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PREFACE 
 
 

 
This book is a collection of selected papers of multisectoral macroeconomic 
modelling of INFORUM (Interindustry Forecasting Project at the University of 
Maryland) approach. The book contains papers presented at the XVII INFORUM 
World Conference that was held in Latvia (Jūrmala) in September 2009. Ten 
contributions of multisectoral macroeconomic modelling teams all over the world 
(Austria, Italy, Poland, South Africa, Germany, Latvia, Russia, Kazakhstan, and 
Estonia) have been included in the book. The papers are devoted to statistical 
environment and impact of revision of statistical classification systems on 
multisectoral macroeconomic and sectoral modelling, sensitivity analysis of capital 
accumulation, country’s competitiveness, water demand, consumption modelling, 
productivity modelling, ecological and health situation modelling, oil extraction 
business modelling, estimation of indirect price effect of the environmental taxes.  
 
The papers are subdivided into two thematic sections: Statistical Environment and 
Applications of Multisectoral Macroeconomic Models and Interindustry Modelling 
and the Input-output Analysis.  
 
The section of Statistical Environment and Applications of Multisectoral 
Macroeconomic Models contains diverse papers regarding statistics, the latest 
applications of INFORUM models in the analysis of competitiveness, consumption, 
and productivity. Statistical environment of INFORUM models, including such 
issues as data endowment and comparability, sectoral and other classifications and 
updates in methodologies used by national and international statistical agencies is a 
key stone in the appropriate, sound and useful model development. The first paper 
in this section by Josef Richter examines the statistical environment of INFORUM 
models, stressing the revision of all major statistical classification systems. It 
examines international shift towards ISIC Rev.4., replacing ISIC Rev.3.1., and CPS 
Ver.2., replacing CPS Ver.1.1., at the same time NACE Rev.1.1. is replaced by NACE 
Rev.2. in the European Union. The author presents an insight into backcasting 
process and investigates several methodological alternatives for backcasting 
concerning NACE classification revision. The results of empirical computation on 
the basis of Austria data and sensitivity analysis of labour productivity equations are 
analyzed. The author reveals the consequences for INFORUM modelling caused by 
the revision of statistical classification and forecasts that data situations will be even 
more demanding in the period after 2011.  Statistical environment is important for 
both current INFORUM models and newly developed INFORUM models. 
INFORUM modelling team is enlarging and new INFORUM-type models are being 
created.  
 
Maurizio Grassini examines the accumulation of capital and its influence on 
competitiveness within the Bilateral Trade Model (BTM). The Italian, French, 
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German, and Spanish capital stock time series of several industries at various 
replacement rates are investigated, and the import share equation estimation results 
are presented. The paper contains a sensitivity analysis and its results.  
 
In turn, Michal Przybylinski examines how changes in prices of energy affect 
competitiveness of the Polish economy. The author analyses and clarifies the concept 
and measures of competitiveness. Interindustry Model of the Polish Economy 
(IMPEC) is updated and a new special block of endogenizing external (world) 
energy prices is included. The assumptions and results of the base scenario are 
presented. The author concludes that because of relatively high energy intensity of 
the Polish economy, the increase in world prices of energy carriers weakens its 
competitiveness, but this effect is rather modest.  
 
Water resources management and modelling play an important and strategic role in 
many countries nowadays. David Mullins and Coenraad Scheepers analyze the 
water demand and supply situation in South Africa taking into account a regional 
perspective. The South African Interindustry Macro-econometric Model (SAFRIM), 
coupled with the Water Satellite Model (WSM), is used to calculate water multipliers 
to express water contribution to various economic aggregates (indicators) in the 
economy.  The paper contains results of four scenarios (baseline, high growth, water 
tariff increase, and location constrains scenarios) computed till 2020. The authors 
state that model framework has also demonstrated its ability to forecast water 
demand on a regional level.  In South Africa, this is crucial, considering the huge 
costs involving water storage, transfer and distribution. 
 
Private consumption expenditure is a major final demand forming element and any 
changes in private consumption expenditure affect the economy as a whole, as well 
as some sectors to a smaller or larger extent. Two members of the German 
INFORUM team, Anke Mönnig and Britta Stöver, investigate the importance of 
domestic individual demand for cars and the impact of a change in private 
consumption expenditures on the domestic automotive industry. Results of the 
German forecast model, INFORUM model (INFORGE), show that, on the one hand, 
the automotive industry and intermediate suppliers produce less and need less 
employees, but on the other hand, parts of the economy can profit by the shift in 
demand. Especially service sector hires a lot more additional staff, resulting in 
employment higher than originally, due to the modeling assumption that additional 
disposable income is supposed to be completely spent for other consumption 
purposes. The estimation results till 2015 are given in the paper.   
 
Astra Auziņa, Velga Ozoliņa, and Remigijs Počs analyse productivity trends in 
Latvia and evaluate the options of Latvia’s INFORUM model. The paper examines 
the concept of productivity, its importance in Latvia on the basis of recent economic 
trends. The paper presents a short description of the Latvian INFORUM model, 
modelling assumptions and sectoral output and employment forecasts till 2020.  
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The section of Interindustry Modelling and Input-Output Analysis starts with the 
paper of Аlexander Shirov and Aleksey Yantovsky and is devoted to the system of 
inter-industry calculations on the basis of business statistics in Russia. The paper 
contains the description and schematic representation of the modelling tool.  The 
paper is focused on energy issues and it contains modelling results of oil extraction 
till 2030. The authors conclude that computation results show a high dependence on 
the Russian oil sector production dynamics from the world oil prices and from the 
tax regime parameters.  
 
The paper of Bibigul Aidarkhanova introduces the macroeconomic model of 
Kazakhstan (the KazSTEM); that is a considerably new model elaborated in G7 
software package. The author gives a general insight into the current economic 
situation and development trends in Kazakhstan, as well as presents the analytic and 
schematic description of the KazSTEM, its database, modules, schematic 
representation of GDP module and monetary and fiscal module, as well as quarterly 
scenario forecasts of the KazSTEM of 2010. 
 
Alexander Baranov, Vadim Gilmundinov, Victor Pavlov, and Tatyana Tagaeva, 
present and discuss the results of modelling of the ecological and health situation in 
Russia using the input-output model. The paper gives numerical estimates of the 
influence of various factors on the health condition of population in Russia and it 
contains forecasts of the effect of ecological factors on the total sickness rate till 2012. 
The proposed approach combines the application of the advantages of intersectoral 
modelling methods and econometric methods for the purpose of analyzing and 
forecasting ecological-economic processes. 
 
Elements of the input-output analysis are used by Helen Poltimäe and Tiiu Paas to 
measure the indirect price effect of environmental taxes in Estonia. The authors 
conclude on the basis of the analysis that fuel excise has the biggest price effect on 
land transport, but also on agriculture and construction. The authors also give 
critical view regarding the application options and limitations of the applied 
methods.  
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 STATISTICAL ENVIRONMENT OF INFORUM MODELS – 

UPDATE OF THE CHANGES AHEAD WITH SPECIAL EMPHASIS 

ON THE IMPLICATIONS OF BACKCASTING 
 

Josef Richter 
University of Innsbruck1, Austria 

Josef.richter@aon.at 
 
 
 
1. Introduction  

 
As already mentioned in a contribution to the 16th INFORUM Conference (Richter 
2009), two major changes in the statistical environment will become effective in the 
near future: The revision of all major classification systems and the revision of the 
System of National Accounts. 
 
The aim of this paper is to update the background information on the changes in the 
statistical environment ahead and to provide some empirical material on the 
sensitivity of time series with respect to different methods to cope with the changes 
in the classification systems in producing long time series. As it will be shown, this 
process - usually called backcasting - might have serious implications for some 
behavioral equations which play an important role in INFORUM models. Emphasis 
will be laid on the European situation and in particular on the consequences of 
alternative methods of backcasting.  
 
2. New Classification Systems 

 
The process of the revision of all the major classification systems is completed. On 
the worldwide level ISIC Rev.3.1 is replaced by ISIC Rev 4.and CPC Ver 1.1 by CPC 
Ver.2. In the European Union NACE Rev.1.1 is replaced by NACE Rev.2 and CPA 
2002 by CPA 2008.  
 
The new classification systems are well documented. For the background material, 
metadata, case laws and correspondence tables see in particular the UN 
Classifications Registry available at the homepage of the UN Statistical Office 
(http://unstats.un.org/unsd/cr) and Eurostat's Metadata Server RAMON 
(http://ec.europa.eu/eurostat/ramon/index.cfm). A short assessment of the major 

                                                 
1 The author is indebted to Ursula Havel for additional background information, to Waltraud 
Pecksteiner for providing data essential for carrying out the empirical anlyses reported in Chapter 3 
and to Dieter Gstach  for a number of improvements.  
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changes in particular with a view on the implications for INFORUM modeling was 
given in Richter (2009). 
 
In the EU all the classification systems are governed by regulations and thus are 
legally binding. NACE Rev. 2 has already been established by Regulation (EC) No 
1893/2006. A second Regulation (EC) No 973/2007 amends 10 EC Regulations on 
specific statistical domains implementing the statistical classification of economic 
activities NACE Rev. 2. Short term business statistics for manufacturing for example 
already started to use NACE Rev. 2, beginning with the reference year 2008.  
 
The use of CPA 2008 (the EU version of CPC) is mandatory in the EU and based on 
Regulation (EC) No 451/2008 of the European Parliament and of the Council. The 
implementation of the revised classifications NACE and CPA in the EU with all its 
far reaching consequences is carried out in a special project called “Operation 2007”. 
 
What is still missing is a final decision with respect to the dates of the 
implementation of NACE Rev. 2 in National Accounts. The Regulation of the 
European Parliament and the Council for the implementation of the revised NACE 
Rev. 2 and CPA 2008 in National Accounts is still under discussion. Experts assume 
that for most countries the use of the new classifications in National Accounts will 
become compulsory from September 2011 onwards2.  
 
What is quite certain is that five different levels of aggregation will be available. 
Current transmission obligations will be modified in the following way:  

A6  →  A*10 
A17  →  A*21 
A31 →  A*38 
A60  →  A*64 

 
The A*64 (Level 5) is the most relevant level of aggregation for INFORUM modeling, 
because it is the future disaggregation of supply and use tables. 
 
The implementation of the revised NACE in EU statistics necessarily leads to the 
disruption of all time series based on NACE Rev. 1 or NACE Rev. 1.1. In order to 
achieve a certain harmonization of methods in the EU used for producing long time 
series, a handbook on backcasting was produced, aiming at providing information to 
statisticians implementing NACE Rev. 2 in the European Statistical System. For each 
methodology, it presents the description, some examples and discusses possible 
advantages and disadvantages. The Handbook and many other useful materials on 
the “Operation 2007” are available underhttp://forum.europa.eu.int/irc/dsis/ 
nacecpacon/info/data/en/index.htm. 
                                                 
2  State of the affairs as of the end of  November 2009. 
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3. Backcasting - Old Data Presented in New Classifications3 

 

Empirically INFORUM models rest on two pillars: On an input-output framework 
for at least one year and on time series in order to estimate behavioral equations 
with the help of econometric methods. Time series are needed in a disaggregation 
either by industries or by commodities to work on a detailed level and to build 
macro totals in a bottom-up process.  
 
In the first years after the switch to the new classifications systems in National 
Accounts (in Europe after 2011) INFORUM modelers will face the following data 
situation: They will have one supply and use table according to the new 
classifications but no time series for supply and use tables in this breakdown, neither 
in current nor in constant prices. Time series of output, value added, employment 
etc. by industries of the expected and usual epistemological character (basic 
observations on the unit level classified and aggregated according to the 
classification schemes) will be available starting with 2008 or a few years earlier. In 
any case, the period is far too short for parameter estimation on the basis of time 
series. 
 
In order to meet the obvious need for long time series according to the new 
classifications, a number of EU regulations call for the estimation of  time series back 
to 1995 or 1990 expressed in a breakdown by industries according to NACE Rev. 2. 
This process of  reconstructing – in this case in terms of NACE Rev. 2 -  existing 
statistical time series, previously expressed in a different classification system (in this 
case in terms of NACE Rev. 1 or NACE Rev. 1.1.) usually is termed “backcasting”. 
 
3.1. Methodological Alternatives for Backcasting 

 
The NACE Regulation requires that statistics referring to economic activities 
performed from 1 January 2008 onwards shall be produced according to NACE Rev. 
2. Eurostat has published a “Back Casting Handbook” (Eurostat 2009) to provide 
methodological assistance to the Statistical Offices in the Member States. All 
methods presented in the Handbook assume that all units recorded in the business 
register are double coded (according to the old and the new classification) for at least 
one point in time. For most data in most EU Member States, at least 2008 will be the 
year of double coding. The methodologies presented in the Handbook are not 
intended to be exhaustive or prescriptive. The fact that the choice of a specific 
method for arriving at time series for the period as laid down in the Regulation is up 
to the National Statistical Offices clearly indicates that long term considerations do 

                                                 
3 The empirical analysis persented in this chapter is based on Austrian data. Therefore the Austrian 
terminology of NACE 2008 for NACE Rev. 2 and NACE 2003 for NACE Rev 1.1 is used.     
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not have a high priority in the European Statistical System. The NACE Regulation 
also does not force the National Statistical Offices to use the same methodology for 
all the time series. So, neither does coherence has high priority either. 
 
Three basic alternatives for the compilation of long series can be distinguished. 
 1) Methods based on detailed re-working of individual data (micro-approaches) 
2)  Methods based on conversion coefficients for one year (macro-approaches) 
3)  Methods which try to combine the micro- and the macro-approach 
 
In the case of the micro-approach, “the entire production process is repeated starting 
from the micro- level but now using the new classification” (Buiten, Kampen, 
Vergouw 2009, p. 4). The superiority of the micro-approach with respect to all 
criteria is obvious.  The whole structural evolution of the economy is retained, there 
is no need to select a specific variable or a specific process to work with and working 
at unit level e.g. at the level of the reporting enterprise or establishment guarantees 
consistency between all time series. The only disadvantage of the micro-approach is 
that it requires a business register in which all the units are re-classified for the 
whole time period under consideration. Therefore, the process is very labor and cost 
intensive. 
 
All macro-approaches rely on conversion matrices, which allow the transformation 
of already aggregated data, expressed in terms of NACE Rev. 1.1, into data 
expressed in terms of NACE Rev. 2. Such conversion matrices result from a cross 
tabulation of data of statistical units coded both in the new and the old classification. 
The coefficients calculated from such cross tabulations can then be used as weighting 
schemes for the transformation for other periods than the base period of the 
conversion matrix. Such an approach has much in common with an index according 
the formula by Laspeyres. The weighting scheme available for one year is kept 
constant for the entire period. 
 
The case of 1 to 1 or n to 1 correspondence between the old and the new 
classification can be considered as a special form of the macro-approach. Under such 
circumstances the conversion consists in a straightforward recoding of existing 
series. This approach is often termed “key-method”. In all other cases the results of 
the macro-approach will depend on a number of strategic decisions. The most 
relevant ones are:  

o Use of one set of conversion coefficients (such as a set based on the 
number of units, or on 

o value added) for all variables or use of variable-specific conversion 
coefficients.  

o Level of aggregation  
 o NACE (2-, 3-, 4-, 6-digit level) 
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 o Size classes 
 o National versus regional 

o Working on the level of raw data or on the basis of “derived data” such as 
indices,  

o adjusted indices, etc.  
 
A backcasted time series presented by a Statistical Office necessarily is just one 
solution out of a big number of alternative solutions. The literature dealing with the 
empirical aspects of price indices indicates that in particular the sensitivity of the 
results with respect to different levels of aggregation is quite remarkable.   
 
Specific problem areas of all macro-approaches are not only the stability of 
conversion coefficients but in particular mergers and splittings of big units.  The link 
between historic micro- and macro-data does no longer exist. 
 
The third type of models tries to some degree to avoid the base year effect, the 
“crudeness” (Buiten, Kampen, Vergouw 2009, p. 8) of the pure macro-approach. One 
method proposed is to calculate conversion coefficients based on double coding on 
the micro-level for at least two benchmark years and then derive coefficients for 
conversions between these two years by interpolation. An alternative would be 
using an average from at least two conversion matrices for the backcasting period to 
avoid the influence of a single year for a long series. 
 
Under all circumstances in which not the entire period is based on detailed re-
working of individual data the resulting time series will consist of three segments of 
different nature:  
1) The historical time segment where only the old classification existed. This is the 
segment for which conversion coefficients have been applied. 
2) The transitory time segment where the old and new classifications are present and 
double coding was done on the unit level. For this segment (either just one year or a 
number of years) conversion coefficients can be calculated. 
3) The final time segment where only the new classification will be used. 
 
Users of official data should be aware that even the data produced by the same 
Statistical Office are not necessarily always based on the same methodology. 
Statistics Austria (see Brunauer, Rath 2009), for example, used conversion matrices 
for the reference year 2005 to produce estimates for the period before 2005 for the 
Short Term Statistics in manufacturing (Sections C to F of NACE 2003 or 
Sections B to F of NACE 2008). For Short Term Statistics in services, however, 
conversion matrices based on the reference year 2008 are used for backcasting (see 
Fida, Gruber 2009). The series before 2005 are, therefore, based on a weighting 
scheme for 2005 in manufacturing but on a weighting scheme for 2008 in the service 
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industries. More relevant, the data for 2005, 2006, and 2007 in manufacturing reflect 
the classification of all units according NACE 2008, the data for 2005, 2006 and 2007 
for the service industries are modeling results on the hypothesis of a constant 
weighting scheme 2008. 
 
3.2. Concepts Matter – Some Empirical Evidence for Austria 

 
In order to assess the implications of different concepts, a number of simple 
empirical exercises on the basis of official Austrian data (Short Term Indicators in 
manufacturing) were carried out. As a part of the rich and well documented data 
supply in the field of Short Term Indicators on its homepage, Statistics Austria (2009) 
also publishes Turnover Indices according to NACE 2003 and NACE 2008, as well as 
Employment Indices according to NACE 2003 and NACE 2008. 
 
The indices according to NACE 2008 are based on a micro-approach for the entire 
period 2005 to 2008. All statistical units were coded according to NACE 2008 in 
order to produce new time series in a bottom-up approach (see Brunauer, Rath 
2009). In the following graphs 1 to 12, these official series are termed “Micro”.  
 
For the period January 2005 to December 2008 alternative series (termed “Macro”) 
were calculated relying on the same philosophy and data base that is used by 
Statistics Austria to backcast the series for the period 1996 to 20044.  
 
For the Indices of Turnover this calculation was done by  
 
  TIB = TI2003 x CONT2005,      (1)  
 
where TIB is the resulting matrix of  backcasted  Turnover Indices (t x NACE 2008 
categories) TI2003 stands for a matrix of monthly Turnover Indices 2005 to 2008 (t x 
NACE 2003 categories) CONT2005 is the conversion matrix for turnover 2005 based 
on double coding (NACE 2003 x NACE 2008). 
 
The results according to matrix TI2003 are also published by Statistics Austria. 
Strictly speaking, TIB is not the result of a backcasting procedure, but rather the 
outcome of a forecasting process. From a methodological viewpoint, however, TIB is 
fully compatible with the backasting method used by Statistics Austria to produce 
Turnover Indices for the period 1996 to 2004. 
 

                                                 
4  The calculations were based on a conversion matrix on the 2 digit level of NACE , whereas Statistics 
Austria works on a 3 digit level  
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Out of the TIB matrix the results for four industries for which no 1 to 1 
correspondence exists between NACE 2003 and NACE 2008 were selected to 
illustrate the sensitivity with respect to the underlying model.   
 

Graph 1   Indices Turnover 
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Graph 2   Indices Turnover 
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Graph 3   Indices Turnover 
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Graph 4   Indices Turnover 
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As expected, the micro- and the macro-indices are quite similar for the reference year 
2005. The differences mainly result from the fact that the macro-indices are based on 
the conversion matrix which was computed on the basis of total turnover of the 
entire year 2005, whereas the micro-indices reflect the monthly situation. 
 
For the last month in the series December 2008, the calculations resulted in quite 
remarkable differences for the two versions for the four industries selected as might 
be seen from Table 1.   
 
Table 1. Indices Turnover 2005= 100,0 December 2008. 

    Ratio 
NACE 2008    Micro Macro Macro/Micro 

28  Machinery  157.2 137.4 1.14 
30  Other transport equipment  128.1 130.5 0.98 
32  Other manufacturing  121.5 131.8 0.92 
33  Repair of Machinery  163.8 128.2 1.28 

 
Similar computations were carried out for employment. For the Indices of Persons 
Employed this calculations was done by  
 
  EIB = EI2003 x CONE2005 ,      (2)  
 
where EIB is the resulting matrix of  backcasted  Employment Indices (t x NACE 
2008 categories), EI2003 stands for a matrix of monthly Employment Indices 2005 to 
2008 (t x NACE 2003 categories) CONE2005 is the conversion matrix for persons 
employed 2005 based on double coding (NACE 2003 x NACE 2008). 
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Graph 5   Indices Employment 
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Graph 6   Indices Employment 
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Graph 7   Indices Employment 

NACE 2008 32 Other Manufacturing

85,0

90,0

95,0

100,0

105,0

110,0

2005

01

2005

07

2006

01

2006

07

2007

01

2007

07

2008

01

2008

07

2
0
0
5
 =

 1
0
0
,0

Micro

Macro

Micro Employment Index based on the micro-approach as published by Statistics Austria (2009) 

Macro Employment Index derived from Equation (2) 

 



 18 

Graph 8   Indices Employment 

NACE 2008 33 Repair of Machinery
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For December 2008 the calculations again resulted in quite remarkable differences 
for the two versions for the four industries selected as might be seen from Table 2.   
 
Table 2. Indices Employment 2005= 100,0 December 2008. 

    Ratio 
NACE 2008    Micro Macro Macro/Micro 

28  Machinery  109.9 105.6 1.04 
30  Other transport equipment  120.7 98.7 1.22 
32  Other manufacturing  93.4 106.2 0.88 
33  Repair of Machinery  106.1 101.0 1.05 

 
Compared to the average of 2005, the official micro-based Index of Employed 
Persons shows a remarkable increase in employment in industry NACE 2008 30 
Other transport equipment, whereas an index based on the methodology which is 
used for backcasting would have shown a decrease in employment. The opposite 
situation is given for industry NACE 2008 32 Other manufacturing. 
 
Indices like the one for turnover or the one for employed persons are no “stand 
alone “ indicators. They are often combined to yield additional insight in short term 
and long term movements. Based on the calculation of these indices in a final 
exercise, therefore, indices for turnover per employee were computed. The micro-
version is based on the official Index for Turnover and the Index for Employed 
Persons, whereas the macro-version was simply derived by dividing the backcasted 
Indices of Turnover by the backcasted Indices for Employment: 
 
TEIB = TIB/EIB,          (3)  
 
where TEIB is the resulting matrix of  backcasted  Indices of Turnover per Employee 
(t x NACE 2008 categories). 
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Graph 9   Indices Turnover per Employee 
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Graph 10   Indices Turnover per Employee

 NACE 2008 30 Other Transport Equipment
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Graph 11   Indices Turnover per Employee 

NACE 2008 32 Other Manufacturing
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Graph 12   Indices Turnover per Employee
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Table 3. Indices Turnover per Employee  2005= 100,0 December 2008. 

    Ratio 
NACE 2008    Micro Macro Macro/Micro 

28  Machinery  143.0 130.1 1.10 
30  Other transport equipment  106.1 132.2 0.80 
32  Other manufacturing  130.1 124.2 1.05 
33  Repair of Machinery  154.4 126.9 1.22 

 
These few graphs and figures illustrate that concepts really matter and that the 
differences between the results of alternative methods are quite large. Please note 
that all examples were taken from the manufacturing sector in which only minor 
changes occur. The only major change in manufacturing is that repair and 
installation of machinery and equipment, which was formerly classified under 
manufacturing of the corresponding type of equipment, is now identified separately 
in NACE 2008 33 Repair and installation of machinery and equipment. Please also 
note that the empirical examples only cover a time period of four years, whereas the 
backcasting period for most time series will be 10 to 15 years. The few illustrations 
thus clearly underestimate the size of the problem. 
 
It is also worthwhile mentioning that in the last examples dealing with “turnover per 
employee” two series were combined which were based on the same concepts. In the 
real world of data provided by Statistical Offices this will not always necessarily be 
the case. In Germany for example, in the field of Short Term Indicators the 
backcasting of variables like turnover, production and value added relies on a 
macro-approach of a very specific kind, whereas the backcasting of employment is at 
least for some years based on a micro-approach (see Bald-Hebel 2009). 
 
Turnover and employment were used as indicators because for these two sets of 
series Statistics Austria presents monthly data, in both cases raw data before any 
further adjustments for working days or seasonality.  
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3.3. Selected Sensitivity Analyses – Labour Productivity Equations 

 
Differences in the basic statistics affect the results of INFORUM models, as they 
result in different parameters and in different simulation outcomes and forecasts. In 
order to assess the sensitivity of such results the two alternative types of time series 
described above were used to estimate simple labor productivity equations. Annual 
data for the period 1996 to 2008 was used relating output in real terms to 
employment. The data for 1996 to 2005 is identical in both types of series; differences 
only occur in the years 2006 to 2008.  
 
For many industries the resulting employment/output ratios or labor productivity 
indicators of both series (the “original” and the “backcasted”) are identical, in many 
industries the differences are not very pronounced, for some industries, however, 
they turn out to be quite remarkable. One example is industry NACE 2008 30 Other 
vehicles. As might be seen from Graph 13 the macro-approach (similar to the one 
used for the years before 2005 also employed for the years 2006 to 2008) of variable 
eoq30b leads to a much faster decline of the employment/output ratio than an 
estimate based on the construction of this indicator according to the micro-approach 
(variable eoq30o).   
 

 
 
In Graph, 13eoq30o is employment/output ratio NACE 2008 30 published data 
(micro-approach), but eoq30bis employment/output ratio NACE 2008 30 backcasted 
data (macro-approach). 
  
Labor equations were chosen to illustrate the sensitivity of model results having in 
mind that “modeling labor productivity is one of the most challenging topics in 
building a multisectoral model” (Almon, Grassini 1999, p. 391) and that “the growth 
of labor productivity is probably the single most important determinant of the 
growth of real per-capita income in the economy” (Meade 2001, p.12).  
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The labour productivity equation on the basis of a simplified version of the trend 
specification used by Meade (2001) on the basis of the data published by Statistics 
Austria (see Equation 1) leads to a forecast of the output/employment ratio of 1,30 
for 2015 (2005 = 1,0). 
 
Equation 1 

title LabProd Equation Other Vehicles    Type 1   

subti Data 2006 to 2008 Micro-approach  

r lqoe30o = t  

:                        LabProd Equation Other Vehicles    Type 1 

  SEE   =       0.08 RSQ   = 0.6256 RHO =   0.13 Obser  =   13 from 1996.000 

  SEE+1 =       0.08 RBSQ  = 0.5916 DW  =   1.74 DoFree =   11 to   2008.000 

  MAPE  =     234.05 Test period:   SEE     0.19 MAPE 1.80e+07 end  2015.000 

    Variable name           Reg-Coef  Mexval  Elas   NorRes     Mean   Beta 

  0 lqoe30o               - - - - - - - - - - - - - - - - -     -0.10 - - - 

  1 intercept              -55.64233    63.6 572.60    2.67      1.00 

  2 t                               0.02774    63.4 -571.60    1.00   2002.00  0.791 

 

In Equation 1, lqoe30o is log of output/employment ratio NACE 2008 30; official 
data based on the micro-approach for 2006 to 2008; t is time trend. 
 
The same specification results in a forecast of 1,43 (!) if the estimation is based on a 
time series based on the macro-approach (Equation 2): 
 
 
 
Equation 2 

 
title LabProd Equation Other Vehicles    Type 1 

subti Data 2006 to 2008 Macro-approach  

r lqoe30b = t  

:                        LabProd Equation Other Vehicles    Type 1 

  SEE   =       0.08 RSQ   = 0.7168 RHO =   0.12 Obser  =   13 from 1996.000 

  SEE+1 =       0.08 RBSQ  = 0.6911 DW  =   1.76 DoFree =   11 to   2008.000 

  MAPE  =      50.07 Test period:   SEE     0.27 MAPE 2.56e+07 end  2015.000 

    Variable name           Reg-Coef  Mexval  Elas   NorRes     Mean   Beta 

  0 lqoe30b               - - - - - - - - - - - - - - - - -     -0.08 - - - 

  1 intercept              -67.70471    88.1 832.52    3.53      1.00 

  2 t                              0.03378    87.9 -831.52    1.00   2002.00  0.847 

 

In Equation 2, lqoe30b is log of output/employment ratio NACE 2008 30; backcasted 
data macro-approach for 2006 to 2008 also; t is time trend. 
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It is worthwhile mentioning that the last “observations” of variables qoe30o and 
qoe30b (and consequently of lqoe30o and lqoe30b) are also already quite different.  
 
An alternative specification along the lines discussed by Almon and Grassini (1999) 
and Grassini (2008) in the tradition of Verdoorn’s Law also depicts a remarkable 
sensitivity of the results with respect to the underlying data. Equation 3 (see also 
Graph 14) based on the official data leads to a forecast of an employment/output 
ratio of 0.84 for the year 2015, whereas Equation 4 (see also Graph 15) based on 
backcasted data for the entire period to a forecast of 0.77 for 2015. Both forecasts 
assume an annual growth of total output in real terms of 2% for all the years from 
2009 up to 2015. 
 

 
 
Equation 3 

 
title LabProd Equation Other Vehicles    Type 2 

subti Data 2006 to 2008 Microapproach 

lim 1997 2008 2015 

r eoq30o = q30o, dq30o 

:                        LabProd Equation Other Vehicles    Type 2 

  SEE   =       0.05 RSQ   = 0.8269 RHO =   0.51 Obser  =   12 from 1997.000 

  SEE+1 =       0.04 RBSQ  = 0.7884 DW  =   0.99 DoFree =    9 to   2008.000 

  MAPE  =       3.76 Test period:   SEE     0.88 MAPE 8.83e+07 end  2015.000 

    Variable name           Reg-Coef  Mexval  Elas   NorRes     Mean   Beta 

  0 eoq30o                - - - - - - - - - - - - - - - - -      1.08 - - - 

  1 intercept                1.45933   676.9   1.35    5.78      1.00 

  2 q30o                    -0.00407   112.6  -0.33    1.24     88.33 -0.821 

  3 dq30o                   -0.00279    11.2  -0.02    1.00      6.75 -0.212 

 

In Equation 3, eoq30o is employment/output ratio NACE 2008 30; official data based 
on the micro-approach for 2006 to 2008; q30o is output NACE 2008 30; official data 
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based on the micro-approach for 2006 to 2008; dq30ois change in output NACE 2008 
30; official data based on the micro-approach for 2006 to 2008. 
 

 
 
Equation 4 

 
title LabProd Equation Other Vehicles    Type 2 

subti Data 2006 to 2008 Macroapproach  

lim 1997 2008 2015 

r eoq30b = q30b, dq30b 

:                        LabProd Equation Other Vehicles    Type 2 

  SEE   =       0.04 RSQ   = 0.9042 RHO =   0.58 Obser  =   12 from 1997.000 

  SEE+1 =       0.04 RBSQ  = 0.8830 DW  =   0.83 DoFree =    9 to   2008.000 

  MAPE  =       2.87 Test period:   SEE     0.82 MAPE 8.22e+07 end  2015.000 

    Variable name           Reg-Coef  Mexval  Elas   NorRes     Mean   Beta 

  0 eoq30b                - - - - - - - - - - - - - - - - -      1.06 - - - 

  1 intercept                1.59715   781.9   1.50   10.44      1.00 

  2 q30b                    -0.00605   202.6  -0.49    1.24     85.78 -0.905 

  3 dq30b                   -0.00234    11.2  -0.01    1.00      5.79 -0.154 

 

In Equation 4, eoq30b is employment/output ratio NACE 2008 30; backcasted data 
macro-approach for 2006 to 2008 also; q30bis output NACE 2008 30; backcasted data 
macro-approach for 2006 to 2008 also; dq30b is change in output NACE 2008 30; 
backcasted data macro-approach for 2006 to 2008 also. 
 
