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BITCOIN: A REGRESSION ANALYSIS OF CRYPTOCURRENCY INFLUENCE ON
RUSSIAN ECONOMY

Anna Loseva,
Lomonosov Moscow State University, Economics Faculty
annette_elle@mail.ru

Abstract. TThe article examines the electronic payment system «Bitcoin» with the eponymous digital
currency. The goal was to analyze the impact of this cryptocurrency on the Russian economy and
determine the nature of this influence. Various models of regression were built and the most suitable
of them were chosen. During the analysis of actual data the writer has come to the conclusion that at
the moment bitcoins do not have any negative impact on the Russian economy and, therefore, should
not be banned.
Keywords: bitcoin, analysis, cryptocurrency, Russian economy, money supply, inflation, regression.
JEL classification: E 440.

1. Introduction
The Development of the Internet has had a significant impact on the economic performance of most countries
of the world. For most of human history money was and still is a tangible thing that passes «hand to hand» or
through real mediators, but the recent advent of cryptocurrency provides the opportunity to carry out virtual
transactions, through the World Wide Web.
The invention of prepaid cards, mobile and Internet payments has attracted huge number of customers to the
electronic cash system. The invention of cryptocurrency has also brought about the system that includes a
huge number of users worldwide and their number is constantly growing.
Bitcoin - the first cryptocurrency in the world – is most intensive. Today the market of this virtual currency
accounts for 15 404 700 units in circulation, and the exchange rate of bitcoin since the creation of the
eponymous peer-to-peer payment system has reached 416,28 dollars per «coin» [4]. It is not surprising that
many experts wonder what may be the impact of this system on the global financial system and the finances
of individual countries.
There is no common attitude to the cryptocurrency. In some countries, the turnover of bitcoins is prohibited
by law, as it may happen in Russia; in others there are outdoor ATMs already installed to exchange digital
currency for fiat (cash) money. If seems to be necessary to introduce some clarity into this issue in this
particular case and evaluate the impact of the cryptocurrency «bitcoin» on the money supply and inflation in
Russia.

2. Literature review
In the selection process of sources for this article, the writer used the materials of the two digital libraries:
Elibrary (Russia) and SSRN (one of the largest English-language online resources in the world, based in USA).
In Elibrary the search was conducted for keywords «bitcoin, analysis», and as a result, the system showed only
3 works, one of which analyzed the legal aspect of cryptocurrency (Chimarov N. C, 2015). Another considered
the system of «mining» as an innovative business idea (Manahov, V. A., 2014), and the third (Danilin, M. V., 2015)
examined digital currencies in terms of their advantages and disadvantagts thus giving valuable information
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about the system in general. As none of them fit the specific theme of this study, the writer expanded the
search, leaving only the key word «bitcoin». The system gave 95 results. 12 of them dealt with legal aspects
of cryptocurrencies and 82 articles were solely descriptive. The only article that really caught the attention
of the writer, «Bitcoin – a national threat to the economy or the monetary equivalent of a new electronic
currency?» (J. S. Fomin, N. Gutorov.And., 2014), was inaccessible to reading.
In the database, «Social Science Research Network» the search was carried out on the same keywords
translated into English – «bitcoin, analysis». The system gave 46 results. The only related paper was «Price
Fluctuations and the Use of Bitcoin: An Empirical Inquiry» (M. Polasik and others, 2015), which discussed
econometric analysis of the main determinants of the price of bitcoin and the reasons why e-businesses are
using it as a means of payment. The models built in this study are correct and are extremely useful when
making recommendations to managers of e-Commerce. Moreover, the writer found several papers that analyze
the dynamics of exchange rate of bitcoin and its nature, but have no use for macroeconomic conclusions. The
rest of the articles either contained a description of various options for regulation of the blockchain-system,
or examined it from non-economic point of view.
In addition, the reporter used the official website «Bitcoin» [5] to study some specific terms and find
information about conferences and other events organized to discuss cryptocurrency.

3. Methodology
For data analysis, the author used the econometric package GRETL and built a regression model for the
following data (values are selected for each month from 1 March 2014 to 31 March 2016):
Variable

Description

Source

M0

Money supply (monetary aggregate M0), RUR

Bank of Russia

M1

Money supply (monetary aggregate M1), RUR

Bank of Russia

P

Monthly growth of price level (the rate of Federal State Statistics Service
increase in CPI to the previous month)

REAL_M0

= М0/Р

REAL_M1

= М1/Р

KEY_INTEREST_RATE

The Central Bank key rate, %

DOLLAR

Weighted average exchange rate RUB/USD. Bank of Russia
(with calculations "today"), RUR

EURO

Weighted average RUR/EUR (with calculations Bank of Russia
"today"), RUR

BTC_ADDRESS

The number of bitcoin wallets in Russia

BTC_NUMBER

The number of bitcoins in circulation in Russia BLOCKCHAIN info

BTC_CAP

The market capitalization of Bitcoin (number BLOCKCHAIN info
of bitcoins in circulation multiplied by the
exchange rate), RUR

BTC_PAY

The number of transactions per day in Russia BLOCKCHAIN info
(on the last day of each month), BTC1

«GARANT»

BLOCKCHAIN info

When estimating regressions, the following hypotheses were tested:
1.

By increasing the number of bitcoins in circulation money supply decreases;

2.

By increasing the number of bitcoins in circulation inflation slows down.

1

Data for the Russian Federation was formed as follows. According to the source [8] about the number of downloads of the Bitcoin-client program for
this period the percentage of downloads in Russia to the world was calculated. Further variables BTC_ADDRESS, BTC_NUMBER, BTC_CAP, BTC_PAY were
calculated by multiplying the relevant data by the obtained percentage for each month of the period.
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4. The progress of analysis
To test the first hypothesis, the writer built two sets of regressions: a model for monetary aggregate M0 as a
dependent variable and the same model for the M1. In each variant two subspecies of the dependent variable
were considered: the logarithm of the real money supply and the logarithm of the nominal money supply (M0
and M1). All models were built using OLS-method, adjusted for heteroscedasticity and, if necessary, tested
for redundancy of the variables (the Wald test, estimation of the reduced model). Consistent selection of the
most appropriate models built can be seen in the Appendix.
Attempts to construct an equation with the dependent variable ln_Real_M0 with different combinations of
coefficients yielded no positive results; the same is about variable ln_Real_M1 1.
Test of Hypothesis 1. Money supply
The first acceptable model was ln_M1 variable regression on variables P, Key_Interest_Rate, Euro, ln_BTC_
Number and ln_BTC_Cap 2. The resulting equation is:

The coefficients used vary in significance and some dependencies in this model are questioned. According
to this equation, if inflation rises, the money supply should decrease, which contradicts economic common
sense. On the other hand, M1 includes not only cash in circulation, but funds on settlement and current bank
accounts. Then this dependence can be interpreted as follows: price increases encourage Russians to keep
their money in longer-term deposits or to transfer their accounts to foreign banks, cryptocurrency accounts
included.
Moreover, note the multidirectional influence of the number of bitcoins in circulation and their market
capitalization to money supply. Сeteris paribus, if the amount of bitcoins in the economy increases by 1%,
the money supply will decrease by 0,474% due to the variable ln_BTC_Number and will grow by 0.08% due to
the ln_BTC_Cap. Consequently, overall monetary aggregate M1 will be reduced by 0,394%, which means that
Hypothesis 1 is proven.
Another model, which is worth paying attention to, is a regression with a dependent variable ln_M0 below:

Immediately we are struck by the opposite character of the dependence of money supply on the dollar and the
euro: negative in the first case and positive in the second. According to economic theory: the more expensive a
foreign currency is, the more rubles should be in the economy. However, if you increase the value of the dollar
by 1 ruble the real money supply will decrease by 0.9%, which contradicts the theory. This can probably be
related to the current crisis in Russia: due to the unstable exchange rate of the ruble, the population prefers
to keep money in the U.S. currency and therefore buy dollars even at a high rate, reducing the money supply
in rubles.
However, the impact of Bitcoin on the money stock was positive and not negative, as the hypothesis
suggests: the growth in the number of bitcoins in circulation by 1% increases the money supply by 0,617%.
The coefficients R2 and R2adj for this regression are significantly lower than for the previous one, therefore, the
first model should be considered of better quality, and Hypothesis 1 is confirmed.

1

See Appendix 7.1.

2

See Appendix 7.2.
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Test of Hypothesis 2. Inflation

To assess the impact of Bitcoin system on monthly growth rate of the price level the writer selected model
of regression of variable P on variables Key_Interest_Rate, Dollar, ln_M1, ln_BTC_Number and ln_BTC_Cap. The
corresponding equation looks like this:

Here there is a very interesting correlation: the dollar affects the dynamics of price level in direct ratio and
an increase in the number of bitcoins in the Russian economy, as expected, reduces the rate of inflation. The
more the people abandon rubles in favor of virtual currencies, the more goods they buy for bitcoins and less
for rubles. The lower the demand for ruble-denominated goods, the lower the price. Expressed numerically, 1:
monthly growth in the number of bitcoins in the economy by 1% leads to a reduction in the inflation rate of
about 0,237%. Therefore, we can say that Hypothesis 2 was confirmed.
There are alternative models for P for the same variables with the addition of regressor ln_M0. The regression
equation is:

Here the inflation rate is also negatively dependent on the growth of cryptocurrencies, i.e. when the number
of bitcoins in the economy increases by 1% monthly, inflation rate decreases by about 0.24%. However, there is
a contradiction in this model: monetary aggregates M0 and M1 have opposite effects on the price level. While
the first aggregate increases it, the second leads to a decrease. Perhaps the reason for this is the different
nature of the influence of the increase in the volume of cash rubles in circulation and money on current
accounts. If, for example, the current accounts increase in volume due to a reduction in cash and this money
is kept in bank accounts for a while, the amount of money in circulation is reduced, and inflation is slowing.
The same dynamics is typical of investments in cryptocurrencies.
As for the quality of this model, the writer considers it more correct, as all the coefficients in it are significant,
and the R2 and R2adj are higher than in the first case. Thus, Hypothesis 2 is confirmed.

5. Conclusions
1.

An increase in the number of bitcoins in circulation means that the money supply decreases.

2.

If the number of bitcoins in circulation increases by 1% the real money supply contracts by 0,394%.

3.

An increase in the number of bitcoins in circulation causes a slowdown in inflation.

4.

If the number of bitcoins in circulation increases by 1%, monthly growth rate of price level is reduced by
0,241%.

5.

