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   Estimation of Tariff Elasticity of Imports in Ukraine
   by Iuliia Polietaieva
   Head of the State Examination Committee: Mr. Serhiy Korablin
   Economist, National Bank of Ukraine
   Proposed work calculates tariff elasticity of imports by means of
   gravity equation. Model estimation provides coefficient near tariff
   rate, which is used afterwards together with average tariff to derive
   the value of imports elasticity equal to 20.77%. The estimation is
   done for the 202 countries, that were importing 1208 product groups to
   Ukraine during 2002-2005. The data about tariffs for 2002 are used to
   approximate the tariff rates in 2003 and 2004 by inspecting amendments
   made during those years to Ukrainian law about Custom Tariff. First
   estimation is done by ordinary least squares, further dummies for the
   year, country, product group are introduced to inspect the influence
   of each of the named category.
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   Chapter 1
   INTRODUCTION
   ============
   In the year 2005 Ukrainian import tariffs were substantially reduced,
   the average rate fell from 7.61% to 5.25% if compared to 2002.1 At the
   same time the volume of Ukrainian foreign trade has been growing and
   in the second half of the year 2005 the import growth rate exceeded
   the growth rate of exports. Therefore, in august 2005 Ukraine for the
   first time after the year 2000 faced trade deficit that is still
   growing and for the first two month of 2007 amounted to 1,38 bln USD2
   The important observation here is that during the year 2005 the growth
   rate of imports has increased and the purpose of the paper is to find
   out to what extend this surge could be explained by changes in tariffs
   rates on imports.
   In order to answer the stated question simple gravity model framework
   is used, which relates import flows to Ukraine to GDP of the trading
   partner, distance to the country of origin and import tariff rate. In
   order to capture country specific characteristics such as language
   spoken, institutional development, endowment with natural resources
   etc country dummies are included in the model. As trade partners are
   considered all countries from which Ukraine purchased some goods in
   the time period under consideration. Usually gravity models include
   GDPs of both trading parties, while in the proposed research Ukrainian
   GDP is not included, because it is constant for all partners within
   the year and its effect should be captured by year dummy.
   The coefficient near partner’s GDP is expected to have positive sign,
   as long as the theory suggests that large scale economies trade more.
   The coefficients near distance and import tariff are expected. The
   reason for this assumption also comes from the gravity theory, which
   tells us that distance is negatively related to the trade flows. The
   distance could be split into geographical, qualitative (ex. difference
   between cultures) etc. The presented model includes only geographical
   measure however the tariff rates sometimes are considered as
   contributing to the distance variable (François et. al., 1997).
   Standard gravity equation is transformed into logarithmic form in
   order not to deflate the variable. Import tariffs enter the model
   without logarithm. Therefore, afterwards simple calculations are done
   to receive the value of tariff elasticity. The estimation is carried
   on by means of simple OLS, which is proved to give robust results
   {source}. Further, step by step number of dummies is included,
   therefore LSDV technique is applied.
   For the estimation the imports related information from WITS3 is used.
   Country specific characteristics i.e. distance and GDPs are taken from
   Census Bureau. Therefore, a panel of 202 partners, 4 years and 4897
   product varieties produces 170 655 observations for 6 digit HS
   classification. However, for the convenience basic estimation is done
   on 4 digit aggregation level.
   Data about imports are taken for the period 2002 – 2005. While tariff
   rates are given for the years 2002 and 2005. However, taking a look at
   amendments to Ukrainian Custom Tariff, which took place during the
   period of interest we conclude, that no significant changes were made
   between 2002 and 2004. {source}. Therefore, we apply 2002 tariffs to
   years 2003 and 2004.
   Model estimation gives the value of coefficient near tariff rate equal
   to -0.03048, which means a unit decrease in tariff rate increases the
   value of logarithm by approximately 3.05%. After simple calculations
   the received value of tariff elasticity of imports is around 21%.
