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1. Introduction

This paper constructs a theoretical model for exchange rate determination in a small open
commodity exporting economy. The model is based on a general equilibrium two country
theoretical setup proposed by [Gabaix and Maggiori, 2015] appropriate for modelling many current
topics in international macroeconomics. | extend their setup for the case of small open commodity
exporting economy to analyse the effectiveness of sterilized intervention in foreign exchange
(forex) market. As in the reference model | keep the real part of the economy as simple as possible,
introduce international capital market imperfection, and mainly ignore the traditional monetary
policy instrument, concentrating on the alternative one. | assume that the home country exports a
commodity good which is not included in the household CES utility function. Monetary authorities
use an interest rate rule which stabilizes non-tradable goods production, and perform sterilized
interventions to influence the exchange rate. The model is configured for analysing high frequency
(daily, weekly) dynamics and the commodity price is the only high frequency exchange rate
fundamental. The effect of other fundamental factors is not directly identified and is only included

in the balance of payments shock.

For empirical confirmation of the model and testing its ability for evaluating sterilized
intervention effectiveness, | collected daily Russian statistics on foreign currency repo auctions,
Russian ruble-US dollar exchange rates and oil prices. The model is solved and estimated by
maximum likelihood (ML). A comparison of the structural theoretical model estimation with the
vector error correction model (VECM) estimation gives additional confirmation of the model
validity and infers the effectiveness of the sterilized interventions made by the Bank of Russia
(BoR) in the form of forex repo auctions. The analysis revealed a temporary statistically significant
effect of sterilized intervention on the exchange rate which peaked eight working days after the
auction day. The other empirical finding is the asymmetric reaction of the exchange rate on positive
and negative intervention shocks. The response of the Russian ruble-US dollar exchange rate on a
positive sterilized intervention shock (the increase of lending to commercial banks in US dollars)
has the correct sign and is statistically significant while its response on a negative shock is
statistically insignificant. The impulse response function of Russian ruble-US dollar exchange rate
on the sterilized intervention shock shows that there is portfolio channel effectiveness and

signalling channel ineffectiveness of the sterilized intervention instrument.

In this paper | elaborate a general equilibrium model of exchange rate determination and
verify it using high frequency data, searching for robust relationships between the exchange rate

and its fundamental. The main barrier for implementing this research agenda is the famous result of
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[Meese and Rogoff, 1983] showing the inability of a fundamental-based model to beat random walk
in out-of-sample forecasting®. This result has survived many empirical verifications([Engel et al.,
2007], [Rossi, 2013]), and “had a pessimistic effect on the field of empirical exchange rate modelling
in particular, and international finance in general” ([Frankel and Rose, 1995]). This paper is at the
junction of two approaches to resolving the exchange rate disconnect from its traditional
fundamentals problem. The first approach relies on financial factors of exchange rate dynamics
grounded on financial market imperfections. [Gabaix and Maggiory, 2015] surveyed modern papers
in favour of this new financial channel and believe financial factors may explain the exchange rate
disconnect puzzle. In this paper I use the [Gabaix and Maggiory, 2015] model for financial market
imperfection but mostly rely upon the second approach, which is based on the idea of using of
commodity price dynamics as a fundamental factor. [Rogoff, 1996] assumed that “if one could find
a sufficiently volatile real shock one could potentially go a long way toward resolving many
empirical puzzles in international finance”. [Chen and Rogoff, 2003] demonstrate that a commodity
price shock has volatility characteristics comparable with exchange rates, and prove that for three
commodity exporting OECD countries New Zealand, Australia and Canada commodity prices
influence the real exchange rate with elasticity estimates between 0.5 and 1. [Rossi, 2013] note that
the main idea of using commodity price as fundamentals is that “typically, exchange rates are
endogenously determined in equilibrium together with other macroeconomic variables, so it is
difficult to predict exchange rate changes based on reduced-form models. However, if it were
possible to identify an exogenous shock to exchange rates, that would cleanly predict exchange rate

fluctuations.”

The choice of high frequency data for analysis is based on two main arguments. The first
argument is the work of [Ferraro et al., 2013] in which the relationship between exchange rates and
commodity prices is analysed using data with different frequencies (from daily to quarterly). They
analysed the most difficult case of the three OECD countries mentioned above: Canadian-US dollar.
They found surprisingly little systematic relationship between oil prices and the exchange rate in the
monthly and quarterly data. In contrast such a relationship is rather robust in the daily data. They
repeated [Meese and Rogoff, 1983] exercises for oil price dynamics and found that
contemporaneous realized oil prices predict the Canadian-U.S. dollar exchange rate better than a
random walk. They also repeated the test for Norwegian krone-US dollar exchange rate and oil
prices, South African rand-US dollar exchange rate and gold prices, Chilean peso-US dollar
exchange rate and copper prices, Australian-US dollar exchange rate and oil prices, and

¥ [Meese and Rogoff, 1983] used actual (not forecasted) fundamentals in making their pseudo out-of-sample forecasts
so it undoubtedly indicates problems of explaining exchange rate by macroeconomic fundamentals dynamics.



demonstrated the ability of commodity price dynamics to beat a random walk in Meese-Rogoff
experiments. [Ferraro et al., 2013] also repeated and confirmed negative Meese-Rogoff result for
the only traditional fundamental factor available at daily frequency, the interest rate differential.
The second argument is practical and concerns the data sample which is short for Russia and

requires high frequency analysis (daily or weekly).

This paper is also related to the literature on the theoretical and empirical analysis of
sterilized intervention effectiveness. [Cespedes et al., 2012], [Escude, 2013], [Castillo, 2014],
[Benes et al., 2015], [Ghosh et al.,, 2015], [Gabaix and Maggiori, 2015], [Shulgin, 2015]
demonstrate in a general equilibrium framework that an imperfect capital market makes this
instrument effective and a welfare improving tool of monetary policy. [Cespedes et al., 2012] show
that sterilized intervention allows relaxing financial collateral constraint, which is biding in a crises
time. [Gabaix and Maggiori, 2015] use a model with an imperfect financial market based on capital
flows to demonstrate that sterilized intervention may improve welfare in both countries involved.
[Benes et al., 2015] model the trade-off between the insulation effect of sterilized intervention and
the limited exchange rate adjustability effect. [Escude, 2013], [Castillo, 2014] and [Shulgin, 2015]
build dynamic stochastic general equilibrium models with two monetary policy instruments for the
Argentinian, Guatemalan and Russian economies respectively and reveal the role of interventions in
welfare optimization exercises. [Ghosh et al., 2015] present both theoretical proof of welfare
improvement and empirical evidence of the effectiveness of sterilized intervention and conclude
that 9 out of 13 empirical papers on emerging market economies from 1999 to 2011 witness the
effectiveness of sterilized intervention. There are several other comparative studies on intervention
effectiveness. [Menkhoff, 2013] reviews many empirical papers evaluating intervention
effectiveness in Latin America, Asia, Eastern Europe and finds that interventions in emerging
economies were quite successful in the sense of influencing the level of exchange rate. [Daude et
al., 2016] used quarterly panel data on 18 emerging economies in their error correction model to
prove the effectiveness of foreign exchange market interventions. [Fratzscher et al., 2015] analyse
33 countries and find that about 80% of all interventions are effective according to different criteria.
Intervention ineffectiveness might be revealed for some country for some period but most

comparative studies are quite optimistic in evaluation of this instrument.

The empirical part of this paper discusses a stabilizing program of forex repo auctions
implemented by the BoR. [Domanski et al., 2016] discuss different related issues of foreign market
interventions in EMEs and present their proof of the effectiveness of interventions in Russia after

adopting a free floating exchange rate at the end of 2014. The Hungarian case of forex tenders



described by [Balogh et al., 2013] helps us to understand why Russian repo auctions to resolve the
problem with banking liquidity might influence the Russian ruble-US dollar exchange rate.

The rest of the paper is organized as follows. Section 2 presents the model of the exchange
rate determination based on capital flows a la Gabaix-Maggiori. In Section 3 | perform an
estimation of the model and compare the results with VECM estimated on the same data. Section 4

concludes.
2.  The Model

The model is inspired by the modern reincarnation of old-fashioned hand-book models
performed by [Gabaix and Maggiori, 2015]. They keep the model quite simple and at the same time
propose a full-fledged micro-founded general equilibrium model which includes capital market
imperfection. To make a reasonable parametrization of the model on high frequency data |
introduce a commodity good and hence restrict the application of the model to commodity
exporting countries with a floating exchange rate. Adhering to [Gabaix and Maggiori, 2015] overall,
I change many particular elements of the model.

