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Abstract

PRICE LINKAGES BETWEEN UKRAINAIN STEEL MARKET AND THE WORLD ECONOMY
by Olreksii Orlov
      KSE Program Director                                                                Tom Coupé
This research deals with Ukrainian steel market integration into the world economy. It is found that Ukrainian export price of steel closely follows world and regional steel markets which validities the law of one price for this commodity. On the other hand, no presence of bilateral long-run relationship between Ukrainian and distant markets (China and North America) is identified. This result confirms the segmented nature of world steel industry which is due to large transportation cost associated with freight of dry bulk on long distances. Further, the issues of symmetry and speed of adjustment of Ukrainian steel price to the price shocks from abroad are studied. Empirical evidence suggests that after the positive world steel price shock Ukrainian market start to adjust instantaneously, while negative shock starts to affect Ukrainian steel price in 4-5 weeks. This effect is partially attributed to the behavior of steel traders who try to maximize profits in the short run. However, the arbitrage opportunity and pressure form customers restrain price fixing for the longer than 5 weeks period. The general result is that Ukrainian steel market is close to competitive, regionally integrated and linked with the world steel market. In the short run asymmetry is very limited and the price shock translates almost to the full extend after 5 weeks. For the purpose of estimation the error correction model allowing for asymmetry is used. 
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Glossary

Free on board (FOB) – The most common way of quoting steel prices which implies free delivery to the hub and loading on board. FOB prices are net of cost of bulk insurance and freight.

Hot rolled coil (HRC) – One of the most common steel flat products used in machine-building and automobile construction.  

Law of one price (LOP) – postulates that prices of homogeneous commodities should be equal if expressed in the same currency and after controlling for transportation costs and tariffs.  
Vertical market integration – is a relationship between upstream and downstream market in the production chain of final good. An example of vertical integrated markets is oil and gasoline. 
Spatial market integration – is a relationship between geographically different markets for the same commodity. 
Chapter 1

INTRODUCTION
Economists dedicate a lot of attention to studying the efficiency of resource allocation through competitive markets and the system of flexible prices. This study looks at the degree of competitiveness from a new angle through a prism of reaction of the local market to the foreign shocks.  The issue of efficient resource allocation is especially important for the cohort of developing countries which want to liberalize trade and properly manage available inputs to generate superior growth. 
In this research the analysis of efficiency is narrowed down to a market of steel. The reaction of commodity price to foreign shocks may reveal important information about the structure of the market in interest. If price on the local market co-moves with price of the same or related product on the world market in a symmetric fashion then the local market is well integrated into the world economy and it participates in a global efficient allocation of resources. Otherwise, it may be inferred that market distortions and imperfections take place. 
In case when foreign price shocks take long time to accommodate, if they accommodate not in a full magnitude or if they are asymmetric in nature we might be facing a certain degree of market power, collusion or other factors which undermine competitiveness. In this paper we are examining the price shock transmission mechanism from abroad, which is known in the literature as spatial integration. Particularly, the study is important for basic commodities like steel which serves as an input in large variety of other products and hence its pricing has a profound impact on the whole economy. 
After the collapse of Soviet Union Ukrainian steel industry faced a challenge of integration into the global economy. The need to search for new markets in order to utilize production facilities left from Soviet times to a full extent spurred trade liberalization in the steel industry. During past two decades new owners of steel mills were successful in building vertically integrated business groups with focus on exporting of variety of steel products. This research questions weather they have done a good job in liberalizing steel business and weather the industry has been already integrated into the world economy or not.

The second motivation for the research stems from the law of one price (LOP) which is an important theoretical proposition and is extensively used in economic models. However, wide variety of empirical studies reveal that LOP does not hold in practice. Using the example of steel we try to find out whether the LOP holds regionally/globally for Ukrainian market. 
The econometric techniques of cointegration analysis that we use in the study bring us to the conclusion that the LOP is relevant for Ukraine and it holds regionally as economic theory suggests. Moreover, for Ukraine which is among top 5 steel exporting nations with a broad geography of deliveries the long-run relationship exists between local steel price and the world steel price. Surprisingly, the same kind of relationship does not hold for importing nations like China and the U.S.   
To address this broad range of questions what is ultimately needed is to understand and quantitatively describe the price shock transmission mechanism from the world steel market to Ukrainian steel market in the long and in the short run. This is the central goal of this research.  

The rest of the paper is organized as follows. The Literature review section provides overview of the relevant literature. In the Steel Market Overview section the description of Ukrainian steel market and some exposure into the problem of steel pricing from the practical site are given as well as recent market trends are highlighted including the review of abnormal cycle of 2008-2009. Methodology section presents the model and summarizes econometric methods which are used in the research. Empirical evidence section provides description and basic analysis of the time series which are used in the research. It also lists empirical findings, important estimations and their interpretation, while Conclusions section summarizes the findings.   

