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Abstract: One of the goals of the national development policy is to support the sustainable economic
and social growth of regions territorially balanced in Romania, in order to reduce economic and social in-
equalities among regions. The presence of multiple functional links in regional economy among processes
being variable in time and space leads to the use of panel data models. Such models include regression equa-
tions where one uses series that are a combination of time series and cross-sectional data series. This paper
presents theoretically the main elements of panel data analysis.
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Introduction

In regional analyzes, an important place
is taken by mathematical and statistical tools,
which simulate certain evolutions in order
to assess territorial influences, interactions
between internal and external factors, to
identify alternative ways of managing in an
optimal way the necessary resources. These
analytical tools, generically called economet-
ric models, aim at examining aggregates and
their relationships, while other models as-
sess in an integrated manner a potential fu-
ture state of system development or address
specific issues (occupied population, income,
infrastructure, environment, etc.).

Complex models are built on a variety
of models, and can be applied both nation-
ally and regionally, depending on the avail-
ability of statistical data and information.

Due to its rigorous side, economic mod-
eling is a managerial tool for optimizing
(material, human, financial) resources with
objectives set in a given period of time, offer-
ing the opportunity to make the best decision
under certain given conditions without dis-
torting the reality.

In turn, the models presented above can
be descriptive and normative. The descrip-
tive ones represent a simplification of reality,
while the normative ones allow for the fu-
ture behavior of the economic phenomenon.
Econometric methods that use mathematical
formulas to analyze a particular economic
phenomenon are built on a logical and co-
herent sequence of operations and formulas,
known as algorithms. The result of the model
obtained with the algorithm is analyzed and
if it is considered to be convenient it can be
the basis of a decision. Also, any economet-
ric system is based on various exogenous and
endogenous variables.

Region or territory can be regarded as a
system of relations and processes. In general,
regional systems are characterized by a series
of relationships that address certain aspects,
as follows:

1. Aspects related to natural potential
(natural resources, location, influences of dif-
ferent infrastructure elements, etc.);

2. Aspects regarding accessibility /
transport / mobility level;

3. Elements of technological nature (in-
vestment, entrepreneurship, clusters, etc.);

4. Operational aspects (regional sales
relations, services, etc.).

Any region may be defined by the in-
teraction of the above-mentioned aspects,
which work within a general system (na-
tional, community one). The region can be
approached and analyzed as a complex sub-
system, defined by a series of specific or gen-
eral variables. These variables may be input,
state (characterizing the behavior of the sub-
system at a given time or for a specified peri-
od) and output (determined). The multitude
of characteristics of such a subsystem deter-
mines its state (the region has a functional,
socio-economic structure that allows its fur-
ther development but at the same time it is in
connection with other development regions,
influenced by them and influencing them,
in turn, through the inputs and outputs into
and from the system to which it belongs).

At present, the complexity of the prob-
lems faced by regional systems implies a new
type of approach, based in particular on the
analysis of the characteristics and interactions
between them by means of econometric tech-
niques and models, increasingly appealing
to the statistical-mathematic (and even infor-
matics) instrument that provides the possi-
bility of viable predictions and conclusions
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that can contribute to a better substantiation
of regional policies and strategies.

There are a multitude of econometric
models developed for the analysis of a territo-
rial system (classical models, basic economic
models, input-output models, matrix-models
of social accounting, econometric integrated
and input-output models, general equilib-
rium models, etc.). Of these, a special place
is held by panel analysis, which can render
individual peculiarities, invariant structures
of a certain statistical unit at a given moment
in time; thus distortion induced by the aggre-
gation of data can be reduced or eliminated.

Panel analysis brings an increase in
information by capturing individual vari-
ability, reducing the multi-collinear type of
variables, increasing the number of degrees
of freedom - and, implicitly, the power of the
tests, thus the degree of confidence in the ob-
tained results. Also, panel analysis increases
the efficiency and consistency of econometric

estimates and allows constructing and test-
ing more complex behavioral models than
models based on time series or cross-section-
al analysis. This panel analysis allows for a
better analysis of the dynamics of structural
adjustments (Jula D., 2011).