Let us assume that our small open economy is inhabited by identical households with a

utility function:

u=>4aInc,,, 1)
j=0
where g is the intertemporal discount factor; C, is the aggregate consumption determined
by the CES function:
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where & >0 is the elasticity of the substitution of home non-tradable goods and foreign

tradable goods; C,, and C., are the consumption of non-tradable and imported tradable goods,

respectively.

As in [Gabaix and Maggiori, 2015] I fix the price of non-tradable goods at B, =1 for Vj

e+
and use them as the numéraire in the economy. Let us also assume that the level of non-tradables

production is constant for all periods: Y, ; =1 forvj *. The equilibrium condition for the non-
tradable goods market is trivial: Y, =C  =1.

FOC for the intra-temporal consumption optimization problem gives:

* To achieve nontradables production stability monetary authorities should use appropriate interest rate rule (see
equation (6))
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where P, is the home currency price of imported tradable goods.
The law of one price in tradable goods market gives:
P. =S, )
where S, is the exchange rate determined as the price of foreign currency in terms of home
currency; P, =1 is the normalized at unity foreign currency price of an imported good.

Expressed in units of foreign currency, the nominal import is:

*
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Households can use domestic bonds with nominal return R, to perform intertemporal
consumption optimization.
FOC for the intertemporal utility optimization problem requires:
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Using the fact that C,, =(%) C, and the definition of the consumer price level

t

R’ =Py + P, we can rearrange equation (5) to get a Euler equation for optimal consumption:
1+S7°
Bl AR oo |7t (6)
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Higher interest rate in the financial market is associated with more consumption in the
future, which for the case of 6>1 can be achieved by cheaper imports and hence a more
appreciated home currency in the future.
Euler equation (6) is equivalent to a monetary policy rule in which monetary authorities set

interest rates to stabilize nominal income in the non-tradable sector B .Y ,. Expected home

currency depreciation creates an expenditure switching effect: demand switches from imported to
non-tradables in the future. Monetary authorities should cut interest rates to compensate for this
effect and stabilize the home production of non-tradables. Such a monetary policy rule fully

insulates the national economy from external shocks.



In traditional monetary models with rational expectations, interest rate dynamics absorb
information about exchange rate fundamentals®. In the model | simplify the real part of the economy
and as a result simplify the monetary policy rule and abstract from most traditional exchange rate
fundamentals.® The effectiveness of the conventional monetary policy instrument is beyond doubt
but it is usually not used for forex market regulation hence shocks in the nominal interest rate are
not introduced into the model directly and their effect on the exchange rate is included only in the
balance of payments shock. | further concentrate on an alternative monetary instrument in the form
of a sterilized intervention in the foreign exchange market.

Let us assume that every period the home economy exports units of a commodity at price

Py« Which follow a random walk process:

*

Poire = Pc;ma XD (&oirt) (7
where &, , is the commodity price shock with zero expectation and non-zero variance.
The trade balance in the economy:
TB =Py, —S,* (8)
Other participants of the foreign exchange market are monetary authorities performing
sterilized interventions, and financiers clearing the foreign currency market.
Following [Gabaix and Maggiori, 2015] | assume that the financier absorbs medium-term
imbalances which may appear in the forex market after fluctuations in trade balance, capital flows

and interventions. The financier bears the risks of open uncovered positions in foreign currency and

requires a premium for risk. To substantiate such a risk premium let us assume that financier invests

F, units of foreign currency in foreign bonds with nominal return R and borrows funds in the

home currency F,S, at nominal return R, . The value of her firm in foreign currency is:

Vi :E{/B*(R:_SS_th)Ft} 9)

t+1
For simplicity | assume that the financier consumes all of her profit out of small open home
economy and hence use foreign discount factor 5.

[Gabaix and Maggiori, 2015] assumed that the financier’s ability to get funding is limited by
possible losses which lenders could bear if financier diverts funds. Losses are expected to be

% [Mark, 2005], [Engel and West, 2006] and [Clarida and Waldman, 2008] clarified the role of the monetary policy rule
concept in explaining exchange rate dynamics.
® As it was mentioned above the model is oriented on high frequency data while daily information on macroeconomic
fundamentals is unavailable. Some empirical studies (see for example [Andersen et al., 2003], [Faust et al., 2007],
[Chaboud et al.,2008], [Fratzscher, 2009]) discuss the role of new information in exchange rate dynamics. Main finding
of the literature on news is the existence of very short living effect of news on exchange rate.
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quadratic in her liabilities S,F, because the more funds the financier manages, the greater the
complexity of her firm, and the larger the share of divertible funds. If a diverted portion is linear in

the absolute value of financier’s liabilities: I'|S,F;| then the total divertible funds in home currency
are quadratic: |S,F| T'[S,F |=T(S,F,)*, where ' >0".
The financier solves the problem of constrained optimization:

Sy

mFath = Et {ﬂ*(R: - Rt)Ft:| SUbjeCt to Vt 2 FSt th (10)

t+1
Making a simplifying assumption about foreign interest rate dynamics: SR’ =1, the

solution to that problem is:

R
F-tg/t 1R} (12)
I St St+1 Rt

The higher the expected devaluation of the home currency, the higher the financier’s
demand for foreign assets. Other factors for that demand are the foreign and home interest rate
differential and the term called in [Gabaix and Maggiori, 2015] ‘risk bearing capacity’, which is the
reciprocal of T".

Equation (11) links the interest rate differential with the demand for foreign assets and
allows the influence of interest rates and the devaluation expectation on the balance of payments to
be found. An alternative technique of introducing such an influence in the model is the portfolio
balance approach ([Kouri, 1976], [Dornbusch and Fischer, 1980]). More recent related research on
the risk premium for foreign assets/debts acquired in small open economy models are discussed in
[Schmitt-Grohé and Uribe, 2003], [Lubik, 2007], [Benigno, 2009].

Now I can formulate the balance of payments equation which determines the exchange rate:

F=Pu.-S +Z,+ X, +F,R, (12)

where Z, is the impact created by sterilized intervention in period t; X, is AR(1) process

driven by the balance of payments shocks, which will be defined later.
2.1 The model without unit root series

Let us get rid of the unit root series of equations and linearize some of them. Oil price is an

integrated series and makes some other series integrated. Let us divide both parts of the balance of

payments equation (12) by P;,‘t :

" To get additional information about decomposition of I" see [Gabaix and Maggiori, 2015]
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The exchange rate has no deterministic steady state value, so it is worth introducing a
deviation from following random walk process the steady state value S, .

Here we can see how the model explains the long run elasticity of the exchange rate with
respect to oil prices. This elasticity equals —% and depends on the elasticity of the substitution of

home non-tradable and foreign tradable goods & . The bigger ¢, the less the exchange rate change

needs to restore the current account balance in the case of a change in oil prices®.

Let us also divide both parts of optimal financier demand for foreign assets (11) by Py, , and

take the Taylor expansion around steady state of its right hand side:

1 1z 1 &z =~ =
f =—*Et{_78t+—_(st+l+Rt _Rt)]’ (14)
1—1F)Oi|,t St St+l
~ R-R . - . . _—
where R, = = is the deviation of the nominal return from its steady state R :E. We

assumed R/ = ﬂl and therefore R’ =0.

Rearranging (14) gives:
fo=7(ESua -5, —R), (15)

1 1 . . . . .
where y=——— = = assuming y is constant means that risk bearing capacity
FPOiI,tSt r(p(;_l t)ﬂ

is expected to be an increasing function of Pg,,. | also ignore the fact that E,(eXp(qy.,)) =1

These two assumptions simplify the model without missing significant economic effects.

Let us take the Taylor expansion of the right hand side of the Euler equation (6):
- gre . -
t+1
Et (Rt - (1_ 5) 14550 (St+l - St)) =0 (16)

t+1

8 [Chen and Rogoff, 2003] used simple flexible prices Balasa-Samuelson model to give alternative explanation of
exchange rate elasticity w.r.t. commodity price. In their model with logarithmic utility function it equals one minus
import share in consumption (0.75 in their example). For the case of more labor intensive production of non-tradable
w.r.t. production of exported goods this elasticity should be more than 0.75. In a simplest sticky prices model exchange
rate should be more than proportionate to exchange rate (elasticity more than 1) to accommodate changes in relative
prices.

10
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Ignoring the fact that steady state value of import share in consumption —=.— follows
t+1

cl-o
t+1
cl-§
t+1

random walk | denote k,, = and assume it is constant. Rearranging (16) gives a linearized

version of the Euler equation (monetary policy rule):
R = (1=K (ES,y —S,) (7)
Substituting (17) into (15) gets rid of the nominal return R, of the equations:
f,=A(E,S,,-S,), (18)
where A=y(1+(5-1k,,) .

Linearizing (13) gives:

f, =05, +2,+% + },/5' f, (19)

It is time to define the dynamics of latent x, :

Xt = px Xt—l + gx,t ' px € (01 1) (20)

where ¢, is the balance of payments shock with a zero mean and non-zero variance®.