To get real benefits from cryptocurrency effect, for example, in the form of lower inflation, it is necessary
to legalize the circulation of bitcoins in Russia.
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7. Appendices
Appendix 7.1. Real money supply
Regression ln_Real_M0:
(1)

(2)

(3)

(4)

(5)

30,062***

31,180***

27,936***

25,104***

29,216***

0,012

-

-

-

-

- 0,029**

- 0,022*

- 0,016**

- 0,014

- 0,022**

EURO

0,022*

0,019*

0,016**

0,015*

0,019**

BTC_NUMBER

- 0,003

- 0,009

0,005

0,004**

-

BTC_PAY

0,003*

0,003*

0,003

-

0,003

BTC_ADDRESS

0,017*

0,015

-

-

0,012*

ln_BTC_CAP

- 0,033

- 0,066

0,048

0,147

-

R2

0.719

0,693

0,550

0,431

0,674

R2adj

0.596

0,585

0,426

0,311

0,606

const
KEY_INTEREST_
RATE
DOLLAR

Regression ln_Real_M1:
(1)
const
KEY_INTEREST_RATE
DOLLAR
EURO

32,274***
- 0,013
0,011

BTC_NUMBER

- 0,004

BTC_PAY

0,004*

BTC_ADDRESS

0,015

ln_BTC_CAP

-0,052

R

2

0,728

R adj

0,632

2
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Appendix 7.2. Nominal money supply
Regression ln_M0:
(1)

(2)

(3)

13,216**

20,874***

18,530***

Р

0,015

-

-

KEY_INTEREST_RATE

0,001

-

-

DOLLAR

-0,012***

-0,009***

-0,013***

EURO

0,010***

0,010***

0,012***

ln_BTC_NUMBER

1,151**

0,585***

0,805***

ln_BTC_PAY

0,003

-

-

ln_BTC_ADDRESS

-0,012

-

-

ln_BTC_CAP

const

0,040*

0,032*

-

2

R

0,79

0,72

0,66

R adj

0,67

0,67

0,60

(1)

(2)

const

30,606***

30,146***

Р

-0,026**

-0,006

KEY_INTEREST_RATE

0,006**

0,003

DOLLAR

0,001

-

EURO

0,003*

0,001***

BTC_NUMBER

-0,007

-

BTC_PAY

0,001**

0,0005

BTC_ADDRESS

-0,002

-

0,00009***

0,00009***

R2

0,90

0,86

R adj

0,85

0,82

(3)

(4)

(5)

const

39,702***

34,926***

23,937***

Р

-0,034***

-0,034***

-

KEY_INTEREST_RATE

0,008***

0,009***

-

DOLLAR

0,002

-

-0,005**

EURO

0,002*

0,004***

0,006***

2

Regression ln_M1:

BTC_CAP
2
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-0,827**

-0,474**

0,464*

0,025

-

-

ln_BTC_ADDRESS

0,0002

-

-

ln_BTC_CAP

0,076***

0,080***

-

R2

0,91

0,88

0,61

R2adj

0,86

0,84

0,56

(1)

(2)

(3)

(4)

568,286***

551,259***

654,080***

646,122***

KEY_INTEREST_RATE

0,176***

0,179***

0,202***

0,185***

DOLLAR

0,156**

0,113***

0,066*

0,114***

EURO

-0,042

-

0,037

-

ln_М0

8,237**

5,307**

-

-

ln_М1

-13,626***

-12,985***

-11,437***

-11,143***

ln_BTC_NUMBER

-31,428***

-25,101***

-25,144***

-25,032***

ln_BTC_PAY

0,205

-

0,118

-

ln_BTC_ADDRESS

0,427

-

0,479

-

ln_BTC_NUMBER
ln_BTC_PAY

Appendix 7.3. Inflation
Regression P:

const

0,911**

1,041**

1,176***

1,301***

2

0,97

0,96

0,95

0,94

R adj

0,94

0,94

0,92

0,93

ln_BTC_CAP
R

2

A REGRESSION ANALYSIS OF CRYPTOCURRENCY INFLUENCE ON THE US DOLLAR

Alina Khvan,
Lomonosov Moscow State University, Economics Faculty
khvanalina17@gmail.com

Abstract: The study shows that the proliferation of cryptocurrencies, bitcoins in particular, weakens
the US dollar and, therefore, may negatively affect the country’s economy. This raises the need to
regulate the Bitcoin system.
Keywords: cryptocurrency, bitcoin, exchange rate, dollar, US, analysis.
JEL Classification: E42, G17, C5
1. Introduction
In recent years, the interest in cryptocurrencies has been growing, which includes bitcoins as the most
popular type of cryptocurrency. The growing popularity of bitcoins comes along with the problems associated
with them: the government cannot monitor all transactions with cryptocurrency and therefore, cannot control
cryptocurrency as they do transactions in conventional currencies. As a result, a certain part of the monetary
system operates outside government regulation, threatens the stability of financial systems and financial
sovereignty of countries. Legislations of many countries have already banned or restricted the use of bitcons.
However, we should not consider bitcoins only as a threat, as it seems impossible to eliminate them. Many
experts understand this, and, according to the President of the largest commercial Bank in Russia, Sberbank,
German Gref, virtual money and technology can make a revolution in the system of Bank payments.1
This suggests that it is crucial to understand how the rise of bitcoins may affect the financial sector, so
that governments could effectively respond to their spread and use them for purposes of their countries’
development.
The goal of this study is to assess the impact of the circulation of bitcoins on the US dollar. The American
currency is selected because Bitcoins are exchanged only for USD.
To achieve the objective of the study we will look at a simplified model of money circulation. We assume that
there is only one country with a well-developed currency circulation. Then, with the emergence of bitcoins the
competition between the two currencies begins: the national currency competes with bitcoins. It is obvious
that not only economic agents, but also ordinary citizens tend to give priority to the currency that is more
profitable. Bitcoins may turn out to be such, because they may help to avoid paying taxes. In this case, the
process of gradual replacement of the national currency by bitcoins may begin.
Let us complicate the situation and assume that only two countries exist in the world; one has a strong and
stable currency, while the other has a weak one. If cryptocurrency comes along in such a world it will start to
replace the money in the country with weak currency. On the contrary, in the country where the currency is
strong, bitcoins will not replace the existing money supply, but most likely, they will begin to substitute its
gain.
Based on this conclusion let us formulate the hypothesis of the study: since the dollar is the world reserve
currency, bitcoins could replace the gain of the US money supply. Such a substitution may definitely weaken
the national currency. To evaluate of the phenomenon of «weakening national currency» the exchange rate of
the U.S. dollar against the Euro (EUR/USD) is used. The dependencies are assumed as follows:
1 The prohibition of bitcoin in Russia questioned the technology blockchain // Vedomosti URL: https://www.vedomosti.ru/technology/
articles/2016/02/29/631755-skovannie-odnoi-tsepyu (Assessed on 4th April 2016)
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1.

The more bitcoins there are in circulation, the less the content of the dollar in one Euro (i.e. the exchange
rate EUR/USD is higher).

2.

As the number of bitcoins in circulation increases, their impact on the US economy becomes more
significant.

In addition, it is interesting to see the influence of the market price of bitcoins and their expected quantity
on the EUR/USD exchange rate.

2. Literature review
231 works have been found upon the request by keyword «bitcoin» in the SSRN electronic library (www.ssrn.
com), three of which are of interest for this study.
In the paper “Can Bitcoin Become a Major Currency?”1 (William J. Luther, Lawrence H. White, 2014) the authors
describe the way of development of bitcoins and analyze whether the cryptocurrency is to become the primary
means of payment for goods and services, replacing the more familiar world currency.
The authors of “Can We Stabilize the Price of a Cryptocurrency?: Understanding the Design of Bitcoin and Its
Potential to Compete with Central Bank Money”2 (with M. Iwamura, Y. Kitamura, T. Matsumoto, K. Saito, 2014)
also regard cryptocurrency as competing with other currencies. In their opinion cryptocurrency is not growing
even faster because of high volatility of its prices.
In “An Analysis of Bitcoin Exchange Rates”3 (Jacob B. Smith, 2016), the author wonders whether the exchange
rates of cryptocurrencies have an impact on the economy, or, on conversely, the economy affects the prices
of bitcoins, causing its volatility.
In the Russian scientific electronic library E-library (www.elibrary.ru) 102 publications were found upon the
request by keyword «bitcoin». They all mainly provide a legal analysis of the cryptocurrency. None of the works
analyzes the impact of bitcoin on the economy.
We also found the paper «Analysis of Bitcoin Transaction Flows to Reveal Usage and Geographic Patterns»
(Bissessar, 2013), which recognises the importance of the study of bitcoin transactions and their impact on
the economy, and analyzes geographical patterns of cryptocurrency flows.

3. Methodology of research
Regression analysis is used to achieve the goal of this research. The research consists of the following stages:
first, identification of key hypotheses, second, the choice of variables for the model; next, a specification of
equation, then analysis of the given model and, finally, the main findings.
The sample used for the research comprises of 1832 observations, which cover the period from January 2009
to April 2016, that is, from the year when bitcoins appeared to the present time.
To develop the model and avoid biased estimates of the coefficients, the factors assumed to affect the money
supply are selected.
The designated covariates and the dependent variable are identified as:
Dependent variable
eur_usd

Description

Sources

The EUR/USD exchange rate Federal Reserve Bank of St. Louis4
(The content of USD in one EUR)

1 William J. Luther, Lawrence H. White Can Bitcoin Become a Major Currency? // George Mason University - Department of Economics, 2014
2

M. Iwamura, Y. Kitamura, T. Matsumoto, K. Saito Can We Stabilize the Price of a Cryptocurrency?: Understanding the Design of Bitcoin and Its Potential
to Compete with Central Bank Money // Institute of Economic Research Hitotsubashi University Kunitachi, 2014

3

Jacob B. Smith An Analysis of Bitcoin Exchange Rates // University of Houston, 2016

4

FRED URL: https://research.stlouisfed.org/fred2/series/M2 (Assessed on 21th April 2016)
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Regressors

Description

Sources

btc_amount

The total value of bitcoins in Blockchain Info1
circulation, already mined, or the
current number of bitcoins

btc_predict

The
estimated
value
transactions, USD mln.

btc_price

Average market price in USD in the Blockchain Info3
leading bitcoin markets

five_year_inflation_exp

The US
inflation

interest_rate

US key interest rate

U.S. Department of Treasury5

unemp_rate

US unemployment rate

Bureau of Labor Statistics6

public_debt

США US public debt

TreasuryDirect7

five-year

of Blockchain Info2

estimated Federal Reserve Bank of St. Louis4

Table 1
Source: Developed by the author

4. Calculations
Firstly, in the econometrics package Gretl we built the regression of l_eur_usd variable on the independent
variables, for the period from 2009 to 2016. Let us define it a model (1). 1832 observations are used to build
the model. We received the correlations as follows:

All independent variables in the model have a highly significant impact on the EUR/USD rate with a probability
of 99%, except for the variable btc_predict, which is also significant with a probability of 90% (see Appendix
1). It can be seen that only the US key interest rate and the US public debt have inverse correlations with the
USD rate among all other variables.
The coefficient of determination (R2) of the model is quite high, and is equal to 0.783, which means that 78.3%
of the values of the dependent variable are explained by this model.
1

URL: https://blockchain.info/ru/charts/total-bitcoins (Assessed on 15th April 2016)

2

URL: https://blockchain.info/ru/charts/estimated-transaction-volume-usd (Assessed on 15th April 2016)

3

URL: https://blockchain.info/ru/charts/market-price (Assessed on 15th April 2016)

4

URL: https://research.stlouisfed.org/fred2/series/T5YIFR (Assessed on 21th April 2016)

5

URL: http://1.usa.gov/1SUlB9u (Assessed on 29th April 2016)

6

URL: http://data.bls.gov/pdq/SurveyOutputServlet (Assessed on 29th April 2016)

7 URL: http://1.usa.gov/21HI0Jm (Assessed on 1st May 2016)
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All the observations are divided into 3 parts, to see how the Bitcoin market has had an impact on the US
economy as the Bitcoins spread. For each of the three groups of observations l_eur_usd regression variable
to the independent variables are built - the model (2), (3) and (4) (Appendix1). The sample model (2) covers
the period of 2009 and 2010, a period of a very small spread of Bitcoins. The sample model (3) covers the
period from 2011 to 2013, when Bitcoins started to be actively used for speculation. The last period from the
beginning of 2014 to April 2016 was assigned to the model (4). This period describes the impact that Bitcoins
had on the US economy. During that period, the speculation in Bitcoins declined, and the Bitcoin payment
function took a center stage.
It is clearly seen, that in 2009-2010 the correlation between the amount of Bitcoins in circulation and the
EUR/USD rate was negative, and the variable had no significant effect on the USD. In model (2) the correlation
changed to positive, but the variable still did not have a significant impact on the EUR/USD. In model (3) while
the correlation remained positive, the spread of Bitcoins had a significant impact on the EUR/USD with a 90%
probability.

