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3�������*%&&;,�finds the speed of convergence in income per capita to be about 5.3 -7 %, from 

4.7 to 8.4% for real gross value added per person employed and 26% for the index of welfare.�

Issues of economic growth have received substantial attention from theorists and 

practitioners in recent years. Solow (1957), was one of the first to consider such an issue. In his 

work he is concerned with “segregations in output per head due to technical change from those 

due to changes in the availability of capital per head”1, meaning that economic growth can be 

ascribed to technological change and capital deepening. Baumol (1986) finds that there exists a 

convergence pattern among industrialized countries in the way that productivity levels of these 

countries become closer with the flow of time. Beginning with the work of Fare et. al. (1994) a 

new approach came into life and received wide recognition among economists. Data 

Envelopment Analysis (DEA) which estimates efficiency of the DMU assumes no particular 

functional form of the efficient production frontier, it is designed to estimate. It also assumes 

that the frontier is linear on all segments. This method was used by Kumar and Russel (2002), 

who construct a world production frontier and “analyze the evolution of the cross-country 

distribution of labor productivity in terms of the tripartite decomposition, finding that 

                                                
1 Solow (1957, p.312) 



technological change is decidedly nonneutral and that both growth and bipolar international 

divergence are driven primarily by capital deepening”. Henderson and Zelenyuk (2004) 

continue this practice and “use advances in DEA techniques to examine efficiency scores and 

investigate the issue of convergence/divergence in a cross-country analysis” and find that “the 

efficiency scores are significantly different between the groups and that there is some evidence 

of convergence of efficiency scores within each group”. Summarizing all previous studies we 

may conclude that several gaps have not been filled yet: 1) No studies conducted previously 

considered issues of “pure” regional convergence of Ukraine, meaning the comparison of 

production levels and their “behaviour” across regions over time. 2) DEA was never applied in 

the studies of Ukraine’s growth. Our study is aimed at filling these gaps. �

The rest of the paper is as follows: next chapter will provide a review of the research 

conducted before and will include the overview of the studies in which authors used different 

methodological approaches, as well as different objects of study. Chapter three contains a 

description of the method which will be employed in the research. It describes its drawbacks 

and also suggests solutions that will help in combating these drawbacks. This chapter also 

contains the description of the data used in the study. Empirical results obtained during the 

course of the research are presented in Chapter 4. We conclude with the next chapter.�
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� ),1(,0 nkzk =≥ are the variables we are optimizing over. T̂ is a consistent estimator of 

an unobserved true technology set under constant returns to scale (CRS) assumption. Although 

we know that the true individual efficiencies are not observed, although they can be 

approximated by the biased estimators found employing DEA. In turn the estimated efficiency 

scores can be corrected for bias employing bootstrap procedure, which also allows us to 

estimate standard errors of efficiency scores and construct corresponding confidence intervals. 
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 Obs Mean Median St. Dev. Min Max 
Input Variables       

Capital 
(mln. UAH) 189 21699.4 16012 17006.45 2579 94582 

Labor 
(mln. UAH) 189 106.96 73.9 85.36 20.15 439.86 

Output Variable       

Gross Value Added 
(GVA) 

(mln. UAH) 
189 2767.7 1846 2454.44 284 16847 
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One of the major issues of our research is to compare the economic development of 

Ukrainian regions through the ability to utilize the available resources and produce the greatest 

amount of output possible. In order to do so, we divide the regions into two subgroups. There 

are a number of ways to divide the regions, i.e. according to the geographical location, nature 

of output, etc. In our research we will consider to divisions. Fist, division according to the 

nature of output, in other words due to dominating agrarian or industrial share of output. When 

we take a look at the yearly data of the regional output type we are able to identify the agrarian 

– industrial regions, although some regions exhibit clear pattern of output type others change it 

from year to year. We tackle this problem in the following way – we choose the type of output 

that dominates through the range of years. By doing this we are able to compose two groups. 

Second, division is made according to the covenant between Russia and Poland in 1667 due to 

which Right Bank Ukraine became part of Poland, while Left Bank Ukraine remained under 

the reign of Russia. It is worth noticing that groups in both divisions contain approximately the 

same number of units. 

