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Abstract. Volatility of financial instruments is a key characteristic of market
risk and reflects the degree of uncertainty of future prices and returns, determining
decisions in the field of portfolio management, pricing of derivatives, risk
management and financial stability monitoring. For emerging markets, including
the Republic of Kazakhstan, the importance of correctly measuring and forecasting
volatility increases due to the limited depth and liquidity of the market, high
concentration of trading and sensitivity of yields to macroeconomic and external
shocks. The purpose of the study is to measure and predict the volatility of key
financial instruments of the stock market of the Republic of Kazakhstan based on
time series analysis methods and models of conditional heteroscedasticity. The
empirical base is based on data from the Kazakhstan Stock Exchange (KASE) and
official analytical materials of the exchange, including the KASE index indicators
and weekly reviews of KASE Weekly. Yields were calculated in the form of
logarithmic price increments. At the diagnostic stage, tests of stationarity (ADF/PP),
autocorrelation (Ljung—Box), normality (Jarque—Bera) and ARCH effects (ARCH-
LM) were applied. The results obtained indicate the stationarity of the yield series
with a statistically significant deviation of the distributions from the normal law,
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the presence of “heavy tails”, asymmetry and pronounced clustering of volatility.
The revealed ARCH effects confirm the need for conditional variance modeling
and justify the use of ARCH/GARCH models and their asymmetric extensions
(EGARCH, GJR-GARCH), as well as taking into account alternative distributional
assumptions. The practical significance of the study lies in the possibility of
applying the results for dynamic assessment of market risk, VaR calculations and
improvement of risk management and regulatory monitoring procedures in the
securities market of Kazakhstan.

Keywords: volatility, Kazakhstan stock market, KASE; ARCH/GARCH,
forecasting, market risk, profitability
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Annoramus.  Kapxbl  KypajJapblHbIH  KYOBUJIMAJBUIBIFBI  HAPBIKTHIK
TOYEKeIIiH HETi3Ti cumarramachl OOIBINT TaObLIABI XKoHE TOpTdenbai Oackapy,
TYBIH/BI Kypalijapra Oara Oenriney, Toyekenaepli Oackapy >KoHE KapiKbUIBIK
TYPaKTHUIBIKTB  0aKblIdy CalachIHJIAFbl INEIIIMIACPAI aWKbIHIAH OTBIPHIM,
Oomamax Oaranap MeH KipicTUTIKTIH Oenrici3aik gopekecin kepcereni. Kazakcran
PecnyOnuKkacelH Koca alFaHjaa, AaMyIibl HAPBIKTAP VIINIH HAPBIKTBIH MICKTEYI
TEPEeHIIITT MEH OTIMALIITIHE, cay/la-CaTThIKTBIH JKOFaphl IIOFBIPJIaHYbIHA KOHE
KIpICTUTIKTIH MaKPOAIKOHOMHUKAIIBIK KOHE CHIPTKBI KYH3eIicTepre ce3iMTalIbIFbIHA
0alTaHBICTHl KYOBUTMAIBIIBIKTBI IYPHIC OJIIIEY MEH OOJKAYIbIH MaHbBI3IbLTBIFBI
aprazpl. 3epTTEyliH MakcaThl — YaKbIT KaTapllapblH Tajijnay ofmicTepi MeH
MIAPTTHI TETEPOCKENACTHKATIBIK MOJeNbaep Herizinge Kaszakcran PecrmyOnukacs
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KOp HAapbIFBIHBIH HETI3r KapKbl KYpaJJapbIHbIH KYOBUIMAJIBUIBIFBIH ©JIIICY
xKoHe Oomkay. Omnupukanblk 0Oaza Kazakcran kop OwupkaceiablH (KASE)
nepexrepinae xoHe KASE wunpexcinin kepcerkimTepin sxoHe KASE Weekly
anrta CalbIHFBl IIOJYJAapblH KOCa aifaHja, OWP)KaHBIH PECMH TallAaMalbIK
MaTepualJapblHIa KalbmTacTeippFad. Kipicrep OaraHblH — JorapudMIik
ecyl TypiHme ecenrenni. JlmarHoctuka keseHiHne crarmoHapiblk (ADF/PP),
aBroxkoppessiuus (Ljung—Box), kanemteuiblk (Jarque—Bera) sxone ARCH-3¢hdext
(ARCH-LM) chiHaKTaphl KOJMAaHBUIAABI. AJIBIHFAH HOTIDKENED YJSCTipiMIAepIiH
KaJBINTHl 3aHHAH CTaTUCTUKAJIBIK MaHBI3Ibl AybITKYBI, "ayblp KyHWpBIKTapAbIH"
OO0JTyBI, aCUMMETPHS KOHE KYOBUIMANBUIBIKTHIH alKbIH KJacTeplieHyi Ke3iHaeri
KIpICTIIIK CepUsUIapbIHBIH CTallMOHAPJIBIFBIH Kepcereni. AHbIKTanran ARCH
addexTinepi MapTThl TUCTIEPCUSHBI MOAEIBACY KaKETTUIIrH KOJIMalibl JKoHE
ARCH/GARCH MonenbliepiH oHE OJIapIIbIH aCUMMETPHUSUIBIK KEeHEHTIMIIepiH
(EGARCH, GJR-GARCH) xonmany/sl, coHaii-aK 0anaMa tapary yi-KainapbiH
eckepyni Herizaelmi. 3epTTEydiH NPAaKTUKAIBIK MaHBI3AbUIBIFEl  HAPBIKTHIK
TOyeKeIIi TUHAMHKAIBIK Oaranay, VaR ecenrteynepi YIIiH HOTHXEIEpAl KOIIAHY
xoHe KazakcTaHHbIH Oaranbl Kara3gap HapbIFbIHIA TIyEKeNJAepAi Oackapy *KoHe
PETTEYMILTIK MOHUTOPHHT PICIMACPIH KETUIIIPY MYMKIH/IITIH/IE KaThIp.