In the few equations presented above, no attempt is made to present meaningful 
estimates for the relation between output and labor input in a specific industry. 
These few calculations were only carried out in order to illustrate the considerable 
sensitivity of the results with respect to the underlying data. 
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In both examples the estimates based on time series entirely relying on a backcasting 
procedure (marked with “b”) led to somewhat better fit than the estimates using the 
“official” time series (marked with “o”) which are based on a backcasting procedure 
for the period 1996 to 2004 but on the micro-approach for the rest of the period. This 
result might also reflect the fact that the completely model generated series “b” are 
more homogeneous than the official series “o”. 
 
The scenario behind the analysis presented here is not a very realistic one. In the real 
world of Official Statistics the alternative version “b” would rather be based on the 
last year, in most cases 2008. Again it deserves mentioning that the results rather 
understate the sensitivity since only three values out of 13 of the time series are 
different.  
 
 
4. Revision of the System of National Accounts 

 
The revision process which was started by the UN Statistical Commission in 2003 is 
almost finished. Volume 1 (the SNA framework in terms of accounting conventions, 
the accounts and the integration of the accounts) was adopted by the UN Statistical 
Commission in March 2008. Volume 2 comprising mainly the interpretation of the 
accounts and various extensions such as satellite accounts was adopted in February 
2009. Pre-edit, white-cover versions of Volume 1 and Volume 2 are already available 
under http://unstats.un.org/unsd/nationalaccount/snarev1.asp 
 
In the EU National Accounts are governed by legally binding regulations because 
results of National Accounts are to a large extent directly used for 
operational/administrative purposes.  A new regulation is intensively discussed at 
the moment. The European System of National Accounts ESA will again be 
consistent with the SNA as regards definitions, accounting rules and classifications. 
In cases where SNA is flexible and includes several alternatives, ESA generally 
chooses a particular option to guarantee full comparability at EU level. The new ESA 
will cover both methodological references and data transmission requirements. 
According to the present timetable5, the draft for the new regulation should be ready 
in 2010 and the Regulation adopted by the European Parliament and the Council in 
2012. Application of the new ESA could then start in 2014. 
 
 
5.  Consequences for INFORUM Modeling  

 
The changes in the activity and product classification systems will have more severe 
consequences on INFORUM modeling than the moderate revision of National 
                                                 
5 State of affairs as of end of November 2009.  
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Accounts. The change in the classifications will necessarily lead to disruptions in 
many time series.  
 
In the EU the data situation in the transition period 2008 to 2011 will be very specific. 
National Account figures will be still presented in a disaggregation by NACE 
Rev.1.1. The underlying basic statistics, however, are already produced in NACE 
Rev.2 breakdown and the coverage of statistics is also already determined by NACE 
Rev.2 criteria. National accountants will have to do a lot of extra modeling work and 
be quite creative to re-arrange the input data according to the new classifications 
into an old framework. 
 
In the period after 2011 the data situation will be even more demanding. The switch 
to the new classification system will lead to a new statistical world and all 
INFORUM models will have to be re-estimated. In the first years after 2011 most of 
the time series will consist of two parts of different epistemological character. One 
part based on the micro-approach, the other part based on backcasting  procedures. 
Given the variety of methodological concepts which can be used for backcasting and 
the sensitivity of the results of INFORUM models with respect to the data generating 
process (as illustrated in the few empirical examples in this paper) model builders 
will have to pay a lot of attention to the methods used by the Statistical Office in 
their countries. It might well be the case that spurious parameters are just the 
outcome of the specific methods used for backcasting time series and the lack of a 
coherent methodological framework.    
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1. Introduction 

 
The Bilateral Trade Model, (BTM) (Ma, 1996) and country models make up the 
INFORUM system of models. Using  this system implies a simultaneous solution of 
country models and BTM. 

The BTM receives investment data from each national model and uses them to 
compute capital stocks. Capital stock data (where available) are not used; national  
Statistical Offices may adopt different approaches when computing capital stock 
from investment data so that capital stock proves incomparable between countries. 

In the BTM, capital stock is computed by applying the perpetual inventory criterion 
adjusted by ‘Almon’s unit buckets’ (Almon, 2009). As well as investment data, the 
perpetual inventory criterion requires the definition of a replacement rate. Even if 
national  Statistical Offices adopt such a criterion to ‘generate’ capital stock data, the 
different lifetimes and compositions of investment goods in similar capital goods 
concur to make them incomparable between countries. At present, a common 
replacement rate defines capital stock data in BTM. 

In the BTM import share equations consider three explanatory variables: the price 
factor, the capital stock factor and the trend. The price factor explains price 
competitiveness, the capital stock factor reflects non-price factors and the trend is 
introduced to interpret similar non-price determinants. The reason why these two 
explanatory variables are both present in the equation is due to the assumption that 
capital stock may be used as a specific proxy for quality variations of product, where 
the quality variations are supported by the accumulation process and worsened by 
the decay of capital stock. That is to say, a remarkable investment process is 
expected to improve product quality while a rapid capital stock decay process 
reduces non-price competitiveness with a contraction of the import share in the 
destined markets. 

In order to make capital stock data comparable between countries and to emphasize 
the aforesaid  role of product quality variation indicators, a common replacement 
rate was used in the BTM and set at 8 per cent. This replacement rate was 
considered, on  average, much more weighty than that used by national Statistical 
Offices. 
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2. Investments, Capital Stocks and Replacement Rates 

 
Following the Methodological Guide issued by EUROSTAT a few years ago 
European Member States began to publish new national account time series. Using 
investment and capital stock data for Italy,  a replacement rate time series was 
computed and presented at the XV INFORUM World Conference (Grassini, 2008). 
This time series turned out to be non-constant over time showing clear trends in 
some cases; in particular, the replacement rate was generally higher than the 
‘weighty’ 8 per cent assumed in the BTM. Within the framework of the INFORUM 
system of models, two issues were emphasised: firstly, that replacement rate trends 
could help to explain the scenarios of these ‘exogenous’ parameters. Secondly, that 
the magnitude, as well as the spread of each capital stock replacement rate, poses a 
dual choice: a) in estimating import share equations; b) in forecasting import shares 
in the Bilateral Trade Model. 

Here, the impact of different replacement rates on the import share equation 
estimate is presented. 

 
3. Experimental Design 

 
The experimental design is very simple. In the BTM, the replacement rate is 
constantly equal to 8 per cent. Here, import share equations are estimated using 
replacement rate values varying from 7 to 14 per cent, with increases of 1 per cent. 

The objective was to evaluate the impact of capital stock time series obtained using 
different replacement rates, on the import share equation parameter estimates.  The 
investigation was limited to  Italian shares within the INFORUM system of national 
models. 

3.1. Italian Capital Stock Time Series 

 
The impact on Italian capital stock time series is shown in Fig. 1. 

The capital stock shown in the graphs is related to replacement rates of 7, 9, 11 and 
14 per cent.  Fig 1A represents the capital stock in Agriculture; this is a case where 
the negative trend of capital stock increases as the replacement rate moves from 7 to 
14 per cent. In Fig. 1B for Fish and other fishing products, the capital stock shows a 
negative trend for low replacement rates which increases as the decay of capital 
becomes more severe.   
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Fig.1A                                                                Fig. 1B 
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In Figure 1C (rubber and plastic products) shows the case of a decreasing trend for 
higher replacement rates; while in Figure 1D, Machinery and equipment n.e.c., 
capital stock ranges from a positive to negative trend. 
 
Fig. 1C                                                                     Fig. 1D 
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3.2. Italian, French, German and Spanish capital stock time series at different replacement 

rates 

 
Figures 2 show capital stock time series graphs for Italy, France, Germany and Spain 
obtained using the lowest replacement rate considered in this study (7 per cent) and 
those computed with the highest (14 per cent). 

Figure 2A shows a high capital stock trend for Germany and Italy’s higher 
replacement rate.   
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Figure 2B shows the case of rising and falling trends moving from 7 to 14 per cent: 
France and Germany’s capital stock varying more dramatically than Italy and 
Spain’s. 

Fig. 2A                                  Textiles; Wearing apparels; Furs. 
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Fig. 2B                                     Leather and leather products. 
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In Figure 2C, Germany and Italy’s capital stock trends change visibly from 7 per cent to 14 
per cent while France and Spain’s time series remain stable. 

Figures 2A- 2C show that the replacement rate matters when computing capital 
stock time series; however, the effect may be significant or negligible. Furthermore, a 
higher replacement rate has a tendency to slow down positive trends and to 
accelerate negative trends. If this effect, by chance, homogeneously influences all the 
capital stock time series used to define the explanatory variable in an import share 
equation, that explanatory variable will turn out not to be affected by different 
replacement rates. 
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Fig.2C                              Chemicals. Chemical products and fibres. 
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4. The Import Share Equation Re-estimated 

 
The import share equations were re-estimated using a set of independent 
explanatory variables generated by different replacement rates chosen to compute 
capital stock time series. Each set of independent explanatory variables contains 
identical data for prices and for Nyhus’s trends. 

The  selection procedure of the explanatory variables followed the criterion adopted 
by Ma (Ma, 1996).  

When the import shares are not zero, the equation estimate may have all  three 
explanatory variables (a Price term, a Capital stock term and the trend) or a subset of 
them. In particular, there are cases with a) Price term elasticity, Capital term 
elasticity and trend, b) Price term elasticity and Capital term elasticity, c) Capital 
term elasticity and trend, d) Price term elasticity and trend, e) only Price term 
elasticity, f) only Capital term elasticity and g) only trend. Of course, the impact of 
the replacement rate can be observed in those cases which include the capital stock 
factor, that is to say a), b), c) and f). 

In the import share equations relative to Italy, in the importing countries cases with 
a single explanatory variable (cases e), f) and g)) are rather sporadic. Cases a), b), c) 
and d) prevail. The impact of different replacement rates on import share equation 
estimates was investigated taking into account the size of the Italian import share; 
that is to say, the relative magnitude of Italian exports in a foreign market deserves 
special focus because of the import share forecast treatment in the BTM model. 
Germany, France, Spain and UK are the countries where Italy – for some of the 120 
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commodities in the BTM – shows large import shares. Table 1 shows three import 
share equation estimates for different replacement rates. These results are 
representative of those obtained in a number of estimates. First, different 
replacement rates produce irrelevant changes to the  goodness of fit. Price term 
regression coefficients change steadily in Home Apparel in the German Market and 
Other Textiles in  the Spanish Market; in the Spanish Market Construction 
Equipment share, the Price term regression coefficient is unaffected by replacement 
rate changes.  

Table 1. Import share equation estimates. 

                                            Home Apparel - German Imports from Italy 

 

 

Regression Coefficients 

 

                Mexval RSQ 
REP% intercept price capital NyhTrend price capital NyhTrend  
7 -1.72 -2.15 1.82 0.024 48.7 4.6 0.9 0.92 
8 -1.72 -2.09 1.75 0.018 49.6 4.0 0.6 0.91 
9 -1.70 -2.05 1.26 0.009 45.7 3.0 0.1 0.91 
10 -1.69 -2.01 1.05 0.003 44.7 2.5 0.0 0.91 
11 -1.68 -1.96 1.00 -0.001 45.3 2.1 0.0 0.91 
12 -1.67 -1.94 0.75 -0.006 43.4 1.7 0.0 0.91 
13 -1.66 -1.91 0.62 -0.010 43.0 1.4 0.3 0.91 
14 -1.66 -1.88 0.53 -0.013 42.8 1.1 0.6 0.91 

                                             Other Textiles - Spanish Imports from Italy 
 

 

Regression Coefficients 

 

                Mexval RSQ 
REP% intercept price capital    NyhTrend  price capital NyhTrend  
7 -1.71 -1.88 0.99 -0.0021 23.6 0.8 0.1 0.77 
8 -1.71 -1.85 0.83 -0.0027 25.0 0.6 3.9 0.77 
9 -1.70 -1.82 0.70 -0.0032 23.8 0.5 0.4 0.77 
10 -1.70 -1.79 0.58 -0.0036 24.0 0.4 0.5 0.77 
11 -1.69 -1.77 0.49 -0.0040 26.0 0.3 2.7 0.77 
12 -1.69 -1.75 0.41 -0.0044 24.4 0.3 0.8 0.76 
13 -1.68 -1.72 0.33 -0.0047 24.7 0.2 1.0 0.76 
14 -1.68 -1.70 0.27 -0.0050 25.0 0.2 1.2 0.76 

                                         Construction Equipment - Spanish Imports from Italy 
 

 

Regression Coefficients 

 

                Mexval RSQ 
REP% intercept price capital    NyhTrend price capital NyhTrend  
7 -1.74 -3.55 0.80 0.0049 82.4 0.7 0.2 0.72 
8 -1.74 -3.54 0.72 0.0048 81.6 0.7 0.1 0.72 
9 -1.74 -3.54 0.65 0.0046 82.2 0.6 0.2 0.72 
10 -1.74 -3.54 0.59 0.0043 82.1 0.6 0.2 0.72 
11 -1.73 -3.54 0.53 0.0040 81.4 0.5 0.1 0.72 
12 -1.73 -3.54 0.48 0.0036 81.9 0.4 0.1 0.72 
13 -1.73 -3.54 0.42 0.0031 81.8 0.4 0.1 0.72 
14 -1.73 -3.54 0.37 0.0027 81.7 0.3 0.1 0.72 

 



 35

According to the Mexval indices, in these cases the Price term has the highest 
explanatory power, while the Capital term and the Trend make little contribution to 
the description of the import share. Capital term and Trend, with a relatively good 
correlation, tend to exchange the duty of explaining the dependent variable. The case 
of Home apparel in German imports from Italy clearly shows this trade-off with the 
trend regression coefficient passing steadily from positive to negative values. But, 
behind regression coefficient changes, the fit is not influenced as is clear from the 
RSQ values. In Figures 3A and 3B this is even more striking: there are no discernible 
differences in the prediction estimated using different replacement rates. 

Table 2 contains two cases b): price and capital terms. Both concern Italian exports of 
fruits to the British and French markets; in both the Price term coefficient decreases 
as the replacement rate increases. The Capital term increases in the French market 
while it halves in the UK market. R-square is very stable in the UK and for the 
French market some improvement is achieved with higher replacement rates. Even 
in these cases, Mexval indices declare the Price term as the explanatory variable 
producing the strongest reduction of the Standard Error of Estimate (SEE). In these 
cases, the Capital term does not share its explanatory power with the Trend; so that 
the predictions obtained with different replacement rates may not overlap as in the 
case described above.  

Furthermore, the intercepts shown in Tables 1 and 2 do not vary very much. Since 
the sample ranges from year 1990 up to 2005, and given the value of the explanatory 
variables (Capital and Price terms equal to 1 and Nyhus Trend equal to zero in year 
2005), the intercept is the share predicted by the estimated equation in  year 2005. It 
represents the import share which  will be influenced by  two (case b)  or three (case 
a) multiplicative factors over the forecasting horizon. 

Table 2. Import share equation estimates. 

  Fruits - Italian Import Share of the UK Market  
  Regression coefficients  Mexval RSQ 

REP%  intercept price capital  price capital  
7  -3.17 -1.38 3.20  109.4 21.8 0.82 
8  -3.17 -1.35 2.90  105.5 23.3 0.83 
9  -3.18 -1.32 2.62  101.8 24.5 0.83 
10  -3.18 -1.30 2.37  98.6 21.6 0.83 
11  -3.19 -1.28 2.15  96.6 26.5 0.83 
12  -3.19 -1.27 1.98  94.1 27.2 0.84 
13  -3.19 -1.25 1.80  92.4 27.9 0.84 
14  -3.20 -1.24 1.66  91.5 28.4 0.84 
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  Fruits - Italian Import Share of the French Market  
  Regression coefficients  Mexval RSQ 

REP%  intercept price capital  price capital  
7  -2.58 -1.81 0.55  62.9 0.1 0.74 
8  -2.56 -1.88 1.49  78.9 1.3 0.75 
9  -2.54 -1.90 2.12  94.0 3.4 0.76 
10  -2.54 -1.89 2.45  105.9 6.1 0.77 
11  -2.54 -1.85 2.58  113.4 9.1 0.78 
12  -2.54 -1.82 2.58  116.8 11.8 0.79 
13  -2.54 -1.77 2.49  118.1 14.9 0.80 
14  -2.55 -1.73 2.37  117.7 17.4 0.81 

 
5. Fit and Forecasting 

 
Goodness of fit indicators are initial guides to evaluating regression estimates. 
Subsequently, descriptive statistics and statistical hypothesis testing may lead to 
exhaustive analysis of regression estimates; but, when used for forecasting purposes, 
the evaluation viewpoint may change considerably. 

The estimation procedure used in BTM (Ma, 1966) is based on the least square 
method with the constraint to get parameter estimates within given feasible sets. 
Price term elasticity is limited in the interval (-4.0,0.0); Capital term elasticity in 
(0.0,+4.0). If  Capital term elasticity turns out to be greater than 4.0, it assumes a 
value of 4.0; if elasticity is negative, this explanatory variable is excluded from the 
model.  Price term elasticity is subjected to the same criterion within its parameter 
feasible set. 

Many Italian import share equation estimates at different replacement rates present 
Price term and Capital term elasticity stuck at their limit values (respectively -4.0 and 
+4.0; not zero, because in such case the variable would not be included in the 
model). The cases presented in the previous paragraph were selected from those 
with an elasticity estimate changing in their feasible set. 

Goodness of fit turned out to be moderately influenced by changing replacement 
rates while Capital as well as Price elasticities showed relevant and interesting shifts. 
In addition, Capital term revealed a modest explanatory power compared to that 
shown by Price term. This result might induce one to consider Capital term a 
second-rate explanatory variable. In forecasting, this judgement is misleading; in 
fact, once the estimation stage is over each explanatory variable works fully on the 
basis of its estimated parameter, independently of the explanatory power measured. 

The importance of estimated Capital term elasticity was examined in the forecasting 
horizon 2005-2030. The scenario was designed as follows. The NyhusTrend was 
computed on the basis of the December 2008 INFORUM forecast. The price term was 
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assumed constant over time; that is to say, no price effect was considered. The 
Capital term increased by 1 per cent per year while the fit in Figures 3A-D  relates to 
the import share logarithm, Figures 4A-B show the time path of the import shares as 
they work in the BTM at  7, 10 and 14 per cent replacement rates. 
 
Fig. 3A                                                                 Fig. 3B 
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Fig. 3C                                                                 Fig. 3D 
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Figure 4A shows the forecast for the Italian share of the German Home Apparel 
market. In Table 1, the impact of different Capital stock terms on the regression 
coefficient estimates and on the goodness of fit is seen. Here, the ‘out of the sample’ 
impact was evaluated. In Table 1, impact was irrelevant in term of fit; Price term 
elasticity showed a 10% reduction in absolute value as the replacement rate moved 
from 7 to 14 per cent;  Capital term elasticity decreased from 1.82 to 0.53 and the 
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NyhusTrend changed direction: positive at low replacement rates and negative at 
the highest. These changes are reflected in the import share equation performance 
‘out of the sample’; these changes are clearly shown in Fig. 4A. 

Fig. 4B shows the forecasting performance of an import share equation which does 
not include the NyhusTrend. In Table 2, this equation shows a marked improvement 
in fit, a clearly stable intercept and a modest change in Price term elasticity; the 
Capital stock regression coefficient goes from 0.55 to 2.37  reaching a peak of 2.58 at a 
replacement rate of 11 per cent. The impact of replacement rates on the Capital stock 
term is clearly reflected in Fig 4B: higher Capital stock elasticities emphasize the 
trend of import share forecasts. 

Figures 4A and 4B show that the Capital stock term computed at different 
replacement rates influences import share equation forecasting performance, but no 
hint is given about changes in trend. 

Fig. 4A                                                               Fig. 4B 
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6. Concluding Remarks 

 
The estimation procedure proposed and adopted  by Ma (1996) was used to test the 
basic idea behind the import share equation. After putting the ‘selected’ estimates  
into the BTM as a forecasting tool, it may be the case to revise and redefine the basic 
criterion. 

As briefly described above, the estimated parameters are sought in two feasible sets: 
one for the Price term and one for Capital term elasticity. Both sets have zero as an 
extreme value.  If the estimated parameter has the wrong sign, it is set at zero so that 
the explanatory variable turns out to be excluded from the equation. When the 
expected sign is right but outside the feasible set, it respectively assumes a value of -
4.0 for the Price term and 4.0 for the Capital term. This criterion is clearly 
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asymmetric because of the chosen extreme value of the feasible sets. In fact, when 
the estimated parameter assumes the zero value, the explanatory variable is 
eliminated; if the estimated parameter has the right sign but is greater than the 
extreme value of the feasible set, the  explanatory variable is maintained with an 
elasticity equal to 4 in absolute value. 

This criterion is useful for giving evidence about the location of the parameter 
estimates and for eliminating  nonsense figures. However, it is risky as a criterion for 
selecting equation estimates to be used in forecasting. In fact, on the basis of those 
scenarios used to measure the impact of Capital term elasticity in the previous 
paragraph, it is worth noticing that an elasticity of 4.0 may imply relevant increases 
of the import shares in the interval 2005-2030. If such  impact affects a dominant 
import share and no other similar impact affects any other import shares, high 
Capital term elasticities may generate crowding out effects on other econometrically 
estimated import share equation forecasts. In fact, import shares are always rescaled 
to sum  to one so that a ‘dominant’ import share forecast can seriously prevail over 
all others. 

The estimates of Italy’s import shares on a number of foreign markets presented 
above are representative of a large number of estimates made to examine the impact 
of different replacement rates used to compute sectoral Capital stock. These results 
suggest a need to adopt an estimation procedure distinguishing  import shares 
according to their size in the various foreign markets. It turns out to be very 
important to closely examine each estimated equation as well as to reduce the 
Capital stock parameter feasible set. There are grounds for improving import share 
forecasts, particularly those  which are ‘dominant’ in  foreign markets. 
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Introduction 

This paper is based on the research conducted under two projects financed by Polish 
Ministry of Science and Higher Education. The main findings and conclusions about 
competitiveness of the Polish economy prepared under the project “Foreign Trade in 
Input-output Tables. Applications.” are based on the calculations made within the 
framework of another project “Analyses of Economic and Social Impacts of Changes 
in Energy Prices in the Polish Economy”.  

In these calculations Polish INFORUM team was supported by partners from 
Technical University of Lodz who prepared scenarios on possible changes in energy 
prices, energy consumption and efficiency. Fast growth of oil price in 2007 was the 
reason for focusing simulation scenarios on primary sources of energy, but domestic 
impulses leading to changes in electricity price were also considered. Reactions of 
the economy were observed not only by means of basic macro indicators. Particular 
attention was paid to households and their level of consumption and incomes.  

This paper, however, considers the results in the area of Polish foreign trade. The 
main question put here is how changes in prices of energy affect competitiveness of 
the Polish economy. 

All calculations were made by using IMPEC7, which was provided with a special 
block of equations endogenizing external (world) prices. General concept of this 
block, as well as other modifications, was described in Boratynski et al. (2007). More 
details on foreign trade part of the model can be found in Przybylinski (2008). The 
number of sectors in foreign trade block was reduced to 30, due to the lack of 
detailed data on import and export of services (and omitting the non-tradable sector 
“water and its distribution”). 

The base scenario and alternatives were run over the period 2009-2020. In the case of 
energy market, this is a rather short period, so variables and coefficients describing 
                                                 
6 Adiunct, Department of Theory and Analyses of Economic Systems, Institute of Econometrics, 
University of Lodz, Poland.  
7 Interindustry Model of the Polish Economy based on Inforum framework and software, developed 
at the University of Lodz (Balcerak et al. 1997). The core of the current version of IMPEC is the input-
output table for 2000, with 54 sectors. 
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the technology were generally extrapolated with time trends, and these 
extrapolations were kept unchanged in all alternative scenarios.  

This paper concentrates more on static multiplier analysis, which is a more adequate 
tool for investigating competitiveness. 

Measuring Competitiveness 

The term “competitiveness” was used primarily at microeconomic level, but 
applying it to national economies has also a long tradition. Despite a vigorous 
critique8 and variety of definitions9, this concept is considered as one of the key 
issues in economic development. Achieving competitiveness means high 
productivity, increasing wealth and expanding the economy. Many countries have 
already implemented special programs or at least established government agencies 
or advisory boards aiming at improving national competitiveness, whatever it 
means. 

Lack of the precise and commonly accepted definition leads to a variety of 
measuring methods. Competitiveness at the macroeconomic (and sectoral) level can 
be evaluated a priori and a posteriori. A priori measures show the potential of the 
economy to compete. They are calculated as weighted averages of different rates and 
indicators of factors which are crucial for the efficiency of domestic firms. Most of all 
they consider various types of infrastructure, legal system with its practical aspects 
and efficiency of administration, but they also include values describing social 
development.  

A posteriori measures evaluate competitiveness by its symptoms, like changes in 
relative prices and market shares. Commonly cited World Competitiveness Index, 
prepared by World Economic Forum and Institute of Management Development10 is 
based on both kinds of measures. Such a weighted average can never be ideal; the 
set of measures, as well as weights, are arbitrary chosen and can be criticized (e.g. 
Lall 2001). 

Classical a posteriori measures are based on the concept of the revealed comparative 
advantage (Balassa 1965). Another important way to evaluate competitiveness is to 
observe foreign direct investment, but there is no common approach to this problem 
(see Porter 1990, Dunning 1993).  

                                                 
8 Krugman (1994, 1996) described the concept of national competitiveness as elusive, misleading, 
meaningless and dangerous. 
9 A small sample of available definitions can be found in Aiginger (2006). 
10 See: http://www.imd.ch/research/publications/wcy/ 
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Most of economists agree that the economy can be called competitive if increase in 
export  results from improvement in technology and not from reduction of real 
wages and incomes. So, competitiveness should be measured with more complex 
methodology, considering labour productivity and TFP (Dollar and Wolff 1993). 

IMF economists concentrate their a posteriori methods on price aspects, and that 
leads them to consider real exchange rate, or real effective exchange rate, as the basic 
benchmark of competitiveness (Marsh and Tokarick 1994). 

All these approaches are based on the assumption that movements of relative prices, 
which are interdependent with effective exchange rates, reflect real processes 
improving the effectiveness of economies. 

The scenario experiments presented in this paper allowed only for a narrow study of 
competitiveness. Due to a short horizon, the problems of technological changes and 
labour productivity were not considered. Investments, government spending and 
exchange rate were fixed. Shocks and alterations introduced into scenarios were 
limited to prices of energy, so only changes in price competitiveness could be 
discussed. Impact of price movements on competitiveness was evaluated also by 
observing the short term reactions of Polish imports and exports.   

World Price Formation 

Prices of foreign goods and services were exogenous in previous versions of IMPEC. 
Compared with domestic prices, they were used to explain Polish imports and 
exports. As the product structure of world trade differs from the structure of Polish 
foreign trade, Polish import and export deflators were used instead of world trade 
price indices. Such deflators show movements of world prices seen from the 
perspective of the Polish economy. They reflect changes in prices of products which 
are actually traded between Poland and foreign countries.  

These deflators were endogenized. The equations explaining them serve as tools, 
transmitting changes in world energy prices to the Polish economy. Figure 1 shows 
how these equations are connected to IMPEC. Dotted lines limit the new (at the top) 
and the already existing (at the bottom) parts of the model. 

Detailed scheme of this new part of IMPEC is given on Figure 2. It shows how world 
price (Polish import deflator) of product i is determined by the cost of primary 
energy used to produce a unit of output of this product.  
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Fig. 1. General layout of foreign trade block. 

 
Source: the author’s elaboration. 

 
Fig. 2. World price formation in IMPEC. 

 
Source: the author’s elaboration. 
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All equations are deterministic. World price of product i represents the sum of all 
inputs (costs) necessary to produce a unit of product i. These costs (indices) were 
decomposed into three components: the unit cost of energy, other unit costs and the 
energy efficiency index11. The unit cost of energy was extracted from other costs on 
the basis of the International Energy Agency (IEA) and EUROSTAT data. Prices of 
energy carriers affect the unit costs of energy depending on the share of each type of 
carrier in energy input: 
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         (1) 

where: E

iK  - unit cost of energy for i-th category of products (index), 

sC  - price of s-th energy carrier,  

isW  - share of s-th energy carrier in production of i-th group of products.  

Six types of energy carriers were distinguished. They are listed within the limits of 
the dotted line at the bottom of Figure 2 (structure of energy inputs). There are four 
primary carriers (oil, gas, coal, renewable resources) and two secondary carriers 
(heat and electricity). Prices of three main carriers (oil, gas and coal) will be changed 
in scenarios; they are shown in white on black. 

World price formation formula can be written as: 
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where: N

iK  - other costs per unit of output  for i-th group of products (index), 

iω   - weight, share of energy in costs of production of i-th group of products in base 

year (2000), calculated from EUROSTAT input-output tables12, 

iF  - technological index showing changes in energy consumption per unit of i-th 

group of products,  

R  - exchange rate (index), not shown at Figure 2. 

Prices of primary carriers affect prices of goods and services directly and indirectly 
(via prices of secondary carriers). That is why the price of electricity13 was 
endogenized by using the same method:  

                                                 
11 ODEX, published by European Environment Agency, shows the dynamics of energy productivity, 
which is energy consumption per unit of production. Decreasing value of ODEX means increasing 
energy productivity, as less energy is used to produce the same volume of output. 
12 Input-output tables published by EUROSTAT allowed to include EU countries except Bulgaria, 
Romania, Ireland, Greece, Latvia, Luxemburg and  Malta. Poland is not considered, because weights 
concern foreign economies.  
13 There is no available information about price of heat. Heat is often produced together with 
electricity, so it was assumed that prices of both carriers have the same dynamics. 
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where: E

eleK  - unit cost of primary energy in electricity production (index), 

seleW ,  - share of s-th primary energy carrier in cost of electricity production.  

The set of energy carriers used in formula (3) was, certainly, different from than in 
the formula (1).  
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where: N

eleK  - other costs per unit of electricity production (index), 

eleF  - technological index showing changes in primary energy consumption per unit 

of electricity, 

eleω  - weight, share of primary energy in costs of electricity production in base year 

(2000). 

Very modest information about technology and prices are the reasons, why model 
shown on Figure 2 exhibits some important simplifications: 

1) All renewable resources are put together and treated as one type of energy.   

2) Prices of coke and petroleum products are calculated on the basis of the equation 
2, like prices of “normal” (non-energy) goods. 

3) There is no inflation loop. Changes in prices of goods are not amplified by 
changes in nominal incomes.  

Assumptions for Baseline Scenario 

While the project was running, world economy was going through a stormy period, 
and the current situation greatly influenced the assumptions. Baseline solution and 
final versions of the scenarios were prepared at the very beginning of 2009, when the 
crisis had already began, but they were made on the basis of some forecasts 
elaborated earlier. The analysis covered the period of 2009-2020. 

Simulations were concentrated on prices of primary energy carriers, especially oil, 
gas and coal. Because of the lack of reliable information it was assumed, that prices 
of other types of energy in the baseline solution would follow the three mentioned 
above. Originally, the price forecasts for the baseline solution were prepared at the 
Technical University of Lodz in the beginning of 2008. In almost a year they seemed 
too optimistic, so they were substantially reduced. For 2009 prices were assumed at 
the level of the market data of the end of 2008, and then growth rates were assumed 
1 p.p. less than in the forecasts made by TUL team.  
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The original forecasts were then used in the simulation scenario called “fast 
growth”. In another scenario, called “frozen prices”, the prices were fixed for the 
whole period at the level of the baseline scenario in 2009. Figures 3-5 show the 
assumed prices of the three major energy carriers. 