This paper intends to perform a theo-
retical approach to panel analysis, presenting
the main elements that characterize it and
how it can operate at regional level.

General aspects of panel data
econometrics

Panel data analysis (also known as lon-
gitudinal or transverse analysis of time series
data) is an analysis on a set of data in which
entity behavior is observed over time. These
entities may be states, companies, individu-
als, regions, countries, etc. Data from the
panel analysis are as follows:

Region Year X y
Region 1 2000 6,0 7,8
Region 1 2001 4,6 6,7
Region 2 2000 9,1 9,3
Region 3 2001 8,1 8,7
Region 3 2002 9,7 10,1
Region 3 2003 9,8 10,3

Panel data allow for a control over
some variables that cannot be used, so that
they meet or measure as factors, differenc-
es, or variables. It counts for individual het-
erogeneity. Using panel data, variables can
be included at different levels of analysis
(i.e., districts, regions, states) for multi-level
modeling or hierarchies. Some of the draw-
backs of the analysis are data collection (i.e.

sampling, design, coverage), non-responses
or correlations .

Data analysis involves an analysis
of fixed effects and an analysis of random
effects.

Fixed data analysis (the covariance
model within the estimator, Dummy variable
model, Square variable model).
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Fixed effects assume the relationship
between the predictor variable and the result
of an entity (country, person, company, etc.).
Each entity has its own individual character-
istics that may or may not influence predic-
tion variables (e.g. men or women) and may
influence opinion on a particular issue. When
using fixed effects, we assume that some-
thing can have an impact or a result, and this
must be controlled. This involves the correla-
tion between the entity’s error term and the
predictor variables. Fixed effects can elimi-
nate the effect of those invariant time charac-
teristics so they can evaluate the net effect of
a predictor on the result variable.

Fixed effects are invariable time charac-
teristics, unique to the individual / entity and
should not be related to other features. Each
entity is different; therefore, the entity’s er-
ror and constant (capturing individual char-
acteristics) should not be correlated with the
others. If the terms of error are correlated,
then the fixed effects are not appropriate be-
cause they may not be correct and this rela-
tionship should be modeled (probably using
random effects). This is also called the main
rationale of the Hausman test.

The fixed effects model equation is

Yit = B1Xit + od + uit

Where - ai (i=1....n) is the unknown in-
terceptor for each entity (n entities - specific
intercepts). — Yit is the dependent variable
(DV), where i = entity and t = time. - Xitis an
independent variable, — 31 is the coefficient
for IV, — uit is error.

We can add the coefficient of time in the
entity model and obtain a regression model
of the fixed effects:

Yit = B0 + P1X1,it +...+ BkX kit + y2 E2
+...+yn En+02T2 +...+ ot Tt + uit [2]

Where:

Yit is the dependent variable (DV),
where i = entity and t = time. Xk,it represents
the independent variable (IV), —k is the coef-
ficient for IV, — uit is the coefficient of error.

E n is the n entity.

If the series is binary (dummies), we
have n-1 entities comprised in the model.

And y2 2 is the coefficient for binary re-
gression (entity) T is the time of the binary
variable (dummy), and we have the period
t-1. — O t is the coefficient for the binary time
regressor. Controlling effects over time when
no variation or special events are expected to
affect the result variable.

Random effects pattern (Random inter-
ception, partial sharing). The motivation be-
hind the random effects model is that, unlike
the fixed-effect model, the variance between
entities is assumed to be random and uncor-
related with the predictor or independent
variables included in the model: “... the cru-
cial distinction between fixed and random ef-
fects is if not observed, the individual effect
includes elements that are correlated with
model regressors, and not whether these ef-
fects are stochastic or not” [Green, 2008]. If
there are reasons to believe that differences
between entities have a certain influence on
the dependent variable then you should use
random effects. An advantage of random ef-
fects is that it can include invariable time vari-
ables (for example, those related to gender).
In the fixed effects model, these variables are
absorbed by interception. The pattern with
random effects is:

Yit = X it + a + uit + it

Random effects assume that the entity’s
error term is not correlated with predictors
that allow invariant time variables to play a
variable explanatory role.