5. Findings
•

•

•

The first hypothesis that the more Bitcoins there are in circulation, the less the content of the dollar in
one euro is (ie. the higher the EUR/USD exchange rate), has been confirmed. Other things being equal, as
the number of Bitcoins in circulation (emission) increases by 1 million, the EUR/USD rate rises by 6.1%,
that is, the amount of dollars to buy 1 Euro increases. This suggests that the distribution of Bitcoins
weakens the US dollar.
The second hypothesis that, with an increase in the number of Bitcoins in circulation their influence
on the US economy grows and becomes more significant has also been confirmed. This is evidenced by
the fact that cryptocurrency had no significant effect on the US dollar during the first reporting period
2009-2010, whereas in the last period of 2014-2016 cryptocurrency had significant influence with 90%
probability. This finding suggests, that the impact of the cryptocurrency on the US economy will grow
in the future.
The Bitcoin price has also a substantial impact on the dollar. Ceteris paribus, while increasing the
Bitcoin price per its unit the US dollar rises by 0.7%.
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7. Appendices
Appendix 1
Regressor

Model (1)
2009-2016

Model (2)
2009-2010

Model (3)
2011-2013

Model (4)
2014-2016

intercept

0.811 (***)
(0.2)

-0.316
(0.349)

3.61 (***)
(0.369)

-1.713
(1.058)

btc_amount

0.061 (***)
(0.011)

-0.017
(0.029)

0.009
(0.041)

0.09 (*)
(0.048)

btc_predict

0.007 (** )
(0.003)

0.24 (* )
(0.136)

-0.001
(0.002)

-0.038
(0.026)

0.0002 (***)
(0.023)

0.198 (** )
(0.085)

0.0001 (***)
(0.082)

0.0001 (** )
(0.00005)

five_year_inflation_exp

0.081 (***)
(0.012)

0.029 (** )
(0.014)

0.067 (***)
(0.013)

0.059 (* )
(0.033)

interest_rate

-0.15 (***)
(0.05)

-0.29 (***)
(0.056)

-

0.021
(0.136)

unemp_rate

0.054 (***)
(0.008)

0.062 (***)
(0.018)

-0.103 (***)
(0.024)

0.218 (***)
(0.067)

public_debt

-0.11 (***)
(0.02)

0.008
(0.045)

-0.173(***)
(0.023)

-0.043
(0.04)

R2

0.783

0.721

0.583

0.883

N – number of
observations

1832

504

753

575

btc_price

Source: Developed by the author in econometric package Gretl
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Abstract. This paper presents calculations reaffirming practical application of an earlier posed
theoretical model explaining relationship between the rate of one-day credits in the interbank
market, volume of speculative investments and total securities under which transactions have been
closed. This article is written based on the Kyrgyz stock exchange data.
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1. Introduction
This paper continues the research into the relationships between stock market and interbank lending market,
using the database of Stock Exchange of Kyrgyzstan.
The purpose of the study is to check the correctness of the formula [1], according to which the day-rate
of loans in the interbank market is inversely proportional to the number of securities traded on the stock
exchange:

Where the formula describes the relationship between the parameters:
•
•
•
•

u is the average “loss” per transaction with one security;
I is the volume of speculative investments (the volume of monetary funds that are held in accounts in
an authorized bank and are intended for speculations);
R is the rate of one-day credits in the IM, in shares;
U is the total securities under which transactions were closed.

The key point of the formula is the fact that the parameter u remains constant for the duration of the period
under review. In this regard, verification of the formula’s compliance with real practice boils down, to showing
that the parameter u is indeed constant. In practice, this may indicate a low value of the standard deviation of
the parameter. In addition, the use of regression analysis can confirm or disprove the theory about the nature
of the relationship between the parameters

2. Literature review
Three articles were published in the period 2013-2016, which tested the applicability of the formula to practice.
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The first paper [2] uses the data provided by the Moscow Stock Exchange. The authors conclude that the
formula as a whole, correctly reflects the relationship between the interbank market parameters and those
at Moscow Stock Exchange in 2012.
Another study [3] was carried out on the basis of the Bahrain Stock Exchange data. It has also been noted
that the overall formula correctly reflects the real situation, since the parameter u has a low value volatility.
In addition, the econometric model confirmed the existence of correlations between variables.
The third work [4] was made on the basis of the Kazakhstan Stock Exchange data. The results are broadly
similar to those presented in the other two papers.
Next, the search was carried out for publications, which also address the issue of the relationship between
interbank market parameters and the stock market.
The search for Russian language sources was carried out on the site of the Scientific Electronic Library
RISC (elibrary.ru), English - the search engine Google Scholar (scholar.google.com) and Online Social Science
Research Network International Libraries (ssrn.com).
The search in RSCI was conducted using the keywords stock market, interbank credit market, stock index,
overnight rate. As a result, the system showed 47 articles, out of which 2 were chosen after reading the
abstracts. However, after the full reading they were dismissed as not relevant to the subject. That is why there
are no Russian-language part sources in the literature review.
After looking through SSRN with the keywords: stock market, interbank credit market, rate of one-day credits,
lending market, overnight rate, stock index and their different combinations, the websites’ search engine
came up with 20 articles, out of which 3 were chosen after analysis of their titles and abstracts for future
reading. However, only 1 paper [5] proved to be relevant. It describes the role of the stock market and the
market of interbank credits in the measurement of bank performance in Malaysia and Thailand. The author
argues that the price of shares in individual banks may reflect the risk in the interbank market.
To search on Google Scholar website the following key words were used: stock market, the market of interbank
loans, the rate of one-day loans, stock market index, the overnight rate, the industrial index Dow Jones. As a
result 134 works were found, of which after reading the abstracts 12 were selected for the study of the full
text. As it turned out, only one of them [6] was relatively close to the subject of the study. This is a fairly
popular work, with 72 citations. The authors trace the dynamics of stock prices of Japanese banks during
the banking crisis in the mid-1990s. Their research shows that the bank’s shareholders may use financial
indicators to quickly differentiate between the activities of banks.

3. Description of the data and methodology
To test the practicability of the formula two approaches were used. The first is to determine whether the
standard deviation of the parameter u is of constant or negligible value. As the available data were not
detailed or structured they were approached in two steps: first, the analysis of all the available sample and,
second, the analysis of the data for December 2015 (for this month the data were full and regular).
The meaning of the second approach is the use of regression analysis to determine the nature of the
relationship between the parameters and compare it with the nature of the relationships in the formula itself.
To verify the applicability of the formula the data were used for the research during the period 2010-2015
years provided by the Kyrgyz Stock Exchange:
•
•
•

The total amount of money deposited in KSE, thsd KGS (I, refer to Appendix 1);
The number of stocks in KSE, pcs (U, refer to Appendix 2);
KSE one-day loan interest rates, % (R, refer to Appendix 3).
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4. The first approach
The calculations show that the standard variations are below one hundredth of the mean price of a single
stock. It allows to recognize u parameter as a generally constant value (refer to Appendix 4 and 5). In addition,
visual examination of the daily u parameter value shows that it is slightly volatile (refer to Appendices 6-9).
Because of the small amounts of data, the first approach consists of two parts: one is dealing with all data
that we have and the other dealing with the data for December 2015.
From a visual assessment of the u parameter dispersion it is obvious that in general it is insignificant. Thus,
it can be argued that the u parameter has low volatility and can be considered as a value close to a constant.

5. The second approach
The second approach includes the use of regression analysis of time series in order to verify the relationships
between the variables of the model again.
The time series input consists of 76 observations for each of the 5 variables (refer to Appendix 10). All
calculations are made in the Gretl econometrics package.
The first stage of the econometric analysis is checking the stationarity of all the variables according to the
regression analysis of time series. For this reason an augmented Dickey–Fuller test (ADF) is used. At present
it is one of the most popular tests for a unit root in a time series sample. All variables are examined for
stationarity with constant. The results of the testing procedure are given in Appendices 11-14.
ADF test has shown all variables except R to be stationary. Due to the similarity of the R indicators during
the last periods there is no point in testing its stationarity in this particular period. However, the first
10 observations are different. Therefore the ADF test is held separately for the first 10 observations of
parameter R. This test shows non-stationarity of the variable. (refer to Appendix 15) The use of non-stationary
variables in linear regressions may lead to invalid estimators. For this reason, an additional test of the R first
differences (d_R) is arranged and finally the stationarity of the variable is revealed at 1% level of significance
(refer to Appendix 16).
Taking everything into consideration it is possible to formulate several conclusions from analyses of these
regressions. Both equations are completely significant, and the relationships between parameter u and other
variables correspond to logic of the theoretical formula. The R and I variables have positive coefficients (it
means the direct relationship with the dependent parameter), and the U variable has a negative coefficient
(it means the inverse relationship with the dependent parameter) (refer to Appendices 17, 18). This kind of
analysis also proves the significance of the observed formula.

6. Conclusion
The results of calculations made in both cases prove constant relative stability and general correctness of the
tested formula. The relationships between parameters correspond to reality. Therefore, it can be argued that
the formula can adequately describe the situation at the Kyrgyz Stock Exchange during the period 2010-2015
years and can be useful for financial market regulation.
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Appendix 3

Appendix 4
"u" parameter, KSE, Dec. 2015

With U as volume of stocks
traded

With U as total amount of
deposited stocks

Average, KSE

0,0000061900

0,0022593348

Volatility, KSE

0,0000004862

0,0001755129

With U as volume of stocks
traded

With U as total amount of
deposited stocks

Average, KSE

0,0000053277

0,0019446140

Volatility, KSE

0,0000052658

0,0019220080

Appendix 5
"u" parameter, KSE, 2010 - 2015

Appendix 6
The whole period (2010-2015)
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Appendix 7
The whole period (2010-2015)

Appendix 8
01.12.15-31.12.15

Appendix 9
01.12.15-31.12.15
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Appendix 10
Variable name in the
theoretical model

Variable model in Gretl

Definition

u

u_small_vol

Mean loss per deal (calculated using the volume
of trade)

u

u_small_dep

Mean loss per deal
(calculated using the amount of deposited
stocks)

I

I

Volume of speculative investment
(amount of money in the bank autorised by the
Exchange)

R

R

One-day loan interest rates

R

d_R

First difference of R

Appendix 11
Unit root test for u_small_vol

Results of the ADF test
Augmented Dickey-Fuller test for u_small_vol
including 0 lags of (1-L)u_small_vol
(max was 11, criterion AIC)
sample size 76
unit-root null hypothesis: a = 1
test with constant
model: (1-L)y = b0 + (a-1)*y(-1) + e
estimated value of (a - 1): -0.589324
test statistic: tau_c(1) = -5.58178
p-value 9.829e-06
1st-order autocorrelation coeff. for e: -0.005
The variable is stationary at the 1% level of significance.
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Appendix 12
Unit root test for u_small_dep

Results of the ADF test
Augmented Dickey-Fuller test for u_small_dep
including 0 lags of (1-L)u_small_dep
(max was 11, criterion AIC)
sample size 76
unit-root null hypothesis: a = 1
test with constant
model: (1-L)y = b0 + (a-1)*y(-1) + e
estimated value of (a - 1): -0.589324
test statistic: tau_c(1) = -5.58178
p-value 9.829e-06
1st-order autocorrelation coeff. for e: -0.005
The variable is stationary at the 1% level of significance.
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Appendix 13
Unit root test for I

Results of the ADF test
Augmented Dickey-Fuller test for I
including 0 lags of (1-L)I
(max was 11, criterion AIC)
sample size 74
unit-root null hypothesis: a = 1
test with constant
model: (1-L)y = b0 + (a-1)*y(-1) + e
estimated value of (a - 1): -0.542084
test statistic: tau_c(1) = -5.17475
p-value 4.32e-05
1st-order autocorrelation coeff. for e: -0.019
The variable is stationary at the 1% level of significance
Appendix 14
Unit root test for R
The ADF test (R, d_R) cannot be held because most dependent variables are constant.
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Appendix 15
Unit root test for R (first 10 observations)

