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Introduction?

Preparations to introduce inflation targeting regime (IT) are being made in the Bank of Russia, in-
cluding efforts to build a forecasting and monetary policy analysis system and specifically, a mone-
tary policy transmission model as its key element. The model is an ad hoc dynamic stochastic gen-
eral equilibrium (DSGE) one. Similar models play a role of working horses in many inflation
targeting central banks in their decision-making processes.

In these models macroeconomic variables are represented as a difference between their actual and equi-
librium levels, i.e. as gaps. Such an approach is based on a treatment, generally adopted by modern ma-
croeconomics, of equilibrium levels as inflation neutral, i.e. non-accelerating or non-decelerating infla-
tion relative to its target level. For instance, if inflation is above its target, that can be viewed as a result
of excess demand measured by positive output gap, which in turn can be an outcome of loose monetary
conditions (when interest and exchange rates3 are below their equilibrium levels).

But, while inflation target is explicitly set by monetary authorities, other macroeconomic variables’ equi-
librium levels are unobservable and hence are subject to estimation. Thus estimation procedures be-
come crucial as unobservable variables paths play a key role in setting a model’s dynamics which is es-
sential for making projections and thus — for decision-making process in a central bank.

Within DSGE models unobservables’ paths are estimated by multivariate Kalman filter techniques,
and they are model-dependent. At a forecasting horizon the equilibrium paths depend also on ex-
ogenously set steady-state parameters, to which an economy converges theoretically and by the
model set-up. Thus these parameters are very important for forecasts, but their choice is a separate
problem which won’t be covered here.

The paper presents estimates of key macroeconomic unobservable variables for Russia in 2000 — 2007
within a preliminary version of Russian monetary transmission model. The chosen period covers more
or less homogeneous processes in the economy and its choice was also driven by data availability.

The paper’s structure is as follows. Section 1 discusses specific features of the model as they are crucial
for results of assessing unobservable variables. Section 2 studies whether the estimated unobservables’
paths are consistent with Russian economic developments in 2000 — 2007. Section 3 provides a com-
parison of the model’s unobservables’ assessments with those obtained by using other methods.

The general conclusion is made regarding consistency of the model unobservables’ estimates for
making projections.

1 Bank of Russia.

2 Arguments and conclusions presented in the paper reflect the authors’ own opinion and do not necessarily represent the
point of view of the Bank of Russia.

3 Measured as price of a unit of national currency.
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1. Brief description of the Quarterly Projection Model [QPM) of the Bank of
Russia'

The model is being built in Research and Information Department of the Bank of Russia since 2007
with the IMF technical assistance. Its basic element is a so called small ad hoc transmission model
based on New Keynesian theoretical backgrounds. Such models are widely used by inflation target-
ing central banks. The essence of the model is represented by four behavioral equations describing:

— aggregate demand (IS curve);

— aggregate supply (expectations-augmented New Keynesian Phillips curve);

— arbitrage condition in an open economy (uncovered interest parity condition);
— monetary policy rule (reaction function).

The outstanding feature of this kind of models is the presence of the reaction function which re-
flects the monetary policy active role in changing monetary conditions in an open economy to affect
aggregate demand and supply in order to bring inflation to target. Therefore main efforts in build-
ing the country-specific version of a baseline standard model have been concentrated on capturing
specific features of Russian transmission mechanism. Its ongoing development accompanied by
structural changes in the economy makes the task even more complicated.

1.1. Monetary policy transmission mechanism (TM)

The QPM reflects main monetary transmission channels. In the traditional classification there are
four of those: exchange rate, interest rate, credit and expectations channels.

Interest rate channel is represented by a link between interbank rates (levels of which are influ-
enced by monetary authorities actions) and bank loan rates which affect aggregate demand stance
reflected by output gap.

Exchange rate channel describes a direct exchange-rate pass-through on inflation (via imported goods
price inflation), as well as indirect effects of changes in an exchange rate on aggregate demand.

Expectations channel is reflected by lags and leads in each of the behavioural equations.

Credit channel, which is tightly interconnected with the interest rate one, isn’t formally included into the
model. Though a quantity variable (i.e. money or credit aggregates) is absent, there is an implicit linkage
between nominal monetary and macroeconomic variables. It's provided by an interest rate, which
represents the cost of money and, as implied by theory, determines quantity of money in the economy.
Nowadays the link between the interest rate and quantity of money is rather weak in Russia, but the
evidence of growing importance of the interest rate channel, along with real interest rates becoming pos-
itive, will ensure an increasing role of the link. In general we believe that monetary conditions in Rus-
sian economy are reasonably well described by exchange and interest rates.

In recent years the dominant TM channel in Russia was the exchange rate one, reducing the role of
interest rate channel which is usually considered to play the major role within the New Keynesian
TM modelling framework. In contrast to the traditional mechanism where changes in exchange rate
are induced by interest rates in Russian economy the process is reversed — interest rates were af-
fected by the exchange rate dynamics under the regime of managed floating of ruble relative to a
bicurrency basket (since 2005; to US$ — before) 2.

