respectively. According to  these re-
sults, the developed markets have the highest 
average correlation, while all emerging markets 
are significantly less integrated. This might af-
fect the performance of the portfolios.

3	 Empirical results
3.1	 Mahalanobis distance results
This section presents the financial turbulence in-
dex results for the six portfolios, calculated using 
the Mahalanobis distance methodology. The struc-
ture of the calculated portfolios is shown in Tab. 3, 
while the average values of the FTI are present-
ed in Tab. 4. Fig. 1 illustrates the time-varying 
evolution of the FTI across the sample.

Before finding reasons for the  result 
in  Tab.  3, it  is worth of  knowing that the  key 
factors affecting  MD are demeaned returns 
(deviations from the  mean), high variance 
(variables with higher variance contribute 
less to  MD), correlation matrix and outliers. 
The  mean of  assets is important in  calculat-
ing a  portfolio because it acts as  the  centre 
or  reference point from which deviations are 

Mean Std. dev. Skew. Kurt. Mean Std. dev. Skew. Kurt.

South East Asia portfolio Mid Asia portfolio

JKSE 0.004 0.413 −0.229 13.043 SENSEX 0.016 0.412 −1.372 14.110

KLCI 0.000 0.295 −0.372 14.161 DSEX 0.009 0.339 1.115 21.763

SET −0.007 0.404 −1.992 30.942 KSI 0.008 0.414 −0.437 6.949

VNI 0.013 0.495 −0.982 7.411 KASE 0.025 0.387 0.147 12.956

PSEi −0.005 0.522 −1.558 19.449 TADAWUL 0.018 0.409 −0.239 9.237

STI −0.001 0.358 −0.883 12.902 DFM 0.016 0.416 −0.710 10.187

CEEC portfolio African portfolio

WIG 0.009 0.514 −1.132 16.836 EGX 0.042 0.592 −0.261 6.879

PX 0.012 0.408 −0.977 14.094 MASI 0.001 0.302 −1.671 29.100

BUX 0.027 0.532 −1.437 16.306 NSE 0.014 0.440 0.593 9.182

BET 0.013 0.426 −1.902 24.793 NSX 0.019 0.656 −0.414 8.417

SOFIX 0.008 0.329 −2.120 33.370 BRVM −0.008 0.306 0.278 7.165

SBITOP 0.012 0.354 −1.699 21.705 JSE 0.015 0.487 −0.118 10.444

Latin America portfolio DEC portfolio

BOVESPA 0.020 0.651 −0.599 15.247 S&P500 0.020 0.493 −0.829 19.413

IPC 0.005 0.428 −0.272 5.527 NIKKEI225 0.010 0.568 −0.480 12.189

IPSA 0.014 0.492 −0.202 17.361 DAX 0.014 0.530 −0.606 14.326

COLCAP 0.010 0.495 0.185 22.730 CAC 0.013 0.519 −0.895 15.049

Lima general 0.019 0.487 −0.371 13.254 FTSE100 0.004 0.435 −0.918 16.850

JSEAJC 0.022 0.425 0.355 40.537 FTSE-MIB 0.013 0.613 −1.666 23.385

Source: own

Tab. 1: Descriptive statistics
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measured. MD measures the distance of each 
observation from the  centre of  a  multivariate 
distribution, where the  mean represents this 
centre in  multivariate analysis. By  calculating 
demeaned returns, the estimation ensures that 
the distance is measured relative to the central 
tendency of the data. Typically, assets with high 
mean returns are preferred unless their vari-
ance or correlation makes them risky. 