2.2 Transmission mechanism for the sterilized intervention setup

To introduce sterilized interventions into the model we need enough information about the
country specific institutional setup for performing foreign exchange market interventions. Getting
detailed information on bank balance sheets is usually impossible hence it is reasonable to use ad
hoc equations which describe foreign currency supply/demand in the forex market. I propose a
setup which is appropriate for the outright buying/selling of international reserves and for
operations with forex derivatives (repos, swaps etc.) to regulate banking liquidity. The main idea of
the setup is that commercial banks play the role of intermediaries in the supply/demand of foreign
currency. This setup takes into account the ability of an asymmetric reaction of commercial banks
of the same size to increase and decrease sterilized intervention instruments. The simple setup

consists of two equations:
z, =4, £e(0) (21)

It = (1_ é)lt—l + l//8|+’t_N + Zglf,t—M 1 l//’ Z € (0’ 1) (22)

% In this composite shock both shock in capital flows and trade balance shock are mixed up because | have no ability to
identify them on daily data.
11



where |, is the disposable foreign currency volume which commercial banks can supply to
or demand from the forex market in the period t; z, is banks’ actual foreign currency supply to or

demand from the forex market created by sterilized interventions; & . >0 and &_, <0 are the
positive and negative parts of sterilized intervention shock ¢, , =¢,. +¢,_ respectively, which are

equal to the volume of foreign currency involved in sterilized intervention in period t *°.

Equation (21) says that only part & of whole disposable volume |, is actually supplied in

period t. This may happen if banks use the foreign currency they got after the sterilized
intervention for their own purposes (for example for covering short or medium term shortages of

foreign currency). Equation (22) defines the dynamics of I, assuming N days delay in supplying

foreign currency after the positive intervention day and M days delay in demanding foreign
currency after the negative intervention day. This might reflect institutional features of interventions
(for example a delay in the actual currency delivery after the auction date) or delays created by the
average duration of payments banks perform. As assumed, both delays (N and M) and the
reaction coefficients (¢ and ) could be different for positive and negative interventions. For
simplicity I ignore all interest payments in equations (21) and (22).

The outright buying/selling of international reserves can be described by the next parameter
set: £=1, y=1, w=1, M =0 and N =0. Other principal types of interventions are repo auctions
to regulate banking liquidity with the parameters: £ € (0,1), y €(0,1), w €(0,1), M >0, N>0.

Determined by equations (21) and (22) the setup demonstrates that interventions conducted
in the period tinfluence foreign currency supply in periods t+N, t+N+1 and so on. The
exchange rate in contrast will react to interventions in the same period t because rational agents get
information about future foreign currency supply changes in the period of the interventiont. This
means that portfolio and information channels are expected to be active in the model and may
transmit a sterilized intervention shock to the economy.

Resolving the linearized model can be found in Appendix A.
3. Estimation of the model

The model is estimated using Russian daily statistics. | use maximum likelihood (ML)

estimation because of the lack of reliable prior information about coefficients. The likelihood

=
“Both |, ,Eppost aNd &g ¢ are in capital letters because they enter equation for f, = —"— and hence expressed in
Oil t
terms of the exporting commaodity goods.
12



function is calculated by standard Kalman filter. Modes of the distribution are found by the Ratto
algorithm. Confidence intervals for impulse-response functions (IRF) are calculated by the Markov
Chain Monte-Carlo method with Metropolis-Hastings (MCMCMH) algorithm. 1 use Dynare

software [Adjemian et al., 2011] to make all the numerical calculations.
3.1 Foreign currency repo auctions in Russia

At the end of 2014 the BoR rejected the exchange rate adjustment rule introduced in practice
in February 2009 after the World financial crises™. The initial plan was turning to floating regime
for the Russian ruble in 2015 but severe negative shocks at the end of 2014 provoked speculative
activity based on the predictability of the rule and compelled the BoR to hasten the transition.
Problems of adaption to the new forex market conditions coincided with capital outflow caused by
the sanctions and the fall in oil prices which together were called a ‘perfect storm’. The BoR
decided to maintain the currency market by supplying US dollars through repo auctions in foreign
currency to support banking liquidity and prevent ruble devaluation. Interestingly the BoR did not
call such support ‘intervention” so as not to mix it up with the outright selling/buying of foreign
currency from international reserves it performed before 2015. But such repos in foreign currency
were indeed sterilized interventions in the foreign exchange market. At the maximum in April 2015
the liabilities of Russian banks to the BoR on repos in foreign currency were about 35 billion US
dollars (about 8 per cent of international reserves stock).

[Domanski et al., 2016] claim that “authorities have increasingly used forex derivatives or
related instruments. This has allowed them to provide hedges against forex risk and influence forex
market liquidity and the exchange rate while economizing on the use of international reserves and
retaining foreign reserve buffers”. They also demonstrate that for four EMEs (Russia, Brazil, Peru
and Turkey) interventions to provide liquidity for the banking sector in difficult times effectively
influenced [Karnaukh et al., 2015] market illiquidity measure. To understand why foreign currency
repo auctions may at the same time influence exchange rates we compare Russian foreign currency
repos with Hungarian foreign currency tenders described by [Balogh et al., 2013]. They claim that
“Magyar Nemzeti Bank (MNB) introduced this instrument of banking liquidity support after the
September 2011 when the Hungarian Parliament ratified legislation that allowed households to
repay their foreign currency denominated mortgages at a preferential predetermined exchange rate.
This legal act created an open foreign currency position of significant but uncertain size on the
balance sheet of Hungarian banking system. [...] MNB decided to commit to delivering foreign

currency necessary for the program in an organized structured manner to minimize the motivation

1 Russian exchange rate rule before and after the World financial crises is estimated in [Shulgin, 2017] on the base of
DSGE methodology.
13



for speculative sales of forex”. Having the ability to control the amount of Euro banks demanded as
a result of program participation MNB prevented speculative pressure on forex. We might describe

this case in terms of the sterilized intervention setup above as y =0, w =0, because the whole

volume distributed by MNB through foreign currency tenders was not supplied in the forex market
but used by Hungarian banks for the mortgage repayments of their clients™.

The Russian case of foreign currency repo auctions is also a structured way to resolve the
problem of currency outflow in the period of sanctions of unknown size and at an unknown time.
The first difference between the Russian case and the Hungarian one is that the Russian banks’
problem with foreign currency financing is expected to be temporary while the Hungarian mortgage
repayments is an example of permanent capital outflow. That is why the BoR used derivative forex
facility (repos) while MNB was forced to lose international reserves. The second difference is that
MNB had information about the volume of foreign currency Hungarian banks demanded, while the
BoR had no ability to get such information. That is why Russian banks might borrow excessive
foreign currency through the repo auctions in a highly volatile market. It looks like speculative
behaviour, but it had no serious negative consequences for the Russian monetary system because
such behaviour reduced depreciation pressure on the Russian ruble while the temporary nature of
repos avoided the consequences of international reserve losses. In terms of the sterilized
intervention setup it means that y < (0,1). Another feature of the Russian foreign currency repo
auctions was that banks did not have full confidence in their ability to borrow foreign currency at a
specific repo auction. It created a stimulus for banks to borrow foreign currency through repo
auctions in advance that, in terms of the sterilized interventions setup, means that N >0. Taking
into account two days delay in foreign currency delivery after the auction date we may refine this
claimtoN >2.

The data sample used also covers the period of turning Russian repo auctions program off

hence we should think about the transmission mechanism for negative interventions ¢,_ <0. We
similarly think that banks may buy in the forex market some part of the volume needed to pay their
debts and in terms of the sterilized intervention setup it means that y (0,1). The period of

negative interventions happened in calmer economic times and banks might reserve the volume

needed to pay their debts. In the sterilized intervention setup it could mean that M <2

12 IBalogh et al., 2013] notice that Hungarian tenders covered about 60 per cent of EUR 4353 millions of actual
repayment. The remaining 40 per cent was purchased by banks from other sources. Related forint sales might contribute
to 12 per cent depreciation of forint in the end of 2011.