At the second stage we want to analyze the dependence of the estimated technical 

efficiency scores on the variables, which are thought to influence the abilities of people, as well 

as variables, which may influence the efficiency of a separately taken region. In our estimation 

to the variables that influence the ability of a person belong alcohol and cigarettes 

consumption. These variables are taken from the surveys of consumption patterns conducted 

by the Statistical Committee of Ukraine. From the data we observe a rather high volatility of 

foreign direct investment. This observation is due to the fact that the distribution of 

investments around the country is not normal. FEZ and PT are quite attractive to foreign 

capital. Criminality in the country is also unevenly distributed. High crime rate is observed in 



eastern regions of Ukraine, where social problems have more economic background than those 

in central or western Ukraine.�
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 Obs Mean Median St. Dev. Min Max 
Alcohol Consumption 

(mln. UAH) 108 2.73 1.83 2.11 0.61 10.18 

Cigarettes Consumption 
(mln. UAH) 108 2.44 1.72 1.79 0.48 9.16 

Criminality (number of 
crimes, thou) 

Number of Students in 
Higher Education (thou. 

pers) 

108 
 
108 

18.78 
 
54.84 

14.05 
 
28.60 

14.25 
 
60.19 

3.60 
 
10.20 

65.60 
 
322.40 

Foreign Direct 
Investment 
(mln. UAH) 

108 21.63 6.20 50.22 -34.90 307.20 

Population Density 
(number of people per 

sq.km) 
108 209.80 72.04 607.00 39.04 3272.88 

 

Density of population is higher than the average in eastern and western parts of the 

country. Density decreases in the course of years. Major source of the decrease is depopulation. 

The number of students involved in higher education studies is concentrated around scientific 

centers of Ukraine. The biggest shares of students from the whole student population are 

located in Kyiv and Kharkiv. 

Despite the fact that we have a rather good data set one should be aware that we use 

only the official statistics provided by the government. Many economists argue on the size, but 

agree on the existence of the shadow economy in Ukraine. Johnson et al. (1997) find that the 

unofficial economy in Ukraine accounts for approximately 49%, which means that if all the 

economy operated officially the GDP of the country would be almost twice as big. Later, 

Johnson et al. (1999) find the improvement of the economy and conclude that almost 41% of 

the economy is in the shadow. Schneider (2002) finds that the informal economy in Ukraine is 

as big as 52%. From these facts we can conclude, that about a half of the Ukrainian economy is 

in the shadow. It is impossible to state which part of the economy is “hiding” – more or less 

efficient one. Knowing this and having only official statistics at our disposal we explicitly 

declare that our research concerns the “visible” part of the economy. We also assume that 

shadow activities are evenly distributed among the regions; otherwise we will be not able to 

compare the results with high confidence. 
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After obtaining the efficiency scores and correcting them for bias we are ready for the 

second stage evaluation. At this stage we will analyze the dependency of the efficiency scores 

we obtained at the first stage on human and region specific factors. We hypothesize that to 



human specific factors that influence the efficiency belong alcohol and tobacco consumption, 

while to region specific factors belong criminality level, yearly FDI, number of students 

involved in high education and density of population. We expect negative impact of alcohol 

and tobacco consumption, as well as criminality on the efficiency levels of the regions, while 

foreign direct investment, number of students and density of population are thought to have a 

positive influence. We employ Algorithm II proposed by Simar and Wilson (2002). 
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In the Model 2 (Appendix B) we see change of the DMU defining the overall frontier, 

i.e. city Kyiv. A year-by-year analysis allows us to say that Kyiv is also the major determinant, 

together with Poltavs’ka oblast’, of the frontiers during these years. Other units exhibit even 

greater inefficiency compared to the one in Model 1. It is worth noting that some small 

agrarian regions, such as Volyns’ka, Zakarpats’ka, Zhytomyrs’ka oblasts define frontier. And 

most of the cases big and rich industrial regions are inefficient with the respect to the frontier. 

This somewhat unexpected result should not be interpreted as a drawback of the DEA method. 

On the contrary, the advantage of the method is such that it allows comparing different types of 

units. And the fact that agrarian regions are better in terms of efficiency does not imply higher 

well being of the regions population. It means that regions with higher efficiency are able to 

utilize the resources at hand the most optimal way. 
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Table 4. Regions of Ukraine Defining the Frontier or Close to it (Model 1). 

