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Preface

Preface

This is the second part of the book that examines process and possible economic consequences of 
accession to the WTO. This part considers economic impact of the WTO accession and takes specific 
country as a case study, namely Ukraine. Computable General Equilibrium model for Ukraine is built and 
several scenarios are modelled. The facts that Ukraine has sufficiently large economy and accession was 
finalised quite recently should make it interesting to a wide audience.   
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CGE Model for Ukraine

1. CGE Model for Ukraine 

This part will start with a description of Ukraine’s economy; it is followed by formal outline of the model; 
next, data will be described; this will be concluded by key assumptions of the model and an outline of 
policy simulation scenarios. 

1.1. Economic Situation in Ukraine1

By the end of the 1980’s, the economy of Ukraine was the second largest after that of Russia among all 
USSR republics, producing three times the output of the next-ranking republic. Ukraine occupied only 3% 
of USSR territory and was inhabited by 18% of its population, but produced around 17% of total USSR 
industrial output and 25% of agricultural output (Ukraine has the most fertile land in Europe and is in 
possession of 30% of world’s black soils). Such factors, as well as a relatively well developed 
infrastructure, close to 100% literacy and skilled labour force could have led to a quick transition to a 
market economy, but instead Ukraine experienced a 10-year lingering drop into recession, showing first 
positive signs only in 2000. 



Download free ebooks at bookboon.com

Accession to the WTO: Part II

9 

CGE Model for Ukraine

Key economic indicators of Ukraine for 2001-2008 are presented in Table 1.1 below.      

Key Economic Indicators 2001 2002 2003 2004 2005 2006 2007 2008 

Nominal GDP UAH bn 204.20 225.80 264.20 345.90 441.45 544.15 720.73 948.06 

Nominal GDP USD bn 37.80 42.60 49.50 65.10 86.10 107.80 142.70 180.30 

GDP growth 
(real) 

% yoy 9.20 5.20 9.40 12.10 2.60 7.30 7.90 2.30 

Industrial
production 

% yoy 14.20 7.00 15.80 12.50 3.10 6.20 10.20 -3.10 

Agricultural 
production 

% yoy 10.20 1.20 -11.00 19.10 0.00 2.50 -6.50 17.10 

CPI % yoy eop 6.10 -0.60 8.20 12.30 10.30 11.60 16.60 22.30 

PPI % yoy eop 0.90 5.70 11.20 24.10 9.60 14.10 23.30 23.00 

Exports (gs, 
USD) 

% yoy 9.50 10.70 24.00 42.60 7.50 13.20 27.40 33.80 

Imports (gs, 
USD) 

% yoy 14.10 4.90 28.70 31.30 20.40 21.90 35.40 38.50

Current 
account 

USD bn 1.40 3.10 2.90 6.90 2.50 -1.60 -5.30 -12.70

Current 
account 

% GDP 3.70 7.60 5.90 10.60 2.90 -1.50 -3.70 -7.00

FDI (total) USD bn 3.88 5.47 6.79 9.04 16.89 21.61 29.54 35.72

International 
reserves  

USD bn 3.09 4.42 6.94 9.52 19.39 22.36 32.48 31.54

Fiscal balance % GDP -1.90 0.80 -0.20 -3.40 -1.90 -0.70 -1.10 -1.80

Exchange rate USD eop 5.30 5.33 5.33 5.31 5.12 5.05 5.05 7.70

Table 1.1 Key Economic Indicators of Ukraine 

Source: State Statistical Committee of Ukraine 
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CGE Model for Ukraine

Value added is dominated by industry: it contributes almost one-third of all value added. The next 
important sectors are trade – around 15% of value added, and transport – more than 10%. Agriculture 
accounts approximately for 10% of value added, but employs 25% of the total labour force, which is a 
legacy of the Soviet Union total employment policy and should indicate inefficiency.  

Figure 1.1 presents composition of industrial production in Ukraine as of 2008.  

Extractive 
industry

9%
Food industry

15%

Machine 
building

13%

Production of 
electricity, gas 

and water
18%

Other
9%Metallurgy

23%

Chemicals
6%

Production of 
coke and 
petroleum 
production

7%

Figure 1.1.Distribution of Industrial Output in Ukraine by Sectors, 2008 

Source: State Statistical Committee of Ukraine 

As can be seen, metallurgy is the major contributor to the aggregate industrial production. Ukraine is one 
of the largest steel producers in the world; it is ranked as the 7th steel producer after China, Japan, USA, 
Russia, Germany and South Korea. During USSR times the lion share of steel was supplied to former 
Soviet Republics. After obtaining independence, Ukraine was left with a high-capacity metallurgical 
sector well exceeding the internal demand of the country. Such factors have led to the significant export 
orientation of the metallurgy: over 80 % of production is supplied to foreign markets.  

Next important sector is generation of electricity. Ukraine's power sector is the twelfth largest in the world 
in terms of installed capacity, with 54 gigawatts (GW). It means that Ukraine has more than enough 
generating capacity to produce twice its electricity needs. 
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The food industry is one of the most vibrant sectors in Ukraine’s economy. Its share in total industrial 
production is around 15%. While domestic sources played an important role in increasing the output of 
food products, foreign direct investment (FDI) played a crucial role as well. The most important products 
are beverages – 20% of total food industry output, milk products – 17%, meat – 11%, tobacco products – 
9%, vegetable oils – 6%, grain mill products – 5%.  

In machine building leading sub-sectors include production of equipment for the food industry, agriculture 
and construction (especially tractors, excavators), auto plants (cars, buses and trucks), electronic 
equipment, air plants, and space equipment. Ukraine’s machinery managed to maintain highly competitive 
production in some sectors: for instance most of the equipment for the Sea Launch project is produced in 
Ukraine.   

Ukraine is quite an open economy and role of the foreign trade sector is extremely important. 

The regional distribution of Ukraine’s foreign trade in goods is roughly the same for exports and for 
imports. Russia remains a strategic partner for Ukraine and accounts for more than 20% of both, exports 
and imports. European Union continuously reinforces its importance in Ukraine’s foreign trade. Exports to 
the EU accounted for 17% of total Ukraine’s exports in 2008, while imports from the EU constituted 26%. 
Asian countries are important market for Ukrainian metallurgy. This region amounted to roughly 15% of 
both, exports and imports. Trade with ex-USSR countries, other than Russia made around 10% of exports 
and imports.  

Goods structure of Ukraine’s exports is skewed to primary goods (see Figure 1.2). A major item of exports 
are steel products, which accounted for more than 40% of total exports of goods in 2008. The next largest 
group is machinery and equipment (16%), food (16%), fuel and energy products (10%) and chemicals 
(almost 8%).  

Food
16%

Chemicals
8%

Metals
41%

Machinery
16%

Fuel and energy
11%

Other
8%

Figure 1.2 Commodity Composition of Ukraine’s Exports of Goods, 2008 

Source: The Economist Intelligence Unit 
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CGE Model for Ukraine

In imports, energy resources accounted for around one third of total imports (see Figure 1.3.). It is worth 
noting that although dependence on imported energy is still high, it has gradually been reducing; for 
example in 1996 energy imports accounted for half of all imports of goods. Machinery and equipment 
made another third of total imports. Food industry as well as chemicals are also important items of imports.  

Food
8% Chemicals

8%

Machinery
31%

Fuel and energy
30%

Other
23%

Figure 1.3 Commodity Composition of Ukraine’s Imports of Goods, 2008 

Source: The Economist Intelligence Unit 
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CGE Model for Ukraine

Volume of trade in services is significantly lower than that of trade in goods: turnover of services is 
roughly 5 times less than turnover of goods. Ukraine is conveniently situated in the centre of Europe, 
which creates opportunities for the transport sector: three quarters of total exports of services is 
transportation. More than one third of total exports of services is a pipeline transit of energy products 
between Russia and Turkmenistan and Western Europe. Rail and sea transport account for around 10% 
each. Imports of services are quite diverse; tourism is the biggest sector, accounting for 15% of total 
imports of services.       

Concerning sectors, which received the most FDI inflow, the major was banking sector, around 20% of 
total FDI in 2008. This figure should be taken with caution, since it is connected to the sale of several 
large banks to foreign investors. For instance, in 2005, metallurgy received one third of total FDI. It was 
due to privatisation of the Krivorozhstal steel plant and resulting USD 4.8 bn FDI inflow. On the contrary, 
trade and production of food are stable recipients of the FDI over many years.  

Transport
4%

Financial 
activities

20%

Other
48%

Food industry
5%

Metallurgy
4% Machinery

3% Construction
6%

Trade
10%

Figure 1.4 FDI in Ukraine by sectors, 2008 

Source: National Bank of Ukraine 

In 2008, the countries which invested the most to Ukraine were Cyprus (21% of total FDI), Germany 
(18%), and the Netherlands (9%). It is worth mentioning that such regions as Cyprus and Virgin Islands 
are off-shore zones, and this capital should probably not be counted as “foreign” but rather as a repatriated 
domestic one.     
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Cyprus
21%

Germany
18%

Netherlands
9%

Austria
7%

Other
19%

UK
6%

Russia
5%

USA
4%

Virgin Islands
4%

Sweden
4%

France
3%

Figure 1.5 FDI in Ukraine by country, 2008

Source: National Bank of Ukraine 

1.2. Algebraic Formulation of the Model 

This section outlines the basic structure of the CGE model in algebraic formulation. Full list of variables is 
given in appendix in Table A.4.  

Production 

Producers maximise their profits subject to the technology available and taking prices as given, acting in 
perfectly competitive conditions. Equation (4.1) shows this profit-maximisation task as maximising the 
difference between revenues from activities (net of taxes) and costs of intermediate inputs and primary 
factors.    

Profit-maximisation: 

 
i

iiiiji TRIDLKIOQD  (4.1) 

where

iQD    gross domestic output 

iIO    intermediate commodity demand 

iK    capital demand 
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iL    labour demand 

iTRID    taxes on commodities 

The production technology tree has several levels, presented in Figure 1.6.  
At the top producers choose the optimal bundle between value added and aggregate intermediate inputs, 
which is modelled by the Leontief function. In this case the level of value added and intermediate inputs 
are defined by equations (4.2) and (4.3) correspondingly.  