Chapter 2

Literature review

The literature review section provides the overview of methods which can be used to determine the price shock transmission mechanism. First, we discuss the attempts which describe the short run fluctuation of steel price and concentrate on recent developments to adopt these models to Ukrainian case. After that we shift to studies which characterize the long run price relationship between markets and the adjustment process towards the long run equilibrium. Later, approaches which allow investigate asymmetry of the price shock transmission mechanism are summarized. The canonic Houck approach is described and after this the extensions which help overcome its limitations are given. The references to error correction model allowing for asymmetry are presented. Many authors used this model and its modifications to find the presence of spatial or vertical asymmetry for banking, agriculture and oil market. However, no similar study has been conduced for steel market. The other limitation of the existing literature is that most researches are interested weather the asymmetry exists or not. Although they do not concentrate much attention on the explanation of price shock transmission mechanism derived from the knowledge of specific market, but rather attribute asymmetry to some broad economic concepts like market imperfections, costumer behavior, etc. However, this approach typically lacks specifics and contributes little to the understanding of economic activity. In contrast in preparation to this research author thoroughly examined the specifics of steel market to identify the most probable reasons for asymmetry pattern that take place in the short run.  
The departure point of the literature review is the paper by Yuzefovych (2006) in which the author presents the simultaneous equation model for steel price determination which is limited to the estimation of the short run relationship between steel price and quantity controlling for price of steel ingredients and production indices of most important steel markets. Comparing the estimated coefficients of the model with the coefficients obtained from the similar study for the U.S., the author finds that Ukrainian industry has basically the same price formation mechanism. The work by Youzefovish is the first empirical study of factors which influence steel price in Ukraine. 
Recent paper which deals with the issue of long run equilibrium for steel industry is Lin&Wu (2006). Rather than formulating short run model authors look at the long run equilibrium and at interrelationship of home steel market with foreign one. They apply cointegration analysis to study the dynamic relationship between two markets in a presence of structural change. Lin and Wu found presence of the long run relationship between steel price in Mainland China and Taiwan. The authors showed that the structural brake in Chinese steel market associated with Olympic Games preparation and WTO accession took 6 months to spread on the nearby Taiwan steel market. This gives much more comprehensive leading indicator for steel price in Taiwan than any macroeconomic variable forecast. There is a void in academic literature concerning this topic in Ukraine and current research is called to fill it. Especially, the issue is relevant in a light of Ukraine’s WTO accession to investigate the impact on the steel industry.

Literature concerning asymmetric transmission of price shocks has been quickly developing. The canonic approach was presented by Houck (1977) and took its roots from the estimation of the simple model of the form
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 - is the change in price of steel abroad if it is positive and zero otherwise, [image: image6.png]Ap?



 - is the change in price of steel abroad if it is negative and zero otherwise, [image: image8.png]


 - change in Ukrainian steel prices.
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  then the asymmetry of price response to positive and negative shocks is not the case, otherwise statistically significantly different response to negative and positive price shocks is observed and the price adjustment is asymmetric.
The upgraded version of Houck approach includes lags into the model allowing to capture cumulative response of negative and positive price shocks associated with market in question
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The test for asymmetry that allows for inertia (Kinnucan and Forker (1987)) then is 
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However, the problem with Houck approach is its inconsistence with spatial cointegration of the steel market as it pointed out in Capps and Sherwell (2005). This limitation is also confirmed by Goodwin and Holt (1999) who claim that the ongoing research of price transmission does not pay much attention to the proper treatment of time series properties of prices and in particular to series’ cointegration and presence of unit roots in them. 
Resent research in price transmission has been focusing on two areas – vertical price transmission and spatial price transmission. Vertical transmission is a relationship between upstream and downstream market in the production chain. An example of vertical transmission is the case of markets for oil and gasoline which depend on one another. On the other hand spatial price transmission is a relationship between geographically distant markets for the same commodity, like steel. Next, we discuss the literature on both types of transmission since methodology developed for testing vertical asymmetry can be either applied to spatial asymmetry.
In Sagidova (2004) the symmetry of the spatial price transmission has been analyzed for the grain market. Using threshold autoregression model (TAR) which was introduced by Enders and Granger (1998) author found no evidence of asymmetry of response of Ukrainian grain price to the shocks from the world grain market. 

