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ECONOMETRIC ANALYSIS DEPENDENCE OF THE EXTERNAL DEBT OF    UKRAINE FROM IMPORT, EXPORT AND NET EXPORT
Abstract: A models’ scale of the dynamics of trend variables Ukraine's foreign debt, import, export, net export were developed. The economical and mathematical models of the gross external debt depended on import, export, net export were constructed and justified. The models of the delay-distributed lag in two years were grounded. The model with the instrumental variables was made and justified. All of those models can be used for the prognoses. Calculated distributed lag model dependence of the gross external debt of imports delayed two years, exports delayed one year and net exports delayed five years. 

Constructed and justified model with instrumental variables. These models are used for prediction.
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1. Introduction
An important characteristic of public finances of a country is the level of external debt. Government debts perform the function of balancing public finances and also exercise indirect influence on a number of economic processes. Generally, the effects of government debt are divided into short and long term. The first is the so-called "crowds out" private investment home loan, "the effect of net exports" (or "double deficit") and inflationary consequences. Long-term effect of public debt is the creation of the burden on the State budget and economic development in general.

2. Background
Theoretical and practical aspects of effective management of sovereign debt deals in the works of local scientists G. Kucera, V. Kalytchuk, T. Vakhnenko, J. Cancer, A. Sihayova, Y. Subotovych, A. Cheberyako, V. Fedosov, B. Luciw and others. For the transition economy of Ukraine, as seen in the work of G. Kucera and V. Kalytchuk [11], necessary to use a lower debt burden, since the transformation that takes place involves not only a fundamental reform of structural and institutional foundations of the economy and society, but also the choice of a new model of macroeconomic balance.
In determining the needs of the country in liquid funds for foreign debt payments play a crucial role ensuring full coverage of external liabilities of residents. In international practice, the coverage ratio of imports with reserves for a long time was the only one accepted measure for assessing the adequacy of reserves. It was believed that reserves should be sufficient to cover three months of imports of goods and services in the event of unforeseen termination of export earnings and other income in foreign currency.
Note also that the overall flow of foreign capital can have both positive results and negative consequences for social and economic development. Getting positive effects depends on the ratio between imports and exports of capital, forms of attracting foreign capital, uses of borrowed funds balance capital flows with the basic components of economic mechanism and financial and credit system of the state.
The purpose of this article is to analyze imports, exports, net exports and gross external debt of Ukraine and the establishment of a causal link between foreign debt and imports, exports, net exports using econometric models.

3. The dynamics of Ukrain’s external debt, import, export and net export. Features and Trends.

In the management of external debt is important solvency ratios calculation of the state and its liquidity position. In international practice to analyze debt security of the state World Bank proposes to use a minimum standard model and according to it to determine the main debt indicators [1]. Among others, these include: the ratio of gross foreign debt to exports of goods and services (EDT / XGS), which shows the relative long-term ability of the state to accumulate foreign exchange earnings without additional pressure on the balance of payments; the ratio of total debt service payments to exports of goods and services (TDS / XGS) - debt service ratio, which shows how much foreign exchange earnings directed to repay debt; the ratio of interest payments to exports of goods and services (INT / XGS); the ratio of international reserves to imports of goods and services, reflecting the financial strength of the state reserve (RES / MGS).
The share of debt in exports and the pace of change [11, p. 50] is not a reasonable indicator for the analysis of the debt burden. 

In 1993-1999 years total amount of external debt of Ukraine increased annually. According to [2-4], in 1993 it amounted to 3,8 billion USD, in 1999 – 13,5 billion USD, decreased by 12% in 2000 and totaled 11.9 billion USD. Since 2001 to 2007 is observed the positive dynamics of growth, down only 3% in 2005.  In 1999 debt totaled 20,5 billion USD [5, p. 71]. If you list the gross external debt according to the coefficient k = gross external debt / GDP ratio = 0.662 [5, p. 71], it will be 16.55 billion USD. The positive dynamics of growth is observed in 1999-2013 [5, p. 71, 75; 6, c. 46; 8]. 
Given the above, we have built a trend line value for the gross external debt according to sources [5, c. 71, 75; 6, c. 46; 7; 8], imports, exports and net exports [5, p. 68, 72; 6, pp. 42; 9] the time for each branch separately. Some statistically significant trends are presented in Table 1, where t - the time factor (t = 1, 2, ... , n) from the beginning of the study period; Yt - the value of external debt in period t. The rate of annual growth of gross external debt amounted to 8,4105 billion USD during the 1999-2008, increased by 14% to 9.591 billion USD in the period 2009-2013. 

