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Abstract—A dynamic stochastic general equilibrium model of
Kazakhstan, Belarus and Russia, forming the Customs Union,
and therest of the world has been developed. The estimation of
the model parameter s has been done on the basis of statistics of
Kazakhstan, Belarus, Russia and the rest of the world (in the
case of the Organization for Economic Cooperation and
Development). M acroeconomic analysisis conducted for effects
of shocks on the economic performance of the national economy
of Kazakhstan. The problem of minimizing the volatility of
macroeconomic indicators of the national economy of
Kazakhstan (GDP and inflation) based on the approach of the
theory of parametric control has been formulated and solved.

Index Terms—National economy, regional economic union,
DSGE model, macroeconomic indicators volatility, parametric
control.

[. INTRODUCTION

There is a tendency around the world of creation of
regional economic unions. The main reason for this trend is
the desire to improve the economic performance of both
national economies and the economy of the entire region. The
European Union, the North American Free Trade Agreement,
the Asia-Pacific Economic Cooperation and etc. can serve as
examples.

Kazakhstan, Belarus and Russia established the Customs
Union in 2010 with a view to its subsequent transformation
into the Common Economic Space.

The countries in the regional unions are facing with a
problem of carrying out the economic policy within the
framework of these unions, i.e. taking into account the
country's relationship with the countries of the union and the
rest of the world. The dynamic stochastic general equilibrium
models (DSGE models) [1] are recently becoming a
widespread tool of macroeconomic analysis in the framework
of regional unions. One of the important issues of
macroeconomic analysis is assessment of the impact of
internal and external shocks on the performance of national
economies.

The well-known literature describes the regional unions
within the framework of the DSGE models in the following
way:

1) Representation of the regional union as one country and
the rest of the world as another country [2], [3];
2) Representation of the regional union as one country and
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the rest of the world as a number of countries [4];

3) Representation of the regional union as two countries —
the country under study and the rest of the regional
union, and excluding the rest of the world [5]-[7];

4) Representation of the regional union as two countries —
the country under study and the rest of the regional
union, and the rest of the world as a number of countries
[8].

This paper provides DSGE model of the Customs Union
and the rest of the world (hereinafter the Model), which
differs from the known representations of regional unions
that considered regional union is presented in terms of three
separate countries, interacting both with each other and with
the rest of the world (presented in the form of one country).
Relationship between the economies of the countries in the
Model is through the flows of goods and capital.

The main differences of the Model from well-known
DSGE models are also:

1) Collection of customs duties in trade of the Customs
Union with the rest of the world and the distribution of
collected duties between three countries of the Customs
Union,;

2) Representation of the government budget expenditures
of the Customs Union member countries using
appropriate  regression functions of GDP and
government debt;

3) Representation of the government budget revenues of
the Customs Union member countries as the sum of the
collected taxes, duties and oil incomes;

4) Description of the government budget deficits of the
Customs Union member countries;

5) Introduction of the oil sector.

The paper presents the setting of the problem of parametric
control [9] of macroeconomic indicators volatility based on
the Model and results of its solving.

II. DESCRIPTION OF THE MODEL

Within the framework of the developed Model, each
country has the household sector, the goods production sector,
the oil sector and the government sector, which interact in a
stochastic environment. The activities of relevant sectors in
the countries of the Customs Union are equal and the
activities of sectors of the rest of the world are simplified.

The activities of households consist in maximizing of the
expected discounted sum of utilities, which depend on the
consumption and labor. Based on the solution of this
optimization problem, the households purchase consumer
and investment goods, government bonds and provide capital
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for lease. Composition of consumer and investment goods is
determined in terms of cost minimization. It is assumed that
the labor market is monopolistically competitive, and
households set the wages, taking into account the Calvo
stickiness [10].

Good producers hire the labor of households, rent capital
and purchase oil to produce goods in terms of minimizing the
spending to production factor. The goods market is assumed
to be monopolistically competitive, and producers set the
price for their goods taking into account the Calvo stickiness
based on the maximization of expected discounted sum of
cash flows.

