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Summary 
 
In order to address sustainable policies, communities need indicators that can tell them 
something about the larger social and ecological system, and the relationships between the 
two. This study attempts to apply an existing indicator of welfare and sustainability, the 
Genuine Progress Indicator (GPI), to the regional level in Sweden. The county of 
Östergötland is used as a case study and the thesis is written in collaboration with 
Regionförbundet Östsam. The aim of the study is to develop an application of GPI 
methodology to circumstances of data availability at the regional Swedish level. Developed 
methodology used to calculate a GPI of Östergötland in 2000-2006. GPI results are put in a 
context of the Regional Development Program of Östergötland in order to address policy 
implications regarding the very meaning of growth, development, welfare and sustainability. 
The results indicate that GPI has increased during the time period. However, a comparison 
with the Gross Regional Product (GRP) shows that GRP has increased faster than GPI. It is 
concluded that this could be a possible trend of decreased economic efficiency, where more 
economic output is not sustainable in the sense that an equivalent amount of welfare is not 
produced. This effect is mainly an effect of increasing income inequality. It is also suggested 
that the Regional Development Program should distinguish growth and development as 
different concepts. In doing so, more sustainable policies can be adopted in the future.     
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1. Introduction 
1.1 A serious misunderstanding 
Economics are generally deeply concerned about the performance of the market and have a 
strong belief in that when the market performs well, it produces a general benefit to the 
inhabitants of society (Daly & Cobb 1994, p 62). The most important measure of market 
performance today is the Gross National Product, GNP. It is used not only by economists but 
also by researchers, the media and policy-makers as a measure of progress (Talberth et al 
2007). But somewhere along the way, it seems like a serious misunderstanding took place. 
GNP was never designed as a measure of well-being. The very creator of GNP, Simon 
Kuznets, stated that GNP is merely a sum of all products and services sold in a year, without 
any separation between transactions which have a positive and negative effect on well-being 
(ibid). In general it is accepted that well-being as a concept equals the difference between 
costs and benefits of economic activity (Clarke & Lawn 2008b). In this sense, a strange 
paradox takes place when almost everyone is aware of the shortcomings of GNP, but still uses 
it as a measure of economic welfare (Stockhammer et al 1997).      
 
The flaws of GNP are well-known since a long way back in time. For example, GNP fails to 
include non-market activities such as household work, volunteer work and services from 
already existing consumer durables (Clarke & Lawn 2008 a). Moreover, GNP incorrectly 
accounts defensive expenditures, i.e. consumption which is necessary to counteract or balance 
side-effects of the economic activities (Sanne 2007, p 40). Neither does GNP account for 
changes in stocks of both natural capital and built capital. Clearly, well-being cannot be 
reduced to the performance of markets. In order to perform more comprehensive policies, 
communities needs indicators that can tell them something about the larger ecological and 
social dimensions of human communities, and the sustainability of their activities (Costanza 
et al 2004). 
 
One of the most popular attempts to produce such an indicator is the Genuine Progress Index, 
GPI (Talberth et al 2007). The GPI starts with the same personal consumption data that the 
GNP is based on, but then makes some crucial distinctions. It adjusts for factors such as 
income distribution, adds factors such as the value of household and volunteer work, and 
subtracts factors such as the costs of pollution, resource exhaustion, commuting and crime 
(ibid) 
 
The starting point of GPI origins back to 1989 when the Index of Sustainable Economic 
Welfare (ISEW) was presented in an appendix to the influential book “For the Common 
Good” (Daly and Cobb 1989). Since then, an ISEW has been constructed for several countries 
and regions, e.g. Australia (Hamilton 1999), Austria (Stockhammer et al 1996), United 
Kingdom (Jackson et al 1997) and United States (Talberth et al 2007). A national Swedish 
ISEW study has also been provided by Jackson & Stymne (1996). After a lively debate, the 
ISEW methodology was refined and updated by Cobb & Cobb (1994) and in 1995 switched 
name to GPI (Cobb et al 1995), although ISEW studies have continued to pop up since then. 
The GPI methodology has been updated several times. The last update was performed by 
Talberth et al (2007). Since the ISEW and GPI methodologies are very similar, GPI can be 
regarded as a variant of ISEW (Talberth et al 2007). It has even been argued that the only 
thing that in general separates ISEW and GPI from each other is their names (Lawn 2003). 
 
Although GPI was originally designed for analysis at the national level, several studies have 
been performed at smaller, regional scales. Examples of regional GPI/ISEW studies are those 
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of Victoria, Australia (Clarke & Lawn 2008a), Siena, Italy (Pulselli et al 2005), the U.S. state 
of Ohio (Bagstad & Shammin 2009) and the multi-scale study of Vermont State, Chittenden 
County and the city of Burlington (Costanza et al 2004). The transformation from national to 
regional analysis is not painless since availability and quality if data generally decreases for 
smaller scales (Gasparatos et al 2008; Clarke & Lawn 2008b). This study is attempting to 
overcome some of the difficulties with the goal to give the regional GPI a sufficiently good 
quality to be used in policy-making situations. It is written on a belief that if policy makers 
measures what really matters to the citizens, such as a clean environment, safety and health, 
economic policy would naturally shift towards sustainability (Redefining Progress 2009). 
  