1 Preliminary version.

2 “The Bank of Russia in 2006 continued to use the ruble value of the bicurrency basket, comprised of the dollar and the
euro, as an operational benchmark when conducting currency interventions. This allowed it to flexibly and sensibly respond



The policy was aimed at restraining real ruble appreciation driven by fundamental factors in order
to support domestic competitivenesst. The main of those fundamentals were a constant rise in
world prices of commodities (primarily oil) which constitute a major part of Russian exports, as
well as increase in productivity in the country’s tradable sector exceeding that in trade partners
(Balassa-Samuelson effect)2. Restraining real ruble appreciation was achieved through controlling
nominal exchange rate movements in presence of price rigidities. This lead to short-term slowing
down in real appreciation rates and, equivalently, to additional, “unearned” nominal revenues by
commodities exporters. Thus an additional nominal demand was created which was not compatible
with the economy’s capacity to match it by increase in production, which lead to accelerating infla-
tions. This in turn resulted in speeding up real appreciation rate to the fundamental level.

Within the framework of the tough managed floating regime, there was little room for conducting
monetary policy by changing interest rates. For instance, increase in interest rates would mean wi-
dening interest-rates differential and thus an undesirable capital inflow (with capital flows being
increasingly deregulated). One more factor of the cautious approach to managing interest rates was
a desire to maintain the banking sector stability. Besides, until recently the monetary policy opera-
tional procedure was based on regulating base money and foreign exchange market interventions
aimed at maintaining stable nominal value of a bicurrency basket, which per se made an effective
interest rate policy impossible. It should be also mentioned that a weakness of interest rate trans-
mission channel was inevitable in a situation of underdeveloped financial markets in Russia and
their high segmentation. Thus the Bank of Russia had to use a set of instruments with distinct rate
for each rather than a universal one which meant an absence of a base rate.

In general, given the policy of rather tough managed floating and liberalising capital flows completed by
the middle of 2006, it was practically impossible to conduct monetary policy, at least the one aimed at
bringing inflation to target and anchoring inflation expectations in the medium and long-runs.

Nevertheless positive current account balance has been steadily decreasing, capital inflows have
been moderating since the second half of 2007, hence pressures towards ruble appreciation have
been weakening. So conducting an independent interest rates policy is becoming more and more
feasible. Ongoing changes in forming market liquidity signal about a growing importance of the
domestic sources of the banking system’s refinancing and consequently, of the Bank’s of Russia
lending rates, first of all, of a REPO rate.

These developments as well as the Bank’s intention to gradually proceed to a more free floating
(and, respectively, to diminish interventions at the forex market) and thus to managing interest
rates, allowed us to specify an interest rate as a policy instrument in monetary policy rule. The
choice of a reaction function (i.e. monetary policy rule) was one of the most essential problems in
building the model. A compromise should be achieved between the current and a future stance of

to the euro/dollar fluctuations in implementing its exchange rate policy, and to cushion the fluctuations in the nominal ef-
fective rate of the ruble.” The Bank of Russia. Annual 2006 Report., p.57. —
http://www.cbr.ru/eng/today/annual report/ar 2006 _en.pdf

1 “The main task for the Bank of Russia in containing the ruble’s growth caused by fundamental economic factors was to let
domestic producers adapt to the changing conditions of competition.” — The Bank of Russia. Annual 2006 Report., p.57 —

http://www.cbr.ru/eng/today/annual report/ar 2006 en.pdf

2 For assessments of factors of ruble real equilibrium appreciation see: K.A. Sosunov, A.V. Shumilov. Assessing Russian
ruble real exchange rate.// Economics Journal of HSE. Vol.g N22, 2005; Spatafora N., Stavrev E. The Equilibrium Real Ex-
change Rate in a Commodity Exporting Country: The Case of Russia. // IMF Working Paper No. 03/93

3 In terms of money supply the same process can be described as an injection of excess liquidity to the economy via foreign
exchange interventions by the Bank of Russia in order to constrain nominal ruble appreciation.

4 This is a well known in international economic hypothesis if ‘impossible trinity’ saying that it is impossible to have all three
of the following at the same time: a fixed exchange rate, free capital movement and an independent monetary policy; a coun-
try must pick two out of three.
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the transmission mechanism in Russia. According to international practices an interbank interest
rate has been chosen as a policy rate in the current version of the model, presuming that it is (or
will be) being affected by the Bank of Russia’s operations. This choice was also affected by an ab-
sence of a single base rate of the Bank.

Exchange rate in the model is represented by the bicurrency basket ruble exchange rate (composed
of US$ with the current share of 0.55 and euro) which plays the role of the operational target of the
Bank’s of Russia exchange rate policy.