On the frontier Zhytomyrs’ka, Poltavs’ka, Khmel’nyts’ka 1996 

Close to the frontier Zaporiz’ka, Kyivs’ka, Cherkas’ka, 

Chernihivs’ka 

On the frontier Poltavs’ka, Khmel’nyts’ka 1997 

Close to the frontier Zaporiz’ka 

On the frontier Poltavs’ka 1998 

Close to the frontier Vinnyts’ka, Kyivs’ka, Khmel’nyts’ka, 

Chernihivs’ka 

On the frontier Poltavs’ka 1999 

Close to the frontier Vinnyts’ka, Zakarpats’ka 

On the frontier Kyivs’ka, Poltavs’ka 2000 

Close to the frontier Vinnyts’ka, Volyns’ka, Zakarpats’ka 

On the frontier Vinnyts’ka, Volyns’ka 2001 

Close to the frontier Donets’ka, Zakarpats’ka, Kirovohrads’ka, 

Poltavs’ka 

On the frontier Volyns’ka, Zakarpats’ka, Poltavs’ka 2002 

Close to the frontier Donets’ka, Odes’ka 
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Table 5. Regions of Ukraine Defining the Frontier or close to it (Model 2). 

On the frontier Zhytomyrs’ka, Poltavs’ka, Kyiv 1996 

Close to the frontier Zaporiz’ka, Kyivs’ka, Khmel’nyts’ka, 

Cherkas’ka, Chernihivs’ka  

On the frontier Poltavs’ka, Kyiv 1997 

Close to the frontier Zaporiz’ka 

On the frontier Poltavs’ka, Kyiv 1998 

Close to the frontier - 

On the frontier Poltavs’ka, Kyiv 1999 

Close to the frontier - 

On the frontier Poltavs’ka, Kyiv 2000 

Close to the frontier Volyns’ka, Kyivs’ka 

On the frontier Kyiv 2001 

Close to the frontier - 

On the frontier Kyiv 2002 

Close to the frontier - 
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2 Used for obtaining precious non-ferrous metals 
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Table 6. List of Special (free) Economic Zones (SEZ) and Priority Territories (PT) 

Special (free) Economic Zones Priority Territories 
"Azov" (Mariupol’) (1998) In AR Crym (2000) 
"Donets’k" (1998) In Volyns’ka oblast’ (2000) 
"Zakarpattya" (1999) In Donets’ka oblast’ (1998) 
"Interport Kovel’" (Volyns’ka oblast’) (2000) In Zakarpats’ka oblast (1999) 
"Kurortpolis Truskavets’" (L’vivs’ka oblast’) 
(2000) In Zhytomyrs’ka oblast’ (2000) 

"Mykolayiv" (Mykolayivs’ka oblast’) (2000) In Luhans’ka oblast’ (1999) 
"Porto-Franko" (Odesa) (2000) In Chernihivs’ka oblast’ (2000) 
"Port Crym" (AR Crym) (2000) In Kharkiv (2000) 

"Reni" (Odes’ka oblast’) (2000) In Shostka, Sums’ka oblast’ 
(2000) 

"Syvash" (AR Crym) (1996)   
"Slavutych" (Kyivs’ka oblast’) (1998)   
"Yavoriv" L’vivs’ka oblast’ (1999)   

Source: Kabinet of Ministers of Ukraine (www.kmu.gov.ua) 
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Figure 1. Bias Corrected Weighted Average Efficiencies 
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First of all no significance of regional dummy supports our previous conclusions about 

the same distribution of efficiency scores across regions independently of its production 

patterns. 
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Estimated Coefficients Independent 

Variable 

 

Spec. 1 Spec. 2  Spec. 3  Spec. 4 

Const 
 

1.5799* 
 

1.1374* 
 

 
1.4017* 

 

 
1.3192* 

 
Industrial  0.0754 - - 0.0850 

 
Agricultural  - - 

 -0.0844 - 

Log (Alcohol)  0.1251 0.0443 - - 
Log (Criminality)  -0.1800*** - -0.1279*** -0.1292*** 
FDI  -0.0037* -0.0040* -0.0036* -0.0036* 
Log (Students)  -0.0604 -0.1260*** -0.0171 -0.0167 
Density  0.1934* 0.2600* 0.2048* 0.2053* 