1.2. The GPI development of Östergötland – a collaboration with Regionförbundet 
Östsam  
The GPI for Östergötland has been developed in collaboration with Regionförbundet Östsam, 
where Östsam officially has been the stakeholder of the study. A wish from the stakeholder is 
that the constructed GPI should be able to use as an indicator of an alternative view of 
development when the Regional Development Program (RUP1) is revised in 2010. 
Continuous dialogue has taken place between the planning director at Östsam and the author 
regarding methodological considerations and difficulties in the methodological development  
 
The present Regional Development Program of Östergötland was approved by the delegate 
body of Östergötland in 2006. Its main purpose from a regional perspective is to shape a 
regional politic which takes its starting point in the ambitions of the political precursors in the 
county (Östsam 2006, p 7). The program presents three main objectives for regional 
development: 
   

• Long-term sustainable growth and development 
• A region in balance 
• Good terms of living for the inhabitants in the region (ibid, p 27) 

 
Moreover, the Regional Development Program defines growth as a development of the 
economy, the business world and the employment, as well as progress within qualification 
and improved cultural, outdoor and environmental values (ibid). Sustainability, then, is 
defined as economic, cultural, social and ecological sustainability. It does not explain the 
implication of what sustainability of these aspects contains. Moreover, it is further explained 
that there is interdependency between the different dimensions of growth. Economic growth 
is created through the success of existing corporations on the market, which allows the 
creation of new corporations and in turn give more working opportunities and increase tax 
incomes. In doing so, more public service such as healthcare, education and geriatric care will 
be available to the citizens and give an increase in welfare (ibid). 

 
1 Author’s translation. In Swedish Regionalt Utvecklingsprogram 
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2. Aim and limitations of study  
 
2.1. Aim 
The aim of this study is three-folded. The first aim is to adapt the GPI methodology to data 
availability which enables regional analysis in Sweden. In order to do so, the county of 
Östergötland is used as a case study. Methodological results should be sufficiently well 
described to enable continuous GPI calculations in Östergötland as well as provide a 
guideline for other Swedish counties to calculate their own GPIs.  
 
The second aim is to carry out a GPI calculation for the years of 2000-2006 on the basis of the 
developed methodology. Results will be further discussed in the context of its possible policy 
implications by comparing results towards the present contents of the Regional Development 
program. A main focus will here be directed towards the implication of growth and 
development, the relation between the two concepts and its implication to the contents of the 
program.  
 
2.2. Research questions 
1. With what accuracy due to available data can GPI be calculated at a regional level in 

Sweden?  
2. Which are the major flaws that need to be improved in order to calculate a more robust 

GPI in the future? 
3. What trends in sustainability and welfare can be detected in the changes of Östergtöland’s 

GPI over time? 
4. How does GPI development behave in relation to more conventional national account 

systems, here represented by GRP? 
5. What policy implications regarding growth and development can be made from the GPI 

results? 
 
2.3. Limitations 
Several earlier GPI/ISEW studies have used a temporal frame of 1950-present year to 
discover long-term trends. As tempting as this may be, performing analysis over such a long 
time period inevitably entails a large amount of extrapolations, due to lack of data in the 
earlier time periods (Bagstad and Shammin 2009). Relying on extrapolation for earlier time 
periods assumes that previous environmental and socioeconomic corresponds to current 
trends, which is likely to be false when considering the large societal changes which has taken 
place in some regions (ibid). As very few data was found when the data search was initiated, a 
limitation to the years of 2000-2006 was settled upon. 
 
Also, some items which ought to be included in the GPI due to official GPI methodology 
(Talberth et al 2007) had to be omitted due to lack of existing data. For some items where 
data with regional resolution was missing, national data was scaled down, assuming that the 
“real” value in Östergötland equals a national average. Using this approach infers several 
limitations. For instance, the particular nature of Östergötland compared to the national level 
is lost, which means that measures performed in order to improve GPI values won’t be 
detected if scaled down national data is used to a large extent. 
 
Performing GPI studies always relies on the researcher’s good judgement to some extent. A 
standardised methodology is missing which makes the applied method of which items that are 
to be included or excluded vary between different GPI studies. They also vary in chosen 
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valuation methods. In sum, these limitations make the potentially strong conclusions which 
can be drawn from GPI results somewhat limited. 
        

3. A theoretical framework of GPI 
 
3.1. Sustainable income or psychic enjoyment? 
GPI calculations are in recent literature often justified by the shortcomings of GNP and 
unfortunately, little effort has been put on clarifying the theoretical foundations for GPI itself 
(Lawn 2003). Since the resulting GPI of this study will be regarded in policy-making it is 
considered as mostly important to determine what it is that GPI actually attempts to measure. 
The most extensive attempts to develop a theoretical foundation of GPI have been undertaken 
by Philip Lawn (Lawn 2003; 2005), and the theoretical foundation presented here is based on 
his work. 
 
Two different theoretical frameworks have been suggested: Hicks’ (1948) definition of 
income as the maximum value which can be consumed during a week and still expect to be as 
well of at the end of the week as at the beginning, and Fisher’s (1908) definition of income as 
not the production of goods in a year, but of the services enjoyed by the ultimate consumers 
of all human-made goods (Lawn 2003). When choosing a theoretical foundation for the GPI 
calculated here, it is recognised that the role of a theoretical foundation is to serve as a sound 
basis for methodology used when calculating each separate item. As the sum of all items 
results in a final GPI, the resulting GPI will therefore become a measure of the chosen 
theoretical foundation. The Fisherian definition is preferred here, on the basis of that the 
Hicksian view of income associates welfare as equivalent to income (ibid). The choice is also 
motivated by a desire to use the latest official GPI methodology, presented by Talberth et al 
(2007). As the authors of this methodology emphasises Fisher’s definition it seems reasonable 
that the GPI of Östergötland should do so as well.  
 
