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The establishment of the currently negotiated Free Trade Agreement (FTA) 
between EU and Ukraine is the next significant step towards Ukraine’s deeper 
integration into the world economy, widely expected to result in additional 
welfare gains. As developing countries face some costs associated with trade 
liberalization, this paper contributes to the literature by analyzing the effects of 
the EU-Ukraine FTA taking into account the loss of tariff revenues as well as the 
changed economic conditions after Ukraine’s accession to the WTO in 2008. 
In particular, we calculate the effects of a unilateral tariff elimination in a 
Computable General Equilibrium (CGE) model for Ukraine simulating three 
scenarios reflecting different means to compensate for the loss in tariff 
revenues. It turns out to be important to take these costs into consideration 
while modeling trade liberalization, as the results vary significantly across the 
scenarios. In general, we find that tariff elimination has only a small impact on 
the country’s welfare because of the already strongly reduced tariff rates 
after Ukraine’s WTO accession. The effects can even be negative if the 
country tries to refinance the trade liberalization costs by means of tax policy. 
According to our simulations the most welfare enhancing option would be the 
provision of financial support by the EU, which is in fact suggested in the latest 
European Parliament resolution. 
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The EU-Ukraine trade liberalization:How muh do theosts of tari� elimination matter?
Miriam Freya ,b, Zoryana Olekseyuk

AbstratThe establishment of the urrently negotiated Free Trade Agreement (FTA) between the EU andUkraine is the next signi�ant step towards Ukraine's deeper integration into the world eonomy,widely expeted to result in additional welfare gains. As developing ountries fae some ostsassoiated with trade liberalization, this paper ontributes to the literature by analyzing the ef-fets of the EU-Ukraine FTA taking into aount the loss of tari� revenues as well as the hangedeonomi onditions after Ukraine's aession to the WTO in 2008. In partiular, we alulatethe e�ets of a unilateral tari� elimination in a Computable General Equilibrium (CGE) modelfor Ukraine simulating three senarios re�eting di�erent means to ompensate for the loss intari� revenues. It turns out to be important to take these osts into onsideration while model-ing trade liberalization, as the results vary signi�antly aross the senarios. In general, we �ndthat tari� elimination has only a small impat on the ountry's welfare beause of the alreadystrongly redued tari� rates after Ukraine's WTO aession. The e�ets an even be negative ifthe ountry tries to re�nane the trade liberalization osts by means of tax poliy. Aording toour simulations the most welfare enhaning option would be the provision of �nanial supportby the EU, whih is in fat suggested in the latest European Parliament resolution.JEL-Classi�ation: C68, F13, F15, H50, O52Keywords: Ukraine, EU, Trade, Integration, CGE, Publi Spending
aUniversity of Regensburg, miriam.frey�wiwi.uni-regensburg.debInstitut für Ost- und Südosteuropaforshung, frey�ios-regensburg.deUniversity of Duisburg-Essen, Zoryana.Olekseyuk�ibes.uni-due.de



21 IntrodutionAfter Ukraine's aession to the WTO in 2008 the reation of a Free Trade Agreement (FTA)between Ukraine and its most important trading partner the European Union (EU)4 is the nextsigni�ant and realisti step towards Ukraine's deeper integration into the world eonomy. TheWTO aession has already aused major hanges espeially in the �eld of tari� redutions but itwas also onsidered to be a prerequisite for the negotiations on the deep and omprehensive FTA(DCFTA), whih began in February 2008 within the framework of the Assoiation Agreement(AA). So far there have been 21 rounds of negotiations and, despite of ondemned politialevents in Ukraine, the European Parliament stated in its reent resolution that the EU-UkraineAA should be rapidly initialled, preferably by the end of 2011. The signing of the agreement isintended for the �rst half of 2012 and the rati�ation stage should be ompleted by the end of2012.5Theory suggests that trade liberalization is bene�ial and the problems as well as osts ofreduing trade barriers are mostly negleted in literature. However, they should espeially betaken into onsideration in ase of developing ountries like Ukraine. Redued tari�s ause a lossof the tari� revenues and indue eonomi and soial problems due to disruptions in agriulture.As these e�ets might lead to nations being worse o�, developing ountries might deide not toliberalize foreign trade.6In this paper we fous on one of the most obvious and important osts of trade liberaliza-tion - the loss of tari� revenues. We analyze di�erent senarios simulating various options toompensate the lost revenues. In partiular, we alulate the e�ets of a unilateral import tari�elimination on the welfare and trade �ows in a Computable General Equilibrium (CGE) modelfor Ukraine.One might wonder why in ase of a bilateral agreement, only a unilateral tari� elimination isexamined. The reason for this is that aording to Weisbrot and Baker (2002, p. 4) � [. . .] mostof the projeted gains from trade liberalization do not ome from the removal of trade barriersin the industrialized ountries - rather the biggest soure of gains to developing ountries is theremoval of their own barriers to trade.� To realize these gains it is basially irrelevant whetherthe industrialized ountry - in our ase the EU - also liberalizes its trade or not.The paper is organized as follows. The next setion provides an overview of the existingliterature. The struture of the model is desribed in setion 3 followed by the spei�ation ofthe data soures and the poliy experiments. A detailed analysis of the results is given in setion5 inluding some robustness heks. The last setion onludes with some poliy impliations.
4To put it orretly, if the European Union would not be onsidered as one single trading partner, Russia wouldbe on top.5See European Parliament [2011℄ available at http : //www.europarl.europa.eu/plenary
/en/texts− adopted.html.6See Weisbrot & Baker [2002℄.



32 Literature overviewThe di�erent forms of Ukraine's integration into the world eonomy are widely evaluated. Mostprevious studies are devoted to the WTO aession. In the framework of a standard CGEmodel Pavel et al. [2004℄ simulate the full WTO aession of Ukraine inluding tari� redution,improved market aess and adjustments of domesti taxation and identify a signi�ant welfaregain and an inrease in real GDP. These �ndings are supported by Jensen et al. [2005℄ whopredit an overall welfare gain of 5.2% of Ukrainian onsumption and a rise of real GDP by 2.4%in a modi�ed model (e.g. some setors produe under inreasing returns to sale). Kosse [2002℄on�rms that the tari� redution is indeed the most important part of the full WTO aession.She separately analyzes the impat of an import tari� redution on national welfare and �ndsthe WTO membership to be bene�ial for Ukraine.Subsequent studies fous on Ukraine's trade relations with the EU, espeially after the tenCentral and Eastern European ountries joined the EU in 2004. An analysis of the di�erentFTAs between Ukraine and the EU shows that the DCFTA, whih additionally inorporates theharmonization of the Ukrainian norms and standards, would have a stronger positive impaton Ukraine's welfare ompared to the simple one where the overall welfare e�ets are small oreven slightly negative.7 In a more reent study Maliszewska et al. [2009℄ model the impat ofthe di�erent FTAs between the �ve European Neighborhood Poliy (ENP) ountries (Armenia,Azerbaijan, Georgia, Ukraine and Russia) and the EU. The onlusions are similar to the ones inthe previous study. Among the ENP ountries, Ukraine gains most from the simple FTA with anet welfare inrease of 1.73%. But it ould bene�t even more from a DCFTA (inrease of welfareby 5.83%). Franois & Manhin [2009℄ study the same question for the CIS region and Ukraineas a ountry study, but they �nd negative real inome e�ets for the CIS and Ukraine (-0.83%and -2.12%, respetively) in ase of the lassial FTA simulation and a derease of Ukrainianreal inome by 0.4% even under the DCFTA senario. The most reent study on the Ukraine-EUFTA is done by von Cramon-Taubadel et al. [2010℄ for the World Bank. Using the GTAP modeland dataset they mainly fous on the agriultural setor and �nd that a 50% redution in allbilateral tari�s would only result in moderate gains for Ukraine and the EU. Note that the lasttwo papers are some of the very few ones to onsider Ukraine's �nal WTO ommitments bysimulating the hanges after the aession.These studies do not state learly how they deal with the osts resulting from the tari� elim-ination.8 This issue is addressed by Weisbrot & Baker [2002℄. They argue that one substantialproblem in reduing trade barriers is the loss of revenues due to a redution or elimination oftari�s. This espeially applies to developing ountries as tari� revenues aount for a onsider-able share of the national budget. For instane, due to the Ukrainian treasury report9 the tari�revenues amount to 4.5% of the publi budget. Following this argument our paper ontributes tothe ongoing disussion in two ways. First, it omplements the only very sare researh on the7See Emerson et al. [2006℄ and Eorys & CASE-Ukraine [2007℄.8The general and mostly applied method to deal with redued tari� revenues in a CGE model is to inreaselump sum taxes. But this is an unrealisti assumption beause lump sum taxes are an arti�ial onstrut (seevon Cramon-Taubadel et al. [2010℄).9The report of the Aounting Chamber of Ukraine for 2007 is available in ukrainian at
http : //www.ac − rada.gov.ua/control/main/uk/publish/article/1126693; jsessionid =
65AD9325C838702DD8808F622567899D.



