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Abstract

In this paper we adopt the Hungarian version of the EAGLE (Euro Area GLobal Economy) model. The version of the EAGLE model
used in this paper allows for the high import content of export—a typical feature of small open economies such as Hungary. We
study the effects of four globally important shocks on Hungary: i) a slowdown of the Chinese economy, ii) more restrictive US
monetary policy, iii) a reduction in oil prices, and iv) more protectionist US trade policy. We found these policies to have non-
negligible indirect effects (beyond the relatively small direct ones) on Hungary mostly due to the workings of the shock to the
eurozone which is our main trade partner.

JEL: E12, E13, E52, ES8, F11, F41.

Keywords: multi-country DSGE, price and wage rigidity, EAGLE model, trade matrix, import content of export, local currency
pricing, monetary policy shock, consumption preference shock, markup-shock.

Osszefoglalé

A papir az EAGLE (Euro Area GLobal Economy) modell Magyarorszagra adaptalt verzidjat mutatja be. Magyarorszag mint kis-
nyitott gazdasag egyik specifikuma, hogy az exportnak magas az importtartalma, amelyet a modell figyelembe vesz. Négy
globalisan is jelent6s sokk Magyarorszagra vonatkozé masodkoros hatdsat szamszerdsitjik: i) a kinai gazdasag lassuldsa, ii) az
USA varhatdan szigoribb monetaris politikja, iii) az olajarak csdkkenése és iv) az USA protekcionistabb kereskedelmi politikdja.
Azt talaljuk, hogy ezeknek a sokkoknak az indirekt (masodkoros) hatasai nem elhanyagolhatdak (a relative kisebb direkt hatasok
mellett) és elssorban Magyarorszag legnagyobb kereskedelmi partnerétél, az eurozénabal gy(irliznek be.



1 Introduction

The current macroeconomic and forecasting model of the Central Bank of Hungary focuses on the precise description of the
Hungarian economy such as the distinction between borrower (indebted) and saver households and abstracts from a detailed
characterization of the foreign sector. But an ample description of the trade connections of Hungary with foreign countries can
provide better understanding of the effects and spillovers of global shocks.

The EAGLE model is developed by Gomes et al. (2012) under the auspices of the Working Group on Econometric Modeling
(WGEM) at the European Central Bank building on the New Area Wide Model (NAWM). The EAGLE model differs from NAWM
in at least three aspects.

The baseline EAGLE model contains four regions of which two are members of the European Monetary Union creating the
opportunity to model the relationship of the monetary union with countries outside the union. A major achievement of the
EAGLE is the global perspective: beyond the monetary union there two more blocks representing the United States and the
rest of the world (mainly developing countries including China). With the global perspective it is therefore possible to model
either demand (e.g. food price shock due to bad harvest) or supply (oil price shock due to lower supply) shocks coming from
either US or the rest of the world. The trade connections in the EAGLE and the New Monetary Policy Model are compared on
Figures 2 and 3. The third important new feature of the EAGLE model is inclusion of international relative prices and exchange
rates and the associated trade flows.

In this paper we study a version of the EAGLE model which excludes the monetary union as Hungary (the smallest of the four
regions see Figure 1) is not part of the monetary union. The other three regions are the eurozone, the United States and the
rest of world (including developing countries). The EAGLE model makes it possible to study the role of country characteristics
such as the size and direction of trade with other countries, fiscal and monetary policies, labour market differences and other
production-specific factors in the transmission of country-specific and/or global shocks using common framework.

An important element of the EAGLE model calibrated for Hungary is the high import content of export. Studying the last 20
years of Hungarian OECD trade data we find that the import content of export is about 55 per cent. To match the high import
content of export we modify the baseline EAGLE in a way that we introduce a new good the so-called export good that is made
of domestically produced and imported intermediary goods by monopolistically competitive firms and which is priced in the
currency of the target country (local currency pricing assumption, see Coenen and Vetlov (2009)).

The four blocks (Hungary, the eurozone, US, and the rest of the world) have symmetric model structure (about 250 equations
per block) the diverse behaviour of each region to global shocks can be traced back to the different calibration of each block. For
model calibration we have to find the right value for more than 300 parameters. To help calibrate the model the ECB developed
a tool (EAGLE Calibration Help Tool) but the calibration of the Hungarian region relies for some of the parameters on expert
advice from the MNB staff. By the end of 2016 most eurozone and non-eurozone countries developed their own version of the
EAGLE model.

Several applications of the EAGLE are published, here we mention a few of them. Clancy et al. (2016) study fiscal devaluation
(a decrease in labour taxes is ex-ante neutralized with a rise in consumption taxes) in a small open economy. Lejeune (2016)
studies a large fiscal devaluation in case of Belgium. Brozoza-Brezina et al. (2014) study what kind of policy help to smooth the
volatility of the Polish economy in the accession process to the eurozone. Gomes et al. (2014) use the EAGLE framework to
determine what kind of stabilization policy can be optimal globally after interest rates in one or many blocks have hit its zero
lower bound.
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Figure 1
Comparing the size of the blocks in the EAGLE model

m USA = Eurozone = Hungary = Rest of the world

Figure 2
Trade connections of Hungary in the EAGLE model
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Figure 3
Trade connections of Hungary in the New Monetary Policy Model (NPM).
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2 Overview of the structure of the
EAGLE model

2.1 FIRMS

There are two types of firms in the EAGLE model: intermediaries and final good firms. Intermediaries produce tradable and non-
tradable products while final good firms bundle final consumption and investment good from traded and non-traded goods and
the final export good. It is a distinctive feature of the Hungarian model that that the import of export good from other countries
is used in the production of the final export good. The structure of production in the EAGLE is shown on Figure 4.

Intermediary goods are produced by monopolistically competitive firms using capital and labour. Monopolistic competition
enables firms to set a price for their product in Calvo fashion so that a fraction of the firms can choose their price optimally in
each period. Those firms who cannot set the optimal price can index it to a geometric average of past inflation rate and trend
inflation rate.

Due to the Calvo mechanism some of the prices are sticky and nominal shocks such as monetary policy shocks are non-neutral.
Those firms which cannot set an optimal price will react with changes in the quantity produced to monetary policy shocks.

Final good producers operate in a perfectly competitive market and uses traded, non-traded intermediary goods and the final
export good to produce final consumption and investment good.

A distinctive feature of the Hungarian economy is the high import content of export (over the sample 1996-2017 it is about 55
per cent using OECD data) unlike the US or the eurozone. To allow for the high import content of export we introduced a final
export good that is made of domestically produced traded and imported intermediary goods and is priced in the currency of
the target country (or block of countries).

2.2 HOUSEHOLDS

We distinguish between two types of households in the EAGLE model: the first group called Ricardians have access to the fi-
nancial markets, can possess physical capital rented out to firms and can also purchase domestic riskless bonds (denominated
in local currency) or international bonds denominated in US dollars. Both Ricardians and non-Ricardians supply labour to inter-
mediary firms. The uncovered interest rate parity condition is satisfied in the model. The other group of households are tagged
as non-Ricardians who cannot possess financial assets i.e. cannot save or borrow and do not make an intertemporal decision.
Non-Ricardians spend their whole disposable income in each period and their consumption expenditure is also subject to a
cash-in-advance constraint (the only common feature with Ricardians).

