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Abstract
This paper presents open DSGE model with firm’s owned capital. This

model includes some unusual features except firm’s owned capital. The model is
estimated by ML method for Russia and USA. Some features of the model a
statistically checked. IRFs and variance decomposition are calculated. They show

flexibility of the model and huge difference between USA and Russia.
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Introduction
One of the most popular approaches for analysis of macroeconomic

environment is researching of dynamic stochastic equilibrium models. This type of
models is the base of modern macroeconomic theory.

How can DSGE models help in macroeconomic analysis? First of all, DSGE
models are the telling story instrument. These models explain and understand
macroeconomic fluctuations using a coherent theoretical framework [Adolfson,
Lind¢ etc. (2007)]. In the 1990s the view was that it is the main (possible unique)
usage of DSGE models [Del Negro and Schortheide (2006)].

Another usage is forecasting. The new generation of closed economy DSGE
models compare very well with vector autoregressive (VAR) models in terms of
forecasting accuracy [Adolfson, Lindé¢ etc. (2007)]. More over, these models
forecasts are close to surveys results (the Philadelphia Fed Survey of Professional
Forecasters) [Rubaszek and Skrzypczynski (2008)].

DSGE models could be used for optimal policy of government forming.
There are a lot of articles which concerns optimal monetary policy. They use
different criterions of optimality (from inflation targeting till householders
optimum). The main reason of such usage is that DSGE models are based on deep
parameters of preferences and technology. The micro foundations imply that the
structural parameters are more likely to be invariant to various policy interventions
the policy makers may want to consider [Smets and Wouters (2004)].

Thus DSGE modeling can be useful in different ways. But the goal of this
paper is to better understand the dynamic behavior of aggregate variables
(especially inflation). We develop a small open economy DSGE model.

What is the difference between our model and other? There are a lot of
common features at majority of DSGE models. One of these features is
householders which own real capital. They make decision about real investments.
This common assumption doesn’t look like realistic. Usually, capital is owned by
firms in the real world. They make real investment decisions. Householders make
only financial investments. In the model they can buy (or sell) bonds or equities. It
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is the first feature of our model.

There are some models with such feature. But they aren’t common. Articles
of Guli and Tancioni or De Graeve etc. are good examples of models with firms
owned capital. Hence, financial investments of householders aren’t clear described
in Giuli and Tancioni’s model (Householders doesn’t invest to equities) [Giuli and
Tancioni (2009)]. De Graeve etc. are focused on behavior of financial variables.
Moreover, De Graeve etc. don’t estimate the model [De Graeve, Dossche etc.
(2008)]. It happens because of complicity of the model and interest in higher order
behavior of model. Thus, papers with the same feature are different in the other
one.

Another one common feature is firms which haven’t access to bond market.
It doesn’t look like realistic especially in context of current crises. So, we give
such possibility for firms. But probability of bankruptcy isn’t added into the model
for simplicity reasons. This is the second big difference of the model. There are a
lot of smaller differences such as interest rate as discounting factor.

We estimate the DSGE model for Russia and USA. Quarterly data is used
for estimation. After that impulse response and variance decomposition are

analyzed for each country. A lot of differences between countries were revealed.



Model
The open DSGE model includes 4 types of agents: householders, firms,

government and foreign sector. Householders maximize expected sum of
discounted utility functions (1) with budget restriction (2). Householders don’t
own capital but they can buy domestic and foreign stocks and bonds for saving
money. It should be noted that householders doesn’t like to use foreign assets.
Householders consume continuous set of goods (C; represents consumption basket

which definition is based on CES-function (3)).
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, where C; — value of consumption goods basket at period t, L; — labor supply at
period t, M; — money stock at period t, P, — price of goods basket at period t, F; —
exchange rate at period t (number of domestic currency units for one foreign
currency unit), By — value of foreign bonds bought by householders at period t,
Xur: — number of foreign equities bought by householders at period t, Byp: —
value of domestic bonds bought by householders at period t, Sp; — price of
domestic equities at period t, Xyp; — number of domestic equities bought by
householders at period t, Sg; — price of foreign equities at period t, Ty ; — payroll tax
at period t, Rp; — interest rate on domestic bonds at period t, R — interest rate on
foreign bonds at period t, Dp; — dividends of domestic equities at period t, Dy —
dividends of foreign equities at period t.

Value of consumption goods determines according to CES function:
0/(6-1)
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, where Cp,j; — consumption of domestic j-th firms goods at period t, Cg,j; —



consumption of foreign j-th firms goods at period t.
Minimization of expenditure for such goods basket leads to the following

demand functions and price level:
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Most features of householder’s problem are common for DSGE models. But
there are few unusual details. The first of them is absence of real capital under
householder’s control. The second are financial investments of householders.
Householders could own equity of foreign and domestic firms. They are also able
to but (or sell) bonds in domestic and foreign currency, but this detail is more
common. The third 1s rigidity of foreign asset position. Householders don’t like to
have any foreign assets. This feature is forced because foreign sector is fully
exogenous.