The dynamics of debt according to [5, c. 71, 75; 6, pp. 46; 8] clearly reveal two temporary branches: I - from 1999 to 2008 and II - from 2009 to 2013 The first branch from 2000 to 2004 there is a gradual increase in debt from 19.1 to 30.647 billion USD, but 2005 is a turning point, which begins with a steep, almost linear increase in debt of 2.6 times from 39.619 to 101.659 billion USD in 2008. The appearance of the second leg in 2009 associated with the beginning of the global economic crisis in 2008 and the growth of the dollar. In 2009 the gross external debt amounted to 103.396 billion USD, growing annually by 10.4 billion USD to 135.049 billion USD in 2012 to almost linear dependence.
It should be noted that the level of the ratio of gross foreign debt to exports of goods and services gradually declined in 1999-2004, then began to increase sharply by 2007.

The level of imports in 1996 amounted to 21.466 billion USD, grew by 2% in 1997, declined in 1998 by 16% and reached a low of 15.237 billion USD in 1999. By 2002 imports grew slightly smooth almost linear dependence. The turning is 2003-2005, which begins with a rapid increase in imports to the value of 99.962 billion USD in 2008. Trend dynamics of import value in the period 1999-2008 years with a high degree of reliability (coefficient of determination R2 = 0,9835) is described by the parabolic dependence close to functional (Table. 1). Similar to the dynamics of the gross external debt of the same reasons in 2009 there was a decline in imports of 43.8% compared with 2008, and a second branch was launched on the dynamics of growth of imports. In 2011 the level of imports increased (compared to the previous year) by 35.2% and amounted to 99.001 billion USD. After 2011 the growth rate of imports decreased significantly and almost reached the level of 2008. In 2012 imports grew by 5.6% over the previous year and reached a maximum of 104.54 billion USD. In 2013 imports fell by 3.5% over the previous year and amounted to 100.842 billion USD. 
The value of exports and imports has the same pattern of dynamics. From 1996 to 1998, imports surpassed exports by 5.6%; 7.5%; 6.8% respectively, then "pure" export in this period was negative. From 1999 to 2005, exports surpassed imports by 1,5-13,7% cyclically. Since 2006, imports prevailed over exports. The dynamics of the trend from 1999 to 2008 can be described by quadratic and exponential dependencies. Similarly, imports and gross external debt in 2009 began the second branch of exports which can also be described by quadratic dependence (Table 1) with a peak in 2012.
The value of net exports during the years 1999-2003 is cyclical. From 2004 to 2008 (the first branch) dynamics of this indicator can describe almost functional linear (R2 = 0,9902) and quadratic (R2 = 0,998) dependencies. Similarly, the second branch of this indicator can be described in the periods 2009-2012 and 2009-2013 years. Net exports having fallen annually by an average of 4.46 billion USD (according to the linear model of trends in the period of 2004-2012). Taking into account the data for 2003 the downturn net exports fell to 3.78 billion USD annually.
Table 1
Trend models of external debt, exports, imports and net export
	Years
	Trend
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	Prognostic value

	I – Gross external debt

	1999–2008
	а)Y
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б)Y
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–10,528t+32,804;
в)Y
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;
г)* Yt=8,623t–6,633
	0,7799
0,9891

0,888
0,8011
	

	2009–2012
	Yt=10,385t+94,545
	0,9857
	

	2009–2013

2015

2016
2015

2016

2015

2016

2015

2016
	 а)Yt=9,591t+96,132;
б)Yt=–0,9339t2+

+15,195t+89,595;

в)Yt=102,79t0,1971;
г)Yt=23,895lnt+102,03

	0,9849

0,9979

0,9958

0,9875

	163,269

172,860
150,199
151,385
150,841
154,864
148,528
151,718

	II - export

	1999–2008
	а) Yt=7,0186t+0,8459;

б) Yt=0,8432t2–2,257t+ +19,397; в)Yt=12,643е0,1815t;


	0,8976
0,9806
0,9809

	

	2009–2012
2013

2015

2016
	а)Yt=–3,5195t2+ +30,211t + 26,399;
б)Yt=12,613t+43,997
	0,969
0,9122
	89,4665

65,4205

42,839

	2009–2013
2015

2016
	Yt=–4,1046t2+ +32,902t+23,942

	0,9695
	53,1306

24,4636

	III - import

	1999–2008


	а)Yt=8,3717t–5,2083;
б)Yt=1,3095t2–6,0325t+ 23,6

	0,8503
0,9835
	

	2009–2012

2013

2015

2016
	а)Yt=17,076t +40,555

б)

