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1. Description of the economic system. Formulation of the problem. Determination of
endogenous and exogenous variables.
Econometrics is a field of economics that concerns itself with the application of
mathematical statistics and is a tool of statistical inference to empirical measurement of relations
postulated by economic theory. Thus, it helps analysing various economic phenomena, forecast
their development and predict future fluctuations.
Creation of econometrical models provides an empirical evidence to support the evaluation
of economic relationships, which occur in a modern society.
It is commonly known, that in every country all over the globe governments and central
banks implement various policies in order to maintain the level of development, economic
performance, monetary stability and standards of living. There are two main policies – fiscal and
monetary. They are especially important when dealing with economic cycles consequences, like the
one the whole world society is facing right now – after the financial crisis hit in 2008.
Fiscal policy is actions taken by the Government to influence the economy through the
change in the revenues and expenditures of state budget. The goals of fiscal policy in short-run are
to maintain the level of GDP; to achieve a stable price level and to get a full employment. The
instruments of the policy are: Taxes (which influence both AD/AS shifts); Governmental spending
(influence the shifts of AD curve) and Transfers (for both AD and AS changes).
There can be named different types of fiscal policy according to the state of the economy at
a particular moment. Stimulating fiscal policy's aim is to reduce unemployment and to encourage
economic activity at the period of a recession. To do so, government increases its spending (G/),
increases transfers as well (Tr/) and reduces taxation (Tx\). There is also a restraining fiscal policy,
implemented in the period of economic expansion. The instruments are the same but each of them is
used vice versa.
Fiscal policy can be either discrete or automatic. Discrete fiscal policy takes place when the
government is changing state laws of tax rate, legal costs and so forth. Automatic policy is being
implemented using the existing stabilisers: income tax, VAT, profit tax or unemployment benefits.
As far as every state's budget is concerned, taxes also play a huge role in it being one of the
main components of the governmental revenue. Revenue side of fiscal mechanism must provide
monetary base of governmental functions and also leave enough money for business and living
needs.
Efficiency of revenue collection depends on careful complex structure and adjustments of
various taxes, their bases, rates, exemptions and deductions. Optimal ratio of federal and local taxes
creates adequate revenue sources for levels of authorities. General tax reform and increase of tax
base or tax rate change invest-consume proportion in all sectors. Selective tax reform and tax
exemption stimulate several preferred sectors and also damage tax fairness. That is why, analysing
tax system is necessary. The topic is actual and important, that is why its current monitoring is
significant.
The United Kingdom, being one of the leading countries in the modern world, is now facing
obvious troubles dealing with its sovereign debt caused by the Global financial crisis. The British
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government tries to come up with innovative ideas to reduce the amount of debt and federal budget
deficit. And still taxes remain one of the instruments of the country's recovery policy implemented
by the Parliament.
UK Income tax is forecast to raise £157.6 billion in 2012, but not all income is subject to
tax. The primary forms of taxable income are earnings from employment, income from selfemployment and unincorporated businesses, Jobseeker’s Allowance, retirement pensions, income
from property, bank and building society interest, and dividends on shares. Incomes from most
means-tested social security benefits are not liable to income tax. Many non-means-tested benefits
are taxable (e.g. the Basic State Pension), but some (notably Child Benefit) are not. Gifts to
registered charities can be deducted from income for tax purposes, as can employer and employee
pension contributions (up to an annual and a lifetime limit), although employee social security
(National Insurance) contributions are not deducted. Income tax is also not paid on income from
certain savings products, such as National Savings Certificates and Individual Savings Accounts.
This creative work is dedicated to provide an understanding of how taxes change depending
on various factors. It represents an overview of the UK income taxation – the variables it reflects
upon, recent fluctuations and forecast future changes occurrence.
Throughout this work, an econometrical model is created to forecast such variable as UK