3.2. Fisher’s definition of income and capital 
As Fisher’s view of income is adopted, the GPI constructed in this essay intends to measure 
the welfare a society enjoys at a particular point in time due to the impact of past and present 
activities, as suggested by Lawn (2005). While Hicks’ definition implies income defined as a 
“sustainable income”, Fisher’s definition of income means that GPI should be thought of as a 
“net psychic income”, i.e.:  
 
“…the sum total of all the psychic income-yielding aspects of the economic process less the 
sum total of its irksome or psychic outgo-related aspects” (Lawn 2003, p. 111). 
 
The consequences of adopting the Fisherian framework are multiple. To start with, annual 
consumed goods are not part of current year’s income but are simply an addition to the stock 
of built capital (Lawn 2003). The notion of income as being dependent of activities in 
previous years is also important since it affects the way that environmental subtraction items 
are estimated. GPI not only accounts for environmental degradation taking place in the 
current year, but also for damages from preceding years which impacts the well-being of the 
population in the present. 
 
3.3. The welfare – sustainability relationship 
While Fisher’s definition of income gives a solid ground for defining welfare, i.e. the higher 
net psychic income, the higher the welfare, it does not explicitly explain the relation to 
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sustainability. Since it is sustainability which is ultimately desired to measure through the 
work of this essay, the welfare-sustainability relationship in GPI will here be closer examined. 
 
Neumayer (1999) have criticized the fact that GPI attempts to measure both welfare and 
sustainability. In his view, attempting to measure both sustainability and welfare is 
theoretically incorrect since a measure of sustainability should only include items relevant for 
sustainability, and vice versa for welfare. Furthermore, Neumayer argues that GPI contains 
both items which are irrelevant for sustainability such as change in leisure time and items 
which are irrelevant for current welfare, such as depletion of non-renewable resources and 
greenhouse gas emissions. 
 
In my view, this is absolutely correct. GPI itself is not a measure of both sustainability and 
welfare; given the broad definitions that sustainability is a society that lasts in perpetuity and 
welfare is something that is enjoyed by inhabitants in a community. Given the Fisherian 
theoretical foundation of net psychic income, GPI is a measure of welfare. However, when 
GPI figures are compared to development of GRP, it is possible to measure the efficiency of 
current economic activities. That is, if economic activity does not succeed to produce at least 
an equivalent portion of welfare, defined as net psychic income, current development should 
be regarded as unsustainable or as Costanza et al (1997a) have called it, “anti-economic”.  
 
Ecological sustainability can regarded as a prerequisite to foster a development in welfare. 
Degradation of ecosystem services such as a stable climate, clean air and fresh water can be 
expected to play an important role for the net psychic income which present population 
enjoys. However, GPI considers it as morally wrong to increase the welfare of present 
population on behalf of coming generation. The net psychic income, thus, is not only affected 
by environmental degradation taking place in the same year. It is also a consequence of 
previous economic activities. In sum, the policy goal of using GPI means adopting a belief of 
creating a sustainable welfare. 
 
3.4. The threshold hypothesis       
Closely connected to the described definition of a sustainable welfare is the so-called 
threshold hypothesis, first formulated by Max-Neef (1995). On the basis of earlier GPI/ISEW 
studies, Max-Neef suggested that: 
 
“…for every society there seems to be a period in which economic growth (as conventionally 
measured) brings about an improvement in the quality of life, but only up to a point--the 
threshold point--beyond which, if there is more economic growth, quality of life may begin to 
deteriorate”. Max-Neef (1995, p 117) 
  
Thus, when macroeconomic systems grow beyond a certain point – a threshold – cost of 
growth exceeds the flow of additional benefits (Lawn 2002). Almost every GPI/ISEW study 
has since then confirmed the threshold hypothesis (e.g. Jackson & Stymne 1996; Hamilton 
1999; Talberth et al 2007). Results from the national Swedish ISEW study gave the same 
results as similar studies in other countries – that ISEW tends to stabilise at a certain point in 
spite of continued growth in GNP (Jackson and Stymne 1996).      
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  4. Method 
 
4.1 Iterative research process 
The application of a method which enables regional GPI analysis has been an iterative process 
in the sense that the developed methodology is dependent on data availability. On the other 
hand, the data which has been sought after is dependent on available methods to valuate each 
item. Empirical data must match valuation methods and vice versa in order to produce sound 
results. Thus, collection of empirical data has been dependent on available methods to value 
the corresponding item while at the same time the valuation methods used have also been 
adapted to which data that is available.   
 
4.2 Quantitative analysis – quality and availability of data 
The empirical material consists solely of secondary data material, available in public data 
bases from Statistiska Centralbyrån, Regionfakta and several other sources. In doing so, 
quality of input data is beyond the researcher’s control. While primary data would have been 
preferable, it would have been an impossible task due to the large amount of input data 
needed in order to calculate GPI. Quantitative analysis of welfare and sustainability can 
provide important information of whether a community is heading on a sustainable path or 
not. Strength with quantitative analysis is that it intends to describe the world as it really is, 
not dependent on individual opinions. However, the results should not be considered as an 
absolute truth about sustainability, since the methods included and the calculation methods 
used ultimately relies on the researcher’s judgement.  
    