Tab.  1 presents the  optimized results 
of the Mahalanobis distance portfolios, reveal-
ing a  distinct pattern. In  other words, it  can 
be seen that in  all portfolios, one asset holds 
a very high share, while all other assets have 
negligible weights. In  all cases, the  dominant 
asset in  the  portfolio has a  relatively high 
mean, low variance, low correlation and 
high kurtosis. For  example, in  the  SEAC 
portfolio, the  majority of  the  investment is 

concentrated in  the  Vietnamese index (VNI), 
which has the  highest mean (0.013) and 
the lowest average correlation with other assets 
(0.175). The  SENSEX index in  the  MECAC 
portfolio has relatively high mean (0.016), low 
variance (0.412) and high kurtosis (14.110). 
In the CEEC portfolio, the Bulgarian SOFIX has 
the  highest share due to  the  lowest variance 
(0.329) and the highest kurtosis (33.370). This 
is also the case with MASI in the AFC portfolio. 
The  Jamaican JSEAJS index has the  highest 
mean of 0.022 and a very low average corre-
lation of  0.009, which explains its dominance 
in the portfolio (99.71%). In  the DEC portfolio, 
S&P500 has the share of 83.56%, with the high-
est mean (0.020) and the second-lowest aver-
age correlation (0.411).

Fig. 1 illustrates the dynamic FTI for each 
optimal portfolio. It  is clear that the  highest 

JKSE KLCI SET VNI PSEi STI SENSEX DSEX KSI KASE TADAWUL DFM

JKSE 1 – – – – – SENSEX 1 – – – – –

KLCI 0.374 1 – – – – DSEX 0.079 1 – – – –

SET 0.310 0.349 1 – – – KSI 0.124 0.058 1 – – –

VNI 0.178 0.185 0.202 1 – – KASE 0.192 0.051 0.087 1 – –

PSEi 0.344 0.372 0.279 0.144 1 – TADAWUL 0.214 −0.004 0.047 0.137 1 –

STI 0.320 0.395 0.387 0.168 0.306 1 DFM 0.226 0.056 0.079 0.164 0.270 1

WIG PX BUX BET SOFIX SBITOP EGX MASI NSE NSX BRVM JSE

WIG 1 – – – – – EGX 1 – – – – –

PX 0.419 1 – – – – MASI 0.092 1 – – – –

BUX 0.434 0.390 1 – – – NSE 0.027 0.055 1 – – –

BET 0.292 0.310 0.285 1 – – NSX 0.133 0.052 −0.018 1 – –

SOFIX 0.087 0.119 0.114 0.119 1 – BRVM 0.021 0.043 0.029 −0.004 1 –

SBITOP 0.168 0.180 0.151 0.204 0.118 1 JSE 0.142 0.065 −0.002 0.816 −0.002 1

BOVESPA IPC IPSA COLCAP Lima JSEAJC S&P500 NIKKEI DAX CAC FTSE100 FTSE−MIB

BOVESPA 1 – – – – – S&P500 1 – – – – –

IPC 0.416 1 – – – – NIKKEI 0.214 1 – – – –

IPSA 0.367 0.391 1 – – – DAX 0.584 0.319 1 – – –

COLCAP 0.349 0.332 0.306 1 – – CAC 0.585 0.333 0.934 1 – –

Lima 0.379 0.381 0.301 0.336 1 – FTSE100 0.543 0.322 0.820 0.858 1 –

JSEAJC 0.013 −0.005 −0.003 −0.010 0.050 1 FTSE−mib 0.542 0.273 0.863 0.879 0.770 1

Source: own

Tab. 2: Pairwise Spearman rank correlation
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impact from systemic risk occurred during 
the  COVID-19 pandemic. The  pandemic was 
a  major shock to  global stock markets, and 
these results are consistent with Uddin et al 
(2021), Hsu and Tang (2022) and Yu and Xiao 
(2023). Additionally, higher systemic risk is 
also observed during the Russia-Ukraine war, 
which triggered an  energy crisis and turmoil 
in global energy commodity markets.

Fig.  1 shows how the  level of  systemic 
risk fluctuates over time, but it hardly can be 
used for accurate comparison to  determine 
which group of  countries has experienced 

the  highest impact from global systemic risk. 
Additionally, the high concentration of a single 
asset in  all portfolios may distort the  picture 
of  which group of  countries is most affected. 
Therefore, Tab. 4 calculates the average level 
of systemic risk for both the optimal portfolios 
and the  equal-weight portfolios. The  latter is 
expected to  more realistically reflect which 
group of countries suffers the most from global 
systemic risk. It  should also  be noted that 
the level of FTI in all optimal portfolios is lower 
than that in  the  equal-weight portfolios, indi-
cating the  effectiveness of  the  optimization. 