Firms maximize expected discounted dividend flow (7) with restrictions.
Firms are working at the monopolistic competition market. Demand for those
product (8) forms according to the optimal basket structure for each agent. Budget
restriction (9) and restriction of capital evolution are common. However,
production function (10) includes price, output and dividend adjustment costs. It
also includes costs of bond position difference from conventional level. Firms also

have additional resource at production function. It is semi finished goods Y pp.
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, where Dj; — dividends of firm j at period t, Y, — output of firm j at period t, P;; —
price for goods of firm j at period t, [; — demand for investments goods at period t,
Ypp, — demand for semi finished goods at period t, G; — government expenditure at
period t, Pp; — price level for domestic goods at period t, Pg; — price level for
foreign goods at period t, Yr — foreign demand for domestic goods at period t, I;; —
investments of firm j at period t, Y;pp — demand for semi finished goods from
firm j at period t, B;; — value of domestic bonds bought by firm j at period t, K;,t —
amount of capital used by firm j at period t, Lj; — amount of labor used by firm j at
period t.

There are some unusual features in the firm’s problem. The first feature is
capital owned by firms. Existence of real investment is consequence of this feature.
The second is that firms are able to buy (sell) domestic bonds. The third is semi-
finished goods as input of production function. The fourth is rigidity in the
production function. It’s impossible to add rigidity into budget restriction because
it eliminates colinearity of budget restrictions. That is why rigidity is added into
production function. It should be noted that rigidity of bond position could be
interpreted as conventional level of debt pressure.

Government makes its decisions according to policy rules and budget

restriction. Government has following budget restriction:
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Taxation rule:
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Rule of government debts structure:
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Government expenditures are exogenous. AR(1) process describes it. There
1s one uncommon feature in the government. Government has position in domestic
and foreign bonds. This is uncommon for developed countries but common for
developing.

Foreign sector i1s fully exogenous. It has following demand for domestic

goods of firm j:
P -0
{ o j (v,.) (16)
Y;’t = ZF,Y,t (17)

Price level for foreign goods is following:
P.F
S =Zpp, (18)
F;PF,tfl o
, where Zg v, Zp p; are exogenous process AR(1).
Foreign sector has access and interest on financial markets. It’s position in

equities and bond describes by following rules:
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, where Zg 5 and Zp x  are exogenous process AR(1).

Prices and dividends of foreign equities are exogenous:
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Foreign sector has budget restriction which automatically true (because of



budget restrictions of other agents):
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BG,F,t + BF,F,t + BH,F,t =0 (29)

Optimal conditions in terms of stationary variables are presented in appendix
1. Linkage between stationary variables and usual one are presented in appendix

too.



Results
The DSGE model which is described above i1s estimated for Russia and

USA. Maximum likelithood method with measurement errors is used to estimate
linear approximation. The following datasets are used for USA: real and nominal
GDP, consumption, investments, government expenditure, export, import growth,
nominal compensation for employees, all employees, average nominal wage,
money measure M1, LIBOR 3M, MSCI USA, MSCI world ex USA, nominal
broad dollar index. The data was from Q1 1975 till Q4 2008 (139 observation).
The log-likelihood is equal to 8260,325. The results of estimation are presented in
appendix 2.

For Russia data was from Q1 1999 till Q4 2008 (39 observation). The
following datasets are used for Russia: real and nominal GDP, consumption,
investments, government expenditure, export, import growth, nominal
compensation for employees, all employees, nominal wage, money measure MO,
average of MIBOR and MIBID, MSCI Russia, MSCI AC World, USDRUR. The
log-likelihood is equal to 1077,91. The results of estimation are presented in
appendix 2.

It should be noted that analytical steady state wasn’t found. It makes any
calculation of model slow. Few equations were linearized around parameterized
point instead of steady state. It leads to huge calculation speed improving because
of finding analytical steady state for other variables.

Some comments about parameters values would be done. This model has
few features which could be statistically checked easily. First of them is rigidity of
householder’s foreign asset position. Corresponding parameters are statistically
significant for USA. One of rigidity parameters is significant for Russia. It shows
that rigidity of householder’s foreign asset position exists. It shows indirectly that
householder’s foreign asset position significant for model.

Another feature is bond position of firms. Significant parameter (for Russia
and USA) of corresponding rigidity indirectly shows significance of this feature.
Adding of semi finished goods into production function is statistically significant
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for Russia and USA. Situation with government position in foreign bonds is really
interesting. Mean of process Zggp: is significant for USA and insignificant for
Russia. It’s possible to explain such situation for Russia. At the beginning of
observation period foreign bond position of government was negative. At the end
of observation period foreign bond position of government was positive. Domestic
bond position of government was negative during all observation period. So, it’s
possible that average ratio of domestic and foreign bonds is zero. Another
explanation is incorrect form of dependence between foreign and domestic bond
position of government. Thus most features of the model are statistically
significant. But some features are harder to test. Significance of such features isn’t
checked.

