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Summary

The statistics made by the International Monetary Fund of a sample of 30 countries
analysed to assess the degree of synchronicity of changes under the impact of the cri-
sis on macroeconomic indicators such as increase in: GDP, the exchange rate of the
national currency; a country’s international investment position (which characterizes
the external liabilities of residents to non-residents); foreign exchange reserves; the
value of government bonds. In order to quantify the changes observed, the values of
the Kendall concordance coefficient were calculated for equal periods of time —in the
crisis and post-crisis periods.
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PROBLEM SETTING

Modern economic policy is required to be able to determine the growth of imbal-
ances in the structure and level of financial markets in a timely manner. In view of
the exponentially accelerating pace of economic integration, this task is becoming
increasingly complicated. The reason for this is the layering of international rela-
tions between goods and money, the increasing pyramid of secondary financial instru-
ments, and the shrinking time of cash flow circulations.

When the characteristic features of financial market crises are studied, countries
need to be differentiated according to their responses to external financial shocks.
The relevance of the topic is highlighted in the Report on Global Financial Stability by
IMF.

In order to identify periods when there is similarity (or dissimilarity) in behaviour
between the various economic systems, this paper proposes to consider a non-para-
metric rank correlation test.

Recent research and publications

The relevance of the study of the behaviour of economic systems is unquestionable.
The main task of applied research is to describe and then predict the dynamics of
development in economic systems. Among the main theoretical concepts it is nec-
essary to distinguish system theory (Bertalanffy, 1968; Nicolis—Prigogine, 1977) and
non-linear dynamics (Nicolis—Prigogine, 1977; Derbentsev et al., 2010). As a signifi-
cant result, research has identified that the particular cases of the complex systems
functioning under strictly defined input parameters and constraints on the initial
conditions can be formally described.

In this paper, we examine the possibility of studying groups of economic objects
in order to identify similarities in their behaviour. To this end, we propose the ap-
plication of the rank coefficient of concordance (Kendall, 1955; Kendall-Babington
Smith, 1939; Legendre, 2005). This was specifically calculated for a test group of thirty
countries at different levels of economic development. The calculations were done
for two periods: the global financial crisis (01.01.2007-31.12.2009) and the post-crisis
period (01.01.2010-31.12.2012). The research objective is to verify the hypothesis that
the non-parametric coefficient of rank concordance can be used to classify countries
into groups according to the similarity of their response to external financial shocks.

KEY RESEARCH FINDINGS

To test the hypothesis of mismatch, the existing IMF classification of countries by
level of economic development, for exploring groups of countries by the similarity
of responses to external financial shocks, we use the rank coefficient of concordance.

The coefficient of concordance was proposed by M. G. Kendall and B. B. Smith as
a measure of the agreement among several quantitative or semi-quantitative variables
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that are assessing a set of interest objects (Kendall, 1955; Kendall-Babington Smith,
1939; Legendre, 2005):

128
W=— 5> (1)

m*(n’ —n)

where 7 is the number of objects and 7 is the number of variables;
S-isa sum-of-squares statistics over the row sums of ranks Ri:

S=> (R -R)*; (2)
i=1

R —is the mean of the R, values.

The value of the coefficient of concordance ranges from 0 to 1. If W=0, the rank
order in rows does not agree (dissimilar). If W=1, the result is interpreted as a full
concurrence in the estimates of the studied parameters. Than higher the value of
coefficient approaches unity, the higher coherence is observed in the input data
series.

In contrast to the procedures of factor or cluster analysis, using the coefficient of
concordance in the initial phase of the study has a number of advantages:

— there are no restrictions on the type of distribution of input data;

— there is no need to pre-process the raw data to bring it to a common scale;

— no restrictions are placed on the distribution of grades in the rows of the rank
matrix, for example, a normal distribution or linear relationships;

— it has a simple and intuitive interpretation.

In this research the values of the coefficient of concordance evaluate the level of
similarity in the dynamics of the selected indicators in crisis and post-crisis periods for
the economies of different countries.

The hypothesis about the discrepancy between the existing classification of IMF
for the study of groups of countries according to the similarity of the dynamics of
response to external financial shocks checks a sample of thirty countries with the rep-
resented countries in each group, namely:

1. Advanced Economies: Australia (1), Austria (2), Greece (3), Estonia (4), Israel
(5), Iceland (6), Canada (7), Germany (8), New Zealand (9), United Kingdom (10)
Special administrative region of China Hong Kong (11), South Korea (12), Portugal
(13) United States (14), Finland (15) France (16), Czech Republic (17).