C E S  

P r im a r y  f a c t o r s  

iK , iL

I n t e r m e d ia t e

L e o n t ie f

L e o n t ie f

V a lu e - a d d e d  

C o m p o s i t e  c o m m o d i t i e s  

iQ

C E S

G r o s s  d o m e s t i c  p r o d u c t  

iQ D

E x p o r t s  

i rE
Im p o r t s  

i rM

C o m p o s i t e  c o m m o d i t i e s  

iQ

F in a l  d e m a n d  

iC , iG , iI

C E T

D o m e s t i c  s a le s  

iQ D D

C E S

Im p o r t e d  

i rM
D o m e s t i c  

iQ D D

Figure 1.6 Production and Allocation Tree
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Leontief technology: demand for aggregate value-added 

iii QDbVA  (4.2) 

where
iVA   value added demand 

ib   share coefficient of value added in output 

Leontief technology: demand for aggregate intermediate input  

iii QDbIO  )1(  (4.3) 

where

)1( ib   share coefficient of intermediates in output 

At the next level of the production tree, further disaggregation of demand inside value added and 
intermediate inputs branches are defined. 

For each activity the quantity of value-added is a CES function of disaggregated factors, as shown in 
equation (4.4).  
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CES technology, demand for aggregated value added, exponent 

F
i

F
i

F
i

i
F
ii

F
i

F
ii LKQD   /1))1((      (4.4) 

where
F
i   CES efficiency parameter in the production function of firms 
F
i   CES share parameter in the production function of firms 
F
i    CES function exponent 

The optimal mix of value added factors is determined by their relative prices, also known as tangency 
condition (equation (4.5)). 

Tangency condition, exponent 

PL
PK

L
K

F
i

i

i
F
i

F
i 












 )1(

1






    (4.5) 

where
PK   return to capital 
PL    return to labour 

The CES function exponent F
i  is the transformed elasticity of substitution between different factors: 

F
i

F
i 





1

1
. The higher the elasticity of substitution, the smaller the value of the exponent and the 

larger the necessary shift between demand for different factors in response to their price change. Using the 
expression for elasticity of substitution of the CES production function, equations (4.4) and (4.5) may be 
rewritten as follows: 

CES technology, demand for aggregated value added, elasticity of substitution 

)1/(/)1(/)1( ))1((
F
i

F
i

F
i

F
i

F
i

F
i

i
F
ii

F
i

F
ii LKQD       (4.6) 

where

F
i   CES capital-labour substitution elasticities  
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Tangency condition, elasticity of substitution 

PL
PK

L
K

F
i

i

i
F
i

F
i 












 




/1

1
   (4.7) 

Finally, demand equations for capital and labour take the following form: 

Capital demand 

)/()1(
)1/(

11 F
ii

F
i

F
i

F
ii QDPLPKPKK

F
i

F
iF

i
F
iF

i
F
iF

i
F
i 









 


    (4.8) 

Labour demand 

)/()1()1(
)1/(

11 F
ii

F
i

F
i

F
ii QDPLPKPLL

F
i

F
iF

i
F
iF

i
F
iF

i
F
i 









 


      (4.9) 

Demand for disaggregated intermediate inputs is defined by the Leontief function as a product of 
intermediate input use and the fixed intermediate input coefficient (equation (4.10)). 

Leontief technology: demand for intermediate input  

jijij QDioQD          (4.10) 

where

ijio   technical coefficients 

Calibration 

First, using equation (4.2), it is possible to calibrate ib , the fixed coefficient of value added in output: 

Fixed coefficient of value added 

i

i
i QD

VAb     (4.11) 

In a similar manner, input-output coefficients are defined using equation (5.10) 
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Input-output coefficients 

j

ij
ij QD

QD
io       (4.12) 

It is necessary to determine values of F
i , F

i  and F
i in order to proceed with the CES function. 

Elasticity of substitution F
i  is assumed to be known and will be used for calibration of F

i  and F
i .

From the tangency condition, equation (4.7), it is possible to derive the CES share parameter in the 
production function of firms:  

CES share parameter 

F
i

i

i

F
i

L
K

PK
PL




/1

1

1












     (4.13) 

Having values of F
i and F

i  , F
i  is calibrated using equation (4.6) 
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CES efficiency parameter 

)1/(/)1(/)1( ))1(/(
F
i

F
i

F
i

F
i

F
i

F
i

i
F
ii

F
ii

F
i LKQD        (4.14) 

External Sector 

Exports 

Firms allocate their output to domestic and foreign markets and try to maximise revenues, this is 
represented by equation (4.15). 

Maximisation of revenues 

 
r

iririi EPEQDPD   (4.15) 

where

iPD    domestic producer price of commodities in sector i

irE    exports 

irPE     export price of commodities in sector i  delivered to region r in national currency 

The optimal distribution between domestic and foreign markets is defined through the Constant Elasticity 
of Transformation (CET) function, presented in equation (4.16).  

Output transformation (CET) function 

  T
i

T
i

T
i

i
T
ii

T
i

T
ii QDDEQD  

1
)1(     (4.16) 

where

irQDD   domestic output delivered to home market 
T
i    CET share parameter regarding destination of domestic output 
T
i   shift parameter in the CET function of firm 
T
i    a CET function exponent 

Here T
i  is transformed elasticity of transformation. The latter is defined as in equation (4.17). The CET 

function repeats the CES function, except for the signs at function exponent T
i .   
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Elasticity of transformation in the CET function 

T
i

T
i 





1

1
   (4.17) 

where

T
i   elasticities of transformation in CET function 

The optimal mix between domestic sales and exports is defined by the ratio of corresponding prices at 
equation (4.18). The export price is defined in equation (4.19).  

Export-domestic supply ratio 

1
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QDD
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 (4.18) 

where

iPDD    price of domestic output delivered to home market 

Export price 
ERPWEPE irir    (4.19) 

where

irPWE   world export price 

ER   exchange rate 

Equation (4.20), also known as the zero profit CET function equation, specifies the quantity of domestic 
output as sold on the domestic market and abroad and allows the solving of the producer maximisation 
problem, given export and domestic prices and subject to the CET function and fixed quantity of domestic 
output. 
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Zero profit CET 

 
r

iiiririi QDDPDDEPEQDPD    (4.20) 

Thus, domestic sales and exports are defined by equations (4.21) and (4.22) respectively. 

Domestic sales     
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Exports                                                  
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      (4.22) 

The destination of exports is differentiated by regions and represented by the CES function: 

Exports by region 

T
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r
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   (4.23) 

Imports 

According to Armington’s assumption, imports and domestic output are not perfect substitutes and both 
enter the production of certain commodities as inputs. Producers try to minimise costs by combining 
domestic and imported inputs 

Minimisation of costs 

irir
r

ii MPMQDDPDD       (4.24) 

where

irM    imports of commodities to sector i  from region r

irPM   import price of commodities in sector i  delivered from region r in national currency 

Equation (4.25) presents the Armington function of producing a commodity using domestic and imported 
inputs, while equation (4.26) shows the ratio of domestic and imported goods. The price of imports is 
defined in equation (4.27).   

Composite supply (Armington) function 
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where

A
i  Armington share parameter in the production function of commodities 
A
i   Armington efficiency parameter in the production function of commodities 
A
i   Armington function exponent 

iQ  domestic sales composite commodity 

Import-domestic demand ratio 
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1
         (4.26) 

Import price 

ERtmPWMPM iririr  )1(                            (4.27) 

where

irPWM   world import price 

irtm   tariff rate on imports 

Here A
i  is an Armington function exponent, while elasticity of substitution is given by following 

equation: 

Elasticity of substitution in the Armington function 

A
i

A
i 





1

1
           (4.28) 

where

A
i   Armington substitution elasticities 

Total absorption, or zero profit Armington function equation (4.29), is given as the sum of domestic sales 
of goods and imported commodities and. 
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Zero profit Armington 

 
r

iiiririi QDDPDDMPMQP          (4.29) 

These equations allow the solving of the cost minimisation problem of producers given domestic and 
imports prices and subject to the Armington function and fixed quantity of the composite commodity. 

Domestic sales and imports are defined as follows: 

Domestic sales                          
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(4.30) 
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Imports                        
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Sources of import are also differentiated by regions shown by the following CES function: 

Imports by region 
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Finally, trade balance is represented by equation (4.33). 

Trade Balance 

ERFRERTRFGERTRFHERSFPWEEPWMM
ir ir

iriririr            (4.33) 

where

SF    foreign savings 
TRFH   foreign transfers to household in foreign currency 
TRFG   foreign transfers to government in foreign currency 
FR    foreign remittances in foreign currency 

Calibration 

Calibration for CET and Armington functions is done in a manner similar to that for the CES function.  

First, if estimates for elasticity of transformation T
i  in CET function are given, it is possible to determine 

T
i , the CET share parameter regarding destination of domestic output and T

i , the shift parameter in the 

CET function of firm. 

Using equation (4.17), it is necessary to substitute elasticity of transformation, T
i  for T

i  and solve 

equation (4.18) to find the CET share parameter:  
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CET share parameter 
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Then the known parameter should be plugged into equation (4.22) to find the shift parameter. 

CET shift parameter 
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Calibration for the Armington function is quite the same. Substituting elasticity of substitution for the 
exponent in equation (4.26) allows the finding of the Armington share parameter. 

Armington share parameter 
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Using equation (4.31), the Armington Function shift parameter is found 

Armington shift parameter 
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Households 

Each household maximises a “Stone-Geary” utility function, namely maximising consumption of 
commodities above their minimal subsistence consumption:   

Households’ Stone-Geary utility function 

HLES
iH

iii

H CU  )(   (4.38) 
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where

HU    utility level of households 

iC    consumer demand for commodities 
HLES
i   power in nested LES household utility function  
H
i   subsistence household consumption level 

The maximisation task is subject to expenditure constraints. Equation (4.39) shows that consumption 
spending for households is the income net of savings and taxes. 
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Subject to: 

Household consumption expenditures 

SHTRYYCE   (4.39) 

where

CE    consumer expenditures 
Y    household income 
TRY    income tax revenues 
SH    household savings 

Spending on individual commodities is a Linear Expenditure System (LES) since it is a linear function of 
total household consumption expenditure. 

Household LES (linear expenditure system) function 
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ii

HLES
i

HLES
iiii PCEPCP   (4.40) 

where

iP    price of composite commodities in sector i

Next, a more detailed description of income, taxes, savings and unemployment is given. 

Households’ income is equal to revenues from capital, labour, transfers from government and from abroad 
as well as foreign remittances.  

Income 

ERFRERTRFHTRGHUNEMPLSPLKSPKY  )(                            (4.41) 

where

KS   capital supply 
LS   labour supply 
UNEMP   involuntary unemployment 
TRGH   transfers from government to households 
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Savings are determined by marginal propensity to save as a fraction of disposable income. 

