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Modeling and analysis of the mutual influence of the RUB / KZT and USD / KZT exchange rates:
the period before the pandemic and as a result of the impact of COVID-19

Abstract

Object: to assess of the interdependence and mutual influence of the exchange rates.of the RUB and USD against
the tenge before the COVID-19 and during the period of its impact on the Kazakhstan's financial market.

Methods: the main research methods are regression modeling, the least squares method, analysis and generaliza-
tion of methodological approaches of authors assessed the influence of various. factors on the exchange rates of coun-
tries.

Findings: the COVID-19 introduced uncertainty in the formation-of exchange rates of the RUB / KZT and USD /
KZT. The strong direct relationship between the RUB / KZT and USD / KZT, which existed before the pandemic, as a
result of the impact of COVID-19, was replaced by a negative and weaker correlation dependence.

Conclusions: the impact of the pandemic on the exchange rates of the ruble against the tenge and the dollar
against the tenge is ambiguous, which reduces the degree of mutual influence of exchange cross-rates between the ruble
and the US dollar even in countries that closely interact with each other. Further research is required to identify the fac-
tors that contributed to this change in the interdependence of the ruble / tenge and dollar / tenge.

Keywords: exchange rate, rate correlation, forecast intervals, pandemic, regression analysis, exchange rate vola-
tility, rate elasticity.

Introduction

At present, the exchange rate i one of the fundamental factors indicating the state of the financial mar-
ket, the country's competitiveness, and the financial security of the state. That is why the problems of curren-
cy regulation are becoming central and riveting the attention of both government bodies and financial market
participants in general.

Strengthening the integration processes in the world financial market has led to an increase in the im-
portance of the influence of external factors on the foreign exchange market of Kazakhstan: world prices for
energy resources, investor expectations, volatility of world currencies. The instability of the world financial
system, exposure to the influence of many external factors requires research into the issues of exchange rate
volatility in Kazakhstan:

Since Russia remains one of the main strategic and trading partners of Kazakhstan, changes affecting
the Russian market are directly reflected in our country, which also affects the formation of the exchange
rate of the tenge against the Russian ruble. Moreover, it should be borne in mind that both countries are in-
fluenced by the same external factors, for example, oil prices, foreign policy, dependence on the US dollar.
Of course, we are not talking about a one hundred percent correlation between the Russian ruble and the Ka-
zakhstani tenge. However, a close connection can still be traced.

Since the tenge is closely dependent on the US dollar, it becomes necessary to study the relationship
and the degree of influence of American financial policy on the exchange rate of the Kazakh national curren-
cy. This need is also intensified due to the fact that the pandemic had a significant impact on the develop-
ment of the economies of all countries of the world, since the exchange rate ultimately has a significant im-
pact on macroeconomic indicators: from inflation to the balance of payments. As a result of this influence, it
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becomes necessary to study the positions of the tenge against the US dollar and the Russian ruble in terms of
a new degree of influence.

Hypothesis 1: if we consider the tenge as the base of assessment, then based on the study of the correla-
tion between the tenge and the ruble and the tenge against the US dollar, it is possible to assess the degree of
interdependence of the RUB / KZT and USD / KZT exchange rates.

Hypothesis 2: the presence of a relationship between exchange rates allows us to determine the forecast
intervals and elasticity of exchange rates in relation to each other.

Hypothesis 3: since the pandemic had a significant impact on the economies of the countries of the
world, it also made appropriate adjustments to the correlations between the RUB / KZT and USD / KZT ex-
change rates.

Literature Review

For a long period of time, the issues of the exchange rate, the assessment and analysis of the influence
of various factors on it have been considered by many authors. At the same time, various-statistical and
econometric methods of analysis were used. Most of the works examined the influence.of macroeconomic
factors on the exchange rates of individual countries. At the same time, there are works.of a:more global na-
ture, covering studies of several countries.

Thus, Twarowska K. and others (Twarowska, 2000) analyzed the main factors determining the ex-
change rate of Poland against the euro. The analysis showed that the balance of payments deficit, inflation
rate, interest rate and government deficit are the most significant factors influencing the-exchange rate..