The government sets the interest rate on government bonds,
collect taxes and customs duties, borrow money from
households and carry out government spendings.

In the Model, economic sectors affected by the following
shocks: the preference shock, affecting the objective function
of households; investment shock, reflected in the
accumulation of capital; productivity shock, explaining the
changes in production factor effectiveness; wages markup
shock at setting of wages by the households; capital markup
shock, introduced as a stochastic financial premium; price
markup shock at setting the prices for goods; shock of risk
premium that households have to pay when they borrow from
abroad, government spending and interest rates shocks,
affecting economic policy, oil production shock, oil price
shock and etc. All shocks are given in the form of the
first-order autoregressions or i.i.d. white noises.

The Model is formed on the basis of equations of the
first-order conditions of the above optimization problems of
household and goods production sectors, the rules of the
economic activities of the oil sector, government and setting
of shocks. The model has the following form in vector terms:

EtFa(Xt—lxtXl+1,HtZH):0 (1)

Here E, is a sign of conditional mathematical expectation
on information available at time t (t = 1,2,...); FPis a
known vector function; 6 is a set of parameters consisting of
the structural parameters of the model and autoregressive
parameters of shocks; X, is a vector consisting of the
endogenous variables and shocks, set by the first-order
autoregression; X, is initial value of vector X;; Htx His a
vector consisting of i.i.d. white noises, Xy is a set of
parameters consisting of the standard deviations of noises of
HH.

It is difficult to find an exact solution for the obtained
nonlinear Model, therefore we use the common approach [11]
of finding an approximate solution by log-linearization
equations around steady state of the model (1). Using this
approach allows to transform the nonlinear model into a
linear model with rational expectations in the following view:

APE Ry +BR 4+ COR_  +DOHH =0 (2)
where A% B? €% DY are the matrices of appropriate
dimensions, X, is a vector of endogenous variables of the
linear model corresponding to X;, the vector of endogenous
variables of nonlinear model.
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Below the linear DSGE model of the Customs Union and
the rest of the world (2) is shown in expanded form. The
designation of variables by " ~ " means the log-deviation in
percentage of the relevant either economic indicators or
autoregression shocks from their steady state values.
Variables indexed by notation "kz","by","ru","rw"
correspond to national economies of Kazakhstan, Belarus,
Russia and the rest of the world economy, respectively.

The dynamics of the i country households consumption is
given by the following equation (hereinafter i € {kz, by, ru},
unless otherwise specified):

i nt 1-ht . .

Al Al Al -y

6 =——C/_ —E, 8, ——— -(T—ETL’ +
t = Toapict 1t Teni DtCe+1 (th)a t tTt+1
Al Al c N

E & — gl — € g ¢ +—1 3
tect+1 Ct ™ T mtter+r T Ter 3)

where c} is households consumption; ¢ is government bond
yield; 7} is inflation; 2 , is effective VAT rate; h' (0 < h <
1) is the coefficient of consumption habits of households;
ot (ot > 0) is inverse intertemporal elasticity of substitution
of households consumption; 7 is official VAT rate; &, is
preferences shock of households.

Equation of household investment of i country to j
country is given as follows (j € {kz, by, ru,rw}):
g)}( ¢ =S (Al d

0=q; + A” ) +S! ﬁ(Et’?;i1 _xt]) C))

Here xé‘j is investment of household i country to j country;
q! is the capital value; B is the discount factor of utilities used
by households within the objective function; s}}‘t is
investment shock; S¢ is the second derivative at the steady
state of the cost function at the accumulation of capital.
Equations defining optimal amount of capital of the

country i in the country j specified in the following forms
(j € {kz, by, ru,rw}):

. . . . i . i .
PN + Al — E EA[ _ é\l + TC‘ i‘.L _ TC‘ 1’21 —
qr T Pxt t( Cee1 T Ece T T o T T o

Al ial Al _pial
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oc— i Yo TBA—Ti)Rk |~