Results of the ADF test
Augmented Dickey-Fuller test for R
including one lag of (1-L)R
(max was 2, criterion AIC)
sample size 10
unit-root null hypothesis: a = 1
test with constant
model: (1-L)y = b0 + (a-1)*y(-1) + ... + e
estimated value of (a - 1): -0.414669
test statistic: tau_c(1) = -1.12293
asymptotic p-value 0.7091
1st-order autocorrelation coeff. for e: 0.425
Appendix 16 Unit root test for d_R
Results of the ADF test
Augmented Dickey-Fuller test for d_R
including 2 lags of (1-L)d_R
(max was 2, criterion AIC)
sample size 8
unit-root null hypothesis: a = 1
test with constant
model: (1-L)y = b0 + (a-1)*y(-1) + ... + e
estimated value of (a - 1): -1.90414
test statistic: tau_c(1) = -4.27636
asymptotic p-value 0.0004832
1st-order autocorrelation coeff. for e: -0.288
lagged differences: F(2, 4) = 2.359 [0.2105]
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Appendix 17
Calculation with volume of trade
Linear regression of u_small_vol using I and R
Model 2: OLS, using observations 1-75
Dependent variable: u_small_vol
Coefficient

Std. Error

t-ratio

p-value

const

-4.4881e-06

9.46334e-07

-4.7426

<0.0001

***

I

7.48608e-11

1.51878e-12

49.2899

<0.0001

***

R

4.36902e-07

7.87213e-08

5.5500

<0.0001

***

Mean dependent var

5.33e-06

S.D. dependent var

6.80e-06

Sum squared resid

9.66e-11

S.E. of regression

1.16e-06

R-squared

0.971755

Adjusted R-squared

0.970970

F(2, 72)

1238.561

P-value(F)

1.71e-56

Log-likelihood

920.2480

Akaike criterion

-1834.496

Schwarz criterion

-1827.544

Hannan-Quinn

-1831.720

rho

0.862350

Durbin-Watson

0.274967

Appendix 18
Calculation with amount of deposited funds
Linear regression of u_small_dep using I and R
Model 3: OLS, using observations 1-75
Dependent variable: u_small_dep
Coefficient

Std. Error

t-ratio

p-value

const

0.00163816

0.000345412

-4.7426

<0.0001

***

I

2.73242e-08

5.54356e-10

49.2899

<0.0001

***

R

0.000159469

2.87333e-05

5.5500

<0.0001

***

Mean dependent var

0.001945

S.D. dependent var

0.002482

Sum squared resid

0.000013

S.E. of regression

0.000423
0.970970

R-squared

0.971755

Adjusted R-squared

F(2, 72)

1238.561

P-value(F)

Log-likelihood

477.7557

Akaike criterion

-949.5115

-942.5590

Hannan-Quinn

-946.7354

0.862350

Durbin-Watson

0.274967

Schwarz criterion
rho

1.71e-56
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Abstract. The present study analyses the influence of cash conversion cycle and its components
on the profitability of Russian wholesale businesses. Conventional theory implies that a shorter
cash conversion cycle benefits the business, a claim supported by numerous empirical studies, with
some research, however, suggesting otherwise. The present paper uses regression analysis of panel
data including 1 323 observations of 189 Russian wholesale businesses for the period of 7 years
from 2009 to 2015. Linear econometric model results confirm that cash conversion cycle length
is inversely related to profitability. Moreover, the paper makes an empirically based argument for
managing each component of the cycle and demonstrates a negative influence of high levels of
financial constraint and working capital ratio on profitability and a positive influence of company
size, revenue and GDP growth rates.
Keywords: working capital management, cash conversion cycle, profitability, wholesale trade
JEL Classifications: G30, G31, G32
1. Introduction
Working capital management is a subject fairly well-covered in scientific literature both in Russia and
internationally. Many empirical studies have shown that working capital management does have a significant
impact on a company’s profitability [Shin and Soenen, 1998; Deloof, 2003; Lazardis and Tryfonidis, 2006;
Banos-Caballero et al, 2014; Garanina, Petrova, 2015]. However, the influence of cash conversion cycle and its
components on profitability, also detected by these empirical studies, has not been examined.
Working capital management is very important in wholesale trading. One characteristic feature of this type of
business is a higher current asset to total asset ratio [Banos-Caballero, Garcia-Teruel, Martinez-Solano, 2012].
It also has a longer net trading cycle, compared to other lines of business [Banos-Caballero, Garcia-Teruel,
Martinez-Solano, 2012]. Moreover, wholesale businesses tend to have extensive inventories, often numbering
thousands of items, high goods volume, substantial number of suppliers and customers, all of which makes
the management of inventory, accounts receivable and accounts payable absolutely essential. Wholesale
businesses sell their goods under deferred payment conditions to large numbers of various customers.
They work with store chains, wholesale buyers and large and small retail customers. In this sphere it is
vital to have a sound commercial lending policy for all sorts of debtors. This involves questions of payment
deferral, full or partial down payment, and commercial discounting, but the most challenging issue is that
of managing, as well as collecting, receivables of individual counterparties, since wholesale businesses work
with large numbers of consumers. Such businesses run a very high risk of late payment by counterparties
and uncollectable receivables, especially if they deal with small retailers. Therefore, for this kind of business,
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developing and implementing a commercial lending policy is the foundation of its profitability, growth,
stability, and continuous liquidity. In addition to that, prioritising customer-friendly pricing, high customer
service rate and quality, and long-term relationships with customers are all factors in its competitiveness.
Big wholesale firms are purchasing goods from a large set of manufacturers, which also enhances their
competitiveness. In dealing with suppliers it is equally important to have a comprehensive policy. A wholesale
business must, first of all, be scrupulous in analysing offers from suppliers of parity products, picking those
that offer the greatest deferral of payment. Due to the special nature of wholesale business and the fact
that it works with large numbers of consumers it is important to manage payables, to prevent debtor delays.
Otherwise the company might damage its relationship with the suppliers, find itself on a stop-list with the next
shipment, or be forced to pay penalties, fines, or delinquency charges. In matters of payables management,
the most useful tool is, undoubtedly, an IT system.
Thousand-strong inventories of goods purchased and sold by wholesale businesses demand higher logistics
standards. It is especially important for businesses of this type to achieve greater accuracy in planning their
inventory and sales volume, to adjust their procurement to consumer demand, to take timely inventory, to
detect surplus inventory, preventing additional purchase of stock and, whenever possible, disposing of it,
even at a significant discount, because of ongoing storage costs. For wholesale businesses, efficient inventory
management is likewise a key competitiveness factor. Investment in low turnover assets forces a company
to ‘bind’ its capital resources for too long, while driving up its storage and insurance costs, and introducing
losses due to shrinkage, wantage, spoilage, depreciation etc. In the meantime, being unable to stock an indemand product might force its clients to switch suppliers. It is necessary to evaluate individual inventory
positions for storage efficiency and consumer demand. The task is often made more difficult by individual
products having short shelf life or special storage requirements. This is the reason why wholesale business
managers are imposing rates of stockturn and making sure their companies adhere to them. A wholesale
business tries to keep in stock a wide range of goods to satisfy the demands of a wide range of consumers,
while making the necessary profits. Managing one’s working capital gets particularly important in developing
markets, owing to the fact that companies operating in developing markets are, on average, smaller in size,
have a higher rate of debt arrears and less access to long-term financing [Abuzayed, 2011], which places
greater emphasis on financing through trade credit.
Therefore, it seems important to determine in what way cash conversion cycle and its components influence
the profitability of wholesale businesses. Such a study may allow one to determine how and to what extent a
business can enhance its profitability by making its cash conversion cycle shorter. Moreover, it will show the
relative importance of managing individual components of the cash conversion cycle.

2. Results of research into the effect of cash conversion cycle management on performance
There are differing opinions on how efficiency of working capital management influences business performance.
The conventional theory holds that a shorter cash conversion cycle benefits the company. This view is
supported by numerous empirical studies. For example, Shin and Soenen, 1998; Deloof, 2003; Garcia-Terual and
Martinez-Solano, 2007; and Gill, 2010 come to the conclusion that cash conversion cycle is inversely related to
return on assets. This relationship was observed throughout different markets and time periods.
In particular, Shin and Soenen, 1998 used a sample of 58 985 US companies from 1974 to 1994 to show that
cutting net trade credit increases profitability of the company. Even before that, L.A.Soenen, in 1993 was
pointing out that one of the major factors in bankruptcy was low efficiency of working capital management.
Deloof, 2003 also detected a significant inverse relationship between cash conversion cycle and profitability.
Analysing the length of cash conversion cycle, as well as that of its individual components (accounts receivable,
inventory), in a sample of 1009 large Belgian nonfinancial companies for a period of 1992 to 1996, the study
concludes that there is a statistically significant inverse relationship between profitability and working capital
and its components turnover (in days). Deloof uses these results to recommend that companies cut their DAR
(days accounts receivable) and DI (days inventory) parameters. It also notes that less profitable businesses
have to wait longer for settlement.

26

RUSSIAN REVIEW - VOL. 1(4) -2016

The hypothesis that longer cash conversion cycle has a negative effect on company value is also confirmed by
Enqvist, 2014. The study was using a sample of 1136 observations of businesses traded on the Helsinki Stock
Exchange from 1990 to 2008.
A 2015 study by Garanina and Petrova, who used a sample of 720 Russian companies from different industries
from 2005 to 2013, also found that for companies with positive cash conversion cycles an increase in CCC
length must lead to a decrease in profitability. However, for companies with negative cash conversion cycles
the relationship is reversed. Therefore, the study suggests that to increase profitability businesses should aim
for a zero-length cash conversion cycle.
However, some empirical studies have been arriving at an opposite conclusion. For example, studying
nonfinancial companies publicly traded at the Amman Stock Exchange from 2000 to 2008, Abuzayed, who
had considered businesses that efficiently manage their working capital to be more profitable, nevertheless,
found a direct association between cash conversion cycle and its components’ length on the one hand and the
business’s profitability on the other hand. This, the researcher suggested, was due to the fact that flourishing
businesses have fewer incentives, and therefore are less likely, to engage in working capital management.
A 2013 paper by Leyevik and Vorobyova arrived at the same conclusions by studying a sample of 1065 Russian
food manufacturing businesses. Its authors offered two possible explanations for the observed significant
direct CCC-profitability association. One is, that shortening their cash conversion cycle might not be the
preferred source of financing of the sampled companies. The other is that more profitable businesses might
afford more relaxed payment time limits for their customers, larger inventories and longer storage times, and
early payments to their suppliers.
Such results, although controversial, have a certain logic behind them. On the one hand, high level of working
capital can improve financial performance for a number of reasons. For example, having an easy credit policy
stimulates sales (Banos-Caballero, 2010), promotes long-term relationships with clients (Ng, 1999), and
guarantees quality of products (Lee, Stowe, 1993). Having a large inventory prevents supply problems (Blinder
and Naccini, 1991), lowers the risk of price fluctuations, minimises revenue losses from potential material
shortages.
Yat, high levels of investment in working capital can have a negative effect of binding the finances that could
otherwise be recycled and generate profit. As noted by Soenen, active investment in working capital may even
cause bankruptcy, since financing it leads to higher expenditure and credit risk for the company. Favourable
terms for receivables may lead to losses from increased volume of overdue debts, as well as from increased
prompt payment discounts. Experiences of contemporary Russian businesses confirm that a lot of companies
go bankrupt over errors in their management of accounts receivable and late payments by counterparties.
Another negative effect is the fact that storing large inventories drives up expenses like rent and building
security (Kim and Chung, 1990). Moreover, as noted by Autikaite and Molay, 2011, an increase in the volume
of working capital means it has to be financed. Therefore, high level of working capital makes a company
more dependent on external financing, increasing its financial expenses and risks, which makes financing it
through stockholders and creditors more expensive. Ganessan, 2007 also concludes that increased investment
in working capital leads to increased financing requirement and higher cost of capital. This negative effect of
working capital investment on company value is also clear to Moussawi et al, 2006.
In summary, existing research offers no unified opinion on what influence cash conversion cycle length
and quality of management of individual working capital components can have on a company’s financial
performance and profitability. Therefore, the present empirical study undertakes to identify the effect of
receivables and payables management on the key financial indices of wholesale businesses, and to determine
the nature of the effect that the length of cash conversion cycle has on profitability of firms in this industry.