Sh.Parveen, A.Qayyum and Kh.M. Ismail applied a simple linear regression.model with the usual least-
order method (OLS) to analyze the factors affecting the viability of the @xchange rate in Pakistan (Sh.Parveen,
A.Qayyum and Kh.M. Ismail, 2012). According to the results of the analysis, it was revealed that inflation is
the main factor, the second important variable that leads to a greater change in the exchange rate is economic
growth, and the order of exports and imports in variations is in the third and fourth positions.

V. Dodonov considered the relationship of the tenge exchange rate with oil prices and the Russian ruble
exchange rate, analyzing the dynamics of key items of the balance of payments of Kazakhstan in order to
identify the most closely correlated with the tenge exchange rate current transactions and financial account
items (V, Dodonov, 2014).

Ramasami R. et al. Evaluated the impact of macroeconomic variables on exchange rates of three differ-
ent countries using the bootstrapping method. The results showed that psychological factors predominated in
economic variables affecting exchange rates (Ramasamy, R., 2015).

G.R. Oganesyan considered the relationship between the ruble exchange rate and key macroeconomic
indicators in Russia through statistical and econometric analysis, as a result, confirming the strong depend-
ence of the ruble exchange rate on-oil prices (G.R. Oganesyan, 2016).

Vidyavati, B. et al. Assessed the main macroeconomic indicators affecting the exchange rate. The anal-
ysis revealed the presence of a negative relationship between GDP, inflation, interest rate and external debt
with the exchange rate (Vidyavathi, B., 2016).

Sheetal Maurya_ examines the impact of various economic variables on the exchange rate of India's na-
tional currency against the US dollar. The analysis revealed a close relationship between imports and the ex-
change rate between the rupee and the US dollar (Sheetal, 2017).

During a pandemic, the issue of the exchange rate is also of interest to various authors. In particular,
studies by some authors show that the effectiveness of foreign exchange markets is difficult to assess
(Katusiime et al:;:2015), and it is quite difficult to identify any clear pattern of changes and the effectiveness
of 'exchange rates, but it can be tracked especially during crisis situations (Levich et al. al., 2019). The au-
thors also investigated the impact of the Covid-19 pandemic on exchange rates in Turkey, the results of
which showed that the emergence of new foci of the disease causes uncertainty in the economy, which leads
to significant fluctuations in the exchange rate of the Turkish national currency against other currencies of
countries (Eda Dineri et al. , 2020).

Hoffman et al. stated in their study that the Covid-19 epidemic has enlarged and complicated the mar-
kets of emerging market economies, especially in developing countries (Hoffman et al., 2020). In his study,
he found that the dynamics of capital flows during the pandemic increased the negative impact of high credit
margins on domestic exchange rates (Kouma, H., 2020).

F.Aslam et al. Applied multifractal analysis of fluctuations without a trend (MF-DFA) to assess the per-
formance of foreign exchange markets during the initial and ongoing period of COVID-19, which brought
down the global financial markets (F.Aslam, 2020). At the same time, the issues of mutual influence of cur-
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rency pairs that have a powerful impact on the development of the country's economy have not yet been con-
sidered. This is especially true for Kazakhstan.

Methods
Regression analysis was used as the main method of analysis, to estimate the parameters a and  of
which the least squares method (OLS) was used. The elasticity coefficients and confidence intervals of the
currency forecast were also estimated. In order to compare the behavior of currency pairs before the pandem-
ic and as a result of the impact of COVID-19, the time period for the study was divided into two parts: until
2019 and from 2019 to the present. Regression analysis was carried out for each interval separately.
Regression analysis is used to visualize the form of the relationship between the studied economic indi-
cators. The set of points of effective and factorial features forms a correlation field, on the basis of which it is
possible to put forward a hypothesis about the presence of a linear relationship between all possible values of
X and Y (I.M.Borkovskaya et al., 2018)
The estimated regression equation is formed as follows:
y=Fx+ a+ g @)
where: €; — observed error estimates;
o u  — parameters of the regression model to be determined.
In turn, the LSM system can be written as follows:
S=Yii —yi)? > min )
In this case, the system of normal equations will have the following form:

an+ BYx= Yy
aYx+ BYx?= Yyx 3

Many authors use regression coefficients in the scoring equation to directly assess the influence of fac-
tors on an outcome trait (Anusha, 2020). However, in our opinion, it is undesirable to do this because in most
cases there is a difference in the units of measurement of the effective indicator y and the factor attribute x,
and there is also an error. For these purposes, it is most convenient and significant to estimate the elasticity
coefficients, which show how many percent, on average, in the aggregate, the result y will change from its
average value when the factor x changes by 1% from its average value. Thus, the coefficient of elasticity is
estimated as follows:

