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Since the 1970s, the «Dutch Disease» has been noticed to be a problem for several economies. In the end of
1980s-start of 1990s this problem also became actual for Russia.

The «Dutch Disease» is usually initiated by significant increase in revenues from raw material exports. The
boom resulted from such, at a glance, a favorable market juncture, draws the production factors, labor and capital,
out of traditional industries sector in the raw-material and service sectors of an economy and deteriorates the
conditions for traditional manufacturing industries causing them to decline. Although in the short run the country
enjoys the improved economic situation, in the long run it faces a risk to slow down its «cultural, technical and
intellectual development which only a strong, healthy manufacturing industry ... can provide» [Nicolas Kaldor,
1981]. Thus, the country should trade off the instant and short-living benefits of being a raw material «rantier» and
the disadvantages of ever-lasting missing out on economic development.

In the work by O. Eismont and K. Kuralbaeva «Depletion of Natural Resources and Long-term Perspectives
of the Russian Economy» (1998), NES GET Conference Papers, 1998, which served the basis for the present
diploma, the latter view has been given analytical framework. The Master Thesis considers a modification of the
paper’s model of three-sector endogenously growing economy, in which the additional actor (government) and the
means at his disposal (tax system) are introduced to find

if the effect from a rise of raw material exports is universally adverse or it depends crucially on the
economy’s characteristics and the nature of the rise;

if there are tax policies to mitigate the undesirable consequences of the raw material boom and, if yes, how
fully they can help to cure the «disease».
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PART 1. Introduction.

Since the 1970s, the «Dutch Disease» has been noticed to be a problem for
several economies. In the end of 1980s-start of 1990s this problem also became
actual for Russia.

The «Dutch Disease» is usually initiated by a significant increase in revenues
from raw material exports. The boom resulted from such, at a glance, a favorable
market juncture, draws the production factors, labor and capital, out of traditional
industries sector in the raw-material and service sectors of an economy and
deteriorates the conditions for traditional manufacturing sector causing it to decline.
Although in the short run the country enjoys an improved economic situation, in the
long run it faces a risk to slow down its «cultural, technical and intellectual
development which only a strong, healthy manufacturing industry ... can provide»
[Nicolas Kaldor, 1981]. Thus, the country should trade off the instant and short-
living benefits of being a raw material «rantier» and the disadvantages of ever-
lasting missing out on economic development. The intuition behind this trade-off

can be best illustrated by the graph below.
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In figure above, the country’s gain from the increase in value of its export is
represented by the square S1 between the solid and dashed development trajectories
before the moment of stagnation prevalence T. This is the moment when the effect
from squeezing out on manufactures starts playing its adverse role. Since this
moment, the economy finds itself in a less advantageous position than it would
follow did it not experience the market condition change, and moves along a less
well-off path of development. Would the loss in the present value of utility on
trajectory 2 after the «turn-over» moment T go beyond the benefit before this
moment depends on several factors, some of them being the value of discount rate,
presence of other disturbances to the path of development and the size of the price
shock.

The discount rate is responsible for the relative sizes of squares S1 and S2.
The greater is this rate, the more valuable are the increased oil revenues S1 and the
less important is the gap S2 between the welfare along the two patterns of growth 1
and 2. For economy with arbitrary characteristics, provided it is described by rudely
the same picture of growth, it seems plausible to find a discount rate that, ceteris
paribus, would provide any in advance specified relationship between the squares
and thus the adversability or favorability of the effect from the price shock.

«Other disturbances» may imply, first of all, the domestic policies designed
to eliminate the negative influence of the phenomenon. Rudely, these policies
(adjustment of tax code) can themselves be thought of as shocks opposing that from

rise in raw material prices.



*GDP/WeIfare

Junp due to
the price ‘\
Government’s
interference
I
Morent of price Moment T
. . : >
Ti me

The size of the shock originated by the government seems to affect the
economy’s welfare in the same as discount rate does: the greater is the change in
raw material exports value the more likely it compensates for the relative handicap
in development.

State tax policy is an appropriate long-run measure to deal with the
undesirable slowing-down of the economic growth. Thus, the problem of
compensating tax code reaction in an economy with the «Dutch Disease» can be
stated.

In the paper, the set of possible government policies is restricted to the policy
of subsidizing the manufacturing sector at the expense of taxing all the other
industries of the economy. Moreover, the government can alter only two tax rates
of many in use in those industries: the rate of investment subsidy in the
manufacturing sector and the rate of excise in the resource extracting sector. All the

other tax rates are suggested constant and equal to those in use in Russia.
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The Master Thesis investigates the conditions under which short or long run
benefits are preferable. The consideration proceeds within the framework of a
model of three-sector endogenously growing economy, in which the equilibrium
results from actions of three types of players: the producers in each sector, the
consumers in the economy and the government, introduction of the latter being
author’s modification of the model introduced in Eismont and Kuralbaeva (1998).

The analysis is facilitated with numerical simplifications done on the basis of
the Russian economy statistic figures.

The paper is organized as follows.

Part 2 contains a literature review.

Part 3 describes the model.

Part 4 presents some data and computations of several important parameters

Part 5 describes the estimation of effects from the price shock and government’s
interference.

Part 6 discusses the results and

Part 7 concludes.

PART 2. Literature review.

The several works, to which the present diploma must give
acknowledgements, belong to two distinct areas of research: studies in the problem
of the «Dutch Disease» and studies in taxation and its influence on growth.

Works on the «Dutch Disease» can broadly be divided into two groups: those
that deal with short-term analysis and those that concentrate on the long-term
effects of the problem. The overwhelming majority of papers belongs to the first
group and analyzes short-to medium term effects of a boom in natural resource

sector on the other sectors (usually, manufacturing and services) of an economy. A
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boom in natural resource sector, caused by rallies in world resource market, results
in increased current prosperity of a country and subsequent increased demand for
traded and non-traded goods. Since prices of traded goods are fixed internationally,
this effect leads to rising prices of non-traded goods relative to traded ones, which
results in labor and capital moving from traded into non-traded and resource
sectors. Though these effects of squeezing out manufacturing sector may have
some negative effects (e.g. structural unemployment in case of low labor mobility),
in general, from the point of view of total wealth of a country, short-term effects of
a «Dutch Disease» are positive, rather than negative.