�2
�  0.0785* 0.0820* 0.0803* 0.0808* 

Notes: (i) The regressand is the bootstrap-bias-corrected DEA estimate of the unobserved inefficiency  
score of region j 

          (ii) *, **, *** - significance from zero at 1%, 5%, 10% level, according to bootstrap confidence intervals 
           (iii) Estimation according to Algorithm 2 of Simar and Wilson (2003), with 1000 bootstrap 

 replications both for bias correction and for confidence intervals of the estimated  
regression coefficients  
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APPENDIX A. Efficiencies of Oblast’s under the technology of year 2002 (Model 1) 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AR Crym 1.6365 1.6127 1.6008 1.4276 1.5054 1.4126 1.5249 
Vinnyts’ka 1.4092 1.4576 1.4134 1.3219 1.1379 1.0250 1.1460 
Volyns’ka 1.4124 1.4500 1.3648 1.2091 1.0490 1.0000 1.0000 

Dnipropetrovs’ka 1.5202 1.5439 1.4639 1.2809 1.2135 1.2601 1.2606 
Donets’ka 1.5961 1.6076 1.6214 1.3449 1.2033 1.0652 1.0242 

Zhytomyrs’ka 1.2390 1.3047 1.2966 1.1911 1.1231 1.2302 1.2450 
Zakarpats’ka 1.8567 1.9669 1.8272 1.5063 1.2603 1.0700 1.0000 
Zaporiz’ka 1.2729 1.2059 1.2168 1.1046 1.1276 1.3398 1.4609 

Ivano-
Frankivs’ka 1.5298 1.4686 1.3549 1.2001 1.0969 1.0818 1.1980 

Kyivs’ka 1.3626 1.3573 1.2782 1.2507 1.0367 1.2010 1.1293 
Kirovohrads’ka 1.4891 1.4901 1.4546 1.3904 1.2750 1.1324 1.2469 

Luhans’ka 1.6415 1.5773 1.5936 1.3649 1.2776 1.3455 1.2965 
L’vivs’ka 1.5506 1.6731 1.6411 1.4577 1.2736 1.3050 1.2333 

Mykolayivs’ka 1.4954 1.5218 1.6433 1.4978 1.3547 1.2572 1.2182 
Odes’ka 1.3251 1.3388 1.4029 1.3369 1.2191 1.1135 1.0442 

Poltavs’ka 1.2499 1.1840 1.1438 1.0303 1.0000 1.0653 1.0646 
Rivnens’ka 1.5140 1.5558 1.4906 1.3090 1.2280 1.1767 1.1267 

Sums’ka 1.4481 1.4139 1.3629 1.3169 1.1900 1.2404 1.3419 
Ternopil’sk’a 1.5132 1.6073 1.5335 1.3318 1.2181 1.1574 1.1793 
Kharkivs’ka 1.5139 1.5313 1.4949 1.3815 1.3191 1.3555 1.3679 
Khersons’ka 1.4548 1.4597 1.5597 1.4699 1.3174 1.2622 1.2860 

Khmel’nyts’ka 1.3597 1.4041 1.4470 1.3605 1.2644 1.2283 1.1658 
Cherkas’ka 1.2917 1.2781 1.2687 1.2553 1.1669 1.2444 1.3055 

Chernivets’ka 1.6644 1.7199 1.7062 1.6510 1.6358 1.4689 1.3967 
Chernihivs’ka 1.3687 1.3903 1.3599 1.2397 1.1554 1.3608 1.3836 

        
MEAN       1.3446 

STD       0.1850 



Appendix B. Efficiencies of Oblast’s under the technology of year 2002 (Model 2) 

 

�

AR Crym 1,9712 1,9425 1,9281 1,7196 1,8133 1,8076 2,0463 
Vinnyts’ka 1,6974 1,7557 1,7025 1,6012 1,4662 1,4920 1,7686 
Volyns’ka 1,7012 1,7465 1,6439 1,4564 1,2825 1,3132 1,5309 

