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Annomayus. Maskyp maxorada musiuii asoma — cymuune AKIII dorrapuea Hucbaman aimautys Kyp-
cuza mavcup smysuu omurap (demepmunanmaap) y4 mypoazu sKOHOMEMPUK MOOEALAP, SBHU IH2 KUMUK K6a-
dpamaap (Ordinary Least Squares), jpmaua xuiimamau unmezpayusiawearn asmopezpeccus (Autoregressive
Integrated Moving Average) xamda kjin jr406au y30k XOMupasu wapmau 2empockedacmauAuk asmopezpeccus
(Multivariate Long memory Autoregressive Conditional Heteroskadasticity) modearapu opkaiu maxasua KuiuHzan.
Moderv Hamuxcarapu cymHUHZ HOMUHAA B4 PeAA AAMAULYE KYPCU2A KeH2 NYA MACCACU 84 Hem IADAH KeAAEM2aH nyA
FMKAIMANAPUHUHE MABCUPUHU CIMAMUCUK HCUXAMOAH AXAMUSAU IKAHAULUHU, POU3 CTNABKACU B0 UHPASYUS
dapaxcacunu dca axamusmcus skaniueunu kjpcamou. Ilynunadek, yuby maxiusrap cod mauiku cagdoHuHz mas-
CUPUHU XM CJM AAMAULY8 KYPCU2a uncobuti 6axoraus umkoHuHu bepmaou.

Tasnu mywynuarap: aimausys Kypcu, ous cmaskacu, nys makiudu, cod mauiku casoo, nyA ymkasmarapu:

E24, E39, ES2, E6S.

Annomanus. B nacmosaweii cmamve paccmampu-
8alMcs demepmuHaHmMolL KOAeOAHUil 00MeHHO020 KYp-
ca ysbexckoii éasomuvt — cyma Kk dosrapy CIIIA ¢ uc-
noAv3osaruem mpex sKoHomempureckux modeseti OLS
(06v1unvie Haumenvuwue keadpamot), ARIMA (asmo-
pezpeccuonHoe unmezpuposanHoe ckorvisujee cpedtee)
u ML ARCH (mnozomepras asmopezpeccuonnas yc-
A0BHAS 26MeEPOCKADACNUHHOCL C OAUMEAbHOLL NAMS-
mu10). Pesyavmamot modesuposarus. nokasaiu, 4mo
BAUSHUE OEHeNHOT MACCHL U JeHexHHbIX Nepes0dos Ha
HOMUHAALHBIT U pearbHbili 00MeHHbIE KypCbl S6ASem-
€S CMAMUCUMECKU 3HAYUMbIM; BAUSHUE UHPAIYUU U
NPOYEHMHOLL CMABKU He S6ASEMCs IKOHOMEMpU1ecku
3Hauumbim. B aKoHomempuyeckom anaiuse yposev
YUCINO020 BAUSHUS MOP206AU HA 00MEHHDLTL KypC He 0aA
NO3UMUBHDLIL OMKAUK.

Katouesvie crosa: obmennvle Kypcvl, npoyenmuas

cmaeka, deHexcHAs MACCA, HUCMAS MOP20BAS, JeHedx-
Huvie nepesodvi: E24, E39, ES2, E6S.

Annotation. The paper examines the determinants
of exchange rate fluctuations of Uzbek sum using three
econometric models as OLS (Ordinary Least Squares),
ARIMA (AutoregressiveIntegratedMovingAverage) and
MLARCH (Multivariate Longmemory Autoregressive
Conditional Heteroskadasticity). Model results show
that the effects of money supply and remittances to the
nominal and real exchange rates (USD/UZS) are
found statistically significant; the impacts of inflation
and interest rate are not econometrically meaningful. It
should be noted that the level of net trade influences to
the exchange rate is not conclusive in our econometric
analysis.

Key words: exchange rates, interest rate, money
supply, net trade, remittance jel: E24, E39, ES2, E6S.
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Introduction

The fact that the trade policy plays a key role
in ensuring high level of output and stable price
is widely acknowledged. The guarantee of high
level of output and stable price largely depends
on the exchange rate policy. Accordingly, the
optimal way for monetary policy in achieving the
goal is to have a stable exchange rate. One matter
that remains abundantly clear is that too highly
appreciation of local currency depresses the
external demand for local goods, which means
that the amount of export is affected negatively.
However, at the same time, with too rapid
depreciation of local currency the exporters are
unlikely to get benefit from selling their goods.
Bearing this in mind, controlling and keeping
foreign exchange rate at desirable level for the
economy urges to define the main influencing
factors (determinants) of exchange rate.