Income Tax revenue. This variable is endogenous – it depends on different factors.
Exogenous variables (independent factors, that build a base for relationship analysis)
include:
 UK taxpaying population – the total number of people taxes are levied on;
 Inflation – as a reflection of the real value of money throughout different time periods;
 Oil prices – a variable changing the values of all economic indices the global economy
analyses;
 GDP growth – representing the whole value of the economy, its current situation, economic
condition and dynamics.
Econometric model built in this creative work lies on 3 main postulates:
1. Its specification is a result of a translation of economic phenomena provided in this section
into math language.
2. Number of equations in the model is equal to the number of dependent variables, which is 1.
3. All variable used are dated – the statistics used are clearly specified in time periods.
The model is created using a general econometrics scheme.
1. Firstly, main economic laws, which are then analysed, are presented and explained.
2. Then the model is specified.
3. Afterwards all model parameters are estimated.
4. Then the entire model is tested.
5. If the model proves itself adequate, it then can be used to forecast economic phenomena
described at the beginning.
All in all, it should help proving the existent relationship between endogenous and
exogenous variableы, stating economic laws sustainable and correct.
Every recession, and especially of such a scale as the one in 2008 proves to determine the
relevant changes to improve and develop the financial sector of Great Britain. And that will lead to
the improvement of the whole economy. Increasing GDP level already shows us that the UK in now
in the stage of recovery, doing its best to provide further development for every branch of modern
life, including politics, economy, finance and regulation. That is why estimating the relationships
between British taxation, the country's population, the yearly level of inflation is of key importance
in analysing the UK fiscal policy.
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2. Description of statistical data related to the model
Endogenous variable
UK Income tax is the one which reflects tax revenue for the UK treasury and the
government. The statistical data for this variable can be founded on the webpage of the HM
Treasury, available at: http://www.hmrc.gov.uk/thelibrary/national-statistics.htm in the section of
Tax Receipts and Tax payers, where there are xls and pdf documents concerning all taxes
throughout available time period.
Exogenous variables (independent factors, that build a base for relationship analysis)
include:
1. Quantity of taxpayers – the total number of people taxes are levied on;
Statistical data for this variable can be founded on the HM Treasury webpage as well, in the same
section, regarding the same documents as for endogenous variable.
2. Inflation – as a reflection of the real value of money throughout different time periods.
One of the most reliable UK broadsheets The Guardian gives a perfect article representing all the
relevant statistics from governmental sources. Retail price index is one of the components of the
inflation analysis, taken to define current inflation in the country. The article is available at
http://www.guardian.co.uk/news/datablog/2009/mar/09/inflation-economics#data
3. Oil prices – a variable changing the values of all economic indices the global economy
analyses;
OECD webpage, where ilibrary is available, gives all the necessary statistics for the nominal and $adjusted oil prices for the chosen period in time:
http://www.oecd-ilibrary.org/sites/factbook-2011en/06/02/03/index.html;jsessionid=1gp3pg5q2xxjb.epsilon?contentType=/ns/Chapter,/ns/Sta
tisticalPublication&itemId=/content/chapter/factbook-2011-54en&containerItemId=/content/serial/18147364&accessItemIds=&mimeType=text/html
4. GDP growth – representing the whole value of the economy, its current situation and
economic condition.
The perfect source for gathering a country's GDP rates is UNCTAD in its statistical branch
UNCTADSTAT, available at:
http://unctadstat.unctad.org/ReportFolders/reportFolders.aspx
Section
Economical
Trends,
Subsection National Accounts.
In order to construct econometric model, firstly its necessary to provide a model
specification – that is, to translate economic laws into mathematical language.
3.1. Model specification
As said in the previous section, UK income tax revenue depends on various factors – there
are 4 of them.
Number of taxpayers, RPI, GDP growth rate and oil prices – these are regressors, which
influence the endogenous variable Y – UK Income tax revenue.
Mathematically, the model should be as following:
Y – UK Income tax revenue
X1 – Number of taxpayers
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X2 – UK annual RPI
X3 - world oil prices
X4 – UK GDP Growth