SEAC MECAC CEEC AFC LAC DEC

JKSE 0.48 SENSEX 95.06 WIG 0.10 EGX 0.10 BOVESPA 0.10 S&P500 83.56

KLCI 0.30 DSEX 0.09 PX 0.40 MASI 99.69 IPC 0.10 NIKKEI225 0.65

SET 0.69 KSI 0.42 BUX 0.24 NSE 0.02 IPSA 0.00 DAX 4.28

VNI 97.80 KASE 0.95 BET 0.34 NSX 0.06 COLCAP 0.06 CAC 4.11

PSEi 0.30 TADAWUL 1.51 SOFIX 98.08 BRVM 0.00 Lima gen. 0.03 FTSE100 3.88

STI 0.43 DFM 1.97 SBITOP 0.84 JSE 0.13 JSEAJC 99.71 FTSE−MIB 3.53

Note: Acronyms SEAC, MECAC, CEEC, AFC, LAC and DEC denote South East Asian countries, Middle-East and Cen-
tral Asian countries, Central and Eastern European countries, African countries, Latin American countries and developed 
countries, respectively.

Source: own

Tab. 3: Structure of Mahalanobis distance portfolios

Fig. 1: Calculated financial turbulence index of optimal portfolios

Source: own
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According to  the  optimal portfolio results, 
the  LAC and AFC portfolios experienced 
the  lowest level of  global systemic risk. This 
essentially means that the JSEAJC and MASI 
indices are highly resistant to  global shocks, 
as these two indices occupy the largest share 
in  the  portfolio. These findings align with 
Kohlert (2011), who asserts that emerging 
markets can deliver valuable diversification 
benefits, though their effectiveness largely 
depends on the composition of frontier market 
indices. Similarly, Berger et  al. (2013) argue 
that emerging markets offer diversification ad-
vantages by lowering risk, as their volatility is 
predominantly influenced by idiosyncratic fac-
tors, further enhancing their ability to  reduce 
overall portfolio risk. The equal-weight portfolio 
results indicate that all portfolios experienced 
a relatively equal amount of systemic risk, but 
the  LAC  portfolio performed slightly better 
than the  others. In  the  equal-weighted port-
folio, we do not find evidence that developed 
countries are more susceptible to global crises 
compared to emerging markets.

3.2	 Stutzer ratio results
Identifying extreme turbulence in  portfolios 
suggests that the  Sharpe ratio may provide 
an  inaccurate risk-adjusted assessment, as  it 
assumes normality. Therefore, we apply a more 
complex and sophisticated metric, the Stutzer 
ratio, which penalizes investments with skewed 
or  heavy-tailed distributions, commonly ob-
served in stock markets. In order to be thorough 
in  the analysis, we estimate both Sharpe and 
Stutzer portfolios to  examine how their struc-
ture and performance differ, and Tab. 5 shows 
these results.

The  Sharpe ratio is easy to  understand 
because it favours assets with a  high mean 
return and low risk in a portfolio. All dominant 
assets in  Sharpe portfolios have the  highest 

mean returns, as Tab. 5 indicates. For instance, 
the  VNI  index is the  only asset in  the  SEAC 
portfolio because it has by far the highest mean 
return (0.013). KASE holds a significant share 
of 83.02% with a mean return of 0.025, while 
BUX dominates with 96.10% due to  its high 
mean return of  0.027. EGX  has a  high mean 
return of 0.042, followed by JSE with a mean 
return of 0.015, resulting in respective portfolio 
shares of 53.07% and 26.67%. JSEAJC, Lima 
General, and BOVESPA  occupy positions 
in  the  portfolio based on  their risk-adjusted 
performance. In the DEC portfolio, the S&P500 
holds a 100% share, driven by its highest mean 
return (0.020) and relatively low risk (0.493).