5t +
Hhres) + BTk(Ehess + Bhoes) + B = 8)(@hir +
ﬁ)i(,t+1)) + ué,t Q)

, , , , i , i ,
i+ v, =E, (& — &l 4 Tc_ o Tc_ 7 _
q:c T Pxt t ( Ct+1 Ct _1+TLC Ct _1+ Ct+1

by -ntél ch-ntef_ J oL
Oc Hll_hi ftoc 1_,; 4+ B(1 - 1)R; ( ) KK Tigerr T
ij
rk t+1 1 kt+1) + ﬁTKa(TK ev1 T Py, t+1) +p( -
5)Et(qg+1 + ﬁ)](,t+1)) + uiQ,t (6)

Here p ; is investment price index; 7, is rental rate of
capital; Tx, is effective tax rate of capital income; § is
depreciation rate of capital; k;’l is the accumulated amount of

capital of the country i in the country j; T is official tax rate
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of capital income; R}, is steady state of rental rate of capital;
@1 , is capital markup shock.

The equation specifying the amount of accumulated capital
is determined according to the formula (j € {kz, by, ru,rw}):

k! = (1—08)k., + 68, + 6% @)

Equation for inflation of domestic goods prices in the
country:

.. gl _REL 3 .. . ..
Abl = (1 fp)(l ﬁfp) (ﬁ’l\Cl —pbi 4 u;ip,t) + BE ~i

t = zl t t tMe41 —
P
iAll i bl
Bypfty +vpit_y 3
where
AU ald Al ~j
T =Py —Dioq t 1 ©

Here pé'i, né‘i are the price level and inflation of prices of
domestic goods, respectively; mc} is the marginal cost of
production; &5 (0 <& <1), yh(0<y:<1) are the
probability of non-optimal setting of prices by producer and
the degree of indexation of prices according to the Calvo
pricing model, respectively; ubp_t is price markup shock.

The equation of real wages is given in the following form:

W1+ B) = PE WLy + Wiy + BE AL, —

- i - i s A .
(L + Bt +vialy + C2W0) (g gy

AR CUPTIRVAN
i (1+/1W)0L
€W<1+T
w
Ot (ai iai ~i T A e A i
i\l — h Ct—l) - wi + - Twe + il Tee + U,

(10)

Here w} is the level of real wages of households; ¢ is labor;
&y (0< &, <1), vl (0 <yl, < 1) are the probability of
non-optimal setting of wages by the households and the
degree of indexation of wages according to the Calvo pricing
model, respectively; o} (of > 0) is the inverse elasticity of
labor supply; A}, (A}, > 1) is wage markup; e,l;_t is the labor
supply shock; uLW_t is the wage markup shock; i'{;,,,t is
effective tax rate on wage; iy, is official tax rate on wage.

The production function of the goods producers is given in
accordance with the formula:

JA’Iii,t = ézil,t +apki_y +afll + (1 — aj, — ali)afiz,t (11)
Here ﬁ},,t is output of non-oil goods; k}_, is amount of
utilized capital; 6,"” is amount of utilized oil; a}, a} (0 <
ak,al < 1) are the output elasticities of capital and labor,
respectively; £ ; is productivity shock.
The total capital represents as the sum of capital from each
country:

(12)

N - pJil
kt—l - Zj €{kz,by,ru,rw} kt—l
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The equation, expressing relation between the labor and
capital, is as follows:

i

N i ~
-Te, + W+

1+‘r’5 St t

— i Al
=kt + Kt

(13)

o+~

where ‘f_é,t is effective social tax rate; t& is official social tax
rate.
The equation, expressing relation between the labor and oil,
is as follows:
5 L i

L+ Wl 4]
1+7% St t

= 6;1,t + ﬁé,t (14)

o+~

where ﬁ(i,,t is oil price.
Equation of the marginal cost can be presented as:

i
N i Ts_ i 4 i i
mey = Qi + ap (Hr&t + Wt) +(1-af -

i) —Ed (15)
Employment equation is given as follows:
o (1=&b)(1-BEL) , . ) )
hét = (“”)f(—i'“”)(l; — &) + PEcbél,,  (16)
E
where
Aép=eé;— &4 (17)

Here &/ is employment; &L (0 <& < 1) is the
probability of non-optimal setting of employment according
to the Calvo model.

