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Abstract

The study aims to identify the impact of digitalization on predictability in the BRICS countries’
stock markets. Itis based on an analysis of the dynamics of stock markets volatility during the 1990-
2023 period. The paper seeks to prove that the standard deviation of stock returns is determined
by the volume of incoming new information, and higher volatility of returns indicates lower
predictability. Digitalization may cause a reduction in uncertainty as it uses more data, improves
their quality and develops data analysis methods. On the other hand, digitalization may lead
to increased uncertainty due to the emergence and development of new industries, in which
it is more difficult to predict cash flows in comparison with traditional industries because
of increased complexity of supply chains and technologies. Based on quantitative analysis, it has
been revealed that digitalization has led to a statistically significant decrease in the volatility
of stock markets in the BRICS countries. In 2015-2023, relative to the period of the 1990s-2006,
volatility in Russia decreased by 1 percentage point, in India by 0.4-0.5 percentage points,
in China by 0.8 percentage points, in the UAE (Dubai) by 0.5-0.7 percentage points. Statistically
insignificant decreases in volatility were observed in Brazil and South Africa. In the developed
capital markets, the decrease in volatility between these two periods was also statistically
insignificant, amounting to less than 0.1 percentage points. These findings may indicate that
the processes of digitalization in the BRICS countries contributed to an accelerated increase
in predictability thanks to an increase in the volume and quality of information and the
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emergence of new methods of analysis. At the same time, part of the decrease in volatility may be
explained by further development and improved efficiency of capital markets. The joint influence
of these effects on the complexity of forecasting turned out to be more significant than the impact
of innovative technologies and new industries.
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AHHOTaUMA

Iean mccae 0BaHIIA 3aKAI09AeTCA B BRLABACHNNU BAVAHNA ITuPOBU3AINI Ha ITpecKa3yeMOCTh
Ha pBIHKaX aKIuit my0anaHeix Komraumit B crpatax bPYIKC. VccaejoBaHie ocHOBaHO Ha aHa-
AM3e AMHAMVKV BOAATMABHOCTY PBHIHKOB aKIil Ha mporsokennu 1990-2023 rr. B cratse 060-
CHOBBIBAeTCsl, YTO CTaHAAPTHOe OTKAOHEeHUe AOXOAHOCTU aKIUIl olpeseaseTcs 0o0beMOM IIo-
CTyTIaIoIelt HoBol MHpopMaruy, 1 604ee BEICOKas BOAaTHABHOCTDL JOXOAHOCTI COOTBETCTBYET
MeHbIIel pejckasyemoctit. [Tpy 9ToM 1 posusamnyist MOXKeT, C OAHOI CTOPOHBI, TIPUBOAUTS
K CHIVKEHUMIO HeOIpeAeAeHHOCTH ITOCPeJCTBOM OO/BINEero KOAWJYecTBa AaHHBIX, YAYJINeHIIs
UIX KayecTBa U pa3BUTIA METOA0B aHaau3a AaHHBIX. C 4pyroil CTOPOHEI, ITUPOBU3AIIT MOXKET
IIPUBOAUTD K POCTY HeOIpeAeAeHHOCTH 3a CYeT IOSBAeHNUs U Pa3BUTHs HOBBIX OTpacaeil, B KO-
TOPBIX CAOKHee IIPOrHO3MPOBaTh AeHeXKHbIe IIOTOKM OTHOCUTeABHO TPajUIIMOHHEIX OTpacaeit,
a TaKKe 3a CYeT YCAOKHEHUs LIelodeK I0CTaBoK 1 TexHoaoruit. Ha ocHose xoamdectseHHOTO
aHa/AM3a BBIABAEHO, YTO IIPOIIECCH IMPOBMU3AIIUN TPUBEAV K CTATUCTUYECKN 3HAaYMMOMY CHII-
SKeHMIO BOAATUABHOCTI phIHKOB akiuit B crpaHax BPVIKC. B 2015-2023 rogax OTHOCUTEABHO Ile-
puoga 1990-x — 2006 roa0B BOAATMABHOCTD CHU3MAACL B Poccuu Ha 1 IPOIeHTHBIN ITYHKT (I1.IL.),
B Muavm Ha 0,4-0,5 .11, B Kurae 1a 0,8 1.11., B OAD (Ay6ait) Ha 0,5-0,7 1.11. CHU>KeHre BOAaTUAL-
HOCTH (CTaTUCTMYECKM He3HaunuMoe) Takke Haba104a40ch B bpasuanun u FOAP. B To xe Bpem:
Ha pasBUTHIX PBIHKAX KallMTala CHVDKeHMe BOAATUABHOCTU MEeXAY ABYMs DTUMMU IlepuojaMu
He OBLA0 CTaTUCTUIECKM 3HAUMMBIM I cocTasuao MeHee 0,1 1.11. IToaydyenHsle pe3yabTaThl MOTYT
CBIIA€TeALCTBOBATh O TOM, UTO IIporeccsl nudposusaruy B crpanax BPVIKC criocoberposaan
YCKOPEHHOMY IOBHIIIEHNIO TTpeACcKa3yeMOCTI BCAeACTBIe pocTa oObeMa I KadecTBa MHpOpMa-
1Y, TIOSIBAEHIIO HOBBIX METO/OB ee aHaAm3a. BMecre ¢ TeM, 4aCTMYHO CHIKEHME BOAATUABHO-
CTVI MOYKeT OOBACHATHCA ¥ TTOBBIIIIEHIIEM YPOBHS PasBUTUA 1 9PPEeKTUBHOCTU PHIHKOB KaIllTa-
2a. B coBoxymHOCTI 5T 9P PeKTH 0KazaAnuch 004ee 3HaUMMBIMU, 9€M BAVISHIE MHHOBAIIMOH-
HBIX TeXHOAOTUI 11 HOBBIX OTPacAeil Ha yCAOKHeHe IIPOTHO3MPOBaHMEL.

