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Abstract:

The paper answers one of the typical problems of economic theory - how it is in practice possible to measure and to interpret the quality of economic time row on the all economic levels. The papers shows differences our approach to the approach of growth accounting – our approach is based on more general condition and covers not only situation of growth of economic indicators but also situation of their falls or stagnation. The approach allows also to distinguish the compensation of input factors. So, the methodology presented in the paper can be used in many practical application.
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1 
Introduction 


Systematic research concerning the development intensity evaluation has been mainly conducted on the macroeconomic level
 so far. The solution proposed by the author of this study
 is general enough that it can be successfully applied at various hierarchical levels of the economy, including the company level. The solution is based on profit as the decisive business criterion of market economy, while respecting the factors of production scarcity. The way in which profit is generated is not unimportant. The results may be used in the management of companies, in searching their perspective targeting, in the course of tenders, outsourcing activities, etc. 


The knowledge society is characterized by the application of new findings. A Schumpeterian analysis of the economy underlines the key role of dynamic processes supported by permanent innovations. However, innovations only arise if science and research as well as human resources quality evolve based on high-quality education and if the application of inherent human capabilities improves. Innovation processes are associated with the development of IT and strategic and motivational management. Such development mainly utilizes the intensive factors, as opposed to extensive expansion of existing production. 


Before we derive suitable indicators of the innovation or intensive development, I will provide a general illustrative example representing the basic principle for their derivation. 

2
Initial illustrative example 


During the initial period (index 0), certain company has total revenues
 of TR0 and total costs of TC0. The difference of the two quantitative properties is the profit. 

EP0 = TR0 - TC0



(1)


The quotient of the same quantitative properties TR0 and TC0 is the effectiveness
 Ef0, which shows
 what share of the total revenue can be attribute to one CZK of invested total costs. 

Ef0 = TR0 / TC0



(2)


In case the demand after the goods produced by the company doubles, it is possible to double the production in two ultimate ways. Either we build another production facility, identical to the existing one, or we double the performance of the existing facility using solely the intensive development factors.


In the first scenario, all inputs double. We will use twice as much land, the production capacity will double requiring twice as many employees to operate it. This is a purely extensive method of production expansion. 


In this case, it is possible to express the attained profit and effectiveness (through indexe) using the total revenue and total costs corresponding to the initial period. 

EPe = 2.TRo -2.TCo= 2.EPo



(3)

Efe = 2.TRo/2.TCo= Efo



(4)


The economic profit relating to the purely extensive development doubled, just as total revenue and total costs. On the other hand, the economic effectiveness Ef did not change with regard to the initial situation. 


In the second scenario, the same inputs are used as in the initial situation. The production is doubled solely with the use of innovations based on intensive factors. This means that the same land will suffice and, ultimately, the same level of labor and capital will also be sufficient; however, capital could change through innovations. There is an alternative of employing a smaller number of more qualified employees; however, their remuneration would be higher – the total costs of production would thus not change. Only the production will double. 


The profit (index i) increased more than twice in case of the purely intensive development, as demonstrated by the following relations. In this case, it corresponds to the profit generated from the purely extensive alternative, increased by the amount of total costs for the initial alternative. The effectiveness (index i) doubled. 

EPi = 2.TRo – TCo = 2.EPo + TCo = EPe + TCo



(5)

Efi = 2.TRo/TCo = 2.Efo



(6)


Since the profit increased for both scenarios, effectiveness is the more suitable indicator of economic development intensity, as it did not change for the purely extensive development, while increasing in the same way as the product for purely intensive development. This fact may also be very well utilized when distinguishing the level of the economy development intensity. 

3 
Generalization 


In reality, pure developments occur very rarely. The combined development is more common, i.e. the combination of both components that can compensate each other. The general representation of the level of the development intensity or development extensity must be usable for any production growth as well as for the decline or stagnation thereof. 


All developments may be captured in Chart no. 1. The x-axis shows total costs (TC), while the y-axis shows the profit (EP). It is also easy to draw the isoquants of the constant total revenue (gray sloping parallels) as well as the isoquants of the constant effectiveness (set of straight lines with the point of intersection in the origin). The initial point has the following coordinates TC=2; EP=2; consequently TR = 2 + 2 = 4 and Ef = 4/2 = 2. 