14



3.2 Data

The time series used in the estimation includes 618 daily observations from 6 November
2014 to 20 April 2017 and are shown in the Fig. 1. The oil price is the price of the OPEC basket in
US dollars per barrel. The forex rate is the average spot rate (with delivery TODAY) on the
Moscow Interbank Currency Exchange (MICEX) measured in Russian rubles per US dollar. The
calculation of the sterilized intervention shock is based on the results of repo auctions which were

transformed to correspond to introduced in the model shock ¢, ,:

% Poi
gl’t =_ rep_o,t Qil t 1 (23)
YOil,t POiI t POil,t

where V.. is the volume of US dollars distributed through the repo auction on day t with
currency delivery at t+2; Yo, Py, is the average daily export of oil, gas and oil products taken

from Russian balance of payments of 2015-2016; 5@“ is the average oil price (OPEC basket) in

period of 2015-2016.
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Fig. 1. Daily statistics on Russian ruble-US dollar exchange rate S, oil price Py, and
positive & . and negative & _ sterilized interventions used for the model estimation.Source: Bank
of Russia

Fig. 1 demonstrates the cointegration of the S, and Ry, series confirmed by all the

available statistical tests at 1% significance level. It also shows that repo auctions were significant
in volume and were conducted mainly before May 2015. Negative sterilized interventions (turning
off the repo auctions program) dominated from May 2015 and were more time-smoothed than the
positive ones. The BoR lent about 35 billion USD to commercial banks at the peak in April 2015,

which was about 8% of its international reserves.
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3.3 Results of the model estimation

First an appropriate delay N in the monetary transmission equation (22) was chosen®. The
model was estimated with different N and it was found that N =8 corresponds to the estimate with

largest likelihood function.
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Fig. 2. Maximum likelihood L in different versions of the model estimation with different
delay N

The results of the ML estimation with most stable delays N = 5,9 are represented in Tab. Al
of the Appendix B.

The foreign discount factor was fixed in all estimations at 8~ =0.9998 which corresponds
to about a 5% annual interest rate. As assumed in the sterilized intervention setup not all the volume
distributed through repo auctions is supplied in the forex market but only the share y . Similarly not
all the volume needed to pay off repo auctions debts is demanded from the forex market, but only
the share y . It is assumed that the shares  and y are not necessarily the same. The estimations
demonstrate that this assumption is justified by the data. The coefficient y is estimated at close to
zero with an extremely low level to standard deviation ratio. This is the reason why in all tests in
which | estimated the effect of a negative sterilized intervention shock on the endogenous variables
is statistically insignificant. The coefficient y is estimated at about 0.1 with a moderate standard
deviation in most versions of the model. The estimates of the coefficient & differ significantly for
models with different N and this is normal for such a procedure because improper model
specification may lead to a biased estimate. The coefficient & is due to modelling the delay at the
moment when banks can supply foreign currency distributed through the repo auctions and the
moment when banks actually supply foreign currency to the forex market. This delay is summed up
with N days delay in equation (22) and if, for instance, N in the model is smaller than the actual
delay in the data, the estimate of & will also be smaller. The last effect arises to postpone the
reaction of exchange rates to the repo auction and hence to partially compensate for bias in N . A

similar situation occurs with the estimates of the coefficient A which determine one of the two

3 In all model estimations presented here M =2
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stable roots of foreign exchange rate dynamics (see Appendix A). The estimate of A is closely

related to the estimate of another stable root (1—¢&) . If one of the roots estimates is biased (& in our

case) the second one will be biased too.

The results in Tab. Al demonstrate the high sensitivity of parameter estimates to the lag
specification in the transmission mechanism (22) and confirm the choice of N. I perform the
estimation of VECM based on the same dataset. The results of the VECM estimation are
represented in the Tab. A3 and A4.

An additional check of the model is a comparison of the impulse-response functions (IRFs)
of the model with the IRFs of the VECM. Sterilized interventions are assumed to be endogenous in
the VECM and to make a comparison possible | retrieve the response of the positive and negative
sterilized interventions to the structural shock in the VECM and perform a model simulation with
the retrieved series. | concentrate on the structural shock of the positive sterilized intervention
because the response of the exchange rate to that shock is statistically significant (Fig. A3) unlike
the response of the exchange rate to the negative sterilized intervention shock (Fig. A4). | call the
simulated series of exchange rate as simulated IRF.

Fig. 3 demonstrates simulated IRF for different N in comparison with the IRF in the
VECM. We can see that simulated IRF for the model with N =8 is close to the IRF of the VECM.
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Fig. 3. IRFs of exchange rate S, on positive sterilized intervention shock ¢ . in VECM (with
95% confidence interval) and in the model with N =6, 8,9.

18



We also see that simulated IRFs for the model with different N are also close to each other

and to compare them | calculate the sum of the squared differences between the simulated IRF

Sie, « and the IRF of the exchange rate on the positive sterilized intervention shock in the VECM

SirF,, « TOI first 50 periods. It is possible measure M of models quality valuation:

50

M = Z(SIRFVECM g0 SIRFN ,j)2 (24)

j=0
The results of that calculation for the model with different N €4,10 are shown in Fig. 4

which confirms the choice of eight working days delay in equation (22) N =8 made earlier on the
base of likelihood function (Fig. 2).
M 0,00025

0,0002
0,00015
0,0001

L]
0,00005 @ g o o ©

0 N

a 1 2 3 4 5 6 7 8 9 10 11

Fig. 4. The measure M characterizes similarity of IRF of exchange rate on positive sterilized
intervention shock of the VECM and the model with different N .

Fig. 3 and A3 demonstrate the statistically significant response of the exchange rate to a
positive sterilized intervention shock within the period 7-10 working days after the repo auction
date. The response has the correct sign because the more foreign currency distributed through repo
auctions, the more the exchange rate of home currency appreciates. This is statistical proof of the
effectiveness of sterilized intervention made by VAR methodology on Russian daily data.

Usually intervention effectiveness is measured on the basis of the exchange rate reaction on
the day of the intervention or 1-2 days after it but [Disyatat and Galati, 2007] found that
interventions in the Czech koruna market in 2001-2002 had no contemporaneous effect on the
exchange rate level but cumulated interventions had a statistically significant although economically
limited shorter-term effect. In the case of the Russian ruble in 2014-2017 we can see a statistically
insignificant exchange rate reaction in first six days after the repo auction. This demonstrates the
ineffectiveness of the signalling channel in a sterilized intervention transmission mechanism. This
inference is in line with the fact that the BoR never mentioned foreign currency repo auctions as its
foreign currency intervention tool.

The IRF analysis made in Appendix C reveals other important effects in the dataset. Fig. A4
shows that the exchange rate reaction to a negative sterilized intervention shock is weak and
statistically insignificant. It means that turning the repo auctions program off had no statistically
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significant effect on Russian ruble-US dollar exchange rate. This inference is close to the result of
[Guimaraes and Karacadag, 2004] who report an asymmetric reaction of Mexican peso and Turkish
lira to US dollar sales and purchases. In both countries in a period of difficult circumstances
international reserves purchases were inefficient while stabilizing international reserves sales had
statistically significant impact on the exchange rate.

Fig. A5 demonstrates the reaction of policy instruments on the exchange rate shock. An
unexpected home currency depreciation induces a positive statistically significant response in the
cumulated positive sterilized interventions which may witness a “leaning against wind” behaviour
of the BoR. Fig. A3 and A5 are typical for monetary policy instrument vs. target relationships. A
home currency depreciation shock provokes authorities to increase the foreign currency volume
distributed through repo auction which has a reverse effect on the exchange rate. As a result of that
leaning against wind policy exchange rate dynamics become more stable and smoothed.

Fig. A6 demonstrates the statistically significant response of Russian ruble-US dollar
exchange rate on the oil price shock. Qil price shock has a permanent effect on both the exchange
rate and the oil price because these series are cointegrated. The instantaneous effect is also
statistically significant and a little bit smaller than the long run effect therefore the shock in

fundamentals does not create overshooting.

3.4 Bayesian IRFs in the model

After equation (22) was appropriately estimated and justified by VECM analysis | can check
the effectiveness of sterilized intervention on the basis of the model itself. To do that | use the
MCMCMH algorithm which give a Gaussian approximation of the likelihood function around its
maximum i.e. around the parameter modes [An and Shorfheide, 2007]. This approximation can be
used in the Monte-Carlo method of means and confidence intervals of IRFs calculation
implemented in Dynare.

The results of the MCMCMH algorithm realization with 2 chains of 100000 iterations each
are represented in the Tab. A2.The IRF of the exchange rate on a positive sterilized intervention
shock and its 90% confidence intervals are calculated on the basis of the MCMCMH algorithm
parameter distribution and further called Bayesian IRFs'*. They are shown in Fig. 5 in comparison
with the IRF in the VECM with 90% confidence interval bootstrapped by the Hall algorithm. The
IRF in the VECM is more persistent than in the model because of the estimated autoregression of
the positive intervention shock (see the right part of Fig. A3). We may conclude that the exchange

rate response in the model is statistically significant at the 10% significance level for all periods and

% The term ‘Bayesian IRF’ refers the Bayesian approach to the model interpretation.
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hence may infer a signalling channel of sterilized intervention effectiveness. This inference
contrasts with the results from the VECM analysis. One possible explanation for this is that the
model simplifies the transformation of information about repo auctions into actual forex agent
behaviour. In reality banks do not have complete information about how repo auctions influence the
exchange rate. The resulting Russian ruble-US dollar exchange rate dynamicis revealed only after
actual foreign currency supply increase happens.