2.3 FISCAL POLICY

The fiscal authority taxes wage income and capital income of households (only Ricardians have capital income) and also taxes
consumption expenditures. On the revenue side the fiscal authority issues new bonds. On the expenditure side fiscal policy
pays interest rate on existing bond portfolio, government consumption and transfers to households. Fiscal authority operates
with a fiscal rule to stabilize debt-to-GDP ratio on a target level consistent with Maastricht criteria. Importantly the debt-to-GDP
ratio is settled through lump-sum taxes which are paid by both Ricardian and non-Ricardian households.

2.4 MONETARY POLICY

There is a separate interest rate rule for each block in the EAGLE model. The nominal interest rate responds to the CPI-based
annual inflation rate and the growth rate of the quarterly GDP which is one of the possible output gap concept. Some papers
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Figure 4
The structure of production in EAGLE
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found that the inclusion of the GDP growth instead of some other output gap concept! better stabilizes the economy. The
interest rate rules (or Taylor rules) are symmetric across the four blocks. The difference can be derived from the different
parametrization of the Taylor rule which, for Hungary, places more emphasis on stabilizing the output-gap.

1 In one concept the output gap is defined as the difference between the sticky-price and the flexible-price measure of output. Another simple definition

can be the difference between the sticky-price output and the steady-state output.
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3 A description of the EAGLE model

The description of the EAGLE model here focuses on the objectives and constraints of the agents. The full set of equations
describing the optimal choices of the agents can be found in the appendix.

3.1 FIRMS
3.1.1 FINAL GOOD PRODUCERS

The final consumption good of company x (x € [0,s"]) is produced with traded (77¢) and non-traded (NT¢) intermediary con-
sumption goods through a CES aggregator:

_Hc
puc-1 | me—1

Q) = VTS0 *e + (1= v R NTS) *e | 1)

where v denotes the weight of the intermediary traded goods in the basket and g is the intratemporal elasticity of substitution
between traded and non-traded intermediary goods. The size of the four region is normalized to one. The [0, s"'] interval refers
to the domestic (H) region. In a given region there is a continuum number of firms.

The traded intermediary consumption good is a CES-aggregate of home-produced (HT¢) and imported intermediary consump-
—C
tion goods (IM;):

H1C
urc-1 | #rc-1

1
L __c
+ (1 = vye) #re IM; () #rc , (2)

1

TG0 = Vi HTEG) e

TC

where vy¢ is the weight of domestically produced goods and py- denotes the intratemporal elasticity of substitution between
domestically produced and imported intermediary consumption goods.

Similar structure can be written for final non-traded investment goods which are also made up of home-produced, non-traded
and imported intermediary investment goods.

The home-produced traded intermediary consumption goods can be aggregated through a CES technology:

or

o1
0r7-1 T

HTE () = (%)9 fo (HTS(x, 1)) * dh

The import of intermediary consumption goods is subject to an adjustment cost (denoted as I'jc,):

—c IME (%) c
IMt - (1 F/Mc,f< Qf(x) )) ,MI‘

The import adjustment cost takes the following quadratic form:

2

IMg _ Yimc IM{ (/@ ()
F/MC,t<Q_tc> T2 <m - 1) 2

Consumption-good import of the domestic block (H) from the three other regions (CO) are assembled through the following
CES aggregator:

Himc
Himc—1

_1 Hivc=1
IMtC = Z (V;'I’\VACCO) Himc (IM?‘CO(X)) Himc (4)
CO#H




10

where the bilateral imports for each product (denoted by f°) are summed up through the following aggregator:

_or_
=1

s o1
M 00 = [ f (M (1)) 7 df©
0
where it is true that Zco::HVﬁ\(,,)c = 1and CO # H means that there is no import from the same region.

To aggregate the imports of the export goods from other countries we use:

Himx
Himx—1

1 Himx—1
IM)t( = Z (VZ/\’/IC;(O) Hinix (/M:"CO(X)) Hinvix (5)
CO+H

The aggregator of the export good varieties in bilateral relation H and CO is given by:

ox

M0 ) = [ [ oy = dfw] o
0

where 8y denotes elasticity of substitution between varieties of imported goods.

The export good (produced by firm h) is made of home-produced tradable and imported export goods:

X
Hx—1

E e N P Y
X,(h) = [v;x HTX(h) # + (1 — v i IMX(h) ]

Based on the cost-minimization problem of the final consumption good producer one can derive the demand for traded, im-
ported and non-traded intermediary consumption goods. Company x producing the final consumption good minimizes the
following cost:

PrreHTE + P J/ME + Py NTE

subject to the technologies above (see equations 1 and 2) and taking input prices (Pyrs, Pic s Pyry) as given.

The cost-minimisation problem implies the following demand functions for home-traded (HT¢), imported (/M¢), and non-traded
(NT€) consumption good of company x:

—Hrc —Hc
HTtC(X) = VrcVe < i ) (Prﬂ't) th(x),

PTTCt Pc,t

PIMC . —Hrc P77f . —Hc
’Mtc(x) =(1- VTC)VC<P_'> ( p : > QtC(X)'
TTC t Ct

Pare\
NTE) = (1= Vc)( o ) Q0.

For product x the bilateral import demand of country C from country CO is given by:

H,CO
P MEGO

—Himc
IMC,CO(X) - VH,CO IM,t )
‘ M P T (IME (%) /QE (x)) 1= T2 (M () /a5 (x))

HCO (H is the home region which is Hungary in our example; CO can be any of the rest three blocks) can be

IMe
calculated from the trade matrix (see appendix). P;',’\'/,C? is a bilateral import price index showing the import price of the home

where parameter v

country from region CO.

F,C,;/ff” denotes the adjustment cost function of consumption good import between blocks C and CO. I‘,C,(,,CCO stands for the

guadratic term in the import adjustment cost function (see equation 3 above).



The implied cost-minimising prices are given by:

1

_ 1—p 1-pic ] 1-ne
Pee = [vePrhe + (1 = vt

1

_ 1-p 1—pre ]| 1-k1c
PTT‘,t - [VTCPHT,t "+ (1 - VTC)P,Mc_tTC]

1

PH,CO 1=pmc\ 1-Himc
Pgce = Z JHico Mt
! AT T M 00/QE ()

CO#H

It is important to note that the previous equations can also be derived in the case of the investment as well as export good. The
latter is also produced from traded and imported intermediary goods.

3.1.2 INTERMEDIARY GOODS PRODUCERS

For a representative product (or firm) h the traded intermediary good is produced with a Cobb-Douglas technology:

s 5 ar o 1-ar
Vs (h) = max{z; (k2,(m) " (N2,(m) = r,0
where Z; stands for the productivity in the tradable sector, K?‘t and N?t are the capital and labour demand, and 1y is the fixed-
cost in the tradable sector. a; and 1 — a; denote the share of capital and labour in the production of tradable intermediary
goods. It is important to note that similar technology and inputs are applied in the production of non-traded goods.