Along with the monetary policy rule specification, essential features of Russian TM and economy
were captured by the model’s parametrization!. Among them are the following:

— moderate (not aggressive) monetary policy reaction to deviations of a projected inflation
from target and smoothing out the dynamics of interest rates;

— weak linkages between policy (here — money market) interest rate and banking system in-
terest rates;

— high inertia in economic processes (GDP dynamics, inflation) responsible for a long period
of convergence to a steady state;

— low interest-rates elasticity of output;

— higher exchange-rate elasticity of output;

— moderate exchange rate to inflation pass-through.

In general, the essential part of the model can be summarized by four equations supplemented with
necessary identities and exogenous processes.
1.2. Equations

1.2.1. Basic equations

Phillips curve:

C 1
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IS curve:
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Monetary policy rule:
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1.2.2. EXogenous processes

Inflation target:
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1 According to international practices calibration was used to assign parameters to the model. This method is considered to
be the best choice at the current stage of the model building, taking into account a limited ability to use statistical and eco-
nometric methods coming from short time series, active structural changes in the economy, evolution on monetary policy
regime. Besides, certain parameters are not subject to estimation. Estimates derived from VAR-models of Russian monetary
transmission and from other empirical approaches were taken into consideration.
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1.2.3. Identities
Year-on year inflation:
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Real interest rate on banks loans:

market market

v, =rs, 74, .
Nominal exchange rate depreciation:
Als, =4- (ls, —ls,,]).
Nominal equilibrium exchange rate depreciation in 2 quarters:
AIsY =7, +m,, — " —x +2- Az

Real exchange rate:
Iz, =lz, , + (Alsl -, + ﬁifb’)/4.
Real equilibrium exchange rate:
24 =1z + Az /4.,
Real exchange rate gap:
[z5% =1z, - I .

Foreign real interest rate:

r};‘f or = rs,ﬁ’r - 7[;{3’ .
1.2.4. Notations
X, — value of domestic variable x in period t
x,,  — steady state value of x
x*  — equilibrium value of x in period t
Ax, — annualized % change in x since time period t—1to t
x*” - difference between actual and equilibrium values of x in period ¢
#r  — value of a foreign variable x in period ¢

Basic country-specific parameters of the model are given in Table 1.

Paths of potential output, real equilibrium ruble exchange rate to bicurrency basket, real interest
rate on loans were obtained within this model framework. Besides, for the period of 2000 — 2005 a
target path was also estimated by Kalman filter as an unobservable. The reasons were as follows.

De-jure the government and the Bank of Russia set an inflation goal for each forthcoming year. It’s
important to stress that under tight managing of an exchange rate its level is actually predeter-
mined by changes in real equilibrium exchange rate and inflation in trade partners. But this wasn’t
taken into account while assigning the goal. More than that, as it was already mentioned de-facto
tight managed floating made achievement of inflation target impossible. In such a situation the
Bank of Russia made hard efforts to resolve this difficult trade-off between targeting exchange rate
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Based on these two circumstances, the historical inflation target path was set as a random walk
meaning that de-facto it was absent in the IT framework sense. For the years of 2006 — 2007 infla-
tion goals declared in the relevant annual “Guidelines for the Single State Monetary Policy” were
used. This rather artificial design aimed at making the target path to converge smoothly to its fu-
ture values which are presumed to be set under the modelled IT regime. It’s worth mentioning that
inflation target path is crucial for all unobservable variables as well as for making projections be-
cause equilibrium values are defined as inflation neutral, i.e. consistent with targeted inflation.
Thus one should be careful in interpreting the model’s results for 2006 — 2007 given the above
mentioned assumptions.

Table 1: Major parameters of the small ad hoc Russia’s monetary transmission model

Economic sense/ Interval given by
Equation Parameter Characteristics of the value Value international prac-
adopted for Russia tices
a1s Forward-looking component (rational-
Phillips curve & ity) of expectations / Moderate 045 fromoto1
Phillips curve a, Inflation inertia / Relatively high 0,45
Phillips curve — Exchange rate elasticity of inflation 01

(pass-through effect) / Low

Output gap elasticity of inflation (ef-
Phillips curve a; fect of demand stance on inflation, 0,23 from 0,25 to 0,5!
sacrifice ratio) / Low

IS curve ,32 Output gap inertia / Low 0,3 from 0,5 t0 0,9

Effect of monetary conditions (on the

IS curve 5 part of interest rate) on output gap 0,1
(excess demand /supply) / Low
Effect of monetary conditions (on the in sum from 0,1 t0 0,3
part of exchange rate) on output gap
IS curve B (excess demand /supply) / Somewhat 0,2
higher than that of interest rate
i\i[l(l):etary policy ¥4 Smoothing of policy rate / Moderate 0,4
Nominal interest & Loan rate inertia / High 0,7
rate on bank
loans .
1-¢& Dependence of loan rate on policy 03

interest rate / Low

1 The intervals are very approximate and might change dependent on a model specification.
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1.3. Estimates of the key unohservable variahles
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Figure 1: Implicit inflation target
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Figure 3b: Real ruble exchange rate gap
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Figure 4a: Actual and equillibrium real bank loans interest rate
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Figure 4b: Real bank loans interest rate gap

2. Consistency of the story told by the unohservahle variahles with stylized
facts of Russian economy in 2000-2007

The main means to judge whether unobservables’ paths obtained within a model are “right” or ac-
ceptable is to check whether a story told by them suits well actual macroeconomic processes and
monetary policy stance at a qualitative level.