E=f% @)

The quality of the regression equation in our case was estimated by estimating the error of the absolute
approximation:

A — Zlyi_nyxl/Yi 100% (5)

If the approximation error is within 5% -7%, then this indicates a good fit of the regression equation to
the original data. The t-test and the F-test were also evaluated to assess the significance of the obtained re-
gressions. The data for the models was taken from Bloomberg.

Results

As mentioned earlier, a regression model was applied to assess the mutual influence of the RUB / KZT
and USD / KZT currency pairs. To begin with, let's estimate the degree of interdependence in the period be-
fore the pandemic (model A). Based on the calculations, the following system of equations was obtained:

560 + 287.634P = 18468.57
287.634a + 1553.5918 = 99808.541

From this system, we calculate the empirical regression coefficients, which are equal to p = 64.9236
and o =-3.6721.

As a result, the empirical regression equation has the following form: y = 64.9236x - 3.6721

The coefficient of elasticity in this case will be equal to:

E = 64.924 5136 =1.011
T U7T329.796 0

Since the elasticity coefficient is higher than 1, the RUB / KZT currency pair significantly affects the
USD / KZT currency pair, that is, if the tenge / ruble exchange rate changes by 1%, the tenge / US dollar ex-
change rate will change by more than 1%.
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Let us estimate the approximation error:

_ 2401
A= ——100% = 4.29%
56
Based on the data obtained, the calculated values deviate from the actual values on average by 4.29%,
which is less than 7%, which means that the resulting equation is statistically significant and can be used as a
regression. The correlation index is:

321254.639
338135.26

corr = 0.975

The correlation index shows a high degree of relationship between the exchange rates of the ruble and the
US dollar against the tenge, almost 1.

Calculate t-tests using empirical regression coefficients:

-3.672 64.924
te = Toeer = 034 tg= Soss = 32.06

Since 0.34 <2, we accept the hypothesis that this coefficient o is equal to zero, that is, in this case, the
coefficient a can be neglected.

Since 32.06> 2, the statistical significance of the regression coefficient 3 is confirmed.

Let us estimate the confidence interval for the regression coefficients with a probability of 95%:

-3.672 - 2*%10.667

-3.672 +2*%10.667

Therefore, it is possible to assert with 95% probability that a will be within the limits (-25.006;17.662).

64.92 - 2*2.025

64.92 +2%2.025

Therefore, it is possible to assert with 95% probability that § will be in the range (60.873;68.974).
Thus, according to the model for assessing the mutual influence of exchange rates in the period before the
pandemic, the results are presented in Table 1.

Table 1. Parameters of model A (before the pandemic)

Source of Sum of Number of de- | Elasticity | Correla- I o 2 | Approximation
.. . .o t-criteria | F-criteria| R

variation squares grees of freedom | coefficient | tion index error
Model (ex- 0.34 1027.67
plained) 321254.639 1 1.011 0.975 32 06 3 0.9501 4.29
Residual 16880.62 54 - - - 1 - -
General 338135.26 5641 - - - - - -
Note — compiled by the authors on the basis of calculations and Bloomberg data

Model A data allows you to build a scatter diagram (Figure 1).
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Figure 1. Diagram of the scattering of the mutual influence of the exchange rates
of the ruble and the US dollar against the tenge before the pandemic (model A)

Note — compiled by the authors on the basis of calculations and Bloomberg data
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Let us estimate the parameters of the regression model reflecting the mutual influence of exchange rates
as a result of the impact of COVID-19 on the financial markets of Russia, the United States and Kazakhstan
(model B). The data for the calculations were also taken from Bloomberg.