The equation describing uncovered
condition is (j € {kz, by, ru, rw}\i):

interest parity

N i NIRRT N
ff =7 +o0"b; +Et(st+1 — St )+€zl7r,t (18)

Al . a e
Here $;’ is the nominal exchange rate; &, is risk
t prt

premium shock; o/ is elasticity of risk premium.
Equation specifying the relationship between the real and
nominal exchange rates is (j € {kz, by, ru, rw}\i):

J

i) abd oAb aig oA
renl, =5 + 85, — T+ 7 (19)

o,
rer,

J

Py
where 7er,” is real exchange rate.

Oil production and oil price are specified as
autoregressions:

Vo = P}lfoyzl;,t + ulYo,t (20)

Pod = Phy Poy + Ubyt 1)

i : e g i
where py , pp, are autoregressive coefficients; uy ., up, . are
shocks of oil production and oil price.

Oil price in national currency:

— TW,i aTW

ﬁzl;,t =rery " Pot (22)
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where pgY is world oil price.
Equation for GDP is defined as follows:

S Yh i

Ve=1iVne + (23)

i .
yi y (l),t
where y} is GDP; Y}l and Y} are steady states of non-oil and
oil outputs, respectively.

Taylor rule [12] determining the interest rate on
government borrowing is given as follows:

fr = p;;ftl 1+ (1= pﬁ){rrinﬁ't% + rriyj}é + rgrerr'/érﬁw,t} +
rdn(nt - T[t 1) + rrdy (yt y;—l) + r;drer (T?rﬁw,t -
Terrw t- 1) + ur t (24)

Here p; is smoothing factors; 7y, 1y, Tirers Tram Trays

Trarer are weight coefficients; u;. , is shock of interest rates.

The rule of government spendings is set as follows:

rgieyj}ti) + u;e,t
(25)

get = pgegei—1 — (1= pge) (rgenbi +

Here ge! is the amount of government spendings; b} is
total government debt; p_f,e is smoothing factor; 7, 7:[;'8}, are
weight coefficients; ug, . is shock of government spendings.

The ratio between the government (budget) spendings and
government consumption is given as follows:

(26)

Here §! is government consumption‘ pf;t is the price
index of government spendings; £ is shock of share of
government consumption in government spendings.

The total government debt represents as the sum of
government debt to each country:

rer/ B Lj

Bi = Z] e{kz,by,rurwi\i~— gi (b” + T?Tt“) (27)

Here, b ' is the government debt of country i to country j;
Rer/?, B”, B! are steady state values of real exchange rate,
government debt to j country and total government debt,
respectively.

Government revenues are determined by the following
equation (for i € {kz,ru}):

—~i _ iYDiP(l;(Ai + ) + ( i Al _ Al +
gre =X 7 Yot Po,: Grl Yo,0 = Cox — O

. el \with oo
‘L:‘t) + ( ) W I. P+

i i
Gr ‘L'W+

£}, t) += TC

dRLKE y
T +lt)+ iR (r}(‘t+k§_1+r,§,t)—

i
‘L'W+

M(Akt-"kt 1+th)+ Ctt: (28)

(for i = by)
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Here g7/ is government revenues; ct! is customs duties;
x'is the government-owned share of the oil sector; ‘Ef‘,,t is
effective export duty rate on oil; 7}, is official export duty rate
on oil; Gri Ctl, KL, P, Wi LLC! are steady states of
government revenues, import customs duties, capital,
investment price index, wage, labor and consumption,
respectively.