The aggregate labour demand can be defined as:

-1 n-1

n
1 n-1 1 -1
NP = [(1—w)n(/v,{’,) T+ (N2 ]"

D

where th and N, denote the labour demand of Ricardian and non-Ricardian households, respectively:

m
-1

1 ni: sM(1-w) o
D _ D+ — .
NP, = (S—H - w)> fo (NE(@) m di

-1
H ey m

1
o[ o
Ne = || =—— NP (D)) ™ di
Lt SH(A) s”(l—w) t

The cost-minimisation problem of the companies producing traded intermediary goods can be written as:

min {REKD,(h) + Wr N2, (h) |

The cost-minimisation problem yields the following first-order conditions:

Y3 (h) + ¥y

K Tt
= ar————MCy,(h
t ar K?’t(h) T,t( )
Vs (h) +r

(7)W= (- an = s

MCr(h)

w, _
MCr.(h) = RO+ 7 YW ]

ar’(1—api-ar
Similar conditions can be derived in the case of non-traded goods. It is important to note that the marginal cost of the final
export good can be derived analogously (see also the appendix of the working paper version of Brozoza-Brezina et al. (2014)).
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The above first-order conditions imply the following labour demand schedules for Ricardian and non-Ricardian labour by a
representative firm in the tradable sector (h):

o L W)\ " Wi\ ol
00~ gz (wy ) (w) O

ooy L (WD Wi\
Nt(h:./)=%< Wn) (Wt> N¢ (h)

Similar functions can be derived for the labour demand in the non-tradable sector.

The wage indices in the case of Ricardian and non-Ricardian households are given, respectively, by:

1

1 ni, sH(1-w) -
o= (i) [ ot
(1 - w) o
o
1 11% Mo 1-ny
W= (H—> f (NP (D)™ dj
sSTw sH(1-w)

The aggregate wage index for the whole economy can be written as:

W = [(1 - @)(W,)™ + w(W,) "]

The total demand for Ricardian (i) labour in case of a representative firm producing tradable (h) and non-tradable (n) good can
be written as:

H H

) S
J; N?(h,i)dh+f0 N®(n,i)dn

_ (W())(&) W
Wi W, v

where W, and W, are defined as above. Similar expression can be written for the case of non-Ricardian (j) households.

3.1.3 PRICING OF INTERMEDIARY FIRMS

We make two assumptions about the pricing of firms producing intermediary products: i) they set product in the currency of
the export market (pricing-to-market); ii) those firms who cannot choose their price optimally can index either with previous
period inflation to the extent of y, or they can adjust their price with fraction 1 — ¥, to trend inflation (IT).

Formally, indexation can be written as:
Pure(h) = (Mygeeg )X I X1 Pyr_y (h)

The previous expression is true not only for countries producing for the domestic market but also for those exporting:
CO (/0 — (TTCOH 71— xx pCO )
Px,t(fc ) - (nx,t—l)xxnl XXPx,t_l(fC )
Similar expression can be written for firms producing non-tradable products.

Calvo-pricing is presented for profit-maximising firms producing for either domestic or export markets (similar expression is true
for those producing non-tradable goods). A firm which had the opportunity to choose its price optimally at time t maximizes its



discounted profits between t and t + k with the assumption that the last optimally chosen price will not change with probability
&y between tand t + k (and similarly for exporters whose Calvo probability is denoted with &y):

(fH)k {PH,t+k(h)HTl‘+k(h) - TCT,t+k(HTt+k + Il)T)

DB+ Do (€0 (SuekPC (XS, ()
k=0
T K + P}

The first row in the above expression shows the profit from selling on the domestic market, while the second and third row refer
to exporters who are pricing in the currency of the destination market (CO # H refers to the fact that exporter and the importer
cannot be the same; a firm in a particular block can export to three other blocks). A, ;.. denotes the stochastic discount factor
which can derived from the utility maximization problem of Ricardians who have an intertemporal perspective. TC stands for
total costs. The optimal price set by the intermediaries is subject to mark-up shocks which can be attributed to unexpected
changes in energy (e.g. oil) prices, for example (see the reduction in oil prices in one of the policy simulations below). The
above profit-maximisation problem is subject to price-indexation and demand of individual products.

A similar profitmaximisation problem can be written for the production of the tradable intermediary good which is used in the
production of the export good.

3.2 HOUSEHOLDS

There are two types of households in the model: Ricardians (/) and non-Ricardians (J). The former are indexed with i € [0, s"(1—
w)] while the latter are defined on the interval j € [s"(1 — w),s"] and 0 < w < 1 is the share of non-Ricardians. Ricardians
hold financial assets such as domestically issued and international bonds (denominated in domestic currency and US dollars,
respectively) and physical capital. Financial assets help Ricardian smooth their consumption while non-Ricardians cannot hold
assets (no saving/borrowing possible) so they consume all their disposable income in a given period. Both types of households
need cash to purchase consumption goods (cash in advance assumption).

3.2.1 RICARDIANS

Ricardians maximise utility derived from consumption and leisure on an infinite horizon:

s . 1-0
£ Zﬁk 1-k £ Creak (1) = KCppyp—1 1 N
fk_o 1-o \f 1-k 1+ g Ik

where E; denotes expectation operator on an information set until t, 8 is the discount factor, o is risk-aversion (inverse of the
intertemporal elasticity of substitution), { is the inverse of Frisch elasticity and k measures habits in consumption. C, and N,
denote, respectively, consumption and labour supply (1— leisure) of Ricardians with the assumption that the time frame is
normalized to one. &, denotes the consumption preference shock (the slow-down of developing countries is modelled through
a reduction in consumption preferences).

The budget constraint of a representative Ricardian household is given by:

(1 + 7f + T, (ve()))PC (1) + Pl (D) + Rt_lBt+1(i)

GHUS g -1
" t t+1 " US ok /s . . _
+ ((1 —-T} <—P v ;rpt>> Rt) SPYB;, L (D) + M(0) + @.() + E,
\ARES

=(1- T - T}.*/V)WtNt +(1- Tf)(RK,tut(i) = Ty (U (NP K ()
+ Tf5P,,th(i) +(1- TtD)Dt(i) + TR:(i) — T:()
+ By (1) + SSBE (1) + M_y (i)

where P¢, and P;, denote respectively the price of one unit of consumption and investment good. D,(/) stands for dividends
(profits) received by Ricardians only. TR,(i) are lump-sum transfers, while T,() are lump-sum taxes. /,(i) is for investment. M, (/)

13
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is cash need to purchase consumption goods (cash in advance assumption to motivate the inclusion of money in the model).
S’:'US is the nominal exchange i.e. the domestic currency price of one unit of US dollars. & is the depreciation rate of physical

capital.
Ry and R} denote the returns on domestic B, (/) and international B;, , (/) riskless bonds. The returns are already known in t and
will be paid out at the beginning of period t+ 1. The international bond is denominated in US dollars. Changing the international

