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ABSTRACT

This study examines the determinants of a change in currency expectations for the Turkish Lira (TL) versus the US dollar with
different maturities (1 month, 3 months and 1 year). The risk premium is estimated using the interest rate differential and a
latent component called the missing risk premium. The empirical model is extended to break down the risk component by in-
troducing other explanatory variables, such as currency swap agreements, credit default swap (CDS), foreign reserves and the
volatility index (VIX). A state-space model is employed to explain the behaviour of an unobserved variable over the period be-
tween January 2005 and March 2023 with daily and weekly data frequencies. Our findings suggest that the uncovered interest
parity (UIP) condition does not hold consistently in Turkey during this period. Deviations from UIP can be attributed to a time-
varying risk premium as outlined in Fama's framework. Additionally, our analysis also shows that interest rates and swaps play
a significant role in explaining the variations in the TL's risk premium. Moreover, we found a substantial increase in both the
level and volatility of the missing risk premium for longer maturities after 2018. Incorporating observable variables substantially
reduces both the magnitude and the long-lasting impact of the missing risk premium shocks on expectations. Overall, this study
sheds light on the intricate relationship between monetary policy changes, exchange rates and risk premia in the context of an
emerging market.

JEL Classification: E43, F31, E58, G18

1 | Introduction the CBRT. Between 2018 and 2024, the governor of the CBRT

changed six times. Furthermore, the disagreements regarding

Since 2018, the Turkish financial and economic system has
been in turmoil. Domestic and international investors have lost
their confidence in the currency, which eventually has led to
instability and unpredictability for the Turkish Lira (TL). This
period dramatically coincided with radical changes in the mon-
etary policies conducted by the Central Bank of the Republic of
Tiirkiye (CBRT). Such policy changes mainly stemmed from po-
litical pressures and raised concerns about the independence of

the interest rate policy, particularly the emergence of negative
real interest rates, contributed to the loss of investor confidence
in the financial markets.

In 2021, the Turkish Ministry of Finance and Treasury officially
declared that Turkey had adopted heterodox economic policies.
During this time, the persistent depreciation of the TL increased
the volatility and uncertainty in the foreign exchange markets.
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Notably, the currency depreciated by 40% from March 2018 to
March 2019 and continued to depreciate further in 2021. In re-
sponse, the CBRT reduced policy rates throughout the latter half
of 2021. In the first quarter of 2022, the TL further depreciated
by an average of 88% from the previous year.

The economic instability and uncertainty have further escalated
due to the central bank's rapid depletion of foreign reserves ($1.35
billion direct forex intervention on 2-3 December 2021 and $7
billion interventions in December 2021 (CBRT 2022). Until June
2023, the CBRT implemented various measures to prevent the
depreciation of the domestic currency. These measures included
backdoor interventions in foreign exchange markets, boosting
reserves through swaps, introducing deposit saving accounts
linked to foreign exchange rates and imposing indirect restric-
tions on capital mobility. Therefore, the impact of Turkish non-
conventional monetary policies on exchange rate predictability
presents an interesting case study for empirical research.

The forward exchange rate can predict the future spot rate per-
fectly unless the risk premium exists. Excess currency returns
have been studied extensively in the literature. Some of the key
factors affecting risk premia (excess currency returns) are related
to carry trade and others are related to various strategies that
cause diversification of foreign currency portfolios. Forward
contracts are considered a technical tool by which the central
bank can drive the equilibrium exchange rate. Because central
banks try to smooth exchange rate volatilities, they employ a va-
riety of approaches for managing exchange rates (Zapatero and
Reverter 2003). For example, the direct approach of changing
interest rates and the indirect approach of buying/selling foreign
reserves are considered standard methods to manage exchange
rates. There are also other instruments such as quantitative
easing (QE), which affects the long-term interest rates, and the
use of options to implement currency stabilisation objectives
through the hedges of investment banks!. Although there are
various tools that the central bank uses for maintaining ex-
change rate stability, the effectiveness of policy is significantly
reduced when the risk premium is high, and, more importantly,
when it varies over time.

Interest rates alone are neither necessary nor sufficient to pre-
vent a devaluation (Kraay 2003). Whether interest rates should
be raised or lowered to stabilise the currency depends on the
behaviour of risk premia. According to the efficient market
hypothesis pioneered by Lucas (1972) and Sargent (1973), the
investors' optimism and pessimism influence currency risk pre-
mia differently. For example, the uncovered interest parity (UIP)
condition states that the high-interest currencies are expected to
depreciate so that exchange rate changes reduce international
disparities in total return. However, Fama's (1984) UIP puzzle
suggests that high-interest currencies tend to appreciate in the
short run and carry a positive return for holding bonds.

Central banks systematically tend to intervene in support of
(against) undervalued (overvalued) currencies (see Fratzscher
et al. 2018). However, their policy decisions may be consider-
ably different during the period of crises. Central banks stabi-
lise their currency by ‘leaning against the wind’ (LATW), which
involves actions to move the exchange rate in the opposite di-
rection from its current trend. The primary mechanism works

through a risk-taking channel of monetary policy and financial
stability. Agur and Demertzis (2013) argue that when a central
bank faces a negative economic shock, the LATW approach re-
quires cutting interest rates deeper upon impact than would be
required without a financial objective. However, such a policy
is not an easy choice to implement not only because it is hard
to manage the size of the exchange rate movement, but mainly
because of the complex relationship between interest rates and
exchange rates.

Moreover, the determination of the exchange rate in imperfect
financial markets differs from what the conventional open mac-
roeconomic model approach suggests. Exchange rates frequently
disconnect from macro fundamentals such as imports, exports,
consumption and output. They may also exhibit limited respon-
siveness to traditional monetary policy instruments, making the
domestic currencies more vulnerable to global shocks (including
the interest rate and QE announcements). The impact of large-
scale currency interventions reshapes the movement of exchange
rates and the risk-taking behaviour of the agents. For example,
Gabaix and Maggiori (2015) argue that active risk taking in cur-
rency markets is highly concentrated in a few large financial
players with typical characteristics of being active investors that
profit from medium-term imbalances in international financial
markets, often by bearing the risks resulting from imbalances
in currency demand due to both trade and financial flows. They
also argue that these financial players share the characteristic of
being subject to financial constraints that limit their ability to
take positions based on their risk-bearing capacities and existing
balance sheet risks.

This study aims to explain the risk-taking behaviour of inves-
tors by examining the observed and unobserved components of
the excess currency returns in TL. The unobserved component
is also called the ‘missing risk premium’. It is often defined as
a latent factor within the excess currency returns framework
that captures dynamic and persistent influences on the risk
premium, which are not directly observable in the data but
significantly impact the exchange rate dynamics. The missing
risk premium also reflects the underlying economic or financial
uncertainties that cannot be fully explained by traditional pre-
dictors. Thus, this study extends beyond traditional predictors
to explore how the Turkish foreign exchange market interacts
with central bank policies. In particular, it highlights the role
of the missing risk premium and various central bank interven-
tion techniques such as currency swap activities and foreign re-
serve management as key explanatory variables. The study also
includes other observable factors such as interest rate differen-
tials, volatility and credit default risk. This expanded framework
allows a deeper understanding of observable and unobservable
influences on the TL returns. The research questions are as fol-
lows: (i) What are the determinants of risk premia? (ii) Are swap
agreements increasing the volatility of currency risk premia or
exchange rate returns? (iii) Do central bank interventions (re-
serve management and swap agreements) affect the missing
component of risk premia?