Main interest 1s behavior of the model. We start from variance
decomposition of inflation. The picture is quite different between countries. Only
ey and &g explain noticeable part of variance in both countries. The difference

between domestic inflation and inflation isn’t noticeable.

Variance decomposition. USA.Jnflation
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Picture 1 Inflation variance decomposition
IRFs (impulse response function) show difference between USA and Russia.

The best example is consequences of government expenditure shock. This shock

leads to increase of inflation for a short time in USA. For Russia it leads to
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decrease of inflation for a long time. It’s unusual situation. Explanation of Russian

IRF is following: growth of government expenditure leads to decrease of domestic

demand due to taxation and government debts. Decrease of domestic demand leads

to decrease of inflation.

Another unusual picture is response for technology shock which leads to

higher inflation. The description is following: technology shock leads to growth of

domestic production. It leads to growth of demand for inputs of production

function. It leads to growth of domestic demand which leads to higher inflation.
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Picture 3 IRFs of inflation and domestic inflation

Variance decomposition of GDP and domestic demand growth shows

additional difference between Russia and USA. It also shows difference between

GDP and domestic demand.

Consequences of government expenditure shock should be noted. This shock

leads to opposite effects in USA and Russia (increase of GDP in USA and

Decrease of Russia). This fact could be interpreted as illustration of low efficiency

of Russian government expenditure.

12



Variance decomposition. USA.Output Variance decomposition. Russia.Output
e Erp EFS
8M 0,08%
4,00%
26,44% 1 40% £G
79,44%
Variance decomposmon USA.GDP. Variance decomposition. Russia.GDP.

€rp_ EFR

EF,p
£G €F,S

0
grp 0:07% 0,10% &r 19, 50% 0.05% 14,53%
0 7,63%
2.17% A S 00%
3 23%
0.0 4% 57, 65%

Picture 4 GDP and domestic demand growth variance decomposition
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Picture 5 IRFs of GDP and domestic demand growth

Situation with exchange rate is a little bit unusual. It seems that exchange
rate variance is result of foreign price shocks in the USA. And domestic factors
have low influence. For Russia situation is opposite: domestic factors are main

drivers of exchange rate.
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Variance decomposition. Variance decomposition.
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Picture 7 IRFs of exchange rate

The situation with interest rate (variance decomposition and IRF) is really

close to inflation. So, it can be uncommented.
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Variance decomposition.

Variance decomposition.
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Picture 9 IRFs of interest rate
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Picture 10 IRFs of interest rate

Equity return is variable that could require comments. First of all we have to

understand that expected equity return should be close to interest rate (otherwise

householders would greatly change their position in equity which leads to change

of equity price). But equity return could differ from interest rate greatly. As result

IRFs show that short term effect is high and long term effect is low.

Variance decomposition.
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Picture 11 Equity return variance decomposition

The great example here is shock of householder’s liquidity preferences. It

could appear that long term IRF is differ from IRF of interest rate. At picture 10

responses for USA and Russia are close. At picture 12 they are different. But
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source of this difference is short term effect which makes

USA different.

scales for Russia and
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Picture 12 IRFs of equity return
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Picture 13 IRFs of equity return
Conclusion

At the conclusion main result of the article would be done in the short form:
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e The small open economy DSGE model with following unusual features is

created:

1.

5.
6.

Capital is owned by firms. Firm makes real investment decision
instead of householder.

Householders could own equity of foreign and domestic firms. They
are also able to but (or sell) bonds in domestic and foreign currency.
Foreign asset position rigidity of householders.

Firms are able to buy (sell) domestic bonds. There is rigidity of firm’s
bond position.

Semi-finished goods are input of production function.

Rigidities are added in the production function.

e The model is estimated. Some features are statistically checked:

O

O

O

Features number 3, 4, 5 are statistically significant.
Feature number 2 is indirectly checked. It is significant.
Feature number 6 is indirectly checked. Every rigidity parameter is

significant for USA. And 3 of 4 parameters are significant for Russia.

e IRFs and variance decomposition for Russia and USA are calculated. They

show:

O

O

O

The model is able to generate quite different reaction to the same
shock depending on parameters values.

Many shocks lead to different or opposite results in the USA and
Russia.

Government expenditure shock is main source of variables variance in

Russia.
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Appendix 1 Optimal conditions in terms of static variables
Table Al.1 Variables