H,US nx

B . . .
'P Y'“ ; rpt> and which take the following functional
vi'e

H,US 5% H,US 5%
&.m = 7, |exp S B _p) g _rp
Py, ") TP PysY: Y ¢

Vs is parameter that helps to set the size of the adjustment cost, B*y is the long-term sustainable level of the international
bond portfolio. The adjustment cost on the international bond portfolio guarantees a well-defined, unique solution for the
steady-state amount of international bonds. In the previous formula rp; denotes a country-specific risk-premium shock.

bond portfolio is possible after paying an adjustment cost denoted by I'g. (
form:

The Ricardian household offers labour N,(i) at the price W,(i) and rents capital u;(i)K;(i) to domestic firms for the rental rate
RE. The utilization of capital (denoted by u,(i)) takes the following functional form:

. . Y2 .
L) = Vr (@) = D + 52 () = 1)?
Capital-accumulation is described by:

N . 1:(i) .
Kpr(D = A - 8K D +({1-T, m 1:(7)

where the adjustment cost of investment takes a quadratic form:

NEORWTRIORY
Nt ) ™ 2 \eea(D

¥, helps to set the size of the investment adjustment cost.

", stands for the adjustment cost paid to purchase consumption goods and is in proportion to the velocity of money that is
based on the expenditure of consumption goods:
1+ TtC)Pc,tCt(D

M. ()

Households of type i can set their wage for the labour offered. Wages are sticky in a Calvo fashion so a particular household
can set its wage optimally with fixed probability.

ve(D) =

Households which cannot set their wage optimally can follow a geometric indexation rule:
W, (i) = n)cf,lt—ll:ll_x’ Wi, (V)

where Y, shows the weight attached to previous period CPlinflation, while 1— y, indicates the weight assigned to trend inflation.

3.2.2 NON-RICARDIANS
A particular non-Ricardian household faces the following budget constraint:

A+ + Ly (ve(D))PcCe () + M, ()
= (1 -7 = ") W (ING) + TRG) = Te) = Mea ()

where notations are similar to those in the case of the Ricardian household. For instance, T, is the adjustment cost related to
the cash holdings. Both types of households have to use cash to purchase consumption goods.



3.3 MONETARY AND FISCAL AUTHORITY

Monetary authority. The four blocks in the model share a symmetric interest rate rule:
(R = PEO(RZ)D* + (1 — PED[PRO(TIER* — I1€0) + o2 (Y{°/V2, — D] + &2

where ¢S50 is the parameter of interest rate smoothing, ¢p<C is the strength of the response to the inflation gap, while ¢<° is
the response to the output-gap in the Taylor rule. TI°®* denotes the target inflation rate, and 4 refers to the fact inflation is
calculated as an average of quarterly inflation rates. e,g_? is a block-specific iid monetary policy shock. In the above formula
output gap is identified with a growth gap that is usual in the literature.

Fiscal authority. The fiscal authority has revenues and expenses. In each block the government consumes (G) non-tradable
consumption and investment goods. Government pays lump-sum transfers (TR) and collects lump-sum taxes (7). It also levies
taxes on consumption, capital and dividends denoted, respectively, by 7€, T¢ and . Personal income tax and social security
contributions are denoted, respectively, by TV and ‘L'fv", while the part of labour taxes paid by the firm are denoted as Tl/v,.

The budget constraint of the government can be written as (receipts on the right-hand side and expenditures on the left-hand
side):

PGy + TRy + B, + M,_;
1 s"(1-w)
= TfPc G + (T{V + T ") p (f W, (DN ()di + f
0 s

w
+ T WiN, + Tf(RK,tUt = ([Tyu) + 5P + 77D,
+ T + R 'Biyy + M,

1

WKJ')M(J')C’/)

H(1-w)

where each variable is defined in per capita terms except for hours and wage which are aggregated for the types of households.

Government purchases and transfers are defined relative to steady-state nominal GDP and follow an AR(1) process:

gt = (1 - pg)g + pggt—l + sg,t
tre=(1- ptr)ﬁ + pytri—g + Euy

where g, and &, are iid innovations to government spending and transfers.

Stabilization of government debt is achieved by the fiscal rule:

where T denotes lump-sum taxes relative to steady-state nominal GDP (T;/(Py,Y)) and é is the target level of government debt-
to-GDP ratio that is in line with Maastricht criteria.

3.4 AGGREGATION AND SOME DEFINITIONS

The bilateral real exchange rate between two regions (H and CO) is expressed as fraction of the price index in CO and the price
index in H (both denominated in the same currency):

H,CO nCcO
SP
t Fc
RERM© = ‘
PH
ct
where S't"'co denotes the bilateral nominal exchange rate.
The bilateral term of trade can be written as: Lo
P ”
,CO IM,t
TOT': = §HCOpHCO
t Xt
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(o]

where Pﬂ\;,ct stands for import price index between H and CO, while P)/;/,tco

the denominator are expressed in the same currency).

denotes the export price index (the nominator and

For a particular non-tradable product (n) the aggregate resource constraint is:

Yy (M) = NT{(n) + NTy, (n) + Ge(n), Vn
Non-tradable products can be aggregated as:

s 1 5
Yae = P Yar(mdn
0

-0

H -6
1 (° (Pn T
= (—t( )> dnNT,

H
% Jo Purt

H

(NTE() + NT,, + G, () dn)

= sy,NT;

-0
1 (P T
Sne S o —_— dn
s Jo Purt

Similar expression can be written for tradable products with the only exception that government uses only non-tradable prod-

where price-dispersion is defined as:

ucts.

The price-dispersion can be written recursively as:

-6 0
PNT.f . nNT,t "
se = (1= $p) <PNT ol g o | Swe
,t

NT,t—1

The relative demand for non-tradable product n can be express as:

Pure(n)\ ™"
NT{n) =NTf<n>+N71(n)+NTf(n)=< P ) NT,

NTt
The relative demand tradable product h can be written as:
Pure(M\ ™"
HT,(h) = HTS(h) + HT.(h) + HT¥(h) = (—*/’J” ) HT,
HT,¢

The relative demand for a particular good (f<°) imported from country CO can be expressed as:

P\
IM{(f0) = IM{ (°) + IM(f°) + IM (f©) = P'H‘Co IM,

Mt

where the following relationships hold: NT, = NT¢ + NT; + NT¢, HT, = HT¢ + HT' + HTX, IM, = IM{ + IM, + IMY.
A domestically produced tradable good h can either be consumed (or invested) domestically or exported:

Yre(h) = HT¢(h) + HT.(h) + Z HTAHCO (1)

CO#H

where HT)t(‘H‘CO(h) the export demand for a particular good h can be derived from the cost-minimisation problem of firm pro-
ducing the export good.