Dnipropetrovs’ka 1,8311 1,8596 1,7633 1,5428 1,4622 1,6159 1,7668 
Donets’ka 1,9226 1,9363 1,9529 1,6199 1,5301 1,4830 1,5482 

Zhytomyrs’ka 1,4924 1,5716 1,5618 1,4346 1,3528 1,5484 1,7086 
Zakarpats’ka 2,2364 2,3691 2,2775 1,9581 1,8590 1,8810 1,7055 
Zaporiz’ka 1,5332 1,4525 1,4657 1,3305 1,3759 1,6885 1,9177 

Ivano-Frankivs’ka 1,8427 1,7689 1,6320 1,4455 1,3660 1,4686 1,5767 
Kyivs’ka 1,6412 1,6348 1,5395 1,5064 1,2980 1,5568 1,7669 

Kirovohrads’ka 1,7937 1,7948 1,7521 1,6747 1,5358 1,3770 1,6044 
Luhans’ka 1,9771 1,8998 1,9195 1,6440 1,5421 1,7379 1,8924 
L’vivs’ka 1,8676 2,0153 1,9767 1,7558 1,6182 1,7822 1,8771 

Mykolayivs’ka 1,8012 1,8330 1,9794 1,8041 1,7103 1,8795 2,1429 
Odes’ka 1,5961 1,6126 1,6898 1,6103 1,5340 1,4849 1,6637 

Poltavs’ka 1,5055 1,4262 1,3777 1,2410 1,2045 1,3586 1,4034 
Rivnens’ka 1,8236 1,8739 1,7954 1,5767 1,5556 1,7436 1,9772 

Sums’ka 1,7443 1,7030 1,6416 1,5862 1,4699 1,6094 1,8675 
Ternopil’sk’a 1,8226 1,9360 1,8471 1,6041 1,4672 1,5065 1,6353 
Kharkivs’ka 1,8235 1,8445 1,8006 1,6640 1,5889 1,6888 1,8119 
Khersons’ka 1,7523 1,7582 1,8787 1,7705 1,5868 1,6417 1,9357 

Khmel’nyts’ka 1,6378 1,6913 1,7429 1,6388 1,6027 1,7763 2,0037 
Cherkas’ka 1,5559 1,5394 1,5282 1,5120 1,4055 1,5696 1,7857 

Chernivets’ka 2,0048 2,0716 2,0552 1,9886 2,0052 1,9124 2,0616 
Chernihivs’ka 1,6487 1,6746 1,6380 1,4932 1,4078 1,6391 1,7418 

City Kyiv 1,9774 1,6348 1,6769 1,5237 1,4428 1,0000 1,0980 
City Sevastopol’ 2,9948 2,8897 3,1190 2,9905 2,8494 2,0603 1,8702 

        
MEAN       1,7232 

STD       0,2983 



Appendix C. Efficiencies of Oblast’s by year (Model 1) 

�

 1996 1997 1998 1999 2000 2001 2002 
        

AR Crym 1.3208 1.3621 1.3996 1.3856 1.5054 1.3765 1.4427 
Vinnyts’ka 1.0604 1.2060 1.0084 1.0483 1.0228 1.0000 1.1460 
Volyns’ka 1.1349 1.2246 1.1065 1.1531 1.0349 1.0000 1.0000 

Dnipropetrovs’ka 1.2198 1.2796 1.2799 1.2432 1.2131 1.2306 1.2141 
Donets’ka 1.0761 1.1800 1.1803 1.1953 1.1180 1.0508 1.0186 

Zhytomyrs’ka 1.0000 1.1019 1.1337 1.1560 1.1231 1.1792 1.1887 
Zakarpats’ka 1.2187 1.4160 1.1032 1.0108 1.0371 1.0055 1.0000 
Zaporiz’ka 1.0233 1.0185 1.0639 1.0721 1.1144 1.2858 1.3664 

Ivano-Frankivs’ka 1.2246 1.1959 1.1840 1.1455 1.0634 1.0736 1.1234 
Kyivs’ka 1.0340 1.0821 1.0594 1.0728 1.0000 1.1856 1.1293 