4e�ets of the EU-Ukraine FTA inorporating the hanged eonomi onditions after Ukraine'sWTO aession in 2008. Seond, we expliitly aount for the loss of tari� revenues as one ofthe most important osts of trade liberalization in ase of a developing ountry and evaluatedi�erent modes of ompensation for these losses.3 Model desriptionOur model updates and extends the stati CGE model of Pavel et al. [2004℄. In addition to theupdated database the modi�ations inlude the reation of new trading regions and produtionsetors, the disaggregation of the representative household into four types and the implementationof setor-spei� apital. It is implemented in GAMS/MPSGE10 and onsiders 38 setors, fourtypes of households, the government, investments and nine trading regions. The struture of themodel is shown in Figure 3.1. Figure 3.1: Model struture
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5The supply side of the Ukrainian eonomy is haraterized by the assumptions of perfetompetition and onstant returns to sale. There are four fators of prodution: skilled andunskilled labor (ls,i), apital (ki) and setor-spei� apital. Labor and apital (exept setor-spei� apital in the state-owned mining (a04) and pipeline transportation (a24P)) are perfetlymobile aross setors. The top nest of the prodution funtion is haraterized by a Leontief-typestruture:
yi = min{V Ai, IDi,j}, (1)where yi represents the total output of setor i (inluding domesti sales and exports), IDi,j isthe intermediate demand for good j by industry i, and V Ai is the value added that is given bythe Cobb-Douglas funtion:

V Ai = c k
(1−

∑
s αs,i)

i

∏

s

l
αs,i

s,i , 0 ≤ αs,i ≤ 1,
∑

s

αs,i < 1, c > 0. (2)The subsript s denotes the two types of labor: skilled and unskilled. Intermediate inputsare either produed domestially or imported. Eah �rm uses a CES omposite of domestiand imported intermediate inputs.11 Produers maximize pro�ts subjet to their produtiontehnology.Eah setor is assumed to produe a single homogeneous produt, whih an be sold on domes-ti (Hi) or foreign (EXi) markets aording to the onstant elastiity of transformation (CET)funtion:
Yi = ψi(γH

ρEX

i + (1− γ)EXρEX

i )
1

ρEX , ψi > 0, 0 < γ < 1, (3)with ρEX = (σEX−1)/σEX , where σEX de�nes the elastiity of transformation between domestioutput and exports (in GAMS-Code: etdx=5). Produers regard sales on domesti markets andexports as imperfet alternatives. The output prie index of eah setor i is determined byboth domesti (pH,i) and export pries (pEX,i): p̂i = f(pH,i, pEX,i), and the export prie isde�ned as the FOB world market prie (pEX,i) multiplied with the prie of foreign exhange
(pfx): pEX,i = pEX,ipfx. Demanded goods are either imported (IMj) or produed domestially
(Dj) so that domesti supply (DSj) is desribed by the onstant elastiity of substitution (CES)funtion:

DSj = ψj(βD
ρIM
j + (1− β)IMρIM

j )
1

ρIM , ψj > 0, 0 < β < 1, (4)with ρIM = (σIM − 1)/σIM , where σIM de�nes the elastiity of substitution between importsand domesti goods (in GAMS-Code: esdm=5). This means that onsumer preferenes aremodeled as Armington-style produt di�erentiation.12 The domesti prie index of eah good jis determined by the domesti sales prie (pD,j), the import prie (pIM,j) and the import tari�
(τIM,j): pj = f(pD,j, pIM,j(1 + τIM,j)). The import prie equals the CIF world market prie
(pIM,j) multiplied with the prie of foreign exhange (pfx): pIM,j = pIM,jpfx.The onsumption side is represented by publi onsumption, investment and intermediateonsumption as well as by �nal onsumption of households. A representative household derivesutility from onsumption of goods and servies and �nanes its total onsumption by inome from11See equation (4).12This assumption is based on Armington [1969℄. See also Dervis et al. [1982℄, p. 221-223, 226-227.



6labor (∑swsL) and apital endowments (rK) and by reeived transfers from the government(TG
hh) and from abroad (T a

hh). This means that the value of total onsumption of a representativehousehold (ΣjCjpj(1 + τj))13 does not exeed the inome multiplied with the total share ofonsumption (θ, 0 < θ < 1):
∑

j

Cjpj(1 + τj) ≤ θ

[

∑

s

wsL+ rK + TG
hh + T a

hh

] (5)The representative household of the model is disaggregated into four types aording to thepoverty line and the plae of residene14: non-poor urban and rural households, poor urbanand rural households. Non-poor households are endowed with both apital and labor (skilledand unskilled) whereas poor households are only endowed with unskilled labor. All householdsreeive transfers from the government and pay taxes and soial seurity ontributions. But onlynon-poor households reeive transfers from abroad and save a onstant share of their inome.The government reeives inome from publi apital endowments15 (rKp + rspKsp), revenuefrom diret (∑i τi(rki+
∑

sws,ili)) and indiret taxes (∑j τjpj(Cj + INVj + IDj +Gj +EXj)),from import tari�s (∑j,r τIM,j,rpIM,jIMj,r), transfers from abroad (T a
G) and from households(T hh

G ). Diret taxes are modeled as setor-spei� taxes on the use of prodution fators (apitaland labor). Indiret taxes, in ontrast, are modeled as produt-spei� taxes on private (Cj),investment (INVj), intermediate (IDj) and publi (Gj) demand as well as on exports (EXj).Import tari�s (τIM,j,r) are produt-spei� and distinguished by region. Government's inome isused for savings (pinvSAV G), transfers to households (TG
hh) and to abroad (TG

a ), and to providepubli servies16 (∑j pjGj). The publi budget onstraint is given by:
rKp + rspKsp +

∑

i τi(rki +
∑

sws,ili) +
∑

j τjpj(Cj + INVj + IDj +Gj + EXj)

+
∑

j,r τIM,j,rpIM,jIMj,r + T a
G + T hh

G (6)
= pinvSAV

G + TG
hh + TG

a +
∑

j pjGj .Aggregate investment is modeled as a Cobb-Douglas omposite over all goods j:
INV = ψ

∏

j

INV
φj

j , φj ≥ 0,
∑

j

φj = 1, ψ > 0. (7)The prie index for one unit of the aggregate investment good is given by: pinv = f(pj(1 + τj)).13Cj is the onsumption of good j and τj represents onsumption tax rate for good j.14The poverty line is alulated following the methodology of the Ministry of Eonomy of Ukraine (available inUkrainian at http : //zakon.rada.gov.ua/cgi− bin/laws/main.cgi?
nreg = z0401 − 02).15Inluding apital inome in state-owned setors with setor-spei� apital (rspKsp): mining and pipelinetransportation (a04 and a24P).16Consumption levels of publi servies are determined by a Cobb-Douglas funtion.



7The sum of publi (SAV G) and private savings (SAV hh) equals aggregate investment:17
pinv(SAV

G + SAV hh) = pinvINV. (8)Equilibrium is de�ned by zero pro�ts for produers, balaned budgets for households and thegovernment, and by market learing for all goods and fator markets. For equalization of thebalane of payments, it must be valid that the CIF value of imports together with transfers fromthe government to abroad (TG
a ) are equal to the FOB value of exports plus transfers from abroadto households (T a

hh) and to the government (T a
G):

∑

j

pIM,jIMj + TG
a =

∑

i

pEX,iEXi + T a
hh + T a

G. (9)The prie of foreign exhange (pfx) is hosen as the numeraire.This model desription gives a piture of all eonomi �ows among the agents and does notrepresent the expliitly programmed algebrai equations as we use the MPSGE subsystem, whihautomatially generates the equations of the model based on referene pries, quantities andelastiities.184 Data and poliy experimentsThe base year of our analysis is 2007 as we try to avoid the in�uene of the world eonomirises. The bakbone of the model is formed by a Soial Aounting Matrix (SAM)19 with 38setors. It was onstruted with the data of the Ukrainian National Aounts and Input-OutputTables for 2007 at basi and onsumer pries (publiations of the State Statistis Committee ofUkraine).20 A SAM must be a balaned matrix so that the row sums equal the orrespondingolumn sums. As the SAM for Ukraine was not balaned in the �rst version (due to inonsistenyof data soures), we used a few balaning items in order to math all rows and olumns.Additional information on indiret taxes, subsidies and imports (separately for intermediate,private, publi and investment demand) as well as information on servies trade �ows are alsotaken from the publiation of the State Statistis Committee of Ukraine. Labor remuneration isdisaggregated with data from this soure as well.The onsumption shares per household type and setor are alulated from the Derzhkomstat21household budget survey for 2007 overing more than 10,000 Ukrainian households and over 200di�erent ommodity groups (COICOP lassi�ation). Using these data the shares of paymentsfrom households to government as well as the shares of transfers from the government to poorhouseholds in their total expenditures are omputed. The respetive �gures are listed in Table4.1.17We do not onsider the urrent aount balane in the model as the data set is adjusted in the way that thereare no imbalanes.18See Rutherford & Paltsev [1999℄ and Rutherford [1999℄.19See Pyatt & Round [1985℄.20Conerning the setoral struture two hanges were made in the SAM ompared to the original Input-OutputTable. The heat supply setor was added to the eletri energy setor (a17) and the pipeline transit of oil andgas (a24P) was separated from the transportation setor.21The State Statistis Committee of Ukraine.