3. Hypotheses
The present empirical study would test the following hypotheses:
Hypothesis 1: Days accounts receivable (DAR) and days inventory (DI) values have a significant and negative
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effect on the profitability of a wholesale business, while days accounts payable (DAP) has a significant and
positive effect.
Hypothesis 2: Cutting the length of the cash conversion cycle has a significant and positive effect on the
profitability of a wholesale business.

4. Time period
The study analyses a period of 7 years, from 2009 to 2015. This was chosen because picking a balanced sample
over a longer time period would have meant too few businesses to consider. Conversely, choosing a shorter
time period would have given more companies, but these would include very short-lived businesses into the
sample, which would make the CCC-profitability association unstable.
The original sample included 196 wholesale companies (Russian Industry Classification codes G 51, 50.10.1,
50.10.3, 50.40.1, 50.40.3, 50.30.1, 50.30.3, 50.40.1, 50.40.3). Eliminating extreme values narrowed the list down
to 189 companies. Therefore, the number of observations for this study was 1323.

5. Principal and complimentary factors of working capital management that affect profitability
The hypotheses were tested using measures of profitability as dependent variables and measures of working
capital management as independent variables. Also added were control variables that the existing research
holds to have a significant influence on the dependent variables.
Figure 1. Variables used
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6. Dependent variables

All of the variables used by researchers studying this subject can be divided into two groups: accounting
variables and market variables.
Accounting variables usually consist of either return on assets (ROA) or gross operating income/profit (GOI/
GOP). Far less frequently used are alternative variables like return on net operating assets (RNOA) [Garanina,
Petrova, 2015], return on investment (ROI) [Nobanee, 2011], return on invested capital (ROIC) [Mohamad, 2010].
Market variables are typically represented by Tobin’s Q, calculated as a company’s equity market value plus
liabilities book value, divided by its equity book value [Afrifa, 2016; Banos-Caballero et al, 2014; Mohamad,
2010; Wang, 2002]. Some studies may also feature alternative market variables like a company’s annual
excess returns adjusted for company size and MV/BV [Aktas, 2015; Almeida, 2014].
The dependent variable used in the present study was chosen to be the measure of a company’s ability to
draw income from the use of its assets:
1.

ROA = Net Income / Average Assets – return on assets, measuring the company’s ability to effectively
use its assets.

7. Independent variables
As illustrated by Figure 1, the present study aims to identify the influence of both principal and complimentary
(control) determinants of working capital management on the financial performance of companies. This
section aims to substantiate the influence of individual factors and to describe the way of measuring them
for the purpose of this study.
1.

DAR = AR / Sales * 365 – days accounts receivable, representing the average time it takes the
company to collect the money for goods sold.

This factor is expected to have a negative effect on financial performance, because greater DAR values indicate
longer wait for customers’ payments and inefficient management of receivables. Nevertheless, the studies
available have shown this index to influence the financial performance both negatively [Aregbeyen, 2013;
Deloof, 2003; Enqvist, 2014; Garcıa-Teruel at al, 2007; Gill, 2010; Lazaridis 2006; Raheman, 2007], and positively
[Abuzayed, 2011; DeLoof, 1996; Nobanee, 2009, Ramachandran, 2009].
2.

DI = Inventories / Cost of goods sold *365 – days inventory, representing the number of days it
takes the company to sell an average-sized inventory.

On the one hand, this factor has a negative impact on financial performance, as high inventory levels may
signal overstocking, as well as extra storage, insurance, and rent expenses. On the other hand, high inventory
levels mitigate the risk of shortage of goods for current operations. Besides, wholesale businesses are usually
purchasing goods in large lots, while selling in small ones, which makes their typical inventory balance rather
high. This may lessen the negative influence of high inventory levels on performance. Still, the most common
finding is that its influence is negative [Deloof, 2003; Enqvist, 2014; Garcıa-Teruel, 2007; Lazaridis, 2006; Pais,
2015; Raheman, 2010; Vahid, 2012], even if some studies found it otherwise [Abuzayed, 2011; Makori, 2013;
Nobanee, 2009].
3.

DAP = AP / Purchases *365 – days accounts payable, representing the average time it takes the
company to repay its creditors.

This factor is expected to have a positive effect on financial performance, because higher DAP values suggest
that the company is able to defer its payments longer, thereby getting free credit from its suppliers [Lazaridis,
2006; Makori, 2013; Nobanee, 2009]. However, a number of studies found the indices in question to be
negatively related [Abuzayed, 2011; Aregbeyen, 2013; Deloof, 2003; Garcıa-Teruel, 2007; Padachi, 2006; Pais,
2015; Raheman, 2007]. This may be due to the fact that less profitable businesses tend to delay payment on
their debts longer [DeLoof, 1996], and that businesses paying their suppliers late forfeit their early payment
discount [Aregbeyen, 2013]. Therefore it would be important to establish the way in which this factor influences
the Russian wholesale businesses.
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ССС = DAR + DI - DAP – cash conversion cycle length (in days), which reflects the efficiency with
which the company is managing its working capital, and represents cash turnover, from the
moment cash is disbursed to purchase inventory to the moment the company collects payment
from its sale.

The vast majority of studies indicate an inverse relationship between cash conversion cycle and profitability,
which makes sense, given the expected effect of its components. A contrary view is represented by Abuzayed,
2011; Gill, 2010; Nobanee, 2009; and Leyevik and Vorobyova, 2013. In particular, Abuzayed, explains this by
saying that flourishing businesses have fewer incentives, and therefore are less likely, to engage in working
capital management. Leyevik and Vorobyova, 2013 gives two possible explanations. One is, that shortening
their cash conversion cycle might not be the preferred source of financing for the sampled companies. The
other is, that more profitable businesses might afford more relaxed payment time limits for their customers,
larger inventories and longer storage times, and early payments to their suppliers.
There are studies that do not analyse the influence of individual components of the cash conversion cycle on
financial performance at all, choosing instead to use the cycle itself as the only index (Banos-Caballero, 2012;
Wang, 2002; Yazdanfar, 2014). This is justified, as these components may be lacking in significance individually,
even if CCC itself shows significant influence owing to the effect of its cumulative value.
5.

CATA = current assets / total assets – this ratio helps to assess how aggressively the
company manages its current assets
CLTA = current liabilities / total assets – this ratio helps to assess how aggressively the
company finances its working capital

There are other things to look at when trying to analyse the influence of working capital on financial
performance besides the company’s CCC value, for example, its choice of policy for managing and financing its
working capital.
The influence of working capital and liabilities management policy on profitability has been the subject of
many studies and appears to be a matter of dispute. On the one hand, pursuing an aggressive policy might be
beneficial for the company’s profitability, despite the risk of its losing in revenue if it cuts its trade credit and
inventory too far [Shin and Soenen, 1998; Jose, 1996; Wang, 2002]. On the other hand, a disciplined policy might
likewise increase profitability by stimulating demand, improving customer relationships, lowering the risk of
disruption of operations, cushioning against price fluctuations. In particular, a number of studies [Afza, 2008;
Raheman, 2010; Mohamad, 2010] found that profitability is positively influenced by a conservative approach
to both managing and financing one’s working capital.

8. Control variables
Since a company’s profitability is influenced not only by the quality of its working capital management but
also by other important determinants, these too must be included in a study to get more accurate results.
1.

LEV = debt / total assets – leverage, which reflects the degree in which the company has
borrowed money.

This measure is expected to influence financial performance both positively (by attracting cheaper financing)
and negatively (because high level of debt increases the company’s risk making further external financing
harder and costlier). Most studies found high level of debt to have a negative effect on profitability [Charitou,
2010; Enqvist, 2014; Garcıa-Teruel, 2007; Lazaridis, 2006; Makori, 2013; Raheman, 2010; Vahid, 2012].
2.

SIZE = ln (Sales) – size of the company, as a function of its profits

There are various theories on how the size of a company may influence it profitability. On the one hand,
the influence is expected to be negative, since large businesses are already close to their optimal level
and have only a period of slow development, or even falling profits, ahead of them, while small businesses
develop rapidly and are quickly growing in terms of profitability. On the other hand, large businesses have an
advantage over small enterprises due to economies of scale, which suggests a positive association between
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size and profitability. Moreover, large businesses have the advantage of getting cheaper credit.
Although most evidence-based studies show a positive association [Abuzayed, 2011; Eljelly, 2004; GarcıaTeruel, 2007; Gill, 2010; Makori, 2013], some researchers, nevertheless, see a negative effect of company size
on profitability [Aregbeyen, 2013; Banos-Caballero, 2012; Mun, 2015].
3.

GROWTH = (Salest-Salest-1) / Salest-1 – revenue growth rate

Revenue growth rate is expected to have a positive influence on the profitability of a company. This is
supported by numerous studies [Abuzayed, 2011; Afrifa, 2016; Aregbeyen, 2013; Banos-Caballero, 2012; Deloof,
2003; Garcıa-Teruel, 2007; Nobanee, 2009; Vahid, 2012].
4.

CR = Current Assets / Current Liabilities – working capital ratio

The conventional theory holds that there is a certain tension between liquidity and profitability. Since working
capital ratio is a static measure of liquidity, it is expected to be inversely associated with profitability, as
confirmed by numerous studies [Aregbeyen, 2013; Mohamad, 2010; Raheman, 2007; Sen, 2010].
5.

FITA = Financial investments / Total assets

Financial investments can increase profitability if the assets, in which the company invested are performing
better than its current operations. However, profitability will decline if the assets are performing poorly. This
significant association was identified by a number of studies: Deloof, 2003 or Lazaridis, 2006 indicate that the
influence of financial investments is positive; Raheman, 2007 found it to be negative, while Abuzayed, 2011 and
Gill, 2010 failed to observe any significant association.
6.

GDP = GDP growth

Researchers working in this sphere often turn their attention not only to company-specific variables, but to
macroeconomic measures. Thus, GDP growth is supposed to have a positive influence on the performance of
individually analysed firms. This hypothesis is corroborated by the results obtained by Abuzayed, 2011, GarcıaTeruel, 2007, and Pais, 2015. Enqvist, 2014 argues that the inverse CCC-profitability association becomes more
significant when the economy is in decline and diminishes when the economy is booming. The same is true for
the association between profitability and cash conversion cycle components. This suggests that GDP growth
may be a relevant variable for the present study.
Table 1. Independent variables and their expected effect on profitability
Variable

Description

Formula

Expected effect on
profitability

DAR

days accounts receivable

AR / Sales *365

Negative

DI

days inventory

Inventories / Cost of goods sold *365

Negative

DAP

days accounts payable

AP / Purchases *365

Positive

ССС

cash conversion cycle
length (in days)

DAR + DI - DAP

Negative

CATA

current assets to total
assets ratio

current assets / total assets

Positive

CLTA

current liabilities to total
assets ratio

current liabilities / total assets

Negative

LEV

leverage

debt / total assets

Negative

SIZE

company size

ln (Sales)

Positive
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GROWTH

revenue growth rate

(Salest-Salest-1) / Salest-1

Positive

CR

working capital ratio

Current Assets / Current Liabilities

Negative

FITA

financial investments to
total assets ratio

Financial investments / Total assets

Positive

GDP

GDP growth rate

GDP growth

Positive

9. Descriptive statistics
The data in the sample have the following characteristics:
Variable

Mean

Median

St. dev

VAR

5%

95%

Min

Max

ROA

1.98326

1.42651

9.37863

4.72889

-7.11793

13.4235

-133.124

68.1947

GOI

40.6223

33.4214

39.8307

0.980512

7.30215

90.6848

-105.930

188.893

DAR

81.1159

56.5575

112.237

1.38366

13.4548

192.609

2.11388

1489.31

DAP

83.5772

56.7237

99.0951

1.18567

12.8194

227.665

-460.739

1512.94

DI

79.6210

56.8494

89.4938

1.12400

7.15575

226.865

0.497606

1170.12

CCC

77.1597

55.6411

134.446

1.74243

-8.66958

209.746

-1024.62

1530.48

CATA

76.4031

83.0904

22.7108

0.297250

30.1335

99.6608

2.80985

100.000

CLTA

53.3616

52.8586

27.2757

0.511148

13.3774

91.9057

2.12362

100.000

LEV

49.2293

48.7128

23.1543

0.470336

15.2716

82.5463

0.552755

225.604

CR

182.250

141.683

132.725

0.728259

76.1701

433.909

3.54401

1507.00

FITA

13.7656

4.43046

19.8947

1.44525

0.00000

60.5909

0.00000

94.7140

GROWTH

12.3461

9.04725

42.1518

3.41418

-37.9435

68.8060

-91.4521

555.083

SIZE

14.4317

14.2435

1.72087

0.119242

12.1318

17.2325

7.18007

22.1898

GDP

10.4745

9.75593

9.30713

0.888555

-5.98309

20.8572

-5.98309

20.8572

The table demonstrates that the businesses sampled are, on average, characterised by positive profitability.
Median length of cash conversion cycle components is 50 to 60 days. Consequently, CCC has a median value
of 56 days, and a mean value of 77 days. Working capital constitutes a significant portion (a mean of 76%) of
total assets, while current liabilities are at the mean of 53% of total assets. Therefore the underlying working
capital management policy appears to be moderate, with a tendency towards being disciplined rather than
aggressive.
Long-term and short-term loans and credits constitute about one half (49%) of total assets. Current liquidity
ratio is at the mean of 1.82, which is somewhat below the standard 0.2 but within the recommended 1.5 to 2.5
bracket. The level of financial investments is, on average, higher than expected (14%), which proves that the
control variable was an important addition to the study. Revenue growth is largely stable (9%).
Standard deviation and variance are moderate, which indicates average internal scatter, once the extreme 1%
of values is eliminated.