Equation for import customs duties distributed to country i:

~i N'L'rwtlJ W
cty =0

k
rw) Z] e{kz,by,ru} (

8 (
14Ty

jrw
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where .., is effective import duty rate; 7, is official
k k
,rw'Xk,rw’ G W
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C N
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k, k, k,
Yk ez, by,ru)(C W x T 46T ( ¢
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AlTW
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(30)

import duty rate; C are steady states of

export of goods to the rest of the world for consumption,

investment and government spendings, respectively.
Equation of government budget deficit is set as follows:

S
gdst = ﬁﬁ(b” =) == (bt 17 T[t) +
_—ji

ji 11 ) — -
Zje{kz,ru,by,rw}\i (Gdsl (TET +b ) rer +

byl , — i ) 31

where gds} is budget deficit; Gds' is steady state of budget
deficit.
Budget balance equation is:

; i Gdst — :
gec = = gre +—gds; (32)

Equations of government debt to other countries of the
Customs Union and the rest of the world are:

b =0,( € {kz, by, ru}\i) (33)
Bi,rw _ lTWblTW + ulT‘W (34)
- b,t
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Here Eriwyt is government debt to the rest of the world; I;j"'t
is government debt to the country j of Customs Union; p}, is
autoregressive coefficient; u, is shock of the government

debt to the rest of the world.
Equations for tax rates:

fti:,t = p‘icf(i?,t—l + uic,t (35)

'fli(,t = p‘i}(fll‘(,t—l + u‘l;'K,t (36)

fsi‘,t = p’f’sfg',t—l + u‘i’g,t (37)

fil;l/,t = péwfl;l/,t—l + u‘l;'W,t (38)

f1i”w,t = p'irwff”w,t—l + uérw,t (39)

f(iJ,t = péfé,t—l + ué),t (40)

Here  pi,pt. pie ph, PL. Po are  autoregressive
coefficients; ul ,ub . uboeuby, ub  ub, are iid.

white noises.
Equation for demand of goods of the country:

Nf -—ei

=y NS lJ ¢/
— 4ijefkz,by,ru} Ni

Ye Yl(ct _prt

51

YHt

l"l]
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lJX inl
Yx yl( +ng't

Nf pll £
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L
“L]) (P )

o —EY .o
i,rw STW iAalLTW
P YL ( — £ pt )

ij 6!

xw( '+ e'p), — e'p,)

(41

¢/ xJ 6/ .
Here —,—,— are the steady state values of the ratios of
yi’yi’yi

consumption, investments and government spendings of
country j to GDP of country i; P%/ is the steady state values
of prices in country j for goods of the country i; P}, P are
the steady state values of the price index of investments and
government spendings, respectively; N' share of GDP of
Kazakhstan, Russia and Belarus in the total GDP of the

Customs  Union (X epzpygN’ =1 ), respectively;

yci'j ) y;{’j ) yé‘j are weight ratios in the formula of Dixit-Stiglitz
on aggregation in consumption, investments and government
spendings, respectively; €' is elasticity of substitution
between the domestic and foreign goods; w' is elasticity of
substitution between the goods and oil; ﬁ;}t is consumer price
index excluding oil.

Equation for indices of consumer prices, prices of
investment goods and government spendings:

0 =Yepye +VoPoy (42)

Phe = Zj ctkanyrurmy V2 P 3)

Pt = Xj etezpyru rw}y] lﬁt]l (44)
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Jiaji

pAé,t = Z] €{kz,by,ru,rw} YG bt (45)

Equation characterizing the law of one price (j €
{kz, by, ru,rw}; i # j):

ALL ALJ

P = e+, (46)
Rules for specifying shocks:
étiz,t = pi‘aé(iz,t—l + ui:a,t 47)
SC ¢ = P‘lscéé -1t uéc,t (48)
éli,,t = PéLéti:,t—l + uéL,t (49)
é)i(,t = pi‘xé)i(,t—l + uéx,t (50)
éj],t = pégéé,t—l + uég,t (51
é;iar,t = Pépré;i:r,t—l + uép‘r,t (52)
where  pf, péc péL,péx pég pl,. ~are  autoregressive

coefficients; uga o ug & usc " usL " ugx ¢ are 1.1.d. white noises.
The remaining uﬂp t uuw tr uQ £ ur £ uge £ ub £ uyo t upo tr
uspr,t shocks are presented as i.i.d. white noises.