A main problem identified during the work is the lack of desirable statistical data. For some 
items, data are only available for a limited number of years. In such cases, measured data has 
been filled in by using interpolation, extrapolation or linear regression techniques. It is clearly 
stated under each item when those methods have been used. A situation may also appear 
where several variables are available for one column. This was especially true when choosing 
a value of cost estimation of each item. Chosen cost estimation has been picked on the basis 
of following criteria: 
 

• Cost or value estimation represents the full effect of corresponding item’s effect on 
welfare 

• Cost or value estimation is based on results from previous scientific research 
• Cost or value estimation should prevent against overestimations, i.e. conservative 

estimations are preferred in order to increase the acceptance of GPI results among 
decision-makers  

 
The same problem was also faced regarding choice of data sets. It was more common, 
however, that a situation appeared where a choice between scaling down national data and 
omitting the item altogether had to be done. If no regional data was available, it was replaced 
by national figures despite the fact that such a method does not capture the particular nature of 
the Östergötland economy when results are used for regional analysis. Another problem with 
the chosen approach is that measurements withdrawn to improve GPI by i.e. decreasing the 
cost of ozone depletion will barely be reflected at all unless same measurements are done in 
other Swedish regions. However, by omitting several items out of the GPI calculation makes 
regional and regional-national GPI comparisons almost impossible since results will be 
skewed in one way or the other. Given these facts it is important to stress that results from 
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items which heavily relies on scaled down national data should not be used as a foundation of 
policy-making. 
 
Furthermore, Costanza et al (2004) have argued that items which contribute significantly 
effects the total GPI results and relies on scaled down national data should be the subject of 
the largest GPI improvements. Given the fact that further refinement of calculated GPI is 
important to strengthen its role as a foundation of policy-making, the issue of which items that 
need to be improved is further discussed in section 6.       
 
4.3 Description of the GPI methodology 
The GPI consists of 26 items in total. The items which are included is chosen on behalf of the 
latest update of official GPI methodology, published by Talberth et al (2007). The calculation 
of GPI can be described in four steps. These four steps are described in Table 1  
 
 
         Table 1. Summary of calculation steps in GPI  
  
 
  
  
  
  
  
  
First, the consumption base is calculated. The starting point of this step is total private 
consumption expenditures (Talberth et al 2007). The rationale behind using private 
consumption expenditures instead of GNP as a whole is that the GPI methodology wishes to 
measure the addition of welfare that consumption brings and not the total monetary value of 
production (Lawn 2005). Private consumption is then divided by an income distribution 
index, based on the Gini coefficient as a measure of income inequality. The rationale behind 
doing so is that the marginal utility of consumption decreases with additional income 
(Jackson and Stymne 1996). Thus, an increase in private consumption produces more welfare 
for a society if income distribution is becoming more equal. The total private consumption 
adjusted for income equality becomes the base value to which remaining items are added or 
subtracted.  

Impact Calculation step 
+ Consumption base 
+ Positive contribution items 
- Subtraction items 
+/- Net capital investment, Net foreign 

lending and borrowing 
= GPI results 

 
In the second step, five items (D-H, see Appendix a) which is regarded to have a positive 
contribution to welfare is added. These items represent values which are neglected in GNP 
calculations. GPI normally regards leisure time as a subtraction item, implicitly assuming that 
the amount of leisure hours have increased in communities. However, official statistics 
indicates that the amount of time which can be classified as leisure time has increased in 
Sweden (SCB e; SCB f), why the change of leisure time is considered as a contributor to 
additional welfare. 
 
In the third step, a number of factors (I-Y, see Appendix a) which contributes to an increase in 
GNP despite the fact that they cannot be considered to contribute to additional welfare is 
subtracted. In doing so, GPI is corrected for direct negative effects of unsustainable 
consumption patterns, as well as for consumption of defensive measures due to side-effects of 
current consumption patterns. 
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In the fourth step, GPI adjusts for growth or decline of net capital investments and net foreign 
lending and borrowing. These items (item Z & item AA, Appendix a) can be both positive 
contributors and subtraction items depending on their current development. Finally, an annual 
GPI values is retrieved. GPI results are used to compare change over time with GRP in order 
to assess the degree of sustainability within current economic trends. Resulting GPI is also 
divided by the total number of inhabitants in each year to produce a GPI/capita figure. An 
advantage with the GPI/capita figure is that it can be compared to GPIs of other regions and 
nations. Per capita figures also correct GPI and GRP for a growth or decline in population 
size. All cost estimations used have been transformed to year 2000 prices by using the percent 
change in consumer price index, KPI. Data of changes in KPI was collected from SCB (j). All 
prices presented in this essay are in constant year 2000 SEK as long as nothing else is stated. 
 
4.4. Sensitivity analysis 
A sensitivity analysis is performed in order to test to what extent and in what way different 
items affect the result of the GPI. The choice of items tested for sensitivity is mainly based on 
the critique from Neumayer (2000), who argues that the threshold effect found in almost 
every previous GPI/ISEW study is an artefact of questionable methodological assumptions. 
Neumayer argues that the threshold effect cannot be established if the cost of greenhouse gas 
emissions is not regarded as cumulative damages and if a 3% price escalation factor of non-
renewable energy used in most GPI/ISEW studies is dropped. Performed sensitivity analysis 
should also facilitate the aim to suggest policy implications. Thus, items which shows to have 
a great impact on overall GPI results is also tested for changes of trends in order to examine 
why GPI have improved or deteriorated.     