10. Testing Hypothesis 1 (Influence of CCC components on profitability)
Hypothesis 1: Days accounts receivable (DAR) and days inventory (DI) values have a significant and negative
effect on the profitability of a wholesale business, while days accounts payable (DAP) has a significant and
positive effect.
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In order to test the first hypothesis the influence of individual cash conversion cycle components on
profitability was analysed using the following model:

The model was chosen using the Durbin–Wu–Hausman test which allows a choice between a fixed effects
model and a random effects one, as well as a test for group differences in regression intercepts which makes
it possible to choose between a fixed effects model and a pooled regression one. Both showed that a fixed
effects model was preferable, which was to be expected given the nature of the data.
Table 2. Hypothesis 1 test results
Significant
variable: ROA
Variables

Model prior to elimination of
insignificant variables
Coefficient
(Std. error)

Significance

Model after elimination of insignificant
variables
Coefficient
(Std. error)

Significance

11.5786
(2.1539)

***

const

11.6266
(7.8526)

DAR

-0.0397
(0.0054)

***

-0.0396
(0.0054)

***

DAP

0.0267
(0.0043)

***

0.0267
(0.0043)

***

DI

-0.0184
(0.0054)

***

-0.0184
(0.0053)

***

CATA

0.1323
(0.0256)

***

0.1323
(0.0254)

***

CLTA

-0.1694
(0.0123)

***

-0.1694
(0.0123)

***

LEV

-0.2232
(0.0147)

***

-0.2232
(0.0147)

***

CR

-0.0096
(0.0023)

***

-0.0096
(0.0023)

***

FITA

0.0733
(0.0257)

***

0.0733
(0.0255)

***

GROWTH

0.0299
(0.0048)

***

0.0299
(0.0048)

***

SIZE

-0.0033
(0.5219)

-

-

GDP

0.0377
(0.0190)

0.0377
(0.0190)

**

**

LSDV R-squared

0.6314

0.6314

Within R-squared

0.4497

0.4497

LSDV F(200. 1122)

9.6113

9.6682

7.8e-144

2.5e-144

Р-value (F)
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The table above demonstrates that the components of the cash conversion cycle are significant, and that
the negative or positive character of their coefficients is as expected. This suggests that it is important to
manage each component of the cash conversion cycle. Indeed, DAR and DI values do have a significant and
negative influence on the profitability of a wholesale business, while DAP has a significant positive influence.
Therefore each component of the cash conversion cycle has a role to play according to how well it is managed.

11. Testing Hypothesis 2 (Influence of CCC on profitability)
Hypothesis 2: Cutting the length of the cash conversion cycle has a significant and positive effect on the
profitability of a wholesale business.
To test the second hypothesis the influence of the cash conversion cycle on profitability was analysed using
the following model:

This model was also tested with Durbin–Wu–Hausman and a test for group differences in regression intercepts
helpful in choosing a suitable model, both of which pointed to a fixed effects model as preferable.
Table 3. Hypothesis 2 test results
Significant
variable: ROA
Variables

Model prior to elimination of
insignificant variables
Coefficient
(Std. error)

Significance

Model after elimination of insignificant
variables
Variables

Coefficient
(Std. error)

9.5256
(2.1567)

***

const

7.0962
(7.3814)

CCC

-0.0052
(0.0024)

**

-0.0054
(0.0023)

**

CATA

0.1672
(0.0254)

***

0.1682
(0.0252)

***

CLTA

-0.1845
(0.0123)

***

-0.1850
(0.0122)

***

LEV

-0.2105
(0.0149)

***

-0.2107
(0.0149)

***

CR

-0.0075
(0.0023)

***

-0.0075
(0.0023)

***

FITA

0.0618
(0.0262)

**

0.0606
(0.0260)

**

GROWTH

0.0312
(0.0047)

***

0.0314
(0.0046)

***

SIZE

0.1705
(0.4954)

GDP

0.0384
(0.0193)

**

0.0393
(0.0191)

**
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LSDV R-squared

0.6143

0.6143

Within R-squared

0.4242

0.4241

LSDV F(200. 1122)

9.0970

9.1500

Р-squared (F)

2.1e-135

7.3e-136

The above demonstrates that for ROA the hypothesis is proven true: CCC is significant, and cutting its length
has a positive effect on profitability. In addition to that, factors with a negative effect are leverage and
current ratio, while financial investments, revenue and GDP growth have a positive effect, as was expected.

12. Conclusions
In summary, the present study has identified a negative impact of days accounts receivable and days
inventory values on profitability of the Russian wholesale businesses, and a positive effect of days accounts
payable values. This confirms Hypothesis 1 and is in agreement with the expected nature of their influence, as
identified and econometrically substantiated by a number of other studies [Lazaridis, 2006; Raheman, 2007;
Vahid, 2012; Pais, 2015].
The second step of the study identified a negative impact of cash conversion cycle length on profitability,
which confirms Hypothesis 2 and follows the findings of most empirical studies undertaken for various
markets and time periods [Shin and Soenen, 1998; Deloof, 2003; Garcia-Terual and Martinez-Solano, 2007; Gill,
2010; Enqvist, 2014].
Moreover, the chosen variables proved to be significant for the majority of models constructed. All of this
allows one to assert that there exists a negative effect on profitability from high levels of financial constraint
and working capital ratio, as well as a positive effect from company size, revenue and GDP growth rate.
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Abstract: The present paper deals with the problem of ‘self-trading ’ that occurs when compiling a

database for a set of economic sectors and regions by aggregating the data from an existing general
database. The nature of the problem is that combining several countries into a region means that
all trade is carried out within one region that, as it were, trades with itself, which can distort the
picture of reality obtained using a model based on such data. The paper presents an algorithm for
aggregating the GTAP database which solves the problem of ‘self-trading’, and provides its source
code in the GAMS programming language.
Keywords: Computable General Equilibrium, GTAP database, database aggregation, problem of ‘selftrading’
JEL Classifications: C68, F15, F17
1. Introduction and literature review
Among the tools used for evaluating the outcomes of trade deals, the Computable General Equilibrium
model with its structural equations presenting the equilibrium of all markets, is one of the most popular. It
makes it possible to analyse how various external economic changes influence a nation’s economy (Fossati &
Wiegard, 2003), (De Melo, 1989). There are certain assumptions made when choosing the equations, as to the
technology and factors of production, agents’ preferences, government’s economic policy, level of competition
and others. Currently the most popular models are those based on the assumption of perfect competition and
accumulation of capital (Burfisher, 2011), (Dixon & Jorgenson, 2012).
In contrast to econometric models, CGE enables evaluating the outcomes of a government’s economic policy
and analysing the changes in macrovariables like GDP, export, and import. In addition to that, CGE helps
identify potential sector-level changes in economic indicators. This enables one to analyse the results of
changes in government’s economic policy, including the creation of free trade areas, for ‘winner’ and ‘looser’
industries. As a result, it is easier to see which industries require separate trade deals (Кнобель & Чокаев,
2014).
One of the features of integration effects-oriented computable general equilibrium models is using large
bodies of input data: for each country and each economic sector there is import, export, production,
consumption and other types of data, both in real and in nominal values. Moreover, there is a multitude of
input parameters describing the behaviour of the model’s economic agents, such as elasticity of substitution
in individual utility function, and parameters describing capital intensity of industry sectors, tax rates, import
tariffs etc. Since creating such a comprehensive database is a separate and quite labour-intensive task, the
majority of CGE-based studies use ready-made databases like GTAP. In its latest version (v9.0), GTAP contains
data on 140 countries and 57 sectors.
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Each researcher using the GTAP database for CGE modelling decides how it should be broken down into
regions and economic sectors, according to his or her research goal. Most often, this breakdown is much
more aggregated than the default one (140 countries and 57 sectors). This requires combining countries into
regions and industry groups into larger branches using specialised GTAP aggregation utilities. However, such
software utilities usually fail to account for the problem of ‘self-trading’. The nature of this problem is that
combining several countries into a region results in its trading with itself, which can distort the output of a
model based on such data. The aim of the present paper is to develop an algorithm for aggregating the GTAP
database which solves the problem of ‘self-trading’ and to code it using the GAMS programming language.

2. GTAP database aggregation algorithm
Popular GTAP aggregation utilities like GTAPAgg and FlexAgg are producing incorrect results for regions
aggregated due to the so-called ‘self-trading’ (see (Hamdi-Cherif & Ghersi, 2012) for more details). This problem
occurs when simply summing up non-zero trade flows to and from the aggregated regions, which results in
distorted rates for some taxes, incorrect openness ratios, overstated expenditure and revenue figures for the
aggregate region, as well as distorted shares of resource flows.
The paper referred to above (Hamdi-Cherif & Ghersi, 2012) proposed a method of aggregating GTAP values
that produced matrixes in the System of National Accounts (SNA), the standard 1993 United Nations format.
However, there are different CGE models that use GTAP data, and one cannot enter such data, presented as a
SNA-style matrix, into a model calibrated for other types of matrices or not designed for explicitly matrix-style
GTAP data input at all. A special mention should be made of its dedicated account for interregional import/
export taxes, one that is simply not present by default in CGE models based on GTAP data aggregated by
standard utilities.
Also note that applying the algorithm suggested by Hamdi-Cherif & Ghersi (2012) to cases where the sectors
imposing transportation margin are experiencing a trade balance deficit may produce negative export figures,
which a number of CGE models classify as incorrect input.
To remedy the problem, the algorithm from Hamdi-Cherif & Ghersi was modified so that it could produce
data in the default GTAP format that can be used by any GTAP-based CGE model, free from transportation
and separate internal trade tax issues. The equations representing the transformations will be written using
the standard GTAP variable notation. For more information on these variables one can refer to, for example,
Hertel, 1997.
This is a step-by-step description of the way the algorithm from (Hamdi-Cherif & Ghersi, 2012) was modified.
Step 1: Summing up all GTAP variables according to the chosen aggregation scheme. This step mimics the
output of aggregation utilities like GTAPAgg, FlexAgg, SAMGator (used for preparing the input data for the
GLOBE model). That means the aggregated GTAP data would be suffering from the problem of ‘self-trading’.
This will later be corrected without any additional input of data.
Step 2: Calculating the ‘self-import’ share for each sector i of the aggregated region r in the total value of
imports of sector i, region r in market prices:

sVIMS (i, r ) = VIMS (i, r , r ) / ∑ VIMS (i, s, r )
s

(1)

				
In a similar manner, calculating the share of transport margins
paid to the global transportation services
sector t for ‘self-importing’ by sector i, region r:

sVTWR (t , i, r ) = VTWR(t , i, r , r ) / ∑ VIMS (i, s, r )
s

			(2)
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j, r ) = 0

for all non-transportation sectors i. After Step

Step 3: Calculating for each sector i total tax on ‘self-trade’ for each region r as the sum of all taxes on ‘home’
import and ‘home’ export:

HomeTradeTa
=
ximp (i, r ) VIMS (i, r , r ) − VIWS (i, r , r )

			(3)

HomeTradeTa
=
xexp (i, r ) VXWD(i, r , r ) − VXMD(i, r , r ) ,			(4)
=
HomeTradeTax(i, r ) HomeTradeTaximp (i, r ) + HomeTradeTaxexp (i, r ) .