Both the VECM and the structural theoretical model estimations witness the effectiveness of
the portfolio channel of sterilized intervention effectiveness. An analysis of 90% confidence
intervals demonstrates that repo auctions have a statistically significant effect on the exchange rate
7-15 working days after the auction date.
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Fig. 4. IRFof Russian ruble-US dollar exchange rate S, on positive sterilized intervention
shock ¢ . (with corresponding 90% confidence intervals) in VECM and Bayesian IRF in the
model

| do not use the Bayesian technique to demonstrate the ineffectiveness of a negative
sterilized intervention shock because the MCMCMH algorithm does not give an appropriate
approximation of the parameter distribution with an extremely low mean to standard deviation ratio.
The results of the ML and VECM estimations (Tab. Al, A3, A4, Fig. A4) evidence the
ineffectiveness of a negative sterilized intervention shock in the form of repo auctions. This result is
coherent with many other studies emphasizing the importance of the historical context of
intervention effectiveness analysis. The BoR introduced foreign currency repo auctions in 2014 to

withstand in the period of significant negative balance of payments shocks. The forward-looking
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behaviour of Russian banks in response to the foreign currency liquidity support program provided
a stabilizing effect on the Russian ruble-US dollar exchange rate. This side effect did not appear in a

period of turning program off.
3. Conclusion

This paper contributes to open economy macroeconomics in two main ways. The first is the
construction of a general equilibrium model based on a Gabaix-Maggiory imperfect capital market
setup appropriate for modelling high frequency dynamics in a small open commaodity exporting
economy. The model is appropriate for estimation using daily statistics and includes two ingredients
which help weakening the exchange rate disconnect problem: an imperfect capital market and
commodity price dynamics which is the only exchange rate fundamental in the model. I provide an

additional ad hoc setup for analysing sterilized interventions of a different nature.

The second contribution of the paper is the investigation of sterilized intervention
effectiveness using Russian daily statistics of repo auctions the BoR conducted during the period of
extreme negative balance of payments shocks 2014-2015. It demonstrates the ability to use a
theoretical setup for the evaluation of sterilized interventions programs in different countries. The
theoretical model is estimated by the ML method supplemented by the MCMCMH algorithm. It
allows statistical inferences about the impulse response functions significance to be made. | also
estimate the VECM on the same dataset to confirm the results, and the combination of theoretical
and empirical approaches allows me to address the question of different channels of the of sterilized
intervention mechanism effectiveness. The main finding concerns proof of portfolio channel
effectiveness and signalling channel ineffectiveness in the sterilized intervention transmission
mechanism of the instrument. | also found an asymmetric reaction of the Russian ruble-US dollar
exchange rate to the positive and negative sterilized intervention shocks. The response of the
exchange rate level on a positive shock (an increase of lending to commercial banks in US dollars)
has the correct sign and is statistically significant while its response to a negative shock is

statistically insignificant.

Finally 1 conclude that this theoretical setup is appropriate for estimations using high
frequency data. It creates reasonable restrictions on a series and complements empirical approach to

sterilized interventions effectiveness evaluation.

22



4. Literature

Adjemian, A, Bastani, H, Juillard, M, Mihoubi, F, Perendia, P, Ratto, M, Villemot, S 2011,
,Dynare: reference manual, version 4, Working Paper no. 1.

An, S & Shorfheide, F 2007, ,,Bayesian Analysis of DSGE Models*, Econometric Reviews, vol. 26,
no. 2-4, pp. 113-172.

Andersen, T, Bollerslev, T, Diebold FX & Vega, C 2003, ,,Micro Effects of Macro
Announcements: Real-Time Price Discovery in Foreign Exchange®, American Economic Review,
vol. 93, no. 1, pp. 38-62.

Balogh, C, Gereben, A, Karvalitz, F & Pulai, G (2013), ,,Foreign currency tenders in Hungary: a
tailor-made instrument for a unique challenge®, in BIS Papers chapters, no. 73, Bank for
International Settlements, pp. 155-178.

Benes, J, Berg, A, Portillo, RA, Vavra, D 2015, ,,Modeling Sterilized Interventions and Balance
Sheet Effect of Monetary Policy in a New Keynesian Framework®, Open Economies Review, vol.
26, no. 1, pp. 81-108.

Benigno, P 2009, ,,Price Stability with Imperfect Financial Integration®, Journal of Money, Credit
and Banking, vol. 41, no. s1, pp. 121-149.

Breitung, J, Briiggemann, R & Liitkepohl, H 2004, ,,Structural vector autoregressive modelling and
impulse responses®™, in H Liitkepohl & MKritzig (eds.), Applied Time Series Econometrics,
Cambridge, Cambridge University Press, pp. 159-196.

Castillo, C 2014, ,,Inflation Targeting and Exchange Rate Volatility Smoothing: A two-Target,
Two-Instrument Approach®, Economic Modelling, vol. 43, pp. 330-345.

Cespedes, LF, Chang, R & Velasco, A 2012, ,Financial Intermediation, Exchange Rates, and
Unconventional Policy in an Open Economy”, Working paper no. w18431.

Chaboud, A, Chernenko, S & Wright, J 2008, ,Trading Activity and Macroeconomic
Announcements in High-Frequency Exchange Rate Data“, Journal of the European Economic
Association, vol. 6, no. 2-3, pp. 589-596.

Clarida, RH & Waldman, D 2008, ,,Is Bad News About Inflation Good News for the Exchange
Rate? And, If So, Can That Tell Us Anything about the Conduct of Monetary Policy?”, in JY
Campbell (ed.) Asset Prices and Monetary Policy, Chicago, University of Chicago Press, pp. 371-
396.

Daude, C, Levy Yeyati, E & Nagengast, AJ 2016, ,,On the effectiveness of exchange rate
interventions in emerging markets®, Journal of International Money and Finance, vol. 64, no. C, pp.
239-261.

Disyatat, P & Galati, G 2007, ,,The effectiveness of foreign exchange intervention in emerging
market countries: Evidence from the Czech koruna®, Journal of International Money and Finance,
vol. 26, no. 3, pp. 383-402.

Domanski, D, Kohlscheen, E & Moreno, R 2016, ,,Foreign exchange market intervention in EMEs:
what has changed?*, BIS Quarterly Review, September, pp. 65-79.

Dornbusch, R & Fisher, S 1980, ,,Exchange rates and the Current Account”, American Economic
Review, vol. 70, no.5, pp. 960-971.

Efron, B &Tibshirani, RJ 1993, An Introduction to the Bootstrap, Chapman & Hall, New York.
Engel, C, Mark, NC & West, KD 2007, ,,Exchange Rate Models Are Not As Bad As You Think®,

in D Acemoglu, K Rogoff & M Woodford (eds.), NBER Macroeconomic Annual 2007, vol. 22,
NBER, University of Chicago Press, pp. 381-441.

Engel, C & West, KD 2006, ,,Taylor Rules and the Deutschemark-Dollar Real Exchange Rate™,
Journal of Money, Credit and Banking, vol. 38, no. 5, pp. 1175-1194.

Escudé, GJ 2013, ,,A DSGE model for a SOE with Systematic Interest and Foreign Exchange
policies in which policymakers exploit the risk premium for stabilization purposes®, Economics —
The Open-Access, Open-Assessment E-Journal, vol. 7, no. 30, pp. 1-110.

23



Faust, J, Rogers, JH, Wang, SYB & Wright, JH 2007, ,,The High-Frequency Response of Exchange
Rates and Interest Rates to Macroeconomic Announcements *, Journal of Monetary Economics, vol.
54, no. 4, pp. 1051-1068.

Ferraro, D, Rogoff, K & Rossi, B 2015, ,,Can oil prices forecast exchange rates? An empirical
analysis of the relationship between commodity prices and exchange rates®, Journal of International
Money and Finance, vol. 54, no. C, pp. 116-141.

Fratzscher, M 2009, ,,What Explains Global Exchange Rate Movements During the Financial
Crisis®, Journal of International Money and Finance, vol. 28, no.8, pp. 1390-1407.

Fratzscher, M, Goede, O, Menkhoff, L, Sarno, L, Stéhr, T 2015, ,,When Is Foreign Exchange
Intervention Effective? Evidence from 33 Countries®, Discussion Paper no. 1518.

Frankel, JA & Rose, AK 1995, ,Empirical Research on Nominal Exchange Rates™, in GM
Grossman & K Rogoff (eds.), Handbook of International Economics, vol. 3, North Holland,
Elsevier, pp. 1689-1729.