2. Emerging and Developing Economies: Brazil (18), Georgia (19), Kazakhstan
(20), Colombia (21), Moldova (22), Paraguay (23) Peru (24), Poland (25), Romania
(26th), Turkey (27) Croatia (28), Hungary (29), Ukraine (30).

The statistical data used for calculating the rank coefficient of the Kendall con-
cordance is the official statistical financial report and is publicly available on the of-
ficial website of the International Monetary Fund.
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The consequences of the crisis for the economy of any country can be estimated
on the basis of changes in the aggregate the following indicators: GDP, the exchange
rate of the national currency, part of the country’s international investment posi-
tion that characterizes the external liabilities of residents to non-residents, foreign
exchange reserves, and the value of government bonds (Matviychuk-Strelchenko,
2015). These macroeconomic indicators are sensitive to financial shocks and show
sharp fluctuations in the shortest possible time after the crisis. In order for the results
of the evaluation it was possible to compare each indicator should be a relative value
and is calculated as the ratio between the current value and value in the previous time:

X!
X, = —-100%, 3)

where X;— is growth ratio of macroeconomic indicators;

X l.t , X l.H —is a the absolute value of the macroeconomic indicator at time ¢ and
t—1 respectively;

i=1,...,5 —is a number of macroeconomic indicator.

A calculating sequence of the ranking coefficient of concordance by the example
of a selected macroeconomic indicator — the quarterly data of the exchange rate in a
crisis period (01.01.2007-31.12.2009) (table 1-3)is given below.

Table 1: Exchange rate changes during the global financial crisis (01.01.2007-31.12.2009)

Nominal Effective Exchange Rate: for the Euro Area and for the United States — Index (according to the
IMF methodology) or USD for other

Country 2007 (quarterly) 2008 (quarterly) 2009 (quarterly)
1| 2 | s | 4 5 | 6 | 7 | s 9 | 10 [ n [ 12
Advanced Economies

1 27 e [os [oie Jur Jues a2 [rae s s 12 [
2 100,09 [ 10053 [ 100,63 [ 101,45 [ 102 [ 1028 [101,77 [ 100,78 [ 102,17 | 102,57 | 102,84 | 103,33
3 |os64 [9914 99,25 [10032 [ 101,36 [ 10295 | 10212 [ 101,36 | 102,04 [ 102,38 [ 102,92 [ 108,45
4 |19 16 |13 [108 [1044 [1001 1042 [119 [1201 [11,49 [1094 [1058
5 |422 [408 [419 [394 [362 [342 [35 [382 [406 [408 [383 |[376
6 [6813 [6373 [6313 |61,24 [6746 |7611 [8376 |124,46 [ 1174 [12655 [ 126,37 [124,23
7 [um 1008 [1044 [098 [1004 [1000 [104 121 [125 [1166 1,097 [1.056
8 [100,12 100,94 | 101,17 [ 102,49 [ 108,37 | 104,82 | 108,32 [ 101,17 [ 102,92 | 103,66 | 104,37 | 105,23
o |14 |15 135 131|127 [120 (14 {173 [iss [1e6 |49 [137
10 |ost [os  [os  Joso [ost [os1 [os2 [o64 |07 [oes [o61 [o61
n |78 |7s15 (7806 [7776 [7794 [779 |779 |7788 [7754 7751 |75 7731
12 [9391 [928,62 [928,09 [921,28 921,23 [ 10188 [1067,3 [1365,4 | 1416,1 | 12847 [ 12388 [ 11680
13 |99 99,46 99,58 |100,42 [ 101,15 [ 102,16 | 101,65 [ 100,61 [101,14 [101,43 [ 101,83 | 102,39
14 105,75 [ 103,24 [ 101,20 (9763 [95,64 [9384 [9599 [106,57 | 109,27 [ 10496 [101,18 [98,35
15 [99,17 [9994 [100,09 [101,45 [1025 [10394 [1029 [101,38 [ 103,75 [ 104,33 | 105,04 | 105,48
16 9948 [100,2 [100,41 [101,66 [102,55 [10396 [10295 [100.9 [101,67 [ 102,37 [ 103,09 [ 108,93
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Nominal Effective Exchange Rate: for the Euro Area and for the United States — Index (according to the
IMF methodology) or USD for other

Country 2007 (quarterly) 2008 (quarterly) 2009 (quarterly)
1| 2 | s | 4 5 | 6 | 7 | s o | 10 [ n | 12
Emerging and Developing Economies