For data on the RUB / KZT and USD / KZT exchange rates taken during the pandemic, the system of

410+ 227.783 = 17488.79

equations will be as follows:
{ 227.780 + 1265.674B = 97156.317

The solution of this system allows you to obtain the regression coefficients: o = 543.796 u f = -
21.103, as a result, the empirical regression equation is: y =-21.103x + 543.7961
The coefficient of elasticity is:

E =-21.103 5556 _ 0.275
- 77426556

Since the elasticity coefficient is lower than 1, the RUB / KZT currency pair does not significantly af-
fect the USD / KZT currency pair, that is, if the tenge / ruble exchange rate changes by 1%, the tenge / US
dollar exchange rate will change by less than 1%.

Let us estimate the approximation error:

_0.207

Based on the data obtained, the calculated values deviate from the actual values on average by 0.51%,
which is less than 7%, which means that the obtained equation is statistically significant and can be used as a
regression. The correlation index is:

The correlation index shows a low, but significant degree of relationship between the ruble and the US dollar
against the tenge, slightly above 0.5.

Calculate t-tests using empirical regression coefficients:

543.796
31.869

-21.103
= 3.68
5.736

ty = =17.06 tg =

Since 17.06 > 2.329, the statistical significance of the regression coefficient a is confirmed.

Since 3.68 > 2.329, the statistical significance of the regression coefficient B is confirmed.

Let us estimate the confidence interval for the regression coefficients with a probability of 95%:

543.796 - 2.329*31.869

543.796 +2.329*31.869

Therefore, it is possible to assert with 95% probability that o will be within the limits
(469.573;618.019).

-21.1 -2.329*%5.736

-21.1 +2.329*%5.736

Therefore, it is possible to assert with 95% probability that § will be in the range (-34.462;-7.744).

Thus, according to the model for assessing the mutual influence of exchange rates during the period of a
pandemie, the results are presented in Table 2..

Table 2. Parameters of model B (during a pandemic)

Source of | Sum of | Number of degrees| Elasticity | Correlation I I 2 Approxim
.. . . t-criteria | F- criteria R :
variation | squares of freedom coefficient index ation error
Model 96.554 1 0.275 05076 | 00| 13536 | 02577 | 051
(explained) 3.68
Residual 278.19 39 - - - 1 - -
General 374.75 41-1 - - - - - -
Note — compiled by the authors on the basis of calculations and Bloomberg data
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Model B data allow you to build a scatter diagram (Figure 2).
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Figure 1. Diagram of the scattering of the mutual influence of the exchange rates
of the ruble and the US dollar against the tenge during a pandemic (model B)

Note — compiled by the authors on the basis of calculations and Bloomberg data

Thus, on the basis of regression models, data were obtained on the mutual influence of the RUB / KZT
and USD / KZT currency pairs before the COVID-19 pandemic and during the period of its action and im-
pact on the financial markets of the countries of the world.

Discussions

The analysis shows that the pandemic has made its own adjustments in the exchange rates of the tenge
against the ruble and the US dollar, as well as in the degree of their interdependence. In Figure 2, the change
in the influence of currency pairs in model B is obvious.
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—8—USD/KZT =—#=RUB/KZT Model B

Figure 2. Interaction of the exchange rates of the ruble and the US dollar
against the tenge before the pandemic and during the COVID-19 period

Note — compiled by the authors on the basis of calculations and Bloomberg data

The results of evaluating model A show that in the studied situation, 95.01% of the total variability in
USD / KZT is explained by the change in RUB / KZT. It was also found that the parameters of the model are
statistically significant. In the period before the pandemic, the impact of RUB / KZT on USD / KZT was
much more significant. Thus, the assessment of the dependence of these currency pairs showed that if the
exchange rate of the tenge against the ruble changes by 1%, the exchange rate of the tenge against the US
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dollar will change by more than 1%. The obtained estimates of the regression equation allow us to determine
the forecast boundaries in the period before the pandemic. So, if the tenge / ruble rate were 6, then the tenge /
US dollar rate would be in the range from 344.66 to 427.08 tenge and with a 95% probability would not go
beyond the specified limits.

However, the impact of the pandemic on the dependence of exchange rates has led to certain changes.
If earlier the growth of the exchange rate of the tenge against the ruble led to an increase in the exchange rate
of the tenge against the US dollar, now the RUB / KZT currency pair does not significantly affect the USD /
KZT currency pair, that is, if the exchange rate of the tenge against the ruble increases by 1%, the exchange
rate tenge against the US dollar will decrease by less than 1%. Thus, with a unit value of 6 tenge, the US dol-
lar will be in the range from 408.52 to 425.83 tenge and with a 95% probability it will not go beyond these
limits.