Yt = a0+a1x1t+a2x2t+a3x3t+a4x4t+εt
ε(εt) = 0
σ(εt) = const
where,
E is expectation of residual/disturbance term. Residual is, basically, a difference between real and
theoretical points.
Et – is a disturbance term, showing random factors which can occur at any point in time and still
influence the endogenous variable.
σ - is a standard deviation
Giving attention to all conditions of a model general form, the least square method should
be applied.
Defining the dependence
In order to define the dependence of external factors, correlation matrix and scatter diagrams
should be created.
Correlation matrix
To see, whether there is any correlation between all chosen variables, a correlation matrix
should be constructed in Excel (Image below). Correlation matrix represents whether there occur a
linear relationship between each exogenous variable and the explained variable. The bigger the
correlation coefficient, the more linearly dependent is Y on a specific X. Correlation coefficient lies
somewhere in between 0 and 1. So, if it is equal to 0, the variable are independent, while if it is
equal to 1, the variable are perfectly dependent.

Income tax revenue
# of taxpayers, 000s
GDP growth, %
RPI %
Oil Price, $

Income tax
revenue, mln
GBP
1,00
0,88
0,08
-0,59
0,47

# of taxpayers, 000s

GDP growth,
%

RPI %

Oil Price,
$

1,00
-0,17
-0,36
0,73

1,00
-0,33
-0,43

1,00
-0,04

1,00

A few words should be also said about the sign of each correlation coefficient in the given
matrix. If the sign is positive, it indicates that there is a positive linear dependence. Conversely, if
there is a “-” sign in front of the correlation coefficient, it represents a negative linear relationship
between a particular causal variable and the Y.
Correlation matrix is a very useful tool, because not only can it tell the relationship between
exogenous and endogenous variable, but it shows the dependence between each variable in response
to all others presented in the matrix.
Scatter diagrams
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It is useful to create scatter diagrams to graphically show, how the statistics for each variable
are scattered through a trend line, representing the dependence of effect variable.
Here given 4 diagrams, representing 4 explanatory variables and Y response to the change of
each of them.
Diagram 1 represents the dependence of UK income tax revenue from the number of
taxpayers.
Diagram 2 shows the relationship between UK income tax revenue and world oil price
changes,
Diagram 3 shows how UK income tax revenue depends on Retail Price Index, a key
inflation index.
Diagram 4 represents the absence of the relationship between UK income tax revenue and
the rate of GDP growth. All point of this graph are scattered randomly, giving no possibility to
define a distinct relationship between these two variables.
In all graphs a trend line is used to graphically show a precise dependence between each of
exogenous variables and the dependent one. The equation of each trend line and determination
coefficients also represent the strength and character of dependence between variables.

3.2. Estimation of coefficients in Excel
After proving the relationships between exogenous variables and the Y – UK Income Tax
Revenue, it is now possible to estimate all coefficients in Excel by creating a regression
econometric model.
It is done using Data Analysis facility. The input interval for x will be all the data collected
for exogenous variable except the data for last year of 2011. The input data interval for Y will be all
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the statistics for Income Tax revenue in the UK, again, without the data for the last year. We don't
include last year's data, in order to eventually prove the model by trying to implement it on a given
data.
The investigated econometric model can be written down as:

yt = -302970,53+11,71X1t – 3,08X2t-3,86X3t+844,56X4t+εt
(36156,92)

(1,41)

(886,66)

(184,87)

(1226,42)

(12367,49)

R² adjusted = 0,91
F = 77,95
F critical = 2,74
After creation of a regression model in Excel, it becomes clear that some variables can be
non-significant and thus, can be eliminated from the model. In a given example (See Appendix 1),
several tests were done in order to define whether all variables X were important enough to be
included in a model.
Firstly, R-tests proved the sufficient percentage of estimation of the dependent variable Y. In
the given model R²=0,91, which give a 91% probability that the forecast built on this model will be
truth. That is, all the 4 Xs explain Y at 91%.
Then, in F-test, F critical was calculated by estimating the degree of freedom (regression df
and residual df) and observation parameters. F critical should be compared to F calculated in a
model by Excel. If the result of this comparison is F calculated>F critical, then determination
coefficient R² is not random and thus, the model has a good quality of specification. In the given
case:
F critical=2,74
F calculated=77,95
F critical<F calculated, thus the model proved itself trustworthy.
But T-test showed that, not all variables, which were included in the model in a very
beginning, are significant. Here T critical was compared to T calculated. T critical is counted using
observations and the probability of 5%.
T critical for a given model=2,06
Each of the t-statistics absolute values calculated for every variable X by Excel should be
more than T critical in order to prove that corresponding regressors are important for a model.
t-statistics for X1 = 11,71 (which is bigger than T critical – the variable is significant)
t-statistics for X2 = -3,08 (the absolute value is higher than T critical – coefficient is important)
t-statistics for X3 = -3,86 (the absolute value is higher than T critical – coefficient is important)
t-statistics for X4 (GDP growth rate) in its absolute value was less than T critical, so the variable
was proven non-significant and thus, has been eliminated from the model.
This way, the independent variable X4, which was the percentage rate of GDP growth, was
eliminated from the model as non-significant.
A given example shows perfectly, how an independent variable, which can seem defining at
first, can then prove itself insufficient for a given model, even though there might be some
economical sense to put it in the model while starting a research.
A starting model, including all 4 variables X, can be found in Appendix 1. The final version
of a model, which constitutes itself from one dependent and 3 independent variables, is given
below.
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3.3. Results interpretation
After creating a regression econometric model in Excel, it is now possible to interpret the
figures given in all the table.
The Regression Statistics table represents:
R² – determination coefficient, showing the extent, to which variance of exogenous variables
describes the variance of effect variable. The bigger the R², the better is a model.
Standard error – represents a standard error of estimation, which is used during the stage of testing a
model.
The Dispersion Analysis table shows:
 The coefficients used in a model for every variable included in econometrics model.
 Standard error of estimation of each coefficient – also used in writing a final equation in a
model.
 F, T and P-statistics, used while testing the whole model and proving it sufficient with the
help of various tests.
 The whole Dispersion Analysis table will be used in the following section, while estimating
degrees of freedom, F critical, T critical and implementing all of model tests.
The final equation of an econometrical model can be given, using the results of the model
construction:

yt = -302970,54+16,3X1t+2921,68X2t-761,37X3t+εt
(35714,44)