The analysis uses traditional regression analysis of the ordi-
nary least squares (OLS) and the state-space model (SSM) to
explain the determinants of excess currency returns, thereby
identifying the shocks influencing the missing variable
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component. Although this research is highly inspired by the
study of Dahlquist and Pénasse (2022), it significantly differs
from it by using data for the impact of determinants with differ-
ent frequencies on the missing foreign exchange risk premium.
Our intended contribution to the existing literature is as follows:
(i) We use high-frequency (daily and weekly) data to measure
the behaviour of the forward premium and risk premium in the
emerging market context. (ii) We present comprehensive and ro-
bust empirical evidence for the impacts of swap activities, credit
default swap (CDS) spreads, reserves and volatility index (VIX)
on unexpected currency returns via OLS and SSM techniques.
(iii) We also examine the variance decomposition of the unex-
pected currency return including all observable and unobserv-
able variables to measure their attributions. (iv) Finally, this is
the first study to measure the impact of the missing risk premium
on exchange rates in Turkey, representing a good example of an
emerging economy. Additionally, it creates an exciting oppor-
tunity for demonstrating how non-conventional monetary pol-
icies under the strict auspices of the central government can be
implemented.

Our empirical results support the existence of a risk premium
described by Fama (1984) and suggest that the UIP condition
does not hold for the TL. The impact of the missing risk pre-
mium mimics the risk premium on exchange rates, particularly
during high-uncertainty periods from 2008 to 2018. An un-
usual increase in both the level and volatility of the missing risk
premium was observed after 2018, coinciding with the period
when the CBRT shifted from traditional to heterodox monetary
policies. These results suggest that the unconventional mon-
etary policies implemented by the CBRT since 2018 may have
contributed to a rise in the uncertainty surrounding future ex-
change rates in Turkey. Both interest rates and the swap agree-
ments seem to be robust monetary policy tools in explaining the
movement of currency risk premia. Their explanatory powers
are greater than the CDS, VIX and reserves in determining the
exchange rate predictability. The impact of a missing premium
component on excess exchange returns lasts longer than other
shocks. Nevertheless, the inclusion of observable factors serves
to mitigate this influence. The variance decomposition analysis
suggests that the interest rate differential explains most of the
variations in unexpected currency returns.

The rest of this paper is organised as follows: Section 2 briefly
reviews the relevant literature. Section 3 describes the theoreti-
cal framework. Section 4 explains the econometric methodology
and data. Section 5 reveals and discusses the main findings, and
Section 7 concludes with policy implications.

2 | A Brief Literature Review

The UIP condition originates from Fischer's (1907) research.
It indicates that the divergence between real and nominal in-
terest rates results from inflationary expectations. The study of
Friedman (1953) showed for the first time that the inflation dif-
ferentials between countries are the main determinants of the
exchange rates in a flexible exchange rate system. Alternatively,
the pioneering research of Mundell (1960) and Fleming (1962)
describes the interest parity condition for exchange rate deter-
mination in an open macroeconomic model. This model was

later extended into a dynamic exchange rate shooting model
by Dornbusch (1976). Frankel (1979) also demonstrates that
the exchange rate overshooting is proportional to the real in-
terest rate differentials. The empirical studies of Hansen and
Hodrick (1980) and Fama (1984) present the existence of the
‘UIP puzzle’, implying a negative relationship between future
exchange changes and the current interest rate differential.
Verdelhan (2010) attributes this anomaly to time-varying risk
premia and expectational errors.

The literature review shows various approaches used in explain-
ing the exchange rate risk premium. For example, the macro-
economic approach by Mark (1985) and Engel (2016) relates the
risk premium to consumption growth, which is derived from a
general equilibrium model of consumption-based asset pricing
model (CAPM). In this approach, foreign currency is an im-
portant tool for smoothing consumption fluctuations over time.
Alternatively, external and internal imbalances can be other
macroeconomic variables that affect risk premia. As a result,
currency excess returns are higher when the funding (invest-
ment) country is a net foreign creditor (debtor) and has a higher
propensity to issue liabilities in domestic (foreign) currency
(Della Corte, Riddiough, and Sarno 2016). According to Gabaix
and Maggiori (2015), the relationship between net foreign assets
and currency excess returns is used to identify the link between
external imbalances and currency risk premia.

Moreover, the finance approach can also be used in studying
risk premia. The advantage of this approach is that the short-
term variables in the financial markets are used to determine the
short-run behaviour of exchange rates. Like any other financial
asset, the risk factor is an essential determinant of the exchange
rate volatility. Eichengreen and Hausmann (1999), Eichengreen,
Rose, and Wyplosz (1995) and Obstfeld and Rogoff (2000) sought
to determine the role of risk factors in exchange rate volatility.
Svensson (1992) and Fama (1976) argue that the risk premium
is considered as compensation for foreign currency holders.
In this respect, domestic households can diversify the risk by
holding a portfolio of domestic bonds denominated in domestic
currency and foreign bonds denominated in foreign currency.
Hofmann, Shim, and Shin (2020) examine how the local cur-
rency bond credit risk premium fluctuates in tandem with the
spot exchange rate so that the spot exchange rate takes on the
attributes of a risk measure in emerging economies.

Expectations theory has been used as a workhorse for many
policy discussions (Shiller, Campbell, and Schoenholtz 1983).
Because expectations play a central role in determining ex-
change rates, little is known about the exact nature of those ex-
pectations (Takagi 1991). The problem arises due to its difficulty
in measuring the expected exchange rate, which uses either
the forward exchange rate or the ex post spot exchange rate as
a proxy. Little evidence supports that expectations are formed
rationally in the foreign exchange market, so the forward rate
summarises all relevant information about the future spot rate
(Hakkio 1981; Hartley 1983). Verdelhan (2010) argues that for-
ward premium anomaly can be due to time-varying risk premia
and expectational errors. The modern literature in financial
economics has documented that significant and time-varying
risk premia are pervasive across asset classes (Kremens and
Martin 2019).
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There are also country-specific studies that explain the impact of
exchange rate risk on interest rates (Berument and Gunay 2003)
and the impact of dollarisation (Eren, Basar, and Tosun 2022)
in Turkey. There are also a few other studies on risk premia in
Turkey. For example, Ozlu (2006) studied the impact of cen-
tral bank interventions on risk premia with a daily frequency
between November 1993 and December 2002. Korkmaz and
Onay (2018) examined the determinants of currency risk premia
in emerging market countries, including Turkey. Nevertheless,
there are no studies on the missing risk premium in Turkey, and
thus we believe that this paper will fill the gap in the literature
with its current contribution.

3 | Theoretical Framework

The theoretical model explores the complex relationship be-
tween interest rate differentials and exchange rate fluctua-
tions. Unlike the UIP condition, which assumes interest rates
respond to currency fluctuations, our model is based on the
pioneering work of Fama's (1984) assertion that exchange
rates react to interest rate differentials and a time-varying
premium.