 
Fig. 3. Price of oil. 2000=1 (30,9 euro/bbl). 

 
Source: EUROSTAT, author’s calculations. 
 
Fig. 4. Price of natural gas. 2000=1 (10,84 euro/MWh). 

 
Source: EUROSTAT, the author’s calculations. 
 
 
Other elements of the equations 1-4 were extrapolated with time trends, except for 
the weights ω , which remained at the level of 2000. Trends in the structure of 
primary energy used for production of electricity were modified according to several 
sources, including press releases about the projected power plants. These trends are 
shown on Figure 6. 
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Fig. 5. Price of coal. 2000=1 (30,9 euro/t SKE). 

 
Source: EUROSTAT, the author’s calculations. 
 

Fig. 6. Structure of primary energy used for electricity production. 
 

 
Source: EUROSTAT, Electricity generation by origin, the forecasts prepared by the author. 

 

Major macro variable fixed exogenously was investment. Forecast of investment was 
taken from the macroeconomic study prepared at University of Lodz (Welfe 2009). 
The rate of growth  was assumed very high in 2011 and 2012 (reaching 20%), because 
of preparation to European Football Championships, and then continuously reduced 
to about 2% in 2020. Government expenditures follow the path of investment, but 
their growth rate is about 3-4 times lower. 

Other assumptions include the exchange rate fixed at the level of 4.5 PLN/Euro. 
Export of OECD countries, which was used as the demand factor in the equation 
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explaining Polish exports, was assumed to grow at the rate of about 2,5% a year 
(average of the years 1995-2002, before the boom started in 200314).   

Such prepared baseline solution was used for simple multiplier analyses and for 
evaluating effects of some scenarios. 

Multiplier Analyses  

To test the model performance, five separate impulses were introduced to the 
baseline solution in 2010.     

The most important question is how the model reacts to changes in world prices of 
three major primary carriers. Each of them were increased by 50% (separately).  

In case of oil, the import prices have risen for all products, but, generally, not much. 
The strongest effect can be found for coke and petroleum products (7.9%) and 
electrical energy (2.5%). Prices for other products have not changed more than by 
0.8%. Domestic prices, calculated with the input-output price equations, react 
stronger. Relations of import versus domestic prices go down by 1.6 to 6.4%. This 
result seems to be contrary to the common opinion that Polish economy is based on 
coal, so the rise of  prices for other carriers should improve its competitiveness. Oil, 
however, is not a substitute for coal. Prices of Polish goods are more sensitive for 
changes in prices of oil because the economy consumes more energy per unit of 
production than the EU on average.  

Because of the unfavourable change in price relations, exports of all groups of 
products decrease, and the total export decreases by 1.9% (the external demand is 
assumed as constant). For the same reason, the total import increases, but only by 
0.4%, because the price effect is reduced by the demand effect. Import decreases in 
approximately a half of the product groups. 

Increase in price of gas results in almost unnoticeable movement of other prices. A 
similar reaction can be noticed in the case of coal.  

The fourth experiment consisted in rising the domestic price of coal by 30%. This 
impulse was introduced exogenously, so the world prices were not changed. The 
economic rationale for such an impulse is a change in value added (e.g. increasing 
tax on coal production or reduction in subsidies).  

As a result, domestic prices rise by 1% to 4%, except for electricity (8.6%). Relation of 
import to domestic prices goes down to about 4% in total. Export of coal is reduced 
by 7.2%,  motor vehicles by 4.2% and other transport equipment by 5.4%. In few 

                                                 
14 http://puck.sourceoecd.org/pdf/factbook2008/302008011e-03-01-02.pdf 
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other groups this effect exceeds 1%. The total export goes down by 1.6% and import 
rises by 0.4%. 

In the fifth experiment, the same type of impulse was introduced for the domestic 
price of electricity. Almost all effects are about three times higher than in the case of 
coal. The coal sector is the only significant exception from this rule. Reactions of 
Polish foreign trade for the selected shocks can be found on Figure 7. 

Fig. 7. Results of multiplier analyses – Polish foreign trade. 
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Source: the author’s calculations. 
 

Such modest response of the model is easy to explain when looking at the cost 
structure of output. As it is shown in Table 1, costs of energy do not  matter much in 
the overall costs of production.  In case of 13 types of products (out of 54) shares of 
energy in the costs of production are less than 1%, for another 24 they do not exceed 
2%. Only three types of products with over 10% shares can be found in Table 1.  

 
Table 1. Share of energy carriers in costs of production in 2000, average for 18 EU countries. 

Products % Products % Products % 

Products of agriculture, 
hunting and related 
services 

2.98

 Fabricated metal 
products, exc. 
machinery and 
equipment 

1.68

 
Water transport 
services 

8.38 

Products of forestry, 
logging and related 
services 

1.42
 Machinery and 

equipment n.e.c. 
1.15
 Supporting and aux. 

transport services; 
travel agency serv. 

1.60 

Fish and other fish 
products; services of 
incidental fishing 

7.27
 Office machinery and 

computers  
0.54
 Post and 

telecommunications 
services 

1.14 

Coal and lignite; peat 14.01
 Electrical machinery 

and apparatus n.e.c. 
1.20
 Financial 

intermediation services, 
except insurance…  

0.47 
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Crude petroleum and 
natural gas; services 
incidental to oil and gas 
extraction…  

6.42

 Radio, television and 
communication 
equipment and 
apparatus 

0.74

 Insurance and pension 
funding services, 
except compulsory 
social security services 

0.41 

Food products and 
beverages 

1.75
 Medical, precision and 

optical instruments, 
watches & clocks 

0.78
 Services auxiliary to 

financial 
intermediation 

0.72 

Tobacco products 0.63 
Motor vehicles, trailers 
and semi-trailers 

0.95 Real estate services 0.42 

Textiles 3.01

 
Other transport 
equipment 

1.01

 Renting of machinery 
and equipment without 
operator and of 
personal and hh. goods 

1.58 

Wearing apparel; furs 0.98
 Furniture; other 

manufactured goods 
n.e.c. 

1.20
 Computer and related 

services 
0.72 

Leather and leather 
products 

1.07 
Recovered secondary 
raw materials 

2.65 
Research and 
development services 

1.19 

Wood and prod. of 
wood and cork (exc. 
furniture); articles of 
straw and plaiting 
mater. 

1.98

 

Electrical energy, gas, 
steam and hot water 

37.18

 

Other business services 0.82 

Pulp, paper and paper 
products 

4.49

 Collected and purified 
water, distribution 
services of water 

5.45

 Public administration 
and defense services; 
compulsory social 
security services 

1.33 

Printed matter and 
recorded media 

1.04 Construction work 0.99 Education services 1.24 

Coke, refined petroleum 
products and nuclear 
fuels 

71.09

 Sale, maint. and repair 
of m. vehicles and 
motorcycles; retail sale 
of automotive fuel 

1.46

 
Health and social work 
services 

1.10 

Chemicals and chemical 
products 

7.11

 Wholesale and 
commission trade, exc. 
of motor vehicles and 
motorcycles 

1.75

 Sewage and refuse 
disposal services, 
sanitation and similar 
services 

1.69 

Rubber and plastic 
products 

2.43

 Retail  trade services, 
exc. of motor vehicles & 
motorcycles; repair 
services… 

2.01

 Membership 
organization services 
n.e.c. 

1.45 

Other non-metallic 
mineral products 

5.61 
Hotels and restaurants 
services 

1.92 
Recreational, cultural 
and sporting services 

1.28 

Basic metals  6.19
 Land transport; 

transport via pipelines 
services 

6.22
 

Other services 1.59 

Source: the author’s calculations based on SIOTs published by EUROSTAT. 
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Results of Scenario Analyses 

Alterations introduced to the baseline scenario were limited to prices of three major 
primary energy carriers. They are presented on Figures 3-5. Prices of other primary 
energy follow them.  

As it was mentioned before, the model is focused on short term relations, which is 
manifested in fixing some important elements of the model, like the input-output 
coefficients, investments and external demand. These features of the model do not 
allow for any technology substitution in response to changes in the prices for energy. 
Another consequence of such an approach is weak dynamics of the model. That is 
why these simulations should be treated rather as the first three multipliers put 
together and extended in time than comprehensive  projections of the economy 
development.  

Additionally, a third scenario was tested, assuming freezing prices of renewable 
energy only.   

Results of the simulations stand in line with the results of the multiplier analyses. 
The strongest effect might be noticed in the case of electricity price (Figure 8). The 
scenario of fast growing prices gives the average growth rate about 0.5 p.p. higher 
than in the baseline scenario; freezing prices reduce it by 0.7 p.p. These effects are 
spread over prices of other products, depending on the cost structure of output (see 
Table 1). The reaction of the price of coke and refined petroleum products is much 
stronger than the electricity (1.7 and -2.7 p.p. respectively, see Figure 9).  

Fig. 8. World prices of electricity, 2000=1. 
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Fig.9. World prices of coke and refined petroleum products, 2000=1. 
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 Source: EUROSTAT, the author’s calculations. 
 

Fish, pulp and paper, chemicals and other non-metallic mineral products give also 
quite high responses (about 0.5 and -0.5 p.p.). Prices of half of products change less 
than 0.1 p.p. (the chosen results are presented on Figures 10 a-f). 

 

Fig. 10. World prices of the chosen products, 2000=1. 
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c) textiles
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Source: the author’s calculations. 
 

Domestic prices are generally more sensitive than world prices, but this difference is 
significant in some particular branches, especially branches that could be labeled as 
metal and electro-machinery group. Such results mean a slightly negative relation 
between energy prices and price competitiveness of the Polish economy. The final 
element of this analysis is provided in Table 2.  

Numbers in Table 2 show the reaction of Polish import and export for the alterations 
introduced in the scenarios. They depend on changes in price competitiveness 
(relative prices) combined with price elasticities. The most sensitive types of 
products, apart from energy carriers, are motor vehicles, trailers and semi-trailers 
and other transport equipment. Fast growth in prices of energy results in worsening 
the competitiveness of the Polish economy and, consequently, leads to export 
reduction. Freezing prices give, certainly, the opposite result. In case of import, the 
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demand effect outweighs the price effect15. Total import does not change 
significantly16.  Generally, changes in volume of Polish foreign trade are very 
modest, comparing to the impulses. 

 

Table 2. Average deviations from the growth rates (in %).  

Products 

Fast growing 
prices 

Frozen prices 

Import Export  Import Export 

Products of agriculture, hunting and related services -0.2 -0.0 0.1 0.1 

Products of forestry, logging and related services -0.1 -0.0 0.0 0.0 

Fish and other fish products; services of incidental fishing -0.5 -0.0 0.4 0.0 

Coal and lignite; peat  -17.2 0.4 24.1 -1.2 

Crude petroleum and natural gas; services incidental to oil 
and gas extraction excluding surveying 

-0.2 0.4 0.3 -1.5 

Food products and beverages -0.1 -0.3 -0.1 0.3 

Tobacco products -0.2 -0.2 -0.0 0.2 

Textiles -0.2 -0.0 0.2 0.1 

Wearing apparel; furs 0.2 -0.1 -0.2 0.1 

Leather and leather products -0.3 -0.4 0.2 0.4 

Wood and of products of wood and cork (except furniture); 
articles of straw and plaiting materials 

-0.1 -0.1 -0.1 0.2 

Pulp, paper and paper products -0.1 0.0 0.1 0.0 

Printed matter and recorded media -0.1 -0.1 0.0 0.1 

Coke, refined petroleum products and nuclear fuels -0.6 0.1 0.4 -0.0 

Chemicals and chemical products -0.1 -0.0 0.1 0.1 

Rubber and plastic products -0.2 -0.1 0.1 0.1 

Other non-metallic mineral products -0.1 0.0 0.1 0.1 

Basic metals  -0.4 -0.0 0.3 0.0 

Fabricated metal products, except machinery and equipment 0.1 -0.0 -0.5 0.0 

Machinery and equipment n.e.c. -0.0 -0.2 -0.1 0.2 

Office machinery and computers  -0.0 -0.0 -0.0 0.0 

Electrical machinery and apparatus n.e.c. -0.2 -0.0 0.0 0.0 

Radio, television and communication equipment and 
apparatus 

-0.0 -0.0 -0.0 0.0 

Medical, precision and optical instruments, watches and 
clocks 

-0.1 -0.0 -0.1 0.0 

                                                 
15 Similar results can be found in Henry and Stokes (2006), although their experiments on LIFT were 
based on different assumptions (e.g. flexible exchange rate, foreign demand modeled with BTM).  
16 The outstanding reaction of import of coal and lignite does not change much in the overall picture, 
because these products are imported in negligible quantities. 
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Motor vehicles, trailers and semi-trailers -0.3 -0.9 -0.0 0.9 

Other transport equipment  -0.3 -0.9 0.3 1.1 

Furniture; other manufactured goods n.e.c. -0.2 -0.3 0.2 0.4 

Electrical energy, gas, steam and hot water  0.4 -0.0 -0.4 0.0 

Services  -0.1 -0.0 0.1 0.0 

Total  -0.1 -0.4 0.0 0.4 

Source: the author’s calculations 
 
 

Conclusions 

• Because of the relatively high energy intensity of the Polish economy, the 
increase in world prices of energy carriers weakens its competitiveness, but 
this effect is rather modest. 

• Significant  influence could be noticed only for rapid movements of oil prices. 
In other words, world prices of energy carriers are transferred to the Polish 
economy via products of oil refining, rather than electricity. 

• Transformation of energy from primary to secondary carriers is mostly done 
domestically. Especially prices for electricity in Poland are much stronger 
affected by domestic factors (like government regulations) than by prices for 
imported primary energy carriers.  

• The previous conclusion will become more important along with the 
development of renewable resources of energy. At this moment, the share of 
these kinds of resources in production of energy is still quite small. 
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INFORUM BASED ANALYSIS OF THE WATER DEMAND AND 

SUPPLY SITUATION IN SOUTH AFRICA IN A REGIONAL 

PERSPECTIVE 
 

David Mullins, Coenraad Scheepers 

Conningarth Economists17, South Africa 

Problem Statement 

With water being a limited resource in South Africa, it is widely accepted that its 
availability will constrain the economic development of the country, unless it is 
better managed.  In some areas of the country water resources are already over 
committed; with the likely result that economic expansion will be inhibited.  With 
the present tools available, it is very difficult to anticipate which unforeseen negative 
effects, sometimes well intended water management and allocation decisions, may 
have on development and the long-term economic prosperity of the country.  
Consequently a need arose to construct a macro-econometric model for South Africa 
that will be able to provide important information on the interacting role of water as 
an economic good in determining the future economic growth in South Africa.   
Moreover, the model should be capable of demonstrating how certain water policy 
scenarios might influence the potential economic growth in future.  Against this 
background the Water Research Commission of South Africa (WRC) contracted 
Conningarth Economists18 to provide such an analytical tool.   

It is well known that, in the model building fraternity worldwide, one will find 
strong differences in the opinion regarding the kind of macro-economic model 
considered to be the “best” type suitable for the kind of forecasting and policy 
impact analyses required for this WRC research project. In view of this the 
consultants were required to conduct a thorough literature survey and evaluation of 
macro-econometric models available for this purpose.  Such a review was required 
to provide a sufficient information in order to recommend a preferred model for the 
South African situation.   

 
Model Evaluation 

After a thorough investigation of economic literature locally and internationally, it 
was possible to rank various model classes according to their “efficiency”, based on 
a standard set of criteria.  The outcome is summarised in Table 1 below:   

                                                 
17

 Economic Consulting firm. 
18 Conningarth Economists:  Final Report, 11 April 2008.   
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Table 1.  Evaluating Model* Efficiencies. 

Model CGE Macro-I-O IM I-O Macro-econometric (SM) 
Neo-classical general 
equilibrium theory 

8 4 5 4 5 

Standard Micro Theory 
• Prices 
• Price elasticities 
• Technology (change) 

 
8 
8 
5 

 
3 
3 
4 

 
6 
6 
5 

 
3 
3 
3 

 
5 
5 
3 

Maintenance 7 5 5 7 6 
Functional forms influence 6 4 4 4 4 
Quality of parameter values 5 4 7 4 4 
Observed economy 4 6 8 4 7 
Data requirements 6 5 5 6 7 
Ease of use 6 7 6 7 6 
Track record (econometric 
testing) 

4 7 8 4 6 

Policy relevance/analyses 5 5 8 5 7 
Equilibrium determinants 6 4 6 4 6 
Dynamism 4 4 8 4 6 
Presenting real world (incl. 
sector specific) 

5 6 8 4 7 

International linkability 5 3 8 4 6 
Accommodating imperfections 5 5 8 4 5 
TOTAL 97 79 111 74 89 
Efficiency percentage 57% 46% 65% 44% 52% 
*Definitions: 
CGE:  Computable General Equilibrium Model 
Macro-IO: Macro-econometric Model Linked to an Input-Output Model 
IM:  Inter-Industry Macro-economic Model [INFORUM based] 
IO:  Input-Output Model 
Macro-Econ.: Macroeconometric Model 
 

As can be seen from Table 1, the IM-based models in total come out somewhat better 
than the others.  It is also clear that the IM-models proved superior only in respect of 
a number of crucial elements, viz.: 

• Its ability to track historical developments 
• Policy relevance/analyses 
• Dynamism   
• International linkability and 
• Accommodating imperfections (especially in the data field) 

This study outcome proved to be sufficient for the WRC to give the go-ahead to 
proceed with the construction of a South African Inter-industry Model aimed at the 
water sector. 
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Theoretical/Empirical Substance of Models Used 

Linking the Water Sector to the Inter-Industry Macro-econometric Model 

As implied above, the Inter-industry Macro-econometric Model (IM) was chosen as 
the main “driver” of a modelling system which must incorporate the water sector.  
After selecting the INFORUM based macro-econometric model (later re-named as 
SAFRIM – the South African Inter-Industry Macro-econometric Model) as the main 
“driver” of the modelling system, the water sector and its inter-relationships with 
the rest of the economy was modelled and linked to this macro model.  The 
Australian approach to model the impact of water policy changes on the economy 
and the demand for water over time was, in principle, also regarded suitable for the 
South African exercise. 

However, the main difference being that in the South African case the SAFRIM – 
INFORUM based macro-econometric model was substituted for the CGE model and 
on the water side use was made of a modelling system developed for the Vaal River 
catchment area in South Africa.  This is in line with international practice to model 
the water sector as a functional part of the economy and linking it to the macro-
econometric system.  The main reasons being of a practical nature i.e. mostly due to 
aggregation (incorporating a detailed sector into a macro-econometric model), all 
sorts of statistical/economic problems ensue.  In short, in a macro model the impact 
on a particular sector via the rest of the economy, presents problems associated with 
aggregation (Frankhauser, P. McCoy, 1995).   

The SAFIM Model was developed by Clopper Almon of the University of Maryland 
and assisted by Gauthier Tshiswaska-Kashalala of Conningarth Economists in 2006.  
It is based on a standard INFORUM framework approach (Almon, C., 2004)  Using 
the Australian model framework and substituting the SAFRIM model for the 
MONASH and linking the South African designed Water Satellite Model (WSM), a 
workable South. 

The African system is derived at (See Figure 1).   
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Fig. 1.  INFORUM Model linked to the Water Satellite Model. 

 
 
From Figure 1 it can be deduced that the WSM will be driven by the outcome of the 
SAFRIM model and in particular the values of sectoral production. 

Diagram 1: Model Structure 
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System Dynamics of the Water Sector Model 

Due to the fact that a unique system dynamic model for water was constructed for 
the Vaal Catchment Area19, useful information was generated especially in the field 
of the demand/price relationships i.r.o. the main water use categories.  This system 
dynamic model was specifically developed to simulate a market clearing process, 
taking into account the supply and use structure.   
 
Demand curves were developed for each one of these demand categories from 
which price elasticities could be derived.  Mathematically the demand curve can be 
expressed as follows: 

 
Where 
D = Total use for a category 
a = Average use per user unit 
b = Change in unit use due to a given tariff change (price elasticity) 
∆T = Change in water tariff 
C = Total number of user units (driver/exogenous variable) 
 
Figure 2 below illustrates the demand curve for heavy industry.   
 
Fig. 2. Demand Curve: Heavy Industry. 
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19 The Value of Water as an Economic Resource in the Vaal River Catchment.  WRC Report No. 
990/1/03 
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Validation of the Model System to South African Conditions 

As a part of the research plan, before the model could be regarded as ready for either 
forecasting or policy impact analysis, it was important to run a few standard tests to 
ascertain its econometric “integrity”.  Usually in the case of a macro-econometric 
model its readiness is validated through testing its ability to simulate the actual or 
historical developments in the economy. In the case of the SAFRIM model on macro 
level, it was easily proven that it could simulate actual developments within the 
acceptable limits of probability. 

As far as the Water Satellite Model (WSM) is concerned, things have not been that 
easy, for the simple reason that a continuous set of historical water demand figures 
over time on either national, sectoral and regional levels were not available in South 
Africa.  So, this made it well nigh impossible to perform the necessary econometric 
validation tests on the outputs of the Water Satellite Model.  Nevertheless, it was 
decided that some form of testing had to be done to provide a reasonable degree of 
certainty that the calculated sectoral water demand figures were within the 
acceptable ranges.  Having established, within the internationally acceptable degrees 
of probability, that the SAFRIM model’s analytical capabilities were acceptable, from 
here on attention was only given to how the WSM was to be validated. 

 

Water Satellite Model 

The first round validation exercise involved the “activation” of the WSM model by 
feeding the actual observed values of the drivers (or exogenous variables) over the 
2000-2006 period into it.  Having done this, the resultant water demand estimates 
per sector over this period and provided by the model were then regarded as the 
“benchmark” water demand figures substituting for the non-existent actual figures. 

The second round of this validation exercise involved a repetition of the previous 
one, excepting that instead of the actual drivers being used, the estimated ones were 
fed into the model.  As was previously indicated, sectoral production figures 
produced by SAFRIM served as major drivers of the WSM. 

 

A summary of the values assigned to the various drivers for the above mentioned 
two exercises are given in Table 2 below. 
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Table 2.  Selection of Drivers used to Run WSM (2000-2006). 

 A 
Water coefficients 

B 
Elasticities 

∆C 
(number of users) 

Irrigation 0.0077 -0.011518 Hectares 
Agriculture   Hectares 
Forestry 0.00032 0.00 Hectares 
Livestock 45 0.00 Stock population (LSU) 
Households 
High 
Low 
Rural 

 
101.8 
20.3 
20.3 

 
-0.35 
-1.12 
-0.12 

Population 

Mining  -0.01589 Production 
Manufacturing  -0.01589 Production 
Electricity and water supply 0.00140 -0.00022  
Tertiary sector  -0.01436 Production 
Parks 74.64 -0.91 Hectares 
Note:  LSU = Large Stock Unit 
 

National Level Results 

The so-called benchmark water demand figures for 2000-2006, as calculated by the 
WSM, are given in Table 3 for the seven main user groups and the economy as a 
whole.   

 

Table 3.  Summary of Total Estimated Water Demand for the Main Sectors of the South 
African Economy, 2000-2006 (million m3). 

 2000 2001 2002 2003 2004 2005 2006 Average 
annual 
growth 
rate 

GDP 
average 
growth 
rate 

Deviation 

Irrigation 7 229 7 386 7 567 7 777 8 000 8 250 8 523 2.78%  -1.32% 
Mining 281 280 282 298 310 340 343 3.15%  -0.95% 
Light 
Manufacturing 214 217 228 237 254 278 278 4.42% 

 0.32% 

Heavy 
Manufacturing 406 412 441 462 467 527 525 4.44% 

 0.34% 

Tertiary 1 917 1 924 1 980 2 226 2 383 2 537 2 587 4.78%  0.68% 
Parks 243 247 252 259 265 271 277 2.17%   
Households 1 985 2 023 2 070 2 118 2 167 2 217 2 268 2.24% 5.11% -2.78% 
Total South 
African 
Economy 13 531 13 745 14 077 14 630 15 105 15 683 16 068 2.91% 

4.10%  
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What is noticeable here is that, with the exception of the tertiary sector, all of the 
sectors’ water demand growth rates were below that of the national economy’s GDP 
growth.  

What is further of importance is that the total water demand growth (2.9% p.a.) 
comprises ±70% of GDP growth (4.1% p.a.).  This is in line with international 
experience in this regard (this amounted to 46% in Australia).  South Africa is still 
regarded as a developing country and, consequently, will experience relatively 
higher growth rates in water demand than the First World Countries. 

From a policy perspective, these figures are important, especially when looking 
forward and considering measures to reduce the “water intensity” of the economy. 

Vaal Water Management Area Results 

In Table 4, a summary of water demand figures for 2000-2006, as calculated for the 
Vaal WMA is also provided for the seven main user groups.  From this table it is 
evident that the total water demand growth is 2.05% p.a. over the period.  This is 
quite interesting, seeing that water demand in the Vaal Catchment is growing slower 
than for the economy as a whole.  This is largely due to the unique sectoral demand 
structure of the Vaal Catchment Area, as compared to that of the economy as a 
whole (for example a declining mining industry).  This aspect will be reconfirmed 
when using the models to forecast future water demand for this region (see the next 
section). 

Table 4.  Summary of “Benchmark” Main Sectoral and National Water Demand, 2000-2006 
(million m3). 

 2000 2001 2002 2003 2004 2005 2006 

Average 
annual 
growth 
rate 

Irrigation 798 816 837 859 883 909 937 2.73% 
Mining 36 35 33 32 31 30 29 -3.22% 
Light Manufacturing 16 17 17 18 18 19 19 2.99% 
Heavy 
Manufacturing 

142 146 151 155 160 164 169 2.99% 

Tertiary 167 173 178 184 191 197 204 3.38% 
Parks 13 13 13 14 14 14 14 1.30% 
Households 800 807 819 83 842 854 867 1.35% 
Total WMA 2 074 2 108 2 150 2 194 2 240 2 290 2 342 2.05% 
 



The Importance of Water for the South African Economy 

The contribution of water to the South African economy has been the subject of 
several studies in the past, for example, see Nieuwoudt, Backeberg and Du Plessis 
(2004), which produced useful information on a methodology to determine the 
contribution of water to the economy. 

 

There are, certainly, various approaches to measuring the contribution of water to an 
economy. The most popular approach is to determine the economic value of water in 
its various demand applications. Based on the economic theory, the value of water 
(and, for that matter, any other commodity) for a private consumer can be quantified 
on two levels, viz: 

The total value thereof; and 
The marginal value (utility) as reflected by the price. 
 
The economic value of water per sector, quantified in some way, is generally used in 
local and international studies to establish the contribution of water to the economy. 
However, it is not easy to find a singularly acceptable method of determining the 
contribution of water to the economy. In the South African situation, for example, 
the contribution of the water sector to GDP is rather small (0.4%), and, as such, this 
measure cannot be regarded as an indication of the sector’s strategic importance. 

 

Two methods or approaches were used in this study to measure the importance of 
water in the economy viz. calculating multipliers and conducting scenario settings 
coupled with water policy changes. 

 

The calculation of water multipliers, i.e. the total increase in sectoral production, 
value added, employment, etc. that results from a unit increase in water input (i.e. 
per m3) should adequately demonstrate the importance of water’s role in the 
economy and between sectors. 

 

The South African Interindustry Macro-econometric Model (SAFRIM), coupled with 
the Water Satellite Model (WSM), was used to calculate water multipliers to express 
water’s contribution to various economic aggregates/indicators in the economy.  
The results are summarised in the next section. 
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The Multiplier Concept 

Input-Output (I-O) based 

The development of industry multipliers is mainly based on the pioneering work of 
Moore and Petersen (1955), and on the later contributions of Hirsch (1959) and 
Miernyk (1965).  

 

Industry multipliers can effectively measure the influence of a change in an 
exogenous variable on the economy. This measurement can be further refined if the 
direct, indirect and induced effects of a change in the exogenous variable are taken 
into account. The measurement of the impact, by means of industry multipliers, can 
be done in terms of the changes in the value of production, income, employment, etc. 

 

Industry multiplier analysis can be expanded vertically via the expansion of the 
levels of inter-linkage effects by consecutively taking into account the direct, indirect 
and induced effects. Horizontally, expansion can be achieved by measuring the 
impact in terms of an increasing diversity of economic quantities (i.e. production, 
income, employment, etc.). 

 

The most elementary multiplier effect that can be measured with regard to 
individual sectors is the so-called Type I-industry multiplier. This kind of multiplier 
can be calculated for each sector by aggregating the elements in each column of the 
Leontief inverse. The main shortcoming of the Type I-industry multiplier in 
measuring the full extent of such an interaction effect is that the interaction process 
ceases after a limited number of rounds. However, the impact of changes beyond 
this interactive process can be effectively measured by applying a Type II-industry 
multiplier which is calculated from a transaction matrix and which is closed with 
regard to households. 

 

Using semi-closed I-O tables as the basis for a model, total (i.e. direct, indirect and 
induced) multipliers for the following range of multipliers can be calculated for 
water: 

Total Water Multipliers  = Production (Rand millions) / 
      Water Consumption (Million m3) 
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Value Added/Water   = Value added (Rand millions) / 
      Water Consumption (Million m3) 
Labour/Water    = Employment [numbers] / 
      Water Consumption (Million m3) 
Capital/Water    = Capital formation (Rand millions) / 
      Water Consumption (Million m3) 
Households/Water    = Household income (Rand millions) / 
      Water Consumption (Million m3) 
Social Impacts/Water   = Social impacts (numbers) / 
      Water Consumption (Million m3) 
 
Given the problem of homogeneity involved in calculating this kind of multiplier 
(Moore and Petersen 1955), together with the assumption of linear production and 
consumption functions in this model, it is advisable to strive for something more 
representative of the actual and more dynamic inter-relationships that exist in an 
economy.  As a consequence, the capabilities of the SAFRM/WSM model 
infrastructure has been used in this study to calculate water multipliers that will be 
more representative of the real situation – in other words, incorporating some of the 
more dynamic features of the IM linked to the South African WSM. 

 

Multiplier Results 

The SAFRIM model, coupled with the WSM, was used to calculate the multipliers 
described above.  The model is closed, so that, whenever an exogenous impact is 
administered, its ultimate impact on endogenous economic aggregates (i.e. GDP, 
employment, investment and household demand) will represent the total effect (i.e. 
direct, indirect and induced).  The SAFRIM model has already demonstrated its 
ability to simulate actual developments over time and has, therefore, been regarded 
as well equipped to calculate water multipliers in a dynamic way.   

 

Table 5 provides an interesting picture of water’s contribution and involvement in 
the South African economy: 

GDP 

As one would expect, agriculture shows a very low range of multipliers, as 
compared to any other sector.  To understand this, one must remember that 
irrigation agriculture is combined with the rest of the agricultural sector (i.e. dryland 
agriculture), and irrigation agriculture only contributed ±30 percent to the total 
agricultural GDP in 2006. 
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Labour (Number of Employees) 

It is interesting here, that, with the exception of agriculture, the weighted average 
multipliers of other sectors do not differ substantially from each other.   

Household Consumer Demand 

Once again, the data shows that the agriculture’s figure of R11 per m3 is well below 
the economy’s average, which is an indication of the agriculture’s weak backward 
linkages, and it’s much lower than the average GDP and labour multipliers (due to 
low productivity levels).  In contrast, the tertiary sector has a figure of R84 per m3 
water used. The reason for the tertiary sector being so high, is the high GDP 
(income) and employment multipliers, which give rise to strong backward linkages 
on the household income side and, ultimately, on the consumer demand.   

 
Table 5.  Weighted Average Multipliers (Rand per m3 water) for the RSA. 