KnioueBble cnosa
BOAaTMABHOCTD, A0XOAHOCTD, HeonpeAeAeHHOCTI:, Hpe,ﬂ,CKaByeMOCTB, HpOI‘HOBI/IpOBaHI/Ie, prHOI(
AKIIUIA, um(])pom/laaum[

JEL: G12, G17.

Introduction

Digitalization affects all aspects of life in modern society; its impact on the financial
sector is especially evident. New financial technologies have led to fundamental
changes in the models of interaction between commercial banks and their clients.
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Investing in a wide range of financial assets has become possible for large numbers
of organisations and individuals. Moreover, the development of new technologies,
digitalisation included, has brought about changes in the whole structure of the
economy, which is reflected in the composition of stock indices: in many countries
the capitalization of IT corporations exceeds the capitalization of companies from
traditional industries, such as mining, transport, and manufacturing. Digitalization
also contributes to an exponential increase in the amounts of data, improvement of its
quality, and development of data processing and analysis methods, which should lead
to increased forecasting capabilities. At the same time, the digitalization processes
are making the economy more complex, and, as a result, forecasting becomes more
difficult and uncertainty increases. In the BRICS countries, including the new members
of the association, these processes are going at an accelerated pace, owing, in some
cases, to a “low base” effect.

Predictability-related problems in the context of digitalization have received much
attention in the theorectical and practical literature (Fondeur & Karamé, 2015; D’ Amuri
& Marcucci, 2017; Lazaryan & German, 2018; Kurovskij, 2019; Vinogradova, 2021;
Gurov et al.,, 2022; Kartaev & Besedovskaya, 2023). The issues of uncertainty and risk
are now well explored (Sharpe et al., 1999; Bulinsky & Shiryaev, 2005; Tambovtsev,
2023; Trachenko et al., 2023) since financial instruments are sets of monetary flows,
and future cash flows and their purchasing power are generally random variables.
However, in academic literature there are few studies aimed at assessing the impact
of digitalization on predictability and uncertainty in the economy. This paper
attempts to identify the impact of digitalization on predictability in the stock markets
in the BRICS countries with regard to public companies. It also describes the channels
of influence of digitalization on predictability, formalizes a model for assessing changes
in predictability based on an analysis of the dynamics of stock index returns, and obtains
generalized conclusions for several countries of the BRICS association.