Yt=–2,8736t2+31,444t+ +26,188
	0,9511

0,9727


	111,568

105,4896

93,8296

	2009–2013

2015

2016
	Yt=–4,406t2+38,493t+ 19,751
	0,9691
	73,308

45,711

	IY – net export

	1999–2008
	Yt=–0,4662t2+3,7755t– 4,2028
	0,8984
	

	2004–2008
	а)Yt=–4,7479t+ +33,999;
б)

Yt=–0,3662t2+1,1115t+ 11,294
	0,9902

0,9985
	

	2009–2012

2015

2016
	а)Yt= – 4,463t +3,441

б)Yt=–0,646t2–1,233t+ 0,211
	0,968

0,9842
	–40,074

–50,997

	2009–2013

2015

2016
	а)Yt=–3,7836t +2,0822

б)Yt=0,301t2 – 5,588t+ +4,1872
	0,9476

0,956
	–20,1938

–21,2712


According to [2.4] for the period 1996-2007 years, characterizing the relatively stable economy of Ukraine, the gross external debt dependence on imports of the average degree of reliability (R2 = 0,64-0,67) can be described by linear, quadratic and logarithmic dependence (Table 2). According to the linear model (Table 2) increase imports by 1 billion USD led to an increase in gross external debt at 0,1184 billion USD.

Table 2

Statistically significant economic and mathematical models depending on the gross external debt of import, export and "pure" export
	Years
	Econometric model
	The coefficient of determination R2

	I – X – export, Y – Gross external debt  [accordingly 2–4]
1. Models without displacement 

	1996–2007

	а)Y=0,1412X+9,2431;

б)Y=–0,0015X2+0,2569X +7,4728;
	0,7269
0,7399

	2. The model with displacement

	1996–2007
	Yt=9,45266+0,16Xt–1
	0,6234

	3. Generalized model 

	1996–2007
	Yt=0,15Xt+8,8199
	0,301

	4. The model with instrumental variables

	1996–2007
	Yt=–0,10467+1,12Yt–1 – 0,03Xt
	0,7683

	II – X – export, Y – Gross external debt  [accordingly 5–8]

	1999–2008
	а)Y=1,2533 X–8,1111;

б)Y=0,0079X2+ 0,4864X+6,2891;

в)Y=11, 976e0,267X
	0,9493
0,9660
0,9594

	1999–2003
	а)Y=0,3364X+13,798;
б)Y=0,034X2 – 1,2178X+30,895
	0,7566
0,8873

	2004–2008
	а)Y=1,5666X – 27,868;

б) Y=-0,0256X2+ 4,8171X– 122,9
	0,9621

0,9982

	2009-2012
	а) Y=0,7651X+62,718;
б) Y=–0,0056X2+ 1,5867X+ 34,051


	0,9332
0,9369

	2009–2013
	а)Y=0,885X+56,317;
б)Y=–0,0162X2+ 3,2303X– 25,345;

в)Y=12,501X0,5296 
	0,7963
0,8152

0,8371

	

	I – X – import, Y – Gross external debt [accordingly 2–4]
1. Model without displacement

	1996–2007
	а)Y=0,1184X+9,9074;

б)Y= – 0,0016X2 +24,86X+7,8071;

в)Y=4,2615lnX – 0,5465
	0,6398

0,6671
0,6454

	2. The model with displacement

	1996–2007
	Yt=9,20198+0,21Xt–2
	0,6268

	3. The model with instrumental variables

	1996–2007
	Yt=6,24652+0,41Yt–1+0,07Xt
	0,77

	II – X – import, Y – Gross external debt [accordingly 5–8]

	1999–2008
	а)Y=1,0382X – 1,1867;

б)Y=0,0017X2 + 0,8486X+ 2,5087;

в)Y=1,2072X0,9492 ; 
г)Y=14,076e0,0218X
	0,9805
0,9821
0,9545

0,9605

	1999–2003
	а) Y=0,34X+14,133;
б) Y=0,0317X2 – 1,0363X+ 28,484
	0,7503
0,8629

	2004–2008
	Y=1,1358X–8,1035
	0,9809

	2009–2012
	а) Y=0,5833X+71,946;

б) Y=-0,0085X2 + 2,2958X– 42,997
	0,9535
0,9979

	2009–2013
	а) Y=0,6761X+66,247;

б) Y=–0,0028X2+1,1291X+49,005;

в)Y=17,439 X 0,4424
	0,8713
0,8729
0,8958

	

	I – X – Ner export, Y – Gross external debt [accordingly 2–4]
1. Model without displacement [2–4]