Other papers have been focusing on vertical rather than spatial shock transmission. In Borenstain et al. (1997) symmetry of vertical price transmission from oil market to the gasoline market is analyzed. Authors used error correction model (ECM) allowing for asymmetry of price response to negative and positive price shocks. 
In most empirical studies it is found that prices are rising faster than they fall. This fact is particularly mentioned in Bacon (1991) and Peltzman (2000). Typically it was attributed to market imperfections and distortions. However, recently a model with competitive firms was developed by Tappata (2008) where asymmetric response arises naturally from rational consumer behavior. 
Balke et al. (1998) indicated number of factors which can limit symmetric vertical transmission. Among them authors emphasized market power and search cost as well as consumer response to changing price, inventory management and accounting practices. Enders and Skilos (2001) provide a comprehensive review of asymmetric time series models based on extensions of ECM. In this research their model setting as well as setting of Borenstain et al. is taken as a baseline case of error correction allowing for testing of asymmetry.
The asymmetric price transition implies the spread of price shock from one market to another with a certain lag or not to a full extend. The notion of asymmetric adjustment is illustrated on the next figure.
Figure 1. Asymmetric price transmission
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Source: Wikipedia
Though, it is important to understand why causality is going from one market to another and not vice versa. The reason for this in case of Ukraine is its export orientation (80% of total production) and relatively small size (the small home market effect). The demand for steel is derived from demand for finished goods and Ukraine is a small consumer compared to its bigger neighbor markets where it sells steel. The paper of Balke et al. uses time series methods to investigate the issue of causality between vertically integrated markets. Utilizing the Granger causality technique authors confirmed the intuition that price shocks are more likely to originate upstream and spreads downward. Further research should concentrate on the explanation of the mechanism of asymmetry price transmission between markets.
Сhapter 3

Steel Industry overview

In 2008 Ukrainian steel industry produced 2.8% of the world steel output or 37.1 millions metric tons. Compared to 2007 the industry faced a whapping 13.4% plunge while the global decline in steel output for the same period was a moderate 1.2%. According to the World Steel Association Ukraine ranked 8th biggest steel producer in the world. Meanwhile, on the global scene China remained the dominant force with 37.8% of world crude steel output managing to increase it by 2.6% in 2008. 

The still industry is а cyclical one however the 2008 was an ambiguous year for Ukrainian steel producers with unseen boom in 1H 2008 and unseen bust in 2Н 2008 which is typically referred as abnormal cycle.

Figure 2. Business cycles in steel prices
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     Source: Renaissance Capital

Influenced by external factors such as China’s steel export restrictions in late 2007 and early 2008 and the ensuing unprecedented 92% steel price hike in 1H 2008, domestic producers of steel maximized their output in January-July in an effort to ride the price wave and take over export markets left void by Chinese stееl market. As а heavily export-oriented industry (more than 80% of output), Ukrainian, stееl producers did a good job claiming extra orders from important Middle Eastern and North African markets, and by summer the plants’ average capacity usage neared 95% on the back of the strong demand.

Figure 3. Ukrainian steel production and export
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       Source: Renaissance Capital

Slower consumption in August was widely perceived as the usual summer lull, but when steel prices fell by 15% m-o-m in September and by another 23% in October and demand started to disappear spurred by evolving financial crisis, local companies were slow to react to the change in trend, and massively overproduced for several months.

Figure 4. Ukrainian steel production in 9M 2008 
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This resulted in an unprecedented overstocking (3m tons of finished steel in sea ports) which eventually sold below production price at USD 280 per ton of square billet (one of the key steel products). The financial crisis has also badly affected the purchasing ability of domestic traders and end consumers, as local customers were not able to generate working capital even with the falling price environment. To make matters worse, the volume of imported steel surged by 34% у-о-у in 9М 2008 as local steelmakers were too busy concentrating heavily on the lucrative export market that collapsed unexpectedly. As a result of all this, the statistical picture differs dramatically over the year. The 6m 2008 crude steel output for the industry increased by 5.8% у-o-у, but the 11m 2008 picture is radically different, with massive production cuts, resulting in a у-о-у fall of 10%. 

The economics behind the co-movements in commodity prices across the markets is to a large extent an issue of demand and supply. The paper of Lin and Wu point out how the shock in Chinese steel market associated with Olympic Games preparation transmitted to the Taiwan market in 6 months. The same story took place in 1H of 2008 as prices for steel rose twofold after Chinese authorities imposed 25% duty on own steel export in the beginning of the year to restrict outflow of this commodity as China suffered from domestic steel deficit. 

The landscape changed dramatically in the 2H 2008 when demand for Ukrainian steel on key markets collapsed. In February 2009 local and export steel prices were still not far above the production cost, while volume was picking up slowly after absolute bottom in November 2008. It is well known that steel is a cyclical commodity, though the whole 2008 represents an abnormal cycle. Looking beyond 2008 the notion that steel prices simply follow the expansion and contraction of the economies is not enough to explain the co-movements between steel prices across the regions. 