The impact of digitalization on predictability

Issues of growing complexity of economic relationships in contemporary economic
systems have been raised in many studies (Galbraith, 1967, Apokin et al., 2015;
Kutsenko, 2015; Chepurenko, 2015; Hesin, 2017). The increased complexity of the
structure of the economy, technology and supply chains that results from digitalization
may reduce the forecasting possibilities; at the same time, digitalization may have
the opposite effect, increasing forecasting abilities and reducing uncertainty as it will
raise the quality and volumes of statistical data, develop methods for their processing
and analysis, and thus improve forecasting techniques.

In the literature on the relationship between finance and economic growth, the
“too much finance” hypothesis is often explored; it suggests that there is a limiting
level of development of the financial system, or part of it, for example, the consumer
lending market, above which the development has a negative impact on the growth
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rate. (Apergis et al.,, 2007; Law & Singh, 2014; Bangake & Eggoh, 2011; Arcand et al.,
2015). A similar question about the maximum level of digitalization may be premature,
but one should remember that digitalization processes have not only great benefits,
but also high costs. The Solow Paradox that points to inability of researchers to establish
a statistical relationship between the amount of investment in information technology
and macroeconomic data on labor productivity (Platonov, 2007), may be explained,
among other things, by the increase in costs of digital solutions that include the salaries
of developers, investments into IT infrastructure, organizational costs associated with
the implementation and operation of information systems, and forced reengineering
of business processes as a result of the implementation of digital solutions. The rapid
development of mobile banking in many countries was made possible by reducing
the time for designing and implementing software products from several months
to 2-3 weeks, but this also required a proportionately higher number of highly paid
IT specialists. It thus becomes clear that a manifold reduction in the time necessary
to develop and bring software solutions to market is a factor that promotes digitalization,
but comes at a high price.

Regarding the processes of digitalization and predictability improvement,
the experience of the Russian railway industry gives a telling example. About 10 years
ago, many railcar companies and most railcar repair enterprises were at a low level
of digitalization. Accounting for spare parts, including those with safekeeping legal
status, was carried out either on electronic devices in an unsystematized format, or,
in some cases, on paper only. Given the size of document flow and regular operations
for receiving and returning spare parts, this approach to accounting led to constant
errors. Today, most railcar companies and most railcar repair enterprises have
switched to electronic document management with business transactions reflected
in the ACS VRK program (automated control system for railcar repair complex). This
transition made it possible not only to conduct electronic document management,
but also to fundamentally improve the quality of accounting. Now, the data are actually
verified by two independent parties; records are kept in a structured form, and all
results are stored on remotely located servers; there is a gradual accumulation of large
amounts of statistical data. Yet, as noted earlier, even the positive changes resulting
from digitalization come at a cost. Apart from using the program itself, there is a need
to maintain records in the automated process control system. As a rule, this requires
additional workers, an so labor costs for accounting and maintaining regulated
production logs are not reduced.

Still, however high or low might be costs and benefits for each individual company,
the accumulation of large volumes of reliable information at the level of both individual
company and the entire industry is important as it can increase predictability. In 2018,
a sudden and severe demand shock occurred in the adjacent market of solid-rolled
wheels that are used in both carriage building and the repair of railway cars. As a result,
due to the existing shortage, the market price of solid-rolled wheels increased threefold
in three months. Even the large market participants had not foreseen such a shortage
in the market resulting in the increased risk of wagons being downtime for repairs,



Digitalization and predictability in the BRICS countries 73

a significant and unforeseen surge in the cost of repairing wheel sets, and, ultimately,
in the higher cost of renting freight cars, which made logistics more expensive. If railway
companies had access to a larger volume of statistical data about the condition of their
rolling stock, then market participants could anticipate a demand shock in advance
and stock up on solid-rolled wheels in time. It is thus obvious, that digitalization
can indeed contribute to increased predictability and reduced uncertainty in individual
markets.

If this industry example is extrapolated to the entire economy, then it can be assumed
that the digitalization processes occurring in both developed and developing countries
should help reduce uncertainty and increase predictability. However, digitalization
also has reverse effects, including, in particular, an increase in exposure to cyber risks,
a general complication of economic relationships, the development and introduction
of innovative technologies to the market, and the formation of complex supply chains
and value chains. Moreover, the very increase in the amount of various statistical data
canlead to complications in the process of their analysis and to increases in the dispersion
of forecasts obtained by different analysts. The emergence of new technologies in areas
such as microbiology, medicine, and robotics complicates forecasting. The rise of digital
technologies has brought benefits to consumers in many industries, notably retail, food
delivery, kick-sharing and micromobility, but forecasting future developments in these
industries and forecasting cash flows for companies doing business in their markets
is extremely challenging.