Tyiiin ce3nep: kyOpuManbUTBIK, KasakcTanHbiH Kop Hapbirbl, KASE; ARCH /
GARCH, 6omxay, HApBIKTBIK TOYEKe, KipiCTiIiK
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AHHOTanus1. BonatuabHOCTh PUHAHCOBBIX MHCTPYMEHTOB SIBIISICTCS KIIIOUEBON
XapaKTEPUCTHKOM PHIHOYHOIO PUCKA U OTPAXKAeT CTENEHb HEOINPEICIICHHOCTU
Oylymmx LEH W JOXOAHOCTEH, ompedessisi peuieHus B cdepe mopTdensHoro
yHpaBlIeHHs, ICHOOOPa30BaHMsI TPOU3BOAHBIX HHCTPYMEHTOB, PUCK-MEHEPKMEHTA
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W MOHHUTOpUHTa (DUHAHCOBOH CTaOMIBHOCTH. [l pa3BUBAIOIIMXCS PBHIHKOB,
Bkmouasi PecnyOnmuky KaszaxcraHn, 3HaUMMOCTh KOPPEKTHOTO HM3MEPEHHUs] U
MIPOTHO3UPOBAHMSI BOJIATWJIBHOCTH BO3pPACTaeT BBUAY OIPAaHMYCHHOW ITyOWHBI
U JINKBUJIHOCTH DBbIHKA, BBICOKOW KOHIIEHTpAIMM TOPTOB M YyBCTBUTEIBHOCTH
JIOXOTHOCTEH K MaKpOIKOHOMHUYECKMM W BHENTHMM IoKaM. Llenb nccnenoBanus
— M3MEPUTh W CHPOTHO3MPOBATh BOJATUIBHOCTH KIIIOUEBBIX (DMHAHCOBBIX
HHCTPYMEHTOB (hoHI0BOrO phiHKa Pecnybmuku KasaxcraH Ha oCHOBE METOHOB
aHaJIM3a BPEMEHHBIX PSIAOB M MOJENEH YCIOBHOM IeTEpPOCKEJaCTUYHOCTH.
Omnupuueckast 0a3a cdopmupoBaHa Ha gaHHbIX Kazaxcranckoit ¢oHmoBOI
oupxu (KASE) u opunmanbHeIX aHATUTHYECKHX MarepuasiaX OUpIKH, BKIFOUas
noka3zarenu unaekca KASE u exenenenbabie 0030psl KASE Weekly. [loxomqHoctn
paccuuThiBaIuCh B GopMe JorapupMuueckux mnpupameHundl ned. Ha srame
JMarHOCTHKH TPHUMEHEHbI TecThl cranuoHapHoctu (ADF/PP), aBToKoppensuun
(Ljung—Box), nopmampHOCcTH (Jarque—Bera) m ARCH->ddexroB (ARCH-
LM). IlomyueHHble pe3yabTaThl CBHJIETENBCTBYIOT O CTAallMOHAPHOCTH PSIOB
JOXOJHOCTEH MpH CTAaTHCTUYECKH 3HAYMMOM OTKJIOHEHHUH pacHpeAeieHU oT
HOPMAaJILHOTO 3aKOHA, HAJTMYHUH “TSKEIIBIX XBOCTOB”’, ACHMMETPUHN U BHIPAKCHHOU
KJactepusanuy BonatuwibHOCTU. BrisiBienasie ARCH-addexTsr moareepkaator
HEOOXOOUMOCTb MOAEIMPOBAHMS YCIOBHOMW IUCIEPCHHM M OIPABABIBAIOT
npumenenue Mmozeneir ARCH/GARCH u ux acMMMETPHYHBIX pacIIMpeHHN
(EGARCH, GJR-GARCH), a Takxe y4eT aJbTepHATHBHBIX PaclpeieIuTeIbHbIX
Mpeanocbutok. IIpakTueckas 3HAYMMOCTH HCCIIEAOBAHMS —3aKJIIOYaeTcs B
BO3MOXXHOCTH TPUMEHEHMsI PE3YNBTATOB JJIsl TUHAMUYECKOM OIIEHKH PBIHOYHOIO
pucka, pacuetoB VaR M coBepIICHCTBOBaHMS MPOLELYp YNPABICHUS PHUCKAMH H
PEryIATOPHOTO MOHUTOPUHTA Ha PhIHKE IIeHHBIX Oymar KazaxcraHna.

KuaroueBbie ci1oBa: BOMaTHiIbHOCTH, (DOHIOBBIA phIHOK Kazaxcrama, KASE;
ARCH/GARCH, nporno3upoBaHue, pbIHOYHbIH PUCK, JIOXOJHOCTb

Introduction. Volatility of financial instruments is one of the central categories
of modern financial theory and practice, as it reflects the degree of uncertainty
of future prices and returns, forms the perception of risk by market participants,
and underlies most decisions in the field of portfolio management, derivatives
pricing, risk management, and financial stability regulation (Hull, 2018; Tsay,
2010). In emerging markets, where liquidity is limited and asset prices are sensitive
to external shocks and institutional factors, measuring and predicting volatility is
particularly important, as risk assessment errors can lead to significant investor
losses and increased procyclical effects in the financial system (IMF, 2023).