(5)

Step 4: Calculating the indicator for (flagging up) deficit in transportation sector for each aggregated region
r, that is, initialising the variable

I d (t , r )

as

1, if VST (t , r ) − ∑ VTWR(t , i, r , r )„ 0

i
I d (t , r ) = 
0, if VST (t , r ) − ∑ VTWR(t , i, r , r ) > 0 				(6)
i

The deficit here is region r exporting into the global transportation sector less in terms of t transportation
costs than it uses when importing goods.

Step 5: Transforming the export of transportation services variable
r in the following manner, depending on the value of the flag
•

If the region r has no t transportation services deficit (
recalculated as:

VST
=
(t , r ) : VST (t , r ) − ∑ VTWR(t , i, r , r )
i

VST (t , r )

I d (t , r )

for all the aggregated regions

:

I d (t , r ) = 0

), the export of these services is

					(7)

This transformation assumes that all ‘self-importing’ transportation within the aggregated region was
done using only its own internal transportation industry.
•

If, however, the region r is experiencing a t transportation services deficit ( I d (t , r ) = 1 ), then the
share of the rest of the regions in the global t transportation services sector is recalculated as:

sVST (t , r ) = 1 − VST (t , r ) / ∑ VST (t , s )
s

					

(8)

then, to avoid skewing the values, the value of the t transportation services deficit DVST (t , r ) is
found (which will later be distributed across other regions to make the global transportation sector
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40 balanced):
DVST (t , r ) = sVST (t , r )·∑ VTWR(t , i, r , r )
i

				(9)

Assuming that the share of internally-commissioned import transportation services was equal to
the region’s share in the global transportation sector 1 − sVST (t , r ) , the figure (which will remain
unchanged throughout the rest of the steps, unlike that of deficit-free regions) for the deficit-affected
aggregated region’s global transportation services export will be

VST=
(t , r ) : VST (t , r ) − (1 − sVST (t , r ))·∑ VTWR(t , i, r , r )
i

.		

(10)

Henceforward, for the sake of brevity, let for all non-transportation sectors i.
Step 6: Zeroing out external trade of the aggregated region with itself:

Var (i, r , r ) := 0 , then Var ∈ {VIMS ,VIWS ,VXMD, VXWD}

,		

(11)

VTWR(t , i, r , r ) := 0 						 .

(12)

and the transportation margins for ‘self-import’:

Step 7: Adding the share of import consumption (both intermediate and final) into domestic consumption of
the aggregated region r for each sector i:



VDFA(i, j , r )=: VDFA(i, j , r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIFA(i, j , r ) ,
t



(13)



VDFM (i, j , r=
) : VDFM (i, j , r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIFM (i, j , r )
t



,(14)



VDPA(i, r ) := VDPA(i, r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIPA(i, r )
t



(15)

,



VDPM (i, r ) := VDPM (i, r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIPM (i, r ) ,
t



(16)



VDGA(i, r ) := VDGA(i, r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIGA(i, r )
t



(17)

,



VDGM (i, r ) := VDGM (i, r ) +  sVIMS (i, r ) − ∑ sVTWR (t , i, r ) ·VIGM (i, r )
t



.

(18)
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Note that the share that was transferred into domestic consumption is exactly equal to the ‘self-trade’ shares
of the free-on-board (FOB) imports and import taxes.

Step 8: Transferring ‘self-import’ sector t transportation margins into sector t transportation costs for the
aggregated region r:

VDFA
=
(t , j , r ) : VDFA(t , j , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIFA(i, j , r )

,

(19)

i

VDFM
=
(t , j , r ) : VDFM (t , j , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIFM (i, j , r ) ,(20)
i

VDPA
=
(t , r ) : VDPA(t , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIPA(i, r ) ,		

(21)

VDPM
=
(t , r ) : VDPM (t , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIPM (i, r ) ,

(22)

VDGA
=
(t , r ) : VDGA(t , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIGA(i, r ) ,		

(23)

i

i

i

VDGM
=
(t , r ) : VDGM (t , r ) + (1 − sVST (t , r ) )·∑ sVTWR (t , i, r )·VIGM (i, r )
i

.

(24)

Step 9: Finding the transferred consumption, transportation margins, and import taxes values from import
consumption (both intermediate and final):

VIFA(i, j , r ) :=
(1 − sVIMS (i, r ))·VIFA(i, j , r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIFA(k , j , r ) , (25)
k

VIFM (i, j , r ) :=
(1 − sVIMS (i, r ))·VIFM (i, j , r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIFM (k , j , r ) ,

(26)

k

VIPA(i, r ) :=
(1 − sVIMS (i, r ))·VIPA(i, r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIPA(k , r ) , (27)
k

VIPM (i, r ) :=
(1 − sVIMS (i, r ))·VIPM (i, r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIPM (k , r ) , (28)
k

VIGA(i, r ) :=
(1 − sVIMS (i, r ))·VIGA(i, r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIGA(k , r ) ,

(29)

VIGM (i, r ) :=
(1 − sVIMS (i, r ))·VIGM (i, r ) + sVST (i, r )·∑ sVTWR (i, k , r )·VIGM (k , r ) .

(30)

k

k
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Step 10: For every s and r region with I d (t , r ) = 0 and I d (t , s ) = 1 , ‘deanonymising’ (by reallocating the
corresponding ‘anonymous’ portion of VST into transportation services trade) the deficit portion of the global
t transportation services by distributing the corresponding global deficit of transportation sector t among the
deficit-free regions according to their input into global transportation services:

VXWD
(t , r , s ) : VXWD(t , r , s ) +
=

VST (t , r )
·DVST (t , s ) ,
VST (t ′, r ′)
∑

(31)

VST (t , r )
·DVST (t , s )
VST (t ′, r ′)
∑

(32)

( t ′, r ′ )∈{( t , r ):I d ( t , r ) =0}

VXMD
(t , r , s ) : VXMD(t , r , s ) +
=

,

( t ′, r ′ )∈{( t , r ):I d ( t , r ) =0}

VIWS
(t , r , s ) : VIWS (t , r , s ) +
=

VST (t , r )
·DVST (t , s )
VST (t ′, r ′)
∑

,		

(33)

VST (t , r )
·DVST (t , s )
VST (t ′, r ′)
∑

,		

(34)

( t ′, r ′ )∈{( t , r ):I d ( t , r ) =0}

VIMS
(t , r , s ) : VIMS (t , r , s ) +
=

( t ′, r ′ )∈{( t , r ):I d ( t , r ) =0}

Step 11: Recalculating the export of transportation services into the global transportation sector for all
transportation sectors t in t deficit-free (that is, with

I d (t , r ) = 0

) regions r value as



=
VST (t , r ) : VST (t , r )·1 −
DVST (t ′, r ′) /
VST (t ′, r ′) 
∑
∑
, r ′ )∈{( t ′, r ′ ):I d ( t ′, r ′ ) 1}
( t ′=
, r ′ )∈{( t ′, r ′ ):I d ( t ′, r ′ ) 0}
 (t ′=
 (35)
Step 12: Finalising the corrected GTAP aggregation algorithm keeping in mind that import consumption (both
intermediate and final) still includes taxes on ‘self-import’. Similarly, domestic consumption still includes
taxes on ‘self-export’. Correcting this oversight by transferring these taxes into corresponding sales taxes in
the following manner:

VIFM
=
(i, j , r ) : VIFM (i, j , r ) −

VIFM (i, j , r )·HomeTradeTaximp (i, r )

∑VIFM (i, j, r ) + VIPM (i, r ) + VIGM (i, r ) , (36)
j

VIPM
=
(i, j , r ) : VIPM (i, j , r ) −

VIPM (i, j , r )·HomeTradeTaximp (i, r )

∑VIFM (i, j, r ) + VIPM (i, r ) + VIGM (i, r ) , (37)
j

VIGM
=
(i, j , r ) : VIGM (i, j , r ) −

VIGM (i, j , r )·HomeTradeTaximp (i, r )

∑VIFM (i, j, r ) + VIPM (i, r ) + VIGM (i, r )
j

, (38)
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VDFM
=
(i, j , r ) : VDFM (i, j , r ) −

VDFM (i, j , r )·HomeTradeTaxexp (i, r )

∑VDFM (i, j, r ) + VDPM (i, r ) + VDGM (i, r )

43
, (39)

j

VDPM
=
(i, j , r ) : VDPM (i, j , r ) −

VDPM (i, j , r )·HomeTradeTaxexp (i, r )

∑VDFM (i, j, r ) + VDPM (i, r ) + VDGM (i, r )

, (40)

j

VDGM
=
(i, j , r ) : VDGM (i, j , r ) −

VDGM (i, j , r )·HomeTradeTaxexp (i, r )

∑VDFM (i, j, r ) + VDPM (i, r ) + VDGM (i, r )

, (41)

j

3. Conclusion
The proposed algorithm for overcoming the problem of ‘self-trade’, as set out above, is presented in 12 steps,
application of which results in data that retains the sector-level values of production, added value, taxes
(excluding those on ‘self-trade’, of course). Values of aggregated consumption, government expenditure and
others are likewise unchanged.
Despite its merits, this approach in not without its limitations. The aggregated GTAP data was corrected on
the assumption that the way in which ‘transferred’ bits of various aggregated variables were distributed was
proportionate to that of the initial data. In real life this might obviously not be the case. Still, since GTAP does
not, for example, offer any information on import consumption by region, this assumption seems reasonable
enough. In addition, redistribution by default of all ‘self-import’ transportation margins into the region’s
transportation services is also open to criticism. One possible justification in this case is, once again, the lack
of more detailed information on transportation margins. This is recognised when building GTAP itself (Hertel,
1997), where the total value of exports in the global pool of transportation services is calculated using the
proportions of volumes of transportation services exports in the regions.
Therefore, using this algorithm to overcome the problem of ‘self-trade’ leads to fewer distortions in tax rates
used in CGE models, as well as in shares of import and export.
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5. Appendices
Appendix 1. The algorithm’s code in GAMS
$title

Read the FLEXAGG aggregated dataset and correct «self-trade» issue

* Step 1 (loading GTAP data aggregated by simple sum):
$gdxin Aggregated_input.gdx
Sets
REG
PROD_COMM
TRAD_COMM(PROD_COMM)
ENDW_COMM
MARG_COMM(TRAD_COMM);
alias (REG,r,s,rr);
alias (REG,r,s,rr), (TRAD_COMM,i,j,ii), (f,ENDW_COMM);
Parameters
VDGA(i,r)

Government - domestic purchases at agents’ prices

VIGA(i,r)

Government - imports at agents’ prices

VDGM(i,r)

Government - domestic purchases at market prices

VIGM(i,r)

Government - imports at market prices

VDPA(i,r)

Private households - domestic purchases at agents’ prices

VIPA(i,r)

Private households - imports at agents’ prices

VDPM(i,r)

Private households - domestic purchases at market prices

VIPM(i,r)

Private households - imports at market prices

EVOA(f,r)

Endowments - output at agents’ prices

EVFA(f,i,r)

Endowments - firms’ purchases at agents’ prices

VFM(f,i,r)

Endowments - Firms’ purchases at market prices

VDFA(i,j,r)

Intermediates - firms’ domestic purchases at agents’ prices

VIFA(i,j,r)