Connected static

Variable Meaning variable
Bp, value of domestic bonds bought by firms at period t b,, = [ Bo. j
P, D,tY Dt
Brp: value of domestic bonds bought by foreign sector at period t FDg = (%}
Ly
Br value of foreign bonds bought by foreign sector at period t bpp, = (F’Ili;F . j
i1
Bip, value of domestic bonds bought by householders at period t by p.s (B;’;” j
[t
B, value of foreign bonds bought by householders at period t byr,= (F’]B;[;F ; j
[t
C value of consumption goods basket at period t ¢ = ln(C[/ t)
Dy dividends of foreign equities at period t dy, = ln(DD,[ / (P[Y[ ))
Dk, dividends of domestic equities at period t dp, = ln(DF,t / (PY, ))
F, exchange rate at pe(r)lr(l)ed ;O(rglilglb:li r(r);”n(i(;nll;si?)c currency units for f= ln( F / F 71)
Gt government expenditure at period t g = ln(Gt / Y[)
I; demand for investments goods at period t i = ln(l , YI)
K, amount of capital at period t k, = ln(K ./ Yt)
L, labor supply at period t [ = ln(LtZ L,t)
M money stock at period t m, =In(M,/(PY)))
Ppy price level for domestic goods at period t Pp. = ln(PD,t / B)
Pry price level for foreign goods at period t Pr, = ln(PF,t / R)
P, price of goods basket at period t D, = ln( >/ PH)
Rp; interest rate on domestic bonds at period t Fp.i = ln(RD,[)
Rg, interest rate on foreign bonds at period t Te, = ln(R F. t)
Sp. price of domestic equities at period t Spy = ln(S /(P [))
Sk price of foreign equities at period t Sp, = ln(S P / (PIYI ))
Tey payroll tax at period t t,, =T,
Wi wage at period t w, = ln[ ", j
Z..BY,
XEpyt amount of domestic equities bought by foreign sector at period t Xep, =Xrp,
XrFs amount of foreign equities bought by foreign sector at period t Xpp, =Xpp,
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Table Al.1 Variables (continue)

. ) Connected static
Variable Meaning .
variable
Xt amount of domestic equities bought by householders at period t Xy ps =Xy,
Xnr amount of foreign equities bought by householders at period t Xyrs =Xy,
Yo, output of domestic firms at period t Ypu = ln(YD, , / Y[)
Yop. demand for semi finished goods at period t Yop: = ln(Y Yy Yt)
Yr, foreign demand for domestic goods at period t YVig = ln(Y Ft Y[)
Y, domestic demand at period t y,=In(v,/Y_,)
Lagrange Multiplier corresponding to budget restriction of firms 1 =A
Ab,t . bt — “hbt
at period t : ’
Lagrange Multiplier corresponding to demand restriction of firms 1 =A
Ad,t : dyt — d,t/ t
at period t
Lagrange Multiplier corresponding to production function 1 =A
APJ L : p,t — thp,t / t
restriction of firms at period t ’ ’
Lagrange Multiplier corresponding to budget restriction of _
At : At - At th
householders at period t
Exogenous process corresponding to conventional level of debt 7
Zp Bt Zp.Bt —4D,B
pressure
Exogenous process corresponding to value of domestic bonds 7
7k : Zp,gy = LF By
owned by foreign sector
Zrp, Exogenous process corresponding to dividends of foreign firms Zpps = ln(Z F. D,t)
Zepy Exogenous process corresponding to foreign inflation Zppy = ln(Z F. P,t)
Zrry Exogenous process corresponding to foreign bond interest rate Zp gy = ln(Z F. R,t)
Zrs, Exogenous process corresponding to price of foreign equities Zp g, = ln(Z F S,[)
Exogenous process corresponding to foreign demand for 7
Zr X . o Zrxs = LF X,
domestic equities
Zr v, Exogenous process corresponding to foreign demand for goods Zpy, = ln(Z Fy ,)
Zgy Exogenous process corresponding to government expenditure Zg, = ln(ZG, ,)
7 Exogenous process corresponding to structure of government Z _ ln(Z )
. bond position G.B.t G.B.t
Exogenous process corresponding to utility of consumption —1n(7
ZHJ ZH t H,t
growth
Exogenous process corresponding to householders amount of
7y, & P p £ Zrs = ln(ZL,z/ZL,H)
labor
7 Exogenous process corresponding to liquidity preferences of - ln(Z )
M householders Mt M
Zry Exogenous process corresponding to monetary policy Zpi =Zp,
Zr; Exogenous process corresponding to taxation policy Zr, =2,
Zy, Exogenous process corresponding to technological development Zy, = ln(Z Y / Z Y,H)
Householders:

e (1 + exp(zH,t + l//(Ct —C + Y ))_ Et (ﬁ exp(zH,t+1 + l//(cHl — ¢ + Yiu )))) = At

z -m - 2 - — —
e M.t t +¢H,B (bH,F,te mr) e m; _it + Et (ﬂipr]e P17 Vsl ): O

(Al.1)

(A1.2)
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A+ E,(BA,e e )= 0 (A1.3)