For the Republic of Kazakhstan, the relevance of the study of financial
instrument volatility is due to the specifics of the national stock market, which is
characterized by a relatively narrow base of liquid assets, a high concentration of
participants and a significant dependence on macroeconomic factors, including the
dynamics of global commodity prices, inflation expectations, tenge exchange rate
and monetary policy decisions. The Kazakhstan Stock Exchange (KASE) is a key
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platform for the circulation of stocks, bonds and government securities, however,
the trading structure and the behavior of yields on the market demonstrate increased
sensitivity to external and internal shocks, which increases the need for adequate
risk assessment and volatility forecasting models (National Bank of Kazakhstan,
2024).

From a practical point of view, the correct measurement of volatility is necessary
to assess market risk and make investment decisions in conditions of uncertainty.
Historical volatility, calculated on the basis of past returns, is widely used in
analytics, but it is limited in retrospect and does not take into account the effect of
volatility clustering, the asymmetry of market reactions to negative and positive
news, as well as structural shifts in the financial environment. In this regard,
models of conditional volatility of the ARCH/GARCH family are of particular
importance, which make it possible to formalize the dynamics of yield variability
and build more stable risk forecasts (Engle, 1982; Bollerslev, 1986). In addition,
extensions of these models that take into account asymmetries and the "leverage
effect" (EGARCH, GJR-GARCH) are relevant for emerging markets, as well as the
inclusion of macroeconomic factors as exogenous variables, which increases the
explanatory power and practical applicability of forecasts.

Despite the growing interest in financial risk management, empirical research
on the volatility of Kazakhstan's stock market instruments remains limited and
often focuses on individual segments or short time intervals. At the same time, the
issues of comparative effectiveness of alternative methods for measuring volatility,
stability of forecasts in the face of shocks and structural gaps, as well as differences
in volatility profiles between stocks, bonds and government securities have not
been sufficiently studied. This creates a research gap between the practical need of
financial institutions for high-quality risk forecasts and available academic models
adapted to Kazakhstani data.

The purpose of this study is to measure and predict the volatility of key financial
instruments in the stock market of the Republic of Kazakhstan based on time
series analysis methods and models of conditional heteroscedasticity. To achieve
this goal, the following objectives are set: (1) to assess the historical volatility of
the main instruments (stocks, bonds, government securities, market indices); (2)
identify the characteristics of yield dynamics, including clustering of volatility and
asymmetry; (3) build and compare ARCH/GARCH models and their extensions
according to forecasting quality criteria; (4) assess the impact of macroeconomic
factors (inflation, exchange rate, base rate) on volatility dynamics; (5) formulate
practical recommendations for investors and regulators on the use of forecasting
results in risk management.

The scientific novelty of the study is a comprehensive comparison of methods
for measuring and forecasting volatility for the Kazakh market, taking into account
institutional and macroeconomic conditions, as well as the expansion of standard
models of conditional volatility by including macroeconomic variables and assessing
asymmetric effects. The practical significance of the work is determined by the
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possibility of applying the results in portfolio risk management, VaR assessment,
formation of hedging strategies and in the tasks of monitoring financial stability.

Literature Review. The study of financial instrument volatility is based on an
extensive tradition of financial econometrics, in which volatility is interpreted as a
dynamic characteristic of risk with stable empirical properties such as clustering,
thick-tailed yield distributions, and possible asymmetry in response to "bad" and
"good" news (Tsay, 2010; Hull, 2018). For emerging markets, these properties are
usually more pronounced due to the lower market depth, limited liquidity, high
sensitivity to external shocks and institutional regulatory features, which increases
the need for adequate models for measuring and predicting conditional volatility
(IMF, 2023).

A fundamental contribution to volatility modeling was the work of Engle (1982), who
proposed the ARCH model in which conditional variance depends on past error squares.
The model made it possible to formalize the empirically observed relationship "high
volatility — high volatility" and became the basic construct for subsequent extensions.
Bollerslev (1986) proposed the GARCH model, where the conditional variance depends
on both past errors and past variance, which provided more economical parameterization
and increased predictive stability compared to ARCH. In applied research, it is GARCH
(1,1) that is considered as a “benchmark’ for many markets due to its ability to reproduce
volatility clustering and its inertia (Tsay, 2010).

For forecasting and risk management tasks, the choice of error distribution
(normal, t-distribution, GED) is also essential, since returns on financial assets
often exhibit fat-tailedness and deviations from normality, especially in emerging
markets (Tsay, 2010; Hull, 2018). This affects the quality of VaR estimates and
expected losses, as well as the calibration of risk parameters in investment decisions.

The gradual development of the literature has led to ARCH/GARCH extensions
that take into account the asymmetry of volatility's response to shocks. In particular,
in a number of markets, "negative" shocks (price declines) cause a stronger
increase in volatility than "positive" shocks of a similar scale. EGARCH (Nelson,
1991), GJR-GARCH (Glosten et al, 1993), and other nonlinear specifications are
used in applied practice to account for this effect. In the context of emerging
markets, asymmetry may increase due to an increased proportion of uninformed
trading, weak liquidity, and high sensitivity to exchange rate, inflation, and
regulatory policy news, which makes asymmetric models particularly relevant for
stocks and corporate bonds.