   Which allows to tell that Ukrainian imports are elastic meaning that
   further drop in tariffs will stimulate import growth.
   The rest of the paper if organized in the following manner. Second
   chapter gives literature review on the gravity models use and lists
   some works that dealt with tariff rates. Chapter 3 provides model
   specification, explains data sources and variable construction,
   describes steps of estimation to be carried in Chapter 4. The latter
   contains estimation results and their interpretation. Chapter 5 gives
   overall conclusion from the work.
   Chapter 2
   LITERATURE REVIEW
   =================
   For the purpose of the research the gravity model will be used, the
   setup is taken from the recent NBER Working paper by Baldwin et. al.
   (2006), which explains the equation, describes main drawbacks and
   suggests means to avoid them. The three main problems mentioned are
   called in the paper the "medals". The golden one stands for the
   omitted variable bias, the silver is explained by the fact that
   gravity equations draw the picture of unidirectional bilateral trade.
   However, the silver error is not important for the countries with
   balanced bilateral trade. Therefore, in the case of Ukraine, it should
   be considered. The authors claim that the mistakes of the latter type
   result in overestimation of the trade effects, especially for the
   research on the currency unions.
   Economists were always interested in factors affecting the countries’
   foreign trade. The studies were conducted to figure them out and
   conclusions were made about the trade partner relative size,
   closeness, existence of obstacles etc. Later, research interest
   switched to explore the country’s participation in one or another
   trading block (Burakovsky et. al., 2004, Mansfield, 2000). In case of
   transition economies the level of institutional development was proved
   to be significant.
   Since the beginning of the XX century a number of trade agreements
   were conducted and that has drawn the interest of researchers. What
   will be the effect of such agreement? Will the participants benefit?
   And what happens if the conditions will be slightly changed? From the
   beginning to answer those questions the most widely used technique was
   general equilibrium model (Harris, 1984) and the estimations were done
   mainly on the country-to-country basis. However, one of the first
   attempts to draw the conclusions on the regional level was done by
   Bourque in 1947. He made a general description of US regional trade in
   manufacturing sector, using indexes. Industries were classified as
   those competing with imports, exporting and neutral. One of the model
   omissions was that importance of foreign trade only to producers was
   taken into account and the impact on consumers was neglected. However,
   it was argued to be indirect and impossible to measure. Among the
   conclusion drawn from the study was that trade policy designed for one
   region of the country will surely affect the neighboring one, thus
   this fact has to be taken into account in economic policymaking.
   The highest amount of work was done on Canada-US bilateral trade
   (Markusen, 1990) and also the recent estimates of the trade between
   the EU member-countries. Afterwards, the studies were extended to
   define the closeness of possible new EU member to the Brussels (Fisher
   et. Al, 1998). From the beginning the gravity model was used as an
   instrument and it claimed to be the most successful empirical model
   for the determination of bilateral flows (Deardorff, 1984). After its
   appearance in the physics, the model framework was adjusted for
   economic purposes with a log linear form. However, in the early 90’s
   the functional form was questioned and criticized by Sanso and a
   possibility to use the original form was suggested.
   Then the works were extended to cover interregional trade between
   countries. A paper on the US-Canada regional trade can serve as
   example. One of them by McCallum in 1995, where he finds out that the
   border between those two countries has an impact on the bilateral
   trade. The gravity model was used for the research. Being a region of
   one country was described by the dummy variable taking the value of
   "1" for the trade between the regions of the same country and zero
   otherwise. The trade of the two countries on regional level was
   investigated, before the conclusion of free trade agreement among
   them. However, the work did not provide the direct answer about the
   impact and it is suggested to be figured out with some lag. He used
   the instrument developed by Tinbergen in 1962, gravity approach with
   the bilateral trade depending on the partners' GDP, distance between
   them and several other factors. The work estimated the effect of being
   the part of particular trade block, by looking at a country as a trade
   block, by first looking at the US states and Canadian provinces as
   being the parts of the different trade unions and after removing the
   border variable the author looked at the changes which could have
   occurred as a result of such border elimination. The conclusion
   derived from the results was that the interstate border between the
   countries explored had significant impact on the trade flows.