Gabaix, X & Maggiori, M 2015, ,,International Liquidity and Exchange Rate Dynamics®, The
Quarterly Journal of Economics, vol. 130, no. 3, pp. 1369-1420.

Guimaraes, RF & Karacadag, C 2004, ,,The empirics of foreign exchange intervention in emerging
market countries: The cases of Mexico and Turkey*, Working Paper no. 04/123.

Ghosh, AR, Ostry, JD & Chamon, M 2015, ,,Two Targets, Two Instruments: Monetary and
Exchange Rate Policies in Emerging Market Economies™, Journal of International Money and
Financevol. 60, pp. 172-196.

Hall, P 1992, The Bootstrap and Edgeworth Expansion, New York, Springer.

Karnaukh, N, Ranaldo, A & Séderlind, P 2015, ,,Understanding FX liquidity”, Review of Financial
Studies, vol. 28, no. 11, pp. 3073-108.

Kouri, PJK 1976, ,,The Exchange Rate and the Balance of Payments in the Short Run and in the
Long Run: A Monetary Approach®, Scandinavian Journal of Economics, vol. 78, no. 2, pp. 280—
304.

Liitkepohl, H & Kritzig, M 2004, Applied Time Series Econometrics, Cambridge, Cambridge
University Press.

Lubik, TA 2007, ,,Non-Stationarity and Instability in Small Open-Economy Models Even When
They Are “Closed™, Economic Quarterly, vol. 93, no. 4, pp. 393-412.

Mark, NC 2009, ,,Changing Monetary Policy Rules, Learning, and Real Exchange Rate Dynamics",
Journal of Money, Credit and Banking, vol. 41, no. 6, pp. 1047-1070.

Menkhoff, L 2013, ,,Foreign Exchange Intervention in Emerging Markets: A Survey of Empirical
Studies™, The World Economy, vol. 36, no. 9, pp. 1187-1208.

Meese, RA & Rogoff, K. (1983). ,,.Empirical exchange rate models of the seventies: Do they fit out
of sample?* Journal of International Economics, 14 (1-2), 3-24.

Rogoff, K 1996, ,,The Purchasing Power Parity Puzzle™, Journal of Economic Literature, vol. 34,
no. 2, pp. 647-668.

Rossi, B 2013, ,,Exchange Rate Predictability™, Journal of Economic Literature, vol. 51, no. 4, pp.
1063-1119.

Schmitt-Grohé, S & Uribe, M 2003, ,,Closing Small Open Economy Models*, Journal of
International Economics, vol. 61, no. 1, pp. 163-185.

Shulgin, A 2015, ,,Optimization of Simple Monetary Policy Rules on the Base of Estimated DSGE-
model*, Journal of the New Economic Association, vol. 26, no. 2, pp. 64-98.

Shulgin, A 2017, ,,Two-Dimensional Monetary Policy Shocks in DSGE-Model Estimated for
Russia®, Journal of the New Economic Association, vol. 33, no. 1, pp. 75-115.

Appendix A. Linearized model resolving

Let us bring all linearized equations of the model together and complete the system by

equations which allow relating model with observable series:
24



f =A(ES.,-S,), (A1)

f, =55, +27, + X + }/ﬂ f, (A2)
Xt = px Xt—l + gx,t ! px € (O! 1) (A3)
Z, = é:]t £e(0,1) (A4)
I'[ = (1_§)Itfl+l//g|+yt_N +Zg|*'t_2 ! W’Z € (0’ 1) (A5)
APogii+ = Eoirt (A6)
1 - o~
Ast = _gApou,t + St - St—l (A7)
St = St—l EXP (Ast) ) (A8)

where As, and Apg,, are logarithmic differences in exchange rate and oil price,
respectively; equation (A6) follows from the random walk process for oil prices (7); equation (A7)
follows from the definitions of S~t and S, made above. Equations (A6) and (A7) allow introducing
observable variables in the models while the equation (A8) lets accounting cumulated changes in
foreign exchange rate. Variable S~t is forward-looking; f,, X, l,, are state variables; z, is static

variable; €y, €ois €., €, are exogenous shocks.

17t

Substituting §t from (A2) into the (A1) formulates forward looking expression for f,:

ft = /’l‘:Et ft+1 +}/ﬂ* f'[—l + (1_px)xt +é:2|t _§(W8|+‘t_N+1 +Z8|,t—lj| ’ (Ag)
1 1
where M= ? < E .
2+ + _e
A

Characteristic polynomial for (A9) is:

WZ—Y+7*=O, (A10)
p
with polynomial roots:
- - 2
y,, =1+0.5 é+1_€ + /|05 é+1_{)) 2 (A11)
‘ A p A p A

The roots in (All) satisfy Blanchard-Kahn condition because the root vy, €(0,1)
corresponds to the stable solution for f, while the root y, >1 means that the solution for §t is

unique.
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Solution could be found by the undefined coefficients method:
fo=kefootkox +kl+ke. +k.e. +...+k +kyg. +koe (A12)

1771 -1 NlIIN+1 0 1T 71t-1?

where k,, k,, k, k.. k,-, k. are coefficients which could be found after substitution of

X1 ' No- 0

the (A12) into the (A9):

Utk oy =4 (A13)
A=K )k, = K, oy + u-p,) (A14)
(1 2k )k, = gk (1= &) + & (A15)
(L gk )k, = gk . i=0,N-2 (A16)
A=Kk =y (k =9) (A17)
(- K )k, = gk (A18)
Ak )k = pz(k =) (A19)
The quadratic equation for k, (A13) corresponds to the characteristic polynomial (A9) with
stable root:

k. =y, :1+0.5@+1;}§*J \/(o 5@ 1ﬂﬂ B S € (0,1 (A20)
Other coefficients are:

‘= % €(0,1) (A21)
Kk, = 1—;1(12{1—5) €(0,1) Kk, < (0, &) (A22)
Kypo =0k B (k =&) Ky <O (A23)
kk—l= kflﬂ* >1 i=1..,N-1 (A24)
k. =2k B (k —&) k. <O (A25)
'k%: kflﬂ 51 (A26)

Expressing §t from (A2) gives the solution for exchange rate dynamics:

§t = }g‘( f, _}I/B* fo =&l — Xt] (A27)
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Impulse response functions on balance of payments shock
Let us assume one st.d. balance of payments shock happens at period t=0: ¢, , = o, while

other shocks are zeros.

The solution for f, could be simplified as:

fo =k, f +K.X (A28)
Xi = PyXig T &4

Getting rid x, of (A28) gives the AR(2) process for f, with stable roots k; and p,:
f -k DA-p,L) =k,z,,, (A29)
where L is the lag operator.

If k;+p,>1 IRF of financier’s long position in foreign currency f, on balance of
payments shock ¢, ; will be a humped function.

Substituting (A29) into (A27) lets representing impulse-response function of S~t as minimal

and causal ARMA(2,1) process:
S0k - p.) = H{1-k (k)L s (A30)

where AR roots are the same as in the (A29); MA root is K p, .

Graphical representation of IRFs is shown on Fig. Al.
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Fig. Al. Impulse-response functions on the balance of payments shock ¢&,, =0, calculated for
parameters: 6 =2.632, 1=25.65, p, =0.9508, B =0.9998, n=0.475, k, =0.727, k =0.1157,
o, =0.0353.

Impulse response functions on positive sterilized intervention shock
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Assume one st.d. positive sterilized intervention shock happens at period t=0: &. =o,.

while other shocks are zeros. The solution for f, could be rewritten as:

N-1
f =k f. +kl+>k.e. .
t fle-1 T Ml JZO PO (A31)

It = (1_§)It—1 +l//g|*,th
The system (A31) can be contingently divided into two subperiods: before and after the

moment of actual foreign currency supply increase.
The first one characterizes forward-looking solution in presence of future anticipated foreign

currency supply change. It covers periods t =0, N -1 when there is no actual foreign currency

supply increase but households anticipate it and forecast exchange rate appreciation at period t+N.

As a result of their forward-looking behaviour both f, and §t for t=0, N -1 react on the shock

€,.,- Taking into consideration (A23) and (A24) the system (A31) for the first N-1 periods can be

rewritten as:

ft = kf ft—l +0
. ) , fort=0,N-1 A3
%=y btk s ~
f

where g, is the contribution of forward-looking behaviour of households into the dynamics

of f,. The system (A32) diverges because it can be rewritten as an AR(2) process for f, with one

unstable root ! —>1:
k¢S
fL@-k, LA 1ﬁ* L) =p(E-k)k Bz, (A33)

f
ARMA(2,1) process for exchange rate also diverges:

~ 1 N
Y Fw €k A A=Y,

f

(A34)

>1: MA root is }/ >1.
B

where AR roots are k; and -
K¢ f3

There is no expected foreign currency supply increase in the second subperiod t=N,
hence the system becomes stable and its behaviour is close to the case of balance of payments
shock. The system (A31) for periods t = N, oo reduces to:

o=kt for t=N,m (A35)

It = (1_ é:)lt—l + W€| *t-N
28



The system (A35) can be rewritten as AR(2) process for f, with stable roots k; and 1-¢&:

fld—kL)A-A-L) =kye (A36)

1" t-N
Substituting (A36) into the (A27) allows finding solution for S~t as minimal and causal

ARMA(2,1) process:
S0k DA-@-90) = F{ 6k + (- (A37)

where AR roots are k; and 1-¢&; MAroot is k; (1-¢).