8Table 4.1: Shares for household disaggregation (in %)type of household (h) non-poor urban non-poor rural poor urban poor ruraldivision of transfers from households togovernment∗ 74 14 2 10shares of transfers from government inhousehold's expenditures 35 35
∗Transfers inlude taxes and soial ontributions.Table 4.2: Model elastiitiesParameter Value Desriptions 0 Elastiity of substitution between value added and intermediate inputss_VA 1 Elastiity of substitution between primary fators: apital and laboresdm 5 Armington elastiity of substitution between imports and domesti goodsetdx 5 Elastiity of transformation between domesti prodution and exportsesreg 3 Elastiity of substitution between import originetreg 3 Elastiity of transformation between export destinationSoure: Pavel (2004), p. 4.All elastiities of substitution and transformation are taken from Pavel et al. [2004℄ and pre-sented in Table 4.2. Data on Ukrainian ommodity trade �ows are drawn from the UnitedNations Commodity Trade Statistis Database (Comtrade). These data were aggregated into17 (b01-b017) ommodity groups. We used di�erent orrespondene tables to onvert the datafrom the HS96 into the KVED lassi�ation (Ukrainian lassi�ation whih is based on NACERev.1). Ukraine's exports and imports were grouped into the following nine trading regions: EU-15, EU-12, other Europe, Asia, Afria, Ameria, Commonwealth of Independent States (CIS),Russia and the rest of the world (ROW). The �rst eight regions inlude ountries representingthe key trading partners of Ukraine with all other ountries being summarized as the rest of theworld.22 Figure 4.1 illustrates the trade struture of Ukraine in 2007 and a detailed desriptionof ountries' aggregation into trading regions is given in Table A.1.Information on import tari�s is taken from the Law of Ukraine �About the Customs Tari� ofUkraine� inluding all amendments made due to Ukraine's aession to the WTO in 2008. Thelaw inludes three types of tari� rates (ad valorem, spei� and mixed). First, the ad valoremequivalents of the spei� and mixed tari�s were alulated.23 The resulting tari� rates weretransformed from the HS2000 into the KVED lassi�ation using again orrespondene tables andapplying di�erent averages (simple, weighted, import-weighted). Table 4.3 shows the alulatedimport tari�s. With an import-weighted MFN tari� rate of 13.66 perent the food-proessing,beverages and tobao setor is the most proteted one.Di�erent trade regimes are inluded in the model. Commodity trade with Russia and otherCIS ountries is lassi�ed as free trade beause of the existing FTA between Ukraine and the CISountries.24 The MFN status is applied to trade with all other regions as the inluded ountriesare either members of the WTO or have bilateral trade agreements with Ukraine to establish22Exports and imports for the ROW region are obtained as a residual.23Following WTO et al. [2007℄, p.187-188.24The FTA was established in 1999.



9Figure 4.1: Struture of Ukrainian ommodity trade
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this trade regime.As the purpose of this paper is to quantify trade liberalization e�ets between Ukraine andthe EU taking into aount that lost tari� revenues25 have to be ompensated, we model threedi�erent senarios re�eting three possibilities to deal with this problem. All three senarioshave in ommon the elimination of the import tari�s in all ommodity groups for two regions inthe model: EU-12 and EU-15. For all other regions the estimated tari� rates are still valid.In senario 1 (S1) there is no possibility for the government to ompensate the loss in tari� rev-enues meaning that there is no endogenous adjustment. Therefore the elimination of Ukraine'simport tari�s with respet to the EU goods has to result in a derease of the government spend-ing.26In ontrast, in senario 2 (S2) the government is assumed to use its power to enfore an inreasein the indiret tax rate meaning that the publi onsumption an be hold onstant.In senario 3 (S3) we allow the government to gain additional foreign aid as the EU intendsto provide Ukraine with �nanial as well as tehnial and legal assistane.27 This means thatdespite the derease of tari� revenues neither the publi expenditures have to be redued nor theindiret tax rate has to be inreased.5 Simulation resultsThe results of our omparative stati evaluation of the tari� elimination between Ukraine andthe EU desribe the full adjustment of the Ukrainian eonomy after the external shok of tari�elimination. This proess is typially understood as a medium-term perspetive over 7-10 years.Moreover, aording to the CGE modeling framework the estimated results represent the isolatedimpats of the trade liberalization on Ukraine's eonomy. The possible e�ets of all other eventsa�eting the eonomi development (e.g. hanges in energy and ommodity pries, exhange25In the benhmark senario tari� revenues amount to 4.03% of the publi budget.26Note that this is not a realisti senario as politiians might try to avoid suh unpopular reforms.27See European Parliament [2011℄, artile 1(e).



10Table 4.3: Calulated import tari�sSetor SAM ode Import-weighted MFN tari�∗Agriulture b01 5,63Forestry, logging and related servie ativities b02 1,71Fishing b03 5,00Mining of oal and peat b04 0,00Prodution of hydroarbons b05 0,50Mining and quarrying b06 2,23Food-proessing b07 13,66Textile industry b08 8,06Wood industry b09 0,98Manufature of oke produts b10 1,61Petroleum re�nement b11 1,64Chemial industry b12 3,71Other non-metalli produts b13 7,07Metallurgy, metal proessing b14 1,93Mahine-building b15 3,09Other prodution b16 1,85Eletri energy b17 3,50
∗These tari� rates apply to all trading regions exept for Russia and CIS.rates, fator produtivity, et.) are not onsidered. All results of our poliy experiment re�ethanges of the respetive variables ompared to the benhmark year 2007.5.1 Aggregate e�etsEonomy-wide results of the ounterfatual experiments are illustrated in Table 5.1. The elim-ination of Ukraine's import tari�s auses a deline of relative import pries and a redution ofthe tari� revenue in all senarios. The resulting tari� revenues as a share of the Ukrainian publibudget are between 1.65% and 1.70%, ompared to 4.03% in the benhmark senario.As in the �rst senario we do not allow the government to ompensate these revenue losses, thepubli servies provision must be redued by 1.93% in order to ful�ll the government's budgetonstraint. The seond senario assumes that the government uses its power to enfore an inreasein the indiret tax rate from 13.15% to 13.70% whih ensures a onstant supply of publi servies.In the third senario, there is neither a redution of the publi servies provision nor an inreasein the indiret tax rate. The missing tari� revenues are ompensated by additional foreign aidamounting to 2.69928 billion UAH.The deline of relative import pries indues a redution in onsumer pries for all householdtypes in senario 1 and 3, whereas in the seond senario this favorable e�et is more thanoutweighed by the inreased tax burden and the resulting onsumer prie inrease by a maximumof 0.1% in ase of rural households.Conerning the prodution side, the tari� elimination auses a realloation of the produtionfators aross setors and aordingly a shift in the prodution levels while aggregate real GDPremains almost unhanged in all senarios. The unompensated revenue losses in senario 1ause a omplete hange in the pattern of fator demand as the government uts its spending28This foreign aid takes about 0.4% of Ukrainian GDP.



11Table 5.1: Aggregate resultsVariable S0 S1 S2 S3Tari� revenue (share of publi budget, in %) 4.03 1.70 1.65 1.66Publi servies provision (hange in %) - -1.93 0.00 0.00Indiret tax rate (weighted average, in %) 13.15 13.15 13.70 13.15Prie index for households' onsumption omposites (hangein %):- Urban households - -0.41 0.07 -0.39- Rural households - -0.47 0.10 -0.44- Urban poor households - -0.40 0.05 -0.37- Rural poor households - -0.44 0.08 -0.42Real GDP (hange in %) - 0.00 0.00 0.00Real fator return (hange in %):- Return to apital - 0.23 -0.08 0.10- Return to setor-spei� apital in mining (a04) - 1.18 0.74 0.51- Return to setor-spei� apital in pipeline transit (a24P) - 0.66 0.00 0.25- Wage rate for unskilled labor - 0.22 0.07 0.17- Wage rate for skilled labor - -0.17 0.08 0.19Welfare per household type (Hiksian welfare index, hangein %):- Urban households - 0.48 -0.07 0.55- Rural households - 0.54 -0.09 0.61- Urban poor households - 0.56 0.00 0.50- Rural poor households - 0.69 -0.01 0.60Consumption per household type (UAH bn):- Urban households 273.128 274.453 272.945 274.636- Rural households 96.059 96.579 95.971 96.644- Urban poor households 33.717 33.905 33.717 33.884- Rural poor households 26.715 26.898 26.712 26.876Aggregate exports (UAH bn) 323.205 329.661 328.438 326.785Aggregate imports (UAH bn) 364.373 370.829 369.606 370.658Aggregate exports (hange in %) - 2.00 1.62 1.11Aggregate imports (hange in %) - 1.77 1.44 1.72Additional foreign aid (UAH bn) - - - 2.699for the provision of servies suh as publi administration (a32), eduation (a33), health areand soial assistane (a34).29 This means a strong derease of output30 and, onsequently, offator demand in these setors, whih onstitute the skilled labor-intensive prodution aordingto Tables A.3 and A.2.31 That is why the wage rate for skilled labor dereases in senario 1by 0.17% while unskilled labor and apital reeive higher fator returns of nearly 0.2%. In theseond senario, a shift in fator demand with unhanged publi spending leads to a derease ofthe return to apital by 0.08%, while labor remuneration grows slightly by 0.07% for unskilledand by 0.08% for skilled labor meaning that apital would lose in this ase. The higher returnsto labor (skilled and unskilled) ompared to the return to apital in the third senario togetherwith fator remuneration results of senario 2 indiate a deepening of Ukraine's speialization in29These setors aount for 82.8% of government spending (see Table A.4).30See Figure 5.2 or Table A.5.31Table A.3 indiates labor intensity for the three aforementioned setors and Table A.2 shows that the skilledlabor demand is muh higher in these industries ompared to the unskilled labor type. These let us to onludethat publi servies are haraterized by skilled labor-intensive prodution.