   In 2003 Anderson and van Wincoop stated that the McCallum’s model was
   weak theoretically and the results of estimation were biased because
   of the omitted variables. To solve those problems they extended an
   analysis by including "multilateral resistance" factor and received
   smaller coefficient for the border effect. The result was predictable
   taking into account the relatively small size of Canadian economy in
   comparison to US one. The conclusion was that the aforementioned
   multilateral resistance gave much bigger border coefficients for
   Canada than for the United States. They explained the founding by the
   fact that the latter is a large market economy affecting world trade
   while Canada was a small one taking world trade as a given.
   Chapter 3
   METHODOLOGY & DATA DESCRIPTION
   ==============================
   General gravity framework
   The given research will be carried out by means of the gravity model.
   The standard equation transformed from its physical view and proposed
   in 60s by Tinbergen is
    ,
   Where BTFod – bilateral trade flows between country of origin and
   destination; usually sum of imports or exports is used as a measure of
   trade flow.
   GDPo – GDP of country where the good is produced, so called “origin”;
   GDPd – GDP of country which buys the good coming from “origin”, so
   called “destination”;
   GDPs are included as a measure of scale, as long as it was proved
   empirically that large scale economies trade more between them.
   [Obstfeld, Rogoff book] Thus, the trade flow should be proportional to
   the country size. Different works introduced other variables as a
   measure of economic size i.e. population, GDP p.c. etc. {source}
   distod – distance between country of origin and country of
   destination. Distance between two countries is regarded as an obstacle
   and is supposed to reduce trade flows, due to the fact that far away
   countries trade less because transportation is costly. [Frequently
   economists] use distance as an approximation of trade costs{notes
   Melhior}.
   Taking into account the necessity to deflate some economic variables
   logarithmic variant of the model was proposed, which does not require
   deflating {Baldwin et. al. 2006}.
   
   For econometric estimation the following equation is used:
    , where
   α – intercept;
   ln’s are the logarithms of corresponding variables;
   uod – error term capturing factors which are not included in the
   model, like non tarrif barriers etc.
   Such model puts restrictions on the coefficients, thus β1,β2 > 0, β3
      many times reconsidered and extended to include new variables [source].
   Model specification
   The paper estimates the following equation
    , where
   j – name of trading partner, country from which Ukraine buys products;
   takes values in the range [1;202]
   k – product group imported to Ukraine, takes values in the range
   [1;4897] for 6 digit level and [1;1208] for 4 digits
   t – year at which imports of product k from partner j took place,
   values in the range [2002;2005]
   ε – error term, defined for each combination of year*product*country
   lnMjkt – logarithm of the imports of product k from partner j in the
   year t ;
   tassejkt – import tariff on the product k, originating from the
   country j at time t;
   lndistj – distance from the country j most populated city to Kyiv,
   capital of Ukraine
   lnGDPjt – GDP of the country j in the year t;
   ß's – coefficients of the model. Restrictions put on them are
   ß1 < 0,
   ß2 < 0,
   ß3 > 0.
   Coefficients near tariff and distance are assumed to be less than
   zero, thus describing negative relations between trade flows and
   obstacles to trade. Negative coefficients imply that far away
   countries trade less than neighboring ones and countries with lower
   import tariffs have higher imports. The assumption is justified by
   theory and empirical evidence [source], that obstacles to trade other
   things being equal reduce trade flows. Positive coefficient near
   partner’s GDP, as mentioned above, is justified by the findings that
   large scale economies trade more.