No SAFRIM Sectoral 
Classification 

GDP Number of employees Household 
Income 

Rand per m3 
water 

Employees per million 
m3 water 

Rand per m3 
water 

1 Agriculture 14 204 11 
2 Coal Mining 110 883 73 
 Gold & Uranium Ore 

Mining 
90 942 57 

 Other Mining 96 761 62 
3 Secondary Sector 84 758 66 
4 Tertiary Sector 106 951 84 
 Total economy 95 847 74 
 
 

Measuring the Effect of Water on the RSA Economy – Scenario Setting 

Background 

The “art” of scenario formulation, with the help of an appropriate econometric 
model, is another way of demonstrating, in more quantitative terms, the 
importance/contribution that water can have in and to the economy.  To a large 
extent this exercise also demonstrated the forecasting and policy impact analysis 
capabilities of a modelling system.   

For illustrative purposes, two scenarios were formulated: 

Scenario 1: Current Economic Impact of Water Intensive Sectors, 2006 
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For the purpose of the first scenario, the following question was put to the SAFRIM-
model system, viz: “What will the impact be on the South African economy, if nine 
of the most intensive water users would just stop production?”.  These sectors are: 

Irrigation agriculture. 
Coal mining. 
Gold and uranium mining. 
Other mining. 
Leather and leather products. 
Paper and paper products. 
Basic chemicals. 
Basic iron and steel. 
Basic non-ferrous metals. 
 
Scenario 2: Future Economic Impact of Putting a Constraint on Water Intensive  

         Sectors, 2006-2020 

 

The SAFRIM model loses some of its dynamism when it is “cramped” into one year.  
For this reason, it was decided to test its forecasting abilities, when assuming that the 
same water intensive sectors identified in the previous scenario do not receive more 
water, than they used in the base year.   

 

Even though one could view this kind of assumption as unrealistic (and, possibly, 
sensless), the idea is to demonstrate the impact on the economy of a severe 
curtailment of water supply to selected sectors. Some of the more outstanding results 
of this scenario are given in Table 6, and demonstrates the inner-workings of the 
SAFRIM/WMS model system at this stage, i.e.  

GDP growth rate declines by 0.73% points.   
Employment numbers show a bigger reduction in growth p.a., i.e. 0.82%. 
Water demand itself declines close to 2 percentage points (pa). 
 
Table 6.  Future Economic Impact of Putting a Constraint on Water Intensive Sectors – 2006-
2020. 

No SAFRIM Sectoral    
Growth p.a. over 
period (%)   

  Classification With Water Without Water % Impact 
1 GDP R millions 2.63 1.87 -0.73 
2 Labour Numbers 2.56 1.72 -0.82 
3 Investment R millions 2.66 1.80 -0.84 
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Bringing a Regional Dimension into the Scenario Setting Exercise 

As was indicated right at the outset, water resources and water demand have a 
definite regional character, giving rise to expensive water transfer schemes of which 
South Africa is a classic example.  Even so, in a number of Water Catchment Areas, 
the available water yield is already overextended.  With this as a background, it is 
important that planning for future water supply and use should have a strong 
regional element in it.  As a result, it was imperative that the SAFRIM/WSM model 
configuration should contain a strong regional base.  A brief summary given below 
of how this model was used to analyse the important Vaal Catchment Area in South 
Africa in regard to its water use/supply situation. 

 

Applying the SAFRIM/WSM to the Vaal Water Management Area 

The Vaal Water Management Area (VMA) includes the Gauteng province.  This 
province, due to its historical linkage with the gold mining industry, has become the 
economic heartland of the country.  Its contribution to national GDP is in the region 
of 40%, whilst for the services sector (mainly financial) it has an even larger 
percentage.  No surprise then that this WMA already has to rely on huge water 
transfers from outside its catchment area, due to over utilization of its own resources 
(mainly from the neighbouring Lesotho).   

 

It is, therefore, important, when looking to the long-term future of this province, to 
have its water “balance” (demand/supply) position thoroughly analysed.  
Configuring the SAFRIM/WSA model for this purpose presented a golden 
opportunity.   

 

Model Configurations 

As was mentioned earlier, a number of studies pertaining to the water situation in 
the Vaal WMA presented useful information for the model building purposes.  In 
fact, much of this information (price elasticities of water etc.) was used for the 
national SAFRIM/WSM exercise described above, so it will not be repeated here.  
Nevertheless, it is worthwhile looking again at the water satellite model structure 
again as given in Table 2 and Diagram 1.  The only difference is that the “drivers” of 

4 Household Final Demand R millions 2.61 1.83 -0.76 
5 Water Mm3 2.51 0.55 -1.91 
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the model are brought down to the regional level, though still linked to national 
economic performances.   

 
Scenario Setting and Policy Implications 

It is well-known that the INFORUM based macro-econometric model is well suited 
for the scenario setting and analysing the impacts of outside influences on the 
economy.  For this purpose, it is always a good thing to start off with the so-called 
baseline scenario.  Such a baseline scenario implies an outcome of events given 
everything remains the same – i.e. no structural changes to the economy and nothing 
unforeseen happens. 

 
The next step is, certainly, to start making assumptions on changes in structure and 
policy that might occur and see what the wider economic impacts would be.  The 
following four scenarios were in fact developed: 

Baseline scenario (3% p.a. GDP growth) 
High growth scenario (5% p.a. GDP growth) 
Water tariff increase (25% increase) 
Location constraints (prohibit water intensive industries to expand or new ones to 
locate in VMA.) 
 
Table 7.  Economic Impact: Average p.a. over Programming Period 2006-2020 (Rand Million, 
Constant 2000 Prices) – Vaal WMA. 

 

Standard 
Scenario 

Scenario 1 
High Growth 

Scenario 2 Water 
Tariff Increase 

Scenario 3 
Constraint of 
Location 

Economic Levels     
Water (Million m3) 3 289 3 718 3 132 3 186 
GDP (R Million) 408 255 518 804 N/A 396 776 
Employment (Number) 3 728 023 4 735 363 N/A 3 554 059 

 

A summary of the model outcomes regarding the impact on the Vaal WMA is given 
in Table 7. 

 
The model has been able to demonstrate that a tariff increase of 25% (in real terms) 
might well have a significant effect on the Vaal WMA’s economy. 
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The model results have also shown that the demand supply position in the Vaal 
WMA could become tight at an earlier stage, especially if the high growth scenario 
does materialise (See Figure 3). 

Fig. 3.  Base Scenario Relative to High Growth Scenario, 2004-2020, Vaal WMA. 
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Note: Historic benchmark for full utilization of water supply. 

 
Overall Summary and Conclusions 

As was indicated before (and, in fact, continuously as the study developed), the 
process of model building forces analysts to come to grips with the complexities of 
the subject at hand.  In this case, the role of water in the South African economy and 
using an appropriate Inter-Industry Macroeconometric model (IM) to simulate in 
quantified terms its role, has done just that.  For example, the model gave 
quantitative measurements of the importance of water in the economy through the 
use of sectoral multipliers and with scenario settings.  The IM/WSM model 
distinguishes between 65 sectors i.t.o. its water use patterns.   

 

Even given the first phase development status of the overall modelling framework, it 
is believed that it has already demonstrated its capability to be of assistance to the 
authorities and other interested parties to achieve the following objectives: 

Water conservation and demand management policies. 
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o First steps to an over-arching water pricing strategy in line with the marginal 
cost/benefit ratios. 

o The possibility of re-allocating water between lower and higher economic uses. 
o Closely monitoring the impact on water demand of macro-economic policies in 
the areas of taxation, monetary policy, international trade, redistribution of 
income, etc. 

o Lastly, the IM/WSM model framework has also demonstrated its ability to 
forecast water demand on a regional level.  In a water context, this is crucial by 
considering the huge cost involved in water storage, transfer and distribution. 

 

To be sure, the IM/WSM model framework, devised and made operational through 
this project is not proposed to be perfect, but goes a long way to achieve the above 
mentioned benefits.  The international literature survey has proved beyond doubt 
that the best model for any use is the model which has the characteristics that are the 
strongest in the areas which are the most important to the analysis.  It is believed 
that the IM/WSM fulfils these requirements. 
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 CHANGE  IN PRIVATE CONSUMPTION EXPENDITURE AND ITS 

CONSEQUENCES FOR THE ECONOMY – HOW IMPORTANT IS 

THE PURCHASE OF CARS? 
 

Anke Mönnig, Britta Stöver 

 
Abstract 

 

This paper investigates the importance of domestic individual demand for cars and 
the impact of a change in private consumption expenditures on the domestic 
automotive industry. The underlying scenario prescribes that in 2009 private 
households reduce the purchase of cars by 11.5 percent compared to the baseline. 
Further it is assumed that the thus additional disposable income would not be saved 
but completely spent for other consumption purposes. It should be emphasised that 
the scenario does not imply any assessment or valuation of economic policy 
programmes as the scrapping bonus or the car tax moratorium, for example. 

The results show that a drop in the purchase of cars caused by the private sector is 
unpleasant for the automotive industry, whereas the overall negative effect for the 
whole German economy remains quite small. In 2009 the manufacturers of vehicles, 
trailers and semi-trailers produce 1.6 percent less than originally assumed. 
Consequently, the necessary labour and intermediate goods input connected with 
this economic branch reduces as well. On the other hand, especially the retail and 
service sector employ more people. As a result, the negative effects of the 
automotive industry are mitigated: On the one hand production and input of 
intermediate goods decline, while on the other hand gross value added, gross 
domestic product and the number of employed persons increase. 

 Considering the comparatively weak impacts of a change in the purchase of vehicles 
on the same industry, the expectation of measures stimulating individual demand 
for cars have probably to be scaled down. These measures would not be able to 
compensate or overcompensate a reduction in the exported number of vehicles. 
Nevertheless, the paper stressed the important position of the automotive industry 
within the national economy. 

 
Introduction 

 

Starting in America, the financial crisis spread out and ended in a worldwide 
recession. From 2008 on, the Federal Republic of Germany has been facing the 
biggest slow-down in its existence, and especially the manufacturing industries have 
been hit by a drop in investment and incoming orders. Current figures from the 
German Federal Statistical Office (2009a) show that the production and total order 
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quantity of these industries were considerably lower between October 2008 and June 
2009, compared to the respective months of the previous year. In spite of a stabilising 
tendency starting at the end of the second quarter in 2009, the pre-year value of May 
and June was still 19.4 percent higher than in 2009.20 Furthermore, the 
manufacturing sector has been more negatively and severely affected than other 
sectors as, for example, the retail trade services or the hotel and restaurant services 
(see German Federal Statistical Office 2009a).  

In order to absorb the economic shocks, the German Government initiated several 
economic policy programmes. Many of them focused on the specific situation of the 
automotive industries, such as the scrapping bonus or the car tax moratorium.  

Each of these special measures is supposed to increase the propensity of the private 
households to consume cars. The manufacturers of motor vehicles were particularly 
afraid that the reluctance of consumers in recent years to purchase their products 
might continue. How important is the domestic demand of private households for 
the manufacturers of motor vehicles? What would happen if consumers did not 
favour cars any more, slashed the expenses for that consumption purpose and 
bought other goods instead? Would the consequences be so devastating that political 
interventions could be legitimated? 

Estimations done by the forecast model INFORGE (INterindustry FORecasting 
GErmany) give reason for doubt. The underlying scenario prescribes that the private 
households reduce the purchase of cars by 11.5 percent only once in 2009. Further it 
is assumed that the thus available additional income would not be saved but 
completely spent for other consumption purposes. In the following years, till the end 
of the observation period in 2015, the consumers are meant to keep up their new 
demand behaviour. This implicates that the change in consumption patterns 
continue to exist, whereas at the same time the consumption is endogenous to the 
model. However, the scenario does not imply any assessment or valuation of 
economic policy programmes as the scrapping bonus or the car tax moratorium for 
example. The analysis of such policy measures could be done in additional papers. 

The outcome of the simulation shows that a sudden decline in the purchase of cars 
caused by the private sector is unpleasant for the automotive industry, but the 
overall negative effect for the whole German economy remains quite small. In 2009 
the manufacturers of cars and automotive parts produce 1.6 percent or in absolute 
numbers 5.5 bn Euro less than originally assumed. Accordingly, the necessary labour 
and intermediate goods input connected with this industry reduces by 9 thsd 
employed people and 4.5 bn Euro respectively. The overall production and input of 
intermediate goods diminish by 1.7 bn Euro and 3.2 bn Euro. Simultaneously, gross 

                                                 
20 German Federal Statistical Office (2009b, 2009c) 



 

 

77

value added and gross domestic product increase – compared with the initial 
estimation – by 1.4 bn Euro and 1.5 bn Euro. Also, the overall number of employees 
is 7 thsd people higher than in the baseline scenario. An earlier analysis (see Mönnig 
et al. 2008) already showed that stagnating exports of cars would cause the sector 
manufacture of vehicles, trailers and semi-trailers, as well as the whole economy, far 
worse losses, and that is why it should be the spotlight for politics. 

In the reverse conclusion, the outcome of the present paper should not leave the 
impression that the automotive industry is an insignificant sector. In fact, cyclical 
shocks affecting mainly manufacturers of vehicles in the first instance almost 
immediately transfer to the whole economy and raise the need or call for regulative 
and economic policies. 

This paper proceeds as follows. Chapter 2 gives an overview over the economic 
situation and relevance of the automotive industry in Germany. Chapter 3 contains 
information on the basis, the assumptions and the settings of the scenario. Results of 
the simulation can be found in Chapter 4. It gives a detailed analysis of the effects 
and consequences of the scenario for the whole economy, the automotive industry, 
other economic branches, intermediate demand, employment, sectoral productivity 
and disposable income. The implications for the manufacture of vehicles are also 
compared to those resulting from a change in exports. Chapter 5 presents 
conclusions. 

The Significance of Vehicles for Consumption 

The German automotive industry is one of the most important sectors within 
domestic manufacturing producing the highest share of industrial output (20 
percent). Furthermore, about 838 thousand people work in that sector which is 13 
percent of all persons employed in the industry (see Table 1).  

Table 1. Manufacturing – the 10 most important economic branches regarding gross 
production and gross value added (bn Euro at current prices and percent) in 2007. 

Manufacturing (economic branches) 
Gross Production  GVA  Employees 

bn Euro 
share 
in % 

 
bn 
Euro 

share 
in % 

 
in 
Thsd. 

share 
in % 

WZ-34 M. of motor vehicles, trailers and semi-trailers 364.9 20.2  74.1 14.8  838 13.4 
WZ-29 M. of machinery and equipment 221.6 12.3  74.2 14.8  997 16.0 
WZ-24 M. of chemicals and chemical products 176.1 9.8  49.5 9.9  441 7.1 
WZ-15 M. of food products and beverages 150.8 8.4  32.4 6.5  618 9.9 
WZ-23 M. of coke, refined petroleum products and nuclear fuel 120.0 6.7  36.0 7.2  20 0.3 
WZ-27 M. of basic metals 112.3 6.2  24.8 4.9  253 4.1 
WZ-28 M. of fabricated metal products 104.5 5.8  36.0 7.2  609 9.8 
WZ-31 M. of electrical machinery and apparatus n.e.c. 100.5 5.6  31.4 6.2  446 7.2 
WZ-25 M. of rubber and plastic products 69.9 3.9  21.1 4.2  356 5.7 
WZ-32 M. of radio, television and communication equipment 

and apparatus 
53.9 3.0  12.8 2.5  146 2.3 

Source: German Federal Statistical Office Database (2009a) and own calculations. 
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Most of the sector's output is not consumed by Germans, but by foreign countries. 
Final demand for vehicles produced in Germany is comprised of exports (65 
percent), of private demand (23 percent) and of investment in machinery and 
equipment (12 percent). Thus, nearly two thirds of the produced motor vehicles, 
trailers and semi-trailers go abroad (see Figure 1). Especially since 1995, exports have 
gained in importance, compared to private demand. 

Fig. 1. Composition of final demand of products of sector 34 (manufacture of motor 
vehicles, trailers and semi-trailers) in 2005. 

23%

12%

65%

consumption expenditure of private households

investment in machinery and equipment

exports

 
Source: German Federal Statistical Office(2009d), the authors’ calculations. 
 
Nevertheless, consumption expenditure of private households for the purchase of 
vehicles is still an important component within the national individual consumption 
purposes. Over 65 bn Euro were spent for motor vehicles in 2008. With regard to the 
overall private demand, this means a share of almost 5 percent and the sixth place of 
the ten most important consumption purposes (see Table 2).  

Table 2. Private consumption expenditure – the most important individual consumption 
purposes in 2008 (bn Euro at current prices and percent). 

Individual consumption by purpose (COICOP) bn Euro Share in % 
Food 132.0 9.9 
Imputed rentals for housing 128.4 9.6 
Actual rentals for housing 93.8 7.0 
Operation of personal transport equipment 85.0 6.4 
Electricity, gas and other fuels 71.0 5.3 
Purchase of vehicles 65.2 4.9 
Catering services 61.5 4.6 
Clothing 58.5 4.4 
Insurance 44.4 3.3 
Recreational and cultural services 42.5 3.2 
Source: German Federal Statistical Office (2009e) and own calculations 



 

 

79

 
Looking at the registrations of new motor vehicles in 2008, the share of privately 
used cars amounted to 40 percent and was slightly higher than in the preceding year 
(38 percent). Accordingly, the main part of the approximately 3 million new 
registrations accounts to enterprises. With regard to the development of the number 
of newly registered motor vehicles, the annual percentage change of new 
registrations (the gray curve) in Figure 2 shows three significant drops since 1991: In 
1993, the number of new cars considerably diminished by 19 percent, due to the 
ceasing reunification effect. In 2000, the bursting dotcom bubble triggered a 
reduction in the purchase of new cars by 11 percent. Finally, the change in value 
added tax from 16 percent to 19 percent, modifications in the motor vehicle tax and 
the increased cost of living resulted in 9 percent less new motor vehicles in 2007. The 
decline of registrations of new passenger cars continued on a lower level in 2008 and 
has been stopped for the time being since February 2009 due to the scrapping bonus. 

 

Fig. 2. Registrations of new passenger cars between 1991 and 2008 in thousand numbers 
and annual percentage change. 
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Source: German Federal Statistical Office Database (2009b), Federal Motor Transport 
Authority (2009b), the authors’ calculations. 
 

But figures on private consumption and new vehicle registrations do not tell 
anything about the source of the cars, i.e., if they are of domestic production or 
imported. Focusing on the production sites, Figure 3 shows that, in total use, only 20 
percent of goods of the sector manufacture of vehicles, trailers and semi-trailers were 
imported. The lowest share is in exports (7 percent), whereas the highest one is in 
investment in machinery and equipment (35 percent). Regarding consumption 
expenditures of private households, the ratio of imports is also a little higher, but 
still accounts for only one third. Since the mid-1990s individuals increased their 
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demand in imported cars by 5 percent per year with the highest rise having been in 
the late 1990s. In recent years the number of imported cars demanded by private 
households stagnated at a level of 34 percent. Generally, the import ratio of motor 
vehicles, trailers and semi-trailers is very low compared to other goods as electronic 
devices (office machinery, computers, radio, television and communication 
equipment) or textiles and clothes, for example, were almost completely imported.  

 

Fig. 3. Share of imports in demand of manufacture of motor vehicles, trailers and semi-
trailers (in percent) in 2005. 

Share of domestically produced and imported 

cars in private demand

66%

34%

domestic production
imports

 
        Source: German Federal Statistical Office (2009d), the authors’ calculations. 
 

 

Technical surroundings and settings of the Scenario 

The basis for the scenario 

 

The model INFORGE (INterindustry FORecasting GErmany) can be used for 
forecasting and simulations and has been already applied in many different studies 
(see e.g., Ahlert 2008; Meyer et al. 2007; Distelkamp et al. 2003; Lutz et al. 2002; 
Wolter 2002; Meyer & Ewerhart 2001; Meyer & Ahlert 2000; Blau et al. 1999). A 
model comparison confirmed the ability to simulate even detailed scenarios 
(Eurostat 2008, p. 527ff., BMU 2002, p. 104). Furthermore, it has been updated since 
1996 on a yearly basis. 

With regard to the scenario, three important parts of the model, as well as their 
relationship within the German economy, should be briefly characterised: the 
modelling of intermediate demand, the connection between income and 
consumption, and the estimation approach concerning labour market development. 
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Intermediate demand – endogenously explained and extrapolated to any point in 
time – is a key component of INFORGE. The main part of intermediate consumption 
is supplied by companies of the same sector, whereas in 2005 the automotive 
industries had the biggest value of intra-sectoral supply amounting to 109 bn Euro. 
Table 3 shows the 20 most important linkages of intermediate demand, excluding 
self-delivery in 2005. The biggest inter-sectoral relationship is between the sector 
extraction of crude petroleum and gas, and the sector manufacture of other non-
metallic mineral products. The latter purchased intermediate goods from the first 
worth of 35.4 bn Euro. Intermediate demand is modelled in INFORGE by using cost-
push or the autonomous technological progress, i.e. firms adapt their intermediate 
demand to price changes and innovation. As a result, the shares of intermediate 
consumption (vesn), salaries and wages (lsn), as well as consumption of fixed capital 
(dsn) in costs of production (ysn) can vary. From the business perspective, this could 
be compared with a change in the profit and loss account.  

 

Table 3. The 20 most important linkages of intermediate demand in 2005 (in Euro at current 
prices and percent) – self delivery is excluded*. 

# 
[i] 
category of goods 

# 
[j] 
input in production 

mn 
EUR 

share 
in % 

5 Extraction of crude petroleum and natural gas 20 Manufacture of coke, refined petroleum products and 
nuclear fuel 

35,397 1.7 

1 Agriculture, hunting and related service 
activities 

9  Manufacture of food products 27,831 1.3 

56 Financial intermediation services 58 Real estate services 21,814 1.0 
53 Supporting and auxiliary transport services 46 Wholesale trade and commission trade services 19,273 0.9 
62 Other business services 56  Insurance and pension funding services, except 

compulsory social 
17,939 0.9 

58 Real estate services 47 Retail trade services 14,137 0.7 
57 Services auxiliary to financial intermediation 55 Financial intermediation services 13,973 0.7 
30 Manufacture of fabricated metal products 36 Manufacture of motor vehicles, trailers and semi-trailers 13,792 0.7 
57 Services auxiliary to financial intermediation 56 Insurance and pension funding services, except 

compulsory social 
13,705 0.6 

30 Manufacture of fabricated metal products 31 Manufacture of machinery and equipment n.e.c. 13,318 0.6 
62 Other business services 31 Manufacture of machinery and equipment n.e.c. 12,785 0.6 
62 Other business services 36 Manufacture of motor vehicles, trailers and semi-trailers 12,779 0.6 
26 Ceramics and non-metallic mineral processing 43 Civil engineering 12,373 0.6 
62 Other business services 55 Financial intermediation services 11,632 0.6 
22 Manufacture of chemicals and chemical 
products, exc. for pharmaceuticals 

24 Manufacture of plastic products 11,334 0.5 

62 Other business services 47 Retail trade services 11,213 0.5 
44 Installation and other construction work 58 Real estate services 11,145 0.5 
62 Other business services 22 Manufacture of chemicals and chemical products, exc. for 

pharmaceuticals 
11,130 0.5 

50 Land transport and transport via pipeline 
services 

53 Supporting and auxiliary transport services 10,887 0.5 

27 Manufacture of basic metals, except non-
ferrous metals 

30 Manufacture of fabricated metal products 10,531 0.5 

* Input-Output tables are disseminated with a lag of three years. The table from 2005 is the 
most up-to-date one. 
Source: German Federal Statistical Office (2009d), the authors’ calculations. 
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The varying material costs, personal costs and consumption of fixed capital 
formation to total production directly affect profit (gsn). Profit of sector j is then 
defined as follows:  

gsnj(t) = ysnj(t) - vesnj(t) - lsnj(t) - dsnj(t)  for all j є {1,…,59} 

The overall output of goods (ygn) finally results from intermediate demand (ŶN), 
final demand (fdd) and balances of exports and imports of goods and services (exn – 
imn): 
 
ygni(t) = ŶNij + fddi + (exni – imni)   for all i є {1,…,59} 

Private consumption expenditures account for 60 percent of GDP. 41 individual 
consumption purposes (cpvn) are used to depict that position in INFORGE. The ten 
most popular consumption purposes, with respect to their value, have been already 
shown in Table 2 of Chapter 2. In 2008, private households spent 4.9 percent of all 
consumption on the purchase of cars, thus, ranking sixth. Changes in consumption 
are determined by disposable income (B6N00BH), which is adjusted for prices, 
taking into account the average price trend of individual consumption (PCPV), and 
relative prices (pcpv/PCPV).21 Other explanatory variables are demographic trend, 
time trends, etc. 
 
cpvrk = f(B6N00BH / PCPV, pcpvk / PCPV, …) for all k є {1,…,41} 

The development of the labour market is often of the public and political interest. 
Total number of employees, as well as unemployment rates, are well known 
parameters. The need to investigate labour market interdependencies in detail calls 
for thoughtful modelling. In 2006, 34 mill people were employed in Germany, of 
whom 72 percent worked in service sectors. An overview is given in Table 4. The 
sector manufacture of machinery and equipment n.e.c is the only manufacturing 
industry that belongs to the 10 most labour intensive economic sectors in Germany. 

 

Table 4. Employees – the most labour-intensive economic sectors in 2006 (in thsd. persons 
and percent). 

Number of employees in Thsd. Share in % 
Health and social work services 3,664 10.6 
Other business services 3,485 10.0 
Retail trade services 2,899 8.4 
Public administration and defence services 2,664 7.7 
                                                 
21 The relative price arises from the change of price for one good in relation to the average price trend, 
that is (pcpvk / PCPV). If one good gets more expensive  compared to the average price of 
consumption the private household would generally reduce the share of that good in the whole 
consumption bundle. The price elasticities differ depending on the good and are empirically set.  
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Education services 2,193 6.3 
Construction 1,722 5.0 
Hotel and restaurant services 1,441 4.2 
Wholesale trade and commission trade services 1,410 4.1 
Manufacture of machinery and equipment n.e.c. 1,044 3.0 
Land transport and transport via pipeline services 851 2.5 
Source: German Federal Statistical Office (2009f), the authors’ calculations. 
 
The labour market combines technological progress, changes in prices and wages, 
overall employment, as well as development of working hours. It, thus, represents 
one of the core areas within the model, and has a main impact on the iteration 
method and the interdependencies within INFORGE. Raises in wages and salaries, 
mostly achieved by collective bargaining between unions and employees, change the 
cost structure and consequently influence the price setting behaviour of firms. This 
again triggers adapting processes in demand. Simultaneously, the price setting 
behaviour and changes in wages, combined with demographic trends, define labour 
demand. 

The number of employed persons in each economic sector i (bas), therefore, depends 
on the price adjusted gross annual wage rate of the same sector (jlas). A negative 
correlation between real wage (jlas/ps) and number of employees is assumed. 
Besides, real wage, production (ysr) is important, too, as an increase in production, 
and generally implies a larger labour input. Summarising, labour demand of sector i 
is defined as follows: 

basi = f (jlasi / psi; ysri;…)    for all i є {1,…,59} 

 

The Scenario 

 

The scenario is based on the assumption that the consumption behaviour of private 
households can change. In the study at hand it is defined that the purchase of 
vehicles becomes less important. Consequently, private expenses for cars diminish 
compared to the baseline. Simultaneously, any other consumption purpose will not 
be reduced, but increased, as the additional disposable income is not saved. Hence, 
the overall sum of private demand, as well as savings, remain unchanged. 

In detail, the scenario setting is as follows: In 2009, private households buy 11.5 
percent fewer vehicles, as originally assumed in the baseline. The magnitude of the 
drop refers to past values. As already mentioned in the end of chapter 2 (see also 
Figure 2), the purchase and the registration of new passenger cars decreased by 10.9 
and 20.3 percent in 2000 and 1993. Respectively, this shows that the assumed 
reduction in the scenario is comparable to past developments. In the following years 
till the end of projection in 2015, the new consumption structure remains the same. 
Nevertheless, the consumption expenditure of private households, regarding the 
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purchase of cars, grows as from 2010 originally assumed. The absolute consumption 
level of the baseline is not reached though. The scenario is illustrated in Figure 4. The 
development of purchase of vehicles in the scenario (black line) is compared with 
that of the baseline scenario (grey line). One can see the drop in consumption in 
2009, according to the specifications. In the subsequent year, the scenario returns to 
the same growth path as the baseline. Until 2015 the distance between the two 
curves remains stable with a gap of 7.6 bn Euro.  

 

Fig. 4. Individual consumption expenditure for the purchase of vehicles – developing in 
baseline and scenario in bn Euro at current prices. 
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Source: GWS mbH. 

 
Provided that the additional disposable income would not be saved but completely 
spent for individual demand, the resulting changes in other consumption patterns 
can be directly explained by the drop in purchase of vehicles. It is further assumed 
that the additional disposable income is used equally for all other consumption 
purposes. Thus, the demand structure – except for purchase of vehicles – remains 
unchanged, i.e., the proportions between other consumption purposes are as in the 
baseline. In real life, private households could prefer only the selected consumption 
purposes though. The money saved would then be spent on particular goods only 
implying a complete change in the consumption behaviour. This could be easily 
modelled and integrated into the scenario. However, the authors did not have any 
appropriate and empirically proved assumptions at hand. Furthermore, a discussion 
in detail leading to suitable settings would go beyond the scope of this paper. The 
possibility that private households could change the whole structure of their 
consumption purposes is, therefore, excluded. Besides, the source of cash or liquid 
assets is not specified. In case of credits, the money originally intended to finance the 
purchase of a vehicle is now assigned to other consumption purposes. Difficulties in 
applying and obtaining credits are not considered as well. 



 

 

85

Table 5 displays the consumer goods showing the highest differences between 
baseline and scenario in terms of percentage. The low values of about 1 percent 
clarify that the private households do not focus on a few particular goods but spend 
the money saved by not purchasing vehicles equally for other consumer goods. 
Insurance, catering services and accommodation services can profit slightly more 
from the changed consumption framework. The positive differences of 0.9 percent 
and 0.8 percent in the scenario for these sectors compared to the baseline in 2009 
stand for an increase in real terms of 0.3 bn, 0.5 bn and 0.1 bn Euro respectively. 

 

Table 5. Change in consumption – deviation from the baseline scenario in percent and bn 
Euro in current prices for the selected consumption purposes.  

 2008 2009 2010 2011 2012 2013 2014 2015 
Difference in percent 

Insurance 0.0 0.9 1.0 1.0 1.1 1.0 0.9 0.9 
Catering services 0.0 0.8 0.8 0.9 0.9 0.9 0.8 0.8 
Accommodation services 0.0 0.8 0.8 0.9 0.9 0.8 0.8 0.8 
Purchase of vehicles 0.0 -11.5 -11.4 -11.4 -11.5 -11.5 -11.5 -11.5 

Difference in bn Euro 
Insurance 0.0 0.3 0.4 0.4 0.5 0.4 0.4 0.4 
Catering services 0.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Accommodation services 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Purchase of vehicles 0.0 -7.4 -7.4 -7.5 -7.6 -7.6 -7.7 -7.8 
Source: GWS mbH. 
 
 
The  scenario results 

Macroeconomic Effects in Germany 

 

The effects on the total economy are summarised in Table 6. In 2009, the gross 
domestic product for Germany is slightly higher than in the originally estimated 
baseline. This positive deviation from the baseline is in contrast to the negative effect 
on production. While it is produced less total output worth 1.7 bn Euro, the gross 
domestic product (GDP) rises by 1.5 bn Euro. Besides, the negative difference 
between scenario and baseline for production grows over time. In 2015 – the final 
year of the projection – overall production is 3.2 bn Euro lower, whereas GDP 
accounts for a positive difference of 1.3 bn Euro, having a short peak in 2012 (1.8 bn 
Euro). The reason for that diametrically opposed behaviour can be found in 
intermediate demand. The latter determines – in combination with gross production 
– gross value added (GVA) and shows the highest negative reaction on the shock. In 
the initial year, the difference to the baseline amounts to -3.2 bn Euro and grows till 
2015 to reach -4.5 bn Euro. The reduction in intermediate demand can be explained 
by the cut down in manufacturing of vehicles as this economic branch uses many 
intermediate products (see section 4.2.1).  
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Table 6. Difference between scenario and baseline in bn Euro at current prices and thsd 
persons for selected macroeconomic variables for Germany. 