We will capture the equations describing the economy of
the rest of the world. They are obtained similarly to the
corresponding equations of the Customs Union with the
following simplifications: 1) the economy of the rest of the
world is assumed to be closed, i.e. exports to the Customs
Union member-countries and imports from these countries
are considered as negligible in comparison with GDP of the
rest of the world; 2) Consumption and investment present a
fixed share of GDP of the rest of the world; 3) Setting of
wages is flexible.

The obtained system of equations is similar to the standard
New Keynesian model of three equations of GDP, inflation
and interest rate [13]:

_hTW

yTW — ™ 5‘]7"W 1 5‘]7"W ATW
t 14w St prw SR T prwy gTw U
ATW,TW ATW
Ecft 1" +é0t 5Ct) (53)

~ 1_ETW 1— gTW _
7rtrw.rwz( P;( B )( I+l )_|_
ATW,TW W ATW,TW W ATW,TW
BE:ft y1  — Byp“ T +Yp g (54)
ATW,IW _ ATWIW _ ATW,TW
iy = P t—1 (55)
ATW,TW __ _— lTW '\T'Wl
4 =ren,” " + D, (56)
ot
S TW ™W HTW 3 ArW T™WSGTW
mc.” = 0 (Yt - arw) - hTW( —h™Pv) +
k

Y tup, (57)

ATW TWAHATW
Tt

= PP + (1= pP) (O RT” + piy9P) + uf

(58)
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Additionally, equations to describe investment from the
rest of the world into country i and their accumulation:

f:w'i = p;rwf;ivil + uJich,t (59)
kit = (1 —0)k[™ + 68k, + 621" (60)

where pLrw is autoregressive coefficient; uirw’t is i.i.d. white
noise.

The designations of variables, parameters and shocks of
the rest of the world are similar to the designations of the
Customs Union member-countries. Shocks of the rest of the
world &c%, &1, 1Y, u;‘:‘t,u!?’v:,’,t,u;"{ are given similarly to

shocks of the countries of the Customs Union.

III. PARAMETER ESTIMATION OF THE MODEL

The solution of the linear Model (2) was obtained on the
basis of the Blanchard-Kahn algorithm [14] and this solution
is represented as the first-order vector autoregression:

R =QOR,_, + FOH (61)
where t =1,2,..; Q% F® are matrices of appropriate
dimensions.

To estimate the parameters as the results of measurements
of the observed variables there were taken the log-deviation
(in percentage) from their trend values of the following
macroeconomic indicators of the Customs Union: final
consumption expenditures of households; final consumption
expenditures of government; gross accumulation; exports of
goods and services; GDP; consumer price index; average
nominal wages; people employed in the economys;
refinancing rate of the Central Bank; government budget
revenues; government budget expenditures; tax revenues;
domestic government debt; foreign government debt; the
official exchange rate, the volume of oil production; and
world data: OECD GDP; inflation in the OECD; short-term
interest rate of the U.S. Federal Reserve. Statistical data is
adjusted from seasonal components using the algorithm
X-12-ARIMA [15] and detrended by the HP filter [16]. The
interval of the parameters estimation is from the 1 quarter of
2000 till the 4 quarter of 2012.

Estimation of the parameters passed in two stages, using
the Bayesian approach [17]. The essence of the Bayesian
approach is to use a likelihood function obtained on the
model (61) using the Kalman filter and the prior distribution
of the parameters for finding the joint posterior density of
parameter estimates distribution. Then, sampling for the
posterior density, consisting of a large number of parameter
sets is generated using the algorithm of Metropolis—Hastings.
Corresponding average values of the samples were taken as
required parameter estimates.