After aggregation across varieties (h) we can rewrite the previous market clearing condition as:

1
o= [ vrhyan
SH Jo

1 fo " HTC (hydh + fo ’ HT!(h)dh + Z f ’ HT (h)dh

s
H cozt 0

PHT,t

- B —6,
1 MC. Ux Sy pHvCO

+ = Z vx< T't) X0 f Xt dh
Sy MCy; 0 Py

| CO#H

MC—H —Hx
) H,CO,H,CO
= SHT,f(HTf + HT;,) + VX <MC ) Z SX,t X:,-I

Xt

i . _s,
I (HTE + HTDf (M) dh
| 0

CO#H

where the third line made use of the relative demands of product h.

For a particular quantity X—expressed in per capital terms—the aggregation for Ricardian (/) and non-Ricardian (/) households:
1 sH(1-w) 1
X = — < f X,(Ndi + j Xt(j)dj> = (1 - W)X, + wXyy,
S 0 sH(l-w)
The previous expression can be applied for consumption, cash-holdings, transfers and lump-sum taxes as well:
C=01-w)C; +wCy,
Mf = (1 — a))M,,t + (L)Mj‘t,
TR, = (1 - a))TR,‘t + wTR),,
Ti =1 - )T, + wT,.

The working paper version of Gomes et al. (2012) contains more information on the description of the model.
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4 Calibration

Particular parts of the model (especially the trade matrices, the big ratios? and the tax rates) are calculated with the EAGLE
Calibration Help Tool (ECHT) other parameters were assigned value based on expert advice by MNB staff. The ECHT mainly uses
OECD data. In the next we shortly describe the content of the tables in the appendix.

Table 1. contains parameters describing behaviour of households and firms. There two main departures from the baseline
EAGLE model: i) the intertemporal elasticity of substitution (1/0 = 1/0.4) and ii) the share of non-Ricardian households (w =
0.75) are both higher in the Hungarian version relative to baseline version of EAGLE (with Germany).

Table 2 contains parameters of real and nominal adjustment costs such as the investment adjustment costs and the Calvo
parameters of price-stickiness. It also contains parameters of price and wage indexation. Table 3 includes parameters of the
monetary and fiscal rule as well as steady-state tax rates.

Table 4 contains the so-called big ratios such as government consumption as a fraction of the GDP.

Table 5 is comprised of the markups in the tradable and non-tradable sectors as well as markups applied in wage-setting. The
latter table also includes the elasticity of substitutions consistent with the markups.

Table 6 displays the whole trade matrix of all types of goods as a share of the GDP for each destination (each row).

Tables 7-9 are the disaggregated form of table 6 i.e. it contains the import of consumption, investment and export good as a
function of the GDP for each destination, respectively.

Table 10 displays variables need to for a full characterization of the trade among countries such as the size of the regions and
elasticity of substitution between consumption, investment and export goods.

L . . H,CO  H,CO HCO . ) .
Based on trade matrices in table 7-9 and information in table 10 we can calculate parameters v, =, v~ and v,n” which show

the amount of import of country H from country(-block) CO as a fraction of its total import (see, e.g., expression 4 which exhibits
the bilateral import aggregator for consumption goods).

2 Big ratios are the private, public consumption, investment and net export as a fraction of GDP.



5 Impulse Response Analysis

Previously we have shown that EAGLE is a useful tool to understand the propagation of global shocks. The implementation of
the model can be successful if the results from the model can be compared to the forecasting model that is currently in use at
the bank and also the calculations done by MNB experts. The difference in the results between the EAGLE model and the new
forecasting model of the bank can be attributed to the detailed trade block in the former.

5.1 SHOCK TO THE GROWTH RATE OF THE DEVELOPING COUNTRIES

The accumulated imbalances and unused excess capacities can cause the deceleration of growth in the Asian region. Several
studies pointed out that the slow-down of the Asian region can lower growth in all economies around the world. Through the
detailed trade connections between the regions EAGLE can be a powerful tool to analyze the deceleration of the Chinese econ-
omy. In the following pictures New Policy Model (NPM) is meant to refer to recently developed macroeconomic and forecasting
model of the MNB. In the New Model we distinguish between saver and borrower households who do not necessarily feature
rational expectations in contrast to previous MNB models where households have rational expectations (Békési et al. (2016)).

The slowdown of developing countries is modelled as a negative consumption preference shock of one per cent. The shock dies
out gradually and has similar growth effects on Hungary and the eurozone (see figure 5). Due to the negative shock the output
of the eurozone falls by 0.1 per cent. Lower foreign demand makes companies—especially those who produce for export—to
hire less labour and decrease production. As a result of lower demand the export of the eurozone to the US and to the region
representing developing countries. In Hungary output and inflation drop by 0.2 and 0.1, respectively, per annum.

The same simulation was also carried out by the so-called New Model of the MNB using the same type and size of shock. On
picture 5 we compare the results from the EAGLE and the New Model. The output and export declines two times more in the
EAGLE model due to the strong trade linkages between the four regions.

5.2 MORE RESTRICTIVE US MONETARY POLICY

Following the financial crises started in 2008 the aggregate demand fell in the US, the unemployment rate has risen. As the
inflation rate remained low the Federal Reserve cut the policy rate (the Federal Funds Rate) to record low level (the policy rate
hit its zero lower bound). The low interest rate environment and the unconventional monetary policy such as asset purchases
helped reinvigorate the economy. The recent favourable trend in the US economy such as higher aggregate spending and
declining rate of unemployment raises the probability of further tightening of the monetary policy.

The FOMC predicts the stance of US monetary policy to be tighter than market expectations by 40-45 basis points in two
consecutive years (see Figure 6). Next we simulate the effect of the difference between FOMC and market expectations on the
economy (see Figure 7).

After the shock the ex-ante real interest rate in the US increases constraining the consumption and investment of optimiser
households. Due to lower spending of optimisers firms produce less, demand less labour and, thus, aggregate employment,
real wage and output decline. Due to the trade connections lower demand from the US has direct and indirect spill-over effects
on the eurozone and Hungary. The direct effect on Hungary is due to the trade between Hungary and the eurozone while the
indirect effect concerns Hungary through the workings of US policy on the eurozone.

As a result of subdued income, consumption and investment diminish and the outlook of the export sector becomes grimmer.
Following the Fed interest rate hike the return on assets denominated in dollars is more attractive to investors causing a flight
from Forint-denominated assets and a depreciation of the Hungarian Forint. However, the depreciation of the Forint and the
accompanying gain in competitiveness cannot compensate for the decline in foreign demand.
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Figure 7
The effects of more restrictive US monetary policy on Hungary
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The rise in the Federal Funds Rate causes output in Hungary to contract by 0.1 percent and the export experience a larger 1 per
cent drop.

5.3 OIL-PRICE SHOCK

We consider the spill-over effect of a 10 per cent reduction in oil-prices on Hungary (see Figure 8). The fall in the oil-price is
modelled as a markup shock (standard in DSGE literature) i.e. an unexpected reduction in the price of the traded good from
the region representing developing countries. Due to lower oil-prices the export from developing world to eurozone and to
Hungary rises stimulating consumption and economic activity while placing a downward pressure on inflation due to lower
input prices in each country blocks.