	1996–2007
	Y=0,1044X2+0,2123X+12,63
	0,4266

	2. Model with displacement 

	1996–2007
	Yt=14,81911X+1,17Xt–5
	0,699

	3. Generalized model 

	1996–2007
	Yt=13,12577X+0,15Xt
	0,20

	II – X – Net export, Y – Gross external debt [accordingly 5–8]

	2004–2008
	Y= – 3,8566X+45,913
	0,9864

	2009–2012
	а) Y= – 2,2063X+103,48;

б) Y= – 0,1219X2–4,2322X+98,241
	0,9155

0,9432

	2009–2013
	а) Y= –2,4069X+102,6;

б) Y= – 0,0419X2 –3,146X+100,61
	0,9366

0,9392


It should be noted that the effect of the impact of imports (exports, net exports) to gross external debt is manifested not immediately but after some time, with a delay (lag). To justify the lag (or lags) use mutual correlation function r(
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) [14, p. 216-218]. The largest absolute value r(
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) determines the shift or time lag. The values of r(
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) at different values 
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 are given in Tables 3-5.
Table 3
The value of mutual correlation function depending on the gross external debt of imports
	
[image: image11.wmf]t


	0,00
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	9,00
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	r(
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)
	0,749
	0,782
	0,830
	0,734
	0,548
	0,600
	0,765
	0,985
	0,995
	1,00
	1,00


Table 4
The value of mutual correlation function depending on the gross external debt of exports
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	0,00
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	r(
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)
	0,812
	0,835
	0,819
	0,705
	0,558
	0,707
	0,854
	0,931
	0,999
	1,00
	1,00


Table 5
The value of mutual correlation function depending on the gross external debt of net exports
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	0,00
	1,00
	2,00
	3,00
	4,00
	5,00
	6,00
	7,00
	8,00
	9,00
	10,00

	r(
[image: image16.wmf]t

)
	0,311
	0,218
	–0,218
	–0,409
	–0,147
	0,269
	–0,045
	–0,709
	–0,976
	–1,00
	–1,00


4. Conclusions
Econometric models of the dynamics of trend variables Ukraine's foreign debt, import, export, net export were constructed. These models are used for predictive calculations. Based on the analysis of the dynamics of the gross external debt, calculated according to the methodology IBRD in pre-crisis years of 1996-2007, constructed and justified economic and mathematical models the gross external debt from imports, exports and net exports. Reasonable that the main impact of imports on gross external debt has the displacement in two years. In accordance with the model with instrumental variables gross external debt in the current year depends on the gross external debt of the previous year and imports in the current year; increase in gross external debt in the previous year to 1 billion dollars United States led to an increase in gross external debt this year to 0.41 billion dollars. USA; increase in the value of imports in the current year led to an increase in gross external debt this year to 0.07 billion dollars USA.
It is shown that according to the model of the impact of exports offset the gross external debt is delayed for 1 year; so that the increase in exports in the previous year to 1 billion dollars US was accompanied gross external debt this year to 0.16 billion dollars USA.
Econometric model with displacement showed that the greatest impact of net exports to gross external debt is 5 years. In 2004-2008 increase in net exports on 1 billion dollars of United States led to the decrease of gross external debt at 3,86 billion dollars USA. During 2009-2013 years growth of net exports on 1 billion dollars United States led to the decrease of gross external debt at 2.2-2.4 billion dollars USA.
It should be noted that hopes to address the acute internal problems solely by foreign capital are illusory. The first step is to mobilize domestic sources of investment in the national economy, and create economic conditions for their effective use. In this context, the priorities of economic policy in Ukraine are the rational use of export revenues and providing flow of capital within the national economy.
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ЕКОНОМЕТРИЧНИЙ АНАЛІЗ ЗАЛЕЖНОСТІ ЗОВНІШНЬОГО БОРГУ УКРАЇНИ ВІД ІМПОРТУ, ЕКСПОРТУ  ТА ЧИСТОГО ЕКСПОРТУ
Анотація: Обгрунтовано та розроблено  економетричні моделі залежності зовнішнього боргу України від імпорту, експорту та чистого експорту. Розраховано моделі розподіленого лагу впливу експорту, імпорту та чистого експорту на зовнішній борг України. Побудовані та обґрунтовані моделі з інструментальними змінними. Запропоновані моделі використані для прогнозних розрахунків.
Ключові слова: валовий зовнішній борг України, імпорт, експорт, чистий експорт, тренд, лаг, моделі розподіленого лагу, моделі з інструментальними змінними, економетричні моделі.
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