However, the long-term consequences of the «Dutch Disease» may go beyond
temporary unemployment. One of the surprising features of long-term patterns of
the economic growth has been poor performance of resource-rich countries. There
are many examples of these phenomena in the distant past (17-19 centuries), as
well as in the relatively recent years (1970-1990). Though, long-term analysis of
the «Dutch Disease» has been performed in a number of papers (Aarrestad, 1979;
Dasgupta et al, 1978; Siebert, 1985) only recently this phenomenon has been given
special treatment (Matsuyama, 1992; Sachs and Warner, 1995). While Matsuyama
(1992) concentrates on the role of land in economic development, Sachs and
Warner (1995) analyze the role of mineral resources. Sachs and Warner (1995)
performed an extensive empirical cross-country research (which included about
100 countries) and obtained convincing arguments that per capita GDP growth is
negatively correlated with the shares of mineral production and natural resource
exports in GDP. Explanation of this phenomenon (i.e. relatively low rates of
growth of per capita GDP in resource-rich countries) may lie in positive externality
resulting from the accumulation of knowledge in the manufacturing sector through

the process of learning-by-doing. Booming in the resource sector, followed by
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expansion of non-traded good sector, leaves manufacturing sector short of capital
and labor and thus slows technical progress.

It should be noted that Russia differs from most resource exporting countries
in that, it is, contrary to Middle East countries, a highly industrialized country,
while, unlike Norway and UK, its manufacturing sector is not competitive not only
on the world but also on domestic markets. These peculiarities of the Russian
economy could result in even more adverse effects of the «Dutch Disease».

Recently, in the literature on economic growth, much attention has been paid
to the determinants of the divergent development paths across countries. A part of
research has been devoted to tracing differences in the development paths to
differences in government policies.

Several examples, among others, of works on the quantitative effects of
dynamic tax policies in a general equilibrium include Chamley(1981), King and
Rebello(1990) and Jones, Manuelli and Rossi (1993).

These studies differ greatly in both the models they analyze and the types of
fiscal experiments they undertake.

Chamley explores both marginal and global effects of tax changes in a model
with exogenous growth and a representative agent.

King and Rebello consider the effects of policy changes in a simple model of
endogenous growth and compare them to tax effects in an exogenous growth
model.

Jones, Manuelli and Rossi examine two types of models of the process of
growth. The first type of models views the government expenditure as exogenous
for a planner. The second one is concerned with the government expenditure

endogenous to the planner’s problem.



The present paper is an effort to incorporate elements of both two streams of
research, on the Dutch Disease and Taxation and Growth, into one problem, a
problem of counteracting the adverse long-run effects of the «Dutch Disease » by
means of taxation. The foundation for the research has been provided by the model
of a three-sector economy with endogenous growth, presented in Eismont and
Kuralbaeva (1998), thus having to be referred to as the major source among listed

above.

PART 3. The model.
Section3.1. Tax system.
In the Russian Federation the most collectible taxes are pay—roll taxes, value-

added tax, corporate tax and excises. The following is the official statistics figures

(see [S], [6]).

199 1199 | 199 [ 199 | 199 | 199
2 3 4 5 6 7

Payments of the Pension Fund, % | 6,3 |59 |59 |47 |52 |58
GDP

VAT and excise collection, % GDP | 11,1 |69 |59 |55 |- 6,6
Corporate tax collection, % GDP 89 11,578 |7,5 |- 1,3
Profit tax collection, % GDP 2,39 |3 3 22 |- 0,1

Figures on pay-roll tax collection are not available directly and one can judge
about the weight of pay-roll taxes in tax revenues of the government in the

following way.
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If we assume that payments of the Pension Fund are approximately equal to
payments to the Pension Fund and note that the former’s rate is more than a half of
pay-roll tax rate, we will see that the latter payments are quite noticeable.

From now on we denote taxes as follows (I -investments, p-price, F(K,L)-

output as a function of capital K and labor L ):

v- Value-added tax (VAT): Ruar = ﬁ pF(K,L)
y - Corporate tax: Re =y(pF(K,L)—wL-1)

s, -Investment subsidy (if any; this subsidy may be present as a credit rather than a

direct payment):

R, =-5,1
T, -Charges on wage fund (pay-roll taxes): Ry = TyeWL
e’ -Excise: R, = pF(K,L)IE—'e,:e- pF(K,L)

Thus, the profit of a representative producer becomes:

T=( —y—e){pF(K,L)—(1+T WL -(1+T)1},

1+v
where
T +7V +y+e
. = WF 1+V
L 1 _y_e
1+v
v +y+e-s
r =1ty !
I 1 _y_e
1+v

— e I
RTotaI_ RVAT +RCT+RWF +R"+R s
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Note, that although there is no direct taxation of investment into production,
the existence of VAT, excise and corporate taxes gives rise to effective indirect
taxation of investment. Thus, the tax code can equivalently be represented by a set

of effective profit tax and excise and taxes on labor and investment.

Section 3.2. Description of the model.

The Dutch Disease is modelled within the framework of a three-sector
endogenously growing economy with a tax system. Two of these sectors produce
tradeable goods whereas the other- a non-tradeable good. To introduce a certain
interpretation to the model, these sectors are referred to as: raw materials sector
(energy or simply E-sector), traditional manufacturing sector (M-sector) and
services-producing sector (S-sector). All prices are measured in terms of M-sector
goods. The output of E-sector is priced at a worldly set level, whereas S-sector
production price is ruled by domestic supply and demand alignment.

The output of energy sector is entirely exported and the revenue is spent, also
completely, on imports of manufacturing goods.