Literature Review

Ahuge amount of studies on foreign exchange
rate determinants have been conducted in
recent decades, since the economic importance
of foreign exchange rate is considered as one
of the essential factors for trading economies.
Determinants of exchange rate volatility have
frequently been an area of interest for many
this
subject in transition economies still remains

macroeconomists worldwide. However,
empirically unexplored. Some of the researches
in the context of other countries will be reviewed
in chronological order as follows.

The preliminary interests on this study
commenced after the introduction of optimal
currency area by R-.Mundell [1] in 1960s and
constitution of European Monetary Union where
floating exchange rate has been considered to be
an optimal policy for Euro zone. Consequently,
majority of macroeconomists were involved to
examine the factors of exchange rate volatility.
One of themis A.Rose [2],who reported that the
best interference instrument in exchange is the
change in interest rate, which is an independent
variable explaining the sensitivity of exchange

rate. Whereas, D.Ariccia [3] proved that the
exchange rate volatility was also affected by
financial variables, especially the external debt.

A theory proposed by Irving Fisher — ‘Fisher
effect’, also describes the interest rate differential
to reflect the exchange rate expectation. The
theory further illustrates that an expected
change in the current exchange rate between
any two currencies is approximately equivalent
to the differences between the two countries
the nominal interest rates for that time [4, S].
Spot exchange rate is expected to change equally
but in the opposite direction of the interest rate
differential. Thus, the currency of the country
with the higher nominal interest rate is expected
to depreciate against the currency of the country
with the lower nominal interest rate, as higher
nominal interest rate reflects an expectation of
inflation. High real interest rate significantly
reduces the exchange rate volatility [6].

Madura, J. [7] states that it is not ideal
relationship between exchange rates and
inflation rates differential, however, he argued
that in the long run, inflation differentials may
be used for forecasting of exchange rate volatility.
The exchange rate is not only determined by the
domestic interest rate but also influenced by the
changes in the interest rate by the major world
economies. Hence, it may be concluded that in
case of single economy, there exists a negative
correlation between exchange rate volatility and
interest rate [8].

While the focus of the previous literature
has been on the effect of the exchange rate
uncertainty on the incentive impacts on net
trade, a few authors have examined the “reverse”
relationship on the impacts of international trade
on exchange rate. Mundell’s[9] optimal currency
area assumptions suggest inverse causality,
whereby trade flows stabilize real exchange rate
fluctuations, hence reducing real exchange rate
volatility. Broda and Romalis [ 10] state that such
causality should be addressed as “...most of the
exciting studies have focused on the effects of
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exchange rate regimes or volatility on trade by
assuming that the exchange rate process is driven
by exogenous shocks and is unaffected by other
variables”.

A broad research has been accomplished
to check the remittance and exchange rate
relationship. During the panel data analysis of
13 Latin American economies over 20 years,
Amuedo-Dorantes and Pozo [11] exposed that

worker remittance appreciate exchange rates. In
addition, the researchers claim that doubling the
remittances to GDP ratio led to a real exchange
rate appreciation above 22%. In a relevant
analysis, Barajas et al. [12] disagree that the
effect of remittances on the exchange rates varies
across countries. Later, Mandelman and Acosta
[13, 14and 15] found that remittances are the
main cause of real exchange rate appreciation.

Table 1.
Summary Statistics

NOMINAL

EXRATE REM S M2 NET TRADE INFL I RATE

OFFICIAL
Mean 2342.109 4044.03S | 2.73E+13 547.2689 2.877647 | 15.98889
Median 1914.800 3500.145 | 2.32E+13 595.1000 2986291 | 16.20000
Maximum 8156.680 13223.96 | 7.41E+13 2015.500 7.871467 | 20.20000
Minimum 1243.600 356.8818 | 4.72E+12 -769.0000 -0.034984 | 13.40000
Std. Dev. 1485.075 2912.185 | 1.9SE+13 602.3994 1.813764 | 1.795857
Skewness 2.806774 0.975118 | 0.951092 0.259045 0.213938 | 0.133564
Kurtosis 11.07957 3.766163 | 3.068164 2.648873 2.635516 | 2.188610
Jarque-Bera 181.4839 8.232043 | 6.793035 0.734452 0.592361 | 1.368210
Probability 0.000000 0.016309 | 0.033490 0.692653 0.743653 | 0.504542
Sum 105394.9 181981.6 | 1.23E+15 24627.10 129.4941 | 719.5000
Sum Sq. Dev. 97039753 3.73E+08 | 1.67E+28 15966942 144.7486 | 141.9044
Observations 45 45 45 45 45 45
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Similar results have been taken by other panel
of initiatives as Hassan and Holmes[16]. In
contrast, Rajan and Subramanian [17] for
instance, argue that remittances do not result in
the phenomenon known as the Dutch disease
(negative consequences arising from large
increases in the value of a country’s currency
from any large influx of foreign currency into a
country).