5. Methodological outline of GPI application at the regional level 

5.1. Application of GPI method at the Swedish regional level 
A review of developed GPI methodology is presented in Table 2, including sources of data 
and valuation estimates as well as a formula description of calculation methods. An in-depth 
qualitative presentation has also been performed which describes which assumptions that had 
to be done, alternative ways of calculation techniques that were considered and difficulties 
that were encountered in the methodological development. A short motivation to why each 
item should be included in GPI is also given. The full description of applied methodology is 
found in Appendix a. The author is fully aware of that this description is spacious, but it was 
considered as important to describe the methodological application thoroughly in order to 
facilitate future GPI calculations. In doing so, the transparency of presented results increases. 
It is recommended to consider the description in Appendix a. before continuing reading the 
thesis.      
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Table 2. Review of applied regional GPI methodology 
                                                      
Item Name Calculation Source Data sources 

A 
Total private consumption 

 

disposable income in 
Östergötland * ratio of 

disposable income spent 
on consumption, 
national figures 

 

Costanza et al (2004) 

 

Disposable income: 
Regionfakta (a) 

Ratio of disposable 
income spent on 

consumption: 
Calculated 

 

B Income distribution 

 

(Gini coefficient year 
x*100) / Base year 
(1991) Gini coefficient 
Gini coefficient 
calculated as: Integral 
of curve of perfect 
income distribution- 
Lorenz curve. 
 
Input data of Lorenz 
curve calculated as x % 
of population  which 
has x % of total income 
 
% of population 
calculated as: 
Number of people in an 
income group / Total 
amount of people with 
an income of 
employment  
% of income calculated 
as: Income of 
employment for each 
income group / Total 
income of employment 
in the county  

 

(Costanza et al (2004) + 
Own calculations 
 

Gini coefficient: 
Calculated 
Base year Gini 
coefficient: Calculated 

 

C Total private consumption adjusted for 
income equality 

 

(Item A/Item B)*100 
See Column A & 
Column B 

 

 
Costanza et al (2004) 
 

Positive contribution items 
 
D Value of household 

labor 

 

number of hours spent 
on household labour* 
average hourly wage for 
cleaners etc. in private 
sector* number of 
inhabitants, 20-84 years 
 

 

Talberth et al (2007) 

Hours of household 
work: SCB (e) & SCB 
(f) 
Average hourly wage 
for cleaners etc: SCB 
(g) 
Number of 
inhabitants, 20-84 
years: SCB (a) 

 

E Value of volunteer 
work 

 

(Number of hours spent 
on volunteer 
work*number of 
inhabitants, 20-64 
years*average hourly 
wage) 

 

(Talberth et al (2007) 

 

Hours of volunteer 
work: SCB (e) & SCB 
(f) 

Number of 
inhabitants, 20-64 

years: SCB (a) 

 

F Services of household 
capital ------ --------- Insufficient calculation 

method 
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G Value of higher 
education 

 

Number of inhabitants 
having a minimum of 

three-year higher 
education * value 

estimation of social 
spillover effect 

 

(Talberth et al (2007) 

Number of 
inhabitants  having a 
minimum of three-
year higher education: 
Regionfakta (b) 
Value of social 
spillover effect: Hill et 
al (2005) 

 

H Services of streets and 
highways 

 
------- -------- -------- 

I Change in leisure time 

 

((Amount of leisure 
hours/day*365)*number 
of people in labour 
force* annual hourly 
wage) – amount of 
leisure hours for base 
year, 1990 

 

Talberth et al (2007) 

 

Amount of leisure 
hours: SCB (e) & SCB 
(f) 
Number of people in 
labour force: SCB (h) 
Annual hourly wage: 
SCB (g) 

 

 
Socioeconomic subtraction items

J Cost of crime 
 

∑number of committed crimes * Cost 
estimation for each type of crime 
 

Costanza et al 
(2004) 

 

Committed crimes: BRÅ (a) 
Cost  estimation: Brand & 
Price (2000) 
 

K Cost of family 
breakdown 
 

Number of divorces*cost estimation of 
divorce 

 
Simplified version 

of Talberth et al 
(2007) 

 

Number of divorces: 
Regionfakta (c) 
Cost  estimation of each 
divorce: e24.se (2008) 
 

L Cost of 
underemployment 
 

((Unemployment ratio, 20-64 years*number 
of inhabitants 20-64years) + (ratio of people 
not included in labour force who desires to 
work, 16-64 years * number of inhabitants, 
16-64 years))*Average number of hours at 
work of employed inhabitants *Average 
hourly wage 
 

Own calculation 
 

Unemployment ratio, 20-64 
years: SCB 
Ratio of people not included in 
labor force who desires to 
work, 16-64 years: Calculated 
Average number of working 
hours for employed 
inhabitants: SCB (a) 
Average hourly wage: SCB (g) 
 

M Cost of household 
capital 

------ ------ Omitted due to omitting of 
item…. 

N Cost of commuting 
 

∑ (number of commuters between two 
conurbations in 2006, short distance 
commuting *driving time by 
car)*520+(number of commuters between 
two municipalities, long-distance 
commuting in 2006*driving time by 
car)*312 
 
 

Own calculation 
 

Number of commuters: 
Regionförbundet Östsam (a) 
Driving hours by car: Eniro.se 
(2009) 
 

O Cost of car accidents 
 

Number of severely damaged people in car 
accidents * Damage cost of each car 
accident 
 

Costanza et al 
(2004) 

 

Number of severely damaged 
people in car accidents: SIKA 
(a) 

Damage cost of each car 
accident: SIKA (2008) 
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Environmental subtraction items 

P Cost of household 
pollution control 
 

----- 
 

------ Insufficient availability of data 

Q Cost of water pollution 
 

((Load of total nitrogen * marginal 
restoration of 1 kg nitrogen)-background 
nitrogen load)+((load of total phosphorus * 
marginal restoration cost of 1 kg 
phosphorus)-background phosphorus load) 