The economy is inhibited by identical consumers, represented by aggregated
preferences over manufactures and service goods, producers in each sector and the
government that charges taxes on producers.

Let us denote:

Indice:
M stands for manufacturing sector,
S- services’ sector

E- energy, or resource, sector.
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Production factors:

L- labor (for example, L, stands for labor, employed in the service sector).
K- physical capital,

H- human capital,

[- investments.

Production functions:

Fy = Ay Ko (HL,, )™ in manufacturing sector

Fs = As(HLg)” in service sector

Fe = AcKEE in energy sector
Tax rates:

e. - excise

1" - effective labor tax rate in M-sector,

+ Y +y
M 1+v

T\ - effective investment tax rate in M-sector,

Y ohy-s
™ = 1+v !
| 1 _y
I+v
v
Twe + ty
1} - labor tax rate in S-sector, 5 = 11+V
.Y
l+v
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T, - effective investment tax rate in E-sector,

v +y+e
E_l+vV §

Prices:

Ps, Pe - prices of services and resource goods correspondingly after VAT (in
terms of manufactures).

w- wage rate in the economy; the same for the entire economy due to perfect
labor mobility.

r - exogenous international interest rate.

Agents in the economy:

The problem of the manufacturing producer:

Imsbm

[(Fu =wa+THL, —(1+1)1, e dt M max
0

FOC

Fe=rd+1")
F =wl+1")

The problem of the service producer:
[(psFs —w(l+17)Ls)e™dt [ max
0 S

FOC
psF =w(l+1})
L, +Ls =L - labor constraint.

The problem of the resource producer:

[(PeFe —(1+TF)l)e™dt M. max
0 E

14



FOC
pcFe =rd+17)

The problem of the consumer:
PVU = J'Ue_”dt :IM *SPe™"dt I, max,
) M,S

S.t. psS+M =(10-9)(F, +pcFe +psF — 1 —1,,) (1)
M, S —consumption of services and manufactures correspondingly, U 1is the
consumer’s utility function (consumption is divided between consumers and the

government in shares of (1-g): g).

S=F (2°)
as services are non-tradeable.
FOC
a
M = B pSS

1_
psS = (Fy *+ PeFe — 1y ~1o)
b
al-
M:_—g(FM+pEFE Iy —1g)
b a
b Y

The problem of the government:

ZTR -total government’s tax revenue

Y =F, + pcF: + psFs — 1 — 1, -output used for consumption

consumption

It is assumed that government has fixed-percentage-of-consumption expenditures:

G =gy

consumption

PVU I max

Some taxes
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s.t. zTR =G,

where
— l _ ( M 1S MI )
ZTR_(1+V Y Fy + psFs +(T Ly +T°LHw+T7 1,

G=g(Fy +peFe + psFs — 1 —1y)

Human capital accumulation:

H o= ALK (L, H)™

Section 3.3. Solution.

After some manipulation, the following system of differential equations may

be derived:
Ek =a,K, —a,H +d ,
|:|.M 1"*M 2 (3)
HH =b,K,,
1+ M H g+g +78 H
a1—r( T|)[1+b Dl T'I\_/l v
ay ﬁ l_g 1+TL Bs ﬁ
a+g o,
a s L o
a2:b D1+T|\L/| aM AMEF’MAMH L
1-g 1+1" B Or O

l-ay,

b, = A, %—r(l +7") %
1-ay)A,

e

a. ~ae
r(1+17)

System of differential equations (3”) has the following solution:

d= (pEAE)l_aE
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K = C,ne™ +C, pe”
ﬁ_{ - bl (Clem +C2th) +i
a

2

where

a @)’
=14
=5 4

_blaz s

(D

_a (@)
H 2 4

_blaz

2
From economics it follows that root n :%h/(a;) —b,a, is inappropriate

(or technically, TVC does not hold). The selection of the root can be explained

as follows. As it is implied by system (3°), the change in human capital is

increasing in b,, no matter what initial conditions are valid for a particular

economy. But root n contradicts to this fact as it allows for the case when

human capital decreases in b, (for example, C, =1, C, =0) and thus it should be

excluded. Therefore, the solution of the system of differential equations

becomes:

[K, =Cue®
i U

ﬁ_{ = bICe“m + i ’
a2

where Cb, = H(0) _ai

2

2)

Using functions in system (2), employment of production factors,

investments and levels of production in three sectors of the economy can be

determined.
I, =0
dK
I, =—MX =Cu’e"”
Moodt H

3)

17



1

_Or(+7")0ow  Cpet"

L B 0 4)
"oOowA 0 cpemts 4
a2

M
F, =Cpewe"I¥T) (5)
M

W= b@““iﬂl_g Bsazs (6)

8, [fa g LA+T)

b

1
M DTM um
L, =L-L, :L_El’(1+T, )D Cpe g (7)
O Owm AM U Cble“m+7

a,

v 1-Bs
_ A -ay)+td) Day Ay O DLE: ar@+r") O d% g
aB+ty ga+tHH g I H e, MF ®)

1-g O r(1+1M U
pyFy = ——9 @ue“mggw%dm 9)
§+g|:| aM |:|

b

Ps

a
K, = ¢
: r(1+r,E)CI (10)

1

r(l+17) Opeac A O
F = I EYE =d
T (e (h

As the energy sector does not use human capital and does not enjoy
investments, its production does not rise with time, while the manufacturing and
service outputs increase exponentially.

It 1s useful to note that

:ua—“" and thus p = @ rd+7/7) (12)

IM
Fu r+7") Fu( ay
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The government’s objective function (which is equilibrium derived utility
function of consumers in the economy) U =M?S" can be obtained from

expressions (4)-(1 1):

%1 o qrd® AR Er(w.“”)ggm
ﬁb U ay Ay

rof] B Ay (l=a, )1 +T)

0 M i
. m:uellm%r(lcjirl)—u%fdm [HIEN rtnax
0 M 0 axes

MO0 s

(13)

oo

Denoting

U:%lgg (14)

am

%l—g 1+1° 1- aM AMD g o Asﬁs(l-l_rﬁ/l)s l:r(l’fT.M)%“’M
@awnq % A, (1-a,)(1+T5) H a, A,

b

MOO0OOs

we can rewrite the complicated expression for the utility function above as

follows

+bl33 b

UE@M“WE& %dm (1+T) ""M, (15)

where U does not depend on excise in energy sector and investment tax in

manufacturing sector.
The government budget constraint is a complicated expression. We postpone
the determination of the budget constraint till PART 5.