— ¢H,B (bH,F,le*m; )e*mx _ i[ _ E[ (ﬁiprle*pwl*ywﬁrr}r,x+./;+l )= 0 (Al .4)
—Ae" +E, (,BAHI (eSD"*‘ +efr )): 0 (AL.5)
— Xy p, — e +E, (,Bit+1 (es”*‘ +elre )): 0 (A1.6)
_ e(m+1)l, + Az( _ TL,t )eWrJrlr =0 (Al 7)
bH’D’l + bH’F’l + eerliyliple’D’l,I + erF,r—lJrfxfyx*pr bH’F’l,I +
el +exyp + |= (l -T,, )e”"”' +| + (eSD” +e" )XH,D,t—l + (A1.8)
esF,r xH,F’l + em; + (eSF,r + edF,r )XH’F,171 + emx—lfyrfpr
Firms:
d,, +y,+p, —
1- Abt - 2@0 o Y _pl _ eidD’IerD”Apl +
, - dD,H —p-) ,
) L ~0 (A1.9)
at Vet P~ |+ DY'JJ: DYT:
+2Et Ap l+1¢)D D,t+1 ‘)2 1 _pl 1 e[ Yir1 TPl D,r]
, - dD,z 2

(PP(pD,z —Ppsia T D _ﬁ)z +(PY(yD,z —Vpiat W, _y)z +

~h e, o (dy,ty,+p, Y ~0(A1.10)
+(pB(bD,t _ZD,B,t) +¢, - — +1
_dD,H 2
_ﬂ“b,t _ﬂ“p,t 2§DB (bD,t ~ZpBy )e*PD,, +Ez (}“b,nl): 0 (All 1)
(PP(pD,z —Ppia T D, _13)2 +
+(pY(yD,t_yD,t—1+yt_y)2+ —
A > 2(pY(yD,t_yD,z—l+yz_y)_
Aol | TPs (bD,t _ZD,B,t) + + _9 (b B )b +
5 Ps\Op, —Zp s )Op,
d,, +y,+p, - =0 (Al.12)
+0, ’ | +1
_dD,t—l 2
({%m:j’m +Yi4 +]
+E, Ap,mz(/)y (yD,t+1 ~Vpst Vi~ y)e o + Ah,tepD’t —Ad,,
{ (pP(pD,z —Ppia T D, _13)2 +
o I Dyt~ VDDt
_Ab,t+ﬂ“p,z(_a ’ +¢)Y(yD,t_yD,t—l+yz_y)2+ e’ P =0(A113)
K 2
d )t +yz +pz -
+@p (bD,t ~Zp.By )2 +o, ? _ | +1
_dD,H 2
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+ Ab,tJrlele*rD,t (1 _ 5

A, e =2, 0 — ip,{

- A, +
t [ " )} + Ap,t“’laKe(

20(Pos = Posr + P - ﬁ)—j B
—2¢, (bD,t ~Zp.By )bD,t

Pl 7rD,t +tYt
Jr)’D,Hl 7kt

(PP(pD,Hl —Pp;t Pia _13)2 +
+(Py(yD,t+1 Vot Vin _y)z +

2
+o dD,t+1 t YVt P~
\-dp, -P-7

- Tt YD1 VDtV et TP
_Ez (ip,nl (2(/)P (pD,z+1 _pD,z +pz+1 _p))e )

edD,r

e =(1-8)e" 7 +e"

Yoy _ —bbp, c, i VDDt -
e =e (a)De +CUD€ +CUD€ )+€

A U )
+(PY(yD,z — YotV _y)z +

2

+ @y (bD,t ~ZpBy ) +

2
p dD,t+yt+pt_ +1
° _dD,H _]_7_5

i +
+e? +e’? +b, e + e

Pp (pD,H ~Ppyio +D P)z +
+ @y (yD,H ~Vp.i-2 Vo _y)Z +
+ Qg (bD,H ~Zp.Bi-1 )2 +

2
P dD,t—l +VoatDPo— +1
° _dD,t—z _ﬁ_y

Foreign sector:

=exp

exp(pF,t —Ppiat D~ f ) = exp(ZF,P,t)

exp(yF,t - yF,t—l + Y ) = exp(ZF,Y,t )
bF,D,t eXp(_pF,z - yF,t) =Zr s

Xe Dt = 2F, x4

exp(dF,t —Pr:— yF,t) = eXp(ZF,D,z)

exp(SF,t —Vri1 T pF,H) = exp(ZF,S,z)

exp(rF,z) = exp(ZF,R,z)

_0 (A1.15)
Wit P Dy + bD,l—lerDH VD1 PD 1 TV TP (Al . 16)
(A1.17)

e(pD,rpF,r)eyF,r + e (A1.18)

Zy, +aL(lt -1, —zth)+

+(1=a, = NYon, = Yomir + )+
+ay (kk1 +y, —ktfz)—

~Vout Vpa — Vs

(A1.19)

(A1.20)
(A1.21)
(A1.22)
(A1.23)
(A1.24)
(A1.25)
(A1.26)

40,by e —2zppen f A1+ |[=0(A114)
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Fot

p _0 SD,tXF,D,t + )

P
PFJ s YFJ + + SF,tXF,F,t + _ Ly .
PF,t + - B
+B, ,, +
+DF,t +FB (l_a)D)
PF .
(Ct +1,+Y),,

Balance restrictions:
l=e“ +e" +e*
1 — (w e(lf‘g)pD,r + (1 - )e(lfg)pF,r )‘/(179)