At the same time, the degree of dependence of these exchange rates decreases. If before the pandemic
the correlation coefficient was 0.97, that is, it showed an almost absolute, moreover, positive correlation,
then as a result of the influence of the pandemic, the correlation coefficient decreased to 0.5, and with the
reflection of the inverse relationship.

Conclusions

The results obtained allow us to confirm the hypotheses put forward earlier. In particular, if we consider
the tenge as a base of assessment, then based on the study of the correlation between the'tenge and the ruble
and the tenge against the US dollar, one can estimate the degree of interdependence of the RUB / KZT and
USD / KZT exchange rates. Indeed, the assessment showed the ruble's dependence on the US dollar.

The presence of a relationship between exchange rates allows you to determine the forecast intervals
and elasticity of exchange rates in relation to each other. As a result of the analysis, it was determined how
the exchange rate of the tenge against the US dollar will change if the ruble rate is 6 tenge in the period be-
fore the pandemic and as a result of its impact on the financial market of Kazakhstan.

Since the pandemic had a significant impact on the economies of the countries of the world, it made
corresponding adjustments to the correlations of the RUB / KZT and USD / KZT exchange rates. As the
analysis has shown, the correlations between these exchange rates have changed significantly: the depend-
ence has become weaker and negative.

Thus, the analysis performed allows us to 'show that the impact of the pandemic on exchange rates is
ambiguous, which weakens the degree of mutual influence of exchange rates on each other, even in closely
interacting countries. This analysis requites further research on the factors that had such an impact on the
relationship between the RUB / KZT and USD / KZT exchange rates.
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J.A. Py3zueBa, A.M. Hypranuesa, 3.K. EcbimxanoBa, JI.A. YaiikoBckast

RUB / KZT :xone USD / KZT aiinip6acTay 6araMIapbIHBIH 63apa dCepiH MoJeJIbey KoHe
TaJaay: nanaeMusira aeiinri kesen skone COVID-19 acepinin HOTHIKeCI peTinae

AHoamna

Maxcamer: COVID-19 nanpemuscbiHa JeiiiH koHe OHBIH Ka3akCTaHHBIH KapKbl HapbIFbIHA dCepi
Ke3eHiHe TeHrere KaThIcThl py0is MeH AKIL mommapsiHbIH aiftbipbac OaraMaaphIHBIH 63apa TOYEAUIIr MEeH
©3apa 9CePiH CABICTHIPMAITBI OaFraliay bl KY3€Tre achIpy.

Ooicmepi: 3epTTEyMiH HETI3T1 9MiCTEepi-PEerpeCcCUIBIK MOJCIBACY, €H a3 KBaaparTrap dIici, apTypii
(haxTOpIapABIH ENACP/IiH BalltoTa OaramMaapblHa oCEpiH OarayiaraH opTYPIIi aBTOPJIAPIBIH TCOPHSUIBIK YKOHE
oIiCHAMAJTBIK, TOCUIACPIH KABLIAY KOHE TalAay oJiCTepi.

Kopvimuinowt: [angemus pyons men AKII monnapbiHBIH TeHrere KaThICTHI aiibipOac OaramMIapbIHBIH
KaJplnracybida Oenricizaik okenmi. Covid-19 ocepiHiH HOTHKECiHAE MaHAeMusra aeiin coaran RUB / KZT
sxkoHe USD / KZT Bamora »Kymrapbl apachlHAarbl KYIITI TiKeJleH TOyeNAiIK Tepic JKOHE oJcCi3
KOPPENSIHSIIBIK TOYCIAUTIKIICH aIMaCThIPBLIIBL.