We first specify the theoretical relationship between exchange
rate changes and nominal interest rate differentials as follows:

Et(et+k - et) = <it,k - ) =fix — FP @®

where e, is the log nominal exchange rate in units of domestic
currency per US dollar at time ¢, e, is a k-period forward of log
nominal exchange rate, E, is the expectation based on informa-
tion at time t, ft cis the forward exchange rate and Ff  fepresents
the forward premium at k-maturity and i, is k-period interest
rates. The left-hand side of the equation shows the change be-
tween dates f and t+k. i;; and i, are interest rates on domestic
and foreign deposits with k-maturity, respectively.

Expected exchange rate changes must equal interest differential
under the UIP condition or forward premium? under the cov-
ered interest parity (CIP) condition. UIP serves as a theoretical
baseline, assuming market efficiency and risk neutrality, where
the forward exchange rate predicts the future spot exchange rate
without bias. To evaluate Equation (1), the first step is to compute
log exchange rate changes, Ae, = e, — e, where positive (neg-
ative) values represent depreciations (appreciations). Under risk
neutrality and rational expectations, a currency's forward rate
should be an unbiased predictor of future spot rates (Delcoure
et al. 2003; Sarno, Schneider, and Wagner 2012, 279). In the con-
text of risk neutrality and rational expectations, the forward rate
of a currency is considered an unbiased estimator of the corre-
sponding future spot exchange rate, f;, = E(et +k )» Where, f,; de-
notes the forward spot exchange rate for the k-period forward
and E (et +k) represents the expected spot rate at time t+k.

Subtracting the spot exchange rate from both sides of the equa-

tion and combining with Equation (1), we derive the forward
premium, which can be expressed as follows:

Bey= o+ Bine — i) + e @

where ¢, is a stochastic error term. Equation (2) indicates that
when =1, the UIP condition holds, and the exchange rate is
expected to depreciate (appreciate) in response to any increase
(decrease) in the domestic interest rate. However, the empirical
studies questioned the ability of the forward premium to pre-
dict the direction of the ex post spot exchange rate. They found
that the estimated value of 8 was less than unity and often neg-
ative (see Hansen and Hodrick 1980; Fama 1984; Hodrick 1987;
Froot and Thaler 2001; Engel 1996; Hai, Nelson, and Wu 1997;
Burnside et al. 2006). This suggests that a positive interest differ-
ential tends to appreciate the domestic currency, underscoring
the forward premium puzzle (Meredith and Ma 2002). However,
observing the forward premium (or the interest rate differential)
alone cannot identify the probability of a devaluation and its ex-
pected magnitude. The forward unbiasedness hypothesis (FUH)
suggests that a currency's forward rates should form unbiased
predictions of future spot rates due to a time-varying risk pre-
mium, which compensates both for currency risk and interest
rate risk, f;; = e, + 4, (Sarno, Schneider, and Wagner 2012).
Omitting the time-varying risk premium, 4, results in a value
of § below unity if the variance of the risk premium is greater
than the variance of the expected depreciation and the risk pre-
mium’s covariance with expected exchange rate changes is nega-
tive (Sarno, Schneider, and Wagner 2012, 282).

We then define the excess currency return as follows:
Xy = Aey — F = €k —fik 3

where rx,, is used as a k-period maturity currency return. The
derivation of risk premia, or currency excess returns, depends
on the interest differential that represents the carry trade re-
turns. The excess currency is equal to the depreciation of the
domestic currency minus the interest rate differential price

X = Aey — (it,k - izk) @

When we subtract the interest rate differential from both sides
in Equation (2), the left-hand side of the equation will be equal
to Equation (4). Alternatively, this equation is often referred to
as Fama's return predictability regression, and it is represented
as follows:

M= &+ (1= B) (i =05y ) + e )

where the null hypothesis that the UIP condition is valid and
holds if «=0, 8=1 and ¢, is serially uncorrelated. We fur-
ther assume that the investors are rational and the error term
is orthogonal to all available information at . Under these as-
sumptions, the interest rate differential will be sufficient for
explaining the currency risk premium, and when the expected
value operator is introduced, Equation (5) will take the follow-
ing form: E,(rx,;) = « + (B — 1)<it,k =i )
A typical procedure to capture the risk premium anomalies as-
sociates the currency risk premium with the interest rate dif-
ferentials, see for example, Backus, Foresi, and Telmer (2001).
We further expand our model by including additional predictor
variables, y, and n,,
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Et(rxt,k) =« +(B- 1)(it,k - izk) + YV t 1, )

Equation (6) implies that the risk premium is not solely influenced
by interest rate differential but also by two other factors. The first
factor is the observed variables, y,,, which is an additional pre-
dictor of currency returns, and the second one is the potentially
missing component of the currency risk premium, n,, also called
a missing risk premium (Dahlquist and Pénasse 2022). In this
framework, the missing risk premium is defined as an unobserv-
able component representing latent factors that influence the risk
premium but are not directly observable in the data. These latent
factors significantly impact exchange rate dynamics. To quantify
the influence of these hidden factors on excess currency returns, ,
is modelled as a latent variable within the state-space framework.
The explanatory variables/observable variables may include such
currency swap agreements, the sovereign CDS spreads, which is
the potential measure of sovereign default risk, the global VIX and
foreign reserves depending on the data availability. It is further as-
sumed that the additional predictor and the missing risk premium
follow the mean-zero AR (1) process:

(it+l,k - i;k+1,k> = pi<it,k - i:k> + 5i+1 @)

Ve =D+ €y, ®)

Ny =Pyt + E:I+1 ©

where the shocks 4 oy ef 4, and e:’H are independently and

identically distributed (IID) over time (but potentially cross-
correlated),andwhere—1<p; <1,-1<p,<land-1<p, <L
Finally, the zero-mean assumption does not entail loss of gener-
ality, as a non-zero mean would be incorporated into the con-
stant term .

4 | Empirical Model and Data
41 | SSM

The SSM deals with dynamic time-series problems that in-
volve unobservable variables or parameters that describe
the evolution of the underlying system (Commandeur and
Koopman 2007). One of the SSM's advantages is that it enables
an adaptive approach to calibrating parameters using maximum
likelihood estimation, allowing the model to effectively han-
dle time-varying coefficients with potential instability (Bhatta
et al. 2022). This flexibility allows for practically analysing both
linear and non-linear time series. The advantage of the signal
extraction approach is that it enables empirically characteris-
ing the temporal behaviour of risk premia, even using only data
on spot and forward exchange rates (Cheung 1993). The SSM
has two components: the signal (observation/measurement)
equation and the state (transition) equation. The SSM can be
defined as follows:

Y, =AX, +v, 10)

X, =BX, |+ ¢, an

where A and B are matrices of the underlying parameters of
the model, Equation (10) represents the signal equation and Y,
is a vector of observed variables. Equation (11) is the transition
equation for the state vector X,, which includes both observed
and potentially unobserved variables. Finally, v, and ¢, are vec-
tors of observation errors and state innovations, respectively.
All error terms are IID over time but potentially correlated. It
is assumed that all equations are affine and that the shocks are
normally distributed. Furthermore, the SSM uses the Kalman
filter and the estimation with maximum likelihood (Hamilton
1994; Dahlquist and Pénasse 2022).