D D
Xy ry T Xp gy =1
XypytXep, = 1

Pp:tVps __
bG,D,l + bF,D,l + bH,D,l +bD,le =0
bG,F,t + bF,F,t + bH,F,t =0
Goverment:
7 = —Pt= Mt
e o bG,D,z—l +

Pp:t8&: _ w;+1 TF 17 Pt -yt [
e +bop, tbop, =t """ +|te b

Lt

+ emr _ emr—l Pt~V

To: =V P YT VyY T 2g,

w,

r+lr — Pp:t+8&:
e ==7s (bG,D,t + bG,F,t )+ V€

+ Zr,

Z6,8:56.04 = Vg .

o8 = o7

ExogenouS Processces:

Zp.g: =Mo,p.B (l —Mi.p.s )+ M.p.8Zp.gs-1 1 €p By

Zp.gt = no,F,B(l - 771,F,B)+ M.r8Zr i1 T Ep By

Zp.py = no,F,D(l “Mrp)tMrpZrpia T Erpy

Zp.pt = no,F,P(l - 771,F,P)+ M.rprZrpi1 T Ep P,

Zp Rt = no,F,R(l - 771,F,R)+ M.rrZrRi-1 T EF Ry
~rs)

Zr.st = MNor.s (1 Mrs)tTrsZr s T Ers,

Zrxs =Nor.x (l —M.rx )+ MrxZrxi1 1t Er x,

G,F,t-1

(SD,t + DD,t )XF,D,H +

+ (SF,t + DF,t )XF,F,H
+R,, B +

D,t—1PF,D,t-1

+ FR

Fot-1

B

F,F,t-1

+
(A1.27)

(A1.28)

(A1.29)
(A1.30)

(A1.31)
(A1.32)
(A1.33)

(A1.34)

(A1.35)
(A1.36)
(A1.37)
(A1.38)

(A1.39)
(A1.40)
(A1.41)
(A1.42)
(A1.43)
(Al.44)
(A1.45)
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Zry: = Mo.ry (1 —M.ry )+ MryZrysatEry,
2. = no,G(l - 771,G)+ MeZg.-1 T €gy

Z6,8: = Mo,G,B (1 M6, )+ M.6,8%6,8.:-1 1 €68
Zys =No,u (1 —Mu ) Yt uZy ot én,

Zre =Nor (l —N: )+ M.z T €L,

Zys = MNo,m (l —Mm )+ MmZu s T Eury

Zpy =MNor (l —Mr )+ M.rZr1 T Er,

Zry =MNor (1 - 771,T)+ MrZr,a tér,

Zy, = 770,}'(1 —My )+ MyZy,a T &y,

(A1.46)
(A1.47)
(A1.48)
(A1.49)
(A1.50)
(A1.51)
(A1.52)
(A1.53)
(A1.54)
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Appendix 2 Parameters estimation