Moreover, predictability becomes more complicated because, although
contemporary society better and better mitigates exogenous risks and reduces
uncertainty associated with them, the endogenous risks are now beginning to pose
an increasing danger, the consequences of which are difficult to predict (Bernstein,
1998). Digitalization processes may lead to such endogenous risks becoming more
frequent; if this happens the potential damage will be difficult to predict.

Clearly, the digital trends in today’s world lead to more data and more opportunities
to forecast and reduce uncertainty. On the other hand, the economy is becoming
significantly more complex, making forecasting more difficult. In this regard,
the main hypothesis tested in the study is that the positive impact of digitalization
on predictability improvement through increasing the quality and volumes of data
in the BRICS countries during the periods under consideration was stronger than
the role of digitalization in reducing predictability owing to the emergence of new
technologies and markets and the general complication of the economy. The research
methods used in the study aim to determine which of these effects is prevalent in the
BRICS countries at the present stage of development of the capital market.

Methods and data

This study attempts to answer the question of whether the future is becoming more
predictable or less predictable for the BRICS countries. The study is carried out using
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the daily data on the dynamics of stock indices that reflect the arrival of new information.
The theoretical basis of the study is a set of provisions related to the market efficiency
hypothesis, asset pricing models and the theory of random processes.

The analysis of stock price dynamics from the perspective of the efficient markets
hypothesis allows us to find out the effects of the arrival of new publicly available
significant information. When studying financial markets, three forms of market
efficiency are distinguished: weak, semi-strong (medium) and strong (Sharpe et al., 1999;
Bulinsky & Shiryaev, 2005). Each subsequent form of efficiency contains more stringent
requirements for the amount of information that is taken into account in current market

Table I. Forms of market efficiency

Market
Efficiency Absent Weak Semistrong Strong
Form

Basic Asset prices All past price All past and current All past and current

provisions donot take into  information public information public and non-public
account available  is factored into  is taken into account information is taken into
information about the current price in the current price of the account in the current
those assets of the asset. asset price of the asset
Smaller markets ~ Confirmed Confirmed in many Confirmed in some

may be inefficient in most studies  studies. Not confirmed  studies
for small companies

The work of investment  Legislation and ethical

analysts leads to the principles:

formation of market 1. prohibit the use of non-
efficiency in a semi- public information,
strong formulation 2. call for the protection

of non-public information
3. regulate the processes
of disclosure of non-
public information

Source: compiled by the author

prices. Therefore, from the standpoint of the market efficiency hypothesis, the market
can be in one of 4 states (Table 1).

The assumption is that, over the period under review, equity markets in the
countries under study were semi-strong efficient. This assumption is justified by the
fact that market efficiency in a semi-strong formulation is a consequence of the activities
of analysts and auditors, and the presence of foreign investors has a positive impact
on market efficiency. In conditions of semi-strong efficient markets, the price of an asset
at time t-1 reflects all available information as of t-1. The price of an asset between
time t-1 and time t changes based on both a predictable component and some random
variable. For equity prices, the predictable component may be determined by expected
changes in the discounted amount of the asset’s cash flows.
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Using the discounted dividend model, one can determine the intrinsic value of a

share as: D D

t+o 420 Dt+na

P = —+ —+...+ —+..,
1+7r)" (1+7) (1+7)

where P, — stock price at time t, D,, — expected dividend at time ¢+, r — adequate
discount rate (required return on the company’s equity).

For a short period of time t <, the increase in the value of the asset is due to the
fact that:

D D D

o 4 420 ++¢+>Py

P =
t+1 (1+r)a—t (1+r)20c—‘c (1+r)n(x—1:

since in the formula for the amount of discounted dividends the denominators
are reduced.

Directly at the time of closing the register, taking into account the trading mode,
a drop in the share price equal to the dividend value may be observed; however,
if new information does not enter the market, then the total return (taking into account
the dividend) for the investor will remain positive.