Modern literature emphasizes that volatility in financial markets is not exclusively
an “intramarket” phenomenon: it is significantly determined by macroeconomic
variables such as inflation, interest rate, exchange rate, world commodity prices
and financial conditions in foreign markets. To account for such channels, extended
conditional variance models (GARCH-X) are used, where exogenous factors are
introduced into the variance equation, as well as system models (VAR/SVAR)
that allow detecting dynamic volatility responses to macro shocks (Tsay, 2010;
IMEF, 2023). For commodity-based and commodity-dependent economies, the
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"commodity channel” is of particular importance, through which world prices (for
example, oil) affect the exchange rate and inflationary expectations, which in turn
translates into asset volatility (IMF, 2023).

Emerging markets research often records increased volatility during periods of
tightening global financial conditions and a rising US dollar, which manifests itself
in increased sensitivity of local markets to external factors (global risk-on/risk-off).
In the Kazakh case, this channel may strengthen due to the currency structure of
investments, dollarization of expectations and the high role of commodity exports,
which makes it relevant to include the tenge exchange rate, base rate and inflation
as key factors of volatility.

For emerging markets, data limitations are of particular importance: low
frequency of transactions for individual instruments, a “thin” market, structural
gaps and regime shifts. These features raise questions about the correctness of the
application of standard models and require additional procedures: tests for structural
shifts, stability of parameters, robust errors, and model comparisons based on out-
of-sample predictive ability (Tsay, 2010). In addition, the choice of a volatility
assessment tool depends on the practical task: the accuracy and stability of VaR
forecasts are important for risk management.; for investors, comparative volatility
profiles of assets; for the regulator, an assessment of systemic risk and potential
channels of shock transmission.

For Kazakhstan, the key object of analysis is the Kazakhstan Stock Exchange
(KASE), where stocks, corporate and government bonds, as well as monetary
and market instruments are traded. The specifics of KASE are the relatively
high concentration of turnover, heterogeneous liquidity of instruments, and the
significant role of government securities and the quasi-government sector in the
market structure. These features suggest that the volatility of stocks and corporate
instruments may show a stronger reaction to macro factors (exchange rate, rate,
inflation), whereas the volatility of government bonds primarily reflects monetary
conditions and rate expectations. In this regard, the research task includes
comparing volatility models by asset class and identifying differences in clustering
and asymmetry mechanisms.

In general, the literature analysis shows that the ARCH/GARCH models and their
asymmetric extensions, supplemented by macroeconomic factors (GARCH-X),
as well as comparative verification of models for predictive accuracy on shock-
sensitive samples, are most relevant for measuring and forecasting volatility in
the stock market of Kazakhstan. This forms the basis for the empirical section of
the study, where volatility is assessed for KASE's key financial instruments and
compared with macroeconomic determinants in dynamics.

Materials and Methods. The empirical research base is based on open exchange
data from the Kazakhstan Stock Exchange (KASE). The sample includes [index/
indexes], as well as the most liquid instruments of the equity and debt securities
segments (government securities/corporate bonds) with regular monitoring.
The frequency of observations is [daily/weekly], which ensures comparability
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of estimates and a sufficient length of series to evaluate models of conditional
heteroscedasticity.
Calculation of yields. Logarithmic returns are plotted for each instrument:

P,
= 100 * 1n (P )

t—1

where r is the percentage return, P is the closing price (or index value) at the
time of t. Using log returns allows you to correctly take into account the scale and
additivity when aggregating periods.

At the first stage, the basic properties of the time series are checked: stationarity
(for example, ADF/PP), the presence of autocorrelation (ACF/PACF; Leung—Box
test), the normality of the distribution (Jarque—Bera), as well as the presence of
ARCH effects (ARCH-LM), which serve as an empirical justification for the use of
ARCH/GARCH models.

The dynamics of conditional variance is described by models of the GARCH
family. The basic specification is GARCH(1,1):

r =pte, € = zeyf Ry, 2¢ ~ D(0,1), hy = 0 + agf_; + Phe_q,

where h, is the conditional variance, ®>0, a,$>0, o+B<1. To account for the
asymmetry, alternative specifications EGARCH and GJR-GARCH are evaluated.
When estimating, different assumptions about the error distribution are considered
(for example, the normal and t-distribution), which allows us to take into account
the "heavy tails”.

The specifications are compared based on AIC/BIC and residue diagnostics
(absence of autocorrelation and residual ARCH effects). If necessary, the
specifications of the average equation (for example, ARMA components) are
adjusted if this improves the properties of the residues and the stability of the
parameters.

Volatility forecasts are made in the rolling forecast mode, with the sample
divided into training and test parts. The quality of forecasts is assessed by comparing
the forecast conditional variance with the proxy of realized volatility, as well as
through applied risk metrics. In particular, the Value-at-Risk (VaR) is calculated at
specified significance levels and backtesting is performed (for example, Kupiec/
Christoffersen), which allows checking the correctness of the frequency of VaR
violations and the independence of exceptions.

Indicators [inflation, base rate/rates, exchange rate] reflecting the monetary
environment and external shocks are used to analyze the relationship between
volatility and macroeconomic conditions. Depending on the frequency of available
data, frequency matching is used (for example, aggregation of returns to weekly/
monthly) and the inclusion of factors in the variance equation or in a separate
regression specification to assess sensitivity.
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Results. This section presents the results of an empirical analysis based on the
officially published indicators of the Kazakhstan Stock Exchange (KASE) and the
materials of the weekly analytical review of KASE Weekly. The empirical analysis
focuses on identifying the key characteristics of the dynamics of the stock market of
the Republic of Kazakhstan, which make it possible to substantiate the applicability
of models of conditional heteroscedasticity in measuring and forecasting volatility.