(1,39)

(835,61)

(169,66)

(12246,48)

R² adjusted = 0,91
F = 105,84
F critical = 2,96

7

3.4. Tests: R²-Test, F-Test, T-Test, GQ-Test, DW-Test
In order to define, whether the model is trustworthy and applicable in real life, whether it
can be forecasted upon and the least square method of estimation can be applied, the following tests
were done.
R² shows the percentage of estimation of the dependent variable Y. In the given model
R²=0,91, which give a 91% probability that the forecast built on this model will be truth. That is, all
the 3 Xs explain Y at 91%.
In order to implement F-test, F critical should be calculated. It is done by estimating the
degree of freedom (regression df and residual df) and observation parameters. Then, F critical
should be compared to F calculated in a model by Excel. If the result of this comparison is F
calculated>F critical, then determination coefficient R² is not random and thus, the model has a
good quality of specification. In the given case:
F critical=2,96
F calculated=105,84
Fcritical<F calculated, thus the model is trustworthy.
T-test is used when it is necessary to find significant coefficients.
Here we again should compare T critical with T calculated. T critical is counted using
observations and the probability of 5%.
T critical for a given model=2,05
Each of the t-statistics absolute values calculated for every variable X by Excel should be
more than T critical in order to prove that corresponding regressors are important for a model.
t-statistics for X1 = 11,72 (which is bigger than T critical – the variable is significant)
t-statistics for X2 = -3,50 (the absolute value is higher than T critical – coefficient is important)
t-statistics for X3 = -4,49 (the absolute value is higher than T critical – coefficient is important)
Goldfeld-Quandt Test
This test is done in order to check the residuals of a model and verify the condition of
Gauss-Markov theorem. It helps checking homoskidasticity of the exogenous variables.
For implementing the GQ-test, all data must be sorted in ascending order of addition
absolute values of Xs (Appendix 2: column Z).
Then the sorted data is divided into distinct data sets and they are analyzed respectively.
Regression models are built for separate data sets, in a similar way as for the initial model. It
is clear, that F critical is calculated again for new data sets and this value is compared to GQ and
1/GQ values. It is important to understand, that GQ=ESS1(ESS of a model for new data set
1)/ESS2(ESS of a model for new data set 2).
If both values of GQ and 1/GQ are less than F critical, then it is proved that the residuals of
an initial model are homoscedastic. And if so, then the least square method may be used in order to
estimate econometrical model. Image shows, that
GQ=0,4
1/GQ=2,47
F critical=9,28
Thus, GQ-test is passed successfully – the model can be estimated through least square method.
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Durbin-Watson Test
This test is dedicated to check the 3rd Gauss-Markov's theorem about the absence of
autocorrelation between random residuals.
The algorithm of this test lies in the analysis of residuals, their lagged values. One should
calculate the squared difference between the residual and its lag value for every observation,
squared actual value of each residual and then find the relation between the sums of those. It is
shown in the image below.
DW = 1.35 for this particular model.
Then we should check autocorrelation existence by distinguishing DW value into interval of
critical values of Durbin-Wotson statistics.
The observed value of Durbin-Watson (calculated on the basis of sample data) is compared
with the critical value of Durbin-Watson, which is determined on a special table.
The critical value of Durbin-Watson is determined depending on the values of the upper and
lower d1 d2 border criterion on special tables. These boundaries are defined, depending on the
volume of sample n and the number of degrees of freedom (h-1), where h - number of evaluated
sample parameters (See image below).
If the observed value of the Durbin-Watson is less than the critical value of the lower
boundary, d <d1, then the fundamental hypothesis of no autocorrelation between the residuals of the
regression model is rejected.
If the observed value of the Durbin-Watson more critical of its upper boundary, d> d2, then
the fundamental hypothesis of no first order autocorrelation between the residuals of the regression
model is adopted.
If the observed value of the Durbin-Watson is between the upper and lower critical limits,
that is, d1 <d<d2, adequate justification for making no single solution, further research is needed.
If the observed value of the Durbin-Watson more critical level 4 - d1, d> 4 - d1, then the
fundamental hypothesis of no first order autocorrelation between the residuals of the regression
model is again rejected.
If the observed value of the Durbin-Watson is less than the critical value 4 - d2, d<4 - d2,
then the fundamental hypothesis of no first order autocorrelation between the residuals of the
regression model is once again adopted.
If the observed value of the Durbin-Watson is in the critical interval between the values of 4
- d1 and 4 - d2, is a sufficient basis for making the right decision is not only more research is
needed.