Lately, Tariq [18] conducted a research to
examine the correlation of money supply and
exchange rate volatility in the case of Pakistan.
On the basis of empirical evidence itis concluded
that money supply has reverse relationship
with exchange rate volatility. It has also been
found that money supply (policy variable) has
inverse relationship with exchange rate volatility.
Therefore, money supply may be efficient to
restraint the exchange rate volatility.

Data Description

The study hypothetically sets the following 5
variables over the period of 2007q1-2018q1to
define the exchange rate determinants in
Uzbekistan: money Supply (M2); net export
(export-import); inflation; remittances and
interest rate (see Table 1).

According to the table of the summary
statistics, quarterly average official exchange rate
($1USD=UZS) was equal to approximately 2342
UZS for the period. Indeed, the table illustrates
that the minimum exchange rate was equal to
1243UZS at the beginning of the selected period,
while the maximum exchange rate was 8156 UZS
per a US dollar. However, quarterly interest rate
and inflation rate fluctuated over the period, and
made up an average of 16% and 3% respectively.
In fact, even though there were some fluctuations
in interest rate, its overall trend was downward.
Quarterly inflation rate was unstable between
2007q1 and 2018q1. The mean of money supply
(M2) during 2007Q1 - 2018Q1 was equal to
around 27.3 billion per quarter.

According to the summary statistics table
minimum money supply equals to 47.2 billion
UZS, while maximum M2 was equal to 74.1
billion UZS. Furthermore, quarterly average of
the net export was around 547 million USD.
It should be noted that the minimum level of
net export for the period was negative, namely
770 million USD, while the highest point was
almost 2 billion of US dollars. The last but not
least determinant of exchange rate, the average
amount of remittances to the host economy
recorded almost 4.896 billion USDin 2017 and
3.827 billion in 2018Q3 (accumulated).

In general, while exchange rate, money supply
(M2) and remittances showed an upward trend
during the selected period, the interest rate and
theamount ofnettrade in the economy decreased
over the time-frame. Quarterly inflation rate
fluctuated over the period ranging from roughly
0 to 8% (See the graph below).

Empirical Methodology

The fact that the following research aims to
define the determinants of the exchange rate in
Uzbekistan economy urges to apply the OLS
method to analyze and estimate the extent of
the abovementioned variables on exchange rate.
Moreover, due to the presence of non-stationary
and heteroskedasticity, the research is conducted
on the basis of the time-series models ARIMA

and ML ARCH respectively.

The current study also approaches to some
econometric  specification  tests. Namely,
Breusch-Pagan-Godfrey and ARCH tests are
applied to determine whether heteroskedasticity
is present or not in the obtained data (see
appendices, Table 1 and Table 2). Breusch-
Godfrey Serial Correlation LM Testis used
to define whether the residuals are correlated
across the series (Table 3). In addition, whereas
the underlying study carries out the Ramsey test
(Table 4) in order to check whether there is the
sign of omitting variable or not, the Chow test
(Table S) is applied for detecting the structural
break within the taken period.
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Pagan-Godfreytest is not statistically significant,
In this empirical study, the standard model is

as follows:

and the evidence to conclude that variances are
not constant across the series is not sufficient.
However, ARCH test shows that the variances
Y=X(0)+C(1)"X1+C(2)"X2+C(3)"X3 + are constant across the series and the sum of the

C(4)"X4 + C(5)"Xs + ARCH and GARCH coefhicients is very close to

one. Moreover, when Breusch-Godfrey Serial
Where:

Y - the log of [exchange rate ($1=UZS) ]
X0 - constant term

Correlation LM test was applied, it was found
that there is high first-level of autocorrelation
(serial correlation) across the residuals. At
X1 - the log of money supply (M2) the same time, in order to define whether the
X2 — inflation rate

X3 - the log of remittances in USD
X4 — interest rate

XS - the log of net trade in USD

u - error term (disturbance)

constructed model has omitted variables or not,
the study approaches to the Ramsey test. As it is
clear from the p-value, which is equal to almost
0, there is enough evidence to conclude that the
constructed model has no omitted variables. In
addition, to ensure the reliability of the estimates,
the study checks whether the data is normally
distributed or not, and it found that the residuals

Specification Tests and Its Results
It is evident from the Table 1, illustrated in
the appendices, that p-value of the Breusch-
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are normally distributed in accordance with

Jarque-Bera (see Table 6 in appendices).