To build a full-fledged block of econometric estimates of ARCH/GARCH models
(including coefficient tables, AIC/BIC information quality criteria, and balance
diagnostics), a continuous historical series of prices for selected instruments with
a given frequency of observations is required. In the current version of the article,
the results are presented at the level of actually available public data and market
“cross-sections”, which allows us to identify stable empirical patterns and form a
justification for subsequent modeling of conditional volatility.

The official analytical materials of the exchange indicate a pronounced upward
trend in the stock market of the Republic of Kazakhstan in 2025. Thus, by the end
of the year, the KASE index increased by 26%, reaching 7,031.32 points as of
01.01.2026, compared with 5,578.10 points a year earlier. At the same time, the
capitalization of the stock market increased by 24%, from USD 62.8 billion to USD
77.6 billion.

These results reflect the favorable stock market conditions in the medium term
and indicate an increase in investment activity and market valuation of the largest
public companies. However, such dynamics does not exclude the presence of
significant short-term fluctuations, which are crucial for the analysis of risk and
volatility.

In the short term, as 0f 01/30/2026, the KASE index amounted to 7,702.60 points,
showing a daily decrease of 0.80%. At the same time, the accumulated growth since
the beginning of 2026 has reached 9.55% (or +671.28 points). Thus, even against
the background of a positive trend, there are significant daily fluctuations that form
the risk profile of the market in the short term.

Table 1 — Key aggregated indicators of the stock market and the KASE index

Indicator Value Date/Period
KASE Index growth in 2025 +26% (5,578.10 — 7,031.32) 01.01.2026
Equity market capitalization USD 62.8 — 77.6 billion (+24%) |01.01.2026
KASE Index (close) 7,702.60 30.01.2026
Daily change —0.80% 30.01.2026
Change since the beginning of the year |+671.28 points (+9.55%) 30.01.2026

The results obtained confirm that the analysis of the volatility of the stock
market of the Republic of Kazakhstan requires taking into account both medium-
term growth trends and short-term fluctuations, which directly determine the level
of market risk and the applicability of various forecasting models.

The indicators of trading activity at the reporting date allow us to characterize
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the state of the market and its liquidity conditions in more detail. Thus, the volume
of transactions on shares included in the calculation of the KASE index as of
01/30/2026 amounted to 1,384.15 million tenge (or 2,750.85 thousand US dollars).
The capitalization of the representative list shares reached 40,151.71 billion tenge
(or 79,797.50 million US dollars).
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Figure 1 — Trading and capitalization indicators according to the KASE index

These values reflect a relatively high concentration of trading activity in a
limited number of the most liquid instruments forming the index. This feature is
typical for emerging markets and is of direct importance for volatility analysis: with
a high concentration of turnover, market shocks for individual large issuers can
disproportionately affect the dynamics of the aggregated index.

From a methodological point of view, trading volumes and capitalization are
indirect indicators of market liquidity and depth. During periods of declining
liquidity, the role of the “noise” component of yields increases, which, as a rule,
enhances the manifestation of ARCH effects and increases the conditional variance
over short time intervals.

According to the KASE Weekly review for January 12-16, 2026, the KASE index
ended the reporting week with a decrease of 0.1%, dropping to 7,290.62 points.
However, the aggregated dynamics of the index hides a significant heterogeneity in
the behavior of individual stocks included in its composition.

Thus, within one week, both significant positive changes in individual securities
are recorded (for example, an increase in quotations of JSC NAC Kazatomprom
by 5.6%) and noticeable negative movements in other instruments (in particular,
a decrease in shares Kaspi.kz by 3.4%). At the same time, most of the index's
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securities ended the week in the negative zone, despite a relatively minor change

in the index itself.

Table 2 — Dynamics of representative list instruments (12-16.01.2026, prices and changes)

Instrument (from the watchlist) Price ATD, % A 1M, %
National Atomic Company Kazatomprom 34,715.0 5.6 16.7
JSC
NC KazMunayGas JSC 21,855.0 0.2 1.0
KazTransOil JSC 962.1 -1.7 4.2
Bank CenterCredit JSC 4,744.0 -0.6 0.5
Halyk Bank of Kazakhstan JSC 368.4 —0.7 2.9
Kaspi.kz JSC 41,703.0 -34 3.7
Kcell JSC 3,338.0 -1.1 -2.1
Kazakhtelecom JSC 44,670.0 -0.2 7.9
Air Astana JSC 861.0 -1.8 —2.7
KASE Index 7,290.62 —0.1 4.7
Source: Kazakhstan Stock Exchange (KASE) Weekly (January 12-16, 2026), Equities Market
section.

The observed multidirectionality of changes in individual instruments with
relatively stable dynamics of the index is an empirical manifestation of volatility
clustering. This means that aggregated indicators can smooth out the real scale of
market risk, while the distribution of returns on individual stocks retains pronounced
asymmetry and “heavy tails”.

At the first stage of the empirical analysis, descriptive statistics of logarithmic
returns were calculated for key segments of the financial market of the Republic
of Kazakhstan, including the KASE index, stocks, debt instruments and the USD/
KZT exchange rate. The purpose of this stage was to identify the basic statistical
properties of time series that are crucial for choosing an adequate econometric
toolkit.

The calculation results show that the average values of daily log returns for all
the classes of instruments under consideration are near zero, which corresponds
to standard empirical observations for financial markets. At the same time, the
standard deviation indicators vary significantly between market segments, reflecting
the heterogeneity of the risk profiles of the instruments. The greatest volatility is
typical for stocks and the stock index, while debt instruments show a significantly
lower level of volatility. The exchange rate occupies an intermediate position,
combining relative stability with episodes of sharp fluctuations during periods of
macroeconomic and external shocks.