At the application of the Bayesian approach, standard for
DSGE models a priori distribution density types of
parameters &, were used: i.i.d. white noise standard
deviations are set by inverse gamma distributions, the limited
parameters between 0 and 1 are set by beta distributions, the
rest of parameters are set by normal distributions. At the first
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stage a priori probability characteristics of the parameters
have been set according to [5] and taking into account the
specific features of the economies, and parameter estimation
of the economies of each country has been carried out
separately (i.e. with fixed values of parameters of the other
countries). At the second stage features of the posteriori
estimates of the parameters received at the first stage were
used to define the a priori distribution of the parameters and
to obtain the final parameter estimates.

The solution of the linear model and the estimation of the
parameters described in this section were obtained using the
software Dynare MATLAB Toolbox [18].

The quality of parameter estimates was verified by
retroforecast. The mean square deviation of the obtained
forecasted values of the economic indicators from the
relevant statistics is about 3%.

IV. MACROECONOMIC ANALYSIS OF THE SHOCK EFFECTS

The following figures show obtained research results on
the effects of internal and external shocks on GDP and
inflation of the national economy of Kazakhstan for the last
13-year time interval and the 10-year forecast time horizon.

Fig. 1 and Fig. 2 show decompositions of GDP and
inflation deviations from the trend for the period from 1
quarter of 2000 till 4 quarter of 2012 in Kazakhstan under
different shock effects.

Here lines show the values of macroeconomic statistics for
GDP and inflation in terms of deviations from their trend
values, and the columns show by what shocks these values
formed.
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Fig. 1. Decomposition of GDP dynamics of Kazakhstan under internal
and external shock effects.
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and external shock effects.
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Fig. 3 and Fig. 4 show decomposition of standard
deviation of forecasted GDP and inflation by internal and
external shock effects.

The shocks most strongly influencing consumer price
inflation deviation from the forecast in the short term are:
shock of oil production (up to 35% of standard deviation),
productivity shock (up to 19.5% of standard deviation),
shock of oil prices (up to 17% of standard deviation), interest
rates shock (up to 11% of standard deviation), labor supply
shock (up to 8.9% of the standard deviation).
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Fig. 3. Decomposition of standard deviation of forecasted GDP of
Kazakhstan under internal and external shock effects.
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Fig. 4. Decomposition of standard deviation of forecasted inflation of
Kazakhstan under internal and external shock effects.

The shocks most strongly influencing consumer price
inflation deviation from the forecast in the midterm and the
long term are: shock of oil production (up to 37% of standard
deviation), preference shock (up to 22% of standard
deviation), productivity shock (up to 12% of standard
deviation), shock of oil prices (up to 6% of standard
deviation), interest rate shock (up to 4% of standard
deviation).

The shocks most strongly influencing GDP deviation from
the forecast in the short term are: productivity shock (up to 16%
of standard deviation), shock of oil prices (up to 43% of
standard deviation), shock of oil production (up to 10% of
standard deviation), interest rate shock (up to 6% of standard
deviation), preference shock of the rest of the world (up to 8%
of standard deviation).

The shocks most strongly influencing GDP deviation from
the forecast in the midterm and the long term are: shock of oil
production (up to 52% of standard deviation), productivity
shock (up to 8% of standard deviation), preference shock of
the rest of the world (up to 5% of standard deviation), labor
supply shock (up to 7% of standard deviation), shock of
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foreign inflation (up to 3% of standard deviation), shock of
oil prices (up to 5% of standard deviation).

The large deviation of GDP from trend values in 3 quarter
0f 2007 was mainly because of shock of oil production (3,7%
points), preference shock of the rest of the world (-2,6%
points), preferences shock (0,5% points), investment shock
(0,5% points) and productivity shock (0,4% points).

The large deviation of consumer price inflation from
steady state value in 4 quarter of 2007 was because of many
shocks of the Model.