Chart no. 1
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The arrows from the initial point show special cases of purely intensive and purely extensive development. The purely intensive development, which is characterized by the production growth with constant total costs (TC), is represented by the vertical arrow. The purely extensive development, which is characterized by the production growth with constant effectiveness (Ef), is represented by the sloping arrow. 

It is clear from Chart no. 1 that the required doubling of the total revenue may be attained through many combined ways. The highlighted gray isoquant for TR=8 is attainable from the initial point both for the constant economic profit of EP=2 (arrow parallel to the x-axis) and for the decline of the total costs, e.g. to TC=1. In such case, the total revenue would double solely through the effectiveness growth, which would also cover the extensive decrease in the TC. 

Therefore, Chart no. 1 allows us to visualize and characterize changes associated with the transition from one point to another. In case these points belong in consecutive time periods, we will be able to record the development or the development trajectory of a specific economic unit. In each period, we will then be able to analyze development in terms of all 4 quantitative properties in review - TR, TC, EP, and EF – as well as their relative implications, including the attained intensity level. 

In case we need to express the share of impact of the profit (EP) or total costs in the generated total revenue, we can use an adaptive statement derived, for example, from the relation (1)

TR = EP + TC



(7) 

The statement (7) only needs to be divided by the quantity TR.

                 1 = EP/TR + TC/TR


  (8) 

With regard to the above studied cases, the profit (EP) in the initial situation forms, similarly as the total costs (TC), 50% of the total revenue (TR). In case of the purely extensive development, these shares remain unchanged, whereas in case of the production doubling as a result of purely intensive development, the share of profit in the total revenue increased to 75% and the share of total costs in the total revenue decreased to 25%.

If we wish to calculate the share of impact for a multiplicative relation, such as the impact of effectiveness and total costs on total revenue from the statement (4) 

TR = Ef .TC



 (9)

It is first necessary to convert the statement to the linear additive relation through the use of logarithms. This way, we will get a chance to also express the share of impact of the qualitative value – i.e. the effectiveness (Ef) – on the quantitative value – i.e. the total costs (TC). 

4 
Dynamic task 

In case a time series of certain flow values, such as TR, TC, EP, Ef, or stock values, such as the number of employees or basic resources, represents a static task, then changes expressed through dynamic characteristics of the absolute or relative increment (rate of change) or index (change coefficient) represent a dynamic task
. In both cases, it is possible to express to what extent is the given development caused by extensive or intensive development factors – on the company, regional or even national economy level. 

The following relations may be deduced between the growth rates and indexes:

                 G(TR) = G(TC) + G(Ef) + G(TC) .G(Ef)



(10)

                         I(TR) = I(TC) . I(Ef)



 (11)

In order to derive universal relations for unambiguous categorization of developments based on the share of qualitative and quantitative (or extensive and intensive) factors, it was first necessary to classify the types of developments. Detailed derivations of the typology that serve as the basis for the derivation of the universal dynamic characteristics for analyzing the development intensity for any development are discussed in the following article: (Mihola, 2007) Aggregate function and share of impact of intensive factors, Statistics in the year of 2/2007. The typology is briefly described in Table 1 

5
Dynamic parameters of intensity and extensity 

In order to derive relations showing the share of impact of intensive factors on the development of outputs, it is possible to use both the partially additive statement (10) and the purely multiplicative statement (11). Existing theoretical analyses and numerous practical applications enabling simple interpretation of results as well as further generalization, for example, to more factors, show that it is more appropriate to use the logarithm statement (11) as the basis for further calculations. If we use the statement (10), it is either necessary to disregard
 the multiplicative part of the statement – i.e. G(TC).G(Ef) – or to split the component “somehow”. The problem further complicates if we consider more than two factors, because the number of multiplicative components and their extent quickly increases. 

Literature offers some solutions that are only applicable to positive increments
 of both factors. However, it is necessary to consider declines of individual factors as well as of the output itself in respect of a dynamic task. Situations may arise where both factors under consideration might contribute to the decline of the TR. In case one factor promotes growth and the other one causes decline, there will be a partial compensation of their impacts or the mutual compensation might even result in a zero growth of the TC. The following statements were derived to reliably show all situations that might arise for a dynamic task. 