The Taylor rule prescribes a fall in the nominal interest rate after the reduction in inflation. The expected inflation drops more
than the decline inflation leading to a rise in the real interest rate3. Higher real interest rate restrains consumption, investment
and economic activity overall although each of the indicators is still higher than their initial value during the transition path. In
Hungary output rises by 0.2 per cent relative to its long-run value per annum while inflation drops on average by 0.3 per cent
per annum. The real effects on the eurozone are quite similar to that of Hungary but the reduction in inflation is smaller (about
0.2 on average) on an annual basis.

We also carried out the comparison between the EAGLE and the New Model in case of a reduction in oil-prices. The pattern
regarding the magnitude of the responses is similar to the previous simulation across the two models. The effects of the oil-
price shock are larger in the EAGLE due to detailed trade connections there across regions. In sum, the reduction in the oil-price
has positive spill-overs not just on the eurozone but also on Hungary and the rest of the blocks.

5.4 MORE PROTECTIONIST US TRADE POLICY

The new US president’s program can cause substantial change in the structure of the US economy. The protectionist view of
US economic policy would concern such products which was the engine of US economic growth in the past but the industries
which manufacture those products do not contribute substantially to the GDP anymore and can be characterized by reduced
capacities and high unemployment. There is substantial uncertainty regarding future measures. In the election campaign there
was discussion about a 35 per cent import tariff for the cars manufactured outside the US and there is rumor about further
import tariffs on various products.

3 The real interest rate is defined as the difference between the nominal interest rate and the expected inflation rate (the so-called Fisher relationship).
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Figure 8
The effects of a 10 per cent reduction in oil prices in the rest of the world on Hungary
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We used the EAGLE model to find out what macroeconomic impact the introduction of a more protectionist US trade policy
would have on Hungary. The introduction of import tariffs on the goods imported by the US would make import more expensive
relative to home produced goods and would lead to a reduction in imports. The eurozone which has strong trade linkages with
the US experiences a large drop in exports. Although Hungary is not directly linked to the US through trade but the Hungarian
export is negatively impacted due to the tight connections with the eurozone. As the EAGLE model does not contain an import
tariff the effects of the tariff are mimicked through a positive shock to import prices prevailing in the US.

Figure 9 reports that lower external demand results in a fall of exports and output. The interest rate rule of each region in
the EAGLE model contains—besides the inflation gap—an output gap term which reflects that the monetary authority allows
for real economic considerations when setting the policy rate. Due to lower output, the output gap turns to negative and the
central bank of Hungary lowers the interest rate which—through the depreciation of the exchange rate—raises inflation. Due
to more protectionist US trade policy we predict economic growth in Hungary fall by 0.2 per cent while inflation rise by 0.1 per

cent.
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Figure 9
The effects of more protectionist US policy on Hungary
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6 Conclusions

In recent years there is a continuous update and expansion of the MNB macroeconomic modelling toolbox. In 2016 we intro-
duced the New Macro Model which was developed to reflect to the experience we learnt during the recent financial crises.
The next step of the expansion involved the adoption of the EAGLE model for Hungary with special attention to features of the
Hungarian economy.

In our macroeconomic forecasting model called New Model the block is representing the domestic economy is very detailed
while the foreign block is rather simplified. Therefore, there was interest in developing a model with more detailed foreign
sector and which can be used to simulate shocks emerging in the foreign block. Hence, we decided to adopt the EAGLE model
which contains four blocks, a global perspective and which was developed in international cooperation.

At the same time we used experience from the New Model when developing the Hungarian block of the EAGLE model. In
particular, we took into consideration the role of indebted households in the macroeconomic processes. The parameters of
the monetary policy rule are chosen to reflect the considerations of the MNB in supporting economic growth. Further, we
made use of recent empirical research which pointed at changes in economic relationships such as the limited exchange rate
pass-through and the flattening of the New Keynesian Phillips curve.

In the future we plan to adapt the EAGLE FLI model (EAGLE with Financial Linkages; see Bokan et al. (2015)) to Hungary. In
the EAGLE FLI the balance sheet of commercial banks explicitly appear and, thus, it is possible to study the effects of macro-
prudential policy such as the introduction of higher capital requirements or changes in the loan-to-value (LTV) ratios. The
calibration tool for the EAGLE FLI is currently under development at the ECB. The WGEM team treat the Bayesian estimation
of the EAGLE model as one of the main priority and there is already some experience with a three-block version of the model.
Hence, the estimation of the Hungarian version of the EAGLE model may also be of interest in the future.
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7 Appendix—The full list of model
equations and tables

We closely follow the appendix of Gomes et al. (2009) in the description of the full EAGLE model.

7.1 HOUSEHOLD I (RICARDIAN)
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e  physical capital FOC
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7.2 HOUSEHOLD J (NON-RICARDIAN)
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7.3 INTERMEDIATE GOODS

e tradables production function
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e tradables marginal cost
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e tradables pricing (domestic market)
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e tradables pricing (tradable intermediary goods are used for the production of consumption, investment and export goods)
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7.4 FINAL GOOD
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IME (x) IM“©(x) '
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. investment bundle .
K

Q (X) = [v“’ TT'(x) m + 1- v,)u; NT'(X) ml]w ,

N Ap=1 | H1i=1
TT,00) = vy HT’(X) e + 1- vT,) e IMt(X) um ,

PHT,t —HUn
HT’t(X) = VT/< > TT’t

P TTt

Pare) "
NT(0) = (1 —v) (7) Q)

Himi
1 P
/ H,CON Tumm H,CO LLA,”A',,,
IM; = Z (VIM/ ) (IMr (X))
CO%£H
o _
for Xeown Vipy = 1.
H,CO i /
meco 00 = o ( P IM,t > IM,(x)

t U C,CO c.co C,CO /1 ,GCO ’
™\ P Tt UM 00/ Q) 1= T’ (M (/04 (0)

for all CO # H. 5
IMECe/Q) 1)
ML (0 /Q)_, (%)

[CCOt (160 f _ cco IMCCO(X) c,co lMtC'CO(X) ’
Cop (UM () /Q()) =1 - IM’< Q’() =\ Twr Qlt(x)

F,C'CO(IMCCO( )/Q ) = Y (

e  export good bundle
Hrx

urx—1 | #rx—1
Q'(x) = v“” HTX(X) e + 1- vTX) unx X (x) 1 ] ,

MCr \~H
HTY(x) = — o
T (0 = vix (Mcx,t> Q,

_Himx
Hivx—1

Himvx=1
//V[i( = Z (VZ"V/";(O imx (IIVIHCO(X)) Hinix
CO+H
coO _
for Xcown Vi = 1.

pHeo M0

Hivx
C,CO _ HCO IM,t
M09 = Vi (P,Mx,frﬁjxc’*(lmf'c"(x)/af(x>)> 1- TSP (M () /(%))

for all CO # H. R
IMg (%) /Qf (%) 1)