DW = 1,35
dl = 1,21
du = 1,65
4-dl = 2,79
4-du = 2,35
In the investigated model, DW statistics lies in between dl and du, which indicates that there is no
information on existing autocorrelation between residuals. It makes a model applicable (See
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Appendix 3). After implementation of this test, it is clear, that least square method can’t be rejected.

3.5. Checking the adequacy of the model
Previous section explained, that the investigated model passes all necessary tests in order
to prove its sustainability and suggest the implementation of the least square method. Now, the
next step is to define, whether the model is applicable in forecasting. In order to do so, model’s
adequacy should be checked.
In order to check the adequacy of the model, we should take the last year's statistics and
put them all into the model's equation, using all the coefficients from regression analysis. This
would help calculating Y theoretical.
Y theoretical for the given model = 127955
After that, a confidence interval should be introduced in order to evaluate, whether real
value of endogenous variable for the last years observed fits into that interval, built on the
created model.
Confidence interval consists of higher and lower theoretical values of Y, each defined
by the formula:
Y+ = Ytheoretical + Tcritical*Standard error = 153083
Y- = Ytheoretical - Tcritical*Standard error = 102828
It is clear that the real observed value of UK Income tax revenue for the year 2011 fits into
the confidence interval. That means that the model is adequate and can be used for forecasting.
(Appendix 4)
The last step before forecasting is estimating of a model error. It is calculated in a following
way:

σ = |Ytheoretical – Y real|/Y real *100%
σ = |127955,756-150939|/150939*100% = 15%
This means, that in 85% cases the model would give an exact right result.
3.6. Model forecasting
The created model is trustworthy and adequate, as proved in the previous two sections. It
passed all the tests successfully, and represented itself as applicable for forecasting.
If use this model in forecasting, the future values of all exogenous variables should be
extracted either by expert method or by estimating them as the effect variables. The future
values of independent variables would help predict further fluctuations and dependencies of the
endogenous variable Y – UK Income tax revenue.
4. Conclusions
Total UK government receipts are forecast to be £588.6 billion in 2012, or 38.1% of UK GDP.
This is equivalent to roughly £12,000 for every adult in the UK, or £9,500 per person. Not all of this
revenue comes from taxes: taxes as defined in the National Accounts are forecast to raise to £562.4
billion in 2012,with the remainder provided by surpluses of public sector industries, rent from stateowned properties and so on.
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Income tax, National Insurance contributions and VAT are the largest sources of revenue for
the UK government, together accounting for almost two-thirds of total tax revenue.
Econometrics model, created in this work, helps analyzing external factors, which the change
in the UK Income tax revenue depends upon.
There are 3 factors influencing the revenue from UK Income tax.
First one is number of taxpayers. Here, the relationship between an exogenous and
endogenous variable is clear - the more people pay taxes on their income, the more revenue UK
government gets in form of tax receipts. So, if, for example, X1 rises by 1000, income tax revenue
will increase by 16 mln GBP per year.
Second independent variable is Retail Price Index, as a key inflation index. Inflation,
obviously, influences the economy and volume of taxation. If inflation rises, money depreciates,
thus increasing the average level of income taxation. So, it X2 rose by 1%, income tax revenue for
the UK government would increase by 2921 mln GBP in non-adjusted prices.
The third external factor influencing UK Income tax revenue, according to econometric model
created in this work, is Oil Prices. Here, the dependence should be subjected to other different
factors, like inflation. Because in some cases, the relationship between tax revenue and world oil
prices can be negative. For example, low oil prices might be a reflection of high economic activity
and, thus, increasing money supply. Then, income tax increase can be an element of contractional
policy implemented in order to decrease money turnover and reduce the possibility of inflation.
That's why in this case, the dependence tend to be negative.
All in all, it is necessary to state, that the creation of such an econometric model gives a great
opportunity to try and forecast future fluctuations of endogenous variable (in the given case – UK
Income tax revenue) to apply knowledge in fiscal and monetary policies adjustments, which is
especially important in today's world of economic uncertainty.
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Appendix
Appendix 1. A regression model including 4 independent variables.

Appendix 2. GQ Test of a final regression model.
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Appendix 3. DW test of a final regression model

Appendix 4. Checking adequacy of a final model. Confidence interval
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