The derivation results in the relation for dynamic parameter of intensity: 
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 (12)

And the additional relation for extensity:
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(13)

With regard to the purely intensive development, the statements (12) and (13) generate i = 1 and e = 0 (i.e. 100% and 0%), whereas for the purely extensive development, the statements (12) and (13) generate i = 0 and e = 1. The aforementioned pair of dynamic parameters provides unambiguous information about the type of development for the given partial or aggregate period for all other cases. 

The sum of the statements (12) and (13) may be used to derive the general relation between the intensity and extensity parameter. 

            i.sgn[G(Ef)] + e.sgn[G(TC)] = 1
or

l i I + Iel = 1


(14)

Table 1 shows an overview of the values concerning the derived dynamic parameters for the basic developments. The derived dynamic parameters may be used in all cases where we consider the potential impact of the development of the corresponding absolute or relative value on the attained result. For example, what would be the impact of the speed change (i.e. acceleration) on the covered distance for an accelerated linear movement and what would be the momentum, i.e. uniform motion? These parameters may be used in all cases that work with inputs and outputs variable over time and that usually involve changes in efficiency or effectiveness measurable by the change of efficiency or effectiveness. 

The advantage of these parameters is their comparability in time. They are comparable without additional adjustments, even if calculated for time series of different length. This is given by the fact that automatic averaging takes place. It is not necessary to extract square root of basis indexes (i.e. to find the average). 

Table 1 Values of the intensity and extensity parameters for the basic developments 

	
	 
	Parameter value

	 
	Titles – basic developments 
	Characteristics
	Occurrence
	Development of outputs
	Type
	Intensity

i %
	Extensity  %

	1
	Purely intensive growth 
	Solely the Ef development affects the output growth y  
	y-axis
	Growth
	Pure development – only one parameter has an impact
	100
	0

	2
	Purely de-intensive decline  
	Solely the Ef development affects the output decline y  
	
	Decline
	
	-100
	0

	3
	Purely extensive growth
	Solely x affects the output growth y  
	x-axis 
	Growth
	
	0
	100

	4
	Purely de-extensive development
	Solely x affects the output decline y  
	
	Decline
	
	0
	-100

	5
	Intensive-extensive growth
	Same impact of Ef and x on the output growth y
	Symmetry axis of the quadrants I and III
	Growth 
	Consistent impact
	50
	50

	6
	De-intensive and de-extensive decline
	Same impact of Ef and x on the output decline y
	
	Decline
	
	-50
	-50

	7
	Intensive compensation 
	Stagnation of output y due to increasing Ef and declining x 
	Zero growth hyperbole 
	Stagnation
	Compensation
	50
	-50

	8
	Extensive compensation
	Stagnation of output y due to declining Ef and increasing x 
	
	
	
	-50
	50


The derived dynamic parameters do not have any spatial limitations and enable simple comparability of companies, as it is a non-dimensional value. It is given by the fact the definition statements (12) and (13) only use dynamic characteristics, i.e. indexes. This advantage is inherent to all dynamic parameters, because they do not depend on scale or characteristics units used in static tasks. 

The intensity parameter i shows the impact ratio of the intensive factor, expressed as the effectiveness change, on the final development of the total revenue TR. The extensity parameter e additionally shows the impact ratio of the extensive factor on the final development of the total revenue. 

Good interpretation of parameters results in their easy application. The dynamic parameters suitable add a relatively new perspective in terms of existing characteristics. The attempt to express the share of impact or the contributions derived therefrom is apparent in almost all economic analyses. The advantage of the solution presented here is namely the fact that it comprehensively and systematically addresses all situations, including declines, declines of one of the factors, and thereby even compensations. However, isolated assessment of these parameters may be tricky, irrespective of the distance from the stagnation point, where all isoquants meet. When evaluating data that are very close to stagnation, the intensity evaluation for such development loses its meaning. 

The dynamic intensity and extensity parameters are not only applicable in measuring the economic development intensity, but also every time we need to ascertain the contribution of an absolute component (e.g. time) and qualitative component (e.g. speed) to the development of certain value. Another interesting application of the aforementioned dynamic parameters may be in assessing development of innovation cycles or in analyzing supply or demand curves, where the application of the dynamic intensity/extensity parameters seems to be more versatile than the commonly used elasticity that lacks standardized values. 