We employ this framework to analyse our model and follow the
approach adopted by Dahlquist and Pénasse (2022). The equa-
tions of the SSM are summarised as follows:

X, B—-1 y 1|fi—iy
i=if{= 1 0 of y 12)
Y 0 1 0f n
i—i] [p 0 o -] [e
v [=[0 by Of v |t 13)
i 0 0 pl ma €
with
e oiz Oy Oy
var|| & ||=|0, 0'; Oy (14)
el Gy Oy O'f’

The above SSM system presents the signal equation incorporat-
ing the excess return, the interest differential and the explana-
tory variable. The state vector has the interest rate differential,
the explanatory variable and the missing component, where
2= [i, = i, y,,n,] The signal equation is given in Equation (7),
and the dynamics of the state vector are provided in Equations (8-
10). It is important to emphasise that there is no error in the sig-
nal equation so that it will allow us to model the co-movements
between the missing premium and other explanatory variables
in the vector ¢, = |¢!, &), £/|. Finally, Equation (14) presents the

corresponding correlation between the shocks: 6, 6,; and o,

4.2 | Variables and Data Sources

Data from 1 January 2005 to 26 March 2023 are used for the em-
pirical analysis. The definitions of variables and their respective
data sources are presented in Table 1.

Summary descriptive statistics tables of the variables used in the
empirical analysis are provided in Appendices 1 and 2 for daily
and weekly frequencies, respectively. These tables also contain
the summary unit root tests of the augmented Dickey-Fuller
(ADF) statistics.
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TABLE1 | Empirical models variable definitions and data sources.

Variable name

Definition

Data source

Exchange rate

Forward exchange rate

Spot exchange rates

Interest rate differentials

Forward premium

Risk premium

Swaps
CDS
Reserves (foreign)

VIX

TL/US dollar nominal exchange rates
Forward exchange rates: Turkish Lira per US dollar
Overnight (O/N) forward
1-month forward
3-month forward
1-year forward
Turkish Lira per US dollar
Turkish and US deposit interest rates
Overnight differentials
1 month
3 months

1 year

Overnight
1 month
3months

lyear

It is calculated as the difference between the actual (ex post) spot

exchange rate at a particular maturity and its forward rate.
Overnight
1 month
3months
lyear
Official swap actions in millions of US dollars
5-year credit default swap premium for Turkey
Gross foreign exchange reserves in millions of US dollars

The volatility index measures expected price fluctuations
in the S&P 500 options over the next 30days.

LSEG Workspace (refinitive)
LSEG Workspace (refinitive)

LSEG Workspace (refinitive)

LSEG Workspace (refinitive)

Own estimates

Own estimates

CBRT

LSEG Workspace (refinitive)
CBRT
CBOE

Note: All variables except interest rates are in natural logarithmic form.

Abbreviations: CBOE, Chicago Board Options Exchange; CBRT, Central Bank of the Republic of Tiirkiye.

5 | Estimations
5.1 | Expected Excess Returns

The models used in this study take the forward and risk pre-
mium as the dependent variables for different maturities.
There is a strong correlation between various maturities and
the change in long-term expectations after 2018, as the gap be-
tween short- and long-term maturities widened significantly
after 2021 (see Appendix 3). Due to deterioration in expec-
tations, we see similar behaviour in the risk premium as the
1-year maturity varies significantly from 1- to 3-month matur-
ities (see Appendix 4). The correlation between the risk pre-
mium with 1- and 3-month maturity is around 0.55, whereas

the correlation between the risk premium with 1-month and
1-year maturity is 0.26.

The first-order autocorrelation (AC) function of expected excess
returns (forward premium) and squared expected excess returns
for weekly data are reported in Appendix 5. The null for the Q-
test is rejected for all lags for both returns; thus, there is strong
evidence of serial correlation. The positive results for the AC
functions are consistent with the literature on the AC of asset
returns (Campbell, Lo and MacKinlay 1996; Lo and MacKinlay
1988; 1990)3. The AC of the excess return series is higher than
that of the squared excess return series, and they are consis-
tently significantly positive for lags up to 36 lags at longer matur-
ities. Although the ACs of the excess returns for overnight (O/N)
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rates only display less activity, the AC function of squared excess
returns presents significant correlations up to an extended lag
length. These are more evident for longer maturities.

Finally, as presented in Table 2, the leverage effect reports the
correlation coefficient between squared excess returns at time
t and excess returns at t—1 for different maturities. The results
confirm that the leverage effect is positive for all other matur-
ities except the O/N forward premium. The correlation for the
daily excess returns is significantly greater at longer maturities.

TABLE 2 | Leverage effect.

In other words, the positive excess returns are followed by a
pick-up in volatility for longer maturities.

5.2 | Risk Premium

The following analysis stage tests the UIP condition to assess
the efficiency of the foreign exchange markets in Turkey. Table 3
presents the OLS regression estimates for four different matur-
ities (daily and weekly) based on the predictive regression for ex-
pected excess returns outlined in Equation (2). The results reveal
that -coefficient is statistically significant in only three estima-
tions, which implies that the UIP condition does not hold for the
Turkish case during the estimation period. These findings are

Daily Weekly . : . = . .
consistent with prior empirical studies on Turkish data, such as
O/N 0.008 —0.153 Civcir (2003), Karahan and Colak (2012) and Oge Giiney (2018).
M 0.966 0.642 The consistently small coefficients across regressions show that
interest rate differentials alone are insufficient to explain ex-
3M 0.396 0.760 change rate behaviour in Turkey, especially in the context of a
1y 0.925 0.943 volatile emerging market. This limitation of the UIP framework
aligns with Fama's theory, which attributes such deviations to a
TABLE 3 | Predicting excess currency returns.
Frequency Daily Weekly
Maturity O/N 1M 3M 1Y O/N* 1M 3M 1Y
a 0.00272 0.01036%** 0.030754%** 0.0001 —0.0010%*** 0.001366 0.004536 0.08282
(0.0024) (0.0017) (0.0014) (0.0002) (0.0000) (0.0016) (0.0003)  (0.0134)
B 0.0003 —0.0003*** —0.00022 —0.0031*** —0.0001** 0.0000 —0.0001 —0.0122
(0.0002) (0.0001) (0.0008) (0.0003) (0.0000) (0.0003) (0.0008) (0.0095)
R? 0.0004 0.00099 0.00002 0.02205 0.007 0.000001 0.00002 0.00181
N 4163 4731 4686 4489 839 945 933 905
Note: Standard errors are in parenthesis.
aThe coefficients are reported to estimate that the forward premium is the dependent variable.
**% ** and * refer to statistical significance at 1%, 5% and 10%, respectively.
1
MV1M RP1IM
0.8
0.6
0.4 |
0.2
l J
' Am i‘ww/x b %w o W I
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FIGURE1 | Therisk premium (RP)and the missing risk (MV) component: Fama model. The risk premium is calculated as the difference between
the actual (ex post) spot exchange rate at a particular maturity and its forward rate, whereas the missing risk component based on Fama's model is

represented by the interest rate differentials at a 1-month maturity as the explanatory variable. [Colour figure can be viewed at wileyonlinelibrary.

com]
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persistent and time-varying risk premium. Moreover, the small
magnitudes of these coefficients raise concerns about the effec-
tiveness of the OLS estimation method. Attempts to correct for
serial correlation using the Cochrane-Orcut iterative approach
did not significantly improve the results, and these outputs are
omitted here for brevity.