Nevertheless it’s difficult to interpret historical results of the model describing an active role of
monetary policy in bringing inflation to target in the Russian case, because IT wasn’t in place.
Therefore we concentrated our judgements on general macroeconomic story.

The key feature of Russian economic developments after 1998 financial crisis was rather rapid economic
growth (at about 7% on average in 1999 — 2007) along with slowing down inflation (from 36.5% in De-
cember, 1999 (m-0-m) to 9% in December, 2006). In 2007 price growth accelerated to 11.9%.

To certain extent this acceleration reflected a sharp rise in world food prices. Russia depends on
imports of individual food items (see Table 2). Apart from this, the country is one of the world larg-
est grain exporters and thus the domestic market is exposed to the world market developments.

But in 2007 not only consumer prices but also industrial producer prices as well as prices in con-
struction accelerated too. Thus one could speak about general price level upward movement in
Russia which was caused not only by external shocks but by domestic inflationary pressures as well.

Our judgement on the reliability of the model’s outcomes will be based on their ability to capture
these stylized facts of recent Russian economic developments.

2.1.0utputgap

New Keynesian macroeconomics paradigm supposes that one of the most important tasks of mone-
tary policy is to properly and in time detect a general economic stance, i.e. to what extent output
deviates from its long-run trend (or a certain “equilibrium” level). One of the most popular meas-
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ures of the economic stance is GDP (or output) gap which is a difference between its actual and po-
tential levels. This indicator is widely used by inflation targeting central banks as a general measure
of inflationary pressures in the economy?.

Table 2: Imports and exports shares in resources and use of certain food items in 2006, %

Imports shares in Exports shares in
resources of certain food use of certain food
items, % items, %
meat and poultry 39.1 0.0
milk and diary 18.1 1.3
of which

butter 47.7 0.4
1E?Itl(?l?lillieilslegssheep's milk cheese) 411 22
flour 0.3 2.2
cereals 3.5 13.4
pasta 15.9 10.9
vegetable oils 23.2 22.1
IegeTles ey meon

Source: Rosstat

Predominantly in 2000 — 2006 actual GDP, regardless its high growth rates, didn’t exceed its po-
tential level which corresponds to slowing down inflation. Consequently, the potential also stood at
a high level which means that production capacities in Russian economy grew intensively. Does this
hypothesis match the data?

In 2000-2002 production grew fast driven by active imports substitution (after deep ruble depreci-
ation in 1998) supported by substantial amount of free production capacities. When this source of
growth became exhausted (in 2003-2004 when actual output reached the potential one) intensive
factors of economic growth started to play a greater role (Table 3). Fixed capital investments in-
creased fast, production modernisation and fixed assets renovation took place, thus creating a basis
for productivity growth. Unit costs were diminishing.

But as can be seen from persistent growth in tear and wear of fixed assets, investments were insuf-
ficient, and this put limits to non-inflationary growth. Results of surveys2 show that since 1999 av-
erage capacity utilization rate has been growing. Starting from low levels of less than 40% it ex-
ceeded 70% on industrial activities and almost reached this level in construction.

In agriculture where capacity constraints (for instance, productivity of soil, heads of livestock) can-
not be removed fast, growth rates didn’t exceed 3.6%, which is, in particular, much lower than
growth in final consumption expenditures by households. It ought to be mentioned that in Russia
where living standards of the most part of the population are not high3, increase in incomes trans-
lates mainly to consumption, of which to a great extent — to consumption of food.

1 Other indicators of business activity conditions could also be used such as unemployment gap, real marginal costs.

2 Center of Economic Conjuncture, Government of Russian Federation. Bulletin of business activity in Russia (surveys da-
ta). — Ne3 (31), 2007

3 In 2007, monthly income of 63.4% of the population was below 12000 rubles, or about US$ 470. In the 3 quarter of 2007
incomes of 13.3% of Russian citizens were below subsistence minimum.



Table 3: Russian economy indicators in 2000 — 2007.

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

GDP, % to previous year 110.0 | 105.1 | 104.7 | 107.3 | 107.2 | 106.4 | 107.4 | 108.1

Fixed capital investments,

% to previous year
Expenditures on technologi-
cal innovations, bln.rub., 49.4 52.6 | 64.1 68.6 66.6 57.1 73.8
constant 2000 prices

Putting new fixed assets into
operation (without lives-
tock), % of fixed assets value,
end of period

Costs per 1 ruble of goods
and services, %

Tear and wear of fixed assets,
beginning of period, %

Final consumption expendi-
tures by households, 107.3 | 109.5 | 108.5 | 107.5 | 112.1 | 111.8 | 111.3 | 113.1
% to previous year

117.4 | 110.0 | 102.8 | 112.5 | 113.7 | 110.9 | 116.7 | 121.1

1.8 2.1 2.2 2.5 2.7 3.0 3.3

89.9 89.6 87.8 87.3 877 | 87.8%

39.4 | 412 | 440 | 422 | 428 | 44.3 | 454

Source: Rosstat
* In January-September

During the period under consideration unemployment decreased from 10.5 to 6.1%.