Subject to the postponed constraint, the government maximizes the integral:

© 0 M ] pop- 2
PVU=[U"- [Cuet” r+, )—/J do  (1+1)) Tvedt (16)
0 U Ay U
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Necessary and sufficient convergency condition for this integral is
p(a+bBs)-r<o (17)

Denoting A =a+bp; we rewriteitas pA-r<0 (18)

PART4. Estimation of key parameters
on the basis of the Russian statistic figures.
1.)  Elasticities of labor in M- and S-sectors and utility function elasticity.
These values were determined in Master Thesis by Natalia Cybuleva, NES
graduate 1998. She found that
1-a,, =0.25 in M-sector

B =0.30 in S-sector.

= 0.9 It is assumed further that a+b=1,s0 a=0.47, b=0.53

oo

The author could not find the value of a, (elasticity of H with respect to
K, ) for the Russian economy so that the value of this parameter for the US

economy has been used.
As it is suggested in Jones, Manuelli and Rossi (1993), a,, =0.36.
2.)  Taxes.
Tax rates are set up by the Federal government and currently have the

following values (this data was obtained from Milyakov (1998)):

Corporate profit tax 35%: y =0.35
Value-added tax  20%: v=0.2
Payroll tax 38%: Ty =038

Excise rates:
Gas 30%:

Oil 20 ECU per 1 tonn
20



Excise on oil should thus be recalculated in an equivalent percentage rate.
For this to exert one should know values of world oil prices and exchange rates of
ECU versus US dollar. In the model it was accepted that in 1997

1 ECU~1.1 US dollar

Price,, =$14/barr =$100/tonn

Priceg,s =$22/tonn

Thus, equivalent percentage excise on oil is

e

=22, and e=18%
00-e

100
1

Now, the calculation of aggregate excise on oil and gas, with the use of oil
and gas export data, can be provided.

Export,, =$13 billion

Exportg,s =$10,7 billion

(13,0 +10,7)—F  =13,0—oL__4107_"eas
100 e, 100 ¢, 100 —e

ec =24%, or in decimals,e. =0.24
It is feasible now to find effective tax rates (using formulae of Sections 3.1 and
3.2):

™ =185

1> =185

™ =1,07

18 =310

e =0.32

3.)  Rate of manufacturing sector growth.
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Iy (D) rd+1")
Fu (D ay

investments in M-sector and F,,is production in M-sector. Thus, one can

From formula (12) it can be seen that u= , where 1,, is

determine rate of manufacturing sector growth. According to 1997
investments data,

Iy = lrora — le — Is = Rb(408,8 — 52,7 —163,5)billion  Roubles
I, =192,3 billion Roubles

F, =1456 billion Roubles

Thus,
U=0360F

It is also useful to calculate parameter a,:

H §+g +18 p H
O+b " g A% Oososra 41y = 6.31r

o = ral+1)")
ay ﬁ l_g 1+TEA ﬁs

1

4.)  Parameters in oPVU

(for use in Section6.1.)

From export statistics for 1997 it can be found that:
pe Fe = Export,, + Export,,, =$23,7 billion =120 billion Roubles

_ PeR(O) _
RO 1,0
= F,, (0) -1, (0) 0405
H 2+ H

919475 1-q
F (0)d+P2 L MO (0
M()ﬁ R 0 (0)
OPVU

5.)  Convergency of integrals PVU and a0
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A=a+bB, =0.63
Convergency condition reads: Au-r<o0.

In case of Russia (0.63[0.36 [ —r < 0) this condition holds.

PART 5. Estimation of welfare effects from
the price shock and government policy.
Before proceeding to calculations, several remarks are worth making.

The effect from a price shock is found from the determination of derivative’s

doPVU

sign sgn( ) (d stays for the resource extracting sector output, PVU - for

present value of utility), on the plane [lrl,k,], where lrj- is the rate of growth of

manufacturing sector in units of interest rate, (0.36 for Russia), k- initial ratio of

extracting sector output to manufacturing sector output.

In the paper, the set of possible government policies is restricted to the policy
of subsidizing the manufacturing sector at the expense of taxing all the other
industries of the economy. Moreover, the government can alter only two tax rates
of many introduced by the government in these industries: the rate of investment
subsidy in the manufacturing sector and the rate of excise in the resource extracting
sector. All the other tax rates are suggested constant and equal to those in use in
Russia.

The choice of capital as a factor to subsidize stems from the following
speculation.

First, it should be noted that the assumed assymetry between capital and
labor, namely, potentially boundless amount of the former and scarcity of the latter,
dissappears when the associated production costs are considered: constrained labor

is hired at the expense of exponentially rising wages while increasing amount of
23



capital is rented at internationally fixed interest rates, so that the capital-to-labor
cost ratio remains nearly constant, and it makes no difference for the government
which factor to support, as far as the order of magnitude of the help package is
concerned.

Second, numerical simplification is not available for the case of labor
subsidization, because one needs to know the relative productivities of

manufacturing and service sectors A, and A, . These figures are difficult to obtain

from official statistic reference editions and determination of them requires a
separate investigation.

In the study of subsidy s" effect on PVU, the link between s and effective

excise rate e (via government’s budget constraint) and dependency of lrl on
s\ should be taken into account. In subsections 5.1 and 5.2 below, the necessary

calculations are provided to determine the regions in the plane [l;l,k,], where the

derivative 9 PVU keeps its sign, and to find out the behavior of PVU as a function

of .