18 [2107 1981 [1.915 [1784 [1.735 [1.6553 [1.66 [2277 |2316 [2078 [1.867 [1.736
19 |11 [1es [166 [162 156 145 141 155 [167 [166 [168 [168
20 | 124,85 | 121,46 | 125,13 [ 120,77 | 120,45 | 120,59 | 119,99 | 120,16 | 13897 | 150,46 | 150,76 | 149.8
o1 [o20 [o020 [ogs [ogs [o027 [o27 [o27 027 [o29 [o20 [o2 [o29
92 [1283 [1237 [1199 [11,37 11,12 [1029 [o81 [1035 [1061 [112 [11.28 [114
93 |5177,4 | 50634 | 50845 | 48054 | 46405 | 41135 | 3986,1 | 47127 | 5076,6 | 5035,1 | 4962,9 | 4786,9
2 [319 [317 [s15 |3 289 281 |29 [300 [s19 [302 [296 [oss
o5 [297 |2s2 [276 [252 [230 [21s |22 |28 [s45 [s3927 [204 |28
2 [258 |244 |23 [238 [246 [234 [238 [280 [328 [s08 [295 [289
27 [505 [505 [505 [505 [505 [496 |48 |21 [77  [766 [782 [7.99
98 [1406 1336 |1984 |1184 |12 [1.28 1207 [1538 [1658 [1566 |1495 |1.484
29 [ 192,61 | 184,22 [ 183,24 [ 174,43 [ 173,12 [ 158,61 | 157,31 | 199,41 | 226,19 [ 210,18 | 189,73 | 183,25
30 |562 |546 |532 [506 |487 |465 |478 |545 |568 |541 |512 |492

Source: The IMF data, hitp://data.imf.org/

Table 2: Growth ratio of exchange rate changes during the global financial crisis

(01.01.2007-31.12.2009)

Growth ratio of exchange rate changes, %

Country 2007 (quarterly) 2008 (quarterly) 2009 (quarterly)
1 | 2 | 3 | 4 5 | 6 | 7 | 8 9 | 10 | 11 | 12
Advanced Economies

1 98,013 | 94,614 | 98,068 | 95,199 | 98,195 | 96,058 | 105,506 | 132,942 | 101,353 | 87,64 | 90,976 | 91,524
2 100,3 | 100,44 | 100,1 | 100,81 | 100,54 | 100,8 | 98,9 98,98 101,43 | 100,4 | 100,3 | 100,5
3 100,2 | 100,5 | 100,11 | 101,08 | 101,04 | 101,6 | 99,19 99,25 100,67 | 100,3 | 100,6 | 100,5
4 99,43 | 97,24 | 98,11 |94,82 |[96,67 |9588 |104,1 114,2 100,92 | 95,67 | 95,21 | 96,71
5 99,06 |96,68 |102,7 |94,03 (91,88 |[94,47 |102,34 |109,14 |106,28 |100,5 | 93,87 | 98,17
6 98,72 93,54 (99,06 |[97,01 |110,2 |112,82 (110,02 |148,59 |94,33 107,8 | 99,86 | 98,31
7 102,84 | 93,78 | 95,08 |94,09 | 10223 | 100,49 | 103,2 116,37 | 103,32 | 93,11 | 94,05 | 96,28
8 100,49 | 100,82 | 100,23 | 101,3 | 100,86 | 101,4 | 98,57 97,92 101,73 | 100,7 | 100,68 | 100,82
9 97,3 93,75 | 100 97,037 [ 96,95 | 101,57 | 108,53 | 123,57 | 108,67 |88,3 |89,76 | 91,95
10 98,08 [98,04 | 100 98 104,08 | 100 101,96 | 123,08 | 109,37 |92,86 | 93,85 | 100

11 100,35 | 100,1 | 99,88 |99,62 | 100,23 | 100,06 | 99,99 99,41 100,01 [ 99,96 [ 99,99 | 100

12 100,09 | 98,88 99,94 |99,26 | 100 110,59 | 104,76 | 127,94 | 103,7 90,72 [ 96,43 | 94,281
13 100,2 |100,5 |100,1 |[100,8 |100,7 |100,9 |99,5 98,97 100,53 | 100,3 | 100,39 | 100,55
14 99,77 197,63 |98,11 |96,39 |[97,96 |[98,12 102,29 |111,01 |[102,53 |96,06 |96,39 |97,2
15 100,51 | 100,78 | 100,15 | 101,4 | 101,03 | 101,4 | 98,99 98,52 102,33 | 100,5 | 100,68 | 100,41
16 100,36 | 100,72 | 100,2 | 101,24 | 100,87 | 101,37 | 99,03 98 100,76 | 100,7 | 100,7 | 100,8
17 98,45 |97,98 |9691 |90,98 |[92,24 |[93,18 |101,1 119,98 | 110,12 | 92,34 | 91,29 | 97,96
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Growth ratio of exchange rate changes, %