   Such specification rises the question of reverse causality, as far as
   imports are a part of GDP and relation reverse to stated above takes
   place. The issue was addressed many times in the works based on
   gravity approach and the model was proved to work well despite this
   theoretical drawback {DEardorf}. Some researchers used instruments to
   deal with this issue, however, no influence on model coefficients was
   noticed. Therefore, the model is robust under the stated specification
   and the issue of reverse causality will not be addressed below.
   Estimation procedure
   Model specified above is the basic regression of the paper, therefore
   first estimation fill be done for the described functional form. Then,
   it will be extended to include different dummies in order to capture
   specific effects. The estimation procedure is OLS, however with
   inclusion of dummies to capture variable specific effects it changes
   to LSDV.
   Gravity models are mostly used to measure bilateral flows, thus the
   dependent variable is mainly the sum of flow between partners and
   among explanatory ones GDPs of both partners are present. For the
   purpose of my estimation only imports to Ukraine serve as dependent
   variable and as explanatory variable only partner’s GDP is used. Such
   functional form is justified by the fact that Ukrainian GDP is
   constant for all partners within the year and its effect together with
   some other time effects should be captured by the year dummy.
   Therefore further step will be to include into the model. Hence,
   equation to estimate becomes
   
   Assumptions about coefficients remain unchanged, because year dummy
   introduction is just a check for the year fixed effects.
   In order to capture country specific characteristics such as language
   spoken, institutional development, endowment with natural resources,
   common border etc country dummies are included in the model. As far as
   distance is also country specific it is assumed to be insignificant
   and is dropped from equation in order to avoid multicolinearity. The
   rest of assumptions are the same. However, the coefficient near GDPj
   is supposed to change, because the “size” effect will be captured by
   country dummy and thus β3 will no more represent the scale effect but
   i.e. the GDP level. Hence, we estimate equation of the following form
   
   The last step in estimation will be to capture product effect.
   Therefore the dummy for products will be generated on 2 digit level
   for the convenience, because even at 2 digit level the number of
   product varieties is 97. The last regression to run is
   
   Assumption about coefficient are again unchanged, the coefficient near
   GDP will as in previous specification reflect level not scale. And
   there is a possibility for coefficient near import tariff to be
   insignificant, due to the fact that rates vary across products and
   therefore tariff effect could be captured by product dummy. After an
   estimation is done, we take the value of β1 and calculate tariff
   elasticity of imports through average values of both variables.
   Data description
   Import related data for the research are taken from the World
   Integrated Trade Solutions, an integrated system maintained by
   Worldbank that contains information from several databases. Thus,
   volume of imports, product codes etc come from COMTRADE, which is
   United Nations Statistic division. Tariff rates are taken from TRAINS
   database, maintained by UNCTAD which gathers data from official
   governments i.e. State Statistics Committee and Custom Office in
   Ukraine. Country specific information, such as GDPs and distance to
   the trading partner, is accessed through Census statistics4. The table
   below provides description of the variable used for estimation.
   varname
   description
   country
   Partner name
   year
   Year
   pr6/pr4/pr2
   Product code (6/4/2 digits accordingly)
   import
   trade value of product code imported from each country in each year ($
   '000)
   lnGDPj
   logarithm of partner j's GDP
   Tasse
   import tariff (%)
   lndist
   logarithm of distance to the partner j's most populated city
   lnM
   logarithm of import
   The dataset encompasses 202 different trading partners and wide
   variety of products, as far as initial information is taken on the 6
   digit level of HS 2002.
   However, main regression is run on 4 digits. Such transformation
   reduces product variety and allows introduction of product dummy into
   the model. Descriptive statistics for both levels could be found in
   Appendix X1 {insert tables for 6 and 4 digits}.