In general, signs of growing discrepancies between demand and production capacities (despite the
growth in the latter) and thus of the economy’s overheating became more and more apparent. This
is reflected by output gap becoming positive (as for the estimates, in 2006).

2.2.Real exchange rate gap

Real equilibrium exchange rate path and deviations of the actual exchange rate from it, i.e. exchange
rate gap, within the model framework are consistent with inflation and output gap. Besides, real equili-
brium exchange rate path also reflects persistent ruble appreciation based on fundamental factors.

High inflation in 2000 — 2002 as an outcome of 1998 crisis was reflected by high real ruble apprecia-
tion. According to the estimates, in real terms ruble appreciated more than at inflation neutral rates
(which corresponds to negative real exchange rate gap) which in line with negative output gap promoted
fast decline in inflation. In 2003 — 2004 as output was approaching the potential level as a result of ex-
hausting import substitution, real appreciation became more inflation neutral too and in some episodes
even pro-inflationary (which can be seen as positive exchange rate gap). In 2004 inflation accelerated.
Then in 2004 — 2006 growth in productivity lead to excess supply and thus falling inflation rates. The
negative real exchange rate gap corresponded to these developments. Since the end of 2005 inflationary
pressures (excess demand) have been building up which resulted in positive output gap and growing
ruble undervaluation (the drift of the exchange rate gap to positive area).

2.3.Real loans interest rate gap

The model reflects our assumptions about weakness of interest rates channel, on one hand, and low
influence on the economy of interest rates on loans to private sector, on the other.

Real interest rates were predominantly negative during the period under consideration and so they
could not play a role of an efficient instrument of managing credit activity which implies weakness of
interest rates channel. One of the main reasons was a long-lasting structural liquidity surplus in the
banking sector. In such a situation it’s obvious that bank rates stood at a below-equilibrium level. Nega-
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tive interest rates gap according to theory means loose, pro-inflationary monetary policy which in the
short run puts upward pressures on output gap. It’s important to stress that negative real interest gap is
a factor of high availability of credits and a credit boom. For instance, growth in consumer credits and
the related increase in consumption strengthened inflationary pressures in 2006 — 2007.

However, this effect wasn’t too strong given a still small share of credits in households’ consump-
tion financing. This applies also to non-financial enterprises: high profitability in production activi-
ties which make a major part of fixed capital investments (mining, transportation, communica-
tions) allows them to finance almost a half of the investments by own resources. A share of loans
from domestic and foreign banks in 2007 was only 9.4%. Nevertheless its growth from 2.9% in
2000 witnesses increasing availability of the banking financing.

But in general credit conditions didn’t put significant limitations to non-inflationary growth during
the most part of the period under discussion.

2A.GConclusions

The unobservables' paths estimated within the described framework by Kalman filter could be con-
sidered to be appropriate as they allow to produce a story consistent with actual economic devel-
opments in Russia in 2000 — 2007.

The most important are the estimates preceding a projection period as they constitute a part of ini-
tial conditions. To our mind, the gaps estimates for the end of 2007 match Russian economic situa-
tion characterized by signs of overheating, or excess demand, stemming from increase in demand
under the constrains from the supply side (positive output gap). It was promoted by loose enough
exchange rate policy and low real interest rates.

The general conclusion is that the model could be used for medium-term forecasting under a tran-
sition to IT implementation.

Though, to support the inference it would be useful to compare the given above estimates of unob-
servable variables with those derived from alternative methods.

3. Alternative methods of output gap estimation

It was mentioned earlier that for the purposes of the model we define potential output as the level
of output that generates no inflationary pressure in a given economy (neither accelerating nor dece-
lerating inflation). In this case one can interpret output gap as a general indicator of demand to
supply ratio, in a sense that, other things being equal, a positive gap would mean excess demand
and thus stimulation of an increase of prices.

First models that allowed obtaining estimations of the gap in the sense mentioned above were based on
purely statistical univariate techniques, without any additional structural assumptions. There are several
such techniques, that decompose a time series into a trend and cycle components. In such a decomposi-
tion a (stochastic) trend is considered a supply-side component (a potential output): any shocks in its
level or slope are permanent, influencing all of its future values. Transitory cyclical deviations of ob-
served values from trend (gaps) correspond to a demand component effects.