For long periods of time T > a c over time, an increase in the value of the asset
will be observed if, for any m > n is true that CF,, > CF,  , which, in general, is true
due to the fact that cash flows increase in proportion to inflation, and provided that
firms reinvest part of their profits, then cash flows grow due to an increase in business
turnover.

It follows that, in the absence of new information, investments in shares (as well as in
other financial assets) will provide the investor with the required return. For example,
according to the CAPM model (Sharpe, 1964), the required return on stock A (r, )
is determined by the risk-free return () the market risk premium (ERP,) and beta (3 ),
which is a measure of the systematic risk of an asset:

_ *
rA,t - rf/t + [‘)’A ERPt

Multifactor models (Fama & French, 2015; Chou & Chou, 2004) can more accurately
describe the dynamics of stock returns, but over short periods of time, on daily data
in particular, the required return values for any model are small. So, with 250 trading
days and an expected return of 15%, the daily return in the absence of new information
will, on average, equal 0.06%. This is approximately 20-30 times lower than the standard
deviation of daily returns for the sample in question. In this regard, price dynamics
are determined by information received for each trading day.

The main driver of price changes for daily data is, therefore, the arrival of new
information. In an environment where the ability to predict future cash flows is high,
there will be relatively less information available on any given trading day that will
influence forecasts of future cash flows compared to a situation where the ability
to predict future cash flows was initially limited. It should be expected that in such
a situation, daily changes in stock prices will, on average, be lower than in conditions
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where forecasting is difficult. That is why the study uses the standard deviation of stock
market returns as a measure of predictability. The higher the predictability, the lower
the standard deviation, and vice versa: with low predictability the standard deviation
of stock returns is high.

These arguments can be formalized as follows. At time [, market participants
make a forecast of some indicator X (for example, a macroeconomic indicator
or a company’s cash flow) for s periods ahead. In this case, the forecast is built taking
into account all information I available at the time the forecast /is built, thatis, E(X,, )I1,.
At the next moment of time [ + 1, say, a day later (/ + 1 <[ +5s), the forecast is updated
E(X,,)!I,,,.Onaverage, the absolute value of the forecast change E(X, ) I1,,, — E(X,, )1,
and in the future the absolute value of the realized deviation E(X,, ) - E(X,, )1, will
be determined by how much new information was received during the time interval
between | and [ + 1 (or | and [ +s respectively). The volume of this information
depends, among other things, on the quality and quantity of information I, available
at time [. Thus, the change in the forecast is a function of the ratio of I, and the amount
of information available in the future. The change in the forecast will be less than most
of the resulting complete information I, (which completely determines the value of
X,,,) is contained in I. Since the standard deviation of E(X,, ) over time is a measure
of the change in the forecast, then it can be argued that the standard deviation
of changes in the forecast value is a function of the ratio of the amount of information
at the initial moment of constructing the forecast and complete information [, :

2

s 57 E(Xl )III
S B DI, _—Zwsﬁtﬂ |
_ L
st _f(l ).
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Based on the dynamics of the standard deviation of stock returns, we can conclude
that there is a change in predictability in stock markets.

To estimate changes in volatility, we used the logarithmic returns of stock indices
based on daily data:

P
return, =In(—=*1),
t=1

return,— logarithmic return of the index; P, — closing price of the index on the trading
day ¢.

The standard deviation of daily returns for the period from I to k was determined
based on the formula:

k 2
_return,

Z; [returnt — Z"

k—1

SD,

dayly = k _ l
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For purposes of comparability between individual years and between countries
with different numbers of trading days per year, the standard deviation (SD) for each
given full year was normalized based on the calculated standard deviation for each
trading day (SD,,,, ) and the number of trading days (d) per year in corresponding
country:

SD=sD, * |20

dayly d
The following data were collected in the study (Table 2).

Table 2. Descriptive statistics of research data

Shanghai South Africa

. NIFTY 50 BOVESPA  DFM General IMOEX
Composite Top 40

Index

Stock market China South Africa India Brazil UAE Russia
(Dubai)

Observation period ~ 1991-2023 1995-2023 1996-2023 2001-2023 2004-2023 1988-2023
(full years)

Minimum daily 0.55% 0.65% 0.57% 1,08% 0.66% 0.70%
standard deviation
for the year

Average daily 2.18% 1.39% 2.26% 2.58% 1.41% 3.43%
standard deviation

Maximum daily 6.03% 2.49% 2.80% 3.30% 2.65% 6.08%
standard deviation

for the year

Source: compiled by the author based on calculations using the data from the site investing.com (URL: < https://
ru.investing.com/indices/bm-fbovespa-unsponsored-bdrx >), calculations were made in MS Excel, date of the
application: 18.01.2024.