We explain the theoretical framework on the example of two countries where steel producers are able to shift from selling steel to domestic consumers to exporting it if the price setting is more attractive abroad. 
Figure 5. Price transmission mechanism  
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Source: Lin&Wu (2006)

                     Country A                                             Country B

Consider a situation of equal prices in country A and B at staring point t0. Assume that the demand in country A increased significantly (a shift from DD’ to D2D2’). In this case steel mills in country are will be slow to increase production. At the same time the deficit will drive the local price in country A from P0 to P3. As steel producers in country B will observe the higher prices in country A they will be willing to abandon their low paining customers and sell part of their steel abroad. This will result in shortage on the local market in B. As a result of drop in supply in country B (a shift from SS’ to S5S5’) domestic prices will rise from P0 to P5. In reality of course more than two markets are linked together, however the same forces are in play when setting steel prices.
Chapter 4
MethodoloGY

In this section the model and the review of necessary tools of cointegration analysis are presented. Testing for existence of long run relationship between steel markets and adjustment process requires the implementation of cointegration tests and alternative utilization of Engel-Granger’s or Johansen’s methodology. We use Johansen’s methodology to identify the long run relationships between key steel markets and short run adjustment. However, the Engel-Granger methodology is best suited to study price shock transmission mechanism. Though, several modifications are needed to factor in it possibility of testing for asymmetry as describe further. 
Testing for unit root

While working with time series data we need to test them for stationary. In practice it is common fact that price series has a unit root which may cause, if not treated appropriately, to misleading estimates and spurious regression.  The verification of unit root is done in practice by using unit root tests such as Dickey-Fuller, Augmented Dickey-Fuller (Dickey and Fuller (1979)) and Phillips-Perron tests (Phillips and Perron(1988)). In this study the Augmented Dickey-Fuller test is utilized which requires the estimation of the following equation
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 is chosen to satisfy the criteria of no autocorrelation. The null hypothesis of presence of non-stationary behavior is essentially the test of weather [image: image25.png]


 or not.
Error correction model – Johansen Methodology
Further we look at the cointegration between steel prices on different geographical markets. Steel price series which are used in this research are integrated of order 1 which is described thoroughly in the empirical results section. Thus, we will proceed our theoretical discussion assuming all prices series are I(1) processes. 
We start from vector autoregression model and perform error correction to examine the long run relationship between markets. Theory allows choosing among two alternative methodologies – Engel-Granger’s or Johansen’s. The Johansen’s methodology has one important advantage which is its ability to estimate the number of cointegration vectors explicitly.
VEC procedure presumes the estimation of vector relationship 
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 - is the vector of prices, [image: image31.png]W,o=—T+A;+A4, ++ A
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The rank of the matrix  [image: image34.png]


 gives the number of cointegrating vectors. To estimate the rank of [image: image36.png]


 the Johansen’s maximum eigenvalue and trace likelihood ratios are calculated (Johansen (1988)). The number of lags is chosen by the Schwarz's Bayesian information criterion (SBIC) which consistently estimates the number of lags. Vector  [image: image38.png]MX,_,



 gives us the long run relationship between markets while [image: image40.png]


 characterize the adjustment to the long run.  

Error correction model allowing for asymmetry
The baseline error correction model in this paper takes the following view. This specification was used in Borenstain at al. in determination of vertical integration of oil and gasoline market 
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Where  [image: image44.png]


 - is the change in price of steel abroad if it is positive and zero otherwise, [image: image46.png]Ap?



 - is the change in price of steel abroad if it is negative and zero otherwise, [image: image48.png]


 - change in Ukrainian steel prices. The estimation of the mode requires two stage procedure following Engel and Granger. First of all the long run relationship is needed to be estimated in the form [image: image50.png]P —@o— @1pY, = e,



. After that we embed the result in the above mentioned ECM. Since we are interested in the impact of world and regional steel markets on Ukrainian we do not express the ECM in vector notation. 
This model is going to be estimated  in three different specifications which can be done by OLS technique. The number of lags is determined on the basis of Schwart’s Bayesian information criterion. 
Specification 1
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Specification 2
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Specification 3
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The 1st specification was used in Borenstain et al in reference to oil market. The 2nd specification corresponds to vector autoregression with exogenous treatment of long run relationship, while the 3rd is a mixture of both specifications. 
Returning to the ECM in order to verify symmetric price response we should check if [image: image58.png]


. The symmetric transmission assumes equality of parameters for all [image: image60.png]


. However, in weekly data it is less relevant to test the equality of corresponding coefficients because of the inherent inertia which does not tell us much about the asymmetry. Alternatively, it is more appropriate to test the cumulative effect.
[image: image61.png]



Test for general asymmetry
Above mentioned tests for asymmetry are sensitive to the number of lags included in the ECM specification. One way to overcome the problem and to test for the asymmetry in general is proposed by Bacon (1991). The test requires to estimate the relationship.
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For symmetric adjustment it is needed that  [image: image65.png]