3.1. Multivariate models hased on the Hodrick-Prescott filter

Several approaches to augmenting the filter proposed by Hodrick and Prescott (hereafter — the HP
filter) were used to obtain alternative estimations of output gap. Univariate HP filter has several
drawbacks. Its basic specification and main points of critique are mentioned in Appendix B. Laxton



and Tetlow (1992) showed that properties of an HP filter can be significantly improved by using
additional information about variables that are related to output in New Keynesian economic para-
digm, namely unemployment level and inflation. Thus, residuals from the Phillips curve and Okun
law can enter the filter’s optimization function!.

Multivariate filtering was carried out using two different approaches to augmenting the HP filter.

3.11. Approach 1

The first approach is based on the representation of HP filter in the form of an unobserved compo-
nents model with common cyclical component for output and unemployment. Univariate specifica-

tion was expanded with an autoregressive process for the cyclical component of output ¢, ; a similar
process was included to describe unemployment. According to Okun law, equilibrium unemploy-
ment level 4 was specified, while cyclical deviations of unemployment from /' were related to

output gap fluctuations:

V=l *, te, E(g)=0, var(e,)=0
U= + B +7, E(m,)=0, wvar(n)= O',f
B =patg,, E()=0, var(¢)=0}
o, =c(L)p,, +v, E(v,)=0, var(v,)=o.

u = +d(L)p, +e!,  E(g)=0, var(e;) =0,
M= [ Bt E(m/)=0, var(p/)= G;u

Bl =B5+4) E(¢)=0, var(¢/)=0y,.

Maximum number of lags in ¢(L) and d(L) was set to 4 to allow for effects of fluctuations within a
single year. Kalman filtering allows to get ML estimations of the parameters of the model, using
which it is possible to obtain paths for potential output and equilibrium unemployment.

3.12. Approach 2

The second approach is to augment the loss function of a standard HP filter. Economic theory sug-
gests that output gap is related to inflation and unemployment dynamics (Laxton, Tetlow, 1992).
This information can be formalized to improve filter’s estimates by adding the residuals from cor-
responding equations, expressed in terms of output gap, in the loss function:

L= ZtT:O(yf _1ut)2 +ﬂ(zt:1(()ux+1 - ,Ut)— (ﬂt —H ))2 *ta thzogtu ta, thogtzr

Here ¢' stand for Okun law residuals, & are residuals from Phillips curve, «, and «, — coefti-

cients representing significance of unemployment and inflation fluctuations compared to fluctua-
tions of output gap.

1 Also in some papers (Conway, Hunt 1997; Claus 2000) capacity utilization measure is used for the same purposes.
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Okun law is given by:
(ut _iutu) =k(yt —H, ) +‘9tu ’

where 1, is the level of unemployment, (/' — equilibrium unemployment, estimated by a simple HP
filter.

The following equation was estimated to obtain Phillips curve:
T, = ”ze +a(L)(yz _:uz) + 81” .

Inflation expectations were composed of several lagged levels of inflation and consensus forecast, com-
puted using the data of Development Center?; sum of coefficients of these variables was restricted to 1.

3.2. Parameterization

To initiate filtration for an unobserved components model, initial values of parameters were
needed. Those were chosen so that in the initial period, prior to the first observation, all variables
were supposed to be on their potential levels, equal to the values of the first observations.

a, and «a, are the coefficients responsible for comparative importance of Phillips curve and Okun

law residuals and output variation. Laxton and Tetlow used equal weights for all three. In a later
paper by the researchers from the Bank of New Zealand «, and «,were both set to 2. We also used

this approach for such values provide the most sensible estimation of the gap.

Coefficient k in Okun law equation was set at 0.3, implying approximately 1% decrease in unem-
ployment for every 3% of increase in output. Such value corresponds to modern practice?; also it is
in line with the estimation derived from unobserved component model (the sum of coefficients
di,...,d4, divided by 100 to convert from percentage difference, equals -0.22).

Iterative nature of the estimation of Phillips curve needs further notice. Values of Phillips curve re-
siduals (and thus, overall calculated potential output) depend on the structure of polynomials that
enter into the equation. In turn, that structure is estimated on the basis on some initial output gap
levels. Phillips curve estimation had thus to be carried out in the following way. On step 1, potential
output from a simple HP filter was used to calculate initial values of output gap. Given those esti-
mates, coefficients of gap and inflation expectations polynomials were estimated, using a simple
OLS to eliminate autocorrelation in the residuals. Obtained coefficients were used to acquire an
expression of Phillips curve residuals in terms of potential and actual output. These expressions,
along with expressions for Okun law residuals, were then plugged into augmented PC filter loss
function. Then numerical optimization yielded new estimates of potential output, and used to cal-
culate initial values of output gap for step 2. The process continued until there was little change in
Phillips curve coefficients between two last steps.

3.3. Results and conclusions

The main results are presented on Figure 5. QPM gap estimates are also plotted on that figure for
comparison.

1Quarterly data of polls are available on the Internet at http://dcenter.ru.