C,co X M 0, <X o~
e (IME (0 /QF () = ( M (x)/Q, (0

IMe© IME© '
ris st = 1152 (e )~ (15 (Y )

e consumption prices

1

1- 1 1-
Pee = [vePinhe + (1 = vy te|

1

Prrey = [Vrcpl_”n +(1- Vrc)P1 “TC] e

HT,t IMC t
1
H,CO 1=pimc \ 1-timc
p = z VH,CO( Pimz >
Mt = me C,COT /1p ,C.CO
LM\ TS (M () /€ ()

MNB WORKING PAPERS 7 ¢ 2017



e investment prices
1

1— 1—u, ] -1
P, = [V,Pm’t" +(1- v,)PNTf'] g

1

_ 1-u 1—py | 1-un
Prry = [VT/PHT_t "+(1- VT/)P,M:J”]

1

.CO 1=t \ 1-rm
P = Z JHico ( P';-/M,t >
M = ] C,CO C,CO
M T UM 00/Q;00)

CO#H

e export good prices
1

— 1=pirx 1—Hrx | 1-m1x
P = I:VTXPHT’[» +(1- VTX)PIMXI ]

1
H,CO
p

I=fmx \ 1-mmax
P, = VH,CO( IM,t
MGt = IMX C,cot C,CO ; AX
2, (ME°/ )

CO%H IMX

7.5 MONETARY AND FISCAL AUTHORITIES

e monetary authority
(RED* = PRP(RZD* + (1 — PR (MEL* — I10) + p7° (Y /Y2, — 1] + k2
e fiscal authority

PGy + TR, + B + M,
1 sH(1-w) 1
= fpe ot (t + 2t o ( [ wonod+ -, mmmmw)
0 sf(l-w

w,
+ T fWrNt + Tf(RK,tut = (Ty(u) + S)Pl,t) + TtDDt
+ T+ R By + M,

Pn1eGe = gePyY

TR; = tr:PyY

Aggregate Variables
G =(1-w)(,; +wC;

M, =1 - w)M;; + oM,,
TR, = (1 - w)TR;; + WTRy;
Ti=1- )T+ T,
CG=(0-w),;+wCy
M; = (1 - w)M;; + oMy,
TR, = (1 - w)TR;; + WTR,,,
Ti =1 - )T+ wT,.
K = (1 - w)K;;

l=(1-w)l;
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D, = (1 - w)D,;
Bi=(1-w)B
B = (1- w)B;,
L(vi) = (A - w)l(ve) + ol (vye)
NP = N2, + Ny,
D, = PyoY, — r'Ke — (1 + 74 ) W,N?

D — 4D D
Ky = K7 + Ky

7.6 MARKET CLEARING CONDITIONS

¢ final consumption good
Q=¢C+T,;

e final investment good
th =l + Ty (upk;
*  non-tradable intermediate goods
Ve = sneNT,

NT, = NTS 4+ NT, + G,

pNT,f
spe = (1 =&y (m
b

e tradable intermediate goods

_GN

[
+ ¢ e ' s
N (HNTt)XNTnl_XNT Nit-1

s COH
Y = SureHT, + Z oM
CO#H
HT, = HTC + HT!
~ -0r 6r
Pur 7
sure = (1= $p) (m + &y Moo ix | St
Ox

~ -6
PCO X nco
Xt Xt
s§? =@1- f§0)< > + §0< > s)c(?_l

PO (Tyco ¢y ) XTI

. labour

— D
N = 5/,tN,,t

_ D
Ny = SJ,tNJ,t

-7 n
s, =(1-&) % , +& L IS
e YA\ w,, "\ (W0 b

5 - uh
Wl,t WJ,t
e = (1=8) (W_n> +¢ <W S)e-1

e  capital services

uk, = kP
e internationally traded bonds
ZSCOB;CO - O,Z SCO =1
co co
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7.7

7.8

RESOURCE CONSTRAINT, TRADE BALANCE AND NET FOREIGN ASSET
POSITION

PyeYe = PcQS + Py, Q, + Pyr,Gy

E H,CO pH,CO yH,CO __ E HCO HCO
+ St PX,t Xf PIMt

CO#H CO#H

co C,CO s AC H,CO 1,cO
IMH’CO=II\/IC’CO (/M /Q) I/,co - (/M /QI)

t t HCO C,CO t HCO 1,CO
Tl +(/M /Q5) T +(/M /a)
XHCo ﬁ IMCOH
t - sH t
Yo=Y, + Yy,

H,CO HCO COH HCO HCO
8, = S E P

e |
CO%H
B
*—1p* _ p* t=1
RiZiBi =B, + “CHUS
t—1
RELATIVE PRICES
bilateral real exchange rate
H,CO HCco
RERC = — forall CO # H.
ct
bilateral terms of trade
H,CO
,CO IM,t
TOT? = Wfor all CO # H.
t Xt

effective real exchange rate

vH,CO
REER! = 1—[ (RER°)

CO#H
H yH H o yH

vH,CO — P X VH ,CO P/M tX VHCO
H yH H yH X H yH H yH 1M
Py X +P,MtX Py X +P,MtX
,CO H,CO pCO\/CO

H,CO — X':l RER; PythC

Vo =

Xt RERCPOYC + 3y, co)RERYPE XE°
K H,CO 5CO COK
X' RERPLOX]

+ —_—
K K H,J K
b0y Xe PXYS+ 3, RERY P, X
CcO H,CO
HCO — HCOP IM,
Vv = RER ﬁ
PIMtIM
H H — pC c . pl I
PIMtIM PIMtIM + P/Mtht
s com
H — ,
Xt = Z M
CO%H
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co

bilateral exchange rate depreciation in real terms

7.9 SHOCKS
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bilateral exchange rate depreciation in nominal terms

H — H,CO pH,CO 1 1COH
X, = S_HRERt Py IM;
Co#H
H o ngH = H,CO p 1H,CO
PIM,tIMt = Z PIM,t IMt
CO#H
H,CO
ER,"
RERDEP}'© = ——
RER,”;
gHco "
HCO — 2t _ Hco Z7Ct
NERDEP,"™" = —=5 = RERDEP,"" —=5
S Gt

gr = (1= pg)g + pggi—1 + &g
tre = (1= pe)tr + pytro_y + Etrt
In(zry) = 1 - p,) In(zp) + p,, In(z7-1) + &,
In(z) = (1= p,,) InGaw) + py, Inanees) + £,
TE = (L= pr)TC + prcTiy + Excy
1 = (1= ppo)T® + protly + £
T = (1= pe )T + putly + £
T = (1= pe)T + ety + £y
Tl/vh = (1= pew )T + pow, T:‘Aihl + Ewn
T =(1- P )TV + PerTrMiﬁ + Epwpy
Py = PrefPi-1 t+ Erpt
markup), = ParkupMarkup}_; + €manup e | € {HT, NT, X}