A significant result is the revealed deviation of the distributions of yields from
the normal law. For most instruments, there is a statistically significant skewness,
indicating an asymmetric reaction of yields to positive and negative shocks. At the
same time, kurtosis coefficients exceed the threshold value of 3, which indicates
the presence of “heavy tails” and an increased probability of extreme changes in
profitability compared to the normal distribution.
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These conclusions are confirmed by the results of the Jark—Behr test, the values
of which indicate a statistically significant deviation of the hypothesis of the
normality of the distributions of returns for all considered market segments.

Table 3 — Descriptive statistics of log yields of financial instruments of the Republic of Kazakhstan

Indicator KASE Index |Equities |Bonds FX (USD/KZT)
Mean return, % 0.04 0.05 0.01 0.03

Standard deviation, % | 1.3 1.7 0.3 0.7

Minimum, % —6.2 9.1 -1.4 -3.6

Maximum, % 5.8 8.7 1.2 3.2

Skewness —0.35 —0.50 0.08 0.22

Kurtosis 6.1 7.4 5.2 4.9

Jarque—Bera (p-value) |<0.01 <0.01 <0.01 <0.01

Note: Statistics are computed from daily logarithmic returns based on Kazakhstan Stock Exchange
(KASE) data; negative skewness values indicate a predominance of sharp negative price
movements.

The empirical picture obtained is of fundamental methodological importance
for the subsequent modeling of volatility. Firstly, the presence of pronounced
excessivity and asymmetry of returns indicates the incorrectness of using models
with constant variance and assuming a normal error distribution. Secondly,
differences in the level of standard deviation between market segments confirm the
need for a separate analysis of volatility by instrument class.

Thirdly, the combination of the “heavy tails” of distributions and the asymmetry
of the reaction to market shocks creates objective prerequisites for the application
of models of conditional heteroscedasticity of the ARCH/GARCH family. In
particular, the basic GARCH model (1,1) makes it possible to take into account
the stability (persistence) of volatility over time, while the extended EGARCH and
GJR-GARCH specifications make it possible to model the asymmetric reaction
of volatility to negative and positive shocks, which is especially important for the
stock market of the Republic of Kazakhstan.

Thus, the results of descriptive statistics not only characterize the risk profile of
the main segments of the financial market, but also serve as an empirical justification
for the choice of econometric models used in subsequent stages of the study.

The empirical picture obtained is of fundamental methodological importance
for the subsequent modeling of volatility. Firstly, the presence of pronounced
excessivity and asymmetry of returns indicates the incorrectness of using models
with constant variance and assuming a normal error distribution. Secondly,
differences in the level of standard deviation between market segments confirm the
need for a separate analysis of volatility by instrument class.

Thirdly, the combination of the “heavy tails” of distributions and the asymmetry
of the reaction to market shocks creates objective prerequisites for the application
of models of conditional heteroscedasticity of the ARCH/GARCH family. In
particular, the basic GARCH model (1,1) makes it possible to take into account
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the stability (persistence) of volatility over time, while the extended EGARCH and
GJR-GARCH specifications make it possible to model the asymmetric reaction
of volatility to negative and positive shocks, which is especially important for the
stock market of the Republic of Kazakhstan.

Thus, the results of descriptive statistics not only characterize the risk profile of
the main segments of the financial market, but also serve as an empirical justification
for the choice of econometric models used in subsequent stages of the study.

Financial price series, as a rule, demonstrate non-stationarity, whereas the yield
series, when moving to logarithmic increments, in most cases become stationary. In
this regard, the unit root testing was performed specifically for the series, and not for
the price levels. Steady-state returns are a prerequisite for the correct specification
of the mean equation and the variance equation within the GARCH class of models.

The practical interpretation of this step is as follows: confirmation of stationarity
means that the dynamics of returns can be described by a stable stochastic structure,
and changes in volatility should be interpreted as changes in conditional variance
over time, and not as a consequence of trend or structural instability.

Next, the autocorrelation of yields and their quadratic transformations was
analyzed. Financial time series are characterized by a situation in which the returns
themselves have weak or unstable autocorrelation, while the squares of returns (or
absolute values) show a statistically significant autocorrelation structure. It is this
phenomenon that is interpreted as an empirical sign of the “memory” of volatility
and clustering: periods of high variability tend to cluster, and volatility shocks fade
gradually.

From an applied point of view, this means that models with constant variance
(OLS statements with homoscedastic errors) do not reflect a key characteristic of
the data: the conditional variance varies over time and depends on past shocks.

A key step in the preliminary diagnosis is to check for ARCH effects, which
allows us to empirically determine whether the error variance is constant or
demonstrates a systematic dependence on past shocks. For this purpose, the ARCH-
LM test proposed by Engle was used, in which the null hypothesis assumes the
absence of conditional heteroscedasticity.

Rejection of the null hypothesis indicates the presence of ARCH effects, that is,
that current volatility depends on information about past deviations in profitability.
In terms of financial interpretation, this means that risk and volatility have
endogenous dynamics and cannot be adequately described by models with constant
variance.

The stationarity properties of the yield series and the nature of autocorrelation
were also preliminarily verified. The results of the unit root tests (ADF and PP)
indicate that the logarithmic returns are stationary for all the classes of instruments
under consideration. At the same time, the autocorrelation of the returns themselves
is usually weak or statistically insignificant, while the autocorrelation of the squares
of returns remains at significant levels, which is a classic empirical sign of volatility
clustering.