Tyocoipoimoama: TlanneMusHeIH —pyONbliH TEHTere. MOHE JIOJUIapAbIH TeHrere akbipbacray
OaramiapeiHa ocepi Oip MOHZII emec, Oy TinTi Oip-OipiMeH THIFBI3 ©3apa iC-KUMBLI JKACAWTBIH eIIepIiH
e3inne pyoms men AKII nommapeiabeiH  aiipipbac  Kpocc-OaraMIaphIHBIH ©3apa dcep €Ty A9pPEekKeCciH
TeMeHieTeni. PyOnb / TeHre »oHe MoJutap /. TEHre BAIIOTA “KYNTApPBIHBIH €3apa TOyeIIUNIriHIH OChIHIAMN
e3repyiHe bIKHal €TKeH (pakTopiiap/ sl aHBIKTAY YIIIH 0J1aH dpi 3epTTEyJIep i Tajlall eTeIl.

Kinm co3dep: BamoTa OaraMbl, OaraMIapIIbIH KOPPEJLAIUACH, OOJDKaM apaiblKTaphl, MaHICMUS,
PETPECCHSITBIK TaJ/Iay, BalroTa OaFaMbIHBIH KYOBUTMAITBUTBIFI, OaFaMHBIH MKEMJILTITI.

J.A. Py3ueBa, A.M. Hypranuesa, 3.K. EcbimxanoBa, JI.A. YaiikoBckas

MoaeqpoBaHue u aHaJu3 B3auMoBausHust 00MeHHbIX KypcoB RUB / KZT u USD / KZT:
Nepuoj 10 NaHAeMHH U KaK pe3yabTaT Bo3aeiicteuss COVID-19

Annomauus

L]env: OCyIeCTBUTH CPAaBHUTENBHYIO OLEHKY B3aMMO3aBHCHMOCTH M B3aUMOBIHUSHUS OOMEHHBIX Kyp-
coB pyous u gomnapa CIIA mo otHomenuto k Tenre A0 nangemun COVID-19 u B nepuon ee Bo3AeHCTBUS
Ha (PUHAHCOBBINA PHIHOK KazaxcraHa.

Memoosi: OCHOBHBIMU METOJaMHU MCCIIEOBAHUS BBICTYAIOT PETPECCHOHHOE MOIEITMPOBAHNE, METOIBI
HAUMEHBINUX KBAJPaTOB, aHAIM3a M O00OOIIEHUS TEOPETUKO-METOMOJIOTHUSCKUX MOAXOI0B PA3INYHBIX aB-
TOPOB, MPOBOJMBIINX OICHKY BIUSHHS Pa3IMYHBIX (PAKTOPOB HA BAIOTHBIC KYPCHI CTPaH.

Pesyaomameor: [lannemus COVID-19 BHecia HeomnpeneneHHOCTh B (popMupoBaHre 0OMEHHBIX KypCOB
py6nst u nomapa CIIIA no otHomeHuo k TeHre. CuibHas psiMasi 3aBUCUMOCTh MEXKY BaTFOTHBIMHU T1apa-
mu RUB / KZT u USD / KZT, xoTtopas cyliecTBoBaja 10 MaHAeMuUH, B pe3ynbpTare Bozaeiicteus COVID-19,
CMEHMJIACh OTPHUIIATEIHFHON U O0JIee cl1aboil KOPPEIAIIMOHHON 3aBUCUMOCTBIO.

Bvi6oowi: BrusiHue manaeMun Ha 0OMEHHBIE KYPChl pyOJsl K TeHI'e U JJoJuiapa K TeHI'e HEOJAHO3HAYHO,
YTO CHIDKACT CTENEHb B3aUMHOT'O BIMSHUS OOMEHHBIX KpOcc-KypcoB pyons u nojutapa CHIA gaxe B crpa-
HaX, TECHO B3aUMOJICHCTBYIONIHMX JIPYT ¢ Ipyrom. TpeOyroTcs majibHEHIINEe HCCICAOBAHUS ISl BBISBICHUS
(hakTOpOB, KOTOPBIE CIIOCOOCTBOBAIIN TAKOMY U3MEHEHHUIO B3aMMO3aBUCHMOCTH BaIFOTHBIX Tap py0Iib / TeH-
re U fojuiap / TeHre.
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Knroueeswvle cnoea: 0OMEHHBIN Kypc, KOPPETSAIUSI KypCOB, MHTEPBAJIBI IPOTHO30B, MAHIEMUS, PErPECCH-
OHHBII aHaJIN3, BOJIATHIHBHOCTh OOMEHHOTO Kypca, 3JIaCTHYHOCTD Kypca.
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