Savings 

)( YtyYmpsSH            (4.42) 

where

mps   household’s marginal propensity to save 
ty   tax rate on income 

Consumer Price Index is defined as follows: 

CPI 
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              (4.43) 

where

CPI   consumer price index 
0
iPD   “benchmark” domestic producer price of commodities 
t
iPD            domestic producer price of commodities after change 

0
iC    “benchmark” consumer demand for commodities 

In order to make unemployment endogenous, a Phillips curve is employed which shows the relationship 
between the rate of change in real wage rate and the rate of change in unemployment rate. 

The real wage rate is defined as follows: 

00 /CPIPL    real wage in the benchmark 
tt CPIPL /    real wage after the shock 

While unemployment rate is: 

tt LSUNEMP /   unemployment rate in the benchmark 
00 / LSUNEMP   unemployment rate after the shock 
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Then, the Phillips curve equation takes following form: 

Unemployment 
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        (4.44) 

where

phillips  Phillips parameter 

Calibration 

First, HLES
i , power in the nested LES household utility function should be calibrated. Assuming that 

estimates for income elasticity are known, it is possible to derive HLES
i  from equation (4.40). Dividing it 

by price iP , : 
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Consumption 
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Next, income elasticity is equal to: 

Income elasticity 
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where

Y
i   income elasticity of demand for commodity 

From this equation HLES
i  can be defined: 

Power in LES household utility function 

CECP ii
Y
i

HLES
i /                                                                         (4.47) 

In order to calibrate the subsistence household consumption level it is necessary to refer to a concept of 
marginal utility of expenditure.  

One of the first-order conditions in maximizing the Stone-Geary utility function takes the following form: 

First-order condition 

i
HLESHH

ii
HLES
i PUC    1)(                                                       (4.48) 

where

HLES   Lagrange multiplier 

The Lagrange multiplier in this equation can be transformed into marginal utility of expenditure by 
substituting equation (4.45) into equation (4.48) and solving for HLES :
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Marginal utility of expenditure 

 
i

HLES
ii

HHLES PDYU 1)(                               (4.49) 

where

HLES   marginal utility of household expenditures 

From equation (4.49) the Frisch parameter is derived, which is expenditure elasticity of the marginal 
utility of expenditure. 

Frisch parameter 
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where

   Frisch parameter in nested HLES utility function 

If the value of the Frisch parameter is known, it is possible to calibrate the subsistence household 
consumption level. 

Subsistence household consumption level 

)/(   i
HLES
ii

HLES
i PCEC                                                           (4.51) 

Investment

Investment is modelled through the representative financial institution agent, which maximises a Cobb-
Douglas utility function: 

Cobb-Douglas utility function of representative banks 


i

i
I I

iIU   (4.52) 
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where

IU    utility level of financial institutions 

iI    investment demand for commodities 
I
i   Cobb-Douglas power in investment institution utility function 

It is constrained by total savings equal to the sum of household, government and foreign savings. 

Subject to 

ERSFSGSHS                                                    (4.53) 

where

S    total savings 
SG    government savings 

Maximising the utility function, the demand equation for investment commodities is obtained. This 
equation says that investment demand is a fixed fraction of total savings. 
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Demand equation for investment commodities 

SIP I
iii                                                                            (4.54) 

Calibration 

To calibrate the Cobb-Douglas power in an investment institution utility function, equation (4.54) should 
be inverted. 

Cobb-Douglas power in investment institution utility function 

SIP ii
I
i /                                                            (4.55) 

Government

Government consumption demand is similar to investment demand: it is defined through the Cobb-
Douglas utility function.  

Government Cobb-Douglas utility function 


i

i
G G

iGU        (4.56) 

where

GU    utility level of government 

iG    public demand for commodities 
G
i   Cobb-Douglas power in government utility function 

 Subject to 

SGTRGHGOVR              (4.57) 

where

GOVR   government revenues 

By maximising the utility function, government demand for commodities is derived, given in equation 
(4.58). 
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Government demand for commodities 

)( SGTRGHGOVRGP G
iii            (4.58) 

Government revenue is a sum of households’ income tax, indirect tax on commodities, import tariff 
revenues, capital revenues of the government as well as transfers from abroad. 

Government revenues      
         

  
i ir

iriririii ERTRFGKRGERPWMMtmQDPDtidYtyGOVR    (4.59)

where

itid   indirect tax rate 
KRG    government capital revenues 

Government balance has government revenues on one side and government expenditure on commodities, 
transfers to households and government savings on the other. Government savings may be negative. 

Government balance 

 
i

ii SGTRGHGPGOVR                                                                                   (4.60) 

Calibration 

To calibrate Cobb-Douglas power in the government utility function, equation (4.58) should be solved for 
G
i .

)/( SGTRGHGOVRGP ii
G
i                                                                                (4.61) 

Market Clearance 

Next, the market clearance equations are summarised. First two equations impose equality between the 
total quantity demanded and supplied for capital and labour net of unemployment. 
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Factor market balance 

Labour 

 
i

i UNEMPLSL   (4.62) 

Capital 

 
i

i KSK                                                                  (4.63) 

Equation (4.64) imposes equality between commodity supplied and demanded. Quantity supplied (left-
hand side) is equal to intermediate demand, household, government and investment consumption (right-
hand side).  
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Composite commodity market balance 

 
i

iijiiii QDioGICQ  (4.64) 

The current account balance (equation (4.65)) imposes a balance on inflow and spending of foreign 
currency. Import spending is equal to export revenue, foreign savings, transfers from the rest of the world 
to households and government and foreign remittances.  

Current account balance for ROW                                                           

ERFRERTRFGERTRFHERSFPWEEPWMM
ir ir

iriririr         (4.65) 

Government balance has government revenues on the left-hand side and government commodities 
expenditures, transfers to households and savings on the right.  

Government balance 

 
i

ii SGTRGHGPGOVR  (4.66) 

The next equation balances savings and investment in the economy. Savings are equal to non-government 
savings, government savings and foreign savings. Investment is a sum of fixed investment over different 
production sectors. 

Saving-investment balance 

 
i

ii ERSFSGSHIP    (4.67) 

Welfare  

Welfare change caused by economic shock is calculated through two monetary measures: Equivalent 
Variation (EV) and Compensating Variation (CV). Equivalent variation measures the income change in 
current prices (i.e. before the economic shock takes place) that would be equivalent to the income after the 
economic shock. The compensating variation measures the income change in prices after the economic 
shock that would be necessary to compensate to the consumer for the price change.  
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There is a distinction between cases of “benchmark equilibrium” and equilibrium after change. In the first 

case the consumer faces income 0Y  and prices 0
iPD . In the second case, income and prices are tY  and 

t
iPD  respectively. 

Then, price indices for these two cases and change in price level will take following form: 

“Benchmark equilibrium” price index 


i

i

HLES
iPDPLES 00    (4.68) 

Price index after change 


i

t
i

t
HLES
iPDPLES 

    (4.69) 

Change in price level  

0PLES
PLESPLES

t

          (4.70) 

In the equations above 0PLES   and tPLES are the geometric average of the prices of the commodities. 

Next, the supernumerary income should be defined, i.e. income net of subsistence households’ 

consumption level for the “benchmark equilibrium case ( 0SI ) and the case after changes take place ( tSI ).   

“Benchmark equilibrium” supernumerary income 

 
i

H
iiPDYSI 000         (4.71) 

Supernumerary income after change 

 
i

H
i

t
i

tt PDYSI      (4.72) 

Finally, it is possible to determine the measures of change in welfare 

The equivalent variation is the difference between the supernumerary income after the change has been 
deflated by the change in price level and the supernumerary income of the “benchmark equilibrium”.  
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Equivalent variation 

0SI
PLES
SIEV

t




           (4.73) 

The compensating variation is the difference between the supernumerary income after the change and the 
supernumerary income of the “benchmark equilibrium” multiplied by the change in the price level. 

Compensating variation 

PLESSISICV t  0         (4.74) 
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1.3 Data, Key Assumptions and Scenarios 

Data 

The basis for the model is the Social Accounting Matrix (SAM) for Ukraine. SAM is a composite of the 
Input-Output table and National Accounts for 2002. The Input-Output table gives disaggregation into 38 
sectors of the economy (the full list is in the attached table A.5.). Foreign trade is disaggregated into 5 
trade regions; mechanism of division is described below. Table A.6. shows the Social Accounting Matrix 
for Ukraine which is used in the model, but aggregated to 3 sectors and one foreign trade region.  

In order to explain meaning of entries, a description of those entries is given by the row (income) basis2:

Production 

Commodities-Commodities: Intermediate demand 
Commodities-Households: Households consumption 
Commodities-Government: Government consumption 
Commodities-Investment: Investment demand 

Commodities-ROW: Exports. Total exports are disaggregated into exports to five trade regions: Russia, 
rest of CIS, EU25, Asia and Rest of the World. This is done by calculating the export shares of 
corresponding regions and multiplying total exports by these shares. 

Factors of production 

Capital-Commodities: Valued added of capital   
Labour-Commodities: Value added of labour 
Labour-ROW: Foreign remittances of Ukrainian workers, employed abroad 

Institutions  

Households-Capital: Income received by households from owning capital  
Households-Labour: Income of households from wages 
Households-Government: Transfers to households from government  
Households-ROW: Transfers to households from abroad 

Government-Commodities: Taxes on production and imports. These taxes are calculated in three steps: 
first, taxes on production and imports are summed with subsidies, given to corresponding industries 
(subsidies have a negative sign). Second, import taxes are calculated by multiplication of applied import 
tax rates by value of imports, sector by sector. Import tax rates are taken from the “Law on Custom Tariffs 
of Ukraine”. Third, taxes on production are determined by subtracting import taxes from total taxes on 
production and imports.  
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Government-Capital: Income from state enterprises 

Government-Households: Income tax received from households. Income tax rate is found by dividing the 
amount of income tax receipts by the income of households   

Government-ROW: Transfers to government from abroad 

Savings-Households: Savings of households 

Savings-Government: Savings of government 

Savings-ROW: Current Account balance 

ROW 

ROW-Commodities: Imports. As well as exports, imports are disaggregated into imports to five trade 
regions: Russia, rest of CIS, EU25, Asia and Rest of the World. This is done by calculating the import 
shares of corresponding regions and multiplying total imports by these shares. 

Assumptions 

Key assumptions of the model are as follows: 

 The model is static and uses data for one year only (2002) 
 There are Constant Returns to Scale in production structure 
 It is assumed that WTO accession should not have an explicit impact on the Current Account: for 

instance, a larger amount of imports/exports should be compensated by a corresponding increase 
in exports/imports. Thus, the Current Account is fixed, and the exchange rate fluctuates instead to 
balance foreign trade. 

 Since in CGE models all prices are relative, the initial wage rate is used as numeraire and other 
prices change relative to this variable.   