12the prodution of labor-intensive goods after trade liberalization.32When interpreting the results onerning welfare, di�ering and partly opposing e�ets shouldbe taken into onsideration. Inreases in fator remuneration and redued onsumer priesare expeted to stimulate onsumption. In ontrast, higher onsumer pries and redued fatorreturns should have a negative impat on welfare. Therefore, the question whih e�et dominatesshould be answered separately for eah of the senarios. The only welfare reduing e�et insenario 1 is the dereasing wage rate for skilled labor. Nonetheless, the positive e�ets prevailand the non-poor households' welfare is raised on average by 0.51%, whereas for poor householdsa somewhat higher welfare inrease (on average 0.63%) is found. In senario 2, the reduedreturn to apital and the negative e�et of higher onsumer pries dominate and our simulationsuggests no hange (for urban poor households) or even a small redution of onsumption bynearly 0.08% for non-poor and by approximately 0.01% for rural poor households. The strongernegative welfare e�et of non-poor households is aused by their higher tax burden ompared tothe poor household types.33 In ase of senario 3, all e�ets point in the same diretion. Thereis a positive e�et resulting from redued onsumer pries and all fators of prodution gain ahigher return ompared to the benhmark senario. These lead to an inrease in onsumptionand welfare of all household types. For non-poor households the average inrease amounts to0.58% and the respetive value for the poor ones is 0.55%.Not surprisingly, the strongest e�et of the tari� elimination ours in the foreign trade �owsof Ukraine. Aggregate imports rise in all senarios by up to 1.77% (S1) and stimulate an inreaseof exports in the range from 1.11% to 2%. Senario 3 shows a somewhat lower rise of exportsbeause foreign aid provides the eonomy with additional foreign urreny needed for the purhaseof inreased imports.Despite of hanges in aggregate imports and exports, the fundamental trade struture ofUkraine with the model-spei� regions remains almost unhanged as illustrated in Figure 5.1.This means that there is no welfare reduing trade diversion as world pries remain unhanged inase of trade liberalization between the EU and Ukraine.34 Nevertheless, the removal of importtari�s between Ukraine and the EU leads to a small inrease of imports from the EU memberountries (EU-15 and EU-12) by 1.37 perentage points on average for all simulations (from38.4% to 39.8%) while the import shares of all other regions deline slightly. The strongest fallin import shares is observed for Russia (by nearly 0.53 perentage points). The results for theexport struture suggest basially unhanged shares for all the regions.5.2 Disaggregate resultsFigure 5.2 and Table A.5 illustrate the hanges in setoral output, imports and exports for thedi�erent simulations. We observe that tari� elimination strongly favors Ukraine's hemial andtextile industries, metallurgy, mining and quarrying and the manufaturing of oke produts.These ativities experiene the strongest output inrease in all simulations while a rise of pro-dution in setors suh as wood industry, mining of oal and peat and other prodution is stillnoteworthy. The output inrease ours in these setors beause they are relatively unproteted32Following the Heksher-Ohlin and Stolper-Samuelson theorems, see Feenstra [2004℄, p. 15, 32, 174.33See Table 4.1.34See Kemp & Wan [1976℄, Feenstra [2004℄, p.192-196 and WTO [2011℄, p. 100-102.



13Figure 5.1: Regional struture of Ukrainian foreign trade
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in the benhmark (see Table 4.3) and bene�t from lower pries for intermediate goods whihtake over 50% of their total inputs (see Table A.2). Moreover, these winning setors (exept formanufature of oke produts and mining of oal) are export-oriented (see Table A.2) and gainadditionally from trade liberalization beause the tari�-elimination-indued demand for importsleads to a foreign exhange out�ow and, onsequently, to a stimulation of exports. In additionto the aforementioned ativities, hotels and restaurants bene�t mostly among the servie setorsin eah senario beause this setor is initially unproteted, exports nearly 51% of its output andgains from the elimination of the highest import tari� (13.66%) in the food industry (i.e. heaperintermediate inputs). On the other hand, food-proessing and prodution of non-metalli mineralproduts, agriulture, �shery and petroleum re�nement redue their output in all simulationsbeause of a high initial level of protetion and low export shares. Conerning servies, thereis only in senario 1 a strong output derease in publi servies, eduation, health are andsoial assistane, leisure ativities, streets leaning as well as in researh and development whatis driven by strongly redued publi spending in these setors35 due to the non-ompensatedrevenue losses.The development of exports and imports re�ets the results for the output hanges. Tari� re-moval leads to a rise of imports in the initially proteted setors (from agriulture up to eletrienergy) and aross all senarios36. Food-proessing, prodution of non-metalli mineral produts35See Table A.7.36Exept prodution of hydroarbons in senario 2 where we observe a slight derease of imports beause of prie