 
 

Jackson & Stymne 
(1996) 

 

Load of nutrients: SLU (a) 
Marginal restoration cost: 
Turner et al (1999) 
Background nutrient load: 
Falkenmark (1977) 

 

R Cost of air pollution 
 

(Amount of SO2 emissions* SO2 
measurement cost) + ( Amount of NOx 
emissions*NOx measurement cost)+( 

Amount of VOC emissions*VOC 
measurement cost) 

 

Own calculation 

Amount of air pollutants 
emissions: RUS (a) 
Measurement costs: SIKA 
(2002a) 
 

S Cost of noise pollution 
 

Ratio of grown-up population suffering 
from noise disturbances * number of 
inhabitants, 20-84 years * Health cost  
estimation of noise pollution 
 

Own calculation 
 

Ratio of grown-up population 
suffering from noise 
disturbances: Miljömålsrådet 
(a) 
Health cost estimation of noise 
pollution: SIKA (2002b) 
 

T Loss of wetlands 
 

-------- ---------- No sufficient data of lost 
wetland areas available 
 

U Loss of farmlands (Annual change in farmland areas * cost of 
lost farmland to urbanization)+lost 
farmland areas costs of preceding years 
Costanza et al (2004) 
 

Simplified version 
of Jackson & 

Stymne (1996) 

Size of farmland areas: 
Riksskogstaxeringen (a) 
Cost  estimation of lost 
farmlands: Jackson & Stymne 
(1996) 
 

V Loss of old-growth 
forests 
 

 
(Loss of old-growth forest areas * cost 
estimation of lost ecosystem services) – old-
growth forest areas in base year (1850) + 
lost values of preceding years 
 

Simplified version 
of Talberth et al 

(2007) 
 

Size of old-growth forest 
areas: Riksskogstaxeringen (b) 
Cost  estimation of lost 
ecosystems: Costanza (1997b) 
 

W Depletion of non-
renewable energy 
resources 
 

Consumption of non-renewable energy in 
BOE* replacement cost  estimation of a 

barrel of ethanol  
Hamilton (1999) 

Amount of used non-
renewable energy: SCB (i) 
Estimation of replacement cost 
Costanza et al (2004) 
 
 

X Cost of greenhouse gas 
emissions 
 

(Debt in year x -  annual installment)* 
Interest rate + Annual marginal social cost 
 
Debt in year x = generational environmental 
debt (GED) 1850-1990 
 
Annual installment: ((1-0,25)/1000)* GED 
 

Annual marginal social cost = amount of 
emissions of greenhouse gases * global 

overshoot ratio * (national carbon dioxide 
emissions/global carbon dioxide emissions) 

* marginal social cost estimation 

Own calculation 
 

Accumulated generational 
environmental debt 1850-
1990: Azar & Holmberg (1995) 
Decomposition rate: Archer 
(2005) 
Global overshoot rate: IPCC 
(2000) 
National carbon dioxide 
emissions: Ekonomifakta 
(2009) 
Marginal social cost 
estimation: Stern (2006) 
Amount of greenhouse gas 
emissions: RUS (a) 

Y Cost of ozone depletion 
 

(Amount of CFC emissions * damage cost 
estimation of CFC emissions) + CFC 
emissions damage costs of preceding years  
 

 

Costanza et al 
(2004) 

 
 

Damage cost  estimation: 
Anielski & Rowe (1999) 
Amount of CFC emissions: 
Miljömålsrådet (d) 
 

Z Net capital investment ------ ------ ------ 

AA  
Net foreign lending and 
borrowing 
 

------ ------- Omitted due to lack of relevance 
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6. Methodological discussion - Data availability, data quality and its 
possible impacts on GPI 
This section presents a reflection of developed regional GPI methodology. In doing so, the 
methodological assumption made in order to calculate the GPI becomes more transparent and 
facilitates for the reader as well as for decision-makers to assess the credibility of the GPI 
results presented and discussed further on in an accurate way.  
 
6.1. Scaled down national data 
Data availability at the regional level was in general quite good, although it has become 
apparent that the availability of data decreases with smaller scales, a conclusion which can be 
supported by the findings of Clarke & Lawn (2008b). However, data with regional resolution 
was not available for all of the components. Therefore, they had to be estimated by using 
scaled down national figures. The results of Östergötland’s GPI indicates that the largest 
refinements in order to obtain a higher GPI quality is to sample data of total private 
consumption expenditures, hours spent on household work, hours spent on volunteer work 
and the number of underemployed inhabitants.  
 
6.2. Omission of items 
Four items had to be omitted from GPI due to lack of available data. These items were; loss of 
wetlands cost of household pollution control and costs and services of consumer durables.  
 
Considering the potentially large impact of services obtained from household capital in 
relation to the consumption of household capital, further discussion should take place on how 
the services obtained from household capital can be estimated in an accurate way. To find a 
way of calculating net gain or loss of costs and services of household capital is consideredto 
be a methodological refinement of high priority. By not including costs and services of 
household capital, current GPI is inconsistent with the Fisherian definition of income, since 
present calculation considers the purchase of goods and services as a contribution to net 
psychic income which is clearly wrong. Jackson & Stymne (1996), concluded in the national 
ISEW study that the service flow have generally been higher than purchase costs, especially 
towards the end of the time period. It is therefore likely that including these items will raise 
the GPI to some extent. When these items are to be included, regional sampling of data is 
recommended, since data on consumption of household capital in Östergötland is missing at 
the present time-being.   
 