   It should be mentioned that product dummy is generated for 2 digits,
   which allows capturing the necessary effect and reduces the number of
   dummies to 97. Moreover, it was proven empirically, that gravity
   models perform better on higher levels of aggregation. {source}
   The period under consideration is 2002 – 2005. The choice is justified
   first by evidence from the behavior of Ukrainian foreign trade that
   has been growing since late 90s (see Appendix # x for dynamics) and
   the fact that from 2002 growth rate of imports exceeded growth rate of
   exports5. Therefore, in August 2005 Ukrainian trade balance after few
   years of surplus faced deficit that is still growing and for the first
   two month of 2007 amounted to 1.38 bn. USD. The second argument for
   such time period is the change in the product classification that took
   place in 2002, when new Harmonized System was introduced.
   Data about tariff rates are available for the years 2002 and 2005.
   However, taking a look at amendments to Ukrainian Custom Tariff, which
   took place during the period of interest we conclude, that no
   significant changes were made between 2002 – 2004. Only some decimal
   changes at the 10 digit level, that have no influence on the average
   tariff values for the 6 digit classification. Therefore, we apply 2002
   tariffs to years 2003 and 2004. While for the year 2005, we have 2
   major changes in tariffs that took place in the second half of the
   year [amendments to the Custom Tariff].
   Tariffs are given as simple averages for the group of products,
   aggregated from initial 10 digit classification, for which rates are
   prescribed in the law. Ukraine has two types of import tariffs ad
   valorem, which represent percentage of unit value, and specific, the
   lump sum prescribed to unit of imports. In order to compute average
   tariff ad valorem equivalents to specific tariffs are found and thus
   aggregated[document from WITS]. Those already aggregated numbers are
   taken from TRAINS.
   Hence, imports and tariff rate information is available for the 4-year
   period. Distance is constant over time and GDPs are taken for the same
   time span. Such panel of 202 partners, 4 years and 4897 product
   varieties produces 170 655 observations for 6 digit level; for the 4
   digit aggregation number of product varieties is reduced to 1208,
   which gives 69 808 observations.
   The table below provides yearly summary statistics for 6 and 4 digit
   aggregation levels for the main variables of interest: tariff rates
   and imports.
   year2002
   Mean
   Max
   6 digits
   4 digits
   6 digits
   4 digits
   tasse
   7.592718
   7.610158
   70
   70
   import
   391.5959
   888.1877
   2161169
   2161169
   year2003
   Mean
   Max
   6 digits
   4 digits
   6 digits
   4 digits
   tasse
   7.662769
   7.687443
   70
   70
   import
   399.8472
   958.011
   3486389
   3486389
   year2004
   Mean
   Max
   6 digits
   4 digits
   6 digits
   4 digits
   tasse
   7.604976
   7.678409
   70
   70
   import
   483.1459
   1162.353
   4206374
   4206374
   year2005
   Mean
   Max
   6 digits
   4 digits
   6 digits
   4 digits
   tasse
   5.188752
   5.246343
   30
   30
   import
   565.067
   1383.482
   4600513
   4600513
   It could be seen that average tariff rate slightly varied during
   2002-2004 and in 2005 significant drop occurred. Variation across the
   first 3 years could be explained by different product varieties
   imported in different years. Means are quite representative due to the
   fact that between 2002 and 2003 rates were slightly increased and in
   the next period were reduced. Average rate in 2005 compared to the
   rate in 2002 dropped by more than 30%, while maximum tariff went down
   by 50%. The dynamics of imports was positive during all period.
   At 4 digit level the same trend is observed, however the values are
   slightly higher for tariff rates and much higher for imports. It is
   reasonable, taking into account that aggregation of tariff rates was
   done by taking simple average for each product group and aggregation
   over imports was carried as summation over the group volumes.
   Finally, it should be mentioned that we use unbalanced panel. Trade
   partners and product varieties are not the same across years. It
   reflects the reality that import patterns change over time, new
   partners appear, patterns of consumption change and thus import
   quality also does. Moreover, Ukrainian custom law distinguishes
   between zero tariff and tariff exemption. Hence, it is not correct to
   fill with zeros missed rate values.