5 
Illustrative example using the data of the joint-stock company Škoda Auto 

The above mentioned relations and corresponding algorithm are easily applicable and we will demonstrate this on the analysis of development in the joint-stock company Škoda Auto. All inputs come from publicly available annual reports that are available at, for example: http://new.skoda-auto.com/cs/company/investors/pages/annual-reports.aspx. The inputs correspond to time series of total revenues TR and total costs TC (or profit EP). All inputs as well as calculated values are shown in Table 2a and Table 2b. 

The time series of effectiveness Ef and economic profit EP (or TC), corresponding dynamic characteristics – e.g. rates of growth and values, and year-to-year values of the dynamic intensity i and extensity e parameters. The last column of Table 2b shows values for the growth rates of TR, EP, TC, and Ef – as an average for the entire period under review (i.e. 1997 through 2011). The same column shows the dynamic intensity i and extensity e parameters for the entire period under review (i.e. 1997 through 2011). 

Table 2a Inputs and calculations for ŠKODA AUTO

	
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	TR (CZK mil.)
	90095
	105704
	110409
	136283
	153271
	145694
	145197
	155396

	EP (CZK mil.)
	12275
	15806
	16285
	17826
	11417
	9042
	12809
	14400

	TC (CZK mil.)
	77820
	89898
	94124
	118457
	141854
	136652
	132388
	140996

	Ef=TR/TC 
	1,158
	1,176
	1,173
	1,150
	1,080
	1,066
	1,097
	1,102

	G(TR)
	 
	17,3%
	4,5%
	23,4%
	12,5%
	-4,9%
	-0,3%
	7,0%

	G(EP)
	 
	28,8%
	3,0%
	9,5%
	-36,0%
	-20,8%
	41,7%
	12,4%

	G(TC)
	 
	15,5%
	4,7%
	25,9%
	19,8%
	-3,7%
	-3,1%
	6,5%

	G(Ef)
	 
	1,6%
	-0,2%
	-1,9%
	-6,1%
	-1,3%
	2,9%
	0,5%

	i
	 
	9,7%
	-5,0%
	-7,8%
	-25,8%
	-26,3%
	47,2%
	7,2%

	e
	 
	90,3%
	95,0%
	92,2%
	74,2%
	-73,7%
	-52,8%
	92,8%


Table 2b Inputs and calculations for ŠKODA AUTO

	
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	97-11

	TR (CZK mil.)
	155396
	177822
	189816
	221026
	188572
	170666
	219545
	252562
	 

	EP (CZK mil.)
	14400
	18635
	22107
	30161
	22972
	14798
	29220
	36606
	 

	TC (CZK mil.)
	140996
	159187
	167709
	190865
	165600
	155868
	190325
	215956
	 

	Ef=TR/TC 
	1,102
	1,117
	1,132
	1,158
	1,139
	1,095
	1,154
	1,170
	 

	G(TR)
	 
	14,4%
	6,7%
	16,4%
	-14,7%
	-9,5%
	28,6%
	15,0%
	7,6%

	G(EP)
	 
	29,4%
	18,6%
	36,4%
	-23,8%
	-35,6%
	97,5%
	25,3%
	8,1%

	G(TC)
	 
	12,9%
	5,4%
	13,8%
	-13,2%
	-5,9%
	22,1%
	13,5%
	7,6%

	G(Ef)
	 
	1,4%
	1,3%
	2,3%
	-1,7%
	-3,8%
	5,4%
	1,4%
	0,1%

	i
	 
	10,0%
	20,1%
	15,0%
	-10,6%
	-39,3%
	20,7%
	9,8%
	1,0%

	e
	 
	90,0%
	79,9%
	85,0%
	-89,4%
	-60,7%
	79,3%
	90,2%
	99,0%


With regard to the entire sixteen-year period, the total revenue increased by 180%, while the total costs increased by 178% - i.e. by 7.6% per year for both indicators on an average. The economic profit increased by 198%, i.e. by 8.1% on yearly basis. The effectiveness increased by 1% for the entire period under review, i.e. by an average of 0.1% per year. Therefore, the development for the entire period seems to be purely extensive. The intensity amounts to mere 1%, while the extensity amounts to 99%. This illustrates that, while the company Škoda Auto is a modern and successful company generating significant profits, its development is not an intensive one. The vehicles produced by the company did not register any major innovation during the period under review, similarly as the highly developed production technology. The lack of intensity is partially given by the fact that it was already at a high level in 1997. If any partial changes to the product in fact occur, they mainly concern ergonomics, design, and marketing. Furthermore, the expansion to foreign markets – e.g. to China – is not reflected in the intensity either. 