Table 3 presents the correlation matrix of standard deviations of profitability
(values were calculated for the maximum available time periods):

Table 3. Correlation matrix of daily standard deviations of stock indices returns

Shanghai  SouthAfrica  \;pry 5y BOVESPA  DFM General — MOEX

Composite Top 40
Shanghai Composite 1 0.24 0.60 0.58 0.59 0.37
South Africa Top 40 0.24 1 0.80 0.86 0.59 0.72
NIFTY 50 0.60 0.80 1 0.85 0.66 0.71
BOVESPA 0.58 0.86 0.85 1 0.65 0.65
DFM General 0.59 0.59 0.66 0.65 1 0.59
MOEX 0.37 0.72 0.71 0.65 0.59 1

Source: authors’ calculations made in MS Excel.
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We also note that the most accurate estimates of the volatility of stock indices
can be obtained based on the data on the dynamics of total return indices,
which take into account not only the dynamics of stock prices, but also dividend
payments. However, owing to the need to use data over a relatively long period
and to the limited availability of data on the values of total stock return indices
for a number of countries, this study used data on the volatility of stock indices
excluding dividend payments. It should also be noted that in practice this does
not lead to a decrease in the validity of the results, since, according to the
author’s estimates based on data for individual countries, the correlation of data
series of standard deviations of total return indices and indices that do not take
into account dividend payments is more than 0.99, and the module of the average
deviations does not exceed 2%.

Since each of the indices under consideration summarizes information on the returns
of at least 40 shares of various companies, such indices are well diversified, and therefore
the dynamics of their returns reflect the general market risk and are not subject to the
idiosyncratic risks of individual assets. However, the industry composition of the index
can have an impact because, if the index is dominated by industries whose cash flows
are more difficult to predict than traditional industries (for example, the cash flows
of technology, media and telecommunications (TMT), companies depend on much
more significant factors than the cash flows of companies in the metals and mining
sector.

The volume of data in the economy has been growing particularly fast for over
half a century, thanks to the emergence of computer technology and the development
of means of storing and transmitting data. The task of choosing a date or period, after
which the digitalization trend could have a special impact on predictability in the
economy, is not a trivial one and it has multiple solutions. Within the framework of this
study, the choice of the limited period, for which information on the dynamics of stock
indices is available, is also significant (Table 2). Given that digitalization processes
occur virtually continuously, it is reasonable to assume that in later years the impact
of digitalization has a higher impact on predictability than in comparatively earlier
years. Here, the late period is the period from 2015 to 2023 inclusive, and the early
period from 1990 (or the earliest year for which information is available on the stock
index of the country in question) to 2006 inclusive. Other time periods are also used
to test the robustness of the research results.

The rest of the paper presents estimates of changes in predictability during
the indicated periods for the chosen countries.

Results

The results obtained in this study, reveal that in 2015-2023, in the stock markets
of the countries examined, the standard deviation of the returns of stock indices was,
on average, lower than in earlier periods (Table 4). For the stock indices of China
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(Shanghai Composite), India (NIFTY 50), UAE (Dubai, DFM General) and Russia
(IMOEX), the results were generally significant. For the indices of South Africa (South
Africa Top 40) and Brazil (BOVESPA), the pattern of dependence remained, but the
estimates were statistically insignificant.

Table 4. Results of quantitative research

Shanghai South Africa

Index Composite Top 40 NIFTY 50 BOVESPA DFM General IMOEX
for the period Lower Lower Lower Lower Lower Lower by 1**
2015-2023 relative by 0.8*p.p. by 0.1p.p. by0.6**p.p. by03p.p. by0.7**p.p. p-p-
to all available
data
for the period Lower invariably Lower Lower Lower Lower
2015-2023 relative by 0.8* p.p. by 0.4**p.p. byO0.1p.p. by0.5 p.p. by0.9p.p.
to all available
data without
2008-2009
for the period Higher invariably Higher Higher Higher Higher
up to 2006 by 0.8 p.p. by 0.4*p.p. by 0.2p.p. by 0.4p.p. bylIl*p.p.
inclusive relative
to all available
data
SD for Higher Higher Higher Higher Higher Higher
the period up to by 0.9* p.p. byO0lp.p. by05 pp. by03pp. by0.6*p.p. byld**pp.
and including 2006

relative to all
available data
without 2008-2009

Designations:

p.p. means percentage points

SD means the average daily standard deviation of the returns of stock indices,
** means statistical significance at the 1% level,
** means statistical significance at the 5% level,