14and agriulture have the highest degree of protetion in the benhmark and are thus on the top ofthe import inreasing setors. This rise of import demand is aompanied in eah simulation byan inrease of exports in hemial and textile industry, metallurgy, wood industry, other produ-tion, mining and quarrying, mahine building, and manufature of oke produts. In ontrast,setors as food-proessing, prodution of non-metalli mineral produts, petroleum re�nement,agriulture and �shery redue their exports in every simulation. Conerning foreign trade inservies, the hanges in imports and exports are small as all servie ativities are unprotetedin the benhmark equilibrium. Nevertheless, hotels and restaurants as well as onstrution37onstitute exeptions with a strong rise of exports by up to 1.72% and 1.44% (S1), respetively.Moreover, the aforementioned servies with the dereased output experiene also a deline ofimports and exports in senario 1 beause of uts in publi spending.The foreign trade results underline the speialization of Ukraine in labor-intensive goods asthe majority of ativities with inreased exports produe with intensive use of labor inputs. Asshown in Table A.3, these inlude hemial industry, metallurgy, wood industry, other prodution,mahine building and manufature of oke produts. On the other hand, losing setors suhas food-proessing, petroleum re�nement and agriulture are haraterized by apital-intensiveprodution.38 Hene, these results on�rm the theoretial expetations that Ukraine, whih isabundantly endowed with labor and poor in apital endowments, speializes in labor-intensivegoods on world markets.The results on fator and intermediate demand are presented in Table A.6 and are onsistentwith the output hanges. The setors with extended prodution after simulations raise theirfator and intermediate demand as the rise of output needs an inreased fator and intermediateinput. On the ontrary, demand for prodution fators and intermediate produts delines inthe setors losing from trade liberalization39.Slightly inonsistent results aross senarios are observed in suh industries as forestry andprodution of hydroarbons. These setors redue their output and exports only in senario3, while imports rise. This phenomenon is related to the stronger import inrease beause ofadditional foreign aid in senario 3. Moreover, we also observe some di�erenes in pries, whihlead to the presented results. In partiular, import pries fall beause of tari� elimination,but domesti supply pries rise in these industries beause of inreased fator remuneration.40Conerning the third simulation, one noties that output hanges for the initially protetedsetors41 are lower ompared to the other senarios. The reason is the additional foreign urrenyprovided with the foreign aid whih allows for inreased import demand without a strong inreaseof exports and output.hanges in this setor: the relative import prie of hydroarbons remains almost unhanged while the relativedomesti supply prie dereases.37Constrution gains from the elimination of import tari�s for non-metalli mineral produts (initial value 7,07%)whih allows for higher output and exports.38Our data do not onsider land as a separate prodution fator. This means that apital inludes also land asan input for prodution.39The strongest fall of fator and intermediate demand is observed in food-proessing and prodution of non-metalli mineral produts, agriulture, �shery and petroleum re�nement.40These setors use muh more labor and apital than intermediate inputs for prodution (see Table A.2), so thatdomesti supply pries inrease with higher fator remuneration.41These inlude the ativities from agriulture up to eletri energy and heat supply.
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Figure 5.2: Disaggregate results (hange in %)
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165.3 Robustness and sensitivity analysisTo hek the robustness of our results with respet to the underlying data and elastiity valueswe repeated our simulations with some hanges. First of all, we onduted the ounterfatualexperiments with the data for 2004 examining whether the benhmark year 2007 was a represen-tative year and if the hoie of another base year before the world eonomi risis would have ledto signi�antly di�erent results. Table 5.2 shows that the di�erene between the results is smallor even negligible.42 This on�rms the robustness of our results and supports the general expe-riene in CGE modeling that the hoie of the base year has a minor impat on the robustnessof simulation results.43Table 5.2: Simulation results for di�erent base yearsVariable S0 S1 S2 S32007 2004 2007 2004 2007 2004Welfare per household type (Hiksian welfare in-dex, hange in %):- Urban households - 0.48 0.53 -0.07 -0.13 0.55 0.57- Rural households - 0.54 0.59 -0.09 -0.13 0.61 0.62- Urban poor households - 0.56 0.65 0,00 -0.07 0.50 0.54- Rural poor households - 0.69 0.86 -0.01 0.01 0.60 0.70Prie index for Households' onsumption ompos-ites (hange in %):- Urban households - -0.41 -0.31 0.07 0.18 -0.39 -0.30- Rural households - -0.47 -0.36 0.1 0.17 -0.44 -0.36- Urban poor households - -0.4 -0.29 0.05 0.23 -0.37 -0.29- Rural poor households - -0.44 -0.33 0.08 0.23 -0.42 -0.33For examining the sensitivity of the represented results with respet to the elastiities ofsubstitution and transformation we ran 1000 simulations for eah senario with randomly de�nedelastiity values taken from normal distribution entered at the initially assumed levels.44 Inpartiular, the elastiity of substitution between import origins (esreg) is hosen within theinterval from 0.00001 to 6.0, while the Armington elastiity of substitution between imports anddomesti goods (esdm) as well as the elastiity of transformation between domesti produts andexports (etdx) range from 0.0000145 to 10.0.46 Furthermore, in every simulation we allow for arandom ombination of the aforementioned elastiities.Table 5.347 summarizes the results of this robustness hek for some maroeonomi aggregates.42The only qualitative di�erene ours in senario 2 for rural poor households whih inrease their onsumptionby 0.01% in omparison with the redution by 0.01% before. The reason is the bene�t of these householdsfrom the higher inrease (+0.22%) of the wage rate for unskilled labor (the sole prodution fator they areendowed with) in 2004.43See Jensen et al. [2005℄, p. 25.44A omparable sensitivity analysis an be found in Jensen & Tarr [2011℄.45This value is hosen beause Armington elastiities of zero are not theoretially possible.46We have also tested the elastiity of transformation between export destinations (etreg) but there is no in�ueneon the welfare hanges and other maroeonomi results.47All reported results exept for deviations and trade �ows are represented as raw simulation results and showhanges relative to the benhmark values of 1.



17For eah variable and senario we report the minimum, maximum and mean value out of 1000simulations, the lower and upper bound of the 95% on�dene interval.48 In addition, the tableinludes our initial simulation value and its relation to the on�dene band as well as the relativedeviation of the minimum and maximum values in the robustness hek from the initial result.We �nd that all our simulation results lie within the 95% on�dene interval and the robustnesshek values spread within an interval of less than 5% around the initial ones. Consequently, weonsider our results to be robust with respet to the elastiity values. Nevertheless, the reportedvariables are more sensitive to di�erent elastiity ombinations in ase of tari� elimination withendogenous adjustment of indiret taxes (senario 2), as the lower and upper bound of theon�dene interval suggest both, a possible derease and inrease of the prie indies and welfarelevels of the poor household types. This means that suh a tari� reform as a soure of fundsfor trade liberalization ould lead to small positive or even negative welfare e�ets for poorhouseholds depending on substitutability and transformability of Ukrainian goods with foreignones.

48The 95% on�dene interval is alulated for eah senario separately on the basis of robustness heks.
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Table 5.3: Robustness heksHiksian welfare index per household type Prie index per household type Prie index Trade �ows (UAH bn)urban rural urban poor rural poor urban rural urban poor rural poor for government exports imports

S1 Min. value 1.0041 1.0046 1.0043 1.0059 0.9932 0.9927 0.9932 0.9929 0.9962 324.5345 365.7025Max. value 1.0053 1.0060 1.0069 1.0079 0.9981 0.9975 0.9984 0.9978 1.0000 334.9774 376.1454Mean value 1.0048 1.0054 1.0056 1.0068 0.9959 0.9953 0.9960 0.9956 0.9985 328.9800 370.1480Lower bound of the on�deneinterval (95%) 1.0043 1.0048 1.0045 1.0061 0.9937 0.9932 0.9937 0.9934 0.9967 325.2974 366.4654Upper bound of the on�deneinterval (95%) 1.0052 1.0059 1.0066 1.0076 0.9978 0.9972 0.9981 0.9975 0.9998 333.5936 374.7616Simulation value 1.0048 1.0054 1.0056 1.0069 0.9959 0.9953 0.9960 0.9956 0.9986 329.6608 370.8288Simulation value within theon�dene interval + + + + + + + + + + +Min. deviation 0.0007 0.0008 0.0013 0.0010 0.0027 0.0026 0.0028 0.0027 0.0023 0.0156 0.0138Max. deviation 0.0004 0.0006 0.0013 0.0010 0.0023 0.0022 0.0024 0.0022 0.0014 0.0161 0.0143

S2 Min. value 0.9988 0.9985 0.9982 0.9986 0.9976 0.9979 0.9973 0.9978 0.9987 323.3970 364.5650Max. value 0.9999 0.9997 1.0018 1.0010 1.0035 1.0037 1.0033 1.0036 1.0027 333.6468 374.8148Mean value 0.9993 0.9991 1.0000 0.9998 1.0007 1.0010 1.0005 1.0009 1.0010 327.7669 368.9349Lower bound of the on�deneinterval (95%) 0.9989 0.9986 0.9984 0.9987 0.9981 0.9984 0.9979 0.9983 0.9990 324.0303 365.1983Upper bound of the on�deneinterval (95%) 0.9998 0.9996 1.0014 1.0008 1.0032 1.0034 1.0030 1.0033 1.0025 332.2926 373.4606Simulation value 0.9993 0.9991 1.0000 0.9999 1.0007 1.0010 1.0005 1.0008 1.0010 328.4381 369.6061Simulation value within theon�dene interval + + + + + + + + + + +Min. deviation 0.0005 0.0006 0.0018 0.0013 0.0031 0.0030 0.0032 0.0031 0.0023 0.0153 0.0136Max. deviation 0.0006 0.0006 0.0017 0.0011 0.0028 0.0027 0.0028 0.0028 0.0017 0.0159 0.0141

S3 Min. value 1.0048 1.0053 0.9933 1.0053 0.9935 0.9931 0.9935 0.9932 0.9982 323.3970 364.5650Max. value 1.0160 1.0183 1.0063 1.0116 1.0390 1.0366 1.0404 1.0382 1.0437 333.6468 374.8148Mean value 1.0056 1.0061 1.0049 1.0060 0.9963 0.9958 0.9964 0.9960 1.0004 327.7669 368.9349Lower bound of the on�deneinterval (95%) 1.0050 1.0055 1.0037 1.0054 0.9940 0.9936 0.9941 0.9938 0.9985 324.0303 365.1983Upper bound of the on�deneinterval (95%) 1.0060 1.0067 1.0060 1.0067 0.9985 0.9978 0.9987 0.9981 1.0021 332.2926 373.4606Simulation value 1.0055 1.0061 1.0050 1.0060 0.9961 0.9956 0.9963 0.9958 1.0003 328.4381 369.6061Simulation value within theon�dene interval + + + + + + + + + + +Min. deviation 0.0007 0.0008 0.0117 0.0007 0.0027 0.0025 0.0028 0.0026 0.0020 0.0153 0.0136Max. deviation 0.0105 0.0122 0.0014 0.0055 0.0430 0.0412 0.0443 0.0425 0.0434 0.0159 0.0141