The analysis of the company in individual years seems to be more interesting. The continuous increase in costs was only broken by a decline in 2002 and 2003 as well as during the crisis of 2008 and 2009 – see Chart no. 2. 

Chart no. 2 Year-to-year progress of the TR and the structure thereof for ŠKODA AUTO
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The development of intensity and extensity for individual years is shown in Chart no. 3. 

Chart no. 3 Year-to-year progress of intensity and extensity for ŠKODA AUTO
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The production growth between the years of 1997 and 1998 were affected by both intensive and extensive factors, with the extensive factors being strongly predominant. It is clear from Chart no. 3 that the critical situation between the years of 2001 and 2002 was already marked by the development in the 3 years prior to that; the three-year period showed negative intensity, with continuous increases from -5% to -26.3% in the critical period of 2001-2002. Moreover, the decline is also caused by extensive factors in the aforementioned year. In addition to internal factors, the company had to deal with unstable business and political environment as well as significantly restrictive monetary and fiscal policy in the given period. 

The period of 2002-2003 represents a typical year of the development consolidation, as the extensive factors still continue to cause decline since the extensity is negative (-52.8%); however, intensive factors already significantly promote growth, with the intensity amounting to 47.2% - i.e. the highest year-to-year value for the entire period under review. The external business environment was affected by the subsequent accession of the Czech Republic to the EU. 

The period of 2003 through 2007 is very similar in terms of the effects of the intensive factors. This more consolidated period is also the result of the growth-oriented economy policy of the consolidated post-privatization conduct of companies. Both intensive and extensive factors promote growth in the period, with slight prevalence of extensive factors. Of the four annual periods, the intensity is the highest between the years of 2005 and 2006, specifically 20.1%. Both factors contribute to decline during the next two critical years from 2007 through 2009. Consistent with the progressing global crisis, the period of 2008-2009 is worse, with the intensity parameter being the lowest in the entire period under review, specifically -39.3%. The last two periods from 2009 through 2011 are characterized by overcoming the critical period of the preceding two years. Extensive and intensive factors contribute to growth in this case. The intensity parameter amounts to 20.7 and 9.8% in the two years. 

In conclusion, we can state that even this illustrative application of the intensity and extensity parameters shows that – in spite of slight challenges relating to information and calculations – we can get interesting analytical conclusions. 
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�	 With regard to pivotal articles, this concerns, for example, Hrach (2006); Hájek (2006); Mihola (2007a) and (2007b); Hájek (2008a) and (2008b)


�	 Basic principles originate in the work of Robert M. Solow (1957) 


�	We will first characterize inputs and outputs using the microeconomic notations – flow quantitative properties TR (total revenue) and TC (total costs). In both cases, the range of definition will comprise positive rational numbers. TR ≥ 0 and TC ≥ 0. In case TR ≤ TC, the economic profit will be negative, i.e. EP ≤ 0. 


�	 Understanding effectiveness as a proportion of outputs to inputs is very frequent today, for example (Klacek, 2006, p. 4) 


�	 The company effectiveness defined in this manner has the same importance as the overall productivity of factors on the national economy level. For example, see OECD (2003) and (2004); with regard to Czech authors see, for example, Hurník (2005); Dybczak, Flek, Hájková, Hurník (2006); Hájek (2006); Ministry of Finance (2009),and in Slovakia, for example, Zimková, Barokovský (2007) 


�	For detailed information on the specification of static and dynamic tasks see, for example, Hájek and Mihola (2009) p. 245 or Mihola (2007b) p. 448.


�	 The relations of sorts and types of aggregations between the static and dynamic tasks are discussed in the article of Mihola (1979) as well as the textbook of Mihola (2005)


�	The application of this procedure to increasing values is far from new. This statement was already proposed in the article of Cyhelský, Matějka (1978) p. 302, in 1978 


�	 For example, Cyhelský, Matějka (1978)  or Toms (1983); Toms (1988), and Toms, Hájek (1966) 
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