Scenarios 

There are four scenarios simulated in the model; scenarios 2, 3 and 4 have 3 sub-scenarios each with 
different export expansion and investment growth rates.  

 Scenario 1. Tariff reform according to schedule, agreed with the WTO 

This is done by lowering import tariffs to the level negotiated with the WTO members. The Ukrainian 
proposal for import tariffs is outlined in Decree #255/96 of the President of Ukraine “About the 
Conception of Transformation of the Custom Tariff of Ukraine for 1996-2005 According to the 
GATT/WTO”.   
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Ukraine has a Free Trade Agreement with CIS countries, which will remain after WTO accession as well, 
thus there are no changes in the trade regime with these countries. Ukraine applies MFN and full tariffs for 
other trade partners. Since full tariffs affect only 3% of imports, EU25, Asia and ROW are all assumed to 
have an MFN regime. Post-WTO import tariffs for EU25, Asian and ROW countries are shown in the last 
column of Table 1.2.  

Russia  CIS EU25 Asia  ROW Post-WTO 

Agriculture 0 0 26.7 26.7 26.7 19.4 

Forestry 0 0 8.1 8.1 8.1 4.9 

Fishery 0 0 21.2 21.2 21.2 10.0 

Coal 0 0 0 0 0 0 

Hydrocarbons 0 0 0 0 0 0 

Non-energy materials 0 0 1.1 1.1 1.1 1.1 

Food-processing 0 0 50.5 50.5 50.5 18.9 

Textile 0 0 8.2 8.2 8.2 4.0 

Wood working 0 0 8.1 8.1 8.1 4.9 

Coke products 0 0 0 0 0 0 

Petroleum refinement 0 0 0 0 0 0 

Chemicals 0 0 7.9 7.9 7.9 5.8 

Other non-metallic mineral 
products 

0 0 11.1 11.1 11.1 10.0 

Metallurgy 0 0 3.8 3.8 3.8 1.5 

Machinery 0 0 7.3 7.3 7.3 3.5 

Other 0 0 9.8 9.8 9.8 8.5 

Table 1.2 Ukraine’s Import Tariffs Prior and Post WTO Accession, % 

Source: WTO 

 Scenario 2. Improvement of export access 

Being a WTO member, Ukraine will have instruments to curb antidumping and countervailing 
investigations, thus it will be able to increase its volume of exports. Figures for market access expansion 
are chosen in accordance with the frequency of AD and CV investigations in corresponding industry and 
region, reported by the Ministry of Economy of Ukraine. Thus, between 1997 and 2001 there were 5 AD 
cases from the Russian side concerning the food-processing industry and 2 cases relating to the machine 
building sector; 7 cases were filed by the EU in relation to chemical products; 5 and 7 investigations 
regarding metallurgy started by EU and Asia region respectively. Besides that, Ukraine faced quotas on 
exports of light industry products to the EU.  
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Core, least favourable and optimistic sub-scenarios respectively propose the following export expansion 
rates:  

By 5% (3% and 7%) for food processing to Russia 
By 5% (3% and 7%) for light industry to EU25 region 
By 5% (3% and 7%) for chemicals to EU25  
By 5% (3% and 7%) for metallurgy to EU25 and Asia 
By 5% (3% and 7%) for machinery to Russia 

 Scenario 3. Improvement of investment climate 

This will come from two main sources: first of all, investors will face fewer risks and costs of investment, 
since Ukraine will accept more pro-market regulation. Second, the cost of capital will diminish along with 
lower prices for imports.   

Annual 3% growth of investment for the core sub-scenario, 1% for least favourable sub-scenario and 5% 
for an optimistic one during 5 years is assumed. This is modelled through the recursive dynamics method: 
after calculating the first increase in investment and finding new equilibrium changes in the next period 
are calculated on the basis of this new equilibrium and so on.    

 Scenario 4. Combined effect 

This scenario includes decrease of import tariffs, improvement of exports access and improvement of 
investment climate. The three sub-scenarios have the following combination of growth rates: 5% export 
expansion and 3% yearly investment growth in the core sub-scenario case, 3% export expansion and 1% 
yearly investment growth in the least favourable case and 7% export expansion and 5% yearly investment 
growth in the optimistic sub-scenario option. 
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2. Results of the Model 

Table 2.1 presents the results of simulating four scenarios with the core development assumption on key 
macroeconomic variables3. As can be seen, the results for simulating tariff reform and the improvement of 
export access do increase foreign trade, but there are no dramatic changes in output and household 
consumption. Scenario 3, improvement in investment climate, is the most favourable and brings 
significant gains for households. The combined scenario mixes the results of the previous three policy 
simulations.       
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  Scenario1 Scenario2 Scenario3 Scenario4 

  Tariff reform 
Improvement of 
export access 

Increase of 
investment Combined 

Welfare, % of GDP 0.17 0.09 2.01 1.83 

Welfare, % of consumption 0.82 0.43 9.57 8.77 

Gross domestic production 0.55 1.20 6.11 6.57 

Consumer demand 0.50 0.23 5.33 4.86 

Investment demand 2.48 2.01 2.47 4.11 

Government demand -5.62 0.29 3.72 0.17 

Exports demand 2.82 4.95 3.40 5.63 

Imports demand 3.06 5.38 3.69 6.12 

Unemployment -0.34 -0.12 -4.88 -3.60 

Real wage 0.00 0.00 0.05 0.04 

Table 2.1 Results of the Model, Key Macro Variables, % change from benchmark 

A detailed analysis of policy simulations is given below.  

The results of the model can be interpreted with the help of the graphical illustration developed by 
Devarajan et al. (1994).  

Figure 2.1 presents a stylized economy with one representative producer and consumer and three types of 
goods: produced locally and supplied domestically ( SD ), exports ( E ) and imports ( M ).  

Quadrant I shows the balance of trade. Under a simplifying assumption, prices of imports and exports are 
equal to one, so the slope of balance of trade constraint is a straight line going through the origin under 450.
Quadrant II represents consumption with choice between domestically produced and consumed goods 
( DD ) and imports ( M ). It shows the consumption possibility frontier as well as relative import and 
domestic prices and indifference curve. As a result of balanced trade and equal world prices, the 
consumption possibility frontier is a mirror image of production possibility frontier, depicted at Quadrant 
IV. The production quadrant includes the production transformation curve and line depicting relative 
domestic and foreign prices, and shows division of total domestic production to domestic sales ( SD ) and 
exports ( E ). Finally, Quadrant III presents the domestic market and balance between goods supplied ( SD )
and demanded ( DD ) at the domestic market. The dotted square shows the balance on all markets. 
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I Balance of Trade 
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Figure 2.1 Benchmark State of Economy 

Scenario 1. Import tariff reform 

In this scenario Ukraine faces lower import tariffs, thus prices of imports become lower and the volume of 
imported goods increases. The model predicts that imports will grow by approximately 3%. In order to 
balance increased imports, exports rise as well and demonstrate 2.8% growth. Domestic production and 
household consumption do not change significantly: the model predicts GDP growth of 0.55%, and 
consumption increases by virtually the same amount. Thus, without dramatic changes in production and 
consumption but quite a considerable increase in foreign trade, Ukraine’s economy merely becomes more 
open and shifts towards the external sector. Producers will supply more of their goods to foreign markets 
and less to the domestic one, whilst households will shift to the consumption of imported products at the 
expense of local ones.  
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Key Macro Variables Breakdown by Sectors 

    Output Exports Imports 
Welfare, % of GDP 0.17 Agriculture -0.19 3.19 9.46 
Welfare, % of consumption 0.82 Coal mining 2.33 3.70 1.66 
Gross domestic production 0.55 Food-processing -0.62 3.24 40.38 
Consumer demand 0.50 Textile and leather 1.29 2.77 5.76 
Investment demand 2.48 Chemical industry 0.02 1.90 1.30 

Government demand -5.62 Metallurgy 2.74 3.09 4.15 

Exports demand 2.82 Machinery 1.01 2.99 4.80 
Imports demand 3.06 Construction 2.63 3.90 2.00 
Unemployment -0.34 Transport 0.73 3.06 -1.05 

Real wage 0.00 
Post and 
telecommunications -0.61 3.03 -2.44 

  Financial 
intermediation 5.70 5.89 5.61 

Table 2.2 Results of the Model, Scenario 1; % change from benchmark 
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The square which shows market balance shifts up and to the right from benchmark graphically to reflect 
the increase in foreign trade. Under the assumption that there are no considerable changes in production 
and consumption, the square moves along the original production transformation curve and consumption 
possibility frontier. If there is a small increase in production and consumption, the corresponding curves 

(shown by dotted arcs) will shift outwards. The new equilibrium is reached at points 
C  for consumption 

and 
P  for production. From quadrant I, it can be seen that more foreign trade is occurring, while 

quadrant III shows a decline in demand for and supply of domestically produced goods.  

0C

C

P

I Balance of Trade 
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M
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SD
III Domestic Market 

II Consumption 

IV Production 

Figure 2.2 Scenario 1 

The model predicts some increase of household welfare: 0.17% of GDP or 0.8% of consumption. This 
occurs as a result of the rise in consumption and decrease in unemployment.  
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From breaking down the results by sectors of economy, it can be seen that sectors with high initial 
protection are likely to suffer from a decrease of import tariffs. It can be agriculture: the model shows a 
small decrease of output by almost 0.2%, and there is a slightly more significant decline of 0.6% in food 
processing. The latter will drastically increase imports by 40%. By contrast, other sectors will increase 
their production: metallurgy is a leader with a 2.7% boost in output, followed by coal-mining with 2.3% 
growth and textile products with a 1.3% output increase. On the services side, financial intermediation is 
expected to gain and expand by 5.7% to support greater foreign trade activity. 

Exports will increase fairly uniformly for all trade regions, but imports will grow for regions which faced 
import tariffs previously; namely imports from ROW countries will grow by roughly 9%, from Asia by 
6.5% and EU by almost 6%. At the same time imports from CIS countries will show a decrease.  