The following table indicate

corresponding coefficients of each regressor

included in the model (standard errors of the

coefficients in parentheses). Significance levels
s the are depicted by the stars, *p<0.0S, **p<0.01 and

kKK

p<0.001 respectively.

Table 2.

Model Findings

Explanatory Variables OLS ARIMA ML ARCH
I RATE

Coefficient 0.0103 0.0103 -0.0124

Std. error (0.0153) (0.0247) (0.0092)

P-value 0.5030 0.675 0.1776
INFLATION

Coefficient -0.0022 -0.0022 -0.0060

Std. error (0.0131) (0.0172) (0.0068)

P-value 0.8654 0.896 0.3823
M2

Coefficient 1.0073*** 1.0073*** 0.8175

Std. error (0.0823) (0.1153) (0.0470)

P-value 0.0000 0.000 0.0000
NET TRADE

Coefficient 0.0382* 0.0382* 0.0317*

Std. error (0.0181) (0.0592) (0.0165)

P-value 0.0422 0.519 0.0554
REMMITTANCE

Coefficient -0.2467 -0.2467 -0.2039

Std. error (0.0676) (0.0731) (0.0338)

P-value 0.0028 0.001 0.0000
CONSTANT

Coefficient -14.4112 -14.4112 1.4124

Std. error (1.6076) (2.6104) (0.3852)

P-value 0.3850 0.000 0.0002
R-SQUARED 0.9549 0.9549 0.9167
Adjusted R-squared 0.9492 0.9492 0.9061
p> F or CHI2 0.0000 0.0000 0.0537

Before turning to the next section, it is highly

essential to note that interpretations

obtained results will be provided based on the 3
models, namely OLS, ARIMA and MLARCH.
Starting with the OLS model, the obtained
results present that interest rate has no impact
on determining exchange rate in Uzbekistan

economy during the period of 2007

of the

ql and

2018ql. This insignificant relationship between
exchange rate and interest rate is also confirmed
by the statistics provided by ARIMA and
MLARCH models at even 1% significance
level. Meanwhile, inflation is not found to have
a statistically significant effect on exchange rate
in accordance with three econometric models
namely OLS, ARIMA and MLARCH.
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Turning to the discussion of money supply
and its impact on exchange rate, it is clear that
money supply (M2) is found to be a key factor
in determining exchange rate. Specifically, all
selected models, namely OLS, ARIMA and
MLARCH indicate that 1% increase in M2
results in approximately 1% depreciation of
Uzbek sums against US dollars, the fact which
highly confirms and increases the reliability of
coefficient obtained. More strikingly, according
to the all-aforementioned models, net trade and
exchange rate are positively associated during
the selected period. However, ARIMA model
shows that the effect of net trade on exchange
rate is statistically insignificant (p-value 0.519).
As previously mentioned in the literature part,
the amount of remittances and exchange rate are
positively correlated meaning that if the inflow
of remittances to the host country increases,
it simply leads to the appreciation of local
currency. In our empirical analysis, it is found
that 1% rise in the inflow of remittances in USD
to Uzbekistan economy should cause roughly
0.24% appreciation of Uzbek sums against
US dollars. The underlying correlation is also
affirmed by all 3 models.

Conclusion

All in all, while the effects of remittances and
money supply on the dynamic of exchange rate
are found statistically significant, the impacts of
inflation and interest rate are not econometrically
meaningful. It should be noted that the way the
level of net trade influences the exchange rate is
not conclusive in our econometric analysis.
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the level of exchange rate, which meansthat an
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. since the study found no credible
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shaping the level of exchange rate, while the goal
of the government is keeping an appropriate level
of exchange rate, holding the desirable inflation
rate should not be necessarily at the centre of
feature to consider.

1. Friedman, M. and A.J. Schwartz, 1982. Monetary trends in the United States and the United Kingdom.

University of Chicago Press, Chicago, IL.

2. Rose, A, 1996. Explaining exchange rate volatility: an empirical analysis of the holy trinity of monetary
independence, fixed exchange rates and capital mobility. Journal of International Money and Finance, 15(6): 925-

94S.

3. DellAriccia, G., 1999. Exchange rate fluctuations and trade flows: Evidence from the European Union.

IMF-Staff- Papers, 46(3): 315-334.

4. Devereux, M. and P. Lane, 2003. Understanding bilateral exchange rate volatility. Journal of International

Economics, 60(1): 109-132.