Section 5.1. Price shock.
The question of whether present value of utility falls or rises when prices for
oil increase (d rises) is now explored.
For this purpose, it is convenient to look at the derivative of PVU with
respect to value of raw material production d.

According to conducted calculations,
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+bBs -1 Y

o =@rbp)0 @ug—“ 0 % () e s

a+bps -1

o e’ +k, 1-k,e" p~"dt
[erek)  li-kek
0

O +1) O
cug U -

a
k2: D M

r(1+r )H . g1+r31 ay, H
O
ay ﬁ l_g 1+ B, ﬁ

(20) and (21) may be rewritten as

k = pEFE
LR, (0)— 1, (0)
‘= Fu(0)=1,(0)
H E+g s H
F o0+ b~ L 17Gug L)

ﬁ 1-g 1+1" B ﬁ

Equivalently, using (12) to express I,, yields for k, k

Fa@=Fe

F (O)H +gl+rsl ay, H ()7
ﬁ 1—gl+r B, ﬁ P rl+r

Integral in (19)
a+bBs-1

J, = (e“m +k ) (1 - kze“m)ﬁ‘”ﬂdt

cl‘g
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with the use of variable substitution x =e' and expression for k,(24), can be

transformed into form:

il U
+bp3 —IB H aM Bd
s ) ri+o) gy
*:IE‘”“@ 1o ' X O
0 ge2b tT -0y H ay 0
B ﬁ bl-g 1+1) B ﬁ ri+t) B
U U
The following result is obtained for the sign of J;:
W H
r
1.59 Convergency limit
0.94+0.01 3, <0
Effect separation line
0.88+£0.01
3,50 -
036 Russia
0.40
‘ -
0 10 kl

Next section represents the techniques and results of estimating the effect on

PVU from investment subsidy.
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Section 5.2. Investment subsidy.
In its regulation of excise and subsidy rates the government is restricted by

the budget constraint ( Z tax revenues = total expenditure):

R.+R, +R, =G (27),
where
Re = PeFe +Y(PeFe) +epeFe =Fs o+ yefpeF (28)
E 1+V E E EVE v E'E
v
Ry = ﬁF + V( —wL,, _IM) + Ty WLy, _SIM Y szM + Wl _SIMIM (29)
R = IT F + y(pS F —WLS) + T, Wh (30)

G :g(FM +pEFE +pst _IM)

The substitution of corresponding functions of time for the expressions in the

right parts of (28)-(30) yields for (27):

fd +ed +[f2(1 +7")r —f3u]Cu B =0 (31)
_ v 1 l_bB bA A 9._
h=ivat a a1+ 5 ~ 04061
bA 10 al+t1’ 1-a,0 1 b
AA L 1pLa e y(1- B -0 20137
al+ry "a,Od bAl+7” B O l+vaa, aa,, aa,
a+g
bA B b v b b
f,=— . 1+TSTWF+a1+v+ y(1 —BS) -9 =0275, where A= ——— =g

Having the freedom to alter the rates of excise e and investment subsidy s,
the government may betake to the following policies:

1. e=const, s changes with time;

2. e changes with time, s =const;

3. both e and s" change with time.
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Case 3 corresponds to the problem of maximizing PVU over the set of time-
depending e(t) and s" (t). This problem is too complicated for the present paper and
is not considered here.

Of cases 1 and 2 the latter is more convenient for computations as y, which
depends on s and enters the budget constraint in the power of the exponent, turns
then constant. It is the case that is studied in the paper.

The solution of system (3°) was facilitated by the assumption of constant
resource extracting sector output. But this assumption stops to be valid as long as
the excise rate is variable (as it is dictated by the choice of case 2. above). Then all
the obtained expressions for outputs in sectors of the economy, capital and labor
employment in these sectors and tax revenues turn incorrect, and the problem of
determination of tax influence on PVU turns depending on agents’ expectations of
government’s tax policy.

To settle this difficulty it is sufficient to assume that agents in the economy
have simple expectations. In case of Russia it seems well justified that the agents at
any moment in time do not even attempt to foresee the policy dynamics and
consider its current characteristics as valid once-and-forever. Then, the expressions

just mentioned still remain valid.

5.2.1 Dependency of C on subsidy s, initial size of resource extracting

sector k, and initial rate of growth of manufacturing sector Eg% .

The value of C, entering budget constraint (31), depends on initial excise
rate and investment subsidy rate. It is assumed that at «zero» moment of time the
government’s budget can be not balanced and initial excise and subsidy rates are

equal to rates accepted in Russia. Next year, the budget balance is established and
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the excise rate is computed in accordance with (31). From these assumptions it

follows that C can be found as follows.

H, d(e :etzo)
b (s, =0) ba,(s, =0)"

C(sy =0) (32)

This expression allows to determine H,, which depends neither on s;,, nor on
e (t=0):

d(e=e_,) U
=0) +— 0[]
O i +azb,(sk,, =0)0 (33)

ba, = u(a, - 1), by definition of y. Taking an advantage of this circumstance
as well as of expression (33), one can rewrite (32) as follows:

D b(sy, =0)H _ d(e=e.,) _ d(e=¢)
=9 s =95 7O sl =0, s, =0)5 atsl = (e, -4l =9)

The other step necessary to find the dependency C(s) is computing L(s,, =5).