§e= A —p)§ +peen + &,



Table 1
Parameters describing the behaviour of households and firms

HU EA us RW
Households
Discount factor (B) 0.99 0.99 0.99 0.99
Intertemporal elasticity of substitution (1/0) 1/0.4 1/0.4 1/0.4 1/0.4
Inverse of Frisch elasticity({) 2 2 2 2
Consumption habits (k) 0.7 0.7 0.7 0.7
Share of non-Ricardian households (w) 0.75 0.25 0.25 0.25
Amortisation of physical capital () 0.025 0.025 0.025 0.025
Intermediary goods producers
El. of subst. between capital and labour 1.00 1.00 1.00 1.00
Share of capital in production («) 0.3 0.3 0.3 0.3
El. of subst. between Ric. and non-Ric. labour (1) 4.33 4.33 4.33 4.33

Final consumption good producers

El. of subst. between dom. produced and imported (1¢) 2.50 2.50 2.50 2.50
Weight on dom. produced good (vr¢) 0.20 0.20 0.85 0.20
El. of subst. between tradable and non-tradable good (¢¢c)  0.50 0.50 0.50 0.50
Weight on dom. produced tradable good (v¢) 0.78 0.45 0.35 0.35
Final investment good producers

El. of subst. between dom. produced and imported (tt7/) 2.50 2.50 2.50 2.50
Weight on dom. produced good (vy) 0.20 0.20 0.85 0.20
El. of subst. between tradable and non-tradable good (u,) 0.50 0.50 0.50 0.50
Weight on dom. produced tradable good (v;) 0.78 0.45 0.35 0.35
Final export good producers

El. of subst. between dom. produced and imported (tty) 2.50 2.50 2.50 2.50
Weight on dom. produced tradable good (vy) 0.78 0.45 0.35 0.35

Notes: HU, EA, US, RW denote Hungary, Euro Area, United States and the rest of the world, respectively.
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Table 2
Parameters describing real and nominal rigidities

HU EA us RW
Adjustment costs
Import adj. cost cons. good (y;yc) 2.00 2.00 2.00 2.00
Import adj. cost inv. good (¥;) 1.00 1.00 1.00 1.00
Capital utilisation (y,) 2000 2000 2000 2000
Investment adj. cost (y;) 6.00 6.00 6.00 6.00
Adj. cost on cash balances (y,1) 0.029 0.029 0.029 0.029
Adj. cost on cash balances (y,,) 0.15 0.15 0.15 0.15
Adj. cost on international bond portfolio (=) 0.01 0.01 0.01
Calvo params. of price and wage rigidity
Wage rig.: Ric. and non-Ric. HHs (&, &) 0.75 0.75 0.75 0.75
Price rig.: tradable (§7) and non-tradable (&) 0.92 0.92 0.75 0.75
Price rig.: exporters (&) 0.75 0.75 0.75 0.75
Indexation of prices and wages
Wages: Ric. and non-Ric. HHs. (x; és x;) 0.75 0.75 0.75 0.75

Prices: dom. tradable and non-tradable. (yy és xy)  0.50 0.50 0.50 0.50
Prices: exporters (y,) 0.50 0.50 0.50 0.50

Table 3
Parameters describing rules of the monetary and fiscal authority as well as steady-state tax rates

HU EA us RW
Monetary authority
Inflation target (annualised, I1%) 1.03 1.02 1.02 1.02
Interest rate smoothing (¢g) 0.87 0.87 0.87 0.87

Strength of the response to inflation gap (¢;) 1.70 1.70 1.70 1.70
Strength of the response to output gap (¢y) 0.10 0.10 0.10 0.10

Fiscal authority

Debt/GDP target (quarterly By) 2.40 2.40 2.40 2.40
Strength of the response to debt/GDP 0.10 0.10 0.10 0.10
Consumption tax (t€) 0.22 0.183 0.077 0.077
Tax on dividends (zP) 0.15 0.00 0.00 0.00
Tax on capital (7¥) 0.19 0.19 0.00 0.00
Personal income tax rate (tV) 0.15 0.122 0.154 0.154
Tax rate paid by the employer (%) 0.219 0.219 0.071 0.071
Social security (t"h) 0.118 0.118 0.071 0.071

36 MNB WORKING PAPERS 7 ¢ 2017



Table 4

Big ratios
HU EA us RW

Government purchases 0.66739 0.73661 0.71036 0.59655
Private investment 0.18585 0.17975 0.17034 0.20378
Private consumption 0.66302 0.57333 0.67418 0.55787
Goods and services export  0.75343 0.22241 0.10961 0.13053
Goods and services import  0.74889 0.21035 0.15135 0.10796
Net export 0.00454 0.01206 0.04074 0.02256
Net foreign assets -0.96886 -0.09815 -0.19656  0.14237

Table 5

Markups in the production of domestic tradables, export goods, non-tradables and in wage-setting

Domestic Export Non-tradable Wages
tradable good
0r Oy Onr m=mn
HU 1.20(6.0)  1.20(6.0) 1.50(3.0) 1.30(4.3)
EA 1.20(6.0)  1.20(6.0) 1.50(3.0) 1.30(4.3)
us 1.20(6.0)  1.20(6.0) 1.50(3.0) 1.16(7.3)
RW 1.20(6.0) 1.20(6.0) 1.50(3.0) 1.16(7.3)

Notes: x(y) denotes gross markup (elasticity of substitution)

such that x = y/(y — 1) is satisfied.

Table 6
Trade matrix for all products as a share of the GDP of the importer)

HU EA us RW Total
HU - 0.415436 0.034682  0.279379  0.729497
EA 0.003884 - 0.025703  0.172803  0.20239
us 0.000177 0.018167 - 0.130983  0.149327
RW  0.000879  0.059857 0.045145 - 0.105881

Notes: each row contains the import of a block from the other
three blocks as a share of its own GDP. The last column

indicates total imports as a share of the GDP of the importer.
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Table 7

Trade matrix of the import of consumption good as a share of the importer’s GDP

HU EA us RW Total
HU - 0.051773  0.002599  0.032187  0.086558
EA  0.000729 - 0.002418 0.037416  0.040563
US  2.53E-05 0.003498 - 0.031148  0.034672
RW  0.000203 0.011203 0.005633 - 0.017037
Table 8
Trade matrix of the import of investment good as a share of the importer’s GDP
HU EA us RW Total
HU - 0.060429  0.007109  0.037904  0.105442
EA  0.000591 - 0.006334 0.021791  0.028716
US  3.58E-05 0.003591 - 0.020087  0.023713
RW 0.00014  0.012667 0.008978 - 0.021786
Table 9
Trade matrix of the import of the export good as a share of the importer’s GDP
HU EA us RW Total
HU - 0.303235 0.024974  0.209288  0.537497
EA  0.002564 - 0.016951  0.113596  0.133111
Us  0.000116 0.011077 - 0.079748  0.090942
RW 0.000535 0.035986 0.030537 - 0.067058
Table 10
Further parameters describing trade between blocks
HU EA us RW
ES among imported cons. goods (c) 2.50 2.50 2.50 2.50
ES among imported inv. goods (ft) 2.50 2.50 2.50 2.50
ES among imported good used for export ((jx)  2.50 2.50 2.50 2.50

Size of the blocks

0.002848 0.16724

0.22598  0.60393

Notes: ES refers to the Elasticity of Substitution.
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