Country 2007 (quarterly) 2008 (quarterly) 2009 (quarterly)
1 | 2 | 3 | 4 5 | 6 | 7 | 8 9 | 10 | 11 | 12
Emerging and Developing Economies

18 97,94 [94,02 |[96,68 |[93,186 97,25 |95,37 |100,7 136,59 | 101,7 89,74 | 89,83 | 92,98
19 98,84 |98,25 |9881 |97,59 |[96,29 |[9293 |97,24 109,93 | 107,74 | 99,4 |101,2 | 100
20 97,66 |97,28 |101,37 | 98,08 |[99,73 |[100,12 | 99,5 100,14 | 115,65 | 108,3 | 100,19 | 99,36
21 100 100 96,55 | 100 96,43 | 100 100 100 107,41 | 100 100 100
22 97,42 96,41 |96,92 |9483 |[978 92,54 | 95,33 105,5 102,51 | 105,5 | 100,27 | 101,51
23 96,51 | 97,79 | 100,42 | 94,51 | 96,57 |88,64 |96,9 118,23 [ 107,72 | 99,18 | 98,57 | 96,45
24 99,07 [99,37 [99,37 [9524 |96,33 |9723 |1032 106,55 | 103,24 | 94,67 | 98,01 | 97,29
25 99,66 [94,94 |[97,87 |[91,3 94,84 91,21 | 100,92 | 130 120,63 | 94,78 | 89,9 96,26
26 95,56 | 94,57 |96,31 |101,28 [ 103,36 [ 95,12 | 101,71 |121.43 | 113,49 |939 |9578 |97,97
27 100 100 100 100 100 98,23 | 97,78 128,04 | 123,99 |99,48 | 102,09 | 102,17
28 96,92 [94,99 |96,14 |[92,2 101,39 | 104,81 | 95,98 127,37 | 107,47 | 94,72 | 95,48 | 99,27
29 95,52 [95,64 |[99,47 |[9519 |9925 |91,62 |99,18 126,76 | 113,43 | 92,92 | 90,27 | 96,58
30 98,42 (97,15 [97,43 [9511 |9624 |9548 |102,79 |114,02 |[104,22 | 95,25 | 94,64 | 96,09

Source: Authors’ development

In case of tied ranks (see. Table 2) formula to calculate the rank coefficient of
concordance is as follows (Kendall, 1955; Kendall-Babington Smith, 1939; Legend-

re, 2005; Siegel-Castellan, 1988):

128

- m*(n’ —n)—mT’

where T —is a correction factor for tied ranks:

g
T=Z(fzf _lk),
k=1

(4)

®)

where ¢, - is the number of tied ranks in each k of g groups of ties. The sum is
computed over all groups of ties found in all 7 variables of the input data. (Table 3.)

According to the formula (1-2, 4-5), the coefficient of concordance Wis calculated
and its significance is determined by Friedman’s chi-square statistics with n-I degrees
of freedom (Legendre, 2005):

x> =mn—-DHW .

(6)

The final results of the assessment of similarity in the dynamics of the selected
indicators for the two groups of economies during the global financial crisis of 2007-

2009 are shown in Table 4.
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Table 3: Ranks for exchange rate changes during the global financial crisis
(01.01.-31.12.2009)

Ranks, number
Country 2007 (quarterly) 2008 (quarterly) 2009 (quarterly)
1 | 2 | 3 | 4 5 | 6 | 7 | 8 9 | 10 | 11 | 12
Advanced Economies
1 6 9 5 8 4 7 2 1 3 12 11 10
2 8 6 10 2 4 3 11 12 1 7 9 5
3 8 7 9 2 3 1 12 11 4 10 5 6
4 4 6 5 12 8 9 2 1 3 10 11 7
5 6 8 3 10 12 9 4 1 2 5 11 7
6 8 12 7 10 3 2 4 1 11 5 6 9
7 4 11 8 9 5 6 3 1 2 12 10 7
8 9 6 10 3 4 2 11 12 1 7 8 5
9 6 9 5 7 8 4 3 1 2 12 11 10
10 7 8 6 9 3 6 4 1 2 11 10 6
11 1 3 10 11 2 4 7 12 5 9 8 6
12 6 8 7 9 4 2 3 1 5 12 10 11
13 8 6 10 2 3 1 12 11 5 8 7 4
14 4 8 6 10 7 5 3 1 2 12 11 9
15 8 5 10 3 4 2 11 12 1 7 6 9
16 9 6 10 2 3 1 11 12 5 8 7 4
17 4 5 7 12 10 8 3 1 2 9 11 6
Emerging and Developing Economies