Intermediates - Firms’ imports at agents’ prices

VDFM(i,j,r)

Intermediates - firms’ domestic purchases at market prices

VIFM(i,j,r)

Intermediates - firms’ imports at market prices

VIMS(i,r,s)

Trade - bilateral imports at market prices

VIWS(i,r,s)

Trade - bilateral imports at world prices

VXMD(i,r,s)

Trade - bilateral exports at market prices

VXWD(i,r,s)

Trade - bilateral exports at world prices
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VST(i,r)

Trade - exports for international transportation

VTWR(i,j,r,s)

Trade - Margins for international transportation at world prices

FTRV(f,i,r)

Taxes - factor employment tax revenue

VDEP(r)

Capital depreciation

;
$load PROD_COMM TRAD_COMM ENDW_COMM, MARG_COMM REG
$load VDGA VIGA VDGM VIGM VDPA VIPA VDPM VIPM
$load EVOA EVFA VFM VDFA VIFA VDFM VIFM
$load VIMS VIWS VXMD VXWD VST VTWR=VTWRINI FTRV VDEP
$gdxin
alias (MARG_COMM,MARG_COMM_p);
Parameters
share_m(i,r)

«Share of ‘self-trade’ in imported goods accounts»

share_VTWR(i,j,r)
share_outer_VTWR(i,r)
«Share of transport margins in self-trade that must be
distributed across other regions»
Deficit_Flag(i,r)
(vst-owatp<0), else 0»

«1 if there is deficit of transport services within the region

VSTdeficit(i,r)
HomeTradeTAX_tm(i,r)
HomeTradeTAX_te(i,r)
HomeTradeTAX(i,r)
;
* Step 2:
share_m(i,r)$SUM(s,VIMS(i,s,r)) = VIMS(i,r,r)/SUM(s,VIMS(i,s,r));
share_VTWR(MARG_COMM,TRAD_COMM,r)$SUM(s,VIMS(TRAD_COMM,s,r))
COMM,r,r)/SUM(s,VIMS(TRAD_COMM,s,r));

=

VTWR(MARG_COMM,TRAD_

* Step 3:
HomeTradeTAX_tm(i,r) = VIMS(i,r,r) - VIWS(i,r,r);
HomeTradeTAX_te(i,r) = VXWD(i,r,r) - VXMD(i,r,r);
HomeTradeTAX(i,r) = HomeTradeTAX_tm(i,r) + HomeTradeTAX_te(i,r);
* Step 4:
Deficit_Flag(MARG_COMM,r)$( VST(MARG_COMM,r)-SUM(j,VTWR(MARG_COMM,j,r,r))<=0 )=1;
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* Step 5:

VST(MARG_COMM,r)$( Deficit_Flag(MARG_COMM,r)=0 ) = VST(MARG_COMM,r) - SUM(j,VTWR(MARG_
COMM,j,r,r));
share_outer_VTWR(MARG_COMM,r)$Deficit_Flag(MARG_COMM,r)
SUM(rr,VST(MARG_COMM,rr));

=

1

-

VST(MARG_COMM,r)/

VSTdeficit(MARG_COMM,r) = share_outer_VTWR(MARG_COMM,r) * SUM(j,VTWR(MARG_COMM,j,r,r));
VST(MARG_COMM,r)$Deficit_Flag(MARG_COMM,r)
=
VST(MARG_COMM,r)
VTWR(MARG_COMM,r))*SUM(j,VTWR(MARG_COMM,j,r,r));

-

(1-share_outer_

* Step 6 (zeroing out the region’s external trade itself):
VIMS(i,r,r)=0;
VIWS(i,r,r)=0;
VXMD(i,r,r)=0;
VXWD(i,r,r)=0;
VTWR(i,j,r,r)=0;
* Step 7:
VDFA(i,j,r) = VDFA(i,j,r) + VIFA(i,j,r)*(share_m(i,r)-SUM(MARG_COMM, share_VTWR(MARG_
COMM,i,r)));
VDFM(i,j,r) = VDFM(i,j,r) + VIFM(i,j,r)*(share_m(i,r)-SUM(MARG_COMM, share_VTWR(MARG_
COMM,i,r)));
VDPA(i,r) =
COMM,i,r)));

VDPA(i,r)

+

VIPA(i,r)*(share_m(i,r)-SUM(MARG_COMM,

share_VTWR(MARG_

VDPM(i,r) =
COMM,i,r)));

VDPM(i,r)

+

VIPM(i,r)*(share_m(i,r)-SUM(MARG_COMM,

share_VTWR(MARG_

VDGA(i,r) =
COMM,i,r)));

VDGA(i,r)

+

VIGA(i,r)*(share_m(i,r)-SUM(MARG_COMM,

share_VTWR(MARG_

VDGM(i,r) =
COMM,i,r)));

VDGM(i,r)

+

VIGM(i,r)*(share_m(i,r)-SUM(MARG_COMM,

share_VTWR(MARG_

* Step 8 (Transferring transportation margins into domestic transportation services):
VDFA(MARG_COMM,j,r) = VDFA(MARG_COMM,j,r) + (1-share_outer_VTWR(MARG_COMM,r))*SUM(i,VI
FA(i,j,r)*share_VTWR(MARG_COMM,i,r));
VDFM(MARG_COMM,j,r) = VDFM(MARG_COMM,j,r) + (1-share_outer_VTWR(MARG_COMM,r))*SUM(i,VI
FM(i,j,r)*share_VTWR(MARG_COMM,i,r));
VDPA(MARG_COMM,r)
=
VDPA(MARG_COMM,r)
+
COMM,r))*SUM(i,VIPA(i,r)*share_VTWR(MARG_COMM,i,r));

(1-share_outer_VTWR(MARG_

VDPM(MARG_COMM,r)
=
VDPM(MARG_COMM,r)
+
COMM,r))*SUM(i,VIPM(i,r)*share_VTWR(MARG_COMM,i,r));

(1-share_outer_VTWR(MARG_

VDGA(MARG_COMM,r)
=
VDGA(MARG_COMM,r)
+
COMM,r))*SUM(i,VIGA(i,r)*share_VTWR(MARG_COMM,i,r));

(1-share_outer_VTWR(MARG_

VDGM(MARG_COMM,r)
=
VDGM(MARG_COMM,r)
+
COMM,r))*SUM(i,VIGM(i,r)*share_VTWR(MARG_COMM,i,r));

(1-share_outer_VTWR(MARG_
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* Step 9:
VIFA(i,j,r) = (1-share_m(i,r))*VIFA(i,j,r) + share_outer_VTWR(i,r)*SUM(ii,VIFA(ii,j,r)
*share_VTWR(i,ii,r))$MARG_COMM(i);
VIFM(i,j,r) = (1-share_m(i,r))*VIFM(i,j,r) + share_outer_VTWR(i,r)*SUM(ii,VIFM(ii,j,r)
*share_VTWR(i,ii,r))$MARG_COMM(i);
VIPA(i,r) = (1-share_m(i,r))*VIPA(i,r) + share_outer_VTWR(i,r)*SUM(ii,VIPA(ii,r)*sha
re_VTWR(i,ii,r))$MARG_COMM(i);
VIPM(i,r) = (1-share_m(i,r))*VIPM(i,r) + share_outer_VTWR(i,r)*SUM(ii,VIPM(ii,r)*sha
re_VTWR(i,ii,r))$MARG_COMM(i);
VIGA(i,r) = (1-share_m(i,r))*VIGA(i,r) + share_outer_VTWR(i,r)*SUM(ii,VIGA(ii,r)*sha
re_VTWR(i,ii,r))$MARG_COMM(i);
VIGM(i,r) = (1-share_m(i,r))*VIGM(i,r) + share_outer_VTWR(i,r)*SUM(ii,VIGM(ii,r)*sha
re_VTWR(i,ii,r))$MARG_COMM(i);
* Step 10:
VXWD(MARG_COMM,r,s)$(not Deficit_Flag(MARG_COMM,r) and Deficit_Flag(MARG_COMM,s))
= VXWD(MARG_COMM,r,s) + VSTdeficit(MARG_COMM,s)*VST(MARG_COMM,r)/
SUM((MARG_COMM_p,rr)$(not Deficit_Flag(MARG_COMM_p,rr)),VST(MARG_COMM_p,rr));
VXMD(MARG_COMM,r,s)$(not Deficit_Flag(MARG_COMM,r) and Deficit_Flag(MARG_COMM,s))
= VIMS(MARG_COMM,r,s) + VSTdeficit(MARG_COMM,s)*VST(MARG_COMM,r)/
SUM((MARG_COMM_p,rr)$(not Deficit_Flag(MARG_COMM_p,rr)),VST(MARG_COMM_p,rr));
VIWS(MARG_COMM,r,s)$(not Deficit_Flag(MARG_COMM,r) and Deficit_Flag(MARG_COMM,s))
= VIWS(MARG_COMM,r,s) + VSTdeficit(MARG_COMM,s)*VST(MARG_COMM,r)/
SUM((MARG_COMM_p,rr)$(not Deficit_Flag(MARG_COMM_p,rr)),VST(MARG_COMM_p,rr));
VIMS(MARG_COMM,r,s)$(not Deficit_Flag(MARG_COMM,r) and Deficit_Flag(MARG_COMM,s))
= VIMS(MARG_COMM,r,s) + VSTdeficit(MARG_COMM,s)*VST(MARG_COMM,r)/
SUM((MARG_COMM_p,rr)$(not Deficit_Flag(MARG_COMM_p,rr)),VST(MARG_COMM_p,rr));
* Step 11:
VST(MARG_COMM,r)$(not Deficit_Flag(MARG_COMM,r)) = VST(MARG_COMM,r)
- SUM((MARG_COMM_p,s)$Deficit_Flag(MARG_COMM_p,s),VSTdeficit(MARG_
COMM_p,s))*VST(MARG_COMM,r)/SUM((MARG_COMM_p,rr)$(not
Deficit_Flag(MARG_
COMM_p,rr)),VST(MARG_COMM_p,rr));
* Step 12:
Parameters denominator(i,r) «Sum of intermidiate and final consumption of domestic
commodities»;
denominator(i,r) = ( SUM(j,VDFM(i,j,r))+VDPM(i,r)+VDGM(i,r) );
VDFM(i,j,r)$denominator(i,r)
denominator(i,r);

=

VDFM(i,j,r)

-

HomeTradeTAX(i,r)*VDFM(i,j,r)/

VDPM(i,r)$denominator(i,r) = VDPM(i,r) - HomeTradeTAX(i,r)*VDPM(i,r)/denominator(i,r);
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VDGM(i,r)$denominator(i,r) = VDGM(i,r) - HomeTradeTAX(i,r)*VDGM(i,r)/denominator(i,r);
execute_unload ‘Output.gdx’, i=PROD_COMM, TRAD_COMM, ENDW_COMM, MARG_COMM, REG, VDGA,
VIGA, VDGM, VIGM, VDPA, VIPA, VDPM, VIPM, EVOA, EVFA, VFM, VDFA, VIFA, VDFM, VIFM, VIMS,
VIWS, VXMD, VXWD, VST, VTWR=VTWRINI, FTRV, VDEP;

The Safe Internet League is the largest and most reputable Russian
organization fighting dangerous Web content. Our aim is to eradicate
dangerous content through community action by IT professionals,
industry players, and regular Internet users.
Our mission consists in complete eradication of dangerous online
content by inviting members of professional community and industry
players to adopt self-regulation in order to avoid censorship.
To accomplish this, members of the League undertake the following
tasks:
• Fight against the dissemination of dangerous Web content using
every means available;
• Unite the professional community and industry players to work out
self-regulation mechanisms in order to avoid top-down regulation
and Internet censorship;
• Provide genuine help to children and teenagers victimized by the
spread of dangerous Internet content;
• Assist the authorities in tackling web site owners who are creating
and distributing dangerous content – child pornography, materials
encouraging violence and illegal drug use;
• Participate in drawing up legislation aimed at eradicating dangerous
Internet content.
www.ligainternet.ru/en/
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