. We will use this approach to test asymmetry as well.
Granger Causality

The other point of interest is finding out whether the lead lag relationship exists between markets in other words if series are useful in predicting one another. For this purposes Granger causality technique developed in Granger (1969) is used. The Granger causality by itself does not imply causality. Though, there is one case when Granger causality may be used as an argument for causality – it happens in case when one price series Granger causes another while not vice versa. The research of Balke et al. motivates the causality of price shock transmission from oil market to gasoline market by exactly this argument. By applying Granger causality we try to verify which regional markets are the leaders in steel price setting and which are the followers. Although the Granger causality is only a complementary tool of verifying causality, while economic motivation should be also provided.

Chapter 5
Empirical Evidence

Data Description

We rely on time series of steel prices provided by Metal Courier (www.metalcourier.com). Agency weekly posts lower and upper price diapason for different steel products collecting this information directly from steel traders in shipping points (typically hubs). The price for each market is calculated as the average of the upper and lover bound of price diapason each week. 

Figure 5. Regional and world steel prices 
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Source: Bloomberg, Metal Courier

The time series for Ukraine, Russia, North America, China and world composite price cover the time frame from January 2003 up to March 2009 which corresponds to 237 observations. World composite price is the weighed average of steel prices on the key markets. The prices are quoted in USD on the FOB (free on board) basis.  In our analysis we focus on the hot rolled coil (HRC) price as the largest item by export in Ukraine. Though, as may be seen from the following chart prices of various steel products move similarly (also confirmed empirically by Qian (1990)). 

Figure 6. Price of various steel products and raw materials 
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     Source: Renaissance Capita

Unit root test
The statistics summary of the price series is presented in the Appendix A. In the following table results of Augmented Dickey-Fuller test are presented for levels and differences. Each time series is integrated of order 1, i.e. it has a unit root which may be differenced away.
Table 1. Unit Root Test Summary
	Time series
	Z(t)*
	Lags**

	Ukraine
	0.6002
	0

	Russia
	0.6113
	0

	World
	0.1198
	15

	China
	0.2965
	1

	North America
	0.5039
	1

	D.Ukraine
	0
	0

	D.Russia
	0
	0

	D.World
	0.0038
	7

	D.China
	0
	0

	D.North America
	0
	0


*-MacKinnon approximate p-value. ** -  number of lags is chosen to satisfy Durbin's 
alternative no-autocorrelation test.
Granger causality
Although Ukraine is among top 5 world exporters the size of the home market is not sufficiently large relative to neighbor markets - European Union, Middle East and Russia in order to influence price for steel regionally. The Granger causality test confirms this intuition statistically. As can be seen form the summary in the Table 2 world prices of steel Granger cause Ukrainian price, but not vice versa. For regional steel market on the example of Russia at 10% level of significance we can say that both series Granger cause one another. However, at more precise levels of significance we may infer that price shocks originate in Russia and then spread to Ukrainian market, not in reverse order. We do not include other markets in our Granger causality because we did not found them to be cointegrated with Ukrainian steel market.
Table 2. Granger causality
	Granger causality Wald tests

	
	
	Chi
	Prob>chi

	D.Ukraine
	D.Russia
	58.197
	0.00

	D.Russia
	D.Ukraine
	2.8795
	0.09

	D.Ukraine
	D.World
	41.641
	0.00

	D.World
	D.Ukraine
	0.0409
	0.84


Long run relationship
In this section we turn to the description of the long run relationships between markets. We estimated 29 vector error correction models for all possible combinations of Ukrainian, Russian, Chinese, North American and world price. The summary of the models results is given in the Appendix B. In particular for the purpose of our analysis we are interested in specifications which include Ukraine in the long run relationship. This reduces our analysis to 5 long run vectors. The first model observes that if Russian price changes by 1$ as a result of permanent shock (like removing barriers, technology shifts, etc) Ukrainian price will change in the same direction by 0.9$ (Model 1). According to the statistical test this is not significantly different from unity. Thus, we conclude that permanent shock transmits to the Ukrainian market to a full extent. The same is true for the world price shock transmission. When the Chinese government decided to impose 25% duties on steel export which is an example of permanent shock world price skyrocketed in 1H 2008. According to our prediction (Model 3) each 1$ permanent shock in world   steel price will cause Ukrainian price to move by 0.84$ in the same direction. 
Table 3. Long run relationship – case of Ukraine
	Model
	Lags
	Rank
	Ukraine
	Russia
	World
	China
	North America

	1
	2
	1
	1
	-0.90
	-
	-
	-

	3
	6
	1
	1
	-
	-0.84
	-
	-

	15
	5
	1
	1
	-
	-1.99
	-
	1.18

	21
	5
	1
	1
	-1.03
	-
	-
	0.12

	23
	5
	1
	1
	-
	-2.33
	0.60
	0.96


Complete set of estimated model may be found in the Appendix B
The speed of adjustment to the long run equilibrium in case of reaction of Ukrainian price to the world temporary price shocks is -0.09 which indicates that when temporary shock cause deviation from the long-run equilibrium the adjustment for Ukraine goes downwards.