Poor performance of the OLS estimates raises the necessity for
alternative methods to estimate the expected excess returns and
risk premia. Because measuring expectations is challenging,
the risk premium can be calculated by taking the difference be-
tween the actual (ex post) spot exchange rate at a given maturity
minus its forward exchange rate. Alternatively, Dahlquist and
Pénasse (2022) calculated the excess return by subtracting the
interest rate differential from the changes in exchange rates.
Because Turkey's interest rate differential is not informative,
we used the first alternative in calculating the risk premium.
Subsequently, the SSM offers a flexible and robust framework
for modelling complex systems. This approach accommodates
systems with multiple components, non-linear dynamics and
uncertainties. The SSM estimation results are explained in de-
tail in Section 5.3; however, Figures 1 and 2 present the risk
premium (RP) behaviour and estimated missing risk (MV) com-
ponent over the selected period. A significant shift in the be-
haviour of missing variables has occurred since 2021.

Figure 1 presents the risk premium (the grey line) and the
missing risk component (the orange line) derived from the
basic Fama's model. The risk premium exhibits periods of
sharp increases coinciding with significant economic and po-
litical events such as rising oil prices and a high current ac-
count deficit in 2006, the Great Financial Crisis in 2008 and
the political turmoil in 2018 and 2021. The volatility of the
missing variable during the period of turmoil is notably higher,
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FIGURE2 |
viewed at wileyonlinelibrary.com]

Jan.18

with a standard deviation of 0.05 for the risk premium and 0.11
for the missing variable. Since 2018, there have been further
fluctuations in excess returns and the missing variable. The
unusual behaviour of the missing component since late 2018
aligns with radical changes in the Turkish monetary policy.
These changes include shifts from traditional policies to un-
conventional measures such as large backdoor interventions,
substantial foreign exchange swap agreements signed with
China, Qatar, United Arab Emirates and South Korea and the
exchange rate-protected time deposit scheme that was imple-
mented in December 2021.

These unconventional monetary policy measures, as reflected
in Figure 2, contributed to a sharply depreciated lira, soaring
inflation and a loss of the central bank's control over long-term
interest rates (Giirkaynak, Kisacikoglu, B, and Lee 2023). The
significant reduction in Turkey's official reserves and its in-
creased reliance on external financing further exacerbated eco-
nomic uncertainty and risk.

In summary, while the blend of high economic uncertainty and
weak monetary policy has amplified instability, the current
weakness that is distinctively observed in the Turkish data made
the predictions unstable and significantly unreliable after 2018.
The CBRT has engaged in extensive foreign currency interven-
tions since the 2018 currency crisis. The selling of nearly 199 bil-
lion US dollars in foreign currency between December 2021 and
May 2023 and providing US dollar reserves to domestic banks
through swap agreements aimed to stabilise the exchange rates
and restore confidence in the financial market. However, these
interventions address the mismatch between the Turkish bank-
ing sector's US dollar liabilities and assets. The CBRT's 2022 re-
port highlights that swap transactions were crucial in managing
this mismatch (CBRT 2022).

PRP222LQILINETIA]NI]]Z
5 0530553558385 8353%
SHOSHHSHPSIAOSHOS

Fx borrowed from banks (on balance sheet)

mm Swaps includes Qatar, UAE

FX liabilities of the Central Bank of the Republic of Tiirkiye (CBRT), USD billion. Source: Setser (2023). [Colour figure can be
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5.3 | SSM Estimations

The SSM was used to calculate expected excess returns for three
maturities: 1 month, 3months and 1year, with daily and weekly
frequencies*. The choice of using either forward premium or
risk premium to measure expectations is an equally common
practice. We opted for a forward premium (forward exchange
rate minus spot exchange rate) with daily frequency and a risk
premium (forward exchange rate minus future spot exchange
rate) with a weekly frequency. This choice was made due to the
better performance of forward premium, particularly at shorter
maturities with using daily data. Additionally, the risk premium
resulted in many missing observations, especially for longer
maturities.

The basic model includes interest rate differential (IP) and the
unobservable missing risk premium (MV) in the signal equa-
tion of the SSM specification. We also add other variables such
as currency swap agreements of the central bank, the CDS
spreads (which is the potential measure of sovereign default
risk), foreign reserves and the CBOE VIX to capture the ob-
servable influence in our model. These variables allow us to
assess the relative importance of observable factors in mitigat-
ing the influence of unobserved components. We tested our
model by selecting various combinations of explanatory vari-
ables in respective equations. All explanatory variables in the
signal equation have coefficients except the missing premium.
According to Dahlquist and Pénasse (2022), no error term
in the signal equation allows us to model the co-movements
between missing premium, interest rate differential (IP) and
other explanatory variables.

5.3.1 | Forward Risk Premium

Table 4 presents the estimation of the forward premium with
a daily frequency. The columns are numbered depending on
the observable variables used in the model. Model 1 reports
the simple Fama model's coefficients, error terms and covari-
ances. The official foreign reserves are omitted from the model
due to the unavailability of data. Similarly, CDS is also excluded
because of its high correlation with interest rate differentials.
Model 2 includes interest rate differential and currency swaps.
Model 3 contains interest rate differential, currency swaps and
VIX as the observable variables in our model. The estimated
B-coefficients for IP are consistent with the literature; they are
all negative and small in magnitude (Civcir 2003; Karahan and
Colak 2012; Oge Giiney 2018). The sign of the coefficient implies
that the TL tends to appreciate against the US dollar when the
domestic interest rate is relatively high. The absolute values of
the IP coefficients remain relatively unchanged when swaps are
added to the model.

The coefficient for currency swaps is significantly larger than
for IP across all maturities, suggesting that swaps have a more
substantial impact on explaining excess returns than interest
rate differentials. This finding aligns with the post-2018 pe-
riod, where unconventional monetary policies led to increased
reliance on swaps to stabilise the lira. The magnitude of the
swap coefficients also increases with maturity, indicating a
growing effect of swap activity on longer-term excess returns.

The missing component (MV) coefficient shows a significant
reduction when currency swaps and VIX are included in the
model suggesting that these variables explain factors previ-
ously attributed to the missing component. In simpler terms,
the model explains a more significant portion of the data vari-
ability when currency swaps and VIX are considered. The
analysis of the estimated persistence parameters reveals that
the missing component (MV) shock exhibits the highest per-
sistence (i.e., p, > p, > p;)- This result implies that its impact
on the excess return can last longer than the other shocks.
The results highlight the importance of considering swap ac-
tivity alongside traditional factors like interest rate differen-
tials when explaining excess returns in the Turkish financial
markets.