196 Summary and poliy impliationsThe simulation of trade liberalization between Ukraine and the EU on�rms that it is indeedimportant to onsider the osts of liberalization. Inluding di�erent possibilities to ompensatethe loss in tari� revenues in a CGE model we alulate the e�ets of Ukraine liberalizing itstrade with the EU unilaterally.Brie�y summarized, we obtain the following results: while real GDP is almost una�eted inall senarios, welfare e�ets di�er signi�antly ranging from -0.09% to 0.69%, depending on themode of ompensation. These di�erenes are mainly driven by the rise of the onsumer pries re-sulting from an inrease in the indiret tax rate in senario 2. As this is ruled out by assumptionin the other senarios, the tari� elimination would be welfare enhaning in the unompensatedsenario (S1) and the aid-ompensated senario (S3), even though the magnitude varies. Thisre�ets the realloation of fators aross setors and the related hange in demand and remunera-tion of prodution fators, whih turn out di�erently in S1 and S3. Despite these di�ering resultsafter the trade liberalization, an overall deepening of Ukraine's speialization in the produtionof labor-intensive goods an be identi�ed. The majority of setors, whih gain from trade lib-eralization beause of an inrease in prodution and exports, are labor-intensive. Among theseare the hemial industry, metallurgy, wood industry, mahine building and manufature of okeproduts. Regarding trade, these setors bene�t from the tari�-elimination-indued demand forimports whih leads to a stimulation of exports. The strongest e�et of the tari� eliminationgenerally ours in the foreign trade �ows of Ukraine. At the same time the fundamental tradestruture remains almost unhanged.Most previous studies on trade liberalization of Ukraine do not expliitly state how liberaliza-tion ost ompensation is modeled. Moreover, the results di�er signi�antly. Pavel et al. [2004℄,Jensen et al. [2005℄, Harbuzyuk & Lutz [2008℄, Maliszewska et al. [2009℄, Eorys & CASE-Ukraine[2007℄ predit positive welfare e�ets (3-5%) whereas unhanged or even slightly lower welfarelevels for Ukraine are found by Emerson et al. [2006℄, Franois & Manhin [2009℄. Our analysissuggests that one possible reason for the diverging results onsists in di�erent assumptions aboutthe endogenous adjustments after trade liberalization. Aording to our simulations, negative aswell as positive welfare e�ets an result depending on the senario. Though, our results di�erin terms of magnitude from those found in the previous literature probably beause most of thestudies mentioned above use data on import tari�s applied before Ukraine's WTO aession.This suggests that the elimination of already redued tari� rates after Ukraine's WTO aessiongenerates no or only slightly positive welfare gains beause of the initially low level of protetion.Our results are quite sensitive with respet to hanges in �sal poliy. In partiular, in S2 thepositive e�ets of the tari� elimination are more than outweighed by the negative e�ets fromthe endogenous inrease in indiret taxes. This highlights the fat that the government shouldbe prudent in funding the liberalization osts by means of an inrease in tax rates.Although we fous only on the e�ets of a simple EU-Ukraine FTA, the ontrating partiesare in fat negotiating a DCFTA. This would imply even higher osts of trade liberalizationfor Ukraine and the question of how to deal with this problem would be even more important.Compensating these osts with foreign aid, as assumed in our senario 3, would enable Ukraineto gain even higher positive welfare e�ets as a result of a DCFTA with the EU.
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22Appendix Table A.1: Countries' aggregation into trading regionsRegion Country Region Country1. EU-15 5. AsiaAustria ChinaBelgium IndiaDenmark IndonesiaFinland IranFrane IsraelGermany JapanGreee LebanonIreland South KoreaItaly SyriaLuxembourg TurkeyNetherlands United Arab EmiratesPortugal VietnamSpain JordanSweden MalaysiaUK PakistanSingaporeThailandSaudi Arabia2. EU-12 6. AfriaEstonia AlgeriaLatvia EgyptLithuania TunisiaCzeh Republi LibyaHungary GhanaPoland MaorooSlovakia NigeriaSloveniaCyprusMaltaBulgariaRomania3. Other Europe 7. AmeriaBosnia and Herzegovina ArgentinaCroatia BrazilMaedonia CanadaSerbia USASwitzerland MexioNorway Br. Virgin IslandsAlbania4. CIS 8. RussiaArmenia Russian FederationAzerbaijanBelarus 9. Rest of the worldGeorgia All other ountriesKazakhstanKyrgyzstanMoldovaTajikistanTuekmenistanUzbekistan
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Table A.2: Initial input and output struture of prodution setorsSetor Input (in %) Output (in %)Intermediate Capital Setor-spei� Skilled Unskilled Depreiation Total Domesti Exports Totaldemand demand apital demand labor demand labor demand salesa01 Agriulture 58.23 31.63 0.00 3.55 5.68 0.92 100 92.45 7.55 100a02 Forestry 39.34 7.27 0.00 27.10 26.28 0.00 100 67.63 32.37 100a03 Fishing 72.08 9.94 0.00 8.22 9.76 0.00 100 97.22 2.78 100a04 Mining of oal and peat 38.85 0.00 15.98 25.71 19.27 0.18 100 93.48 6.52 100a05 Prodution of hydroarbons 25.24 46.57 0.00 16.11 12.08 0.00 100 92.99 7.01 100a06 Mining and quarrying 51.85 27.40 0.00 10.62 7.96 2.16 100 73.09 26.91 100a07 Food-proessing 73.86 10.95 0.00 7.35 5.51 2.34 100 78.33 21.67 100a08 Textile industry 47.51 20.68 0.00 12.07 9.05 10.69 100 28.80 71.20 100a09 Wood industry 73.36 9.03 0.00 10.07 7.54 0.00 100 71.20 28.80 100a10 Manufature of oke produts 77.11 13.87 0.00 4.00 3.00 2.02 100 95.79 4.21 100a11 Petroleum re�nement 87.90 4.46 0.00 4.37 3.27 0.00 100 78.97 21.03 100a12 Chemial industry 78.83 9.92 0.00 6.43 4.82 0.00 100 46.33 53.67 100a13 Other non-metalli produts 71.04 11.06 0.00 10.23 7.67 0.00 100 91.39 8.61 100a14 Metallurgy. metal proessing 77.76 8.55 0.00 7.61 5.71 0.36 100 39.24 60.76 100a15 Mahine building 73.47 9.43 0.00 9.77 7.32 0.00 100 55.08 44.92 100a16 Other prodution 70.34 6.69 0.00 10.27 7.70 4.99 100 76.60 23.40 100a17 Eletri energy. heat supply 64.04 15.02 0.00 13.72 7.22 0.00 100 95.91 4.09 100a18 Gas supply 45.76 9.08 0.00 29.59 15.57 0.00 100 99.93 0.07 100a20 Water supply 60.50 0.68 0.00 25.43 13.39 0.00 100 99.61 0.39 100a21 Constrution 68.41 8.89 0.00 11.67 11.04 0.00 100 99.22 0.78 100a22 Trade and repair ativities 72.46 17.46 0.00 7.07 3.01 0.00 100 99.65 0.35 100a23 Hotels and restaurants 55.74 26.38 0.00 11.21 6.67 0.00 100 49.08 50.92 100a24 Transport 56.25 18.11 0.00 13.73 11.91 0.00 100 96.23 3.77 100a25 Post and teleommuniations 47.58 30.69 0.00 14.08 7.65 0.00 100 90.10 9.90 100a26 Finanial ativities 31.18 36.05 0.00 29.96 2.81 0.00 100 96.10 3.90 100a27 Real estate ativities 42.89 42.22 0.00 10.20 4.69 0.00 100 97.15 2.85 100a28 Renting 36.76 51.16 0.00 8.28 3.81 0.00 100 91.90 8.10 100a29 Computer and related ativities 53.43 23.93 0.00 15.51 7.13 0.00 100 84.67 15.33 100a30 Researh and development 22.43 9.26 0.00 53.82 8.18 6.32 100 79.97 20.03 100a31 Other business ativities 51.90 18.89 0.00 20.01 9.20 0.00 100 93.41 6.59 100a32 Publi administration 26.09 3.84 0.00 64.17 5.90 0.00 100 99.77 0.23 100a33 Eduation 26.91 7.25 0.00 54.39 11.46 0.00 100 99.46 0.54 100a34 Health are and soial assistane 35.73 8.37 0.00 42.73 13.17 0.00 100 98.59 1.41 100a35 Streets leaning. other utilities 55.59 7.38 0.00 20.22 16.81 0.00 100 99.50 0.50 100a36 Soial ativities 46.27 0.71 0.00 28.96 24.07 0.00 100 100.00 0.00 100a37 Leisure ativities 51.07 15.93 0.00 26.53 6.47 0.00 100 89.84 10.16 100a38 Other ativities 34.24 45.17 0.00 16.56 4.03 0.00 100 87.52 12.48 100a24P Pipeline transit 81.24 0.00 9.93 4.73 4.10 0.00 100 0.00 100.00 100