   Chapter 4
   ESTIMATION RESULTS
   ==================
   This section presents estimation for the model described above. The
   basic estimation is done for the 4 digit level of aggregation of
   imports, which offers a panel with 69 808 observations. Descriptive
   statistics of the data used could be found in the Appendix . First,
   OLS estimation is done for the regression
    (1)
   Table in appendix provides results of this estimation in the first
   column. All the coefficients are significant at 1% level, the signs of
   the coefficients are as expected. Partner’s GDP has positive effect on
   volume of imports, while tariff rate and distance, that could be
   regarded as obstacles to trade, have negative impact. The received
   coefficient for the import tariff equals - 0.03048, which means that
   one unit decrease in import tariffs accounts for 0.0305 of logarithm
   import increase. Therefore, taking average tariff for the 4 years we
   calculate the elasticity of imports. 6.81%*0.0305 = 0.2077. This means
   that 1% drop in tariff rate increases volumes of import by almost 21%.
   The coefficient near distance is -0.86704, coefficient near GDP equals
   0.52207. Therefore assumptions about coefficient signs are fulfilled.
   Standard gravity models usually use as explicative variables GDPs of
   both trading partners. While in our model only GDPs of importers were
   included due to the fact that GDP of Ukraine is constant within the
   year for all partners and was assumed to have no impact on
   coefficients. However, we have to check this empirically. Hence, we
   include year dummy that has to capture the effect of Ukrainian GDP, as
   it also prescribes different value to different year. The resulting
   equation is
    (2)
   the estimation results are reported in the second column of the Table
   in appendix. Year dummies are jointly significant, the reported value
   of F-statistics is 132.73. Our coefficients are significant at 1%
   level and their signs are as expected. Only small decimal changes
   occurred in the value of coefficients. For example coefficient near
   imports became -0.0422. However, this change is not statistically
   significant, because confidence interval has also changed. Therefore,
   we can state that our model was correctly specified and exclusion of
   Ukrainian GDP from explicative factors does not alter the value of
   coefficients.
   What is also important for the gravity model are country specific
   factors, such as common border, language etc. In order to capture
   those characteristics we introduce country dummy and exclude distance
   because it is also country specific and should be captured by the
   dummy. The resulting equation to estimate becomes
    (3)
   Regression results are reported in the third column of the Table. The
   value of tariff coefficient again has no significant changes.
   Explanatory power of regression has increased to 14.33%. The major
   change occurred with the coefficient near partner’s GDP, which has
   grown from 0.522 to 1.29. The justification for this change could be
   found in the nature of the country dummy. As long as it should capture
   all country specific effects, the measure of scale is also captured.
   Therefore, in regression with country dummy the coefficient near GDP
   shows not the country size, as suggested by gravity theory but the
   level of GDP i.e. change.
   The last regression to run is specification with 2 digit product code.
    (4)
   The coefficient near GDP again reflects change in GDP not the scale.
   The measure of distance is not included due to the reasons explained
   in third regression. The coefficient near tariff has decreased in
   absolute value significantly to -0.0091. Which could be explained by
   the fact that product dummy captures large part of the tariff effect
   because the rates are set separately for each product group.
   Chapter 5
   CONCLUSIONS
   ===========
   Therefore, we have calculated tariff elasticity of imports by means of
   gravity equation. Model estimation provided a coefficient near tariff
   rate, which was used afterwards together with average tariff to derive
   the value of imports elasticity equal to 20.77%. The estimation was
   carried on for the 202 countries, that were importing 1208 product
   groups to Ukraine during 2002-2005. The data about tariffs for 2002
   were used to approximate the tariff rates in 2003 and 2004. However,
   average rates differ for those three years due to the fact that
   different product varieties were imported in different years. First
   estimation was done by ordinary least squares, further dummies for the
   year, country, product group were introduced to inspect the influence
   of each of the named category.
   APPENDIX
   ========
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