Graphical representation of IRFs derived above is shown on the Fig. A2.
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Fig. A2. Impulse-response functions on the positive sterilized intervention shock & . =0,

calculated for parameters: N =8, §=2.632, 1=2565, £=0.984, S =0.9998, . =0.475,
k; =0.727, k, =0.712, o,. =0.919.

In the first subperiod t < N exchange rate §t and financier’s position in foreign currency f,
correlate positively because expected appreciation of home currency stimulates financer to invest in
home assets. In the second subperiod t > N §t and f, correlate negatively as in the case of balance

of payment shock because returning back to the equilibrium after the positive foreign currency

supply shock results in home currency depreciation stimulating foreign assets acquisition.
Appendix B. Results of the model estimation

Tab. Al. Results of ML estimation of the model with different delays N

Parameter N =5 N=6 N=7 N =8 N=9

Name Mode Mode Mode Mode Mode
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(std.dev.) (std.dev.) (std.dev.) (std.dev.) (std.dev.)
(e ) Standard deviation of the 0.0229 0.0229 0.0229 0.0229 0.0229
OLt7 oil price shock (0.0007) (0.0007)  (0.0007)  (0.0007)  (0.0007)
) Standard deviation of the 0.0345 0.0335 0.0347 0.0353 0.0381
ole
Xt Eﬁ(’ﬂce of payments (0.0026)  (0.0023)  (0.0024)  (0.0025)  (0.0039)
( ) Standard deviation of 0.9191 0.9191 0.9191 0.9191 0.9191
ole L o
It positive sterilized
intervention shock (0.0263) (0.0263)  (0.0263)  (0.0263)  (0.0263)
( ) Standard deviation of 0.4908 0.4908 0.4908 0.4908 0.4908
o\&,- negative sterilized
17t
intervention shock (0.0140) (0.0140)  (0.0140)  (0.0140)  (0.0140)
AR(1) coefficient of 0.9534 0.9556 0.9539 0.9508 0.9433
Px gﬁ(')i“kce of payments (0.0152)  (0.0134)  (0.0140)  (0.0145)  (0.0186)
Elasticity of the
s substitution of home 2.597 2.605 2.635 2.6322 2.6059
non-tradable goods and (0.141) (0.141) (0.144) (0.143) (0.142)
foreign tradable goods
Coefficient which 16.72 11.59 19.05 25.65 47.45
A characterize risk bearing
capacity of financier. (9.54) (6.27) (7.15) (9.07) (25.21)
Share of disposable
¢ currency volume spent 0.1234 0.289 0.521 0.984 1.507
on the forex in current (0.0619) (0.113) (0.115) (0.158) (0.141)
period.
Supplied in the forex
v share of foreign currency 0.1185 0.1047 0.0994 0.0993 0.0561
volume distributed (0.0523) (0.0311)  (0.0275)  (0.0276)  (0.0250)
through the repo auctions
Demanded from the
forex share of foreign 0.0220 -0.0048 -0.0065 -0.0096 0.0016
X currency volume needed
to pay off repo auction (0.0576) (0.0310)  (0.0220) (0.170) (0.0178)
debts
Maximized likelihood 2023.50 2028.85 2030.23 2034.18 2025.69

Tab. A2. Results of Markov Chain Monte-Carlo method with Metropolis-Hastings algorithm

Parameter

Mode

Std. dev

(Hessian)

Mean

5%

95%
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o(sy,,) Standarddeviationofthe 00229 ~ 0.0007  0.0230  0.0219  0.0241
B oil price shock

Standard deviation of the
J(gx't) balance of payments 0.0354 0.0025 0.0366 0.0321 0.0413

shock

Standard deviation of
O'(gm) positive sterilized 0.9191 0.0262 0.9213 0.8772 0.9656

intervention shock

Standard deviation of

intervention shock

AR(1) coefficient of

shock

Elasticity of the

S substitution of home 2.6395 01431 26815 24190  2,9186
non-tradable goods and

foreign tradable goods

Coefficient which
ﬂ( characterize risk bearing 2591 911 2949 1299 4544

capacity of financier.

Share of disposable

& currency V°|l_1me spent 0.9786 0.1585 0.8653 0.7227 1.0000
on the forex in current

period.

Supplied in the forex

v share of foreign currency  0,0994 ~ 0.0275  0.1065  0.0598  0.1504
volume distributed
through the repo auctions

Demanded from the

forex share of foreign .
X currency volume needed 0

to pay off repo auction

debts

,6'* Foreign discount factor 0.9998 B B } -

Notes:* The parameter is not estimated because for stable work of MCMCMH algorithm the
likelihood function should be concave enough w.r.t. the parameter.

Appendix C. Results of vector errors correction model (VECM)

estimation

The VECM model is estimated on the same daily dataset from 6 November 2014 to 20 April
2017. All calculations are made in JMulti software (Lutkepohl and Kratzig, 2004) where | use next
setup of the VECM:
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y . 20
Ay, =alx 77]{ ! 1}+ZFjAyH +U, (A38)

(A39)

where y, =[s, cg. Ceg_, Poi.] isthe vector of four observable endogenous variables;

t t

ce,., and ce  are cumulated positive and negative sterilized intervention shocks, respectively; o

iIs the loading coefficients vector; [« 7] are coefficients in cointegration vector Btl} , I'; are 4x4

parameter matrices; u, is four-dimensional unobservable zero mean white noise processes; B is the

matrix of contemporaneous effects of structural shocks e, .

To include log of oil price p , in cointegration vector | treat it as endogenous variable, but
also | set corresponding restrictions on coefficients in I';, a and x to estimate it as exogenous
random walk process. I don’t include sterilized interventions variables cg ., and Ce  in the

cointegration equation and set corresponding restrictions on « and « .

VECM is estimated with 20 lags by two stage procedure: at the first stage simple two stage

(S2S) estimation allows imposing restrictions on cointegration vector; at the second stage

generalized least of squares (GLS) method is used to take into account restrictions on « and T,

(Lutkepohl and Kratzig, 2004).

Estimated on the first stage cointegration vector is:

Yia | _ _
[x 77]{1 }—stﬁcgéggeg Poua ~5.773, (A40)
[9.403] [-33.09]

where numbers in parenthesis are standard deviations; numbers in squared brackets are t-

values.

Result of estimation on the second stage is represented in the Tab. A3.

Tab. A3. Estimation of loading coefficients « and parameter matrices I',

ASt 8|+ 8|* ApO",t

t
o -0.049
(0.014)
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APoit 14

APgit 7

AS, 4

-8

-0.0740
(0.0408)
-0.0016
(0.0006)
0.0000
(0.0011)
-0.0837
(0.0268)
0.0456
(0.0410)
0.0021
(0.0006)
0.0004
(0.0011)
0.0577
(0.0279)
-0.0017
(0.0405)
0.0016
(0.0006)
0.0001
(0.0011)
0.0042
(0.0280)
0.0259
(0.0404)
-0.0048
(0.0006)
0.0002
(0.0011)
0.0366
(0.0279)
-0.0178
(0.0403)
0.0002
(0.0006)
0.0001
(0.0011)
0.0013
(0.0276)
-0.0220
(0.0404)
-0.0007
(0.0007)
-0.0014
(0.0011)
-0.0011
(0.0275)
-0.0847
(0.0405)
-0.0027
(0.0007)
-0.0014
(0.0011)
-0.0022
(0.0273)
0.0654
(0.0408)
-0.0014
(0.0007)

-0.6514
(2.7483)
-0.0871
(0.0411)
0.0553
(0.0752)
-0.5071
(1.8146)
0.3891
(2.7703)
0.0266
(0.0415)
0.0069
(0.0744)
0.2518
(1.8986)
-1.5178
(2.7268)
0.0648
(0.0418)
-0.0508
(0.0730)
-0.3095
(1.8971)
1.4307
(2.7217)
0.1346
(0.0419)
-0.0116
(0.0728)
0.7891
(1.8938)
-6.2125
(2.7220)
0.2642
(0.0445)
-0.0606
(0.0728)
-3.0725
(1.8712)
9.7974
(2.7312)
0.0653
(0.0455)
-0.0564
(0.0765)
1.1871
(1.8652)
9.0883
(2.7477)
-0.0237
(0.0456)
-0.0103
(0.0759)
2.9817
(1.8590)
1.1637
(2.7766)
-0.0107
(0.0461)