18 4 8 6 9 7 3 1 2 12 11 10
19 6 8 7 9 11 12 7 1 2 5 3

20 11 12 3 10 7 6 8 5 1 2 4 9
21 6,5 6,5 11 6,5 12 6,5 6,5 6,5 1 6,5 6,5 6,5
22 7 9 8 11 6 12 10 2 3 1 5 4
23 9 6 3 11 8 12 7 1 2 4 5 10
24 6 4 5 11 10 9 3 1 2 12 7 8
25 4 7 5 10 8 11 3 1 2 9 12 6
26 9 7 11 5 3 7 4 1 2 12 8 6
27 7 7 7 7 7 11 12 1 2 10 4 3
28 6 10 7 12 4 3 8 1 2 11 9 5
29 8 7 3 9 4 11 5 1 2 10 12 6
30 4 6 5 11 7 9 3 1 2 10 12 8

Source: Authors’ development
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Table 4: Rank coefficient of concordance for the two groups of countries for the period
2007-2009

. Coefficient of con- -
Indicator cordance WV Probability, %

Advanced Economies

Growth ratio of GDP, % 0,3072 95
Growth ratio of exchange rate, % 0,2384 95
Growth ratio of IIP, % 0,6032 95
Growth ratio of reserves, % 0,3801 95
Growth ratio of government bonds, % 0,3536 95
Emerging and Developing Economies

Growth ratio of GDP, % 0,5818 95
Growth ratio of exchange rate, % 0,4991 95
Growth ratio of IIP, % 0,5637 95
Growth ratio of reserves, % 0,2628 95
Growth ratio of government bond, % 0,2039 95

Source: Authors’ development

The coefficient of concordance is calculated similarly for each indicator for the
post-crisis period between 01.01.2010 and 31.12.2012 (Table 5).

Table 5: Rank coefficient of concordance for the two groups of countries for the period
2010-2012

. Coefficient of con- -
Indicator cordance W/ Probability, %

Advanced Economies

Growth ratio of GDP, % 0,239 95
Growth ratio of exchange rate, % 0,1193 95
Growth ratio of IIP, % 0,5426 95
Growth ratio of reserves, % 0,3285 95
Growth ratio of government bond, % 0,3224 95
Emerging and Developing Economies

Growth ratio of GDP, % 0,6284 95
Growth ratio of exchange rate, % 0,2902 95
Growth ratio of I1IP, % 0,3176 95
Growth ratio of reserves, % 0,4128 95
Growth ratio of government bond, % 0,1574 60

Source: Authors’ development
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On the basis of the obtained results it is highly probable (>95%) that during the
global financial crisis (2007-2009) the dynamics of the investigated indicators wass
characterized by a low level of similarity (W<0.5 in 80% of cases) for both groups.

Special mention should be made of the results of Table 5, which characterize the
post-crisis period (2010-2012). For the group of advanced economies, the value of the
concordance coefficient is less than that of the period of the global financial crisis.
This indicates a significant difference in the reaction of each economic system to sharp
structural changes in the financial sector under the influence of external shocks.

As for groups of countries with emerging markets, it is impossible to make un-
equivocal conclusions about the more significant differences in the dynamics of indi-
cators in the post-crisis period. In some cases (for example, when calculating the coef-
ficient of concordance for government bonds) the lowest value and a low probability
due to the lack of statistics for 35% of the sample countries.

CONCLUSIONS

As a result of the studies, the following conclusions were made:

— The reaction of macroeconomic indicators to the course of the financial crisis
and the subsequent recovery is significantly different in the economies of different
countries;

— The generally accepted classification used by IMF for the level of economic de-
velopment is unsuitable for solving the practical problem of forecasting the reaction
of the economic system to external financial shocks, as evidenced by the results of
calculating the rank coefficient of concordance.

Given the specific prerequisites for solving such a problem, for the classification of
neural networks it may be reasonable to use instruments like the Kohonen maps or a
radial-based architecture.
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