5.3.2 | Risk Premium

Table 5 includes all observable and unobservable variables
in the SSM. Because risk premium is defined as the future
spot exchange rate minus the forward rate, positive signs
are associated with increases in the risk premium, whereas
negative signs indicate reductions. Interest differential coef-
ficients in all regressions are negative, suggesting that a de-
crease in interest rates causes a more significant increase in
future spot rates than forward rates. This result implies that
the ‘actual’ depreciation is higher than the ‘expected’ depreci-
ation, thereby increasing the risk premium. Nevertheless, the
magnitude of the coefficient is still small in value, varying be-
tween —0.014 and —0.011.

The coefficients of the observable variables, such as currency
swap deals and forex reserves, have negative signs. Because
the primary purpose of a currency swap is to reduce risk and
volatility in the foreign exchange market, the increase in swap
agreements boosts the TL and reduces the risk premium. This
behaviour appears specific to the TL during the period of un-
conventional monetary policies of the CBRT, where reliance on
currency swaps became a dominant strategy to counteract mac-
roeconomic instability.

Foreign reserves are another critical determinant of the risk
premium. When central banks sell (buy) foreign currency and
reduce (increase) their reserves, they cause appreciation (de-
preciation) of their national currencies. This situation leads
to buying foreign reserves, as unsterilised intervention causes
an expansionary policy, resulting in an initial jump in ex-
change rates followed by domestic currency depreciation (Uz
Akdogan 2020). Since 2018, there have been record-low levels
of reductions in the CBRT assets. The Turkish central bank's
net foreign reserves fell below zero for the first time in 21years
(Reuters 2023). Our results show that any reduction in the central
bank's foreign reserves causes an increase in the risk premium,
that is, falling reserves cause higher actual depreciation than
expected depreciation (Korkmaz and Onay 2018). Moreover, the
coefficient of the foreign reserves becomes smaller when cur-
rency swaps and VIX are included in the model. Although swap
deals theoretically impact the amount of gross foreign currency
reserves in the balance sheet, the impact of their effects on risk
premia varies as they affect expectations around central bank
policies and interventions differently>.
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Alternatively, the sign of the coefficients for the VIX and CDS
are both positive. This means that the increase in volatility and
default risk increases the risk premium as high sovereign risk
increases expectations for future devaluation and high volatility
in the currency (Della Corte, Riddiough, and Sarno 2016). The
econometric results are consistent with the literature that CDS
has a time-varying impact on exchange rates, and the effect is
relatively small (Omachel and Rudolf 2014; Hassan, Kayhan,
and Bayat 2017). The empirical literature associated with
Turkish data also presents results consistent with our findings.
Hassan, Kayhan, and Bayat (2017) studied the causation linkage
from CDS spreads to the value of the TL against the US dollar be-
tween 2009 and 2015. They suggested that CDS spread changes
might be useful in predicting exchange rate instability. In a re-
cent study by Yildirim (2020), the adverse country risk premium
shock, partially measured by CDS spreads, led to a significant
and persistent depreciation of the TL. Oner and Oner (2022)
found that CDS premium had a high explanatory power to ex-
plain the changes in the BIST 100 index, USDTRY exchange rate
and bond interest rates.

Overall, our results present that the explanatory coefficients in
the signal equations are notably larger than the coefficient for
the interest rate differential, underscoring the limited role of in-
terest rate differentials in explaining the risk premium. Among
the observable variables, currency swap deals have the highest
explanatory power. However, their magnitude decreases slightly
with the inclusion of variables such as VIX or CDS, particularly
for 1-month maturity. This pattern indicates that while swaps
dominate, other variables contribute to explaining the risk pre-
mium's variability.

5.3.2.1 | Persistence of Shocks. The state coefficients
represent the persistence of shocks, which varies by maturity
and frequency. The persistence of shocks for the interest rate
differential and currency swaps is greater with weekly fre-
quency. Meanwhile, the coefficient for the missing component
is higher for the baseline model in both daily and weekly fre-
quencies. A positive sign for the missing component and a neg-
ative for the interest differential indicate opposing dynamics.
The state coefficient of the missing component impact (shock)
is significantly reduced when observable variables are added.
This promising result shows that the shocks of the unobserved
part of the risk premium can be measured by including selected
observed variables.

Furthermore, the coefficient of the missing component is re-
duced the most when we add currency swaps and foreign re-
serves into our model. Nevertheless, the fitness of the model
improves significantly by even just including currency swaps
as an explanatory variable. Adding other variables such as
credit default and stock market risks slightly reduces the miss-
ing component. This reduction indicates that these observable
factors help account for the variability previously attributed to
the missing component, thereby mitigating the overall impact
of latent risks.

5.3.2.2 | Impact on Volatility. Incorporating currency
swaps into the model amplifies the standard error of the miss-
ing risk component. This finding implies that while observ-
able variables explain some of the model's variation, they also

introduce additional uncertainty, making the shocks associated
with the missing risk premium more unpredictable. In line with
Dahlquist and Pénasse (2022), our analysis reveals that interest
rate differential shocks exhibit higher volatility than missing
risk premium shocks. Because the CDS is used only for 1-month
maturity, its volatility is significantly higher compared to other
risk factor shocks.

The relationship between swap activities and the latent risk pre-
mium highlights the dual-edged nature of such interventions by
the CBRT. Although currency swaps effectively manage imme-
diate currency pressures, they also signal underlying economic
vulnerabilities and contribute to the unpredictability of the risk
premium. The market might perceive large-scale swap agree-
ments as indicators of deeper issues, leading to an increased risk
premium and heightened volatility. Thus, while swaps stabilise
the currency in the short term, they add complexity and long-
term risks by increasing the standard error of the latent risk
premium.

Finally, o” represents the correlation between interest differen-
tial shock and missing variable shocks. The shocks for missing
risk premium and interest rate differential are positively related.
The high coefficients signal that even though the interest rate
differential has low explanatory power in explaining risk pre-
mium, its shock significantly impacts the risk premium shock.
This result is corroborated when the variance decompositions
are examined in the following section.

5.3.2.3 | Robustness Check. For the robustness test,
we tested our model with monthly frequency. The goodness
of the fit is significantly lower in monthly analysis compared
to daily and weekly analysis (see Appendix 6). All coefficients
have the same signs observed in higher frequencies. The
absolute values of the observable variables’ signal coefficients
are significantly higher than other frequencies. One possi-
ble reason is that the higher frequency data better captures
the short-term fluctuations in the selected variables. In addi-
tion to this, the missing risk premium is expected to have an
important role, especially in very short periods, even before
the expectations are shaped.

In monthly analysis, VIX has the highest coefficient compared to
other observable variables. The persistence of the shocks for in-
terest rate differential and currency swaps continues to increase
for shorter maturities with less frequency analysis. Compared
to other frequencies, the coefficient of the missing component
reduces significantly, ensuring that the missing variable is more
effective in higher-frequency analyses. The relationship be-
tween the missing variable and the observable variables is not as
strong as we observed in higher frequencies.