1.2885
(1.4946)
0.0030
(0.0224)
-0.0439
(0.0409)
12111
(0.9868)
-0.8902
(1.5066)
0.0248
(0.0226)
-0.0124
(0.0405)
-1.1605
(1.0325)
2.4419
(1.4829)
0.0249
(0.0227)
-0.0242
(0.0397)
1.0551
(1.0317)
-0.3986
(1.4799)
0.0332
(0.0228)
0.0512
(0.0396)
0.4519
(1.0299)
-3.5625
(1.4803)
-0.0103
(0.0242)
0.3165
(0.0396)
-1.0594
(1.0176)
0.7320
(1.4853)
-0.0234
(0.0248)
0.0563
(0.0416)
-0.2601
(1.0144)
1.4772
(1.4942)
0.0160
(0.0248)
0.0174
(0.0413)
-0.4305
(1.0110)
0.5208
(1.5100)
-0.0170
(0.0251)
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APoi 19
AS, 44

8I+,t—10

gl ~,t-10

APoi t-10
AS,

gl",t—ll

8I’,t—1l

APoir ¢-11
AS, 4,
gl* =12
gl “t-12
AP 112
AS_3

€\ 13
€\~ a3
APoir 113
A

gl t-14

gl “,t-14
APy 114
AS s

&\ to1s

£

17,t-15

APoii 15
AS, 45

0.0018
(0.0011)
0.0047
(0.0272)
-0.1132
(0.0408)
0.0008
(0.0007)
-0.0018
(0.0011)
-0.0364
(0.0274)
0.1635
(0.0408)
0.0005
(0.0007)
-0.0009
(0.0011)
0.0198
(0.0273)
0.0630
(0.0413)
0.0020
(0.0007)
0.0006
(0.0011)
0.0060
(0.0274)
0.1045
(0.0413)
0.0004
(0.0007)
-0.0001
(0.0011)
0.0340
(0.0274)
-0.0117
(0.0414)
0.0006
(0.0007)
0.0005
(0.0011)
-0.0336
(0.0273)
0.0322
(0.0404)
0.0004
(0.0007)
-0.0004
(0.0011)
-0.0656
(0.0268)
0.0252
(0.0402)
0.0014
(0.0007)
0.0001
(0.0011)
0.0469
(0.0268)

-0.0302

0.0438
(0.0760)
1.4493
(1.8514)
6.0974
(2.7620)
0.2270
(0.0459)
-0.0312
(0.0760)
0.1451
(1.8597)
8.3899
(2.7791)
0.0795
(0.0479)
-0.0274
(0.0761)
2.0900
(1.8637)
-4.2199
(2.7904)
-0.0145
(0.0476)
0.0279
(0.0758)
-0.7231
(1.8631)
5.3361
(2.7993)
-0.1071
(0.0476)
0.0143
(0.0743)
0.4989
(1.8635)
5.1654
(2.8033)
0.0003
(0.0476)
0.0048
(0.0741)
0.9505
(1.8555)
1.1757
(2.7481)
-0.0774
(0.0473)
0.0404
(0.0740)
-0.2517
(1.8266)
-3.8652
(2.7342)
-0.0588
(0.0470)
-0.1780
(0.0739)
-0.4605
(1.8357)

1.8799

0.0362
(0.0414)
1.2876
(1.0068)
0.2275
(1.5020)
-0.1215
(0.0249)
-0.0254
(0.0414)
0.4657
(1.0114)
0.0676
(1.5114)
-0.0082
(0.0260)
0.1491
(0.0414)
-0.4296
(1.0135)
-1.5787
(1.5175)
-0.0241
(0.0259)
0.0005
(0.0412)
-0.2929
(1.0132)
-2.4641
(1.5223)
-0.0211
(0.0259)
-0.0025
(0.0404)
0.3817
(1.0134)
-0.9601
(1.5245)
0.0069
(0.0259)
-0.0004
(0.0403)
-0.6586
(1.0090)
-2.4379
(1.4945)
0.0842
(0.0257)
-0.0219
(0.0403)
-1.1680
(0.9933)
-0.5102
(1.4869)
0.0644
(0.0255)
-0.0555
(0.0402)
0.4933
(0.9983)

-1.5503
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gl*,t—lﬁ

gl ~t-16
APoirt16
AS, 7

8I =17

€\~ 17
APoii 17
AS, 15

gl*,t—18

EI “,t-18

APoirt18
AS, 1

8I*,t—19

gl T,t-19

APoii 10
AS, 5

gl *t-20

EI ~,t-20

APoii t-20

(0.0402)
0.0004
(0.0007)
0.0004
(0.0010)
-0.0147
(0.0269)
0.0624
(0.0392)
0.0003
(0.0006)
0.0012
(0.0010)
-0.0075
(0.0269)
0.1308
(0.0392)
-0.0006
(0.0006)
-0.0008
(0.0010)
0.0898
(0.0269)
0.0395
(0.0383)
0.0001
(0.0006)
0.0006
(0.0010)
-0.0059
(0.0270)
0.0154
(0.0379)
-0.0003
(0.0006)
0.0007
(0.0010)
-0.0040
(0.0266)

(2.7365)
0.0397
(0.0447)
0.0066
(0.0719)
2.5081
(1.8380)
1.3211
(2.6732)
0.0730
(0.0445)
-0.0379
(0.0720)
2.5347
(1.8366)
0.6269
(2.6627)
-0.0815
(0.0441)
-0.0013
(0.0720)
-0.9259
(1.8423)
-1.7079
(2.5999)
-0.0051
(0.0442)
0.0314
(0.0720)
-0.7065
(1.8468)
0.3872
(2.5776)
0.0269
(0.0440)
-0.0786
(0.0721)
-0.7394
(1.8137)

(1.4882)
0.0226
(0.0243)
-0.0225
(0.0391)
-2.4861
(0.9995)
2.8232
(1.4538)
-0.0003
(0.0242)
0.0058
(0.0392)
2.2576
(0.9988)
4.4752
(1.4480)
-0.0766
(0.0240)
-0.0062
(0.0392)
0.1220
(1.0019)
-1.0446
(1.4139)
-0.0748
(0.0241)
0.0478
(0.0392)
-1.9435
(1.0044)
0.8970
(1.4017)
-0.0379
(0.0239)
0.0119
(0.0392)
-0.4832
(0.9863)

The structural equation (A39) is estimated by maximum likelihood method (Breitung,

Briiggemann, and Liitkepohl, 2004). Standard errors (put in parenthesis) are bootstrapped. Setting

restrictions on coefficients of B matrix | assume that innovations in all endogenous can influence

foreign exchange rate within the same working day, while other three endogenous can’t influence

each other in the same period. Assumptions made above define over-identifying system and their

validity has to be checked. The results are represented in Tab. A3.

Tab. A4. Results of B matrix estimation

Ast 8I*,t gl‘,t ApOiI,t
As, 0.0113 0.0010 0.0004 -0.0076
(0.0100) (0.0007) (0.0005) (0.0005)
[11.09] [1.43] [0.88] [-14.56]
e 0.7804
It i (0.1300) i i
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[6.00]

c 0.4244
It - - (0.0567) -
[7.49]
AD.. 0.0230
Poi, - - - (0.0009)
[25.14]

Here the VECM is over-identified with 3 degrees of freedom. LR test of over-identifying restrictions

can’t reject the validity of the constraints imposed ( 7*(3) = 2.718, prob. = 0.437).

Impulse-response functions
Impulse-response functions are shown on Fig, A3.

95% confidence intervals in VECM are bootstrapped by two methods: Hall algorithm (Hall, 1992)
and Efron algorithm (Efron and Tibshirani, 1993).
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Fig. A3. IRFs of exchange rate S, (left part) and cumulated positive ce . and negative ce _,

(right part) sterilized interventions on positive sterilized intervention shock ¢ . in VECM with

95% confidence intervals bootstrapped by Efron algorithm (Efrinf and Efr sup) and Hall algorithm
(Hall inf and Hall sup)
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Fig. A4. IRFs of exchange rate S, (left part) and cumulated positive ce . . and negative ce

(right part) sterilized interventions on negative sterilized intervention shock ¢, in VECM.
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Fig. A5. IRFs of exchange rate S, (left part) and cumulated positive ce. (right part)
sterilized interventions on exchange rate structural shock in VECM.
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Fig. A6. IRFs of exchange rate S, sterilized interventions on oil price shock in VECM.
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