Loss of wetlands had to be omitted from the GPI due to lack of data on changes in the size of 
wetland areas. Although it is known that some of the wetlands in the county have received 
damages resulting from anthropogenic activities, new wetlands areas have also been created 
in order to decrease nutrient loads to the Baltic Sea (County Board of Östergötland 2009b). 
Thus, the exclusion of this item should not dramatically skew the GPI. The calculation of 
water pollution is strictly limited, mainly of the methodological difficulty to provide 
reasonable cost estimation of the pollution effects which match available data in the iterative 
methodological research process. It is a mission of future revised methodology to include 
more aspects of water pollution. When this is done, final GPI values will naturally be 
lowered. 
 
Costs of household pollution were omitted due to lack of data on consumption expenditures 
on pollution control, such as air and water filters. As with costs and services of household 
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capital, this is clearly inconsistent with GPI methodology since these expenditures are 
defensive, i.e. a “necessary evil” to protect from unwanted side-effects of economic activity.  
 
Two items, net capital investment and services of streets and highways, were omitted due to 
other reasons. In the case of services from streets and highways, the omitting is motivated by 
a view that the GPI methodology of calculating this item includes questionable arbitrary 
assumption. Since this item is included for the reason of including non-defensive public 
expenditures, it was considered that the value of higher education reflects this in a better way. 
As for net capital investment, it was regarded as wrong to include growth/decline in built 
capital when a corresponding estimation is not done for natural capital (Bleys 2008).   
 
6.3. Replacing data for missing years using interpolation and extrapolation 
Data series was not complete for the calculated time period in all of the items, why 
interpolation and extrapolation was used to fill in missing data. Cost of greenhouse gas 
emissions, value of household labor and depletion of non-renewable resources are perhaps the 
most important items where these techniques had to be used. While the total contribution of 
these items is unlikely to be skewed from the use of these techniques, there’s a greater risks 
that the year-to-year change does not represent the actual trends. This is especially true for the 
value of household, work, volunteer work and change in leisure time, where observation was 
available only for the first year of calculated time span. 
 
6.4. Uncertainties in valuing costs and services 
The valuation of each item is to some extent arbitrary in the sense that the cost and valuation 
estimates chosen rely on the author’s judgment. Since the choice of valuation certainly has a 
great impact on the size of GPI figures, direct comparison between GPI and GRP must be 
done with large portion of cautiousness. Most monetary estimations are however regarded to 
be fairly conservative, which infers that the resulting figures are unlikely to be overestimates. 
Calculation methods and related assumption have also been made explicit in order to facilitate 
on what basis the resulting GPI relies. Comparing the monetary difference between 
sustainable net psychic incomes with quantitative economic activity is however probably not 
the most important figure of such comparisons. Instead, such comparisons should focus on 
change in trends between the two measurements over time.   
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Fig. 1 Items having a positive contribution on Östergötland’s GPI 

            

7. Analysis 
 
In this section, some of the most debated items and assumptions are tested for total impact on 
GPI in a sensitivity analysis. There are two reasons for performing a sensitivity analysis. Such 
an analysis provides information on whether performed calculations seems intuitively 
reasonable, as part of the iterative process. If for example cost of family breakdown is greater 
than the cost of greenhouse gas emissions, it gives reason for double checking the calculation 
and valuation of these items. A sensitivity analysis can provide valuable information about the 
impact of different items as well as impacts compared to alternative calculation approaches. 
These results were also considered when choosing the methods included in the final GPI. 
Results from sensitivity analysis are also useful when one wishes to draw policy implication 
from the GPI results. 
  
7.1. The impact of different items 
The impact of the positive contribution items are presented in Fig 1. As revealed, personal 
consumer expenditures has the greatest influence of all GPI figures, constituting 46% of the 
positive influence on well-being. Perhaps even more interesting is the fact that the values of 
household work, volunteering, higher education and change in leisure time which is neglected 
by GRP constitutes about 54 % of the positive influence on GPI, i.e. a larger share than total 
private consumption. The value of household work is by far the most dominating feature here 
with a share of 41%. 
 
 

Positive contributors of GPI

Personal consumption
adjusted for income
equality,

Value of household
labour

Value of higher
education

Value of volunteer
work

Change in Leisure time
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The impact of the subtraction items are quite evenly spread, having cost of greenhouse gas 
emissions, depletion of non-renewable resources and cost of underemployment as the items 
with the largest impact (Fig. 2). These three items together makes up about 57 % of the total 
subtraction in calculated GPI. The costs of commuting, air pollution, crime, car accidents and 
loss of farmlands all have a quite equal influence on the results by constituting between 7-9 % 
of the subtraction items.  It is also worth noting that the social-economical items and the 
environmental items make up a more or less equal share of the subtraction items. 
 