Alternatively, we included additional observable variables to test
the impact of external factors on risk premium. For example, we
included the world currency variance risk premium (XVP) in
the daily and weekly estimations (see Londono and Zhou (2017)
for the calculation of XVP). The estimated coefficients are sim-
ilar to those obtained when XVP was added to the existing ob-
servable variables. However, the AIC offers a better fit for the
models using VIX instead of XVP, especially in the weekly esti-
mations (see Appendix 7 for the results).
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5.4 | Variance Decompositions

This section determines the fraction of the unexpected currency
return that can be attributed to each component in the model.
The error terms are derived from the observation equation of
the SSM. These terms represent the unexplained part of the risk
premium movement and are thus called the unexpected cur-
rency return. Subsequently, the observable variable shocks are
derived from the error terms in the state equations of the SSM.
We thereby decompose the unexpected currency return into
observable variable shocks to explain what fraction of it is ex-
plained by the selected variables. The variance decomposition of
the unexpected currency returns is calculated according to the
following formula:

1= Cov(g:’+l’ 6:11) COV(ELP 5&1) COV(‘EJ:}H’ 5&1) 1s)
Var(e* ) Var(e™)) Var(e* )

The baseline model includes only the interest rate differential
and the missing variable. The unexpected currency return, ™,
is calculated from Equation (6), whereas the missing variable
shock, &", and interest differential shock, €, are calculated from
Equations (7) and (8), respectively. Alternatively, we use other
€™, which includes all other observable variables in the signal
equation and their shocks, &, such as currency swaps, CDS, re-
serves and VIX calculated from Equation (8).

Table 6 presents the variance decomposition of the unexpected
currency return for daily frequency®. The interest differential
captures most of the variation in the unexpected currency re-
turn. In other words, although the impact of interest differential
on the risk premium and the forward premium is small, its im-
pact on the latent factor is colossal. Nevertheless, the fraction of
the effect is significantly reduced when we introduce currency
swaps, especially for the O/N and 3-month maturities. For ex-
ample, the O/N interest rate differential accounts for 90% of
the variance of unexpected return for the baseline model, yet
it falls to 38% when currency swaps are added. Similarly, the
3-month interest differential accounts for 100% of the variance
in the baseline model, but it is reduced to 85% when swaps are
introduced. Nevertheless, the fraction of the impact of currency
swaps is meagre for all maturities. Incorporating observable

variables such as swaps into the model amplifies the standard
error of the missing risk component.

Table 7 reports the variance decomposition for the unexpected
currency return for weekly frequency when all other observ-
able variables are added. The additional predictors explain
only a tiny fraction of the unexpected currency return. The
interest rate differential still explains the large fraction of the
unexpected currency return. One possible explanation for this
finding is the significant change in the CBRT policy that al-
lowed the official rates to perseveringly deviate from the Taylor
principle since 2018. When the monetary policy maintains low
interest rates permanently, it lowers inflation and appreciates
the domestic currency (Uribe 2022). Substantial evidence sup-
ports monetary policy decisions leading to higher uncertainty
in Turkey's foreign exchange markets. For example, Giirkaynak,
Kisacikoglu, B, and Lee (2023) argued that the so-called neo-
Fisherian effect led the TL's exchange value into a free fall. Oge
Giiney (2023) also studied the impact of uncertainty in the in-
terest rate on causing volatility in the exchange rate in Turkey.
Cevik and Erduman (2020) analysed the immediate effect of the
real exchange rate on monetary policy uncertainty. Finally, we
also measured the explanatory variables' variance ratios to the
risk premium variance (see Appendix 8). The relative variance
of missing variables is significantly reduced as additional ex-
planatory variables are introduced into the model.

6 | Policy Implications

The empirical findings of this study provide critical insights for
policymakers and investors navigating the complex dynamics of
the TL amidst the CBRT's evolving monetary policies. The analy-
sis reveals that the missing risk component plays a significant role
in explaining the variability of the TL's exchange rate, particularly
in periods of heightened economic uncertainty. The latent risk
premium, which reflects unobserved factors influencing the cur-
rency market, becomes especially pronounced when the interest
rate differential is insufficient to fully capture the risk dynamics.

For policymakers, particularly within the CBRT, the study un-
derscores the importance of maintaining a cautious approach
to monetary policy interventions. The shift towards heterodox
policies, characterised by aggressive use of currency swap deals

TABLE 6 | Variance decomposition of the unexpected currency return (daily).

Maturity O/N 1M 3M 1Y
Model 1 2 1 1 2 1 2
MV 0.341 0.365 0.343 0.522 0.321 0.479 0.302 0.342
(0.0008) (0.0438) (0.0011) (0.0093) (0.0013) (0.0492) (0.0024) (0.0618)
1P 89.655 37.608 111.953 105.023 100.580 85.445 72.914 69.078
(0.1267) (0.3746) (0.1571) (0.7837) (0.1587) (0.7932) (0.1856) (0.8674)
Swaps 2.816 —0.084 —0.093 —0.039
(0.1133) (0.1037) (0.1115) (0.1126)
N 4166 553 4758 565 4758 585 4250 584
Note: Standard errors are reported in parenthesis.
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The SSM estimations of Fama's excess returns in the exchange
rate show that interest rate differentials influence currency excess
returns negatively, implying a tendency for the TL to appreciate
against the US dollar when domestic interest rates are relatively
high. Notably, our results also show that swap activities exert a
more significant impact on excess returns than interest rate dif-
ferentials. Moreover, including currency swaps in the model leads
to a noteworthy reduction in the lasting effect of the shocks associ-
ated with the latent component of the risk premium.

Further analyses using risk premium as the dependent vari-
able unveil that interest rate increases, swap agreements and
the central bank's foreign reserves contribute to a greater-
than-expected appreciation in the exchange rate, thereby
diminishing the risk premium. Conversely, heightened un-
certainty (as measured by the VIX) and default risk elevate
the risk premium. Notably, interest rate differential and swap
activities exert the most substantial impact among the explan-
atory variables. Moreover, the incorporation of observables
serves to mitigate the persistence of the missing risk premium
shocks.

Overall, this study sheds light on the complex interplay between
changes in monetary policy, exchange rate and risk premia in an
emerging economy such as Turkey. The findings offer valuable in-
sights for policymakers, investors and other market participants
about the importance of missing risk premia in influencing ex-
change rate behaviour and the potential consequences of shifts in
monetary policies on exchange rate dynamics. Although uncon-
ventional monetary policies may provide short-term stability, they
could potentially introduce long-term risks, increasing the unpre-
dictability of exchange rates. Finally, this study is also subject to
limitations. It focused solely on the TL/US dollar exchange rate
and used past data, and future research could expand missing risk
premia in other major currencies using real-time data.
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Endnotes

L For the use of options, see also Taylor (1995) and Filardo, Hubert, and
Rungcharoenkitkul (2022).

2Premium is called when forward exchange rate is higher than current
spot rate, and discount is used when forward exchange rate is less than
current spot rate.

3Campbell, Lo, and MacKinlay (1996) examined the AC of the stocks
and found that the ACs of daily, weekly and monthly stock index re-
turns are positive. Lo and Mackinlay (1990) found negative AC in in-
dividual stock returns, whereas weekly portfolio returns were strongly
positively autocorrelated.