Thus, empirical evidence presented in this paper suggests not only existence of regional integration (as it was confirmed previously by Lin and Wu for Chinese and Taiwanese steel market) but also the presence of cointegration between Ukrainian steel price and world steel prices.

Although models 15, 21 and 23 include Ukraine in the long run relationship it is much harder to give theoretical explanation to justify them. However, two important implications can be made. First, world market is dominant in the cointegration vectors (Model 15 and 23) which should intuitively follow. The second notion is that the sum of cointegrating coefficients is not significantly different from zero. Thus, a commensurate change in steel prices in all markets does not violate the long run equilibrium.  This testifies that the law of one price can hold in the long run even in regionally segmented markets like the market for steel. This can be explained by examining supply and demand issues. In the long run the marginal cost is the most important determinant of the steel supply.  Given the global spread of technologies and market liberalization which remove tariffs marginal cost should converge in the long run. The same is true on demand side. Even though some regions experience higher growth from time to time on average the growth rates are normalized over the long run. 
The asymmetry
After examining the long run relationship we move to the explanation of short run fluctuations. We estimate 3 specifications of error correction model allowing for asymmetry as discussed earlier in methodology section for world price transmission on Ukrainian market. The statistics summary is given in the Appendix D. 

All three models are similar in general conclusion that asymmetry exists. Additionally the Bacon’s general test for asymmetry lead us to the conclusion that asymmetry is present in both price transmission from Russia and from world.
Table 4. Bacon’s test for asymmetry 
--------------------------------------------

                   (1)             (2)   

                D.ukraine       D.ukraine   

--------------------------------------------

L.rur              -0.111*                  

                  (-2.27)                   

L.rur2           -0.00274***                

                  (-5.50)                   

L.ruw                             -0.0785*  

                                  (-2.42)   

L.ruw2                          -0.000679*  

                                  (-2.21)   

_cons               2.955           1.501   

                   (1.86)          (0.75)   

--------------------------------------------

N                     326             326   

--------------------------------------------

t statistics in parentheses

* p<0.05, ** p<0.01, *** p<0.001
However, asymmetric ECM models predict that the asymmetry is limited to first 5 meaningful lags. The result is that the positive price shock from abroad reflects in instantaneous move in Ukrainian steel prices. According to the 1st specification it takes 2 weeks to accommodate the temporary price shock by 88%. However, negative shocks influence Ukrainian steel price only through 5th lag the adjustment through which is 78% of the amount of initial 1$ temporary shock. The result is similar for 2nd and 3rd specification with minor difference in coefficients. 
The fact of lagged adjustment to negative price shock can be explained by two features of the steel markets. The market structure is such that steel prices are quoted in special exchanges, in particular, Ukrainian steel price is quoted in the Black See hub. The steel in the hub may vary from the steel price ex works quoted by plant where it is produced.  Traders have a certain degree of market power to fix the price in the short run to maximize their profits. However, the pressure form customers and arbitrage opportunities restrain price fixing for a period longer than 4-5 weeks.
The second explanation is that when prices are falling the customers dominate the market. In particular, falling price is associated with falling demand. Thus, in such conditions customers are able to wait with placing new orders, thus putting a pressure on traders to lower the price even more.  On the other hand in the period of rising prices sellers of steel dominate the market which results in instantaneous reaction to the increase in the world price. 
Chapter 5

CONclusions

This study looks on the steel industry of Ukraine and focuses on its price linkages with the regional and world steel market. Significant freight cost for steel restrains the formation of a single world market for this basic commodity thus steel price is determined on the basis of regional supply and demand. Indeed no evidence of cointegration of Ukrainian steel market with distant markets is found (cases of China and North America were considered). 

At the same time it is verified that Ukrainian steel price has long run relationship with Russian price and world composite steel price. The diverse geography of shipments of Ukrainian steel gives the economic justification for latter relationship.
Regional and world price shocks accommodate almost in a full magnitude. A 1$ permanent shock to the world steel price will cause Ukrainian price to move in the same direction by 0.84$.  While a 1$ shock to Russian price will cause Ukrainian price to react by 0.9$. 
Granger causality test supports the hypothesis that causality goes most likely from outside markets to Ukrainian one.  This is economically justified and relates to the notion of small home market effect. Generally the findings are not sensitive to the model specification nor to the sample size.