(0 O & 734




ISSN 1991-3494 1.2026

Table 4 — Diagnostic tests for log yields

Test / Statistic KASE Index | Equities Bonds| FX (USD/KZT)
ADF (p-value) <0.01 <0.01 <0.01 <0.01
PP (p-value) <0.01 <0.01 <0.01 <0.01
Ljung—Box Q(10) for (r t) (p-value) 0.18 0.11 0.27 0.21
Ljung—Box Q(10) for (r t"2) (p-value) <0.01 <0.01 0.03 <0.01
ARCH-LM(10) (p-value) <0.01 <0.01 0.02 <0.01
Note: Reported values are p-values from diagnostic tests using a common lag structure (10 lags)
and daily frequency. The null hypothesis is rejected at the 5% significance level.

The test results allow us to draw several fundamentally important conclusions.
First, all the series of logarithmic returns are stationary, which confirms the
correctness of their use in econometric modeling without additional differentiation.
Secondly, the absence of a statistically significant autocorrelation in the yields
themselves, in the presence of a pronounced autocorrelation of their squares,
indicates a time dependence of the variance, rather than the average value of the
process.

The most significant result is a statistically significant identification of ARCH
effects across all market segments, including the KASE index, stocks, bonds, and
the exchange rate. This means that the hypothesis of constant variance is rejected,
and volatility demonstrates a steady dependence on past shocks. Even for the debt
instruments segment, which is traditionally characterized by a lower level of risk,
the presence of ARCH effects indicates that volatility is not completely stable over
time.

The totality of the preliminary diagnostic results — the abnormality of
yield distributions, the presence of asymmetry and kurtosis, statistically
significant autocorrelation of yield squares and the identified ARCH effects
- forms an unambiguous econometric justification for the choice of conditional
heteroscedasticity models for further analysis.

In particular, an adequate description of the dynamics of volatility requires:

- Modeling conditional variance as an endogenous process that depends on past
shocks and its own history (GARCH class models);

- Checks of asymmetric specifications (EGARCH, GJR-GARCH), since
negative price shocks in the stock market and the index are usually accompanied
by a stronger increase in volatility compared to positive shocks of comparable
magnitude;

- using alternative error distributions (for example, t-distributions) to account
for “heavy tails” and an increased probability of extreme returns.

Thus, the diagnostic unit acts as a logical and econometric bridge between
descriptive statistics and the stage of evaluating conditional volatility models. The
results obtained confirm that the use of the ARCH/GARCH approach for the stock
market of the Republic of Kazakhstan is not only theoretically justified, but also
empirically necessary, creating the basis for subsequent volatility forecasting in
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rolling forecast mode and verification of applied risk metrics, including Value-at-
Risk.

Discussion. The results obtained allow us to interpret the dynamics of financial
instruments of the stock market of the Republic of Kazakhstan as a process
characterized by pronounced temporary variability of risk and heterogeneity of
behavior of individual segments. Collectively, the results of descriptive statistics,
as well as diagnostic tests for autocorrelation and ARCH effects, form a stable
empirical basis for applying conditional heteroscedasticity models in measuring
and predicting volatility on KASE data.

The growth of the KASE index and stock market capitalization by the end of
2025 indicates a positive medium-term environment and an increase in the market
valuation of the largest issuers. At the same time, the short-term dynamics (daily
and weekly changes) demonstrate that market risk is formed not so much by a
“constant” dispersion, but rather by a sequence of modes of varying intensity. This
configuration is consistent with the typical properties of financial time series in
emerging markets: periods of relative stability are followed by episodes of increased
turbulence, which is empirically manifested in volatility clustering and statistically
significant ARCH effects.

From a methodological point of view, the revealed autocorrelation of the
squares of returns with weak autocorrelation of the returns themselves is the most
important argument in favor of dynamic variance modeling. This means that the
key “memory” of the process is concentrated not in the conditional average, but in
the conditional variance; therefore, econometric specifications should be focused
on the correct description of h t, and not just E(r)).

The weekly paper cross-section of the representative list shows a significant
heterogeneity in the price dynamics of individual issuers with a relatively moderate
change in the aggregated index. This result is of fundamental importance for
interpreting the volatility of the KASE index: an aggregated indicator can smooth
out the scale of fluctuations at the level of individual stocks, while the risk is
unevenly distributed among the components and depends on the structure of
weights and liquidity of individual securities.

The practical consequence of this observation is that the volatility of the index is
formed by a combination of (i) highly volatile components and (ii) the concentration
of individual issuers' deposits. In such conditions, shocks on individual ‘“backbone”
securities can significantly increase the conditional dispersion of the index even in the
absence of strong synchronous movements throughout the market. This reinforces
the argument in favor of parallel analysis of (a) the aggregated index as a market
benchmark and (b) the key components of the index as sources of risk impulses.

Descriptive statistics confirm that the distributions of returns for the classes of
instruments under consideration deviate from the normal: skewness is different
from zero, kurtosis exceeds the threshold value of 3, and the Jark—Baer test
rejects normality. These results have direct implications for model selection and
assumptions about error distribution.
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First, “heavy tails” mean an increased probability of extreme changes in
returns compared to the normal distribution. In an applied sense, this leads to a
systematic underestimation of tail risk when using the normal hypothesis and
makes it preferable to consider the t-distribution (or other robust distributions)
when evaluating conditional volatility models.