Kirovohrads’ka 1.2019 1.2585 1.2718 1.3495 1.2750 1.0486 1.1432 
Luhans’ka 1.2818 1.3321 1.3933 1.3247 1.2751 1.3234 1.2701 
L’vivs’ka 1.2515 1.2827 1.1990 1.2068 1.1858 1.2933 1.2302 

Mykolayivs’ka 1.1991 1.2853 1.3238 1.3376 1.2809 1.2152 1.2182 
Odes’ka 1.0607 1.0711 1.1802 1.1763 1.1620 1.1096 1.0442 

Poltavs’ka 1.0000 1.0000 1.0000 1.0000 1.0000 1.0346 1.0000 
Rivnens’ka 1.0834 1.1516 1.0607 1.1134 1.1520 1.1409 1.1267 

Sums’ka 1.1622 1.1637 1.1357 1.2508 1.1628 1.2256 1.2886 
Ternopil’sk’a 1.2117 1.3256 1.2073 1.2656 1.2181 1.1473 1.1308 
Kharkivs’ka 1.1720 1.2525 1.3070 1.3408 1.3191 1.2860 1.2874 
Khersons’ka 1.1742 1.2328 1.3433 1.4196 1.3174 1.2502 1.2765 

Khmel’nyts’ka 1.0000 1.0000 1.0504 1.1429 1.1841 1.2004 1.1658 
Cherkas’ka 1.0358 1.0794 1.1092 1.2183 1.1669 1.1953 1.2448 

Chernivets’ka 1.3434 1.4526 1.4918 1.6024 1.6099 1.4564 1.3748 
Chernihivs’ka 1.0420 1.1042 1.0440 1.0667 1.1434 1.2482 1.2411 

        
MEAN 1.1413 1.2024 1.1855 1.2119 1.1874 1.1825 1.1869 

STD 0.1052 0.1257 0.1343 0.1435 0.1468 0.1218 0.1207 



Appendix D. Efficiencies of Oblast’s by year (Model 2) 

�

 1996 1997 1998 1999 2000 2001 2002 
        

AR Crym 1,3208 1,3621 1,3996 1,3856 1,5054 1,8076 1,8636 
Vinnyts’ka 1,0717 1,2223 1,1436 1,1821 1,1266 1,4920 1,6107 
Volyns’ka 1,1349 1,2246 1,1581 1,1644 1,0468 1,3132 1,3943 

Dnipropetrovs’ka 1,2198 1,2954 1,2799 1,2432 1,2134 1,6159 1,6091 
Donets’ka 1,1209 1,2959 1,3214 1,2561 1,1936 1,4830 1,4100 

Zhytomyrs’ka 1,0000 1,1019 1,1337 1,1560 1,1231 1,5484 1,5561 
Zakarpats’ka 1,2801 1,5759 1,4302 1,3243 1,3362 1,8810 1,5500 
Zaporiz’ka 1,0233 1,0185 1,0639 1,0721 1,1255 1,6885 1,7465 

Ivano-Frankivs’ka 1,2246 1,2248 1,1844 1,1562 1,0915 1,4686 1,4359 
Kyivs’ka 1,0434 1,1240 1,0939 1,1508 1,0309 1,5568 1,6092 

Kirovohrads’ka 1,2019 1,2585 1,2718 1,3495 1,2750 1,3770 1,4612 
Luhans’ka 1,2871 1,3321 1,3933 1,3247 1,2772 1,7379 1,7234 
L’vivs’ka 1,2515 1,3677 1,3392 1,3218 1,2636 1,7822 1,7095 

Mykolayivs’ka 1,1991 1,2853 1,3910 1,4018 1,3453 1,8795 1,9475 
Odes’ka 1,0607 1,1100 1,2078 1,2433 1,2113 1,4849 1,5152 

Poltavs’ka 1,0000 1,0000 1,0000 1,0000 1,0000 1,3586 1,2781 
Rivnens’ka 1,1082 1,2575 1,2049 1,2002 1,2190 1,7436 1,8006 

Sums’ka 1,1622 1,1835 1,1690 1,2659 1,1857 1,6094 1,7008 
Ternopil’sk’a 1,2117 1,3464 1,2867 1,2805 1,2181 1,5065 1,4893 
Kharkivs’ka 1,1786 1,2791 1,3070 1,3408 1,3191 1,6888 1,6501 
Khersons’ka 1,1742 1,2328 1,3554 1,4235 1,3174 1,6417 1,7628 