Region Exports Imports 

Russia 2.77 -0.98 

CIS 2.93 -1.54 

EU25 2.73 5.98 

Asia 2.94 6.56 

ROW 2.89 8.92 

Table 2.3 Changes in Foreign Trade by Regions, Scenario 1; % change from benchmark 

A sensitivity analysis is done by changing the elasticities of substitution and transformation to lower and 
upper levels, and comparing the values of key variables. The initial values for elasticities are taken from 
the CGE studies of Russia’s accession to the WTO, discussed earlier in the text. Key variables which are 
traced are GDP, exports, imports and welfare. In this scenario, the changing substitution elasticity of the 
Armington function has the highest effect on predicted exports and imports.  
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Parameter value Variable value, % change 
from benchmark 

Parameter Lower Level Upper Lower Level Upper 

  GDP 

Substitution elasticity of 
Armington function 1.5 2 2.5 0.45 0.55 0.65 

Transformation elasticity 
of CET function -3 -4 -5 0.51 0.55 0.58 

  Exports 

Substitution elasticity of 
Armington function 1.5 2 2.5 2.23 2.82 3.65 

Transformation elasticity 
of CET function -3 -4 -5 2.62 2.82 2.97 

  Imports 

Substitution elasticity of 
Armington function 1.5 2 2.5 2.42 3.06 3.97 

Transformation elasticity 
of CET function -3 -4 -5 2.85 3.06 3.23 

  Welfare, % of consumption 

Substitution elasticity of 
Armington function 1.5 2 2.5 0.85 0.82 0.53 

Transformation elasticity 
of CET function -3 -4 -5 0.79 0.82 0.82 

Table 2.4 Sensitivity Analyses, Scenario 1 
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Scenario 2. Improvement of exports access 

In this case, exports enjoy greater access to the foreign markets, and the final effect is almost the same as 
in Scenario 1, but now comes from the exports side, not from imports.  

With better tools to fight antidumping and countervailing investigations, Ukraine will be able to increase 
the exports of some goods. In the case of central sub-scenario, the model shows that total exports will 
grow by 4.95%. Since the trade balance should be restored, imports will increase by more than 5%. Again, 
changes of production and consumption are relatively small, but changes in output are larger than in 
Scenario 1: GDP grows by 1.2%, while consumption expands less, by 0.2%.  

Thus, as the model shows, it becomes more profitable to export goods compared with selling them on the 
domestic market, and the economy is shifting away from the domestic market to the foreign sector.  
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Improved market 
access, 5% 

Improved market 
access, 3% 

Improved market 
access, 7% 

Welfare, % of GDP 0.09 0.19 0.14

Welfare, % of consumption 0.43 0.91 0.68

Gross domestic production 1.20 0.69 1.57

Consumer demand 0.23 0.39 0.39

Investment demand 2.01 1.47 3.10

Government demand 0.29 -0.01 0.17

Exports demand 4.95 2.99 7.01

Imports demand 5.38 3.25 7.62

Unemployment -0.12 -0.34 0.01

Real wage 0.00 0.00 0.00

Table 2.5 Results of the Model, Scenario 2; % change from benchmark 

Figure 2.3 illustrates this point. A new equilibrium is found by shifting the balancing square up and to the 
right along the production transformation curve and consumption possibility curve. If predicted growth of 
production and consumption holds true, both curves will move outwards, as shown by the dotted arcs. 
Since output is expected to grow more than in Scenario 1, the production transformation curve will shift 

out more.  Equilibrium consumption and production are denoted by points C  and P  respectively. 
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Figure 2.3 Scenario 2

The model estimates a small increase in welfare: in the central case it is 0.09% of GDP or 0.4% of 
consumption; this comes from a minor decrease in unemployment and an increase of consumption. It is 
worth noting that sub-scenarios with lower (3%) and higher (7%) improvement in export access bring a 
matching increase in foreign trade (around 3% and 7% respectively), but welfare shows a different pattern 
and in both cases it is higher than in the core sub-scenario. A peak increase in welfare happens in the least 
favourable sub-scenario: by 0.9% of consumption; in the optimistic sub-scenario it is almost 0.7%. One 
possible explanation is that when exports do not expand so much in the least favourable case, the economy 
does develop and production increases, but there is no considerable shifting to foreign trade. Rather, there 
is a progress in the domestic market and consumption. The optimistic sub-scenario shows a greater 
increase in both output and foreign trade, but increase of consumption is the same as in the least 
favourable case. This, coupled with a small increase in unemployment, brings a lower enlargement of 
welfare. 
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Among the most important sectors of the Ukrainian economy, only transport and telecommunications 
show a decline in production: in the central case there is a 1.8% and 3.6% decrease respectively. 
Metallurgy gains the most from better market access, and increases production by 5%. Textiles and 
chemicals expand by 4.8% and 4.6% respectively. Amid the service sectors, financial intermediation will 
grow the most: by nearly 9.5%. The least favourable and optimistic sub-scenarios mirror core one from 
two sides, and show respectively a lower and higher increase of output and trade. 

Improved market access, 
5% 

Improved market access, 
3%

Improved market access, 
7%

  Output Exports Imports Output Exports Imports Output Exports Imports 

Agriculture 1.12 4.65 -0.75 0.46 2.86 -0.83 0.48 6.41 -2.60 

Coal mining 2.12 4.48 0.98 1.56 2.86 0.92 4.02 6.73 2.71 

Food-processing 1.29 5.08 -0.72 0.38 3.06 -1.06 1.74 7.12 -1.09 

Textile and leather 4.82 5.02 4.64 2.71 3.04 2.43 6.46 7.08 5.92 

Chemical industry 4.60 5.02 4.27 2.98 3.00 2.97 7.03 7.00 7.05 

Metallurgy 5.00 5.00 5.00 3.00 3.00 3.00 7.00 7.00 7.00 

Machinery 3.50 5.11 2.41 1.77 3.09 0.87 4.99 7.14 3.54 

Construction 1.00 5.01 -0.94 0.86 3.23 -0.30 1.39 7.25 -1.42 

Transport -1.75 3.18 -5.46 -0.91 2.21 -3.28 -2.32 5.53 -8.11 

Post and 
telecommunications -3.63 1.41 -6.12 -2.56 0.74 -4.22 -3.77 3.32 -7.22 

Financial 
intermediation 9.43 9.58 9.36 5.28 5.43 5.21 14.30 13.44 14.74 

Table 2.6 Results of the Model, Impact by Sectors, Scenario 2; % change from benchmark 

Exports to key trade regions are expanding close to the modelled exogenous increase rate. On the imports 
side, Ukraine will be trading relatively more with Rest of the World group of countries (8% imports 
increase in the central case) and EU25 (6% increase).  
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Improves market 
access, 5% 

Improved market 
access, 3% 

Improved market 
access, 7% 

  Exports Imports Exports Imports Exports Imports 

Russia 4.43 4.83 2.78 2.73 6.38 5.75 

CIS 5.28 5.02 3.18 2.57 7.35 5.67 

EU25 5.15 5.98 3.04 3.35 7.22 8.05 

Asia 5.03 4.43 3.01 2.46 7.10 5.78 

ROW 5.10 8.16 3.11 6.09 7.26 16.54 

Table 2.7 Changes in Foreign Trade by Regions, Scenario 2, % change from benchmark 

The sensitivity analysis shows that varying substitution and transformation elasticities do not change the 
central values of output, exports and imports very much. By contrast, welfare experiences significant 
swings around its central value of a 0.43% increase: from 0.33% growth to 1.69%. This is the result of 
high reliance of welfare and underlying consumption on whether Ukraine shifts to the foreign sector or 
develops the domestic market.    

 

It all starts at Boot Camp. It’s 48 hours 
that will stimulate your mind and 
enhance your career prospects. You’ll 
spend time with other students, top 
Accenture Consultants and special 
guests. An inspirational two days 

packed with intellectual challenges 
and activities designed to let you 
discover what it really means to be a 
high performer in business. We can’t 
tell you everything about Boot Camp, 
but expect a fast-paced, exhilarating 

and intense learning experience.  
It could be your toughest test yet, 
which is exactly what will make it 
your biggest opportunity.

Find out more and apply online.

Choose Accenture for a career where the variety of opportunities and challenges allows you to make a 
difference every day. A place where you can develop your potential and grow professionally, working 
alongside talented colleagues. The only place where you can learn from our unrivalled experience, while 
helping our global clients achieve high performance. If this is your idea of a typical working day, then 
Accenture is the place to be.

Turning a challenge into a learning curve.
Just another day at the office for a high performer.

Accenture Boot Camp – your toughest test yet

Visit accenture.com/bootcamp

P
le

as
e 

cl
ic

k 
th

e 
ad

ve
rt

http://bookboon.com/count/advert/69a0fd82-96d7-e011-adca-22a08ed629e5


Download free ebooks at bookboon.com

Accession to the WTO: Part II

57 

Results of the Model

Parameter value Variable value, % change 
from benchmark 

Parameter Lower Level Upper Lower Level Upper 
  GDP 

Substitution elasticity of 
Armington function 1.5 2 2.5 1.08 1.20 1.18 
Transformation elasticity of CET 
function -3 -4 -5 1.28 1.20 1.12 
  Exports 

Substitution elasticity of 
Armington function 1.5 2 2.5 5.03 4.95 4.87 

Transformation elasticity of CET 
function -3 -4 -5 4.93 4.95 5.00 
  Imports 

Substitution elasticity of 
Armington function 1.5 2 2.5 5.47 5.38 5.29 

Transformation elasticity of CET 
function -3 -4 -5 5.36 5.38 5.43 
  Welfare, % of consumption 

Substitution elasticity of 
Armington function 1.5 2 2.5 0.98 0.43 1.69 

Transformation elasticity of CET 
function -3 -4 -5 0.33 0.43 0.82 

Table 2.8 Sensitivity Analysis, Scenario 2 

Scenario 3. Improvement of investment climate 

Foreign investments will increase the productivity of Ukrainian firms and bring better allocation of 
resources. In the central sub-scenario, output increases by a significant 6.1% along with 5.3% 
consumption growth. Exports and imports increase as well, but less than in previous scenarios and less 
than GDP growth: exports grow by 3.4%, imports by 3.7%. Even if a modest 1% increase in investment 
inflow is modelled, predicted output and consumption expansion outperform the results of the first two 
scenarios. In the case of an optimistic assumption about investment growth rate, GDP impressively 
expands by nearly 11% and household consumption by 9%.  

Therefore, in this case, the Ukrainian economy develops not so much through foreign trade, but through 
domestic improvement in efficiency.  
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Increased 
investment, 3% 
growth for 5 
years 

Increased 
investment, 1% 
growth for 5 
years 

Increased 
investment, 5% 
growth for 5 years 

Welfare, % of GDP 2.01 0.69 3.18 

Welfare, % of consumption 9.57 3.25 15.26 

Gross domestic production 6.11 1.95 10.59 

Consumer demand 5.33 1.78 8.83 

Investment demand 2.47 0.72 4.49 

Government demand 3.72 1.16 7.20 

Exports demand 3.40 0.95 6.46 

Imports demand 3.69 1.03 7.02 

Unemployment -4.88 -1.68 -7.60 

Real wage 0.05 0.02 0.08 

Table 2.9 Results of the Model, Scenario 3; % change from benchmark 
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As shown in Figure 2.4, there will be upgrading in all four quadrants. Reflecting growth of output, 
household consumption and foreign trade, the balancing square will expand outwards in all directions. 
Since output and consumption are growing by a faster pace than exports and imports, quadrant I of the 
balance of trade will see less expansion than domestic production and consumption. There will be an 

outward movement of the consumption possibility curve from the initial point to new equilibrium 
C  and 

production transformation curve to point 
P (the latter will move out further than the former).  