Table A2.1 Parameters estimation for USA

Parameter Value Stapdgrd t —value Parameter Value Stapdgrd t —value
deviation deviation
ok 1.90%10"" 3.41*%107 5.57%107° it 9.72*%10" 2.23*%10" 4.36%10"°
oL 5.97*%10" 4.13*10° 1.45%10" MLy -1.53%10" 155107  |-9.88*10"°
by p 1.50%10" | 6.23*10" | 2.41*10" ® 1.31%¥10" | 1.57*10° | 8.33*10"
B 9.94*10” 8.18%10™ 1.21%¥10"7 op 5.49%10" 5.66%10” 9.69%10""
05 2.95%107 2.32*%107 1.27*%10" 7 8.03*107 4.28*%107 1.88*10"
op 1.00%¥10"" 5.71%107 1.75%10™ v 1.21%107 3.51%10" 3.44%10"
Qs 4.04%10" | 7.87*10° | 5.13*10" 5, 3.14%10° | 2.51*107 | 1.25*%10"
Op 3.60%10™ 1.93%107 1.87%10™ 3 1.00%¥10" 1.22%107 8.16%10
®s 430%10" | 4.78*10° | 8.99*10"' { 4.80%10"" 1.69%107 | 2.84*10"
Py 1.53%10" 1.45%10~ 1.05%10"" 0 2.03*%10™ 1.36%10~ 1.49%10"
Vs 1.41%10% | 4.96*107 | 2.84*10" Y 1.33#107 | 2.96*107° | 4.51*107
Yo 5.00*10 1.42%10° [ 3.52%10" EDB 1.05*10° 9.12%10° 1.15*%10°
p 1.02%¥10° | 4.06%10 2.51%10" Erp 1.75%10° 1.00¥10™° | 1.75%10°"°
Yy 1.00¥10” 3.71*107 2.69%10" E€rD 1.00¥10°° 2.11%10" 4.74%107°
/ -4.22%10™" 1.42%10° | -2.98*10" Erp 2.03*107 2.72%107 7.45%107
A 1.39%107 3.95%107 3.51%10" ErR 2.49%107 6.06%107 4.11%10™
m 2.93%107° 8.90*10” 3.29%10" Ers 1.00¥107 5.77*%107 1.74%10°
Non.5 -1.00*10"7 | 572*107  [-1.75%107° Erx 1.02¥107 9.80*107 1.04%10"
No£5 2.00%107° 8.80*10" 2.27%107° Ery 1.00¥107 1.31%10° 7.64*%107
No£D 1.06%¥10° | 2.47*10° 4.27%10" £G 1.09%107 6.96*10™ 1.57%10"
No£p -2.22*%107 1.59%10"  [-1.40%10" €GB 1.48*%107 1.00¥10™° | 1.48*10"°
NorR 1.49%107 1.34%10” 1.11%10" ey 5.83*10" 7.22*107 8.07*10""
NoEs 6.24*10"° 8.23*10” 7.58%10" £ 1.00¥107 4.35%10" 2.30%107
Norx -5.00%107 1.08%10°  [-4.64*10" Em 3.15*%107 4.13*10” 7.62%107°
Nory -2.13*10° | 8.53*10° [-2.50*10" Er 2.67%10" 2.05%107 1.30%107
NoG 2.01%10° | 2.54*10°  [-7.92*%107 er 1.00¥107 1.85%107 5.42*10"
No.G.B 5.00%10" 2.21*107 2.26%10" £y 4.86*107 3.25*%107 1.50%10""
Mot 22.52%10" | 6.02%10°  [-4.19%10"" [r. consumption | 2.06*10~ 1.08%10" 1.90%10~
o -432%10° | 521*10° |-8.29%107° r. export 2.11%107 1.30%10” 1.62%10"
Mo -9.54%10” 1.62%10” -5.88%107 |r. gov. expend. | 3.46*10~ 6.38%10" 5.43*10”
Nox 8.22*10” 4.99%10” 1.65%107° r. GDP 1.11¥107 1.97%107 5.63*107
Mo 5.10%10" 1.00¥10™ [ 5.10¥10"" | r. investment | 3.51*107 4.98%10" | 7.04*107°
Moy 6.69%10™ 5.38%10" 1.24%107 r. import 2.05%10~ 2.32%10~ 8.83*10
Nips -2.62%107 | 1.00¥10™°  [-2.62*10"" | employment | 1.91*107 1.83%10° 1.05%10"
NiEs 1.54¥107 | 1.00¥107"° | 1.54*107" M1 1.54%107 9.12*%107 1.69%10°°
NiED -1.26%107 | 2.00*107 [-6.31*¥10" | n.consumpt. | 1.78*107 2.36%107 7.57%107
Nirp 9.95%10" 2.03*107 4.90%10"" n. export 2.57%107 1.57%107 1.63*10"
NiER 9.95%10” 7.58%10” 1.31*¥107 |n. gov. expend. | 2.96*107 1.66%10~ 1.78%107
NiEs 9.95%10" 9.78*10" 1.02%107° n. GDP 1.29%107 2.60%107 4.96%107
NiFx -8.98*107 | 1.00*10™° [-8.98*10" | n.investment | 5.13*107 1.41%107 3.64*10"
iy 9.95%10" 1.06%107 9.39*%10"" n. import 2.88*%107 1.73*10” 1.66%10"
NG 9.72*%10" 1.21%10" 8.01*107 | MSCIUSA | 7.97*10™ 3.69%10" 2.16%10"
NiGs 3.27*%10" 1.00¥10™  [3.27*10" | MSCIworld | 8.92%10° 2.28*%10" 3.90%10"
NMin 9.09%10” 2.74*107 3.31*107 | average wage | 4.95%107 7.87%107 6.29%10"
ML -6.99%10" 3.43*10°  [-2.04*10"" |comp.for empl. | 4.70%10~ 3.95%10” 1.19%10™
i 9.27*%10" 2.58*%107 3.59%10"" |n.board dolLin. | 2.66%10™ 1.09¥107 | 2.43*10"
ik 9.21*10" 6.25%107 1.47%¥10° | LIBOR3M | 6.33*10° 1.77%107 3.57%10"
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n f