In light of WTO accession we may conclude that the impact on the Ukrainian steel industry in terms of pricing will be limited because it is already integrated into the world economy, though gains may come from increased volumes of steel export.
Empirical evidence suggests that after the positive world steel price shock Ukrainian market start to adjust instantaneously, while negative shock starts to affect Ukrainian steel price in 4-5 weeks. There is an important implication of such result for inventory management for steel mills and steel traders. If the price in the world market is falling the steel mill in anticipation of deferred downward reaction should reduce its production activity to avoid overstocking and thus save costs. 
The general result of this paper is that Ukrainian steel market is close to competitive, regionally integrated and linked with the world steel market. The transmission mechanism was described in details and explained. 
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APPENDIX A. Steel Markets Summary

Table 1A. Statistical Summary
	Variable
	Obs
	Mean
	Std. Dev.
	Min
	Max

	Ukraine
	327
	488.4128
	199.0224
	200
	1148

	Russia
	327
	542.6758
	218.9829
	235
	1243

	World
	327
	580.2049
	183.6498
	313
	1128

	China
	327
	543.5749
	116.1981
	349
	873

	North America
	327
	563.2171
	189.7742
	265
	1125


APPENDIX B. Long-Run Relationship between Steel Markets

      Table 1B. Long-Run Relationships Summary

	Model
	Lags
	Rank
	Ukraine
	Russia
	World
	China
	North America

	1
	2
	1
	1
	-0.90*
	-
	-
	-

	2
	2
	0
	-
	-
	-
	-
	-

	3
	6
	1
	1
	-
	-0.84*
	-
	-

	4
	5
	0
	-
	-
	-
	-
	-

	5
	5
	0
	-
	-
	-
	-
	-

	6
	6
	1
	-
	1
	-0.94*
	-
	-

	7
	6
	0
	-
	-
	-
	-
	-

	8
	6
	0
	-
	-
	-
	-
	-

	9
	5
	0
	-
	-
	-
	-
	-

	10
	6
	0
	-
	-
	-
	-
	-

	11
	5
	0
	-
	-
	-
	-
	-

	12
	6
	1
	-
	-0.80*
	1
	-0.27*
	-

	13
	5
	0
	-
	-
	-
	-
	-

	14
	6
	1
	-
	-0.65*
	1
	-
	-0.40*

	15
	5
	1
	1
	-
	-1.99*
	-
	1.18*

	16
	6
	2
	0*
	-1.07*
	1
	-
	-

	17
	6
	2
	1
	-0.90*
	(dropped)
	-
	-

	18
	5
	0
	-
	-
	-
	-
	-

	19
	5
	0
	-
	-
	-
	-
	-

	20
	2
	1
	1
	-0.92*
	-
	0.02
	-

	21
	5
	1
	1
	-1.03*
	-
	-
	0.12*

	22
	5
	2
	(dropped)
	-0.75*
	1
	-0.32*
	-

	23
	5
	1
	1
	-
	-2.33*
	0.60*
	0.96*

	24
	5
	1
	-
	-0.44*
	1
	-0.27*
	-0.35*

	25
	2
	1
	1
	-0.94*
	-
	0.00
	0.05

	26
	5
	2
	1
	-1.04*
	(dropped)
	-
	0.13*

	27
	5
	2
	(dropped)
	-0.56*
	1
	-
	-0.49*

	28
	2
	2
	1
	-0.97*
	(dropped)
	-0.01
	0.08

	29
	2
	2
	(dropped)
	-0.46*
	1
	-0.31*
	-0.28*

	
	
	
	
	
	
	
	


If coefficient is significant at 5% significance level it is marked *

Number of lags based on Schwarz's Bayesian information criterion.

Estimated cointegrating rank using Johansen's framework (trace and max statistics).

APPENDIX C. Vector Error Correction Model Ukraine and world
Table 1C. ECM allowing for asymmetry models comparison