24Table A.3: Fator intensity of prodution setorsSetor Capital demand (%) Labor demand (%) Fator intensity∗a01 Agriulture 70.1 29.9 apitala02 Forestry 21.9 78.1 labora03 Fishing 44.0 55.9 labora04 Mining of oal and peat 30.7 69.4 labora05 Prodution of hydroarbons 59.5 40.5 apitala06 Mining and quarrying 53.6 46.4 apitala07 Food-proessing 54.1 45.9 apitala08 Textile industry 50.7 49.3 apitala09 Wood industry 38.6 61.4 labora10 Manufature of oke produts 40.4 59.6 labora11 Petroleum re�nement 55.1 44.9 apitala12 Chemial industry 48.9 51.1 labora13 Other non-metalli produts 44.9 55.1 labora14 Metallurgy. metal proessing 44.2 55.8 labora15 Mahine building 41.4 58.7 labora16 Other prodution 38.0 62.0 labora17 Eletri energy. heat supply 42.6 57.4 labora18 Gas supply 31.5 68.5 labora20 Water supply 24.8 75.2 labora21 Constrution 39.6 60.4 labora22 Trade and repair ativities 58.1 41.9 apitala23 Hotels and restaurants 56.0 44.0 apitala24 Transport 46.1 53.9 labora25 Post and teleommuniations 54.8 45.2 apitala26 Finanial ativities 51.4 48.6 apitala27 Real estate ativities 63.7 36.3 apitala28 Renting 72.2 27.8 apitala29 Computer and related ativities 48.5 51.5 labora30 Researh and development 19.2 80.8 labora31 Other business ativities 42.6 57.4 labora32 Publi administration 13.8 86.2 labora33 Eduation 17.2 82.8 labora34 Health are and soial assistane 23.3 76.7 labora35 Streets leaning. other utilities 29.1 70.9 labora36 Soial ativities 23.2 76.8 labora37 Leisure ativities 36.6 63.4 labora38 Other ativities 62.7 37.3 apitala24P Pipeline transit 46.1 53.9 labor
∗ The alulation of fator intensity for the model spei� setors aounts also for fator intensityof intermediate produts (up to three stages).
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Table A.4: Consumption shares (in %)Setor ConsumerHouseholds Governmenturban rural urban poor rural poora01 Agriulture 10.54 9.19 12.90 7.98 0.90a02 Forestry 0.09 0.64 0.24 0.62 0.22a03 Fishing 1.67 1.64 1.73 1.28 0.00a04 Mining of oal and peat 0.09 0.64 0.24 0.62 0.17a05 Prodution of hydroarbons 0.50 1.45 0.34 1.29 0.75a06 Mining and quarrying 0.00 0.00 0.00 0.00 0.00a07 Food-proessing 40.97 42.36 48.78 36.49 0.28a08 Textile industry 7.23 7.72 6.58 6.20 0.32a09 Wood industry 0.54 0.44 0.50 0.31 0.03a10 Manufature of oke produts 0.09 0.64 0.24 0.62 0.00a11 Petroleum re�nement 0.41 0.59 0.12 0.23 0.02a12 Chemial industry 2.49 3.29 2.24 1.87 0.10a13 Other non-metalli produts 0.64 1.07 0.24 0.30 0.00a14 Metallurgy. metal proessing 0.62 1.06 0.22 0.28 0.00a15 Mahine building 3.40 4.31 1.17 1.17 0.46a16 Other prodution 1.47 2.24 0.69 1.31 0.02a17 Eletri energy. heat supply 4.31 1.71 5.94 1.96 1.68a18 Gas supply 1.53 2.51 3.70 2.18 0.12a20 Water supply 0.66 0.24 1.25 0.31 0.25a21 Constrution 1.55 1.84 0.28 0.34 0.00a22 Trade and repair ativities 0.44 0.70 0.11 0.10 0.01a23 Hotels and restaurants 2.66 1.24 1.07 0.56 0.20a24 Transport 1.71 1.11 1.36 0.56 3.18a25 Post and teleommuniations 2.75 1.67 2.56 1.01 0.17a26 Finanial ativities 5.70 7.84 1.90 2.96 0.00a27 Real estate ativities 1.36 0.23 1.34 0.05 1.93a28 Renting 1.39 0.08 0.80 0.06 0.00a29 Computer and related ativities 0.00 0.00 0.00 0.00 0.01a30 Researh and development 0.00 0.00 0.00 0.00 2.63a31 Other business ativities 0.00 0.00 0.00 0.00 0.11a32 Publi administration 0.00 0.00 0.00 0.00 31.08a33 Eduation 1.61 0.93 1.18 0.47 29.31a34 Health are and soial assistane 1.23 1.61 0.99 0.78 22.44a35 Streets leaning. other utilities 0.40 0.03 0.66 27.64 0.92a36 Soial ativities 0.00 0.00 0.00 0.00 0.00a37 Leisure ativities 1.04 0.22 0.23 0.11 2.68a38 Other ativities 0.90 0.76 0.42 0.32 0.01Total 100 100 100 100 100