Figure 2.4 Scenario 3

There is a significant increase in household welfare: 2% of GDP or 9.6% of consumption in the central 
sub-scenario. If the optimistic sub-scenario holds true, welfare can increase by as much as 15% of 
consumption. Better allocation of resources and growth of production cause a massive decrease of 
unemployment, by almost 5% in the core sub-scenario and some improvement in real wages.  
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All sectors of Ukrainian economy enjoy growth of output. Sectors which are commonly feared to lose 
from WTO accession are actually enjoying higher output as a result of investment inflow and consequent 
increased efficiency. These sectors are coal mining, agriculture and food-processing. In the central 
scenario, coal mining wins the most and expands its output by 5.2%. Food-processing follows with a 
5.07% increase of output and agriculture grows by 3.6%. Metallurgy and the textile industry are also 
enlarged by roughly 3%.  

The model points at the vital importance of investment and better allocation of resources for agriculture: if 
a 5% increase of investment inflow is assumed, agriculture becomes a leader of growth amid the non-
service sectors, showing a 10% increase of output. It is worth noting that it is the only sector to contract 
exports. Instead, growing domestic output and imports are directed at saturation of the Ukrainian market.     

Telecommunications and the financial sector are leaders among services. Financial intermediation 
expands by almost one-third and telecommunications by 13%. Transport also demonstrates significant 
growth rate of 6% to keep up with the enlarged economy.  

Increased investment, 3% 
growth for 5 years 

Increased investment, 1% 
growth for 5 years 

Increased investment, 5% 
growth for 5 years 

  Output Exports Imports Output Exports Imports Output Exports Imports 

Agriculture 3.60 -3.60 7.71 1.14 -1.52 2.61 10.60 -2.71 18.52 

Coal mining 5.20 5.47 5.06 1.43 1.51 1.40 8.32 9.31 7.83 

Food-processing 5.07 2.17 6.69 1.75 0.59 2.39 7.60 4.64 9.25 

Textile and leather 2.89 2.00 3.69 0.73 0.43 1.01 5.25 3.94 6.43 

Chemical industry 1.33 2.12 0.69 0.03 0.48 -0.33 3.76 4.71 2.99 

Metallurgy 3.02 3.01 3.04 0.89 0.88 0.90 6.08 6.10 6.05 

Machinery 2.47 4.11 1.35 0.09 1.05 -0.57 5.14 7.38 3.62 

Construction 1.19 3.56 0.03 0.26 0.99 -0.10 2.70 6.44 0.87 

Transport 5.97 4.27 7.29 1.82 1.16 2.34 10.77 7.59 13.28 

Post and 
telecommunications 12.92 7.62 15.74 4.51 2.62 5.49 22.38 12.68 27.68 

Financial 
intermediation 27.08 23.46 28.92 7.97 7.38 8.26 47.71 38.90 52.30 

Table 2.10 Results of the Model, Impact by Sectors, Scenario 3; % change from benchmark 
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Ukraine is starting to export relatively more to Russia compared with other regions, but imports from 
Russia and other CIS countries are not growing as much as imports from other trade partners of Ukraine. 
Imports from EU25, Asian and ROW countries are growing considerably more, compared with Russia and 
the rest of CIS. This may indicate a more efficient trade structure: major items of incoming trade with CIS 
are energy resources and materials with low degree of procession, whilst imports from other regions, first 
of all from the EU, have a high proportion of machinery and other goods, which allows for an increase in 
productivity.        

Increased 
investment, 3% 

growth for 5 years 

Increased 
investment, 1% 

growth for 5 years

Increased 
investment, 5% 

growth for 5 years 

  Exports Imports Exports Imports Exports Imports 

Russia 4.06 2.16 1.16 0.73 7.29 4.89 

CIS 3.16 0.37 0.88 0.15 6.13 2.90 

EU25 3.32 6.85 0.93 2.15 6.36 10.68 

Asia 3.41 5.76 0.95 1.48 6.59 9.66 

ROW 2.84 4.73 0.77 1.06 5.69 8.88 

Table 2.11 Changes in Foreign Trade by Regions, Scenario 3, % change from benchmark 
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Changing elasticities do not significantly affect key variables, except for one case. If the initial value of 
substitution elasticity of the Armington function is increased, exports and imports growth rates more than 
double. 

Parameter value Variable value, % change 
from benchmark 

Parameter Lower Level Upper Lower Level Upper 
  GDP 

Substitution elasticity of 
Armington function 1.5 2 2.5 6.01 6.11 7.25

Transformation elasticity 
of CET function -3 -4 -5 6.14 6.11 6.05

  Exports 
Substitution elasticity of 
Armington function 1.5 2 2.5 3.91 3.40 7.50

Transformation elasticity 
of CET function -3 -4 -5 4.06 3.40 4.03

  Imports 
Substitution elasticity of 
Armington function 1.5 2 2.5 4.24 3.69 8.15
Transformation elasticity 
of CET function -3 -4 -5 4.41 3.69 4.37

  Welfare, % of consumption 
Substitution elasticity of 
Armington function 1.5 2 2.5 8.98 9.57 12.67
Transformation elasticity 
of CET function -3 -4 -5 9.30 9.57 9.08

Table 2.12 Sensitivity Analyses, Scenario 3 

Scenario 4. Combined effect 

This scenario embraces all other options, and the model shows that the new equilibrium is a mixture of 
previous ones. GDP is predicted to grow quite considerably: by 6.6% in the core sub-scenario; ranging 
from 2.5% in the least favourable to 11.6% in optimistic sub-scenarios. Although output grows more, 
compared with the previous scenario (6.6% against 6.1% in the central case), consumption increase is 
lower: 4.9% versus 5.3% in the preceding scenario. It can be explained by the fact that Scenario 4 includes 
all scenarios with different simulations behind them: Scenario 1 models lower import tariffs, hence it 
stimulates imports (and exports, which must balance trade). Scenario 2 has a similar effect, but acts from 
the exports side. Scenario 3 mainly increases output and consumption in the domestic market. Thus, in 
Scenario 4 there is growth of output principally as a result of Scenario 3, but there is also growth of 
foreign trade as a result of Scenarios 1 and 2. Hence, there are more incentives to trade with foreign 
countries, compared with domestic sales. The model shows that foreign trade is expanding quite 
considerably: exports are growing by 5.6% and imports by 6.1%.    
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Improved market 
access 5%; 
increased 
investment 3% 

Improved market 
access 3%; 
increased 
investment 1% 

Improved market 
access 7%; 
increased 
investment 5% 

Welfare, % of GDP 1.83 0.78 3.66 

Welfare, % of consumption 8.77 3.71 17.53 

Gross domestic production 6.57 2.49 11.60 

Consumer demand 4.86 1.94 9.96 

Investment demand 4.11 2.67 7.08 

Government demand 0.17 -3.80 3.82 

Exports demand 5.63 3.05 7.38 

Imports demand 6.12 3.32 8.02 

Unemployment -3.60 -1.44 -8.16 

Real wage 0.04 0.02 0.08 

Table 2.13 Results of the Model, Scenario 4; % change from benchmark 

The solid square in Figure 2.5 shows a new equilibrium. As in the previous case, the new equilibrium 
square expands in all directions, but to a different extent than in Scenario 3. Foreign trade sees fairly the 
same growth as output, so the new equilibrium square is spread quite the same to quadrant I and quadrant 
III. Since output grows by 6.6% and consumption by 4.9%, the production possibility curve shifts 
outwards more than the consumption possibility curve.  

Figure 2.5 Scenario 4 
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Welfare of households is also growing to a less extent than in Scenario 3:  by 1.8% of GDP or 8.8% of 
consumption. This is explained by a lower level of domestic consumption and a relatively less significant 
drop in unemployment: by 3.6% compared with 4.9% in Scenario 3. 

At sectoral level, the only industry which experiences stagnation (in the central sub-scenario) or decline 
(in the least optimistic sub-scenario) in output is food processing. If the core sub-scenario holds true, 
production of this sector is virtually not changing, or as the model shows is growing by 0.09%. The least 
favourable case predicts a drop of output by slightly more than 1%; although the optimistic sub-scenario 
predicts 3.6% growth. At the same time, this sector is significantly increasing imports (around 40% in all 
sub-scenarios) and it could mean that although the level of production is lower, consumers can gain from a 
larger variety of food products.  

In this scenario, agriculture becomes a leader of output growth among non-services sectors, and increases 
its production by 7.4% in the central sub-scenario. It is worth noting that, although exports of agricultural 
production do not grow substantially in either sub-scenario, imports do increase quite considerably, which 
also can point at a larger utility of households owing to the diversity of agricultural products available for 
domestic consumption.  
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The textile industry is the second-largest grower, with almost 6% increase of output. Important sectors of 
Ukrainian economy such as the chemical industry and metallurgy grow by a decent 5.8% and 5% 
respectively. At the services side, financial intermediation has impressive growth of nearly 20%, followed 
by such service sectors as telecommunications, with 15% expansion, and transport, with 8.7% growth. 