In random effects, you need to specify
those individual characteristics that may or
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may not influence predictor variables. The
problem with this is that for some features,
variables may not be available, which results
in a variable bias in the pattern. This pat-
tern with random effects allows generaliz-
ing inferences beyond the sample used in the
pattern.

As previously found out, panel data
models assume the estimation of regression
equations in which series are used, which are
simultaneous time series and cross-sectional
data. Thus, with this type of model, a single
coefficient can be determined which express-
es the impact of a macroeconomic variable on
the performance of a group of companies.

Models with panel data allow:

1. summing a single coefficient of the
impact of a variable on a group of dependent
variable time series (group of companies,
countries, etc.);

2. estimation of specific coefficients
(constant or coefficients of independent vari-
ables) for each time series considered as de-
pendent variable - fixed effects;

3. the grouping of the dependent vari-
ables into categories and the estimation of the
impact of the category from which the vari-
able depends on its evolution.

Panel analysis uses several categories
of data, such as the nature of monthly (quar-
terly, yearly) dynamics, unemployment rate
(or earnings, wage earnings, etc.), data on
counties or regions (countries), dynamics of
industrial production, branches, VAB dy-
namics by quarter and branch, quarterly dy-
namics of GDP, on structure of use, foreign
direct investment dynamics by country, GDP
(inflation, unemployment rate, public debt,
etc.) evolution by country or regions.

The increasing interest in panel data, as
well as the increasing availability of statistical

data, has led to the expansion of different sta-
tistical tests for panel data.

The study of data n panel structure
requires joint analysis of cross-sectional
observations (regions, countries, sectors,
households, companies, etc.) over several
time periods.

Although advances in space economics
provide researchers with new ways to ad-
dress regression problems associated with
spatial dependence in regional data series,
most applications consisted of one-equation
models. However, for many economic issues,
there are both endogenous variables and data
on observations interacting in space.

The presence of several functional
links in the regional economy between pro-
cesses, variables in time and space, has led
to the use of panel models. Such models in-
clude regression equations in which series
are used, which are combined across data
series and cross-sectional data series. As the
situation occurs frequently when analyz-
ing socio-economic aspects and processes,
panel models are present in many specialist
studies. Fischer, Manki, Romer, Weil, Levine
and Renelt have conducted studies that have
shown long-term economic growth based on
panel-based models using some large sam-
ples from countries. Brueckner provides an
overview of the strategic interaction between
local governments based on two categories of
panel models.

Arkadievich Kholodilin, Siliverstovs
and Kooths perform a forecast of annual real
GDP growth rates in each of the 16 German
Landers using dynamic panel data models.
Partridge investigates the link between rev-
enue distribution and economic growth in
the United States, using state data from 1960
to 2000.
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Panel data generally provide more in-
formation, more variation, and the collinear
type of variables is smaller. The higher the
degree of freedom resulting from the use of
panel data, the higher the efficiency of the es-
timate. Specifications on more complicated
behavioral relationships that can not normal-
ly be addressed using cross-sectional data
or time series are possible using panel data
(Elhorst, 2003). Thus, the rationale for de-
veloping and implementing a spatial model
with panel data is to improve the accuracy
of hypothesis testing and subsequent deduc-
tions on the interdependencies between the
fundamental variables of the model.

Conclusions

Panel data analysis can be used suc-
cessfully to allow building and testing some
more complex behavioral models than mod-
els based on time series or cross-sectional
analysis. This can be used because it has a
number of advantages, as follows:

o the analysis can render the indi-
vidual peculiarities, the invariant structures
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