Sample:       7      327                           No. of obs      =       321

                                                   AIC             =  17.28203

Log likelihood = -2750.766                         HQIC            =  17.38993

Det(Sigma_ml)  =  95127.62                         SBIC            =  17.55226

Equation           Parms      RMSE     R-sq      chi2     P>chi2

----------------------------------------------------------------

D_ukraine            11     24.6562   0.3076   137.7125   0.0000

D_world              11     13.1284   0.4537      257.5   0.0000

----------------------------------------------------------------

------------------------------------------------------------------------------

             |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

D_ukraine    |

        _ce1 |

         L1. |  -.0898347   .0252936    -3.55   0.000    -.1394093   -.0402601

     ukraine |

         LD. |   -.130493   .0568454    -2.30   0.022    -.2419079   -.0190781

        L2D. |  -.0808318   .0568313    -1.42   0.155    -.1922192    .0305555

        L3D. |  -.1669886   .0563155    -2.97   0.003    -.2773651   -.0566122

        L4D. |  -.0737717   .0560733    -1.32   0.188    -.1836734      .03613

        L5D. |  -.0057587   .0545164    -0.11   0.916    -.1126089    .1010915

       world |

         LD. |   .2285325   .1111543     2.06   0.040     .0106741    .4463908

        L2D. |    .237272   .0952613     2.49   0.013     .0505633    .4239808

        L3D. |   .0870668   .0935005     0.93   0.352    -.0961908    .2703245

        L4D. |   .3845612   .0914549     4.20   0.000      .205313    .5638094

        L5D. |   .6153602   .1078121     5.71   0.000     .4040523    .8266681

-------------+----------------------------------------------------------------

D_world      |

        _ce1 |

         L1. |  -.0257212   .0134678    -1.91   0.056    -.0521177    .0006752

     ukraine |

         LD. |   .0039933   .0302678     0.13   0.895    -.0553306    .0633172

        L2D. |   .0688161   .0302604     2.27   0.023     .0095069    .1281253

        L3D. |   .0083511   .0299857     0.28   0.781    -.0504198     .067122

        L4D. |   .0958862   .0298567     3.21   0.001      .037368    .1544043

        L5D. |  -.0007281   .0290278    -0.03   0.980    -.0576215    .0561652

       world |

         LD. |  -.0770973   .0591851    -1.30   0.193     -.193098    .0389034

        L2D. |   .0229881   .0507228     0.45   0.650    -.0764267    .1224029

        L3D. |   .0085429   .0497852     0.17   0.864    -.0890343    .1061201

        L4D. |   .5431147    .048696    11.15   0.000     .4476724    .6385571

        L5D. |   .1418866   .0574056     2.47   0.013     .0293738    .2543995

------------------------------------------------------------------------------
Identification:  beta is exactly identified

                 Johansen normalization restriction imposed

------------------------------------------------------------------------------

        beta |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

_ce1         |

     ukraine |          1          .        .       .            .           .

       world |  -.8366713    .023485   -35.63   0.000     -.882701   -.7906415

------------------------------------------------------------------------------

Graph 1C. Postestimation - Stability Test
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APPENDIX D. Error Correction Model Allowing Asymmetry
Table 1D. ECM allowing for asymmetry models comparison
	Model
	(1)
	(2)
	(3)

	
	D.ukraine
	D.ukraine
	D.ukraine

	LD.ukraine
	
	-0.139*
	-0.145*

	
	
	(-2.42)
	(-2.57)

	L2D.ukraine
	
	-0.0829
	-0.092

	
	
	(-1.45)
	(-1.61)

	L3D.ukraine
	
	-0.167**
	-0.166**

	
	
	(-2.92)
	(-2.95)

	L4D.ukraine
	
	-0.0732
	-0.0958

	
	
	(-1.29)
	(-1.70)

	L5D.ukraine
	
	0.00317
	0.00543

	
	
	(0.06)
	(0.10)

	Dworp
	0.519***
	
	0.535***

	
	(3.35)
	
	(3.50)

	L.dworp
	0.364*
	0.376*
	0.449**

	
	(2.38)
	(2.38)
	(2.87)

	L2.dworp
	0.154
	0.259*
	0.262*

	
	(1.41)
	(2.16)
	(2.22)

	L3.dworp
	0.0315
	0.157
	0.155

	
	(0.29)
	(1.34)
	(1.34)

	L4.dworp
	-0.0833
	0.392***
	0.0299

	
	(-0.54)
	(3.33)
	(0.19)

	L5.dworp
	0.245
	0.383*
	0.278

	
	(1.58)
	(2.44)
	(1.77)

	dworm
	0.0892
	
	0.13

	
	(0.60)
	
	(0.86)

	L.dworm
	0.065
	0.18
	0.18

	
	(0.44)
	(1.16)
	(1.18)

	L2.dworm
	0.0863
	0.202
	0.191

	
	(0.64)
	(1.42)
	(1.35)

	L3.dworm
	-0.159
	-0.0694
	-0.0776

	
	(-1.18)
	(-0.48)
	(-0.55)

	L4.dworm
	0.239
	0.380**
	0.339*

	
	(1.64)
	(2.78)
	(2.31)

	L5.dworm
	0.784***
	0.854***
	0.845***

	
	(5.28)
	(5.69)
	(5.65)

	L.ruw
	-0.120***
	-0.0922***
	-0.0856**

	
	(-4.95)
	(-3.47)
	(-3.27)

	-------------
	----------------
	----------------
	----------------

	N
	321
	322
	321

	t statistics in parentheses
	
	

	* p<0.05, ** p<0.01, *** p<0.
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