 2008 2009 2010 2011 2012 2013 2014 2015 
Difference in bn Euro or thsd people 

Production 0.0 -1.7 -2.0 -2.7 -2.0 -2.5 -2.7 -3.2 
Gross value added 0.0 1.4 1.5 1.4 1.7 1.5 1.4 1.3 
Intermediate demand 0.0 -3.2 -3.5 -4.0 -3.7 -4.0 -4.1 -4.5 
Investment in machinery and 
equipment 

0.0 0.1 0.5 0.4 0.4 0.4 0.2 0.3 

Employed persons 0.0 7.3 11.2 13.9 9.9 14.5 13.3 20.9 
Imports 0.0 -1.4 -1.4 -1.5 -1.7 -1.5 -1.6 -1.3 
Gross domestic product 0.0 1.5 1.6 1.5 1.8 1.6 1.5 1.3 
Source: GWS mbH. 
 
The positive effects on GDP are due to a decrease of imports in the scenario 
combined with unchanged exports. More precisely, the manufacture of vehicles, 
trailers and semi-trailers needs less domestic, as well as imported, intermediate 
goods. Additionally, private households reduce not only the purchase of domestic 
vehicles, but also of imported ones. Besides, the additional disposable income is 
mainly spent for consumption purposes with low import ratios.  

Furthermore, Table 6 indicates a higher level of employment in the scenario. Starting 
with a positive difference of 7 thsd employees, compared to the baseline in 2009, the 
number increases till 2015, ending up with 21 thsd persons more employed than 
originally assumed. The crucial factor for that is the rise in production of less 
productive sectors as, for example, hotel and restaurant services (see section 4.2.3). 

Those being the general effects of the scenario, more details will be given in the 
following sections. Section 4.2 starts with the impact of the change in consumption 
expenditure on intermediate relationships and supply. The consequences with 
regard to employment and productivity are considered as well. In section 4.3, the 
development of wages and disposable income in the scenario are compared to the 
baseline results. Finally, the outcome of the consumption scenario is compared to an 
export scenario (section 4.4). 
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Consequences for Inter- and Intraindustry Linkages, Employment and Productivity 

Effects on the Automotive Industry 

 

The difference between baseline and scenario in terms of percent is displayed in 
Figure 5 for selected variables related to the automotive industry22. It shows that in 
2009 domestic production of manufacture of vehicles, trailers and semi-trailers – 
including imported intermediate goods – reduced by 5.5 bn Euro or 1.6 percent 
respectively, compared to the original estimations. With regard to the intermediate 
demand of the same sector the negative difference is even higher than that of 
production and gross value added. This is due to the fact that intermediate goods 
have a share of about 80 percent in output. Producing less, the economic sector 
manufacture of vehicles also has a labour input being 1.5 percent lower in 2009 than 
originally assumed. Thus, the number of employees diminishes in the scenario by 0.6 
percent in 2009, compared to the previous year. On the contrary, the baseline still 
indicated a small increase in employment of 0.2 percent. 

 

Fig. 5. Effects on automotive industry – difference from the baseline in terms of percent. 
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Simultaneously, the import of vehicles, trailers and semi-trailers reduces as well: In 
2009, the value of imports is 1.5 bn Euro lower than in the baseline resulting mainly 
from the cut down of consumption expenditures that also affect imported passenger 
cars worth 1.2 bn Euro.  

Furthermore, the lower output of the sector manufacture of vehicles, trailers and 
semi-trailers triggers an increase in producer prices due to higher unit costs (see 
Figure 6). The latter can be ascribed to a rise in unit labour costs and unit cost of 

                                                 
22 The variables selected are those with the highest negative deviations from the baseline. 
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consumption of fixed capital. Though it is less fixed capital consumed than in the 
baseline, the negative difference is overcompensated by the drop in output. Thus, 
the consumption of fixed capital per unit is 1.7 percent higher than originally 
estimated. The effect on the unit labour costs is similar. On the one hand, the wages 
paid by the automotive industries can be reduced due to redundancies. On the other 
hand, the increase in unit labour cost is higher because of the lower production. 
Overall, the economic branch faces higher cost pressure resulting in an upward 
movement of prices. 

 

Fig. 6. Selected unit costs of the automotive industry – deviation from the baseline in terms 
of percent. 
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Returning to Figure 5 and the performance of imports, the value of imported goods 
related to the sector manufacture of vehicles, trailers and semi-trailers reduces by 1.5 
bn Euro, compared to the baseline. The biggest part of it – 1.2 bn Euro – can be 
assigned to the drop in demand of passenger cars.23 In comparison, domestic 
production shows with 5.3 bn Euro a much higher negative difference from the 
baseline (see Figure 7).  

 

 

 

                                                 
23 Consequently, the decrease in intermediate demand of imported vehicles, trailers and semi-trailers 
is much smaller, so that the imported intermediate goods are merely affected. 
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Fig. 7. Developing of imported final demand and domestic production of the automotive 
industry compared to the baseline – deviation in bn Euro at current prices. 
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Source: GWS mbH. 

Thus, domestic manufacturers of vehicles are much more affected by the diminished 
private consumption expenditure, than foreign competitors are. Nevertheless, the 
share of imported vehicles in final demand rather remains unchanged, as the 
percentage change of imported passenger cars equals that of domestic production. 

 
Effects on Other Economic Branches 

 

A different consumption behaviour of private households can affect the economic 
sectors in two ways. Firstly, directly, transferring expenditures to other consumption 
purposes. Secondly, indirectly, changing the interdependencies of intermediate 
demand. Whereas the former has positive impacts on some economic branches, the 
latter, certainly, implies negative consequences for suppliers of intermediate goods. 
A closer look on both is taken in the subsequent sections. 

The shifting of demand from vehicles to other consumption purposes leads to a 
restructuring of consumption expenditure. Consequently, the supply side reacts and 
adapts to the new demand structure. Table 7 shows the six economic branches with 
the highest positive deviations from the baseline regarding production. According to 
that, mainly services can profit from the changed situation. Real estate services 
display by far the highest rise in production. In 2009, output is 1.2 bn Euro higher 
than in the baseline. Other services, producing noticeably more than it was originally 
assumed, are hotel and restaurant services, health and social work services, financial 
intermediation services and recreational, cultural and sporting services. The only 
economic branch representing manufacturing is the manufacture of food products 
and beverages. Its value of production is 0.5 bn Euro higher in 2009 in the scenario 
than in the baseline. 
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Table 7. The six highest positive deviations from the baseline regarding production – in 
terms of absolute bn Euro at current prices. 

 2008 2009 2010 2011 2012 2013 2014 2015 
Difference in bn Euro 

Real estate services 0.0 1.2 1.0 0.9 0.9 0.9 0.9 0.9 
Manufacture of food products and 
beverages 

0.0 0.5 0.5 0.5 0.5 0.5 0.5 0.4 

Hotel and restaurant services 0.0 0.4 0.4 0.4 0.5 0.5 0.5 0.5 
Health and social work services 0.0 0.4 0.4 0.5 0.5 0.5 0.5 0.5 
Financial intermediation services 0.0 0.4 0.3 0.4 0.4 0.4 0.4 0.4 
Recreation, culture and sporting 
services 

0.0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Source: GWS mbH. 
 
In contrast to that, Table 8 lists the sectors with the highest declines in production 
compared to the baseline. Those belong primarily to manufacturing. Due to the 
initial effect, manufacture of motor vehicles is most affected showing a drop of 5.5 
bn Euro in 2009 (see also section 4.2.1). Consequently, its need of intermediate 
products reduces, as well facing the related industries with lower orders. Thus, the 
manufacturers of fabricated metal products, of rubber and plastic products and of 
electrical machinery and apparatus supplying 6.3 percent, 5.1 percent and 4.4 
percent of intermediate goods for automotive industries also reacts with lower 
production24. In 2009, the output of those sectors is 0.2 bn Euro less than originally 
assumed. 

Table 8. The six highest negative deviations from the baseline regarding production – in 
terms of absolute bn Euro at current prices. 

 2008 2009 2010 2011 2012 2013 2014 2015 
Difference in bn Euro 

Manufacture of motor vehicles, trailers 
and semi-trailers 

0.0 -5.5 -5.4 -5.6 -5.6 -5.7 -5.7 -5.8 

Retail trade services 0.0 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 
Manufacture of fabricated metal products 0.0 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 
Manufacture of machinery and apparatus 
n.e.c. 

0.0 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3 

Manufacture of rubber and plastic 
products 

0.0 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 

Manufacture of basic metals 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 
Source: GWS mbH. 
 
These observations indicate structural changes away from industry towards services 
within the economy. Truly, the share of manufacturing in GVA declines by 0.06 

                                                 
24 The estimation of the percentage values includes self-delivery. The latter is 50 percent of 
intermediate demand of manufacture of vehicles, trailers and semi-trailers. 
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percentage points, compared to the baseline, whereas that of services increases by 
the same amount. Yet, the shift is very small and the effect reduces over time (see 
Figure 8). 

 

Fig. 8. Share of manufacturing and service activities in gross value added – difference from 
baseline in terms of percent. 
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Source: GWS mbH. 
 

 

Effects on Employment and sectoral Productivity 

 

As lower production often reduces labour demand, the manufacture of vehicles, 
trailers and semi-trailers diminishes their working force by 8.6 thsd people in 2009. 
Most suppliers of intermediate goods and services for that industry react the same 
way. Especially other business services, manufacture of fabricated metal products 
and manufacture of plastic and rubber products employ 1.5 thsd, 0.9 thsd and 0.7 
thsn people less in the scenario for the year 2009. However, the service activities 
need even more additional workers for the increase in output, so that the overall 
level of employment is higher, than in the baseline. The positive deviation starts 
with 7 thsd. people in 2009 and ends up with 20.9 thsd. persons in 2015. Hence, the 
negative employment effects in automotive and connected industries is outweighed 
by the positive ones in most of the service sectors. This can be explained by different 
levels of productivity. Especially manufacturing uses workers, in combination with 
high-technology machinery, very efficiently and that is why an increase/ decrease of 
output implies only a disproportionally low effect on labour. By contrast, those 
economic branches gain from the changes in consumption expenditure that are, on 
the one hand, labour intensive, and, on the other hand, less productive. Therewith, 
more manpower is needed per produced unit leading to a plus of 6.9 thsd people in 
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hotel and restaurant services, 3.9 thsd people in private households with employed 
persons and 3.2 thsd people in health and social work services in 2009.  

Fig. 9.Productivity of the employees in the baseline scenario with respect to a strong 
decrease/increase in employment in terms of bn Euro per thsd. persons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: GWS mbH. 
 

Figure 9 gives an overview over the productivities of several sectors. The dashed 
horizontal line indicates the difference between sectors with high productivity and 
decreasing employment, and those with low productivity and more workers than in 
the baseline. 

Disposable Income  

 

The changes in the labour market, as described in section 4.2.3, influence aggregate 
wages and, hence, the disposable income of the private households. As can be 
noticed in Figure 10, the manufacture of vehicles is characterised by the higher-than-
average gross salaries and wages. The productive way of working implies that 
especially higher and highly qualified employees are needed for the operating of the 
efficient and highly technological machines. Low qualified workers are barely used 
for simple tasks. 22.5 percent of the persons working for the manufacture of vehicles, 
trailers and semi-trailers have a higher qualification (ISCED 5a, 5b and 6)25. This 
share is higher, than the average in manufacturing (20.4 percent). The employees in 
the affected economic branches of intermediate goods for vehicles, as the 

                                                 
25  The categories 5a, 5b and 6 of qualification within ISCED (International Standard Classification of 
Education) stands for the levels university (5a), university of applied science (Fachhochschule)/ 
university of cooperative education (Berufsakademie) (5b) and PhD/ habilitation (6). 
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manufacture of fabricated metal products and the manufacture of rubber and plastic 
products, also earn wages that are higher than average. Solely, the sector other 
business services pays less than average. Compared to the salaries and wages of 
hotel and restaurant services, of private households with employed persons, as well 
as of health and social work services, the income of employees in other business 
services is still higher. 

Fig. 10.  Gross salaries and wages per employed person for the year 2006 in terms of Euro at 
current prices – average (black) and selected economic branches (grey). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: German Federal Statistical Office (2009g), the authors’ calculations. 
 

 

These differences in income lead to aggregate wages being only slightly higher in the 
scenario, than in the baseline, regardless of the overall increase in the number of the 
employed (see Table 9). In 2009, the sum of salaries for all workers is 0.5 bn Euro 
higher, than originally estimated, standing for a deviation of 0.05 percent from the 
baseline. This reduces even till the end of the observation period. In 2015, the 
positive difference sums up to only 0.4 bn Euro or 0.03 percent. Connected to that 
the disposable income of private households also differ just marginally between 
scenario and baseline. The positive difference of 0.4 bn Euro in 2009 climbs up to a 
maximum in 2013 (0.9 bn Euro). Afterwards, the scenario converges with the 
baseline again resulting in a deviation of 0.2 bn Euro.  
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Table 9. Deviation of aggregate wages and disposable income from baseline in terms of bn 
Euro at current prices and percent. 

 2008 2009 2010 2011 2012 2013 2014 2015 
Aggregate wages 

Difference in bn Euro 0.0 0.549 0.254 0.137 0.116 0.208 0.196 0.439 
Difference in percent 0.0 0.05 0.02 0.01 0.01 0.02 0.01 0.03 

Disposable income 
Difference in bn Euro 0.0 0.439 0.625 0.543 0.909 0.608 0.575 0.196 
Difference in percent 0.0 0.03 0.04 0.03 0.05 0.04 0.03 0.01 
Source: GWS mbH. 
 
 
The Importance of Individual Demand and Export for the Automotive Industry  

 

In order to assess the consequences for the automotive industry we oppose the 
underlying consumption scenario with an alternative scenario called export scenario 
in the following. In the latter, it is assumed that the export of vehicles, trailers and 
semi-trailers stagnates in 2009 and grows only by 2 percent in 2010. Afterwards, the 
growth rates of the export scenario equal that of the baseline again. The observation 
period ends in 2015. Detailed explanations and results for this alternative scenario 
can be found in the discussion paper of Mönnig, Stöver and Wolter (2008). 

The deviation of the demand scenario (black) and the export scenario (grey) from the 
baseline are compared in Figure 11. The figure concentrates on the manufacturers of 
vehicles, trailers and semi-trailers and the difference for employment, production 
and intermediate demand for year 2009. It shows that the demand from abroad has a 
higher influence on the automotive industry and its suppliers of intermediate 
products than domestic consumers. The mere stagnation of export implicates 
considerably higher deviations from the original estimation than a drop in private 
consumption expenditure by 11.5 percent. Thus, production of the export scenario is 
10.9 bn Euro or 3.1 percent lower than in the baseline. This implicates a reduction 
twice as high as in the consumption scenario. The same is true for intermediate 
demand. 8.9 bn Euro (3.3 percent) less by zero export growth contrasts with only -4.5 
bn Euro (-1.7 percent), due to a different consumption behaviour of the private 
households. Related to the lower output in the export scenario, the number of 
needed workers in automotive industries decreases even more than in the 
consumption scenario. While the latter has employed 8.6 thsd people less than 
originally assumed, the export scenario shows a negative deviation of 17 thsd 
workers. 
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Fig. 11.  Differences between the consumption scenario and the export scenario in absolute 
and relative terms for the year 2009 – regarding employment, production and intermediate 
demand in automotive industries. 

-3,5

-3

-2,5

-2

-1,5

-1

-0,5

0

Employ ed persons Production Intermediate demand

[i
n

 t
e

rm
s

 o
f 

%
]

consumption scenario export scenario

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

Employ ed persons Production Intermediate demand

[i
n

 t
e

rm
s

 o
f 

th
s

d
 p

e
o

p
le

 o
r 

b
n

 E
u

ro
]

consumption scenario export scenario

 
Source: GWS mbH. 
 

 

Conclusion 

 

The objective of the present paper is to demonstrate the influence of domestic 
consumption expenditure on the manufacturing of vehicles, trailers and semi-
trailers, as well as on the national economy. It is explicitly stated that the paper does 
not evaluate any of the recently implemented economic policy programmes, as the 
scrapping bonus or the car tax moratorium. A detailed analysis of such actions is still 
pending.  

In the underlying scenario, it is assumed that private households change their 
consumption behaviour and modify the pattern of demand: In 2009, the private 
consumption expenditure, regarding the purchase of vehicles, is reduced by 11.5 
percent, in comparison with the baseline. The thus additional disposable income is 
supposed to be completely spent for other consumption purposes. The allocation is 
endogenous.  

Summing up, the results of the scenario show that, on the one hand, the automotive 
industry and intermediate suppliers produce less and need a lower number of 
employees. On the other hand, parts of the economy can profit by the shift in 
demand. Especially service sectors hire a lot more additional people, resulting in 
employment higher than originally assumed. Overall, the national economy will 
show a higher GDP than in the baseline scenario, though this is achieved with lower 
total production. This is mainly explained by the reduction in imports in 
combination with an unchanged level of exports. As intermediate demand shows a 
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higher drop than production, the deviation of gross value added from the baseline is 
positive as well. 

In detail, the production of the automotive industry decreases due to the scenario by 
345 bn Euro in 2009. Compared to the baseline, this means an absolute difference of 
5.5 bn Euro. The biggest part of the lower output can be explained by the reduction 
in intermediate demand by the manufacture of vehicles, trailers and semi-trailers. 
This illustrates that a disproportionately high input of intermediate goods is 
necessary to produce one unit of output. Thus, the gross value added of the 
manufacture of vehicles is quite small. Due to the close interindustry linkages, the 
initial effect of the scenario extends fast from the economic branch manufacture of 
vehicles to the supplying sectors of intermediate goods, as, for example, the 
manufacture of fabricated metal products or rubber and plastic products. Besides, 
the production of retail trade services and other business services show high 
negative deviations from the baseline as well.  

Then again, some economic branches benefit from the new consumption behaviour. 
In the scenario, individual consumption expenditure for insurance, as well as 
catering and accommodation services, increase mostly, compared to the baseline. 
Accordingly, the related economic branches show a higher production than 
originally assumed. In 2009, the real estate services produced 1.2 bn Euro more than 
in the baseline scenario.  

Furthermore, the changes in individual demand affect an increase in total 
employment. The main reason can be found in the different productivities of the 
several economic branches. While the automotive industries produce a lot of output 
with comparatively few employees, services are characterised by a low ratio of 
labour and production. As services show mainly positive differences in production 
between scenario and baseline, their need for more employees overcompensates the 
reduction of workers in the manufacturing economic branches producing less.  

The results indicate that a drop in consumption expenditure for the purchase of 
vehicles has a negative effect on the automotive industry. Compared to just a 
stagnation of export demand in vehicles, trailers and semi-trailers, it has hardly any 
consequences. It is also shown that – given an unchanged level of private 
households' consumption expenditure – the negative effects on production and 
employment in some economic branches are balanced by positive outcomes in 
others. With regard to the labour market, they can even be overcompensated. 

The present outcome shed new light on the extensive economic policy programmes 
to stimulate individual demand regarding the purchase of vehicles. As the 
consumption of private households implicate only weak impacts on the production 
of manufacture of vehicles, trailers and semi-trailers, the expectations on the 
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economic policies have to be put into perspective. A weak export demand cannot be 
compensated – or even overcompensated – by a stimulation of individual demand. 
In addition, it would not be able to deal with the sector’s structural challenges. The 
problems connected with long-existing over-capacities or with the development of 
improper types or drive technology can only be solved by the sector on its own. 
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Introduction 

During the recent sharp economic development period in Latvia, a gradual increase 
in productivity was observed. At the same time, an increase in domestic demand led 
to high inflation level for several years and wages and salaries were raised to 
compensate the inflation. Productivity issues were analyzed mainly from the point 
of view of aggregate national economy without notable and detailed sectoral 
disaggregation. At the moment, when Latvia’s economy experiences one of the 
sharpest slowdowns in the European Union, productivity and its forecasts remain 
topical and important issues that determine the further development trends in the 
medium and long-term perspective. Decisions made by the government  concerning 
economic policy and legislation  as well as decisions made by companies regarding 
business activities influence the overall economic development and the development 
of a single industry or a branch. 

The aim of the paper is to forecast productivity changes in medium and long term on 
the basis of a detailed examination of current domestic and global productivity 
trends and international comparison.  

 

1. Analysis of Concept of Productivity 

The concept of productivity is well-known, accepted and widely used in numerous 
fields and for various reasons and purposes. The significance and topicality of 
productivity have recently increased mainly due to the fact that concept of 
productivity is frequently related to comparatively new concepts such as 
competitiveness and sustainability. Hence, in the beginning, it is of upmost 
importance to define the concept of productivity. 

One of the most widely used and common definitions of productivity is that 
productivity is a ratio of a volume measure of output to a volume measure of input 
use. In such a way, productivity dynamics shows, how the efficiency of input use 
changes. 
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Productivity measures can be related to one-factor productivity measurement or 
multi-factor productivity measurement. One-factor productivity is labour 
productivity and capital productivity; these ratios are used to measure single factor 
efficiency. Multi-factor productivity is calculated to measure the efficiency of a set of 
factors.  

Measures of productivity are calculated for various purposes and hence productivity 
measures can be computed as a ratio of volume index of value added or output to a 
volume index one-factor or multi-factor input, or as a ratio of volume of value added 
or output to a volume of one-factor or multi-factor input.   

In order to characterize the whole production process, output is used in productivity 
calculations. However, in order to show the value of production for final use, value 
added is used. 

 

2. Current Economic Trends in Latvia 

Latvia’s economy overall and by industries experienced a dramatic development in 
the past few years. In 2007, Latvia’s GDP growth rate was the second highest amid 
the European Union (10.0%). In 2008, the real GDP of Latvia declined by the largest 
rate – by 4.6%.  In 2009, Latvia’s economy declined by 18.0%.  

The overall economic slowdown has resulted in a decrease in domestic demand of 
both households and the corporate sector and hence imports have decreased 
dramatically (see Fig. 1.). As a result, the current account balance has turned to be 
positive despite being negative for more than ten years. In 2009, the current account 
surplus was 9.4% of GDP.  

Fig. 1. Dynamics of GDP use elements, mln LVL. 

0

1000

2000

3000

4000

5000

6000

7000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Government consumption Private consumption Gross capital formation Exports Imports

 

Source: CSB database. 



 

 

101

 

The global economic slowdown has influenced domestic producers and exporters 
and exports have also decreased. Nevertheless, a lot of exporters have investigated 
new markets, products or methods to maintain their market positions or enter new 
markets.  

Industrial production indexes indicate that there are different trends in industry 
analyzed by branches. For instance, industrial production of mining and quarrying 
has decreased only by 1.2% in comparison with the previous year (see Fig. 2), at the 
same time overall industrial production has decreased by 16.3%. 

Fig. 2. Growth rates (decrease) of industrial production by branches in 2009, %. 
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Source: CSB database. 
 

As Latvia’s government selected the internal devaluation of the national currency 
(the so-called wage devaluation) as an appropriate tool to deal with the economic 
crisis and its consequences instead of carrying out devaluation of the national 
currency, it resulted in wage cuts in state institutions and agencies as well as in the 
private sector.  

Productivity measurement problems are related to the fact that the number of 
employees as well as working hours per employee have decreased due to the 
economic situation. Therefore, dynamics of output or value added to the number of 
employees does not adequately express the dynamics of productivity. Productivity 
calculated in such a way has to be adjusted taking into account the actual working 
time. 

As Latvian Bureau of Statistics does not provide detailed data on the number of 
working hours, it is not possible to obtain reliable results. However, changes in 
proportion of employees working more or less than 40 hours a week give an insight 
into actual trends of productivity.  
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From 2002 to 2007 the share of employees working 40 hours a week increased and 
afterwards it has remained stable (see Fig. 3.). The share of employees working 1-39 
hours a week decreased from 2002 to 2007, however, during the 2008 and 2009 it 
increased again almost reaching the level of 2004. 

Fig. 3. Structure of employees’ by working hours a week, %. 
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Source: CSB database. 
 

At the same time, the share of employees working more than 40 hours a week is 
continuously decreasing. Therefore, we can conclude that productivity trends 
expressed as output or value added to the number of employees are more negative 
than the actual productivity trends. Therefore, the assumpitons of the productivity 
changes of different industries have to be more pessimistic. 

 

3. Latvian INFORUM Model – Updates since the Previous Version and Results 

The Latvian INFORUM model has 55 branches sectoral disaggregation, the final 
demand is subdivided into private consumption, government consumption, 
investments (expenditure on gross capital), changes in stocks, exports and imports. 
The equation structure and modelling logic of the Latvian INFORUM model is based 
on TINY model with certain extension (for instance, private consumption 
expenditure is modelled by 12 consumption purposes using econometrically 
estimated equations, and bridge matrix to meet the model’s 55 branches sectoral 
disaggregation), modifications and adaptations to meet the Latvian data endowment 
and disaggregation situation, modelling aims and economic performance. 
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Productivity in Latvian INFORUM models is a ratio of output per employee. In the 
current economic situation, more plausible values of exogenous variables can be 
selected for productivity, so output and employment indicators by industries are 
endogenous in the model. Drawbacks and limitations of this ratio given above have 
been examined and considered. 

The assumptions of the modelling scenario are the following: It is believed that the 
final consumption of households will fall by 10% in 2009, by 8% in 2010, and by 5% 
in 2011, in 2012 it will recover, but in the long term it will gradually decrease to 3% 
in 2020. It is believed that exports will fall by 15% in 2009, by 10% in 2010, and by 4% 
in 2011, in 2012 it will recover, but in the long term it will gradually decrease to 4% 
in 2020. 

The modelling results of manufacturing branches are presented in Table 1. 
According to the model assumptions and theoretical assumptions included in the 
model and its equation system, it is forecasted that the most dramatic decrease will 
be observed in food and beverages production and leather products manufacturing.  

 

Table 1. Output and employment forecasts (annual average growth rate, %) 

No Short title 

NACE 
Rev.1.1. 
code 

Output forecasts Employment forecasts 

2008-
2010 

2011-
2015 

2016-
2020  

2008-
2010 

2011-
2015 

2016-
2020 

6 Food and beverages 15 -16.9 -1.0 -0.4 -20.1 -4.8 -3.3 
7 Tobacco 16 -13.7 4.5 3.7 -17.0 0.5 0.7 
8 Textiles 17 -12.1 7.3 6.5 -15.5 3.2 3.4 
9 Wearing apparel 18 -12.5 4.8 4.3 -15.8 0.7 1.3 
10 Leather 19 -16.1 6.5 5.3 -19.3 2.4 2.3 
11 Wood 20 -10.1 4.6 4.2 -13.6 0.6 1.2 
12 Pulp and paper 21 -14.2 3.4 3.7 -17.5 -0.6 0.7 
13 Publishing and 

reproduction 22 -11.7 4.0 4.3 -15.1 0.0 1.2 
14 Coke, refined petroleum 

products 23 -11.3 2.3 2.7 -14.8 -1.6 -0.3 
15 Chemicals 24 -8.3 1.8 2.3 -11.8 -2.1 -0.6 
16 Rubber and plastic 

products 25 -12.0 1.3 2.2 -15.4 -2.6 -0.8 
17 Other non-metallic 

mineral products 26 -7.6 2.5 4.5 -11.1 -1.5 1.4 
18 Basic metals 27 -10.0 3.9 4.3 -13.5 -0.1 1.3 
19 Fabricated metal 

products 28 -9.9 1.9 3.7 -13.4 -2.1 0.7 
20 Machinery and 

equipment 29 -7.2 2.9 5.1 -10.7 -1.0 2.0 
21 Office machinery and 

computers 30 -6.2 2.3 5.0 -9.8 -1.7 2.0 
22 Electrical machinery 31 -8.4 3.0 4.0 -11.9 -1.0 1.0 
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23 Communication 
equipment 32 -8.3 2.5 4.4 -11.9 -1.4 1.3 

24 Medical and optical 
instruments 33 -8.8 2.7 3.6 -12.3 -1.2 0.5 

26 The transport equipment 35 -10.2 4.1 4.9 -13.7 0.1 1.8 
27 Furniture 36 -8.7 3.9 5.3 -12.2 -0.1 2.3 
28 Recycling 37 -10.8 5.0 4.5 -14.2 1.0 1.5 
 Total economy -8.2 2.0 3.0 -12.0 -2.2 -0.1 

       Source: the authors’ calculations. 

 

Figure 4 illustrates the forecasted number of employees. An increase in the number 
of employed persons is forecasted only in 2012.   

 

Fig. 4. Employment forecasts, thsd. persons. 

Source: the authors’ calculations. 

The number of employed persons is influenced also by the overall demographic 
structure and trends  and by migration of labourforce (primarily, within the EU).  
Therefore, on the basis of the economic development forecasts and demographic 
forecasts, it can be predicted that in the next 11 years the number of employed 
persons will be significantly  smaller that in the period 2006-2008. 

 

Conclusions 
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employment to the extent possible. It helps to secure an adequate number of 
qualified personnel, which will be needed when economic growth  occurs again.  

Basing on the assumed productivity trends and other model assumptions, the 
Latvian INFORUM model forecasts a dramatic decrease in tobacco products 
manufacturing in the near future. It should be stated that the leading tobacco 
products manufacturer in Latvia has decided to move production outside Latvia.   

Every economic model computes results on the basis of included theoretical, 
mathematical and logical assumptions and abstractions of the reality. The Latvian 
model produces plausible results according to the included scenarios’ assumptions. 
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Last years studies at the Institute of Economic Forecasting of the Russian Academy 
of Sciences (IEF RAS) were connected with expansion of possibilities of traditional 
inter-industry models. One of the problems of inter-industry models the developers 
face is related to the necessity of a more detailed analysis of the economic situation 
in different sectors. 

In inter-industry balance sectors are presented by large units. Thus, model makers 
face problems of forming sectors plots and interpretations of the results. Even in 
mono sectors (such as oil and gas extraction or metals) different companies have 
various strategies of development. Accordingly, without implementation of large 
investment plans of such companies, it is impossible to describe perspectives of the 
sector dynamics adequately. For example, without awareness of power companies’ 
investment plans, it is impossible to present the perspective energy balance of the 
country and the requirements of its economy for key primary resources. 

Tax rates in different sectors of economy are especially important for the analysis of 
changes of the economic policy parameters.  

The obvious contradiction between interests of business and the state consists in 
their tactical goals. If the state makes a decision proceeding from the general 
macroeconomic and budgetary reasons, business takes into account the economic 
efficiency of implemented measures.  Thus, the essence of mutual relations of 
business and the state consists in finding a reasonable balance between interests of 
the counterparts. The main goals are steady growth of economy and increase of the 
general quality of life in the country. 

The economic crisis has strengthened mistrust among business, state and expert 
community. It conducts to absence of a common view at an estimation of prospects 
of the economy development and difficulties in making the anti-crisis decisions. 

The analysis of the existing practice of operation of the large Russian companies 
shows that at the moment practical modelling is used almost everywhere in business 
processes. It allows asserting that the technology of the analysis and planning in the 
corporate sector is developed at an acceptable level. 
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Fig. 1. The scheme of the data analysis and modelling. 

 

The methodological problem consists in the necessity of integration of the microlevel 
with the macroeconomic level. It can be achieved by working out model complexes, 
including some models of different levels. 

Advantages of the given approach are clear. First, it allows to coordinate the forecast 
at the level of corporations and at the macroeconomic level. Secondly, this complex 
forms estimations of the influence of the sector development on macroeconomic and 
sector indicators. There is a possibility to track all chains of the existing interactions 
in the economy. 