2 Initially an estimate of 0.35—0.4 was obtained by Okun himself (Okun 1962). In the later papers estimates of this coeffi-
cient varied for different countries from 0.12 (Japan) to 0.54 (Great Britain) (see Blanchard 2006; Abel, Bernanke 2005).
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Figure 5: Output gap estimates

Comparing obtained estimates with those of QPM and intuition concerning output dynamics, pre-
sented in Section 2.1., it can be seen that the main difference is lower range of fluctuations and a
positive values of gap in 2000 — 2001. One of possible explanations for that is unreliability of HP
filter based estimates on the ends of sample. Inclusion of additional variables in the model of the
filter was supposed to reduce this effect, but obviously, it is impossible to fully solve the problem. At
the same time, positive output gap at the beginning of the period corresponds to inflation dynam-
ics. That is not the case for QPM, possibly because an increase of inflation in 2000 is due to factors
not related to output; models presented in this section do not include these factors (mainly ex-
change and interest rate dynamics).

Since the middle of 2001 the obtained estimates generally correspond to intuitive view of output
dynamics. Both models, along with QPM, identify the peak of economic activity in 2004 (in the be-
ginning of the year according to QPM and unobserved components models, closer to the end of the
year according to multivariate HP estimates), demonstrate the consequent reduction of the gap,
which might be explained by an increase in investment growth rates, and finally, another increase
of the gap in 2006 — 2007, presumably — due to the surpassing growth of demand given the lack of
investments in capital modernization and resource limitations.

Estimates of the gap from the unobserved components model only marginally differ from simple
HP filter estimates, but have several significant distinctions from multivariate HP filter. One of the
main advantages of the latter is that they better correspond to the macroeconomic definition of the
gap — that is to say, they can be more clearly interpreted as a measure of inflationary pressures in
the economy. As it can be seen on Figure 6, periods of positive output gap (grey areas) almost per-
fectly correspond to the periods when (annualized quarterly) inflation rates increased. Thus, the
trajectory of the gap obtained with multivariate HP filter might be used as the baseline case for the
analysis and interpretation of filtering results of more complicated structural models. It is obvious,
though, that the capacity of this model for forecasting and possible monetary policy consequences
analysis is severely limited, for survey data on inflation expectations is used in estimation, and
there is no way to forecast evolution of such data.
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Figure 6: Output gap and inflation dynamics

In this paper we described the results of estimation of unobserved variables’ trajectories in the
monetary policy transmission mechanism model that forms the basis for the ongoing process of the
forecasting and policy analysis system development in the Bank of Russia. Dynamics of output gap,
equilibrium exchange rate and real interest rate generated by the model is compared to the main
tendencies of economic development in Russia in 2000 — 2007.

The results speak in favor of adequacy of QPM estimates and the possibility to use the model in
transmission mechanism analysis and supporting decision-making process in monetary policy. It
should be pointed out, however, that the estimates of unobserved variables are rather sensitive to
parameterization. Therefore we used several methods, based on HP filter, to obtain alternative es-
timates of output gap. Those estimates qualitatively correspond to QPM for the most part of the
period studied; all three estimates confirm an increase in inflationary pressures during the last two
years, though they are slightly different in magnitude. At the same time, there are several discre-
pancies between the estimates, especially at the beginning of the analyzed period. Uncovering the
reason for these discrepancies will be the subject of further study.

A.Technical features of using the Kalman filter to estimate trajectories of unohserved va-
riables in structural models.

As it was mentioned earlier, using the Kalman filter is dictated by the need to combine the econom-
ic theory, reflected in the structure of equations of the model of general equilibrium, with expert
judgments about the dynamics of unobserved variables as well as with observed statistics.

Kalman filtering allows constructing trajectories for unobserved variables taking into account the
structure of the model and statistical data. The results should be viewed as description of the data
through the prism of simple non-contradictory statements concerning the principles of the func-



tioning of the economy. Adequacy of such description is checked by comparing the obtained “histo-
ry” with generally accepted interpretation of actual economic dynamics.

In order to improve the results of filtering (obtain more adequate trajectories) and to avoid situa-
tions where Kalman filter is not applicable, in is important to keep in mind various peculiarities of
its technical realization. Main problems that arise during the filtering can be divided in two types:

— structural, when it is impossible to initiate Kalman filtering — to resolve such issue it is
generally required to add, delete of alter some of the model’s equations.

— parametric, when filtering can be successfully carried out, but its results do not corres-
pond to reality — that requires more attention to the parameterization of the model.

Below are some common examples, which the authors encountered.

Structural problems arise most often in the beginning of filtering. One example is impossibility of
estimation of initial conditions needed to begin the filtering process. Existence of leads in a model
is only possible if appropriate number of non-stationary variables is present in the model (Blan-
chard-Kahn condition). Thus, simple estimation of initial conditions (expected values of the va-
riables and their variances), as in case of stationary models, is often impossible. Solution for this
problem is the use of diffuse initial conditions algorithm, when additional filtering procedure is
used to estimate initial conditions for non-stationary variables?.