V. PARAMETRIC CONTROL OF MACROECONOMIC
INDICATORS VOLATILITY FOR THE ECONOMY OF
KAZAKHSTAN ON THE BASE OF MODEL

The problem of parametric control of macroeconomic
indicators volatility for the economy of Kazakhstan on the
base of DSGE model can be formulated as follows:

. A 2
mlnurlf,zw1:---:u1’ff+40rul§zzz,t+1'---'u"éfz,tﬂo Ee ?gkz [)’l (ﬂIC{'Zt"'i +
iz 2 iz 2 kg 2
Ay PEET + AP + 4691 ) (62)
under the following constraints (i = 1,2,3, ...)
> o b
Xeri = Q%X ppicn + F‘DHtfi (63)
|EctEs] < 0.5 (64)
[Ef| < 05 (65)
[Ecgés] < 5 (66)

Here uf%, ,, ..., uk%, ,, are additive terms (24), considered
for the case of parametric control as estimated deterministic
solutions of the formulated problem (62) (66);
UKZ (1) o UNE 140 are additive terms (25), considered for
the case of parametric control, estimated as deterministic

solutions of the formulated problem (62) — (66);
REZ, Pk, 1%, §E# are deviations in percentage from their

trend values for inflation, GDP, interest rate and government
spendings, respectively; Ay = 0.20, A= 0.01, ;= 0.01 are
weight coefficients of objective function of the government
economic policy; f = 0.99 is the discount factor.
Conditions (65), (66), as well as inclusion #%, g% into
criterion of formulated optimization problem define domain

of search for optimal values of instruments
kz kz kz kz
Urt+1s o Urt+a0, Uge t+1 -+ Uge t+40-

Formulated problem (62) — (66) was solved by numerical
method.

Estimation of measures of government economic policy of
Kazakhstan on the base of the parametric control theory was
made for the period of previous 13 years (for 2000 — 2012)
and the horizon of future 10 years (for 2013 —2023).

In the first variant, the estimates of government policy in
the national economy of Kazakhstan on the basis of the
parametric control theory were carried out on the basis of
results of model parameters estimates and the corresponding
estimates of all considered shocks.

The actual and calculated values of GDP and inflation in
mentioned interval are presented in Fig. 5. and Fig. 6.
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Computation results show that, for this variant, parametric
control of suppression of shock effects provides decrease of
sampling standard deviation of GDP by 34% and inflation by
27% in comparison with actual values for mentioned period.
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Fig. 8. Inflation forecast with parametric control and basic scenario (in %
per quarter).
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In the second variant, the problem of parametric control for
minimizing GDP and inflation volatility of national economy
of Kazakhstan was solved for the period of 2013-2023 as
follows.

On the basis of the Model with parameter estimates
obtained using statistical data for 2000-2012, there were
estimated 500 trajectories by endogenous variables,
including by generation of exogenous shocks for given
autoregressive parts and by generation of their noise
components by their characteristics, obtained from the Model
estimation by statistical data for 2000-2012.

For each of 500 trajectories, the problem of parametric
control was solved in the framework of the problem (62)-(66).
Sample means of criteria and instruments are taken as the
solution result of the parametric control problem.

Fig. 7 and Fig. 8 present sample means and sample
standard deviations of GDP and inflation given using
numerical solution of the problem by the Monte-Carlo
method, as well as mathematical expectations and standard
deviations of GDP and inflation, built on the base of the
model (61) without using the parametric control approach.
Computing results show that, for this variant, parametric
control of macroeconomic indicators volatility provides
decrease of forecast standard deviations of GDP by 35% and
decrease of forecast standard deviations of inflation by 21%
in average for mentioned forecasting horizon.

VI. CONCLUSION

DSGE model of the Customs Union and the rest of the
world is constructed and estimated. Verification of the
estimated DSGE model was made using retroforecast.
Verification results demonstrated sufficient accuracy of the
description of the functioning of national economies using
this model.

Based on macroeconomic analysis, there were defined
shocks affecting largely on GDP and inflation. The efficiency
of solving the problem of minimizing the GDP and inflation
volatility of the national economy of Kazakhstan by
parametric control approach was shown.

These results can be used in the development and
implementation of effective economic policy.
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