Improved market access 
5%; increased investment 
3% 

Improved market access 
3%; increased investment 
1%

Improved market access 
7%; increased investment 
5%

  Output Exports Imports Output Exports Imports Output Exports Imports 

Agriculture 7.35 1.30 23.68 1.18 1.50 12.79 14.49 1.83 36.17 

Coal mining 4.88 7.58 3.59 2.36 4.46 1.34 8.49 11.47 7.06 

Food-processing 0.09 5.11 40.55 -1.12 3.09 39.41 3.59 7.08 46.74 

Textile and leather 5.83 4.89 12.82 2.49 3.07 7.86 7.77 6.89 14.81 

Chemical industry 5.75 4.97 9.42 4.57 2.94 8.95 11.37 6.83 18.45 

Metallurgy 5.00 5.00 6.85 3.00 3.00 4.82 7.00 7.00 8.89 

Machinery 3.81 5.08 8.24 1.55 3.10 5.67 5.51 7.11 9.80 

Construction 2.86 6.54 1.07 2.43 4.26 1.53 5.67 9.07 4.01 

Transport 8.70 6.88 10.13 3.91 3.97 3.86 13.17 8.52 16.86 

Post and 
telecommunications 15.35 10.98 17.66 5.89 6.07 5.80 20.37 11.46 25.22 

Financial 
intermediation 19.73 19.80 19.70 10.22 9.88 10.39 21.07 21.97 20.62 

Table 2.14. Results of the Model, Impact by Sectors, Scenario 4; % change from benchmark 

The direction of trade flows between Ukraine and its partners is predicted to face some reorientation. 
Exports to CIS countries are growing by fairly the same pace as to other trade regions. On the other hand, 
imports from Russia and other CIS countries contract, whilst imports from other trade regions expand by 
between 12.5% and 14.5%. Major expansion is occurring at imports of chemical products and machinery.  
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Improved market 
access 5%; 
increased 

investment 3% 

Improved market 
access 3%; 
increased 

investment 1% 

Improved market 
access 7%; 
increased 

investment 5% 

  Exports Imports Exports Imports Exports Imports 

Russia 6.00 -1.13 3.29 -2.72 7.97 -1.75 

CIS 5.31 -2.19 2.96 -4.10 7.02 -4.80 

EU25 5.83 12.63 2.99 8.24 7.45 16.77 

Asia 5.73 13.13 3.29 8.95 7.86 16.97 

ROW 4.95 14.56 2.73 11.46 6.39 21.71 

Table 2.15 Changes in Foreign Trade by Regions, Scenario 4, % change from benchmark 

As can be seen from Table 2.16, in Scenario 4 changing the elasticity’s parameter values does not bring 
significant modification to the key variables under scrutiny. 

Parameter value Variable value, % change 
from benchmark 

Parameter Lower Level Upper Lower Level Upper 
  GDP 
Substitution elasticity of 
Armington function 1.5 2 2.5 6.57 6.94 6.52 
Transformation elasticity 
of CET function -3 -4 -5 6.79 6.94 6.79 
  Exports 
Substitution elasticity of 
Armington function 1.5 2 2.5 5.63 5.50 5.40 
Transformation elasticity 
of CET function -3 -4 -5 5.36 5.50 5.42 
  Imports 
Substitution elasticity of 
Armington function 1.5 2 2.5 6.12 5.98 5.87 

Transformation elasticity 
of CET function -3 -4 -5 5.82 5.98 5.88 
  Welfare, % of consumption 
Substitution elasticity of 
Armington function 1.5 2 2.5 8.77 9.87 8.68 

Transformation elasticity 
of CET function -3 -4 -5 9.96 9.87 9.77 

Table 2.16 Sensitivity Analyses, Scenario 4 
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3. Concluding Remarks 

This research scrutinises the accession of a transition country to the World Trade Organization on the 
evidence of Ukraine. Quantitative results are obtained by building a Computable General Equilibrium 
model in the mathematical programming language General Algebraic Modelling System (GAMS). The 
model is static with perfect competition and Constant Returns to Scale. The economy of Ukraine is 
disaggregated into 38 sectors and there are five trade regions.  

Four scenarios are simulated: 1) import tariffs reform; 2) improvement of exports access; 3) improvement 
of investment climate and 4) the scenario that combines previous three, or a full WTO accession. The first 
scenario is modelled by changing import tariffs according to the WTO tariff schedule; the second one 
assumes an increase of exports to selected trade regions; the third one presumes growth of investment with 
a certain rate for five years and is calculated through the recursive dynamics technique. In order to achieve 
better flexibility, scenarios 2, 3 and 4 have 3 sub-scenarios, each with different rates of exports access 
improvement and investment inflow. Scenarios with 3% market access improvement and 1% investment 
increase are denoted as “least favourable”; “core” or “central scenarios” stands for a 5% market access 
expansion and 3% investment growth; 7% market access increase and 5% investment growth are called 
“optimistic scenarios”. 
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In the case of full WTO accession scenario, the model predicts that welfare of households will increase 
significantly: in the central sub-scenario by nearly 8.8% of consumption or 1.8% of GDP. Output will 
increase by more than 6.5%, while exports and imports will grow by 5.6% and 6.1% correspondingly. 
Unemployment is expected to fall by 3.6%. 

In order to understand how these results are obtained, it is worth studying the results of scenarios 
separately and comparing them.    

In the first scenario, tariff reform according to the WTO schedule does not bring significant changes either 
to production or to welfare of households. Lower import tariff barriers stimulate inflow of imports, which 
grow by 3%. In order to restore a trade balance, exports increase by 2.8%. GDP and households 
consumption both rise by an insignificant 0.5% which can be broadly considered as “no change” at all. 
These figures point at shifting to more trade with foreign countries, but without noticeable effect on 
domestic production and consumption. As a result, household welfare does not change considerably: the 
model shows welfare growth of 0.17% of GDP or 0.8% of consumption. 

The improvement of export access allows Ukrainian producers to increase the volume of some exports to 
those regions which applied antidumping and countervailing measures to these products before. Thus, 
outgoing trade will grow, and the model predicts an increase of almost 5% of exports in the central sub-
scenario. Imports are growing as well, since more intermediate goods are needed and a trade balance has 
to be kept. As in the previous scenario, this does not have significant influence on production: GDP grows 
by 1.2%. The story here is similar to the one with tariff reform, but first of all comes from the exports side; 
second, it has an even smaller effect on household consumption and welfare. Consumption is growing by 
a negligible 0.2%, while welfare is growing by 0.09% of GDP or 0.4% of consumption. Although 
production expands more compared with preceding case, welfare and domestic consumption is twice as 
small which comes from higher reorientation of producers to foreign markets at the expense of the 
domestic market. 

Modelling the improvement of the investment climate shows a large expansion of the economy and an 
increase in household welfare. Investment brings better allocation of resources and GDP grows by more 
than 6% in the central sub-scenario. The foreign sector expands as well, but by a comparatively smaller 
amount: exports grow by 3.4% and imports by 3.7%. Greater output without redistribution of sales to 
foreign countries means greater domestic consumption: it increases by 5.3%. Coupled with an almost 5% 
drop in unemployment and some real wage growth, this allows for household welfare to increase by a 
remarkable 2% of GDP or 9.6% of consumption. 
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 Thus, it can be seen that the results of modelling Scenario 4 incorporate the outcomes of the three 
scenarios described above. Stimulation of foreign trade comes from modelling scenarios 1 and 2 and 
results in the highest exports and imports growth among all four cases. Improvement of investment 
climate and better efficiency lead to a considerable increase of GDP, also higher than in any of the other 
three scenarios. Parameters such as household consumption growth, drop of unemployment rate and 
household welfare improvement are a mixture of those factors. They show less progress than from 
modelling Scenario 3, but are much larger than from simulating scenarios 1 and 2.  

 Another appealing aspect is to analyze how different sectors will react to modelled shocks. It is 
worthwhile breaking major sectors of the Ukrainian economy into three major groups: 1) agriculture and 
food-processing; 2) sectors which are considered to be a backbone of economy, namely metallurgy, the 
chemical industry and machinery; 3) service sectors, specifically: transport, telecommunications and 
financial intermediation. 

Agriculture, and even more so, food-processing have quite high initial import tariffs, which have to be 
lowered considerably. Thus, Scenario 1 results in a significant increase of agricultural and food products 
imports: by 10% and 40% respectively. At the same time, there is either a small drop or stagnation of 
output in these sectors. In Scenario 2, improvement of export access allows these two sectors to increase 
exports by roughly 5% each in the central sub-scenario, with a rather small increase of output (around 1%) 
and drop of imports (about 0.7%). Augmentation of investment climate brings better efficiency and both 
sectors increase their production: food processing leads with 5% growth, whilst agriculture expands by 
3.6%. Exports are growing as well, by 6.7% and 7.7% respectively. Remarkably, agriculture is contracting 
exports by a figure similar to its output growth: 3.6%. The combined scenario shows different 
development paths for the industries under consideration. In Scenario 4, agriculture becomes a leader of 
growth among non-service sectors with a 7.4% increase; imports are also significantly increased by 24%. 
Imports of food products boost by almost the same amount as in Scenario 1 (41%), but investment inflow 
cannot compensate for higher competition, and output of food-processing industry is not changing. 

Among the key industrial sectors, metallurgy is predicted to be a stable although not record-breaking 
winner, while the chemical industry and machinery show more modest results. In Scenario 1, metallurgy’s 
output increases by 2.7% in the central sub-scenario. Machinery grows by 1%, whilst the chemical sector 
does not change its output. Respectively, foreign trade turnover of these sectors changes in a similar way, 
which can be connected to the initial tariff structure: a larger decrease for metallurgy and machinery and a 
relatively smaller one for the chemical sector.  In Scenario 2, the core sub-scenario, exports of all three 
industries grow by roughly 5%. Again, metallurgy is a leader of growth with a 5% output boost, followed 
by the chemical industry (4.6%) and machinery (3.5%). Production growth corresponds to the volume of 
exports markets, to which Ukrainian producers will get better access. For the metallurgy, machinery and 
chemical sectors, improvement of investment climate proved to be relatively not as important a source of 
growth as for, say, agriculture and food-processing. Although the production of core industrial sectors 
increases, it does so to a lesser extent compared with the scenario with increased export access. Finally, 
full WTO accession scenario brings quite optimistic prospects for these three industries: enjoying 
combined effects of better exports access and investment inflow, the chemical industry increases its output 
by 5.6%, followed by metallurgy (5%) and machinery (3.8%). 
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When it comes to services sectors, financial intermediation is clearly a winner in all four scenarios. Its 
growth rates are increasing from scenario 1 to 3: 5.7% in Scenario 1; 9.4% in Scenario 2; a remarkable 
27% in Scenario 3. Scenario 4 brings more balanced growth of nearly 20%. Imports and exports of 
financial services repeat the growth path of output in corresponding scenarios on an almost one-to-one 
basis. This suggests that the financial sector will be an important player in servicing both domestic and 
international transactions. Transport and telecommunications demonstrate a different picture from that of 
the financial sector, but are similar between themselves. In scenarios 1 and 2, these sectors are showing 
either signs of stagnation or some decline. By contrast, improvement of the investment climate proves to 
be a very important factor in developing these infrastructure sectors: in scenarios 3 and 4, transport grows 
by 6% and 8.7% respectively, while telecommunications grow by 13% and 15%. 