Parameter v
-~ alue Standard
oL 1.90*10" deviation t —val

b, 5.68%10 3.70*107 ue | Param
o | 5004107 T cter | Vale | S
B 535%1072 433%10° 14*107! Ny _2'5 *10' 3 29?10? ¢ — value
o 3.78*10° 8.05%107 227*%10"7 ® 52%10” 9 107 .
PrB 78107 | 7 10 6.65* 6.44%10"° 25%107 3.03*10"”
or L02*10°7 1'557*10_1 5'0(5)*10+0 7 201710 4.92%10” 2.73*107
621107 | 7 5107 | 6 10" 010" | 89410 1317107
CEEC e, i e ——
Y; 9.06%107° 11631*10-2 ji;:lom Sé) 3"00*11(())+0 2895107 3.66%10"™
3.00%107" 00%10' ™0 27*10™ 9 315107 316107
Z,G 5.00*18_1 2.29*%10"! 9.06%10™® I 1'32:10_? 1'1:_*11(())_5 2-28*11(())+0
vf} 1.62*10" 4.55*10" 131107 . 1'69*10 4.74%10° 1.72%107"
7 268*10_2 178*10_2 110*10.2 yD . 10+0 0 220 .
l_ 223%10" 1.37%107 9.07*107" P 1.00%10" 1.23%107 20*10"
i 1 34* 1(3_ 1,75*10_3 1.97*10+0 EF,BB 1,06*10_4 380*10-3 1-37*10+2
m 2'54*10 0 [ 18%10° 12771072 SF’D 956*107 2.37%10> 2.64%10"
b 1.0 *10+0 2.46* 01 1.14%10™ rr 1.01*10" 1.00*10™" 4.49*10°
NorB 1'120* 107 3'92*10- e = 3154102 5 00%10° 956%107
MNo.F.D — 10°® 2' 10T _2' 10 F.R L 00°10° 6.51%10° 2.02%107
L TS0 3110 s 0t | 13 2.83%10°
no’F’P 2.65%10° 5.25*107 3.77%10° Erx 3205107 | 4 8107 72 o
Nors 8.11%107 2.08%107 -3.29%10" ey 2.65*10° 1'68*10'1 z 6*10°
no’ S 6,25*10+0 8,52*10_3 1.27*10+0 £ 1,00*10_4 .03*10_5 ,82*10_2
- F.X 5007102 2.09%10°2 9.52%107 o 7.62%107 3.64%10° 350%10""
ﬁ’F’Y -832*%10" 6.16%10° 1.53*%10™ e 1.02*10™ 1.00%107 2.75%1072
nOO(;G -1.77%10™° 1.00%107 -8.12%10™° gL 4.96%107 1.00%10°™° 17,62*10+0
n;) . 4.68*%10° 9.99%107 -8.31*%10" em 1.00%10* 3.07%107 02*10™
n = '6,34*10+0 7.20*10.3 '1.77*10+2 &R 1.00*10.4 1-95*10—8 1,62*10+4
nO’L 8.06*107 4.43%107" 6.49%10° et 2.40%107 1.95*%10° 5.12%10°
nO’M -7.42*10° 2.93*10° -1.43*10"! ey 4.21*10° 4.52*10" 5.12*107
O.R 1.85% — 7.41*1 3 306*10_2 r. consumpti 6.28*10.2 1.97*10.1 530*10+0
No.T 6 10 3 0 1 ' ption 137+ 7 84% - 214510
Moy 39*10° 05*10” T ks 375107 | 6. 10 = 107
n : 178*10_3 1.00*10+10 605*10_1 . gOV. eXPend 863*10_2 02*10_3 01*10+0
nl,D,B 9.94*%107" 3.57*10° 6.39*10" .r, GDP . 11.91%102 1.02*107 2.28%10™
nl’F,B 1.84%10°2 1.00%10710 4.99%10"" r. investment 1.64%1072 3.27%107 8.45%10™°
F.D 9.90%107 1.00*10° 0 9.94%10 T t. IMpo 13710 4.02%107 583%10°
NiFP 5 10 I 0 8 om port 7 14% > 055107 T 08107
NiER 70%10” pETE R Y 3 Tt A °
m 2 9,21*10_1 1,89*10_1 807*10+2 MO .49*10.2 .2]*10.2 .69*10+0
s 9.85%10" 1.13%107 T e 5.02*10° 9.10%10° 1.69*10™
nl’F’X '6,46*10_1 2.13*10+1 8.16*10+1 n. export - 9.18*10.3 5.96*10.3 7,]3*10+0
an’Y 912*10_1 1,00*10+10 462*10_2 n. gov. eXpend 739*10_2 515*10_3 842*10+0
M (;G 9.95%10" 1.09%107 -6.46%10"" n. GDP . | 5.87%107 9.78%107 1.78%10™
n’ B 262*10_1 690*10_1 834*10+1 n. investment 264*10_2 901*10_2 756*10+0
ni’H -9'63*10_1 1.00*10+10 1.44*10+0 n. imPOrt 7.62*10_2 1.32*10.2 6,52*10_1
1 L 1.16%107" 7.63%107 2.62%10" MSCI RUS 6.05%107 2.39%107 2.00%10™
nl’M 9.49%10" 5.78%107 -1.26%10™ MSCT world 2.58%10" 721*%10° 3.19%107°
= 9.95*%107" 3.78*10"" -2.01*%10™ wage 1.13*107" 3.02*%107 8.38%10™
3.03*%10" 2.51%107 comp.for empl 1.03*10° 6.75%107" 8.54%10°
3.28%10™ USDRURp 6.05%107> 1.12*%10° 1.67*%107"
interest rate 1.00* 10_4 8.20% 10_3 9.19%* 10+0
9.71*107 1.76%107 7.30%10™
1.41%107 5.69%10>
6.89%10"
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