On  the  other hand, the  structure of  all 
Stutzer portfolios differs significantly from that 
of the Sharpe portfolio, indicating that additional 
factors, such as higher moments and the decay 
parameter, play an  important role. Assets with 
the  highest share in  the  Sharpe ratio also  tend 
to have a high share in  the Stutzer ratio portfo-
lio. However, it can be noted that in most cases 
(except the AFC portfolio) assets that have a zero 
share in the Sharpe portfolio appear in the Stutzer 
portfolio, suggesting that the  latter accounts for 
more factors than the classical Sharpe ratio. 

Tab.  6 presents the  Sharpe and Stutzer 
ratios for their respective portfolios. The results 
clearly show that the  Sharpe ratio is greater 
in the Sharpe portfolios, whereas the Stutzer ra-
tio is higher in the Stutzer-optimized portfolios. 
These findings strongly indicate the  effective-
ness of both portfolio optimization approaches. 
When comparing Sharpe performance across 
portfolios, the  AFC  portfolio stands out with 
the  highest Sharpe ratio, recorded at  0.089. 
In  the  Stutzer portfolio, the  LAC  portfolio 
achieves the highest ratio, with the JSEAJC in-
dex holding the  largest share at  nearly 67%. 
The Jamaican index possesses several favour-
able characteristics that elevate it to  the  top 

SEAC MECAC CEEC AFC LAC DEC
Optimal portfolios

FTI (%) 83.13 76.74 77.56 64.87 64.07 82.72

Equal weight portfolios
FTI (%) 88.91 89.26 88.40 87.94 87.04 88.73

Source: own

Tab. 4: Financial turbulence index of equal-weight and optimal portfolios
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in  the  LAC  portfolio –  a  high mean return 
(0.022), low risk (0.425), positive skewness 
(0.355), and a  low average correlation with 
other LAC indices (0.020).

Tab.  7 provides descriptive statistics com-
paring the  Sharpe and Stutzer ratios across 
all six portfolios. Interestingly, the  Sharpe 
ratio portfolio exhibits a  higher mean than 
the Stutzer counterpart in four out of six cases, 
as well as lower negative skewness also in four 

out of six cases. From a theoretical standpoint, 
this seems counterintuitive since the  Stutzer 
ratio is designed to  favour higher returns and 
lower negative skewness. However, a  critical 
factor in calculating the Stutzer ratio is the de-
cay factor (theta), which is not considered 
in the Sharpe ratio. The decay factor determines 
the weight assigned to historical data when cal-
culating risk-adjusted returns. A  lower decay 
factor places greater emphasis on recent data, 