From an examination of the distribution of trade flows across the partners of Ukraine, one can see two 
different cases concerning exports and imports. Exports are growing quite uniformly to all major trade 
partners of Ukraine. By contrast, imports from Russia and the rest of the CIS countries underperform, 
compared with imports from EU25, Asian and ROW countries. In the case of a full WTO accession 
scenario, imports from Russia and the rest of the CIS countries decline by 1% and 2.2% respectively. On 
the other hand, imports from other trade partners grow by 12.5% – 14.5%. This can signify a more 
efficient and energy-saving structure of economy, since major items of imports from former USSR 
countries are energy resources. On top of this, imports from well-developed partners like the EU to great 
extent are machinery and other goods, which allow in increase in productivity.        
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One important factor highlighted by modelling Ukraine’s accession to the WTO is the importance of 
investment for sustainable economic development. The model shows that, although such aspects as 
amendment of tariff schedule or improvement of exports access do promote foreign trade, they have 
limited, if any, effect on other parameters. Expansion of foreign trade does not lead to a significant 
increase in production, but rather reallocates sales from the domestic market to foreign markets. 
Household consumption does not see much growth either and welfare changes only slightly. By contrast, 
if the inflow of investment is modelled, the picture changes drastically. Being able to increase efficiency, 
producers expand their output and are capable of spreading out both foreign and domestic sales. There is a 
drop in unemployment rate, while consumption and household welfare increase. Thus, it is crucial for 
Ukraine to concentrate not only on promotion of foreign trade, but on the development of an attractive 
investment climate as well. 

There are several policy implications which can be made. 

 First of all, there are broad concerns among Ukrainian policy-makers, producers and the general public 
regarding a possible drop of output in certain sectors which will face higher imports and competition after 
WTO accession. Most anxiety is related to the agriculture and food-processing industries. This CGE study 
confirms that such a point of view is not ungrounded. Changing the tariff schedule to the one agreed with 
the WTO members does significantly increase imports and leads to a decline or stagnation of output in 
these industries. At the same time, the model shows that investment can be a very important positive 
factor, allowing the turning of WTO accession into favouring agriculture and food-processing. Thus, 
Ukraine should make the most out of opportunities granted by “green” and “blue boxes”, and create an 
encouraging investment environment.  

Scenario 2 shows that improvement of export access will be favourable for those industries which suffered 
from restrictions prior to WTO accession. It is true that WTO membership gives clear rules of dealing 
with antidumping and countervailing suits, but improvement of export access does not come automatically. 
It is a matter of country and producers to use this opportunity by organizing a highly qualified legal 
framework. 

Scenario 3 demonstrates the strong potential of increasing investment inflow. Again, this will not come 
after the WTO accession as granted. In order to obtain investments, Ukraine should form a favourable 
investment climate. This can be done through the creation of transparent regulations, establishing political 
and macroeconomic stability, and fighting high inflation and corruption.    

It would be an interesting exercise to compare the results of this model with those of other known studies 
of this topic for Ukraine, Russia and Kazakhstan. Unfortunately, direct comparison is not possible, since 
models are either built for different countries, use a different base year for their database or incorporate 
different functional specification. Nevertheless, it is possible to make a rough comparison and see whether 
results are of the same direction and similar magnitude.  
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The model for Ukraine constructed by Pavel et al. (2004) is dissimilar to this model in several ways. To 
mention some of them, it has a different base year (2001 in that of Pavel et al. and 2002 in this model), 
different aggregation of sectors, trade regions and households. There are two similar policy experiments in 
both models: tariff reform and improved market access. 

In the case of Pavel et al., tariff reform brings a small and positive effect on output (1.3% growth) and 
welfare (1.2% of consumption). This model also shows some output and welfare growth, but of a smaller 
scale: GDP grows by 0.55%, welfare of households by 0.8%. In the second comparable scenario, 
improvement of market access, the similarity in welfare change is quite close: in the model of Pavel et al.,
welfare grows by 0.3%, while in this model it is 0.4%. Output expansion numbers are more different: 
0.3% in the model of Pavel et al. and 1.2% in model of this research.   Since the results of the CGE 
simulations should be viewed as pointing to the general trend, those figures show quite high convergence.  

A study of Russia’s accession to the WTO by Jensen et al. (2004) is interesting owing to the similar usage 
of the recursive dynamics approach to quantify improvement of an investment climate. The study for 
Russia shows that investment will have a major impact and will account for two-thirds of total gains from 
WTO accession in the long run. This model also demonstrates the importance of investment.         

The model which was built for this research is not a rigid product, and there are many extensions which 
can be done depending on purpose of study. 

First of all, this model has a standard general equilibrium framework and assumes perfect competition and 
Constant Returns to Scale. One possible extension is to introduce for some industries monopolistic 
behaviour and Increasing Returns to Scale. This will make it possible to reflect the actual structure of 
economy better and to obtain more realistic results. In the case of imperfect competition, welfare of 
households is expected to be higher as a result of gains from a larger variety of consumed goods and 
services. In order to make this extension, the software code has to be changed in parts, describing 
production functions. 

Another potential fundamental extension is the introduction of dynamics and intertemporal optimization. 
This model is static; although it employs the recursive dynamic method, capturing intertemporal 
behaviour would open the door to a much wider variety of modelling opportunities. This augmentation 
also requires alteration of the code, but on a much greater scale compared with introducing monopolistic 
competition, since behaviour of all agents in the model is changing.    
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There are also several other extensions which do not require significant changes in the model structure, 
but rather data work or additional research outside the model. For instance, it is possible to estimate non-
tariffs barriers in Ukraine and to widen the analysis from manufactured goods to service sectors as well. A 
technique which is used for this purpose is conducting a large-scale survey among producers (among 
thousands of respondents) considering their perception of non-tariff barriers. Using the results of such a 
survey, it is possible to quantify non-tariff barriers and introduce them to the model in a similar way as 
import tariffs. Another opportunity is to make some data disaggregation in order to concentrate on some 
specific topics. For example, it is possible to disaggregate households by income level or education, or to 
break down aggregation of certain sectors of economy to study them in greater depth. To accomplish this, 
additional data on the economic agent or sector are required.     

On May 16th, 2008 Ukraine became a 152nd member of the WTO, 15 years after the application was made. 
Now the ball is in Ukraine’s court and it is the responsibility of Ukraine to use it wisely. 
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Endnotes

Endnotes 
                                                     
1 The data will be given mostly for 2008, a year when Ukraine accessed the WTO 

2 Sometimes production is divided into activities and commodities, since one activity can produce several 
commodities. This is not the case for Ukrainian data and production entries will be denoted as 
“Commodities”.  

3 Scenarios 1 and 2 show that GDP and household consumption fluctuate very slightly. CGE models show 
general directions of changes and numbers should not be taken too literally. Thus, further analysis will 
assume “no change” as the most likely outcome, although what happens if alterations do take place will 
also be shown.       
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Table A.4 List of Variables

Table A.4. List of Variables 

Endogenous: 

iQ    domestic sales composite commodity in sector i

iQD    gross domestic output 

irQDD    domestic output delivered to home market 

iP     price of composite commodities 

iPD     domestic producer price of commodities 

iPDD     price of domestic output delivered to home market 

iIO     intermediate commodity demand 

iVA value added demand 

irE    exports

irM    imports 

irPE    export price of commodities in sector i  delivered to region r in
national currency 

irPM    import price of commodities in sector i  delivered from region r in
national currency 

irPWE world export price 

irPWM    world import price 

ER    exchange rate 

iK     capital demand 

iL     labour demand 

PK    return to capital 

iC     consumer demand for commodities 

iI     investment demand for commodities 

iG     public demand for commodities 

CE     consumer expenditures 
Y     household income 
CPI    consumer price index 
UNEMP    unvoluntary unemployment 

HU     utility level of households 
IU     utility level of financial institutions 
GU     utility level of government 

PLES    price index for welfare calculations 
SI    supernumerary income 
EV    equivalent variation 
CV compensating variation 
S     total savings 
SH     household savings 
SF     foreign savings 
GOVR    government revenues 
TRY     income tax revenues 

iTRIM    revenues from indirect and import taxes 

iTRID     indirect tax revenues 
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Table A.4 List of Variables

irTRM    import tax revenues 

TRICK    artificial objective function 

Exogenous: 
KS    capital supply 
LS labour supply 
PL     return to labour 
SG    government savings 
KRG     government capital revenues 
TRGH transfers from government to households 
TRFH    foreign transfers to household in foreign currency 
TRFG foreign transfers to government in foreign currency 
FR     foreign remittances in foreign currency 

Parameters: 

ijio    technical coefficients 

    Frisch parameter in nested HLES utility function 
HLES    marginal utility of household expenditures 

phillips Phillips parameter 

itid    indirect tax rate 

irtm    tariff rate on imports 

ty tax rate on income 

ib share coefficient of value added in output 

F
i    CES capital-labour substitution elasticities 

F
i    CES share parameter in the production function of firms 

F
i    CES efficiency parameter in the production function of firms 

F
i     CES function exponent 

A
i    Armington substitution elasticities 

A
i    Armington share parameter in the production function of 

commodities 
A
i Armington efficiency parameter in the production function of 

commodities 
A
i    Armington function exponent 

T
i    elasticities of transformation in CET function 

T
i     CET share parameter regarding destination of domestic output 

T
i    shift parameter in the CET function of firm 

T
i     CET function exponent 

Y
i    income elasticity of demand for commodity 

HLES
i     power in nested LES household utility function 

H
i    subsistence household consumption level 

G
i    Cobb-Douglas power in government utility function 

I
i Cobb-Douglas power in investment institution utility function 
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Table A.5 List of Sectors

Table A.5. List of Sectors 

1.       Agriculture, hunting 
2.       Forestry 
3.       Fishery 
4.       Mining of coal and peat 
5.       Production of hydrocarbons 
6.       Production of non-energy materials 
7.       Food-processing 
8.       Textile and leather 
9.       Wood working, pulp and paper industry, publishing 
10.       Manufacture of coke products 
11.       Petroleum refinement 
12.       Manufacture of chemicals, rubber and plastic products 
13.       Manufacture of other non-metallic mineral products 
14.       Metallurgy and metal processing 
15.       Manufacture of machinery and equipment 
16.       Other production 
17.       Electric energy 
18.       Gas supply 
19.       Heat supply 
20.       Water supply 
21.       Construction 
22.       Trade 
23.       Hotels and restaurants 
24.       Transport 
25.       Post and telecommunications 
26.       Financial intermediation 
27.       Real estate transactions 
28.       Renting 
29.       Informatisation activities 
30.       Research and development 
31.       Services to legal entities 
32.       Public administration 
33.       Education 
34.       Health care and social assistance 
35.       Sewage, cleaning of streets and refuse disposal 
36.       Social activities 
37.       Recreational, entertainment, cultural and sporting activities 
38.       Other activities 
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Table A.6 Social Accounting Matrix for Ukraine 

Table A
.6. Social A

ccounting M
atrix for U

kraine 
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R
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-17038 
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Total 
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