The system of the analysis and monitoring of the existing information should be a 
basis of a model complex. From our point of view, the system of monitoring, the 
analysis and forecasting should be based on various information sources. 
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The approach can consist of working out a model complex of business functioning, 
including the basic indicators of the economy development. First of all, such tool 
should be multilevel, thus, each of the levels of calculations should be responsible 
for the decision of specific goals within the limits of the general ideology of the 
model complex. 

 

Fig. 2. Scheme of the model toolkit. 
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at the top level, the macroeconomic forecast is formed on the basis of the scenario 
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degree of detailed elaboration and presence in the sector we can separate company 
from business units. You can see the general scheme of the model complex in 
Figure 2. 

It would be desirable to pay attention to the fact that the offered system of 
calculations has a closed-circuit form. The macroeconomic scenario and calculations 
at top level both influence the characteristics of the sector development and the 
development of companies and business units. Thus, macroeconomic calculations 
form indicators of the demand for the sector production, the price dynamics of 
products and the consumed resources. In turn, models of the companies form the 
aggregated model of the sectors with the help of macroeconomic parameters. 

Calculations of the company model are carried out on the principles of traditional 
investment analysis. The key moment of the calculation is acceptance of the 
investment decision. Decision making depends on a gain, tax burden and net 
income. Criterion of decision making is the level of  IRR (internal return rate of 
capital), which in turn is based on the consumer price index. 

Now we work over such system of models for oil production. As an example of it, 
the model of the oil company "Rosneft" has been developed. “Rosneft” is the leading 
Russian oil company. In 2008 it produced 106.1 mln. tons of oil, which makes up to 
22% of the total oil extraction in Russia. The company also produces about 46.4 mln. 
tons of petroleum products. The company’s main oil-extracting business units are 
Yganskneftegas, which produces 65.7 mln. tons of oil, Samaraneftegas with 
production of 6 mln. tons, Tomskneftegas with production of 11.3 mln. tons of oil. 

The company’s model consists of a set of submodels, representing separate business-
units, and a block of downstream (oil refining). This model also includes a block 
dedicated to the economics of holding. Possibility of oil processing on oil refineries 
not belonging to the company exists in the model as well.  

It is assumed that all oil fields in the same business unit possess identical 
characteristics. Thus, the whole business unit is considered as one aggregated 
deposit. 

The volume of oil extraction in the business unit’s submodel depends on the 
extraction volumes of the passing fund of wells and the number of new wells, put 
into operation in the given year. The amount of oil extracted from old wells from 
period to period is modified by the natural fall modifier, GTM (geological and 
technical measures) effect and oil extraction from the wells, drilled during the 
previous period. GTM effect is expressed in decrease in size of natural fall of oil 
extraction on passing fund of wells and depends on the operational drilling 
volumes. Oil extraction at new wells is calculated according to the volumes of  
perspective and operational drilling in the given year and the dynamics of capital 
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intensity of the deposit’s development. The increase of the proved oil reserves 
depends on the amount of capital investments in the survey and prospecting. 

The factor of the natural fall of oil extraction is calculated by the regression equation 
based on a share of new wells in the general fund of wells of the previous period. 
Capital intensity dynamics is defined from the level of depletion of the considered 
deposit measured as accumulated volume of extracted oil from the beginning of the 
forecast period and the average flow rate of wells. 

Depending on the ratio between export duties on crude oil and petroleum, modified 
by processing costs, the entire amount of extracted oil is divided into deliveries to oil 
refining factories, deliveries to the internal and a foreign markets. The priority of 
delivery directions depend on the share of duties in cost. Deliveries to other sale 
directions are defined by the remaining amounts of extracted oil after delivery to the 
primary direction. 

The financial results of a business unit depend on the revenues from oil sales on 
internal and foreign markets and expenses for its extraction and transportation. The 
structure of expenses includes the mineral extraction tax, export duties, capital and 
operational expenses, the value added tax and the profit tax. Operational expenses 
are in turn subdivided into payments for the consumed electric power, wages and 
material input costs. The total wages fund is calculated from the average wage and 
the number of employees which is defined depending on the amount of oil 
extraction and drilling. Expenses for the electric power and material input costs are 
derived from the amount of oil extraction and price indexes for electric power and 
ferrous metallurgy. Transport expenses are calculated separately for deliveries to 
internal oil refineries and for export deliveries, depending on volumes of 
transportation and transport tariffs. 

Depending on financial results of a business unit, the size of capital investments in 
its deposit’s development is defined. If exogenously preset minimum admissible 
level of return on the invested capital is not reached, the volume of investments is 
reduced. First of all, spending on geological survey is cut, at the next stage drilling of 
new wells and infrastructure construction go down, and, as the last measure, 
expenses on operational drilling are cut down. Thus, in a model system of links, the 
negative effect of fall meeting the financial requirements at first is shown in the form 
of reduction of the found and proved reserves. Then the reduction of new wells 
drilling up to its complete cease comes. It also increases the extraction fall rate on the 
existing fund of wells due to its ageing. Cease of operational drilling causes further 
decrease of extraction and may put the deposit out of business. 

When the received financial result exceeds the preset threshold value, the amount of 
investments are calculated from the size of the netback monetary stream and the 
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repetition factor of remaining reserves (a ratio between the amount of remaining 
reserves and the current level of output). 

The holding model consists of a set of business unit models and a model of oil 
refining. The oil refining model is developed on similar principles to the business 
unit model. The crude oil processing depends on deliveries to refineries and their 
capacities. Production capacities depend on capital investments, which in turn are 
defined by the financial result. The input of new capacities also influences the depth 
of processing and the structure of produced petroleum products. If a deficit of own 
capacities exists, a possibility of exterior refineries for processing a certain share of 
oil is supposed.  

If financial resources are available at the level of holding, they may be used to 
compensate their lack at the level of a separate deposit. Thus, the preference in 
provision of funds as a holding subsidy is given to allocation of additional 
investments to deposits with the higher repetition factor. So, financing of fields 
under development is carried out at the expense of already maintained ones.  

The presented model toolkit is used for calculation of different tax regimes effect. In 
the first scenario, the tax regime for oil sector remains invariable. In the second 
variant, there is a granting of preferences in mineral extraction tax rates for the oil-
extracting industry. In the third scenario variant, the decrease in export duties on oil 
is considered. 

Situation in the Russian oil sector it is closely connected with the world market. In 
our calculations we used the conservative scenario of a rise in prices for oil. Thus, we 
started with possible estimations of oil demand and world economic development. 
Characteristics of possible decrease in energy intensity in the world are well 
connected with the situation in the American economy (Meade 2007 and 2008).  

For all scenarios, the following exogenous values of macroeconomic indicators were 
used: 

Table 1. Key scenario parameters. 

  2009 2010 2011 2012 2015 2020 2025 2030 
US Dollar exchange rate, 
roubles 32.6 34.5 37.0 39.2 38.6 37.7 36.9 36.1 
The price of oil Urals, dollars 
per barrel 54.0 55.0 56.0 57.0 60.7 68.8 73.7 76.6 
CPI, % 12.3 10.0 7.5 6.0 4.2 2.6 2.0 1.6 

  
Oil recovery volumes are subdivided on 

o Amount of oil extracted under natural fall of extraction conditions 
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o Increase in oil extraction as a result of the maintenance measures 

o Oil extraction from wells drilled since 2008 on old deposits  

o Oil extraction on new oil fields 

Fields already developed by the year 2008 hereinafter are named as “old”, and fields 
developed after the beginning of the forecast period are considered as “new”. 

The analysis of the amount and structure of produced oil allows to estimate the 
influence of various tax preferences on oil sector dynamics. 

In the first variant, preservation of tax burden together with growth of capital and 
operational expenses leads to gradual decrease in financial results both at the level of 
separate business units and at the level of the holding.  

 

Fig.1 Oil extraction, mln tons. 

0

20

40

60

80

100

120

140

160

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Natural fall GTM effect New wells at old fields New fields

 
 

In this scenario, the highest volume of capital investments into new wells drilling 
will be reached in years 2011-2013, accordingly the peak of oil production will be 
reached in years 2013-2014. During this period, the majority of oil fields will have 
stable or positive dynamics of extraction. 
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Fig. 2. Oil extraction, mln tons. 
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At the same time, on a number of oil fields, decrease in volumes of extraction is 
observed since 2009-2010. 
 
Fig. 3. Oil extraction, mln tons. 
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Similar distinction in dynamics of extraction can be explained by different technical 
characteristics of oil fields. The holding, as a whole, has few financial possibilities 
and stimulus to support the business units with low profitability and repetition 
factor of reserves. This causes a serious fall of oil extraction in old fields. The main 
share of the basic capital investments goes to new and more profitable projects on 
fields under development due their high flow rates. However, it is insufficient for 
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keeping oil extraction in the long-term perspective. If in 2008 the amount of the 
company oil extraction was 110 million tons, and in 2013-2014 it is to increase up to 
124 million tons, then in 2030 it will decrease down to 48 million tons. Many deposits 
actually became unprofitable, causing production go-off. It results also in reduction 
of employee’s number down to 42 % from the 2008 level. Decrease in oil extraction 
involves also reduction of oil refining. The general slump in production first of all is 
negatively reflected on export of crude oil and petroleum products. Tax revenues in 
the budget also decrease. 
 
In the second scenario, mineral extraction tax preferences, in particular smooth 
increase of the untaxed price share from 15 US dollars per barrel in 2009 to 67,5 
dollars per barrel in 2030, are granted. In this scenario, there are sufficient financial 
resources for production support and growth at the disposal of the company. 
 
Fig. 4. Oil extraction, mln tons. 

0

20

40

60

80

100

120

140

160

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Natural fall GTM effect New wells at old fields New fields

 
 
So, the oil extraction amount will reach 118 million tons in 2030. The extraction peak 
will be reached in 2017-2018 and will make 135 million tons. The main production 
growth is accounted by development of new oil fields, such as Vankor. Extraction on 
old oil fields decreases, but much more slowly, than in the first variant. Actually, the 
reduction in mineral extraction tax reduces the cost per unit for each oil field and 
thus, raises their profitability. It serves as a stimulus for increase in prospecting and 
operational drillings.  
 
In the third scenario, decrease in export oil duties is considered. This measure 
increases profitability of oil deliveries on a foreign market. Oil extraction amounts in 
the given scenario are higher than in the previous and make 135 million tons in 2030. 
The extraction peak is reached in years 2024-2025 and accounts about 152 million 
tons. In this scenario, the extraction growth is allocated practically in an equal 
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measure between oil extraction from new wells on old fields and extraction on new 
fields. World oil prices at the end of the forecast period grow more slowly then 
operational costs per unit, causing a decrease in company’s financial results. It leads 
to a fall in capital investments and some slump in production. 
 
Fig. 5. Oil extraction, mln tons. 
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At the same time, growth of profitability of oil deliveries on foreign markets, in 
comparison with deliveries on oil refineries, makes the export direction priority. The 
corresponding changes in structure of extracted oil distribution involve reduction of 
the internal oil refining. If in the previous variant, the oil refining volume, in 
comparison with the base scenario, increases, in data it decreases. Also investment is 
amassed in oil extraction rather than in petroleum refining. These reasons explain 
higher results of oil extraction and lower ones of petroleum refining in the given 
scenario compared with the previous one. 
 
Fig. 6. Petroleum refining, mln tons. 
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By  comparing the considered scenarios, it is possible to affirm that the variant of tax 
burden preservation in except of short-term perspective is preferable neither for the 
government, nor for the oil companies. In case of implementation of the given 
scenario, the economy can face crude oil and petroleum products deficit. 
Considering the importance of revenues from oil sales on the external market for the 
payment balance of the Russian Federation, it is easy to presume that the exchange 
rate of rouble in this case will decrease. It will lower operational costs of the oil 
companies and will allow to soften the extraction fall. Calculations show that, if the 
exchange rate of US dollar increases up to 44.5 roubles by 2030, oil extraction in the 
given scenario will make about 80 million tons in 2030. 
 
The scenario of mineral extraction tax preferences is more preferable to the 
government and state budget in the intermediate term perspective and for business 
in the long run. On the contrary, the variant of oil export duties decrease is much 
more preferable to business in the intermediate term perspective and only in the 
long-term perspective it is preferable for the state. At the same time, it is necessary to 
consider, that in the third variant there is an essential fall in petroleum refining at the 
domestic oil refineries and the export of crude oil increases. It can be considered as a 
negative effect for economy as a whole. 
 
Fig. 7. Tax payments, bln. roubles. 
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This calculation, in our opinion, shows a high degree of dependence of Russian oil 
sector production dynamics from the world prices for oil and from the tax regime 
parameters. The tax reform is necessary for the purpose of supporting stable 
dynamics of oil extraction and refining. Full or partial replacement of the existing tax 
payments by the taxation of financial results, for example introduction of the 
windfall tax, can become a variant of such changes in the tax system. 
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Fig. 8. Net Profits, bln. roubles. 
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Also we see that not only economy of separate companies can suffer drastically from 
choices of tax regime, but government and budget are dependent on the 
development of companies. It may look like an obvious statement, but very often it 
needs model illustration to prompt the state and business in searching a mutually 
beneficial solution and provide a toolkit for finding such a solution. 
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Overview of the economic development in Kazakhstan, 1992-2008 

 
The period of transition from the centrally planned to market economy is 
characterized by structural reforms and the anew build-up of the macroeconomic 
and trade policies in Kazakhstan. The so called “shocking therapy” was 
implemented through the overall privatization and liberalization of prices26. 
According to Snoek and Rooden27, the strong monetary growth induced by newly 
established central banks' heavily financing of state enterprises’ losses and 
government deficits, combined with the increasing prices in interstate trade, leads to 
a rapid acceleration in inflation in Central Asian countries.  With the bond markets 
absent, the monetary and fiscal policies “are intimately connected, because any 
government expenditure not covered by tax revenues or foreign assistance had to be 
financed by creating money”28.  
 
Fig. 1. Hyperinflation and recession of early 1990s in Kazakhstan. 
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        Source: World Bank and Republic of Kazakhstan Statistics Agency. 
                                                 
26 Turlubekov Bauyrzhan (2009),  “The issues of economic development and policy challenges in 
Kazakhstan”,  Seminar on Economic Development Policies (JFY 2009), Position Paper 
27

 Snoek, H. and van Rooden, R. (1999), Monetary Policy and Progress with Stabilization, in: Gurgen, 
E (et al., eds), (1999), Economic Reforms in Kazakhstan, Kyrgyz Republic, Tajikistan, Turkmenistan, 
and Uzbekistan, Washington D.C.: International Monetary Fund, p. 24. 
28

 Pomfret, R. (2002), Constructing a Market Economy: Diverse Paths from Central Planning in Asia 
and Europe, Cheltenham: Edward Elgar Publishing Limited, p. 35. 
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Combined with the tremendous decline in output, money emission led to the 
hyperinflation in Kazakhstan (Figure 1). During the period, the budget deficit was 
within the controllable range (3-7% of the GDP) what ensured swift recovery.  
 
The Russian 1998 crisis passed to Kazakhstan through the real sector, without 
involvement of capital flows. Since Kazakh exports lost competitiveness due to 
worsening of terms of trade triggered by ruble devaluation, the Kazakhstan's 
Balance of Payments positions shrank. This added problems to the economy already 
suffering from the drop in demand for Kazakh copper caused by  the South Asian 
financial crisis.  

 
 

Current economic situation in Kazakhstan 

External sector dependence 

 
Kazakh economy is still vulnerable to external shocks, as is demonstrated by the 
2007-2008 price shocks. Crude oil price plays important role in the overall 
performance (Figure 2).  Since this bears high risks for the BOP position, 
diversification of the export sector and economy becomes the serious issue.  
 
Fig. 2. Crude price and trade balance relationship. 
 

 
Sources: National Bank of the Republic of Kazakhstan and 
http://tonto.eia.doe.gov/dnav/pet/hist_xls/WTOTWORLDw.xls. 
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country's foreign trade policy. Nevertheless, petroleum and downstream products 
account for two thirds of total exports and this share keeps on growing (see Figure 
3). The trend is naturally accompanied by the decline in shares of the rest of 
tradables sector in total exports. These are initial signs of the Dutch Disease 
phenomenon in Kazakhstan.  

 
Fig. 3. The structure of main exports by Kazakhstan, % of total. 

 

 
Source: UN Comtrade database. 
   

Frankel29 distinguishes another indicator of the Dutch Disease – increase in 
government expenditure. In 2004 and 2006, the wages in the entire public sector 
were increased by 32 and 30 percent respectively. New three-year budgets will 
envisage 25 to 30 percent annual increase in payments to the retired and all 
employees in the public sector, as well as 9 percent add-up in social benefits30.  
 
The period after 2000 is characterized by discoveries of new deposits of oil and gas, 
triggering further booming of industry supported by rise in world prices for energy. 
According to some sources, in March 2001, Agip KCO31  found a large deposit in 
Kashagan and in June 2002 released estimates that proven reserves were 7-9 billion 

                                                 
29 Frankel, J. (2005), On the Tenge: Monetary and Exchange Rate Policy for Kazakhstan, Sort-term 
Consultancy, April 11, available at: <http://ksghome.harvard.edu/~jfrankel/On%20the%20Tenge-
KazakhM&ExR-Frankel_r.pdf> (accessed on July 8, 2008).  
30 2008 Annual Address by the President of the RoK to the People of Kazakhstan. Available at: 
<http://www.kazakhemb.org.il/?CategoryID=248&ArticleID=477> (accessed on 25 August, 2008) 
31 Agip Kazakhstan North Caspian Operating Company (Agip KCO).  
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barrels of oil32. If the consequent boom was accompanied by real appreciation, there 
would be stronger evidence of the Dutch Disease in Kazakhstan during the last 
decade.  

 
GDP by production 

 
For the whole year of 2008, the impacts of the world financial and economic crisis 
resulted in the steady decline in growth rates in Kazakhstan. Production of goods 
increased by just 1.1% (Table 1), while the growth in mining industry was 
undermined by the fall in manufacturing and agriculture. Services added with the 
help of transportation and communications, hotels and restaurants.  
 
Table 1. GDP by production, 2008-2009. 

Period on period, % 

I 
2008 

I-II  
2008 

I-III  
2008 

 2008 
I 
2009 

I-II 
2009 

I-III 
2009 

Goods  106.4 105.5 102.4 101.1 95.2 96.4 98.3 
Services 106.9 105.9 104.7 104.6 100.9 99.4 97.2 
Gross value added  106.0 105.7 104.0 103.3 97.9 97.7 97.9 
Gross domestic product 106.1 105.7 104.0 103.3 97.8 97.6 97.8 
* - quarter based data ** - preliminary data 

 

GDP by consumption 

 
The oil and construction boom of the last decade allowed for the rapid economic 
growth averaging 10% annually. The growth was induced mainly by soaring gross 
savings (Figure 4).  
 
With the credit crunch impacts mounting from 2007 fall and afterwards, we see a 
certain decline in all the GDP components. The trend continues in 2009, and in 
January the 14% annual fall in the fixed capital investment was detected. Thus, 
bottoming out, the investment situation is now improving, with the 36% surplus in 
April.  
 
As for the economy structure from the consumption point of view, we see a firm 
decline in household expenditures from 52.8% of the GDP in 2003 to 41.7% in 2008. 
There is a slight fall in government consumption. The rapid growth of gross savings 
stalled and fell to 2003 levels, whereas net exports reached 20% of the GDP in 2008 
mainly due to world price incentives.  
 
 

                                                 
32  See: <http://www.globalsecurity.org/military/world/centralasia/kazak-energy.htm> (accessed 
on 22 August, 2008) 
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Fig. 4. Components of the GDP by consumption, YoY indices. 
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Macroeconomical forecasting in Kazakhstan 

 
The macroeconomic forecasting is part of the state planning system of economy, 
which identifies major problems and defines development directions for the 
economy. Development of economic forecasts is an important and necessary 
component of the socio-economic processes management system. The results of the 
predictive calculations are used by the government bodies to develop and 
substantiate the socio-economic policy of the state. 
 
Transition to the new system of state planning – the budgeting oriented on results – 
is carried out in Kazakhstan. In exchange for the earlier developed medium-term 
plans of socio-economic development of the country determining the development 
parameters for a 3 year period introduces «Prognosis of Socio-Economic 
Development of the Republic of Kazakhstan» for a five-year period, which is the 
basis for the development of the Strategic Plans of central and local public organs, 
and also the country budget for a 3 year period (Figure 5). In this connection, the 
development of economic forecast in the Republic of Kazakhstan is especially topical 
for the development of forecast of socio-economic development and budgetary 
parameters of the country for a five-year period, and also the complex system of 
macroeconomic parameters and the forecast of the country development in a short-
term and medium-term perspective. 
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Fig. 5. The state planning and forecasting system in Kazakhstan. 
 

 
 

 
The KazSTEM macroeconomical forecasting model of Kazakhstan 

 
The KazSTEM model was developed by the Department of Short-Term Forecasting 
of the Center of Macroeconomic Analysis and Forecasting of  JSC “Economic 
Research Institute”.  
 
The KazSTEM macroeconomic model was developed as a result of collaboration 
with Institute of Economic Forecasting of the Russian Academy of Sciences 
(Moscow) on the basis of the Russian Qummir macroeconomic model and was first 
adapted to the Kazakhstan economy at the Department of Short-Term Forecasting of 
the Center of Macroeconomic Analysis and Forecasting. Also, the experience of the 
University of Maryland (USA)33 was used. The KazSTEM macroeconomic model 
was designed by ERI on the base of the Qummir macroeconomic model of the 
Institute of Economic Forecasting of the Russian Academy of Sciences (Moscow) and 
was adapted to Kazakhstan economy conditions34. The unique feature of our model 
is that it is the first one that is being developed for the Kazakhstan economy.  
 

                                                 
33 http://www.inforum.umd.edu/organization/conferences/iwcxvii/iwcxvii.html 
34 http://www.macroforecast.ru 
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The KazSTEM Kazakhstan short- and medium-term forecasting macroeconomic 
model is a quarterly based econometrical model designed in the G7 econometrical 
package. It describes the interactions of main macroeconomic indicators of the 
economy of Kazakhstan and is intended  for macroeconomic indicators forecasting 
for the short-term (quarterly) and medium-term (yearly) period35. 
 
The statistical base is being constantly updated as data from the official sources, such 
as RK Statistics Agency, National Bank of Kazakhstan, Ministry of Economy and 
Budget Planning, other ministries’ web sites, are available.  The data for the model is 
taken on the quarterly base from the first quarter of 2000 to 2009. The current values 
of variables are transferred into constant ones to reveal the real rates of economy 
growth. Equations are built for the endogenous variables of the model regression. 
More than 200 variables and around 80 regression equations are currently included 
into the Kazakhstan model.  
 
The KazSTEM model allows to develop different scenarios of the forecasts (base, 
optimistic and pessimistic), depending on changes of exogenous variables and 
economy development scenarios. The forecasts of the main macroeconomic 
indicators, such as the GDP by three methods (by production, consumption and 
formation of profits), are being made on the  basis of the KazSTEM Kazakhstan 
macroeconomic model.    
 
To calculate the GDP by the production method, the regression equations by 
industries at constant prices of the second quarter of 2000 are made, that allows us to 
calculate the real growth of GDP and components of GDP. Summing the forecasted 
values by industries we get GDP at constant prices. Then we make regression 
equations for industries deflators. Multiplying the forecasted values of the GVA of 
industries, at constant prices to deflators we get forecasted values of the GVA of 
industries at current prices. Summing the taken values of the industries GVA, we get 
a value of GDP at current prices. A similar methodology was used to forecast GDP 
by consumption. The forecasting methodology is  the same for the rest blocks. 
 
Currently, the following forecasting modules are developed under the 
macroeconomic model of Kazakhstan (Figure 6).  
 
Data in the model consists of more than 200 variables. Regression equations are 
made for endogenous variables. In the analysis, such estimation indicators as R-
square (RSQ), Durbin-Watson statistics of autocorrelation of residuals (DW), Mexval 
coefficient of significance of variable, etc. are used.  Forecasting variables of the 
model are shown bellow (Figure 7 and 8). 
                                                 
35 http://www.inforum.umd.edu/organization/conferences/iwcxvii/hires/aidarkhanovabibigul.jpg 
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Fig. 6. Modules of the forecasting model. 
 

 
 
Fig. 7. Forecasting GDP by three methods (by production, consumption and formation of 
profits)  by KazSTEM model. 
 

 

The forecast of the Gross value added (GVA) by industries:  

• Agriculture (nominal value, real growth, deflator) 

• Industry (nominal value, real growth, deflator) 

• Construction (nominal value, real growth, deflator)  

• Internal Trade (nominal value, real growth, deflator)  

• Hotels and Restaurants 

• Transport (nominal value, real growth, deflator)  

• Communications (nominal value, real growth, deflator) 

• Financial activities (nominal value, real growth, deflator)  

• Activities with real estate (nominal value, real growth, deflator) 

• Public management (nominal value, real growth, deflator)  

• Education (nominal value, real growth, deflator)  

• Health care (nominal value, real growth, deflator) 

• Household, social, and personal services (nominal value, real 
growth, deflator)  

• Financial intermediation taxes (nominal value, real growth, deflator) 

• Taxes on products and import (nominal value, real growth, deflator) 

 
Block of  GDP 

by 
consumption 

The forecast of the components of GDP by consumption 

• Household consumption (nominal value, real growth, deflator) 

•  Public consumption (nominal value, real growth, deflator)  

• Gross capital formation(nominal value, real growth, deflator)  

• Exports (nominal value, real growth, deflator) 

• Imports (nominal value, real growth, deflator) 
 

 

 

Block of  GDP 
by production 

Block of  GDP 
by  formation 
of profits 

The forecast of the components of GDP by formation of profits 

• Compensation of employees 

• Other taxes on production 

• Taxes on products and imports  

• Consumption of fixed capital  

• Net profits and net mixed revenues 
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On the basis of the developed macroeconomic scenarios, by taking into account the 
changes of the world oil prices and dynamics of the foreign financial markets, three 
scenarios of the forecasting economic development of Kazakhstan: the base, 
optimistic and pessimistic ones are supposed to be made. 
 
 
Fig. 8. Forecasting of the monetary, state budget, social and the Balance of Payments blocks  
in accordance with the KazSTEM model. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Block  
of the Monetary  
relations 

The forecast of the monetary aggregates 

• Broad money 
• Money in cash 
• Base money 
• Deposits 
• Annual credits to persons 
• Annual credits to legal entities 

• CPI 

The forecast of the State budget 

• State budget expenditures 
• Non-tax revenues  
• Fixed capital sale revenues 
• Tax revenues  
• Corporate tax 
• Personal income tax 
• Social security tax 
• VAT 
• Excise duty 

Block 
of the State 
budget 

The forecast of the components of the balance of payments 

• Current Account 
• Trade Balance 
• Exports of goods 
• Imports of goods 
• Services Balance 
• Exports of services 
• Imports of services 
• Revenues balance 

• Current Transfers 

 

Block 
 of the Balance of 
Payments 

The forecast of the social block 

• Number of economically active population, thousand 
people 

• Number of employed, thousand people 
• Number of unemployed, thousand people 
• Unemployment rate, % 

 

Social block 
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The scenario forecasts of the Kazakhstan economy development for 2010-2014 are 
developed by the following econometrical model: 

• scenario forecasts of GDP by production and its structural components;  
• scenario forecasts of GDP by formation of profits  and its st  structural 

components; 
• to develop scenario forecasts of GDP by consumption and its structural 

components;  
• forecasts of the balance of payments;  
• forecasts of the monetary aggregates;  
• forecasts of the budget block; 
• forecasts of the indicators of labor market . 

 
The estimation of the consequences of implementation of the forecasting scenarios of 
the economic development will allow us to define the most realistic forecast of the 
macroeconomic indicators which should be the basis for the development of the 
strategic plans  of development of Kazakhstan  for 2010-2014 (See the Note).  
 
The Ministry of Economy and Budgetary Planning, the government, Administration 
of the President and other central public organs of the Republic of Kazakhstan use 
the results of quarterly and annual forecasting calculations according to the 
KazSTEM model by three scenario variants of the economy development.  
 
 
Scenario forecast of GDP by the production of a quarterly model KazSTEM for the year 2010 

 
Quarterly forecast of GDP by production for 2010 is calculated on the basis of a 
quarterly macroeconomic model of Kazakhstan KazSTEM, in the following three 
scenario variants: base, optimistic and pessimistic ones, depending on the 
assumptions on exogenous parameters. 

 
a) Base scenario 

 
According to calculations in the base scenario, the forecast of GDP in nominal terms 
over a first half of 2010 will be approximately KZT 8,009.1 billion and the volume 
index of GDP is projected at 104.3% compared with the first half of 2009. 
 
During the first 9 months of 2010 in the base scenario, according to the calculations 
in accordance with the KazSTEM model, the GDP growth is projected at 3,4% 
compared to the same period in 2009. In nominal terms, GDP is estimated as KZT 
12,527.9 billion, which is higher than last year's level. 
 
The volume index of GDP for 2010 will amount to 102.2, while in nominal GDP it 
will amount to KZT 17,463.9 billion. This projected decline in the volume index of 
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GDP in the first half of 2010 is 104.3% and 102.2% for the whole year, due to the 
growth of GDP in the corresponding period of the last year. The calculated 
projection of GDP by the production in the base scenario are presented in Table 1.  
 
 

Table 1. Base forecast of GDP by the production for the 2010 (To the same period of previous 
year). 

Index 
Unit of 

measurement 
Assessment 
of 2010 Q1 

Forecast for 2010 
1st half 9 months 2010 

Gross Domestic Product 
billion KZT 3 867.8 8 009.1 12 527.9 17 463.9 
volume index 103.6 104.3 103.4 102.2 
deflator 122.2 114.4 108.0 107.6 

Agriculture, hunting, 
forestry, fishing and fish 

billion KZT 84.0 228.5 687.4 923.5 
volume index 104.5 103.1 96.4 88.6 
deflator 97.9 102.3 103.4 104.2 

Industry 
billion KZT 1 235.4 2 543.7 3 663.4 5 081.1 
volume index 104.3 105.0 104.0 104.2 
deflator 135.1 119.5 106.4 104.2 

Construction 
billion KZT 180.5 531.2 990.8 1 395.7 
volume index 92.2 100.5 101.5 99.6 
deflator 108.8 117.5 113.1 108.6 

Trade, repair of motor 
vehicles and household 
goods 

billion KZT 536.6 1 093.5 1 698.8 2 422.9 
volume index 102.3 105.9 102.6 102.7 
deflator 117.9 113.1 112.7 114.1 

Hotels and restaurants 
billion KZT 43.8 77.9 125.1 167.4 
volume index 106.5 112.5 109.3 110.5 
deflator 106.2 108.6 111.2 112.5 

Transport 
billion KZT 346.2 690.6 1 066.3 1 513.1 
volume index 108.6 111.4 106.8 104.9 
deflator 133.7 116.1 111.0 111.5 

Telecommunication 
billion KZT 103.3 211.0 327.3 492.0 
volume index 109.9 112.3 112.2 109.5 
deflator 109.0 113.5 112.3 128.2 

Financial activities 
billion KZT 209.6 437.1 606.5 782.8 
volume index 105.0 95.7 100.7 100.2 
deflator 105.9 118.2 102.4 99.3 

Real estate, renting and 
business activities 

billion KZT 740.9 1 357.9 1 957.1 2 720.3 
volume index 100.7 99.3 101.5 99.3 
deflator 113.5 111.1 109.6 108.0 

Government 
billion KZT 104.4 219.3 327.3 421.1 
volume index 107.8 106.7 106.3 105.9 
deflator 138.0 119.0 114.3 115.8 

Education 
billion KZT 151.6 319.2 473.3 672.3 
volume index 101.0 103.9 102.9 102.5 
deflator 113.1 114.1 116.2 119.4 
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Health and social 
services 

billion KZT 87.2 181.8 278.7 361.4 
volume index 102.9 103.5 103.4 103.9 
deflator 121.1 119.0 111.3 116.1 

Provision of other 
services 

billion KZT 77.4 176.3 298.3 394.6 
volume index 104.3 101.4 101.3 101.2 
deflator 119.8 119.2 114.9 116.2 

Indirectly measured 
financial intermediation 
services 

billion KZT -154.1 -340.9 -460.1 -554.1 
volume index 97.0 94.7 97.5 97.5 
deflator 105.9 103.5 107.1 105.4 

Net taxes on products 
and imports 

billion KZT 121.1 281.8 487.7 669.8 
volume index 101.9 103.0 102.3 102.5 
deflator 86.6 81.9 85.7 86.2 

 

In this case, the stable growth of gross value added (GVA) of sectors throughout 
2010 show growth in such sectors as telecommunications (9.5% growth per year), 
hotels and restaurants (10,5% growth per year), which is associated with the increase 
in real incomes. 
 