4 Alternatively, we run the SSM for monthly frequency. Signs and the
magnitude of the coefficients are very similar to weekly frequency.
The results are not reported here as the log likelihood values are sig-
nificantly higher for monthly frequency, yet they are available upon
request. A positive value of # in the UIP meaning higher domestic in-
terest rates leading to the expected future depreciation.

SWe used both swaps and foreign reserves in the state space model as
their correlation was below 0.50.

In variance decomposition of the SSM with multiple equations, the
sum can exceed 100% because error terms capture independent influ-
ences, not a single source of variation.
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Appendix 1

Summary Statistics (Daily Frequency)

Daily
N ADF Mean Median Maximum Minimum SD  Skewness Kurtosis JB
Exchange rate Xr 4760 2.15 1.04 0.75 2.95 0.14 0.77 0.94 2.84 699.24%*+*
Forwards xrf 4165 1.89 1.13 0.92 2.95 0.14 0.77 0.79 2.60 455.82%**
xrfy 4759 2.20 1.05 0.76 2.99 0.15 0.77 0.95 2.87 713.79***
xrf,y, 4759 2.35 1.07 0.77 3.10 0.17 0.78 0.97 2.91 742.70%**
er1Y 4251 1.92 1.24 0.97 3.34 0.25 0.83 0.92 2.87 600.05%**
Interest rate ion=1*0n 4755 2.95%* 10.25 9.88 22.02 0.83 3.81 0.67 3.16 360.72%**
differentials
v 4755 4.28%** 11.79 10.18 84.56 2.93 7.08 3.46 21.32 75,948.82%**
iy —i*m 4755 2.18 12.02 10.24 67.15 2.92 7.03 2.75 13.87 29,427.95%**
iy—i*y 4755 1.16 12.89 10.35 58.24 3.16 7.90 2.37 10.10 14,430.99***
Forward xrf —xr 4165 9.45%**  —0.01 0.00 0.30 —-0.32 0.03 —-0.96 22.33 65,452.24%**
premium erlM_Xr 4759 10.04%** 0.01 0.01 0.33 -0.30 0.03 -0.73 21.48 68,128.08***
er3M—Xr 4759 —7.30%** 0.03 0.02 0.37 -0.28 0.03 0.21 14.82 27,726.64%**
erlY_Xr 4251 2.33 0.12 0.10 0.56 -0.15 0.08 1.73 6.79 4659.32%**
Risk premium Xrt_*_l—xrfon 4164  —9.06%** 0.01 0.00 0.33 -0.26 0.03 1.26 19.05 45,786.04***
xrt+30—xrf,, 4729  —8.24***  0.01 0.00 0.53 -0.22 0.07 1.61 9.66 10,797.54%**
Xrt+90—er3M 4669  —5.25%** 0.03 0.01 0.62 —-0.32 0.11 1.12 5.63 2326.24%**
xrt+365—xrf;, 3886 2.62% 0.14 0.12 0.79 —-0.39 0.19 0.61 4.19 471.52%**
Observables
Swaps 566 2.02 10.68 10.70 10.84 10.46 0.07 —-0.37 2.39 21.81%**
CDS 3978 2.46 5.59 5.54 6.81 4.70 0.45 0.50 2.50 209.84***
Reserves N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
VIX 4599 6.54*%* 2.89 2.83 4.42 2.21 0.38 0.84 3.69 629.24%**
Note: *** ** * refer to statistical significance at 1%, 5% and 10%, respectively.
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Appendix 2

Summary Statistics (Weekly Frequency)

Weekly
N. ADF Mean Median Maximum Minimum SD  Skewness Kurtosis JB
Exchange Xr 952 2.51 1.04 0.75 2.95 0.14 0.77 0.94 2.85 140.37%**
rate
Forwards erOn 839 2.23 1.13 0.94 2.95 0.14 0.77 0.79 2.62 92.35%**
xrf, 952 2.51 1.05 0.76 2.99 0.15 0.77 0.95 2.87 142.73%**
er3M 948 2.59 1.07 0.77 3.10 0.17 0.78 0.96 2.90 146.44%**
xrf}y 851 2.26 1.24 0.97 3.33 0.25 0.83 0.92 2.87 120.27%%*
Interest rate 1on—i"‘on 951 —-2.30 10.26 9.87 21.58 —0.10 3.83 0.67 3.22 72.34%%*
differentials
e L 951 -2.09 11.79 10.19 73.52 -0.17 7.13 3.55 22.82 17,563.51%**
i3M—i*3M 951 -1.62 12.00 10.24 67.15 -0.32 6.98 2.70 13.62 5631.83%**
i1y 951 —-1.89 12.84 10.34 56.55 -0.97 7.84 2.34 9.95 2786.24***
Forward eron—xr 839 —5.55%** 0.00 0.00 0.00 —0.01 0.00 —0.45 12.28 3038.65%**
premium xrf, —xr 952 1.99 0.01 0.01 0.05 —-0.06 0.01 1.10 26.03 21,226.02%**
erSM_Xr 948 3.37%* 0.03 0.03 0.22 -0.06 0.02 2.36 14.16 5798.54%**
xrf —xr 851 0.84 0.12 0.10 0.44 0.04 0.07 1.94 7.12 1136.00%**
Risk xr—xrf N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
premium xrt+30—xrf,, 948  —9.07*** 0.00 —0.01 0.37 -0.22 0.05 2.05 15.17 6514.18***
xrt+90—xrf3M 936 —5.82%** 0.00 —0.01 0.57 —0.26 0.09 1.37 791 1233.32%**
xrt+365—xrf,, 803 3.50%** 0.05 0.04 0.64 —0.39 0.17 0.61 4.05 87.33%%*
Observables
Swaps 117 1.98 10.68 10.70 10.84 10.47 0.07 —-0.38 2.48 4.12%%*
CDS 796 2.50 5.60 5.54 6.77 4.74 0.45 0.51 2.50 42.54%%*
Reserves 951 2.94%%* 25.05 25.06 25.47 24.24 0.27 —-0.69 3.16 77.57%%*
VIX 952  —5.20%** 2.90 2.83 4.42 2.23 0.38 0.85 3.68 132.84%**
Note: ***, ** * refer to statistical significance at 1%, 5% and 10%, respectively.
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Appendix 5

Autocorrelation Function of Expected Excess Returns and Squared Expected Excess Returns
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In the above graphs, FP represents the forward premium or expected excess returns, O/N is overnight, 1M is 1-month, 3M is 3-month and 1Y is 1-year
periods, respectively. The variable upper subscript 2 indicates the variable in question is squared.
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Appendix 8

Variance Ratios

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

MV 5.535 3.687 6.942 4.402 3.517 4.927 4.329 1.777
IP 6.999 6.935 6.935 6.999 6.999 6.999 6.999 3.124
Swaps 0.782 0.789 0.789 0.789 0.352
CDS 14.874 15.012 6.700
RES 5.436 5.486 5.486 5.486 2.449
VIX 3.317
N 113 113 113 113 113 113 113 113

Note: It shows the explanatory variables' variance ratios to the risk premium variance. Missing variables are obtained from the state
space model, representing the unexplained component of the risk premium. Recently, we examined the behaviour risk premium
concerning different explanatory variables for the same period for comparison.
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