By definition,

al 1
H=" - %g—blaz. (34)

Substituting in (34) expressions for a,,a, and b, in which the dependencies

on s, are highlighted, yields (s, =s):

b= W(l ) \/Qﬁg(l—s) w(l-s) (35)

where
1 249, 4 [
n+b 1% oo
@D I1-g B O
v YHO O
a 1

_b J1+7 1-a, 0 ag O
l_g 1+T ﬁslj.z M Hl:(l a )(1 GM) aM+aH—1
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Because of date insufficiency, it seems not unfeasible to compute w,

numerically (A, is not available), that is why (35) can be used in an indirect

manner.
‘r‘ W(l S) - J g(l s)* —w, (1 -5) Tl
EH w,(1- s)@Z Qﬁg(l_s) W -9) e

l-ay-ay

@H W (1= S)g Qﬁg(l 5)2 = —w,(1 —s) "~
(1-9)
F- T e o

l-ay-ay 2

(1-s) '"ow

(36) 1s valid for any pair of H,s, corresponding to each other, and w, is a
yp » p g

constant:
EH w,(1- s)@2 @Lg(l Y %&% Wl(l SO)D Qﬁg(l s,)?
(1- s)1 ?H"MM o (1- s)1 ?H"MM

Assuming that H(s' =0) = , the solution of this quadratic equation above
g - Sw . q q

yields (s, =0):

Mo 1-=s . —2.44 0.44 1.44
L= 2%5.7 + \/44.89 +41-5) %ﬁ%a ~5)" —6.7 [@g%(l ~5) %

The logic, used in root selection while solving system (3°), dictates that the

«+» root should be omitted:
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-0
LO= I J44.89 +4 -5y %’faa ~sr+ 67 - s)““‘% (37)

Thus, the dependency C(s) is now determined:

()_wa:() d(eto) % d(e.)
b, (s) HO)a, -~ @) ps)(a, - u(s))

d(et ) H d(e,)
C - Ia - 38
)= H%E() ()2, - u©@)H ues)(a - u(s) (38)

S)l ay

Everywhere C enters the formulae only in combination C’(s):

dee t DO 0 B
©rE) = @3( O ofa, - o) s e, - ) %)

The latter expression, together with (37)

H _DD _ o\ 244 o044 o\l
L= Eﬂ J44.89+4m1 5) %’rﬁa(l 5)** 6.7 [@g%(l 5) %

allows finding C for different growth rates %% and subsidies s.

Below, the investment subsidy influence on PVU will be studied for several
d(t = 0)
r(1+71,
cu (1+7y,)
O 0w

different pairs of parameters k, = %E (i.e. initial relative size of
=0

resource extracting sector) and Eé% (initial growth rate of manufacturing sector).
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5.2.2 Excise dynamics determination under the condition of balanced budget.

. 0 O O 0 .. .
Now that the functions f@,@%%m and C B,%%,klm are found, it is possible
0 O O O

to solve equation (31) with respect to excise rate. Preliminarily, it is convenient to

transform the equation as follows:

f, +

fd +ed +[f2(1 +7")r —f3u]Cu @ =0

f1d+é+v y%ﬂ @u— y§j+ed+[f(1+r)r—quul“Eﬂ =0
ﬁfﬁéw y%d %ﬁ y - e@j+[f(1+r>r—fp]cu@“m—o (40)

By definition of d,

i p AE IQE%Q GEEIHIT SGE'
a=d [%%v - _e(t)gi’; . where d = (pcA, )1:’ g%ﬁaa . Then (40) turns into
ﬁfl * % - y%% - V‘e(t)gi - % - y—e(t)@% - y—e(t)@i +

[0+ - fu]cp et =0

ag |
@ I _Q I ee 01 =
- K - - - - - — pum
+v yE:j v y e(t)g d@lTV Yy e(t)@ +[f2(1+ ‘I;M)r f3l]Cu@ =0
ag B
01 D—aE 01 o
1 ] D1+V_y_eD Dm—y—eg
L, eSS —dedt D
0 _ o !
O1+v ¥ O Oq+v Y O

+[f2(1 +7M)r - fsu]Cu B =0

Highlighting k, yields
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O ae 1
U [ 1 y [}-a D_UEB
M gl V- O, -V el
1+
d(@@fﬁ% AR 0 oo
- _y U
A O1+v /O O1+v 7 O E
+[f2(1 +7V)r - f3u]Cu 8" =0
ae 1 D
[J-ae 1 [J-ag
d(0) 1+V D O, Y0 f
LH(A+T)) 1D E 51 g &
0 Mo, O1+v Y0 D1+ 7 O E
r(l+ty) Df2(1+T )*_fE@“m_O
p Loy,
O(+t,,) OY ae s
57—1 L] O 1 [1-ae [l 1 -0
C(0)2(0) C(0) i, Eng 1 vV el Eﬁv—y—e% =
"CUA(S) T +1)) 15831 PV 1 e
- — - L 0
[u(s) Lary, %H 01y VO O1+y ¥ O 0
+—Bf (1+‘[M)L_fD uEﬂ_O H | .
M 1|:]2 I u 3%@ =0. Hnere 1+TE = 1 al’ld that 1s Why

u(s) [, 1+y V7
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] 7(1—3)
SO
41 -y

L
- U
ccowoB oy "5 R
'CEES) O

Di(l—S)
0 M) _
1 [a—
%MDHV "5 H
: :
b R (41)
-y gy D
ues) O 1+v O

Together with already usual add-on (37)

Mo 1-s . —2.44 0.44 1.44
L= 2%5.7 —\/44.89 +4 1 -s) %ﬁé(l ~5)"* —6.7 [@g%a ~5) %

equation (41) allows finding functions e(t,s).

For the four pairs of %,klg (lrl = 036,120 u k, = 0.095,1.000)6 the following

excise profiles were obtained (the profiles correspond to different constant subsidy

rates):
Excise dynamics. m/r=0.36 . .
kl—g 095.(Russia) Excise dynamics. m/r=0.36
R k1=1.000
0,25 0.35
02+ 0,3 &
s=0.2 0,25 +
& 015 ————5=023 & 02k
o S
d 0IR TN N | e s=0.25 X5 015 N
005 LN N N\ | --- $=0.28 01
. s=03 0,05
0 | 0
< ® 1 ~ o o s=0.33
Time (in units of rt) s=0.35 Time(in units of rt)
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Excise dynamics. m/r=1.2

0,25
0,2 +

k1=0.095

0,15 +.