* means statistical significance at the 10% level,

- means no statistical significance (p-value>10%).

Source: calculated by the author in Gretl.

The exclusion of data for the period of 2008-2009, when the stock market volatility
increased in all countries in the sample because of the global financial crisis, does
not lead to significant changes in the results. The robustness of the results obtained
was additionally checked by excluding other periods, in particular, 2020, in which
there was high uncertainty caused by the COVID-19 pandemic. Such exclusions
from the sample also did not have a significant impact on the results obtained.
When changing the boundaries of time intervals, the main results also remained
unchanged.
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Discussion

This study shows that in recent years the volatility of stock indices in the BRICS
countries under consideration has decreased. This may mean that predictability
has increased in these countries thanks to accelerated digitalization. The standard
deviation of an index can be influenced by its structure, investor sentiment, and their
sensitivity to various risks. However, the results show that in the BRICS countries there
isno pronounced trend towards a decrease in volatility and an increase in predictability,
which suggests that the effect of an increase in the quantity and quality of information
due to digitalization is more significant than the complication of the economic structure
(which also occurs due to the emergence of innovative technologies, the development
of new markets, and the complexity of supply chains).

Note that measures aimed at reducing volatility do not guarantee high returns.
Moreover, investors prefer the stock market to be highly volatile and rising rather
than low volatile and falling. However, a decrease in stock volatility, other things
being equal, is positive for owners of such financial assets because investors are risk
averse.

This study has also calculated the dynamics of the standard deviation of the S&P 500
index. The results obtained are useful for the comparison with the dynamics of the
volatility of the BRICS countries” stock indices. The standard deviation of the S&P 500
index also decreased in 2015-2023 relative to the period 1990-2006, but this decrease
was less than 0.1 percentage points and not statistically significant. It is possible that
such result was obtained because in the BRICS countries during the periods under
review, digitalization proceeded at an accelerated pace. A more general reason for both
periods is that it was time when the countries built their capital markets, worked
at improving their auditing practices, formed the practices of assessing the value
of business and quality and volumes of statistical data. All these certainly contributed
to increased predictability.

At the same time, we note that the volatility of stock index returns may be influenced
by the average level of debt burden of companies included in the index, since an increase
in debt leads to an increase in systematic risk (Hamada, 1972). Moreover, in some cases
the market efficiency hypothesis may not be satisfied (Vaga, 1991), and stock market
volatility may be influenced by the psychological state of market participants. Taking
account of these volatility factors is a promising subject for future research.

Conclusion

This study confirms the hypothesis that during the periods under review in the BRICS
countries, digitalization contributed to increased predictability, probably because
the increase in the volume and quality of data and the development of methods
for analyzing them had a greater effect than the increase in uncertainty caused by the
advent of new technologies and the general complication of the economy. Uncertainty
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and the fundamental impossibility of making accurate forecasts are an integral part
of the financial system; moreover, existing financial instruments can effectively
quantify and redistribute risks. However, since rational economic agents are risk averse,
a decrease in uncertainty is a positive event for them as it can lead to a decrease in risk
premiums in the structure of interest rates and an increase in the amounts invested. At the
same time, further development of technology and the emergence of new industries
will certainly contribute to a decrease in predictability and an increase in uncertainty.
In order to increase or at least maintain the current level of predictability, it is necessary
to further improve the transparency of the economy and the quality of accounting both
atindividual enterprises and in the national economy as a whole. It should also be noted
that some of the tasks in the field of forecasting, e.g. the qualitative analysis of companies
in order to assess the value of a business, cannot be solved solely on the basis of artificial
intelligence. This points to the crucial importance of critical and analytical thinking
skills and hence the necessity of improving fundamental education.
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