Also, fairly high growth rates are expected to GVA of transport (4.9% in 2010), which 
is associated with an increase in industrial production. The expected increase in 
GVA growth rates of industry (growth at 4-5% per year), due to the assumption of 
higher world oil prices over the same period of last year. In trade, it is expected to 
grow throughout the year at 2-3%, which is associated with an increased activity in 
the sector of small and medium businesses. 
 
A small decline is expected in construction (-0.4% in 2010), which is associated with 
low levels of investment in this sector, due to a low level of the second-tier bank 
credits. 

 
b) Optimistic scenario 
 

As a result, according to the model calculations for the optimistic scenario the GDP 
growth for the first half of 2010 will amount to 4.6% (KZT 8,131.0 billion), for 9 
months in 2010 4.0% compared with the corresponding period of the previous year 
(KZT 12,969.5 billion), for 2010  2.8% (KZT 18,055.1 billion). Accordingly, the state 
sectors of the economy will improve during the same period. 

 
Table 2. Optimistic forecast of GDP by production for 2010 (The corresponding period of the 
previous year) 

Index 
Unit of 

measurement 
Assessment 
of 2010 Q1 

Forecast for 2010 
1st half 9 months 2010 

Gross Domestic Product 
billion KZT 3 867.8 8 131.0 12 969.5 18 055.1 
volume index 103.6 104.6 104.0 102.8 
deflator 122.2 115.9 111.1 110.5 

Agriculture, hunting, 
forestry, fishing and fish 

billion KZT 84.0 234.8 699.6 964.9 
volume index 104.5 104.3 97.6 89.6 
deflator 97.9 103.9 104.0 107.6 
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Industry 
billion KZT 1 235.4 2 628.8 3 981.8 5 486.1 
volume index 104.3 104.8 104.2 104.7 
deflator 135.1 123.6 115.4 112.0 

Construction 
billion KZT 180.5 534.0 1 002.2 1 408.3 
volume index 92.2 100.5 101.5 99.7 
deflator 108.8 118.1 114.4 109.5 

Trade, repair of motor 
vehicles and household 
goods 

billion KZT 536.6 1 095.8 1 711.8 2 456.3 
volume index 102.3 105.9 103.2 103.5 
deflator 117.9 113.4 112.9 114.7 

Hotels and restaurants 
billion KZT 43.8 78.6 127.4 170.2 
volume index 106.5 113.6 111.4 112.4 
deflator 106.2 108.4 111.1 112.4 

Transport 
billion KZT 346.2 702.8 1 124.2 1 582.6 
volume index 108.6 111.2 107.1 105.6 
deflator 133.7 118.4 116.7 115.9 

Telecommunication 
billion KZT 103.3 213.7 335.5 503.0 
volume index 109.9 113.6 115.0 111.7 
deflator 109.0 113.6 112.4 128.5 

Financial activities 
billion KZT 209.6 432.5 583.7 773.2 
volume index 105.0 97.2 104.8 101.7 
deflator 105.9 115.2 94.7 96.7 

Real estate, renting and 
business activities 

billion KZT 740.9 1 367.2 1 975.0 2 733.3 
volume index 100.7 100.3 103.0 100.1 
deflator 113.5 110.8 109.0 107.7 

Government 
billion KZT 104.4 219.3 327.1 420.8 
volume index 107.8 106.7 106.2 105.7 
deflator 138.0 119.1 114.4 115.9 

Education 
billion KZT 151.6 319.2 473.4 672.4 
volume index 101.0 103.9 102.9 102.5 
deflator 113.1 114.1 116.2 119.4 

Health and social 
services 

billion KZT 87.2 181.8 278.7 361.5 
volume index 102.9 103.5 103.4 103.9 
deflator 121.1 119.0 111.3 116.1 

Provision of other 
services 

billion KZT 77.4 177.6 302.2 399.1 
volume index 104.3 101.5 101.6 101.3 
deflator 119.8 119.8 116.1 117.4 

Indirectly measured 
financial intermediation 
services 

billion KZT -154.1 -337.6 -442.5 -548.6 
volume index 97.0 96.2 101.9 99.0 
deflator 105.9 101.0 98.6 102.7 

Net taxes on products 
and imports 

billion KZT 121.1 282.4 489.4 672.1 
volume index 101.9 103.2 102.6 102.8 
deflator 86.6 82 85.7 86.2 

 
The above optimistic forecast was calculated for 2010 in relation to the 
corresponding period of the last year.  
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с) Pessimistic scenario 
 

According to the pessimistic scenario of the model, the GDP growth for the first half 
of 2010 will amount to 4.0% (KZT 7,819.2 billion), for 9 months in 2010 2,8% 
compared with the corresponding period of the previous year (KZT 11,846.4 billion) 
for 2010  1.6% (KZT 16,656.6 billion). Accordingly, the less positive will be the state 
of sectors of the economy during the same period.  

 
Table 3. Pessimistic forecast of GDP by production for 2010 (The corresponding period of 
previous year) 

Index 
Unit of 

measurement 
Assessment 
of 2010 Q1 

Forecast for 2010 
1st half 9 months 2010 

Gross Domestic Product 
billion KZT 3 867.8 7 819.2 11 846.4 16 656.6 
volume index 103.6 104.0 102.8 101.6 
deflator 122.2 112.1 102.7 103.1 

Agriculture, hunting, 
forestry, fishing and fish 

billion KZT 84.0 222.1 675.9 879.7 
volume index 104.5 102.2 95.7 88.0 
deflator 97.9 100.3 102.4 99.9 

Industry 
billion KZT 1 235.4 2 398.4 3 140.8 4 484.3 
volume index 104.3 104.4 103.8 103.6 
deflator 135.1 113.3 91.5 92.6 

Construction 
billion KZT 180.5 527.0 971.6 1 377.7 
volume index 92.2 100.5 101.5 99.7 
deflator 108.8 116.6 110.9 107.1 

Trade, repair of motor 
vehicles and household 
goods 

billion KZT 536.6 1 082.7 1 684.9 2 385.5 
volume index 102.3 105.0 102.0 101.7 
deflator 117.9 112.9 112.4 113.4 

Hotels and restaurants 
billion KZT 43.8 77.4 123.0 165.4 
volume index 106.5 111.7 107.3 109.1 
deflator 106.2 108.6 111.4 112.6 

Transport 
billion KZT 346.2 664.3 972.1 1 411.4 
volume index 108.6 110.5 106.4 104.0 
deflator 133.7 112.6 101.5 104.9 

Telecommunication 
billion KZT 103.3 209.1 319.6 483.7 
volume index 109.9 111.4 109.7 107.9 
deflator 109.0 113.4 112.3 127.9 

Financial activities 
billion KZT 209.6 440.9 623.2 791.3 
volume index 105.0 96.0 97.1 99.7 
deflator 105.9 118.9 109.2 100.9 

Real estate, renting and 
business activities 

billion KZT 740.9 1 365.1 1 947.6 2 723.8 
volume index 100.7 99.9 100.5 99.4 
deflator 113.5 111.0 110.1 108.0 

Government 
billion KZT 104.4 219.3 327.5 421.2 
volume index 107.8 106.7 106.4 106.0 
deflator 138.0 119.0 114.3 115.7 
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Education 
billion KZT 151.6 319.1 473.3 672.1 
volume index 101.0 103.9 102.9 102.5 
deflator 113.1 114.1 116.2 119.3 

Health and social 
services 

billion KZT 87.2 181.8 278.7 361.2 
volume index 102.9 103.5 103.4 103.9 
deflator 121.1 119.0 111.3 116.1 

Provision of other 
services 

billion KZT 77.4 175.7 295.0 391.6 
volume index 104.3 101.5 101.1 101.2 
deflator 119.8 118.6 113.8 115.3 

Indirectly measured 
financial intermediation 
services 

billion KZT -154.1 -345.1 -473.0 -560.4 
volume index 97.0 94.7 93.7 96.9 
deflator 105.9 104.8 114.6 107.2 

Net taxes on products 
and imports 

billion KZT 121.1 281.3 486.2 668.1 
volume index 101.9 102.8 102.0 102.2 
deflator 86.6 81.9 85.7 86.2 

 
The Gross Domestic Product in the System of National Accounts of the Republic of 
Kazakhstan is calculated by three methods: the method of production, by end-use 
and the method of income generation. 
 
The above calculation of GDP according to the method of production is the main 
method of measuring the growth in Gross Domestic Product, reflecting the growth 
in relevant sectors of the economy. 

  
 
Conclusions 

 
Macroeconomic forecasting  is a part of the governmental control system of the 
economy called to detect the major problems and define the directions of the country 
development. The development of economic forecasts is an important and necessary 
part of the control system over the socio-economic processes of the country as a 
whole. The results of the forecasting calculations are used  by public organs for 
developing and grounding the socio-economic policy of the state. 
 
Thus, the developed KazSTEM Kazakhstan short- and medium-term forecasting 
macroeconomic model brings a significant contribution to the macroeconomic 
forecasting development in Kazakhstan. 
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MODELLING OF THE ECOLOGICAL  AND HEALTH  

SITUATION IN RUSSIA BY USING THE INPUT-OUTPUT MODEL36 
 
 

Alexander Baranov, Vadim Gilmundinov, Victor Pavlov, Tatyana Tagaeva 

Novosibirsk State University, Russia 
 

 

1.Health and Demographic Indicators in Russia 

 
The period of transition from the command economy to the market economy is 
characterized by a quite serious health aggravation of the Russian citizens. The 
number of yearly registered people who fell ill with cancer for the first time 
increased by 75% during 1990 - 2007, the number of those who fell ill with diseases 
of the digestive apparatus increased by 22% and the number of those who fell ill 
with diseases of the circulatory system increased nearly as much as twice. The Figure 
1 illustrates   the common morbidity. 

Fig. 1. Morbidity in Russia (registered patients with the first diagnosed disease for every 
thousand people). 
 

 
 
 
 
 
 
 
 

 
 

The quality of public health largely determines the dynamics of demographics of the 
Russians. The process of depopulation has been going in Russia since 1992 (Fig. 2). 
The major factors of the depopulation process are the decrease of the birth rate and 
the increase of mortality. The yearly birth rate decreased from 2.5 mln. in 1987 to 2.0 
mln. in 1990, and to 1.61 mln. in 2007. The number of newly-born per 1000 people 
decreased from 13.4 in 1990 to 11.3 in 2007.  
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Fig. 2. General coefficients of the birth rate and mortality (per 1000 people). 

 
 
 
 
 
 
 
 
 

 
 

 
The level and dynamics of birth rate in Russia are relatively close to those in Europe, 
but the Russian model of mortality does not have any analogs in Europe, as the 
overall coefficient of mortality is constantly increasing. Demographics define the 
negative dynamics of the life expectancy which is an important characteristic of the 
quality of public health. Life expectancy of the population of Russia was 67.5 years 
in 2007; men’s life expectancy was 61.4 years and women’s – 73.9. These rates of 
lowered life expectancy are unprecedented during peace time, nothing to speak 
about the fact that the growth of life expectancy is the general tendency in the 
civilized world. 

Men’s life expectancy is on average 10 – 15 years less than that in the developed 
countries; women’s life expectancy is 6 – 8 years less. Because of the differences of 
the mortality level, the difference of life expectancy of men and women is 13 years, 
while in the developed countries it is 7 years. Russia takes the 107th place in terms of 
the given rate. To overcome the present situation, it is necessary to turn back the 
negative tendencies of the birth rate and mortality, to lessen considerably the level of 
falling ill and to decrease influence of the reasons that worsen health of the Russians. 
According to the preliminary information, the so-called “demographic cross over 
Russia” seized its existence in the nearest future when the birth rate is higher than 
mortality. This influences an unimportant growth of the life span.  

 
2.Influence of Various Factors on the Health Condition of Russian Citizens 

 

Public health is formed and supported by a combination of living conditions. 
Concrete reasons causing aggravation of health are called risk factors. Risk factors 
parameters and intensity of their influence on the population’s health have changed 
during the period of the Russia’s economic reforms.  
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Specialists single out the following risk factors that have had a negative influence on 
health of the Russians during recent 15 years: 1) economic (a low level of the salary 
and old-age pensions, worsening of conditions of life, labour, cure and recreation, 
change for the worse of structure and quality of feeding etc.); 2) psychological 
(excessive stress situations caused by socio-economic instability of the society and its 
high level of  criminalisation); 3) lowering of the general level of culture, including 
sanitary and hygienic culture, which provides spreading of bad habits and 
unhealthy way of life; 4) a low level of medical care and preventive health care; 5) 
worsening of environmental situation in the country.  

Let us consider the first risk factor. This is the  low level of real earnings and material 
well-being of the major part of  the population,  increase of the poor and low-income 
groups. Number of the rich and the formation of the middle class decrease due to 
that. There are more than 20 million poor people in the country whose income is 
below  the living standard. Real earnings decreased by 16.8% from 1992 to 2005. The 
catastrophic cut in income continued till 2000 (reducing by more than twice) and 
only after that real earnings began to grow. This was related to the growth of 
industrial output. 

The low living standard directly influences the second risk factor of the sickness rate 
and the increase of mortality. The second risk factor includes the heavy socio-
psychological climate in the country, the increase in criminalisation and social 
instability of the society. For example, accidents, injuries, suicides and murders take 
the second place among the reasons of mortality of the Russian population. In other 
words, the population does not reach the senile mortality reasons. This is the 
fundamental difference of the Russian mortality model from those observed in other 
countries. A high vascular death mortality rate has led to socio-economic changes in 
the country. It has increased nearly 1.5 times and has made much more than a half of 
the mortality cases compared with the rest of the reasons during recent 15 years.  

The number of deaths increased due to the third factor – accidental alcoholic 
intoxication (mainly drinking different fabricated drinks). The number of deaths 
caused by alcoholic intoxication nearly tripled in 2007, in comparison with 1990. 
According to statistics of the Academy of Sciences Economic Institute (Moscow), 
Russia loses 3% of GDP because of inebriety every year. This loss is caused by the 
decrease in productivity of labour, absenteeism, intoxications and home accidents; 
all that causes disability, untimely death and increases the number of orphans. It is 
necessary to admit that most of grave offences are committed in the state of alcoholic 
inebriation. Drug addiction on a mass scale is a relatively new phenomenon in 
Russia. Having appeared during the Afghanistan war (1979 - 1989), it rapidly 
became a serious threat. A number of drug addicted patients observed by specialised 
clinics has increased ten times. According to the official statistics, the number 
reached 328 000 people in 2005. However, narcologists believe that not all drug 
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addicts are under medical supervision, but only a small part of them. This troubles 
most of all, as the spread of AIDS and viral hepatitis is closely connected with drug 
addiction. 

The next factor influencing health of the Russians is the level of public health 
development. Socio-economic changes in the country have affected the state public 
health system. Both quantitative and qualitative data of this branch of national 
economy have decreased (Table 1). Skills of medical personnel, the quality of 
medical care, the latest medical equipment are inferior to those of the developed 
countries. The primary healthcare staffing is 56%, the average age of physicians is 52 
years. Low wages also worsen the problem. Nearly 40% of physicians have a salary 
that is lower than a living wage. Dilapidation of the basic facilities of public health 
establishments has reached nearly 60%. 

Table 1. Quantitative data of public health in Russia. 

 1990 1995 2000 2003 2005 2007 

A number of medical institutions.          12762 12064 10704 10101 9500 6800 
A number of beds (thousands) 2037.6 1850.5 1671.6 1596.6 1575.4 1522.1 
A number of beds per 10 000 people 137.5 125.8 115.0 111.6 111.3 107.2 

 

Specialists of the World Health Organisation believe that 20% of public health 
problems is related to the environment. This is an urgent problem for Russia, as its 
territory, especially industrial cities, is one of the most unfavourable in the world if 
state of the environment is considered. According to the survey of modern Russian 
medical and ecological research the shared contribution of the environmental 
pollution to worsening of the population’s health in industrial cities and regions of 
Russia is from 30 – 50%, but according to some predictions it will exceed 60%. 

Environmental pollution has been decreasing since the early 1990’s: spillover of 
sewage into water bodies was 27.8 bln. m3 in 1990 and 20.6 bln. m3 in 2007 (Fig.3).   

Fig.3. Volumes of waste water disposals (million m3)  and emissions (thou tons) in Russia. 
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The volume of emission was 34 mln. tons and 17.2 mln. tons, respectively, during 
those years. However, this “improvement of the ecological situation” was going on 
because of a long term decrease of production volume of the national economy 
during 1990-1998, but not because of essential improvement of nature conservation 
and manufacturing technologies from the point of view of their influence on 
environmental quality.  

Though there is some decrease in annual pollution (for example, decrease in water 
resources pollution), nature does not have time to neutralise the earlier pollution 
accumulated and, as a result, the pollution generally increases. The maximum 
concentration level of harmful substances in the atmosphere of 125 Russian cities is 
5-10 times higher. According to the Russian State Committee on Statistics, only 15% 
of the urban population live in the territories where air pollution does not exceed the 
hygienic regulations. 1/5 of urban population live in the ecologically harmful 
conditions; the cities where health control of environment is organised are  
considered here. A very hard situation with water supply emerges as a result of 
pollution of rivers and underground water: requirements for clean water in Russia 
are covered only by 50%. Slowdown of the growth rate of the concentration of air 
and water pollutants related to the decrease of the volume of polluted waste 
disposal and atmospheric emission is an absolutely positive fact. Polluted air is 
largely caused by motor transport  (Fig.4). 

 
Fig.4. Motor transport emission of polluting substances into atmosphere (thousand tons). 

 
 
 
 
 
 
 
 
 

 
 

Children health rates have the most sensitive response to changes of the 
environmental quality. Numerous data prove that a high children’s sickness rate is 
registered in the ecologically unfavourable areas, where the infant and children’s 
mortality rate  is higher (25% higher in comparison with safe areas), more frequently 
miscarriage of pregnancy is observed. The level of unusual diseases, atypical clinical 
course of well-known diseases among children and “rejuvenation” of some diseases 
(ulcer diseases, pancreatic diabetes, essential hypertension, coronary heart disease, 
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myocardial infarction and even cerebral stroke among children) also define 
ecological pathology. 

Though it is generally accepted in literature that the most important factors 
influencing health aggravation are social, we think that the ecological factor is the 
main risk factor influencing increase of the sickness rate, as it may influence all other 
factors. There is a great deal of toxic waste in the air, water and soil having a 
negative effect on the human body. There are about 200 of chemical compounds 
(carcinogenic multiring hydrocarbon, carbon dioxide, poison yellow lead, etc.) in car 
exhaust fumes – the main air pollutants in cities. Radioactive substances are 
accumulated in troposphere because of testing nuclear weapons, nuclear reactor 
accidents and nuclear industry waste. Heavy metals, for example, mercury, lead, 
cadmium, etc., which are polluting water and soil, not only cause diseases but 
influence chromosomal links, educational abilities and memory. The following 
pollutants having the ability to penetrate into all tissues and organs of a living 
organism and a human brain, cause the deepest nervous system disorders, which 
lead to increase of mental diseases and suicides. Even if a person has a strong 
nervous system, the organism has to mobilise its adaptive mechanisms when 
unfavourable ecological factors influence the nervous system for a long time. The 
reserves of adaptive mechanisms gradually become exhausted and adaptive 
mechanisms overstrain themselves and collapse prematurely. As a result, diseases 
and unhealthy conditions develop. 

Data pointing at dependence of schizophrenia on different mental diseases, mental 
retardation, and dependence of social apathy on unfavourable environmental factors 
have considerably increased. These phenomena cause inability to adapt to dynamic 
economic conditions, to find a respectable place in economic life of the society and as 
a result, it leads to a low standard of life of the population. It turns out that 
ecological factors influence psychological and economic risk factors of developing 
diseases. 

There are also researches that prove dependence of ecological and cultural factors. 
For example, neuropsychic diseases, climatic conditions and unfavourable ecological 
factors cause decrease of the population’s resistance to alcohol which influences 
falling ill with alcoholism more than per capita consumption of alcoholic drinks. 

 

3. Sickness Rate Regression Analysis 

 
In order to explain the dynamics of sickness rate of the Russian population we have 
carried out a multi-factor analysis of indices that characterise the health condition of 
the Russian population depending on climatic, infrastructural, social, economic, and 
ecological factors (Table 2).  For this purpose, the database was compiled from the 
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statistical information available at the time of the research (the forecasting period 
(2007 – 2012) was under discussion).  It included 80 subjects of the Russian 
Federation (regions and republics).  

The following indices characterising the health condition of the population have 
been chosen: death rate (including infantile) and birth rate (the number of dead and 
sick per one thousand people), life expectancy, general sickness rate, and morbidity 
per type of diseases (the number of the sick with the diagnosis registered for the first 
time per one thousand people).  The following kinds of diseases were studied: new 
growths, endocrinous, immunity and nutrition disorders, metabolic disturbances; 
infectious and parasitic diseases; diseases of blood circulation and hematopoietic 
organs; diseases of respiratory and digestive organs; skin and hypodermic tissue 
diseases; diseases of bone, muscular and connective tissues; and diseases of the 
nervous system.  

As provided by the Table 2, in the course of the regression analysis we have 
managed to receive the statistically meaningful regression equation that satisfies all 
aspects of the regression analysis and gives explanation of the 28.5% difference in 
sickness rate between regions.  The relatively low value of the determination 
coefficient can be explained by the fact that the index “sickness rate of the total 
population“ takes into account the registered cases of diseases in the whole spectrum 
of illnesses, each of them having their own specificity and causes. 

Table 2. List of sickness rate explanatory factors. 

Group of factors Factor  
Climatic  Average air temperature in July, degrees C 

Average air temperature in January, degrees C 
Difference between average temperatures in July and January 
Average temperature in July and January 
Average precipitation in July, mm 
Average precipitation in January, mm 
Average monthly precipitation in July and January, mm 

Infrastructural  Average number of hospital beds per 1,000 people  
Number of doctors per 1,000 people  

Social  The share of expenditures on alcoholic drinks in the consumers’ 
expenditure 
The ratio of expenditures on alcoholic drinks to the subsistence 
level, % 
Voluntary infliction of severe health harm, the number of registered 
crimes per 10,000 
Crimes related to illegal drug circulation, number of registered 
crimes per 10,000 
Unemployment rate 
Share of urban population 
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Economic  Share of health care expenditures in consumer expenditures, %37 
The ratio of average per capita incomes to subsistence level,  % 
Ratio of health care expenditures to subsistence level,  % 
Average per capita income 

Ecological  Average per capita disposal of the contaminated waste waters, 
cubic meters per person 
Average per capita atmospheric emissions (with account of motor 
transport), kg per person 
Average per capita emission of greenhouse gases (with account of 
motor transport), kg per person 

 
Nevertheless, due to the analysis, it  is possible to identify the strongest factors that 
have a statistically important influence on the sickness rate of the population as a 
whole38 (Table 3).  The sickness rate of the population, as a whole, increases when 
the average per capita atmospheric emissions grow.  Thus, it is possible to speak 
about the statistically significant negative influence of environmental pollution on 
health condition. It is interesting to note that the sickness rate of the Russian 
population demonstrates a statistically significant decrease under the growth of 
average summer air temperature and the growth of unemployment rate.  The first  
factor is explained rather easily – the warmer the climate, the more fruits and 
vegetables and the more sunny days a year, the less the difference between the 
summer and winter temperatures.  The second factor can be explained by the fact 
that under a high unemployment rate, the number of cases when people visit 
medical establishments decreases, as there is no need to get medical certificates or 
sick lists and people prefer self-treatment at home. Moreover, the analysis of 
particular illnesses, as well as such factors as life expectancy and mortality rate of the 
population, proves the positive influence of unemployment on health of the 
population.  Consequently, this fact cannot be explained only by the frequency of 
medical aid appealability. Apparently, with the growth of unemployment, people 
spend less time in places of mass gatherings of people and take more rest, but there 
is another very important explanation.  Unlike many other countries, less expensive 
food is, as a rule, healthier (food grown by small private holdings, local products 
without various additives, etc.).  That is why the unemployed people, who lose their 
incomes, have to eat cheaper and, as a result, healthier food.  The latter also confirms 

                                                 
37 Strictly speaking, there are both direct and reverse connections between the sickness rate of the 
population and the share of healthcare expenditures in total consumer expenditures. However, for 
the purpose of this analysis we consider it justifiable to use the index of the share of healthcare 
expenditures in total consumer spendings as an explanatory variable because the growth of 
healthcare expenditures to a greater extent leads to an increase in revealing latent diseases due to the 
fact that there are more cases of applying for medical help,  greater availability of medical equipment, 
and supply of medical personnel to health centres. 
38  Hereinafter, the level of reliability of statistical significance is considered to be 90%. 
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the fact that in the course of the investigation on a wide range of diseases, no 
statistically significant effect of the population income level on sickness rate has been 
identified. 
 
Table 3. Equation of the sickness rate of the Russian Federation population (the number of 
registered cases per 1,000 people) 

No Variable  Measurement 
unit 

Coefficient Standard 
error 

Validity 
level 

1 Constant   1052.4 97.9 99.9 
2 Average per capita 

atmospheric 
emissions 

Kg/person 0.153 0.07 96.8% 

3 Average air 
temperature in July 

C -14.68 4.95 99.6 

4 Unemployment rate % -4.41 1.89 97.8% 
R2 = 28.5%, reliability level 99.9%. Normality of residual distribution 99.9% 
   
The most widespread type of diseases in Russia is the diseases of respiratory organs 
(39.9% of the total number of registered illnesses in 2007).  Meanwhile, it is 
considered that it is primarily the respiratory organs that are negatively affected by 
the emission of greenhouse gases, which is supported by the results of the conducted 
analysis (see Table 4). 
 
Table 4. Equation of the sickness rate of respiratory organs of the Russian Federation 
population in 2007 (number of registered cases per 1,000 people) 

No Variable  Measurement 
unit 

Coefficient Standard 
error 

Validity 
level 

1 Constant   92.6 51.3 92.5% 
2 Average per capita 

emission of 
greenhouse gases  

Kg/person 0.097 0.052 93.2% 

3 Average number of 
hospital beds by 
year end 
 

beds per 1000 
people 

8.568 2.367 99.9% 

4 Share of urban 
population 

% 1.53 0.541 99.4% 

5 Unemployment rate % -1.77 0.95 93.4% 
R2 = 46.9%, reliability level 99.9%. Normality of residual distribution 99.9% 

 
Table 4 demonstrates that the sickness rate of the population of Russia suffering 
from respiratory diseases shows the statistically meaningful growth with the 
increase of average per capita emission of greenhouse gases, the growth of the 
number of hospital beds, and the size of urban population and decreases with the 
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increase of unemployment level (the determination coefficient of the equation is 
equal to 46.9%).  Therefore, the increase of greenhouse gases emission negatively 
affects the population health and increases the number of deseases of respiratory 
organs.  The influence of unemployment rate was studied above; with regards to 
dependence of the growth of respiratory diseases on the growing number of hospital 
beds and the share of urban population, it can be explained by transmitting of this 
kind of diseases from person to person, in the conditions of a large number of people 
gathering in one place. 
  
 
4. Forecasting the Economic Development of the Russian Federation by the Year 2012 

 
The next stage of our research concerns the forecast of the ecological-economic 
development of the Russian Federation for 2008 -2012.  The KAMIN System has been 
used for the forecast – a Dynamic Intersectoral Model of Russia with a block of 
environmental protection, created by the Intersectoral Research Department  
(Institute of Economy and Industrial Organization in Novosibirsk). The ecological 
model’s block considers two environmental protection activities: atmospheric air 
cleaning and sewage treatment. This model allows to forecast the level of pollution 
formation in the sphere of production, depending on the economical development of 
Russia, by using coefficients of atmosphere and water-polluting substances  
formation per unit of gross production output. Using estimates of the expenditures 
on the reduction of water and air pollution, the model complex allows  to determine  
volumes of sewage purification and volumes of pollution trapping. The difference 
between formation and pollution trapping gives us the volumes of waste water 
disposals and volumes of emissions (see Baranov 1997 for a more detailed 
description of the models). 
 
 
Two scenarios of the forecast are based on the following assumptions: 
1. Dynamics of the macroeconomic and sectoral indices in 2008 corresponding 
to the reporting data of the Federal Statistical Service of the Russian 
Federation. 

2. Dynamics of the macroeconomic and sectoral indices in 2009 estimated with 
the help of the reporting information of the Federal Statistical Service of the 
Russian Federation for four months  of 2009, assuming that the annual 
dynamics does not differ greatly from the growth rates in the first quarter of 
2009. 

3. Both variants of the forecast proceed from the assumption that there will be 
no explosive industrial recovery after 2009. 
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The first scenario of the forecast has been constructed on the basis of the following 
assumptions: 
A. In 2010 the economy will start to emerge gradually from the crisis.  In these 
conditions, the demand for Russian exported goods will grow, and this will 
stimulate the economic growth in Russia. 

B. Measures taken to stabilize the Russian financial system will give noticeable 
results in 2010, including the increased crediting of businesses and 
population, which, in its turn,  will lead to a gradual increase of the economic 
growth rates. 

Both factors mentioned above will be partially manifested in 2010, which will lead to 
a slight growth of GDP by 2% and the growth of the gross output by approximately 
1% (Tables 5 and 6; Fig. 5 and 6). 
 
Fig. 5.  GDP growth rates in the Russian economy in 2008-2012 under two scenarios, %. 
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Fig. 6. Investment growth rates in the Russian economy in 2008-2012 under two scenarios, 
%. 
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Table 5. Growth rates of GDP, gross output, and investments39 in 2008-2012, % 

  2008 2009  2010  2011  2012  2012/2007 
The first scenario       
GDP 105.6% 93.3% 102.0% 105.4% 108.4% 114.8% 
Gross output 104.2% 87.1% 100.7% 104.0% 107.0% 101.7% 
Investments 109.1% 85.0% 100.0% 110.0% 115.0% 117.3% 
The second scenario       
GDP 105.6% 95.3% 104.3% 108.2% 108.4% 123.2% 

Gross output 104.2% 94.1% 103.0% 107.0% 107.0% 115.5% 

Investments 109.1% 85.0% 105.4% 115.0% 115.0% 129.3% 
 

According to our estimates, under this variant, the year 2011 will be a period of 
transition from the state of crisis to economic growth. Production growth rates in 
2011 will be higher than in 2010, but lower than those corresponding to the 
development path of the Russian economy in 2000-2007; GDP will account for 5.4% 
and gross output will reach 4%.  Under this variant of the forecast, the Russian 
economy will enter the path of economic growth, similar to the one of 2000-2007, 
only in 2012, when the increase of gross output will reach 7% and GDP – 8.4%. 

Table 6. Dynamics of branch outputs of Russian economy in 2008-2012 according to the first 
scenario (%, 2008 = 100%). 