Khmel’nyts’ka 1,0147 1,1213 1,1781 1,2411 1,2549 1,7763 1,8248 
Cherkas’ka 1,0358 1,0794 1,1092 1,2183 1,1669 1,5696 1,6263 

Chernivets’ka 1,3434 1,4526 1,4918 1,6024 1,6317 1,9124 1,8775 
Chernihivs’ka 1,0509 1,1499 1,1302 1,1422 1,1535 1,6391 1,5863 

City Kyiv 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 
City Sevastopol’ 1,6249 1,8366 2,0121 2,1038 2,0236 2,0603 1,6997 

        
MEAN 1,1609 1,2496 1,2613 1,2797 1,2465 1,6157 1,6088 

STD 0,1399 0,1796 0,1993 0,2101 0,2104 0,2190 0,2026 



Appendix E. Results of the Li-test 
 
 
Agrarian (A) vs Industrial (I) Regions (Model 1) 
 
 Test statistic P-value 
f(A) = f(I) (pulled years) -0.3758 0.5670 
f(A) = f(I) (1996) -0.6129 0.3045 
f(A) = f(I) (1997) -0.0558 0.9395 
f(A) = f(I) (1998) -0.4441 0.5305 
f(A) = f(I) (1999) -0.0600 0.9410 
f(A) = f(I) (2000) -0.1778 0.8025 
f(A) = f(I) (2001) -0.3719 0.6080 
f(A) = f(I) (2002) -1.0700 0.0935 
 
 
Right (R) vs Left (L) Bank Regions (Model 1) 
 
 Test statistic P-value 
f(R) = f(L) (pulled years) -0.8798 0.1485 
f(R) = f(L) (1996) -0.5927 0.3495 
f(R) = f(L) (1997) -0.4906 0.4530 
f(R) = f(L) (1998) 1.4315 0.0505 
f(R) = f(L) (1999) 1.5649 0.0465 
f(R) = f(L) (2000) 0.9174 0.1190 
f(R) = f(L) (2001) 0.6469 0.2920 
f(R) = f(L) (2002) 1.7663 0.0345 
 
 
Agrarian (A) vs Industrial (I) Regions (Model 2) 
 
 Test statistic P-value 
f(A) = f(I) (pulled years) -0.7041 0.2600 
f(A) = f(I) (1996) -0.4894 0.4190 
f(A) = f(I) (1997) -0.4767 0.4445 
f(A) = f(I) (1998) -0.4929 0.4400 
f(A) = f(I) (1999) -0.2172 0.7545 
f(A) = f(I) (2000) -0.3192 0.6340 
f(A) = f(I) (2001) -0.5940 0.3100 
f(A) = f(I) (2002) 0.0346 0.9625 
 
 
Right (R) vs Left (L) Bank Regions (Model 2) 
 
 Test statistic P-value 
f(R) = f(L) (pulled years) -0.7746 0.1955 
f(R) = f(L) (1996) -0.0775 0.9185 
f(R) = f(L) (1997) -0.5185 0.3960 
f(R) = f(L) (1998) 0.1090 0.8805 
f(R) = f(L) (1999) 1.0878 0.0875 
f(R) = f(L) (2000) -0.5747 0.3630 
f(R) = f(L) (2001) -0.3657 0.5960 
f(R) = f(L) (2002) -0.4724 0.4440 
�



Appendix F. Results for Group-Wise Heterogeneous Sub-Sampling Bootstrap for Aggregate 
Efficiencies: Agrarian vs. Industrial Regions (Model 1) 

 

  
Estimated 

Score 
Corrected 

Score Est Bias Est std 
Lower 
Bound 

Upper 
Bound 

Aggregate Efficiency (A) 1.3501 1.4219 -0.0718 0.0593 1.2970 1.5320 
Aggregate Efficiency (I) 1.3193 1.3950 -0.0757 0.0561 1.2874 1.4957 

Entire Aggregate Efficiency 1.3269 1.4013 -0.0744 0.0506 1.3093 1.4950 
Mean Efficiency (A) 1.3685 1.4414 -0.0729 0.0633 1.3061 1.5526 
Mean Efficiency (I) 1.3258 1.4028 -0.0770 0.0523 1.3054 1.4969 