S.  Robert, FE. and CW,]. Granger, 1987. Error Correction: Representation, Estimation and Testing.

Econometrica, $5(2): 251-276

6. Dornbusch, R., 1976. Expectations and exchange rate dynamics. Journal of Political Economics, 84(6):

Ham-pan sa unnosayuon pusoxranuw / 2019 Nel



IKOHOMMHYECKHE HAYKH

1161-1176

7. Madura, ], 2000. International financial management. 6 edition, South-Western College Publishing.

8. Duasa, ], 2009. Exchange Rate Shock on Malaysian Prices on Import and Export and Empirical Analysis.
Journal of Economic Cooperation and Development, 30(3): 99-144.

9. Mundell, Robert (1961), A Theory of Optimum Currency Areas, American Economic Review S1
(September): 657-66S.

10. Broda, Christian and John Romalis (2003), Identifying the Relationship between Trade and Exchange
Rate Volatility, available at https//faculty.chicagobooth.edu/john.romalis/research/erv_trade.pdf

11. Amuedo-Dorantes, C., & Pozo, S. (2004). Workers' remittances and the real exchange rate: a paradox of
gifts. World development, 32(8), 1407-1417.

12. Mandelman, F. S. (2013). Monetary and exchange rate policy under remittance fluctuations. Journal of
Development Economics, 102, 128-147.

13. Barajas, A., Chami, R., Hakura, D., & Montiel, P. ]. (2010). Workers' Remittances and the Equilibrium
Real Exchange Rate: Theory and Evidence. IMF Working Papers, 1-42.

14. Acosta, P. A, Lartey, E. K., & Mandelman, F. S. (2009). Remittances and the Dutch disease. Journal of
international economics, 79 (1), 102-116.

1S. Acosta, P. A, Baerg, N. R,, & Mandelman, F. S. (2009). Financial development, remittances, and real
exchange rate appreciation. Economic Review-Federal Reserve Bank of Atlanta, 94(1), L

16. Hassan, G. M., & Holmes, M. . (2013). Remittances and the real effective exchange rate. Applied Economics,
45(35), 4959-4970.

17. Rajan, Raghuram G. and Arvind Subramanian (2009), Aid Dutch Disease and Manufacturing Growth,
Center for Global Development in its series Working Papers 196.

18. Tarig, M. Ali (201S5). Impact of Interest Rate, Inflation and Money Supply on Exchange Rate Volatility in
Pakistan. Pakistan Council for Science and Technology, Islamabad, Pakistan.

Appendices
Table 1.
Heteroskedasticity Test: Breusch-Pagan-Godfrey
F-statistic 1.549365 | Prob.F(5,39) 0.1972
Obs*R-squared 7457343 | Prob. Chi-Square(5) 0.1888
Scaled explained SS 6.017053 | Prob. Chi-Square(S) 0.3046
Table 2.
Heteroskedasticity Test: ARCH
F-statistic 3.881121 | Prob.F(1,42) 0.0554
Obs*R-squared 3.721995 | Prob. Chi-Square(1) 0.0537
Table 3.
Breusch-Godfrey Serial Correlation LM Test:
F-statistic 18.12219 | Prob.F(4,35) 0.0000
Obs*R-squared 30.34731 | Prob. Chi-Square(4) 0.0000
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Histogram Normality Test (residuals)
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Series: Residuals
Sample 2007Q1 2018Q1
Observations 45

Mean -1.82e-15
Median 0.014933
Maximum 0.247783
Minimum -0.279558
Std. Dev. 0.121836
Skewness -0.642656
Kurtosis 3.148452
Jarque-Bera  3.138873
Probability 0.208162

Table 4.
Ramsey RESET Test
Equation: EQO1_OLS
Specification: LN_ NEXRATE LN_M2 INFL1 RATELN NTRADELN REM S C
Omitted Variables: Squares of fitted values
Value df Probability
t-statistic 4.349319 38 0.0001
F-statistic 18.91658 (1,38) 0.0001
Likelihood ratio 18.18002 1 0.0000
Table S.
Chow Breakpoint Test: 2008Q4
Null Hypothesis: No breaks at specified breakpoints
Varying regressors: All equation variables
Equation Sample: 2007Q1 2018Q1
F-statistic 0.554364 Prob. F(6,33) 0.7630
Log likelihood ratio 4.321402 Prob. Chi-Square(6) 0.6333
Wald Statistic 3.326181 Prob. Chi-Square(6) 0.7669
Table 6.
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Table 7.
Null Hypothesis: Var has a unit root (non-stationary) p-value

I RATE

Augmented Dickey-Fuller test statistic -1.5095

[

Augmented Dickey-Fuller test statistic

Augmented Dickey-Fuller test statistic -0.1353

N
i