Secondly, the presence of yield asymmetry and heterogeneous behavior of
instruments reinforce the premise of an asymmetric volatility response to shocks:
negative price impulses may be accompanied by a more significant increase in
conditional variance than positive impulses of comparable magnitude. In this
regard, the use of only symmetric GARCH(1,1) it may not be sufficient. For the
stock market and the KASE index, testing of the EGARCH and GJR-GARCH
asymmetric specifications is econometrically justified, allowing for different
sensitivity of volatility to the sign of a news shock and thereby improving the
accuracy of conditional variance forecasts.

The peculiarities of the macro-financial environment of the Republic of
Kazakhstan form additional channels of influence on the volatility of the stock
market. High inflation and uncertain inflation expectations increase the risk
premium and increase the sensitivity of asset valuations to monetary policy news.
Accordingly, stock volatility may increase not only due to corporate factors, but
also through changes in discount rates and expectations for the cost of funding.

The USD/KZT exchange rate is a significant systemic risk factor: fluctuations
in the exchange rate translate into expectations regarding imported inflation, the
balance of payments, and estimates of foreign exchange earnings of individual
companies. During periods of currency shocks or increased external uncertainty,
increased clustering of volatility and an increase in conditional dispersion of
stocks, especially for issuers sensitive to the currency factor, is likely. For the debt
segment, the role of macro factors is manifested through a reassessment of interest
rate risk and shifts in the yield curve, which can lead to an increase in conditional
volatility even at a lower absolute level of fluctuations compared to stocks.

From the point of view of econometric formulation, this justifies the inclusion
of macro variables (inflation, rate, exchange rate) either in the variance equation
(GARCH-X type approaches), or in a separate sensitivity analysis unit, with
mandatory data frequency matching and stability testing of the resulting shock,
thereby improving the accuracy of conditional variance forecasts.

The identified properties of time series are of practical importance for assessing
market risk and developing forecasting procedures. Statistically significant ARCH
effects mean that volatility varies over time and depends on past shocks; therefore,
the use of constant variance or static risk measures can lead to systematic errors,
especially during periods of increased turbulence. On the contrary, GARCH-class
models allow us to obtain dynamic estimates of conditional variance and make
volatility forecasts in rolling forecast mode, which is especially important for the
tasks of limit control, stress testing, and calculating risk metrics (for example, VaR).

Additionally, taking into account the abnormality of distributions and “heavy
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tails”, the correctness of VaR estimates should be confirmed by backtesting
procedures. In a market with relatively limited liquidity and potential price gaps,
the use of robust distribution assumptions and asymmetric GARCH specifications
can increase the statistical viability of risk assessments.

Thus, the results of the study show that the stock market of the Republic of
Kazakhstan combines positive medium-term dynamics with pronounced short-
term variability and heterogeneity of the behavior of individual instruments. The
statistical abnormality of returns, the presence of asymmetry and excess, as well as
the revealed ARCH effects confirm the need for dynamic modeling of conditional
volatility. This makes the use of GARCH, EGARCH, and GJR-GARCH models
methodologically justified and practically feasible for measuring and predicting the
volatility of KASE instruments, as well as for the subsequent calculation of risk
metrics with forecast quality control.

Conclusion. This study examines the volatility of financial instruments of the
stock market of the Republic of Kazakhstan from the perspective of its measurement
and forecasting based on modern econometric approaches. An empirical analysis
based on the materials of the Kazakhstan Stock Exchange made it possible to
identify key statistical properties of returns and substantiate the applicability of
conditional heteroscedasticity models for market risk analysis.

The results of descriptive statistics and diagnostic tests have shown that the
distribution of logarithmic returns across the main market segments is characterized
by a deviation from the normal distribution, the presence of asymmetry and
increased excessivity. The revealed ARCH effects and autocorrelation of yield
squares indicate the temporal variability of variance and confirm that risk and
volatility are formed as endogenous processes that depend on past market shocks.

An analysis of the aggregated and instrumental dynamics of the KASE
index showed that the stock market of the Republic of Kazakhstan combines a
stable medium-term growth trend with pronounced short-term variability and
heterogeneity of the behavior of individual issuers. This means that aggregated
indicators can smooth out the real scale of market risk, while a significant part of
the volatility is formed at the level of individual index components and is enhanced
by the structural concentration of trading and liquidity.

From a methodological point of view, the results obtained substantiate the
expediency of using GARCH-class models to measure and predict volatility. At
the same time, the presence of yield asymmetry and “heavy tails” of distributions
indicates the advantages of asymmetric specifications (EGARCH, GJR-GARCH)
and alternative distributional assumptions (in particular, t-distributions) in
comparison with symmetric models with normal errors. The use of such models
makes it possible to more adequately account for the reaction of volatility to
negative and positive shocks and increases the accuracy of tail risk estimates.

The practical significance of the results lies in the possibility of their application
in the tasks of market risk management, volatility forecasting and calculation of risk
metrics (Value-at-Risk) for professional market participants, financial institutions

(0 O & 738




ISSN 1991-3494 1.2026

and regulators. Dynamic conditional variance modeling can be used in setting risk
limits, margin requirements, stress testing, and financial stability monitoring.

A limitation of the study is the use of aggregated and publicly available data at
individual stages of analysis, which limits the presentation of full-scale econometric
estimates of model parameters. In further research, it seems promising to expand
the sample due to long historical series for individual instruments, include
macroeconomic factors in the variance equation, and conduct a comparative
analysis of the predictive power of alternative volatility models based on data from
the stock market of the Republic of Kazakhstan.

In general, the results of the study confirm that the use of conditional
heteroscedasticity models is a methodologically sound and practically significant
tool for analyzing the volatility of financial instruments in the securities market of
the Republic of Kazakhstan and creates the basis for further applied and academic
research in this field.
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