SEAC MECAC CEEC AFC LAC DEC

Panel A: Sharpe portfolios

JKSE 0.00 SENSEX 8.47 WIG 0.00 EGX 53.07 BOVESPA 31.37 S&P500 100.00

KLCI 0.00 DSEX 0.00 PX 0.00 MASI 0.00 IPC 0.00 NIKKEI225 0.00

SET 0.00 KSI 0.00 BUX 96.10 NSE 3.60 IPSA 0.00 DAX 0.00

VNI 100.00 KASE 83.02 BET 3.90 NSX 16.67 COLCAP 0.00 CAC 0.00

PSEi 0.00 TADAWUL 8.51 SOFIX 0.00 BRVM 0.00 Lima gen. 32.23 FTSE100 0.00

STI 0.00 DFM 0.00 SBITOP 0.00 JSE 26.67 JSEAJC 36.40 FTSE-MIB 0.00

Panel B: Stutzer portfolios

JKSE 8.77 SENSEX 8.07 WIG 0.00 EGX 81.77 BOVESPA 12.81 S&P500 78.46

KLCI 0.00 DSEX 17.18 PX 0.00 MASI 0.00 IPC 0.00 NIKKEI225 18.70

SET 0.00 KSI 3.41 BUX 51.39 NSE 0.00 IPSA 0.00 DAX 2.84

VNI 91.23 KASE 43.71 BET 11.85 NSX 0.00 COLCAP 4.49 CAC 0.00

PSEi 0.00 TADAWUL 16.64 SOFIX 9.53 BRVM 0.00 Lima gen. 15.77 FTSE100 0.00

STI 0.00 DFM 10.98 SBITOP 27.23 JSE 18.23 JSEAJC 66.93 FTSE-MIB 0.00

Source: own

SEAC MECAC CEEC AFC LAC DEC

Panel A: Sharpe ratio

Sharpe portfolio 0.015 0.036 0.043 0.089 0.033 0.020

Stutzer portfolio 0.014 0.017 0.023 0.077 0.024 0.016

Panel B: Stutzer ratio

Sharpe portfolio 0.0002
(−0.0149)

0.0005
(−0.0365)

0.0009
(−0.0432)

0.0020
(−0.0891)

0.0013
(−0.0328)

0.0003
(−0.0199)

Stutzer portfolio 0.0004
(−0.0574)

0.0030
(−0.3147)

0.0014
(−0.1437)

0.0026
(−0.1402)

0.0115
(−0.4239)

0.0008
(−0.0926)

Notes: The numbers in parentheses denote theta; bold values highlight the larger figure when comparing the six port-
folios.

Source: own

Tab. 5: Structure of Sharpe and Stutzer portfolios

Tab. 6: Values of Sharpe and Stutzer ratios in Sharpe and Stutzer portfolios
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making the  portfolio more responsive to  cur-
rent market trends and changes. This approach 
is particularly suitable for rapidly changing 
or  volatile markets, as  it captures short-term 
dynamics and adjusts quickly to  shifts in  risk 
or return patterns. Conversely, a higher decay 
factor gives more weight to  long-term data, 
making the portfolio more stable and less sen-
sitive to short-term fluctuations, which is ideal 
for strategic, long-term portfolios. In addition, 
the theta parameter is also important in the se-
lection of  individual assets in  the  portfolio. 
In our case, we maximize theta, which means 
the  optimization reduces weights for assets 
with significant downside risk or  negative 
skewness, favoring more stable and positively 
skewed assets.

As shown in Tab. 6, four emerging market 
portfolios (MECAC, CEEC, AFC, and LAC) 
have lower theta values compared to  portfo-
lios composed of  developed market indices. 
A  lower theta indicates that emerging market 
portfolios are more volatile and operate 
in  rapidly shifting markets where responsive-
ness is essential. These results are in  line 
with Thomas et al. (2022). On the other hand, 
the  DEC and SEAC  portfolios report higher 
theta values. Higher theta is better suited for 
long-term portfolios that prioritize stability 
and reduced sensitivity to  short-term noise. 
Therefore, the selection of  theta should align 
with the investor’s time horizon, risk tolerance, 
and the  characteristics of  the  assets with-
in  the  portfolio. Emerging markets or  highly 
volatile assets may benefit from a lower theta, 
while developed markets or  more stable as-
sets tend to  perform better with a  higher 
theta. Thus, the  decay factor probably plays 
a  crucial role in  shaping the  Stutzer portfolio 
structures, often taking precedence over 

lower negative skewness and higher returns. 
This might explain the somewhat unexpected 
results observed in  the  descriptive statistics 
of the Sharpe and Stutzer portfolios.

3.3	 Discussion
The study finds that certain frontier market indi-
ces, such as VNI, MASI or JSEAJC, dominate 
the  optimized Mahalanobis distance portfolios 
due to  their lower integration into  the  global 
financial system. This could have various im-
plications for global investors. First, the  weak 
correlations with global stock markets reduces 
overall portfolio volatility and enhances diver-
sification, especially during periods of  global 
financial turbulence. This is in line with Atipaga 
et  al. (2025), who researched the  connection 
between developed and developing African 
countries. Second, this could mean that frontier 
markets are less affected by events like interest 
rate hikes in  developed economies, geopoliti-
cal tensions, or global recessions (Talebi et al., 
2025). Third, frontier markets are less depen-
dent on foreign portfolio investments, and their 
economies are more localized and less reliant 
on  global trade or  supply chains. According 
to  Harb and Umutlu (2024), this means that 
frontier markets are typically driven by local fac-
tors rather than global trends, which can pro-
vide stability in portfolios during global systemic 
risk events.