26

Table A.5: Disaggregate resultsSetor Changes relative to benhmark (in %)Output Exports ImportsS1 S2 S3 S1 S2 S3 S1 S2 S3a01 Agriulture -1.19 -1.34 -1.04 -0.78 -0.78 -0.47 6.62 6.28 6.59a02 Forestry 0.22 0.14 -0.08 0.32 0.07 -0.47 2.70 2.99 3.39a03 Fishing -0.87 -1.22 -0.97 -0.09 -0.48 -0.41 0.33 0.02 0.47a04 Mining of oal and peat 0.87 0.49 0.24 0.43 0.05 -0.19 1.37 1.00 0.73a05 Prodution of hydroarbons 0.04 0.13 -0.32 -0.34 0.38 -0.72 0.45 -0.13 0.12a06 Mining and quarrying 1.68 1.25 0.58 2.13 1.83 0.92 1.50 0.86 0.59a07 Food-proessing -1.94 -2.49 -1.94 -0.89 -1.32 -0.99 13.45 12.58 13.64a08 Textile industry 1.52 2.85 0.74 3.56 5.24 2.62 3.11 2.48 3.25a09 Wood industry 0.86 0.47 0.44 2.46 1.99 1.75 0.31 0.06 0.38a10 Manufature of oke produts 1.70 1.17 0.57 1.58 1.11 0.45 2.74 2.15 1.62a11 Petroleum re�nement -0.30 -1.15 -0.48 -0.17 -1.52 -0.42 0.98 0.91 0.92a12 Chemial industry 2.96 2.80 2.39 5.68 5.53 4.94 1.60 1.37 1.54a13 Other non-metalli produts -1.69 -1.95 -1.97 -0.78 -1.11 -1.29 9.31 9.10 9.28a14 Metallurgy, metal proessing 2.09 1.47 0.77 2.83 2.11 1.25 1.32 1.11 1.03a15 Mahine building 0.37 0.09 -0.32 2.20 1.94 1.21 1.36 1.01 1.41a16 Other prodution 0.76 0.49 0.40 2.33 1.90 1.64 1.27 1.27 1.42a17 Eletri energy, heat supply 0.41 0.21 0.20 0.42 0.12 0.00 0.39 0.30 0.42a18 Gas supply 0.44 0.19 0.16 0.74 0.24 -0.06 0.14 0.14 0.39a20 Water supply -0.01 -0.10 0.11 0.29 -0.58 -0.17 -0.30 0.40 0.38a21 Constrution 0.37 0.21 0.40 1.44 1.10 1.19 -0.70 -0.69 -0.39a22 Trade and repair ativities 0.39 -0.02 0.23 0.32 0.18 0.04 0.42 -0.26 0.38a23 Hotels and restaurants 1.16 0.83 1.05 1.72 1.34 1.50 -0.55 -0.75 -0.33a24 Transport 0.22 -0.03 0.09 0.22 -0.03 -0.09 0.12 -0.05 0.20a25 Post and teleommuniations 0.19 0.16 0.23 0.64 1.00 0.56 -0.36 -0.87 -0.17a26 Finanial ativities 0.18 0.04 -0.03 0.03 0.13 -0.57 0.33 -0.06 0.56a27 Real estate ativities 0.06 0.10 0.16 -0.01 0.12 0.08 0.14 0.08 0.26a28 Renting 0.15 0.14 0.05 -0.28 0.42 -0.26 0.67 -0.19 0.42a29 Computer and related ativities 0.34 0.28 0.36 0.90 0.87 0.68 -0.42 -0.52 -0.09a30 Researh and development -0.50 0.17 0.11 0.41 0.28 0.07 -1.85 0.01 0.18a31 Other business ativities 0.29 0.03 0.09 0.66 0.43 0.10 -0.13 -0.42 0.08a32 Publi administration -1.62 -0.04 -0.07 -0.86 -0.60 -0.47 -2.36 0.53 0.34a33 Eduation -1.60 -0.11 -0.05 -1.10 -0.81 -0.52 -2.10 0.60 0.43a34 Health are and soial assis-tane -1.45 0.04 0.12 -0.37 0.05 0.47 -2.54 0.03 -0.24a35 Streets leaning, other utilities∗ -0.60 -0.04 0.06 -0.17 -0.46 0.07 -1.02 0.38 0.05a36 Soial ativities 0.13 -0.12 0.09a37 Leisure ativities∗ -0.69 -0.17 -0.08 -0.50 -0.36 -0.46 -0.92 0.07 0.38a38 Other ativities 0.20 0.02 0.21 0.34 0.16 0.29 0.01 -0.17 0.11a24PPipeline transit 0.30 -0.03 0.03 0.30 -0.03 0.03strong negative hanges strong positive hanges
∗a35: sewage, refuse disposal; a37 inludes rereational, entertainment, ultural and sporting ativities.
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Table A.6: Setor-spei� resultsSetor Changes relative to benhmark (in %)Capital demand Skilled labor demand Unskilled labour demand Intermediate demandS1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3a01 Agriulture -1.23 -1.31 -1.02 -0.83 -1.46 -1.11 -1.21 -1.45 -1.09 -1.19 -1.34 -1.04a02 Forestry 0.03 0.27 -0.01 0.44 0.12 -0.10 0.04 0.13 -0.08 0.22 0.14 -0.08a03 Fishing -1.00 -1.12 -0.92 -0.59 -1.28 -1.01 -0.98 -1.27 -0.98 -0.87 -1.22 -0.97a04 Mining of oal and peat 1.36 0.66 0.32 0.96 0.67 0.34 0.87 0.49 0.24a05 Prodution of hydroarbons -0.05 0.19 -0.29 0.35 0.03 -0.38 -0.04 0.04 -0.36 0.04 0.13 -0.32a06 Mining and quarrying 1.58 1.32 0.62 2.00 1.16 0.53 1.60 1.17 0.55 1.68 1.25 0.58a07 Food-proessing -2.07 -2.41 -1.90 -1.67 -2.57 -1.99 -2.06 -2.56 -1.96 -1.94 -2.49 -1.94a08 Textile industry 1.40 2.93 0.78 1.81 2.77 0.69 1.41 2.78 0.72 1.52 2.85 0.74a09 Wood industry 0.71 0.57 0.49 1.11 0.42 0.40 0.72 0.43 0.42 0.86 0.47 0.44a10 Manufature of oke produts 1.62 1.22 0.60 2.03 1.06 0.51 1.63 1.07 0.53 1.70 1.17 0.57a11 Petroleum re�nement -0.45 -1.05 -0.43 -0.05 -1.21 -0.52 -0.44 -1.20 -0.49 -0.30 -1.15 -0.48a12 Chemial industry 2.83 2.88 2.44 3.25 2.72 2.34 2.85 2.73 2.37 2.96 2.80 2.39a13 Other non-metalli produts -1.83 -1.86 -1.92 -1.43 -2.01 -2.01 -1.82 -2.00 -1.98 -1.69 -1.95 -1.97a14 Metallurgy, metal proessing 1.94 1.56 0.82 2.35 1.41 0.73 1.95 1.42 0.75 2.09 1.47 0.77a15 Mahine building 0.22 0.19 -0.27 0.63 0.03 -0.36 0.23 0.04 -0.33 0.37 0.09 -0.32a16 Other prodution 0.58 0.61 0.45 0.99 0.45 0.36 0.60 0.46 0.39 0.76 0.49 0.40a17 Eletri energy, heat supply 0.25 0.29 0.25 0.65 0.14 0.16 0.26 0.15 0.18 0.41 0.21 0.20a18 Gas supply 0.21 0.32 0.23 0.62 0.16 0.14 0.23 0.17 0.16 0.44 0.19 0.16a20 Water supply -0.27 0.05 0.19 0.13 -0.10 0.10 -0.26 -0.09 0.12 -0.01 -0.10 0.11a21 Constrution 0.22 0.32 0.46 0.63 0.16 0.37 0.23 0.17 0.39 0.37 0.21 0.40a22 Trade and repair ativities 0.29 0.04 0.26 0.69 -0.12 0.17 0.30 -0.11 0.19 0.39 -0.02 0.23a23 Hotels and restaurants 1.06 0.89 1.08 1.47 0.73 0.99 1.07 0.74 1.02 1.16 0.83 1.05a24 Transport 0.09 0.06 0.14 0.49 -0.09 0.05 0.10 -0.09 0.07 0.22 -0.03 0.09a25 Post and teleommuniations 0.08 0.22 0.27 0.49 0.06 0.18 0.09 0.07 0.20 0.19 0.16 0.23a26 Finanial ativities 0.00 0.12 0.01 0.41 -0.04 -0.08 0.01 -0.03 -0.05 0.18 0.04 -0.03a27 Real estate ativities -0.01 0.14 0.19 0.40 -0.02 0.10 0.00 -0.01 0.12 0.06 0.10 0.16a28 Renting 0.10 0.17 0.07 0.51 0.01 -0.02 0.11 0.02 0.00 0.15 0.14 0.05a29 Computer and related ativities 0.20 0.35 0.40 0.61 0.19 0.31 0.21 0.20 0.33 0.34 0.28 0.36a30 Researh and development -0.81 0.30 0.19 -0.40 0.15 0.10 -0.79 0.16 0.12 -0.50 0.17 0.11a31 Other business ativities 0.12 0.12 0.14 0.53 -0.03 0.05 0.13 -0.02 0.07 0.29 0.03 0.09a32 Publi administration -1.96 0.11 0.02 -1.56 -0.05 -0.07 -1.95 -0.04 -0.05 -1.62 -0.04 -0.07a33 Eduation -1.90 0.03 0.03 -1.50 -0.13 -0.06 -1.89 -0.12 -0.04 -1.60 -0.11 -0.05a34 Health are and soial assistane -1.71 0.17 0.19 -1.31 0.02 0.10 -1.70 0.03 0.13 -1.45 0.04 0.12a35 Streets leaning, other utilities∗ -0.78 0.08 0.13 -0.38 -0.07 0.04 -0.77 -0.06 0.06 -0.60 -0.04 0.06a36 Soial ativities -0.09 0.03 0.17 0.31 -0.13 0.08 -0.08 -0.12 0.10 0.13 -0.12 0.09a37 Leisure ativities∗ -0.91 -0.06 -0.02 -0.50 -0.22 -0.11 -0.89 -0.21 -0.09 -0.69 -0.17 -0.08a38 Other ativities 0.09 0.06 0.24 0.50 -0.09 0.15 0.11 -0.08 0.17 0.20 0.02 0.21a24P Pipeline transit 0.83 -0.08 0.06 0.43 -0.07 0.08 0.30 -0.03 0.03
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Table A.7: Publi spending (UAH bn)Setor Benhmark ChangesS0 S1 S2 S3b01 Agriulture 1.1630 -0.0224 0.0032 0.0024b02 Forestry 0.2800 -0.0057 0.0003 -0.0002b03 Fishing 0.0000 0.0000 0.0000 0.0000b04 Mining of oal and peat 0.1849 -0.0039 -0.0012 -0.0001b05 Prodution of hydroarbons 0.7818 -0.0163 -0.0059 0.0001b06 Mining and quarrying 0.0000 0.0000 0.0000 0.0000b07 Food-proessing 0.3128 -0.0050 0.0000 0.0016b08 Textile industry 0.3700 -0.0030 0.0038 0.0048b09 Wood industry 0.0360 -0.0006 0.0000 0.0001b10 Manufature of oke produts 0.0000 0.0000 0.0000 0.0000b11 Petroleum re�nement 0.0220 -0.0004 -0.0001 0.0000b12 Chemial industry 0.1179 -0.0011 0.0010 0.0014b13 Other non-metalli produts 0.0030 0.0000 0.0000 0.0000b14 Metallurgy. metal proessing 0.0050 -0.0001 0.0000 0.0000b15 Mahine building 0.5338 -0.0068 0.0025 0.0043b16 Other prodution 0.0190 -0.0003 0.0000 0.0001b17 Eletri energy. heat supply 1.7160 -0.0355 -0.0142 -0.0002b18 Gas supply 0.1250 -0.0025 -0.0007 0.0000b20 Water supply 0.2660 -0.0054 -0.0019 -0.0001b21 Constrution 0.0000 0.0000 0.0000 0.0000b22 Trade and repair ativities 0.0170 -0.0004 -0.0001 0.0000b23 Hotels and restaurants 0.2430 -0.0047 -0.0003 0.0003b24 Transport 4.0790 -0.0845 0.0033 0.0000b25 Post and teleommuniations 0.2090 -0.0041 0.0002 0.0002b26 Finanial ativities 0.0000 0.0000 0.0000 0.0000b27 Real estate ativities 2.4060 -0.0502 -0.0008 0.0003b28 Renting 0.0000 0.0000 0.0000 0.0000b29 Computer and related ativities 0.0090 -0.0002 0.0000 0.0000b30 Researh and development 3.3970 -0.0636 0.0042 0.0006b31 Other business ativities 0.1380 -0.0028 0.0002 0.0000b32 Publi administration 40.0770 -0.7725 -0.0039 -0.0198b33 Eduation 37.8030 -0.7456 -0.0158 -0.0250b34 Health are and soial assistane 28.9320 -0.5374 0.0294 0.0289b35 Streets leaning. other utilities 1.1880 -0.0236 0.0001 0.0004b36 Soial ativities 0.0000 0.0000 0.0000 0.0000b37 Leisure ativities 3.4470 -0.0702 0.0020 -0.0015b38 Other ativities 0.0130 -0.0003 0.0000 0.0000b24P Pipeline transit 0.0000 0.0000 0.0000 0.0000
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