 2009 2010 2011 2012 
GDP 93.3 95.2 100.3 108.7 
Extractive industry 91.2 92.9 95.7 98.8 
Manufacturing industry 
   including Machine-building industry 

80.6 
85.2 

82.2 
88.1 

85.3 
101.4 

91.0 
120.1 

Power engineering 94.2 90.1 91.5 94.9 
Agriculture 101.5 104.2 103.8 105.9 
Construction 83.1 82.1 88.2 99.9 
Transport 84.7 87.3 88.1 91.5 
Trade 99.9 102.9 111.9 126.9 
Other branches of material production 98.6 85.5 87.9 93.6 
Non-material service 91.2 89.2 94.6 103.6 

 
In accordance with the first scenario, investments into fixed capital in 2010 will stay 
at the level of 2009 and only in 2011 their growth will be revived (the growth rate 
will be 10%).  Later, in 2012, the investment activity will grow and the growth rate of 
investments into fixed capital will be equal to approximately 15%.  Such dynamics of 
investments into fixed capital is explained by a very important objective reason: the 
                                                 
39

 Note: the estimated growth rates for 2008-2009 took into account the reporting data of the Federal 
Statistical Service of RF for 2008 and four months of 2009. 
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depreciation of fixed capital in the Russian economy remains high, which inevitably 
requires renewal of high investment activity. 

With regards to the industrial development, according to the first scenario, most 
industries (13 and 22) will not restore their production by 2012.  The crisis will most 
negatively affect (it was already felt in the end of 2008 – the first half of 2009) ferrous 
and non-ferrous metallurgy and building materials industry.  Under this scenario, 
the economic recovery, which will start in 2010, will  lead  neither to  the recovery of 
the production output by the end of the forecasting period, nor to reaching the 3/4 
of the production output of 2008. 

The second scenario is based on the assumption that the slump of production in 2009 
will not be that large.  Estimates for this variant are based on the following 
assumptions: 

A. Measures taken to stabilize the world economy will start to bring positive 
results already at the end of 2009. 

B. Beginning with 2010, there will be economic recovery in the USA, the 
European Union and Japan, larger economic growth in China and other key 
countries of the world economy. This will lead to the increase of demand for 
traditionally exported Russian goods and will stimulate a noticeable 
production recovery in Russia already by 2010. The world economic growth 
will also encourage stabilization of the Russian banking system, which will 
allow to attract financial resources from abroad. 

According to our estimates, due to the reasons listed above, within the framework of 
the second scenario, the economic recovery will be more intensive than under the 
first scenario in 2010: the gross output will grow by 3%, GDP by 4.3%, and 
investments into fixed capital will grow by more than 5%. Starting from 2011, the 
growth rate of investments into fixed capital will increase by 15% annually, which is 
explained by the need for a more rapid renovation of fixed capital in many branches 
of the national economy  (Tables 5 and 7; Fig. 5 and 6). 

Results of the estimates for both scenarios lead to the conclusion that for a lot of 
branches of the Russian economy the emergence from the crisis will be rather long. 

Under the second scenario, five branches will experience the negative growth rates 
of gross output during the entire period: gas industry, ferrous and non-ferrous 
metallurgy, chemical and petrochemical industries, and the construction materials 
industry.  At the same time, in all probability, high rates of growth maybe expected 
in fund-generating branches (mechanical engineering and construction), trade, and 
non-material service production.  
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Table 7. Dynamics of branch outputs of Russian economy in 2008-2012, according to the 
second scenario (%, 2008 = 100%). 

 2009 2010 2011 2012 
GDP 95.3 99.4 107.5 116.6 
Extractive industry 95.6 97.0 99.2 102.0 
Manufacturing industry 
   including Machine-building industry 

92.4 
85.7 

93.8 
93.6 

99.6 
112.7 

105.5 
134.0 

Power engineering 96.0 97.2 99.2 99.7 
Agriculture 101.5 102.6 106.8 110.8 
Construction 82.7 85.6 96.2 108.7 
Transport 87.5 88.1 91.5 95.1 
Trade 94.6 102.4 116.7 135.4 
Other branches of material production 88.4 89.9 95.2 101.0 
Non-material service 101.5 109.0 120.5 132.8 

 
 
5. Forecasting Ecological Development  and its Influence on the Health condition of the 

Russian Population 

 
In the previous section of the article we have described the main hypotheses for the 
development of different branches of the Russian economy that make it possible to 
carry out a forecast of gross output volumes in industrial branches and national 
economy, as a whole, by using the KAMIN System. The results of the forecasting 
estimates allow to assess the amount of emission of polluting substances into the 
atmosphere and the amounts of discharge of the polluted waste waters into water 
reservoirs (see Fig. 7 and 8).  The ecological block estimates are based on the 
hypothesis that the unit rates of pollution, as well as indices of sewage treatment and 
recovery of main pollutants of the atmosphere, will stay at the level of 2007. 
 
Fig. 7.  Amount of emission polluting the atmosphere (thousand tons) according to the 
results of the forecasting estimates. 
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Fig. 8.  Amount of waste water discharge (mln. cubic meters) according to the results of the 
forecasting estimates. 
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Having studied the most interesting results received during the econometric analysis 
of the sickness rate of the Russian population and having received estimates of the 
amounts of pollution for the forecasting period, we have evaluated the effect of 
ecological factors on the condition of health of the population of Russia in 2008-2012.  
For this purpose, we use the regression equation that models the sickness rate of the 
Russian population, as a whole (Table 3) and create an interval estimate of the 
environmental pollution contribution of to the population sickness rate. 

The estimated value of the coefficient under the variable “Average per capita 
atmospheric emission” accounts for 0.153 and its standard error is equal to 0.07. It 
means that the increase of per capita emissions of atmospheric gases per one kg 
leads to growth of the sickness rate of the Russian population by 0.0363 to 0.269 of all 
the registered cases per one thousand people under the confidence probability of 
90%.  Taking into account the estimate of atmospheric emission dynamics received 
for 2008-2012,  we have evaluated the change in the population sickness rate during 
this period under the influence of the ecological factors, taking the population size of 
Russia, in the review period as unchanged (see Table 8). 

Thus, according to the first scenario, it is forecast that  during the period of 2008-2012 
the atmospheric emissions in Russia are expected to grow on average to 2.2 kg per 
capita, which might lead to the growth in the number of the “freshly” sick from 11.3 
to 84.1 thousand people.  As the second scenario presupposes a higher economic 
growth rate in the forecast period and, consequently, a greater pressure on the 
environment (the increase of average per capita atmospheric emission will account 
for 17.8 kg per person in the forecasting period in general), “the ecological 
contribution” to the population sickness rate will be more considerable – from 91.7 
to 680.5 thousand people. 
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Table 8. Dynamics of average per capita atmospheric emission and the number of the 
“freshly” sick in the population of Russia in 2008-2012. 

 2008 2009 2010 2011 2012 
The first scenario 
The increase of average per capita 
atmospheric emission (kg per person 
in comparison with the previous year) 

+6.5 -22.5 +3.6 +6.0 +8.6 

The growth in the numbers of the “freshly” sick by ecological reason (thousands of people, 
in comparison with  previous year) 
• on average 141.0 -488.0 78.1 130.1 186.5 
• low limit 33.5 -116.0 18.6 30.9 44.3 
• high limit 248.5 -860.1 137.6 229.4 328.7 
The second scenario 
The increase of average per capita 
atmospheric emission (kg per person 
in comparison with  previous year) +6.5 -7.3 +4 +7.4 +7.2 
The growth in the numbers of the “freshly” sick by ecological reason (thousands of people, 
in comparison with  previous year) 
• on average 141.0 -158.3 86.8 160.5 156.2 
• low limit 33.5 -37.6 20.6 38.1 37.1 
• high limit 248.5 -279.0 152.9 282.9 275.2 

 
The research results stated in the article, unlike other investigations in this area, give 
a numerical estimate of the influence of various factors on the health condition of the 
Russian population and present a forecast of the effect of ecological factors on the 
total sickness rate.  The set of dynamic intersectoral models used in the forecast 
allows to take into account the influence of structural biases in the Russian economy, 
occurred as a result of the world economic crisis, on the ecological situation and the 
number of the “freshly” sick.  The proposed approach combines the application of 
the advantages of intersectoral modeling methods and econometric methods for the 
purpose of analysing and forecasting the ecological and economic processes. 
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Abstract 

 

The role of environmental taxes in Estonia, as well as other post-soviet countries, is 
increasing quickly. However, literature about distributional effects of environmental 
taxes covers the developed countries. This paper analyses the indirect effect of the 
Estonia’s environmental taxes on prices with the help of the input-output table. The 
environmental taxes appear to have the biggest impact on land transport, agriculture 
and construction, but surprisingly not so much on the energy production sector. The 
reason is the structure of fuel excise in Estonia, where motor fuels have higher tax 
than fuels used for energy production or domestic heating. Due to the country size 
and peculiar system of environmental taxes, we cannot transfer the obtained results 
into distributional effect, as this would not give a whole picture of the environmental 
tax burden. The study results allow us to argue that estimation of the indirect price 
effect of environmental taxes is very case sensitive depending for example on the 
size of the economy, its path-dependence, institutional environment and tax system. 

 

Introduction 

 

In the past years environmental taxes were a popular instrument to tackle 
environmental problems.  However, there is a strong opposition to the increase of 
environmental taxes, caused by the fear of the reduced international competitiveness 
and a disproportionately bigger impact on low-income households.  

Traditionally, environmental taxes have been handled within the framework of the 
ecological tax reform, which includes the increase of environmental taxes and the 
decrease of labour taxes, and is, thus, called the revenue-neutral tax reform. 
Different models have been used by researchers to assess the effects of the ecological 
tax reform, including macroeconomic models, but also specific input-output 
analyses (Patuelli et al 2005). To assess the distributional effects, microsimulation 
models have been mostly used, as these enable to take into account the heterogeneity 
of economic agents. However, as the microsimulation model captures only direct 
effects and neglects indirect ones, it has to be combined with other methods. Several 
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researchers have exploited the input-output methodology for assessing indirect 
effects of the environmental taxes (Labandeira, Labeaga 2002, Wier et al 2005, 
Kerkhof et al 2008).  

In Estonia the environmental taxes have attracted wider attention since 2005, when 
the Ministry of the Environment and the Ministry of Finance initiated the ecological 
tax reform. The main reason is  that energy and resource use in Estonia is inefficient 
and not sustainable in a long-run. Energy intensity of the Estonian economy 
measured by the gross inland consumption of energy divided by GDP is one of the 
highest in the EU and exceeded the EU-27 average by more than four times in 2006. 
According to the principles of the ecological tax reform adopted by the Estonian 
government in 2005 introduction of new taxes and increase of the existing ones was 
agreed. However, the distributional effect of environmental taxes has not been 
widely studied in Estonia. The distributional effect is caused by the direct and 
indirect impacts. The direct impact is related to consumption of the taxed goods, for 
example, fuel. The indirect effect occurs through consumption of the goods, which 
exploit the taxed goods during the manufacturing process. In Estonia, the direct 
distributional effect of environmental taxes has been assessed by Poltimäe and Võrk 
(2008), but this work does not cover indirect effects. Still, the consumption pattern of 
households varies greatly by the income level and, therefore, also the indirect 
distributional effect needs to be studied. In order to do that, it is necessary to analyse 
the share of environmental taxes in different consumption goods. 

The objective of this paper is to assess the effect of the Estonian environmental taxes 
on the price of goods purchased by the Estonian households by using the input-
output table as the main data source for analysis. As the aggregation level of the 
Estonian input-output table is very high, it is not reasonable to shift these price 
effects into the consumption goods purchased by Estonian households. Therefore, 
this paper is limited to price effects only. We can assume that environmental taxes 
have the greatest impact on energy intensive sectors, like energy, agriculture and 
transport. In order to test that hypothesis, we have used the input-output table of the 
Estonian economy and the fuel use data by sectors. As can be seen from the 
literature overview presented in the next section, similar studies have been done 
only in the developed countries, where the tax systems are more or less stable. Also 
the bulk of the work has been done in analysing the hypothetical carbon tax. Novelty 
of this paper comes from the fact that no similar research has been done in the 
transition countries. Yet, the issue is very important, especially for new member 
states of the European Union (EU), where the tax system is changing quickly. When 
joining the EU, the environmental taxes have to be raised, but the distributional or 
other implications are neglected.    

The share of environmental taxes was initially very low in Estonia, compared to the 
EU average, but increased quickly. In 1995 the revenue from environmental taxes 
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was 0.8% of GDP (EU-15 average 2.7%). By 2000 it increased to 1.7% and by 2007 to 
2.3% of GDP (EU-25 was 2.5%) (Eurostat 2009).  

 

Fig. 1. The share of environmental taxes, % of GDP, 1996-2007. 
 

 
 

The most important environmental tax in Estonia is fuel excise, which was 4.3 billion 
EEK in 2007 (Statistics Estonia 2009), forming 98% of the state budget revenues from 
environmental taxes. Estonia has also applied the resource and pollution charges for 
more than 15 years already. These charges are not taxes in juridical sense and are 
handled by Ministry of the Environment. Data about the environmental charges by 
different sectors and charge types are not publicly available and, therefore, cannot be 
used in this paper. The collected revenue from the environmental charges in 2007 
was 0.84 billion EEK, which is considerably less than revenues from the fuel excise.  

The paper is structured as follows: the first section gives an overview of the similar 
studies done elsewhere, bringing out the methodologies used and the most 
important results. Section 2 describes the data and the methodology used in this 
paper. The results are presented in section 3. Section 4 presents conclusions.  

 

Literature Overview 

 

The studies on the indirect effect of environmental taxes have been done in Canada 
(Hamilton, Cameron 1994), Great Britain (Symons et al 1994), Australia (Cornwell, 
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Creedy 1996), Spain (Labandeira, Labeaga 1999), Denmark (Wier et al 2005) and the 
Netherlands (Kerkhof et al 2008). A short overview of the methods used and the 
results is presented subsequently.  

Most of the mentioned papers deal with distributional issues of the hypothetical 
carbon tax. This is motivated by the Kyoto Protocol of the Climate Change 
Convention, which sets up national targets to decrease carbon emissions and carbon 
tax and is often considered as a good option to achieve the target. The only exception 
is the paper by Wier et al (2005), which analyses the actually implied CO2 tax in 
Denmark. A common feature in these studies is that different methods have been 
used in a single paper to answer different research questions. All of the studies use 
input-output tables to analyse the effect of environmental taxes on prices. The 
distributional effect is calculated by microsimulation models. Three of the named 
studies also analyse the behavioural effects (Symons et al 1994; Cornwell, Creedy 
1996; Labandeira, Labeaga 1999). 

The results of the studies vary greatly, because the analysed tax level is very 
different. For example, in Hamilton and Cameron (1994), the applied level of carbon 
tax was $27.70 per ton of CO2, but, for example, in Kerkhof et al (2008), the tax level 
required to achieve the Kyoto Protocol target, was calculated to be 91 Euro per CO2 
ton (about $129). Also the aggregation level is very different: the earlier studies have 
around 30 sectors in input-output table (Symons et al 1994; Cornwell, Creedy 1996), 
in the latest studies, there are more than 100 sectors (Wier et al 2005; Kerkhof et al 
2008). 

Due to the differences in aggregation and the tax level, the obtained results are very 
different. In Hamilton and Cameron (1994), the price increase induced by the carbon 
tax is 1% in the primary and manufacturing sector, 0.2% in construction, 2.2% in 
transportation and 1.5% in services. Symons et al (1994) have shown that the carbon 
tax has the biggest effect on the household energy: the price increase is 79%; also the 
price of motor fuel is increasing substantially (34.7%). The biggest indirect price 
effect occurs in china production (8.5%), transport (5.2%) and food (2.9%), caused by 
the energy intensity of these sectors.  

According to Cornwell and Creedy (1996), the carbon tax in Australia has the biggest 
impact on the fuel and power sector (price increase 1.3%), but also on food (0.1%), 
alcoholic beverages and tobacco (0.1% for both).  

In Spain, the effect of carbon tax has been assessed by Labandeira and Labeaga 
(1999), who demonstrate the highest price increase for electricity (3.8%), natural and 
manufactured gas (3.2%) and fuel for private transport (2.7%).  

In the paper by Wier et al (2005), the distributional effect of Danish CO2 tax has been 
assessed. The direct household tax payments are associated with energy 
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commodities and electricity is the most taxed energy type. The commodities with the 
highest indirect CO2 tax liabilities are water (0.39%), package holidays (0.38%) and 
dairy products (0.26%).  

Kerkhof et al (2008) find that the highest price increase in the Netherlands occurs in 
the product groups - “other costs heating and lighting” (101.5%), “electricity” 
(49.4%), “gas including solid and liquid fuels” (35.4%) and “gasoline and oil” 
(28.3%). In addition, high price increase is also for “fish” (11.4%), caused by fuel 
combustion on the ships used for fishing; “garden and flowers” (6.8%) and 
“vegetables” (5.6%), due to fossil fuel use in glasshouses.  

Most of the studies find that carbon tax is regressive: such results are confirmed by 
Hamilton and Cameron (1994), Symons et al (1994), Cornwell and Creedy (1996), 
Wier et al (2005) and Kerkhof et al (2008). However, Symons et al (1994) find that, if 
revenue neutral tax reform is used, the carbon tax is progressive and decreases 
inequality. Only Labandeira and Labeaga (1999) have found that the carbon tax is 
slightly progressive in Spain.  

Summing up, the results of the previous studies vary, depending on the country, the 
tax level, the applied methodology, data sources, etc. In this paper, we analyse the 
indirect price effect of an existing environmental tax in Estonia – fuel excise. The 
applied methodology is described in the next section. We acknowledge the 
importance of analysing possible effects of new taxes, but we think it is equally 
important to study implications of the existing taxes to build up a fair and effective 
tax system, especially in the post-soviet countries, where the tax system is constantly 
changing.   

Data and the Model 

 

In order to calculate the price changes caused by fuel excise, which is the main 
environmental tax in Estonia, we use the fuel use data by sectors, as fuel excise is 
calculated based on physical quantity of fuel. Data about fuel use is provided by 
Statistics Estonia by sector and by fuel type. The rates of fuel excise are provided in 
the table 1. We have given the excise rates for 2007 and 2008, as in 2008 significant 
changes in fuel excises took place: new excises were imposed on natural gas and 
electricity and existing excise rates were raised quite significantly.    

Table 1. Fuel excise rates in Estonia in 2007 and 2008, EUR  

Fuel Unit of taxation 
Excise rate 2007 

(EUR)  
Excise rate 2008 

(EUR) 
Gasoline 1000 l 288 359 
Diesel 1000 l 245 330 
Aviation gasoline 1000 l 72 72 
Light heating oil 1000 l 44 61 
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Heavy fuel oil, shale oil 1 t 15 15 
Coal, lignite and coke GJ of upper calorific value 0.3 0.3 
Natural gas 1000 m3 0 10 
Electricity MWh 0 3 
Source: Alcohol, tobacco, fuel and electricity excise act  
 

The price effect of fuel excise is calculated with the help of the input-output table 
from the database of Statistics Estonia, the latest table is for the year 2005.  

The aggregation level of the fuel use data and the input-output data is different: in 
the input-output table the data is about 58 sectors, but in the fuel use data – for 18 
sectors. However, almost half of the aggregated sectors belong to the service sector, 
so the aggregation is not that big problem. We have aggregated the input-output 
table to the same level as the fuel use data, resulting in a matrix of 18x18. 
Unfortunately, more detailed data is not available: the sample survey does not 
enable to present the obtained data in a more detailed format. In 2008, there were 
77,948 enterprises in Estonia. Divided by the NACE codes, there is only one section, 
where the number of companies exceeds 10,000 (section G: wholesale and retail 
trade, repair of motor vehicles and motorcycles). In the rest of the sections, the 
number of companies is less than 10,000 and for 8 sections the number is even less 
than 1,000 (Statistics Estonia 2009).     

The methodology we use is somewhat similar to the one used by Wier et al (2005) 
and Kerkhof (2008). However, as the aggregation level is very high, we do not 
transfer the price effect into the goods consumed by household and do not assess the 
distributional effect. The equation used in this work to analyse the tax share in the 
sectors’ output, is the following:   

  ( ) 1−
−= AITTAX indirect ,  

where TAX indirect – total indirect tax payments by economic sector; 
T – 1x18 vector with fuel excise payments per unit of output; 
(I-A)-1 – 18x18 Leontief inverse matrix. 
 
 

As we do not use a hypothetical tax, but the  actually implied tax, we cannot speak 
of the price increase, but rather a tax share in the price of goods. 

As in other similar studies, we also assume the shifting of tax burden. Such 
assumption is very strong, but this is a standard approach to the partial equilibrium 
analyses of indirect taxes (Cornwell, Creedy 1996: 22).  

A limitation of the study is that we do not analyse the effect of import. As the fuel 
excise is paid by the domestic producers, when we know the fuel use data, we 
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cannot assess the fuel intensity of the imported products and also the tax system of 
other countries. However, changes in tax system can cause changes in market, as the 
cost of domestic production raises and, thus, depending on the competition 
conditions, the demand might shift for the import goods, not affected by the tax 
increase. It is possible to combine different methods to analyse the environmental 
effect of domestic goods, as well as import ones, for example, following the 
methodology of Nijdam et al (2005), but this is out of the scope of this paper.  

 

Results 

 

Tax payments, as a percentage of output, is presented in Table 2 – this is the so-
called direct tax share. Fuel excise forms a larger proportion of output for the 
following sectors: land and rail transport (6% in 2008), mining industry (4.34%), 
agriculture and fishing (3.0%), construction (1.64%) and air transport (1.5%). For the 
rest of the sectors, the share is 1% or less. However, for most sectors these shares 
have decreased, regardless of the significant excise tax increase since the beginning 
of 2008. For water transport, the share of fuel excise in output has decreased from 
3.84% to 1.05%, for land and rail transport from 8.03% to 6%, for air transport from 
6.56% to 1.5%. These sectors’ output has increased more than the use of fuel, and in 
some cases fuel use has even decreased. For agriculture and chemical industry, the 
situation is different: their share of fuel excise was higher in 2008 than in 2007, as 
their fuel use increased, but the output growth was smaller. Most of the excise 
payments result from the use of motor fuels, the excise from fuel used for heating is 
very small. Unfortunately, the fuel use data do not contain information about use of 
electricity, and, therefore, electricity excise is not included in the Table.  

Table 2. Fuel excise share in output in 2007 and 2008 (%) 

Sector Share of fuel excise in 
output in 2007 (%) 

Share of fuel excise 
in output in 2008 (%) 

Agriculture and fishing 2.37 3.00 
Energy 1.07 0.99 
Mining industry 6.23 4.34 
Food- and tobacco industry 0.26 0.26 
Textile- and leather industry 0.09 0.09 
Wood industry 0.73 0.43 
Paper and printing industry 0.30 0.25 
Chemical industry 0.05 0.26 
Metal industry 0.00 0.00 
Manufacture of non-metallic mineral 
products 

1.46 0.82 

Manufacture of machinery and 
equipment 

0.10 0.07 
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Manufacture of motor vehicles 0.18 0.13 
Construction 2.99 1.64 
Uncategorised industry 0.35 0.17 
Land and rail transport 8.03 6.00 
Water transport 3.84 1.05 
Air transport 6.56 1.50 
Services 0.71 0.51 

Source: The authors’ calculations. 
 

In addition to the direct tax payments of the sector caused by the fuel use, we also 
have to take into account the sectors’ cost structure, i.e. purchases from other sectors, 
because firms do not necessarily use fuels by themselves, but purchase services from 
other companies. The results of the shifted tax payments are provided in Table 3.   

In absolute numbers, the largest payments of fuel excise are done by land and rail 
transport (EEK 1.1 billion), followed closely by services (EEK 1.01 billion), other 
sectors have significantly smaller tax burden.  

Even when we take into account linkages between sectors, the mostly affected 
sectors are land and rail transport (6.6%), agriculture (3.99%) and construction 
(2.1%). Also in this case, the share of fuel excise in output has decreased in most 
sectors, only in agriculture, chemical and metal industry it has increased. This is 
probably caused by significant fuel excises increase in 2008 and the smaller output 
growth of these sectors, in comparison to the growth in other sectors.  

Table 3. Share of fuel excise in output, with account of linkages between sectors in 2007 and 
2008 (%). 

Sector Share of fuel excise in 
output in 2007, based 
on IO table (%) 

Share of fuel excise in 
output in 2008, based 
on IO table (%) 

Agriculture and fishing 3.55 3.99 
Energy 1.94 1.46 
Mining industry 7.12 5.05 
Food- and tobacco industry 1.54 1.50 
Textile and leather industry 0.68 0.47 
Wood industry 2.45 2.10 
Paper and printing industry 1.03 0.80 
Chemical industry 0.34 0.50 
Metal industry 0.11 0.16 
Manufacture of non-metallic mineral 
products 

2.73 1.77 

Manufacture of machinery and 
equipment 

0.28 0.22 

Manufacture of motor vehicles 0.35 0.26 
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Construction 4.31 2.52 
Uncategorised industry 0.90 0.63 
Land and rail transport 9.00 6.61 
Water transport 4.87 1.77 
Air transport 8.00 2.22 
Services 1.86 1.22 

Source: The authors’ calculations. 
 

At first glance, it is surprising that fuel excise has a very modest effect on energy 
sector (1.46% in 2008). This is due to the fact that the energy sector uses fuels that are 
not taxed with excise or were not taxed in 2007: for example, oil shale is not taxed 
with excise, but most of the Estonian electricity production is based on oil shale 
(94%). Also wood and peat are not taxed with fuel excise. Up to 2007, the energy 
production sector paid CO2 pollution charge, which was replaced by electricity 
excise in 2008.  

We argue that, in the case of Estonia, where different taxes and charges are used and 
differently administrated, such analysis of a single tax does not give a 
comprehensive overview of the actual tax burden. Therefore, it is not reasonable to 
compare the results to those of other countries, where effects of the carbon tax are 
analysed and, as a result, the most affected sector is the energy sector or the energy 
intensive sectors. Estonian fuel excise has the biggest impact on sectors that are 
motor fuel intensive, because the fuels used by the energy sector are not taxed or 
taxed by charges other than fuel excise.  

The results of our analysis can be considered as a supplementary information for the 
Estonian taxation and economic policy, as the country lacks a thorough analysis, 
who actually bears the implied taxes. However, due to the size of the country and 
peculiar system of environmental taxes, we cannot transfer the obtained results into 
distributional effect, as this would not give a whole picture of the environmental tax 
burden.  

 

Conclusions 

 

The objective of this paper is to assess the effect of Estonian environmental taxes on 
the price of the goods that are not directly taxed. We found that fuel excise has the 
biggest price effect on land transport, but also on agriculture and construction. Our 
work shows that, due to the peculiarity of Estonian environmental tax system, it is 
difficult to assess the total tax burden of environmental taxes for enterprises and the 
resultant price effect. With regard to the environmental taxes, only the data about 
fuel excise can be obtained and, therefore, we can basically assess only the price 
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effect resulting from the motor fuel excise, as excise on energy used for heating is 
very low. We cannot assess the effect of resource and pollution charges, which data 
are not publicly available. Therefore, this paper does not give the whole picture of 
the Estonian environmental taxes imposed on enterprises.  

As for the methodology, the input-output table is not the best method to be used in 
Estonia to assess the effect of the environmental taxes on prices. The problem is that 
Estonia is a small country and there are quite few enterprises in each sector. 
Therefore, even small changes in one company’s technology or structural change 
alters the input-output table considerably. Also the aggregation level is very high, 
due to the same problem of the country size. Therefore, it is not useful to shift the 
price changes to consumer goods and analyse the distributional effect, because in 
one aggregated sector the nomenclature of goods is very long and comprises the 
goods of very different nature.  

The input-output table gives a static overview of a certain time, but actually both the 
consumers and producers change their behaviour according to the changed prices: 
producers change their input or production technology and consumers change their 
consumption habits. Therefore input-output table can only give a short-term 
perspective of the reality, but to analyse the long-term changes, also the behavioural 
effects have to be considered as well.  

For the future analysis of the indirect price effect of environmental taxes, the 
combination of several data sources and methodological approaches has to be used, 
taking into account the size and structure of an economy, but also peculiarities and 
the development stage of its tax system. The process and results of the analysis have 
confirmed our opinion that the system of elaborating and using the input-output 
tables is still in the development stage and its remarkable improvement is 
unavoidable in Estonia.  
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APPENDIX 1. Aggregation of economic sectors according to the fuel use data.  
Economic sector in input-output table Economic sector in fuel use data 
Agriculture 

Agriculture, forestry and fishing Forestry 
Fishing 
Coal, peat, oil shale, natural gas, crude 
petroleum 

Energy sector Coke, refined petroleum products 
Uranium and thorium ores 
Electricity, gas, steam and hot water 
Metal ores 

Mining and quarrying 
Other mining products 
Food products and beverages Manufacture of food and tobacco 

products Tobacco products 
Textile products 

Manufacture of textile and leather 
products 

Clothes and fur 
Leather and related products 
Wood and related products Manufacture of wood 
Pulp, paper and related products 

Manufacture of paper and printing Printing and reproduction of recorded 
media 
Chemicals and chemical products Manufacture of chemicals 
Metals Manufacture of metals 
Other non-metallic mineral products Manufacture of other non-metallic 

mineral products 
Metal products 

Manufacture of machinery and 
equipment 

Machinery and equipment 
Office equipment and computers 
Electrical equipment and computers 
Radio, television and communication 
equipment 
Motor vehicles 

Manufacture of transport equipment 
Other transport equipment 
Construction Construction 
Rubber and plastic products 

Other undifferentiated manufacturing 
Manufacture of medical and optical 
equipment 
Manufacture of furniture 
Secondary material 
Land transport Land transport 
Water transport Water transport 
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Air transport Air transport 
Water supply 

Business and public services  

Sale, repair and maintenance of motor 
vehicles 
Wholesale 
Retail sale 
Hotels and restaurants 
Services connected to transport; travel 
agency services 
Postal and telecommunication 
services 
Financial service activities 
Insurance and pension funding 
Activities auxiliary to financial 
services 
Real estate activities 
Rental services of machinery and 
equipment 
Computer services 
Scientific research and development 
Other business services 
Avaliku halduse ja riigikaitse 
teenused 
Education services 
Human health and social work 
activities 
Sewerage and waste management 
Services of other undifferentiated 
organizations  
Sports, amusement and recreation 
activities 
Other services 
Activities of households as employers 
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Aizmugures vāks 

 

INFORUM (Interindustry Forecasting Project at the University of Maryland) has 
been a continuous model development and building process since the late 1960. This 
model building approach of intersectoral macroeconomic models includes the input-
output data and analysis that nowadays is known as the macroeconomic 
multisectoral model.  INFORUM modelling approach has spread all over the world 
and a world-wide network of model builders and researchers has been created. 
INFORUM modelling approach and model-based software are used, and solutions, 
technical improvements and software updates are shared and discussed within the 
network. One of the major occasions is annual INFORUM World Conference held in 
one of the countries where INFORUM modelling teams of researchers are located. 
The book is a collection of selected papers of the XVII INFORUM World Conference 
in Jūrmala, Latvia, 2009. 
 

Remigijs Počs, Dr. habil. oec., is a Professor and the Dean of the Faculty of 
Engineering Economics and Management of Riga Technical University, Latvia. He 
has been involved in INFORUM modelling since 2003 and he is one of the founders 
of INFORUM modelling team in Latvia.  

 

Astra Auziņa, Dr. oec., is an Assistant Professor at the Faculty of Engineering 
Economics and Management of Riga Technical University, Latvia. Her research 
activities in  the field of multisectoral macroeconomic modelling have been related to 
INFORUM since 2004. She has elaborated a Latvian INFORUM model within her 
PhD studies. Her research activities within INFORUM team are connected with the 
productivity and sectoral development, private consumption and problems in 
INFORUM modelling regarding statistical environment and elaboration of solutions.  

 

Velga Ozoliņa, Dr. oec., is an Assistant Professor at the Faculty of Engineering 
Economics and Management of Riga Technical University, Latvia. Her research 
activities in the field of multisectoral macroeconomic modelling have been related to 
INFORUM since 2004. Her research topics include analysis and modelling of 
macroeconomic development, demographic indicators and employment, as well as 
energy sector and fiscal sector.   