Excise

01K+,
0,05 +

Time (in units of rt)

Excise dynamics. m/r=1.2

k1=1.000.
0,3
025 & s=0.01
] s=0.03
-g o2 }\\\ s=0.04
g 015 KN\ =0.
w o1+ . N\ — — — s=0.07
AN\ \
0,05 + - \ s=0.1
0 ‘ +— — - —-5=0.13
1 2 3 45 6 7 s=0.16
Time(in units of rt) — - —-5=0.19

In all cases, the rise in subsidy rate causes the excise profile to move down

and the time, when the budget may remain balanced, to shrink. This behavior is

explained by the tax structure in Russia. The tax revenue, obtained from the

extracting sector, is a non-monotonic function of excise rate that has a point of

maximum. This point (the excise rate corresponding to tax revenue maximum), as

computations reveal, is negative. So, the positive initial excise rate assumed in

computations of excise profiles predetermines that the rise in subsidy rate will

cause the downward slopes and shifts of the profiles.

\f

Tax revenue
function

[

Excise rate

.

Resource sector

Section 5.2 continued. Investment subsidy.

The budget balance is feasible for a chosen investment subsidy rate only

until the moment when the excise rate reaches zero. Then, the government has to

change the subsidy rate. This happens jumplike (the data used for modelling require

that the subsidy rate can only diminish). Then, the situation reduplicates, infinitely
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in general. The problem of determining the optimal subsidy rates sequence,
depending on the subsidy rate in the first period, may be set. The corresponding
«optimal» excise profile then looks swallow-like while the subsidies sequence

resembles a set of descending staircases.

Excise Subsidy

-
]

—

T Time Time

lim it

Yet the paper considers only a part of the whole problem, the part that
concerns the optimal choice of investment subsidy over the first period of planning
the subsidy policy. Because the unit of time in the computations of excise profile is
a unitless combination of rt, and a change in this combination by 1 corresponds to
a real-time change by ~30 years (given the typical value of r =0.03 per year), the
times of excise diminishing to zero, which fall into interval from 3 to 10 on average
over the permissible ranges of s,,, in terms of real time amount to 90-300 years.
Thus solving the partial problem may turn useful not only in theoretical sense, as a
stage of solving the whole problem of finding the optimal subsidy sequence, but
also in practical sense, as 90-300 years may be well-justly considered infinite for
any ruling government, or ministries’ planners, or even political parties in Russia.

So, the subsidy effect determination is held only within the first period of
planning.

© _ 0 M ke pep 2
PVU :I Ue @ue“mgw—u%rdg (1+1)) Tmedt
0 O Ay 0
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0 @ ]
N [l —a
Tiimit D D |:| E’i - y —e(t)g E D a
n= | £y e 129 _10+q(o)pl*y 0 5 (1-9)ren Bt
g MO +v H O 1+v O g
Substituting e =
ag +bfs
o ] 5 Bl oy-emB” g
o Bopr (I-5) e O au_ dx
L= T (s) " %(s)l—lgw(mg“vl 0 g (1-5)*"-a, B";f
1 — [
E Eu v @] +v y@ H 0 1+v 7 O E
Highlighting parameter k, yields (42):
0 Or (1-5) 0 nls
D Dﬁ(s) ID Ii )it D?E O
Kimi OvH V@ 0 By e D
[CH (s). reO ME+V 0., AL+ O b T dX
J 0 I er Oy D+kD Vl 0 0 (1—3)[3 I-ay ij
p(0) 0 15 O _y O X
C OO0 ————— 710 7 y g O
g MBi+y g

It was assumed that the change in k, is not accompanied by a change in

manufacturing sector output.

Computation of this integral for all four pairs of parameter values é’JF(O),kIE

for a range of investment subsidy rates s yields (%(O) is represented by m/r sign

in the graphs’ legends):
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Present utility value. m/r=1.20 Present utility value. m/r=1.20

k=0.095 k=1.00
3 8
2,5 + 6 4+
27 /\ o)
g 1,5 + E 4L
1+ 51
05 +
0 : : : 0 ‘ ‘
0 0,05 0,1 0,15 0,2 0 0,1 0,2
Investment subsidy Investment subsidy

Present value of utility. m/r=0.36

Present value of utility. m/r=0.36 k1=0.095 (Russia)

k1=1.000

PVU

0 f f f f f 1,5 f f f
02 025 03 035 04 045 05 0,2 0,25 0,3 0,35

Investment subsidy Investment subsidy s

PART 6. Discussion.
Section 6.1. Reaction on the price shock
In introduction to the diploma it was argued that the size of the raw material
price shock might be large enough to compensate for the welfare losses from
slowing down the rates of economic development. From the result in Section6.1 it
follows that this is not quite correct. It should have been said that the shock might

be fairly small to bring gains, not losses.
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Case b
0PVU >0
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&

Indeed, let us consider following representation of the result.

PvU A PVU 1 PvU A

==
=
=3
2 w

-
d

D.v

-
Casea Casec d

Case a) states that the price jump leads to country’s enrichment. This is true

for economies with relatively low ratio E, what corresponds to economic intuition:
r

the less is the rate of development p or greater the discount rate (so that His low),
r

the less valuable is the future prosperity and the more appreciable is the present rise
of welfare.

Case b) describes the situation of the «Dutch Disease». It may or may not
happen, and whether it does depends on the size of the shock. A country
experiencing the rise in raw material exports may:
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1. Remain on the in creasing part of the curve and thus gain from the shock.
2. Find itself in the decreasing branch of the curve but have final value of
PVU greater than initial value.
3. Find itself in the decreasing branch of the curve and have a lower final
value.
All three case are depicted by curves numbered «1», «2» and «3», according
to proposed classification.
In the latter case (case b.3) the country suffers the «Dutch Disease». The
extent of the present utility losses is crucially dependent on the value of p-to-r
ratio. Facing one and the same price shock, a country, whose ratio is high, is more

likely to bear costs from the price increase, than a country whose ratio is low.