Mean All 1.3446 1.4191 -0.0745 0.0498 1.3212 1.5166 
RD for Ag Eff 1.0233 1.0177 0.0056 0.0496 0.9036 1.1033 

RD for Mean All 1.0408 1.0435 -0.0027 0.0468 0.9400 1.1295 
 
Results for Group-Wise Heterogeneous Sub-Sampling Bootstrap for Aggregate Efficiencies: Right vs. 
Left Bank Regions (Model 1) 
 

  
Estimated 

Score 
Corrected 

Score Est Bias Est std 
Lower 
Bound 

Upper 
Bound 

Aggregate Efficiency (R) 1.3126 1.3805 -0.0679 0.0527 1.2670 1.4695 
Aggregate Efficiency (L) 1.3333 1.4059 -0.0726 0.0589 1.2739 1.5229 

Entire Aggregate Efficiency 1.3269 1.3985 -0.0716 0.0497 1.2975 1.4972 
Mean Efficiency (R) 1.3383 1.4091 -0.0708 0.0559 1.2951 1.5111 
Mean Efficiency (L) 1.3504 1.4289 -0.0785 0.0498 1.3272 1.5259 

Mean All 1.3446 1.4194 -0.0748 0.0450 1.3360 1.5078 
RD for Ag Eff 0.9844 0.9803 0.0041 0.0476 0.8848 1.0671 

RD for Mean All 0.9975 0.9976 -0.0001 0.0439 0.9159 1.0746 
 
Results for Group-Wise Heterogeneous Sub-Sampling Bootstrap for Aggregate Efficiencies: Agrarian 
vs. Industrial Regions (Model 2) 

 
Results for Group-Wise Heterogeneous Sub-Sampling Bootstrap for Aggregate Efficiencies: Right vs. 
Left Bank Regions (Model 2) 
 

  
Estimated 

Score 
Corrected 

Score Est Bias Est std 
Lower 
Bound Upper Bound 

Aggregate Efficiency (R) 1.6864 1.9922 -0.3058 0.1836 1.6557 2.2126 
Aggregate Efficiency (L) 1.6275 1.9105 -0.2830 0.1290 1.6376 2.0860 

Entire Aggregate Efficiency 1.6435 1.9332 -0.2897 0.1413 1.6568 2.1113 
Mean Efficiency (R) 1.7060 2.0114 -0.3054 0.1833 1.6649 2.2342 
Mean Efficiency (L) 1.7369 2.0361 -0.2992 0.1724 1.7118 2.2704 

Mean All 1.7232 2.0260 -0.3028 0.1745 1.7089 2.2476 
RD for Ag Eff 1.0362 1.0480 -0.0118 0.0586 0.9297 1.1442 

RD for Mean All 0.9783 0.9825 -0.0042 0.0454 0.8971 1.0692 

  
Estimated 

Score 
Corrected 

Score Est Bias Est std 
Lower 
Bound 

Upper 
Bound 

Aggregate Efficiency (A) 1.7019 1.9860 -0.2841 0.1849 1.6580 2.2215 
Aggregate Efficiency (I) 1.6275 1.9109 -0.2834 0.1327 1.6503 2.0892 

Entire Aggregate Efficiency 1.6435 1.9275 -0.2840 0.1411 1.6628 2.1078 
Mean Efficiency (A) 1.7176 2.0009 -0.2833 0.1859 1.6545 2.2394 
Mean Efficiency (I) 1.7269 2.0288 -0.3019 0.1737 1.7105 2.2688 

Mean All 1.7232 2.0173 -0.2941 0.1750 1.7062 2.2385 
RD for Ag Eff 1.0457 1.0387 0.0070 0.0565 0.9141 1.1417 

RD for Mean All 0.9909 0.9747 0.0161 0.0537 0.8627 1.0754 



Appendix G. Kernel Densities for Ukraine (Model 1) 
 

 
 

 

 



Appendix G. Kernel Densities for Ukraine (Model 2)(Cont’d) 
 

 
 

 

 



Appendix H. Kernel Density Distributions (Model 1) 
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