However, frontier markets are not without 
challenges. In  other words, frontier markets 
often characterize political and regulatory insta-
bility, limited liquidity and smaller market size 
as well as underdeveloped financial infrastruc-
ture. These factors imply the presence of higher 
risk in frontier stock markets, as it is suggested 
by the  lower theta parameter in  the  Stutzer 
ratio portfolios.

SEAC MECAC CEEC AFC LAC DEC

Sharpe Stutzer Sharpe Stutzer Sharpe Stutzer Sharpe Stutzer Sharpe Stutzer Sharpe Stutzer

Mean 0.013 0.012 0.024 0.019 0.027 0.020 0.030 0.037 0.021 0.021 0.020 0.018

Variance 0.495 0.463 0.339 0.239 0.518 0.356 0.423 0.509 0.348 0.325 0.493 0.432

Skew. −0.982 −1.066 −0.152 −1.024 −1.472 −2.409 −0.705 −0.423 −0.953 −0.149 −0.829 −0.985

Kurt. 7.425 7.803 12.810 12.975 16.587 27.535 8.933 7.573 16.933 27.792 19.412 18.702

Source: own

Tab. 7: Descriptive statistics of Sharpe and Stutzer portfolios
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Conclusions
The  paper examines the  performance 
of emerging market multi-asset portfolios from 
the  perspective of  systemic risk susceptibility 
and risk-adjusted output. The paper is unique 
in  the  literature because two sophisticated 
methodological approaches are applied in  this 
process –  the  Mahalanobis distance and 
Stutzer ratio.

The calculation of the FTI, based on the Ma-
halanobis distance methodology, reveals that 
the impact of global systemic risk is lower in op-
timal portfolios compared to equal-weight port-
folios. Furthermore, the  optimization process 
highlights a significant concentration in a single 
asset within the portfolio, driven by the unique 
idiosyncratic characteristics of  that specific 
asset. An  intriguing finding is that, in  four out 
of five cases, the assets with the highest weight 
in  the  portfolio originate from less developed 
frontier markets. This occurs because frontier 
markets are less integrated into global financial 
systems and less dependent on  global trade 
flows. As a  result, they serve as a buffer, be-
ing less exposed to  the  volatility of  global 
markets. In four out of five cases, the emerging 
market portfolios demonstrate lower sensitivity 
to global systemic risk compared to the devel-
oped market portfolio, with Latin American and 
African countries achieving the best results.

The  Stutzer ratio analysis enhances 
the  overall findings by  providing insights 
into  the  risk-adjusted performance of  the  se-
lected portfolios. Unlike the  traditional Sharpe 
ratio, the  Stutzer ratio offers key advantages, 
such as  relaxing the  assumption of  normality 
and incorporating higher moments of the return 
distribution. A  particularly noteworthy feature 
of this measure is its use of the decay param-
eter, theta, which highlights subtle portfolio 
characteristics related to risk and the likelihood 
of underperformance. The findings reveal that 
all emerging market portfolios achieve higher 
Stutzer ratios compared to the developed mar-
ket portfolio, reflecting superior risk-adjusted 
performance. However, the  theta parameter is 
generally lower in emerging market portfolios, 
signaling a higher level of risk associated with 
these markets. According to the results, the Lat-
in American portfolio has the best Stutzer ratio.

This paper serves as  a  valuable resource 
for global investors interested in  emerging 
market investments, offering a detailed analy-
sis from the perspectives of systemic risk and 

risk-adjusted performance. It presents the pre-
cise structure of both the Mahalanobis distance 
and Stutzer ratio portfolios, providing insights 
into which emerging markets deliver the  best 
performance. Both individual and institutional 
investors can leverage the  findings to  de-
velop asset allocation strategies that optimize 
the performance of their investment portfolios.
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