The result that countries with higher M are more sensitive to, or, that is to
r

say, less resisted against the «Dutch Disease», seems reasonable. The result means
that the greater are the benefits from large growth pace of the country or patience of
its inhabitants, the less easy is the country’s reaction to the raw material sector
expansion.

Case c) suggests that the shock inevitably worsens the well-being of the
nation, the greater is the shock the worse is the damage. This rule applies to the

countries with quite high growth-to-discount-rate ratio.

Section 6.2. A change in subsidy rate.

In subsection 5.2 it was obtained for the effect from subsidy rate change

given that the values of parameters are lrl =036 and k, = 0.095,1.000:
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Present value of utility. m/r=0.36 Present value of utility. m/r=0.36

k0=0.095 (Russia) k0=1.000
15
4
3,5 + 5 10 +
g 3+ >
& 25+ & 51
2 £
1,5 f f f 0 f f f f f
0,2 0,25 0,3 0,35 0,2 0,25 0,3 0,35 0,4 045 05
Investment subsidy s Investment subsidy

If the rate of growth % does not change while k, rises then PVU shifts

upward. This is not astonishing and is a straightforward consequence of used
computational techniques that assumed that the initial output of manufacturing
sector does not change either. A nontrivial though easily explicable result here is
that in both cases of k, values the function of PVU has a distinct maximum; another
result is the shift of subsidy rate, that delivers this maximum to PVU, rightward in
respond to increase in k,. The maximum appear due to simultaneous presence of
two counteracting factors: the acceleration in the rate of economic growth,
stimulated by investment subsidy, and the shrinkage of the period of time when this
subsidy can be maintained at the expense of taxing the resource extracting sector.

It seems natural that the mightier is the energy sector, the longer can the
chosen subsidy rate and the greater subsidy rate be sustained (see the corresponding

profiles in the two diagrams just below) That is why the shift of Arg max PVU 1is not
S

bizarre.
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Present value of utility. m/r=0.36 Present value of utility. m/r=1.20

k1=0.095 (Russia) k1=0.095
3
25 +
o] /\
S 151
o
1 4
05 -
1,5 ; ; : 0 : : :
0,2 0,25 0,3 0,35 0 005 01 015 02

Investment subsidy s Investment subsidy

The lengths of periods during which the optimal programs of investment
subsidization can be pursued are almost the same in the economies with different
sizes of extracting sectors (precisely, this period is a little bit greater for a country

with a larger energy sector).
High growth rate (H =1.2) can eliminate the maximum of PVU (given that
r
k, =0.095,1.000 ):

‘rl =12 K, = 0.095,1.000

Present utility value. m/r=1.20 Present value of utility. m/r=1.20
k1=0.095 k1=1.00

3
8

2+ 6 1+

R z 47

2 L

0 : ‘ : 0 ; ;

0 0.05 0.1 0.15 0.2 0 0.1 0.2

Investment subsidy Investment subsidy

The larger initial growth rate allows to set smaller optimal subsidy rates (~

33% versus 14%):
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Present value of utility. m/r=0.36
k1=0.095 (Russia)

Present value of utility. m/r=1.20

k1=0.095
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25+
o1 /_\
g > 15+
a 1]
0.5 -
15 : : : 0 ‘ ‘ ‘
02 0.25 03 0.35 0 005 01 015 02
Investment subsidy s Investment subsidy
Excise dynamics. m/r=0.36 Excise dynamics. m/r=1.2 k1=0.095
k1=0.095.
0,25 0,25
02+ s, 02 4.
SR N R s=0.2 s S
v 0,15 4+ U g 015 b s
2 o O s=0.23 ‘S * SN R $=0.01
S 01 R e | e s=0.25 | NN B R $=0.04
RN ~ — - —-5=0.28 o Y $=0.07
0.05 \\\ RN » —--—s=03 R B R s=0.1
ol N | m———=033 : —3=0.13
R LA B e $=0.35 1 2 3 4 $=0.16
Time (in units of rt) Time (in units of rt) s=0.19

But, as the bottom pair of diagrams shows, a less subsidy rate (the bold line in the
right diagram) does not give an opportunity to use the policy longer: the resource
sector can sponsor the policy in course of 2 units of “time” « when the subsidy is a
modest 14% investment help and nearly the time (in fact, a little bit longer) when
this rate is 30%.

The obtained results can briefly be resumed as follows. Of two countries
with equal growth rates the country with the greater resource-extracting sector can
afford greater subsidies in course of longer periods of time. Of two countries with
equal extracting sectors the country with higher growth rate requires the less
subsidy rates than does the other country, and during almost the same but a little bit

shorter period. Economies with the high rate of growth of the manufacturing
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sectors and considerable resource extracting sectors seemingly do not face any
difficulties: the governments should simply set as high subsidies as the stable paths
of growth of their countries can only allow, and their resource sectors will be able
to provide these subsidizations during the longest periods of time.

In the context of the “Dutch Disease” this result implies that after a shock,

when economy’s parameters £ and k, change and the former government’s tax
T

policy is no longer optimal, the subsidy rate should be adjusted in accordance with

the obtained graphs to maximize PVU again.

PART 7 CONCLUSION.

The study revealed that there are several possible reactions of an economy on
the price shocks and investment subsidization policy change. The price shock can
lead the economy to three final states of PVU (relative to initial PVU value). The
subsidy change can generally be chosen so that PVU become maximal again.

In the model many assumptions were made to simplify the proceedings:

a three-sectored structure of the economy,

production functions of Cobb-Douglas type,

a very special form of technical progress,

very simple agents’ expectations of the government’s tax policy,

several others.

Some necessary data proved unavailable and the needed values were chosen
deliberately in accordance with “common sense”. Besides, the problem itself was
set as limitedly optimal: the maximization was held over extremely restricted set of
possible state policies. In view of all these shortcomings the obtained results can
hardly be thought of as a serious recipe to apply. However the solved problem

makes sense as a basis to model the real economic activity and ways to govern this
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activity; but if the paper turns to be of more practical value than it has been just

offered than the authors will only be glad.
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