The following system is a simple example of impossibility of initial conditions estimation:

lepi, = 7, [4 +lcpi, |,

T, =r,, teE,.

If t (growth rate of lcpi) is the only observable variable, then it is obviously impossible to estimate initial
value of lcpi, for no information about initial price levels can be extracted from growth rates. The prob-
lem can be eliminated either by choosing lcpi to be observable or, if it is impossible, by excluding this

variable from the model and rewriting the equations that contain it terms of growth rates.

Understanding the nature of parametric problems is no less complicated. The most complicated
issue here is usually calibration of standard errors of equations’ residuals which characterize devia-
tions of actual data from that calculated in the model. From the filtering point of view, the magni-
tudes of standard errors of residuals also characterize explanatory power of unobserved variables
that are included in a given equation: the more is the residual’s standard error, the less variation is
explained by the unobserved variables in the equation.

Obtaining estimates of standard errors of the residuals based on the results of filtering can also contri-
bute to understanding those results. For example, if those estimates exceed a priori values of the stan-
dard errors, then explanatory power of corresponding unobserved variables might be overvalued.

Among the techniques commonly used for univariate filtering there are HP and Baxter-King filters,
Beveridge-Nelson decomposition, Markov chains based methods and some other2. These methods
allow to obtain estimates for potential output and output gap, though reliability of the estimates is
questioned by many researchers. To review the main points of the critique it is useful to present HP
filter in form of a local linear trend model.

1 Detailed description of the main methods of estimation of diffuse initial conditions can be found in Harvey (1989).

2 A review of papers on many of those can be found, for example, in Canova 1999.
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According to standard definition HP filter is a series that minimizes the loss function:

L= 0 = A A (= 1)~ (- 1))

where y; stands for observed series. Thus for GDP series 1 can be regarded as potential output, (y, - ,u[)

— as output gap. In a more general framework, it can be presented as a local linear trend model:

V. =H te, E(e)=0, var(e,)=0"
H = Hy +ﬂt—l 17, E(ﬂt) =0, Var(T],) = O',?

/Bt :ﬂt—l +§t7 E((,):O, Var(é’,):az.

This is an unobserved components model that can be used to decompose y; into “potential output”
trend p; and residual component e;. Trend is supposed to be a random walk process with drift £,,
which is, in turn, a random walk itself. HP filter estimates can be presented in form of this model
with o-j =0 (Harvey, Jaeger 1993). The only parameter of the filter, A, is then given by a ratio of two

2
remaining error terms variancest: A = U/Q .
O
¢

The model can be further expanded by decomposing residual term into cyclical component t,
which would behave according to some intuitive perceptions regarding the gap dynamics, and a
completely random residual:

Vi =H e te, E(¢,)=0, var(g)=o0;

Additional assumption of cyclical behavior of ¢; can be formalized, for example, with an autoregressive
process that has some limitations on coefficients and variance of residual (Guay, St-Amant 1996)2.

One can obtain potential output estimates by using Kalman filter and maximum likelihood. Also, esti-

mation provides another criterion for HP filter applicability: testing a,f =0. One of the main directions of

criticism is that such a hypothesis is often rejected. Harvey and Jaeger (1993) tested this hypothesis on
the GDP data for various countries, and concluded that it holds only for USA, which allowed them to say
that HP filter was “tailored” to extract information about business cycles from US GDP.

Another significant drawback of HP filter is the so-called “end point problem”. Due to the fact that
the filter is actually a two-sided moving averages, estimates of decomposition in current period (the

1 In his paper about parameterization of the filter Prescott explained his choice of A=1600 for quarterly data by the fact that
such value resulted in periodic cycles with the period of 32 quarters, which he considered a good approximation of reality
(Prescott, 1986).

2 Alternatively, one can use a widespread approach of modeling cyclical behavior with stochastic sinusoids
(Harvey,1989):

¢, = peos A, +psin A9, +v,,  E(w,)=0, var(y,)=o,
@, =-psin A,¢, +pcos AP +W,,  EW)=0, va(¥,)=o,

Such form provides clear interpretation for the parameters. Here p determines the amplitude of cycles, and Ac
is frequency of a cycle in radians. Simple HP filter can also be thought of in terms of this model with p=0

and/or g, = o.

3 Two-sided in a sense that it uses both past and future values of the observed series to derive the estimates of decomposition.



last observation in a sample) are unreliable in a sense that they are subject to possible significant
revisions after new data is added and the estimation is carried out over the extended sample. This
flaw reduces the appeal of using HP filter for making monetary policy decisions, for it is the estima-
tion of the current state of economy that is important in that areat.

Finally, the results of Monte-Carlo based experiments suggest that the accuracy of decomposition
strongly depends upon the characteristics of the data generating process. Guay and St-Amant
(1996) showed that the restrictions under which the HP filter with A =1600 will yield accurate de-
composition, can hardly be attributed to actual GNP series.
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