Subtraction items of GPI

Cost of crime Cost of family breakdown
Cost of underemployment Cost of commuting
Cost of Automobile accidents Cost of noise pollution
Cost of water pollution Cost of air pollution
Loss of farmland Loss of old-growth forest
Cost of greenhouse gas emissions Depletion of non-renewable resouces
Cost of ozone depletion 

Fig. 2 Subtraction items of Östergötland’s GPI 
 
7.2. Impacts on alternative approaches to some important items  
GPI regards public consumption as mostly defensive measures in order to compensate for 
side-effects of economic activities. However, not all public expenditures ought to be 
considered as defensive. Services such as libraries, sport centres, maintenance of parks are 
clearly non-defensive and ought to be included in GPI. Thus, a sensitivity analysis where 
actual consumer expenditures (i.e. expenditures paid by the public sector but “enjoyed” by the 
private household) is performed in Fig 3. The value of higher education item is excluded for 
GPI including actual consumer expenditures in order to avoid multiple counting. Evidently, 
by including actual consumer expenditures GPI rises significantly. It is interesting to note that 
when doing so, GPI receives values which almost equals GRP figures in four of the years, and 
is slightly higher than GRP in 2001, 2003 and 2004. At an average, GPI including actual 
consumer expenditures is 19 % higher than “baseline” GPI.  
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Fig. 3.Sensitivity analysis for actual consumer expenditures and consumer expenditures unadjusted for 
income inequality income  
 
Sensitivity analysis is also performed for GPI unadjusted for income equality, since income 
distribution is viewed in varying ways by different political parties. In general, GPI 
unadjusted for income equality follows the trend of baseline GPI. Omitting income 
distribution index makes GPI rise faster in 2000-2001 and 2001-2002, but decreases again in 
2002-2003. The unadjusted index again rises faster than baseline GPI again in 2004-2005 and  
2005-2006.At an average, the unadjusted GPI is about 4 % higher than baseline GPI for the 
entire time period. 
 
Income inequality is fairly low in Östergötland compared to national figures according to the 
constructed Gini index. While the national Gini coefficient lies between 0,28-0,31 for the time 
period (SCB k), the corresponding value of Östergötland lies between 0,18-0,20. It can be 
assumed that this difference mainly depends on geographical scale, i.e. the higher Gini 
coefficient at the national level is a result of income inequality between regions. 
 
The GPI methodology suggests the inclusion of a 3 % cost escalation factor for depletion of 
non-renewable resources in order to account for resource scarcity of renewable energy (Daly 
& Cobb 1994; Talberth et al 2007). This item was dropped, but for the sake of argument a 
sensitivity analysis is performed where depletion of non-renewable resources is calculated 
with the 3 % escalation factor included As Fig. 4 shows, however, it is likely that the 3 % 
escalation do have the potential of giving rise to a threshold effect if the base year chosen for 
cost estimation is way back in time and/or the GPI is measured over longer time period than 
what is examined here. 
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Fig. 4 Depletion of non-renewable resources with and without a 3% cost escalation factor 
   
In the present study however, the results indicate that the cost escalation factor only would 
have a minor impact on the overall GPI result, hardly detectable when illustrated by a chart in 
Fig 5. In fact, since such an approach suggests that the cost of replacing an equivalent amount 
of non-renewable energy with a renewable source was cheaper in the past, the size of this item 
becomes smaller throughout most of the time period studied here. 
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Fig. 5 Sensitivity analysis of the 3 % cost escalation factor for depletion of non-renewable energy 
resources 
 
A new methodology based on the concept of Generational Environmental Debt was 
developed in order to calculate the cost of greenhouse gas emissions2. As this method is brand 
new in a GPI context it is reasonable to outline its impact compared to methods used in 
previous methods, namely those of marginal social cost and cumulative damage accounting. 
On the other hand, the resulting values of using the generational environmental debt 
framework, which the new methodology relies on, are about 30 % higher than corresponding 
                                                 
2 The concept of Generational Environmental Debt is explained in Appendix a, p 44 
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values of marginal social costs3 (Fig. 6). In this comparison, the marginal social cost of all 
greenhouse gas emissions, not just the overshoot ratio, was included. This seems reasonable 
when regarding the definition of marginal social cost 

rginal social cost of all 
greenhouse gas emissions, not just the overshoot ratio, was included. This seems reasonable 
when regarding the definition of marginal social cost 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Sensitivity analysis of three different approaches to cost of greenhouse gas emissions  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Sensitivity analysis of three different approaches to cost of greenhouse gas emissions  
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As Fig. 7 shows, the concept of generational environmental debt does not contribute to a 
threshold effect in the way that cumulative accounting does. Choosing between the marginal 
social cost and the generational environmental debt method does not dramatically change the 
resulting GPI for the used time period (Fig. 7). The average difference between GPI for those 
two approaches is only 0,5 %. Despite the small differences between the marginal social costs 
method and the generational environmental debt method, the latter is a superior, more realistic 
approach since about 80 % of the total annual cost here constitutes of “deleted rent income” 
from earlier emissions. This approach also coincides better with the Fisherian definition of 
income. 

 
As Fig. 7 shows, the concept of generational environmental debt does not contribute to a 
threshold effect in the way that cumulative accounting does. Choosing between the marginal 
social cost and the generational environmental debt method does not dramatically change the 
resulting GPI for the used time period (Fig. 7). The average difference between GPI for those 
two approaches is only 0,5 %. Despite the small differences between the marginal social costs 
method and the generational environmental debt method, the latter is a superior, more realistic 
approach since about 80 % of the total annual cost here constitutes of “deleted rent income” 
from earlier emissions. This approach also coincides better with the Fisherian definition of 
income. 
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3 The concept of Marginal Social Cost is explained in Appendix a, p 44 
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Fig 7. GPI adjusted for accounting greenhouse gases as marginal social cost or cumulative accounting, 
compared to “baseline” GPI. 
 
Cumulative accounting, on the other hand, strongly contributes to a threshold effect, as shown 
in Fig 7. As for the marginal social cost approach also presented in Fig. 6and Fig.7, the 
cumulative accounting approach presented does not regard any overshoot ratio. Letting only 
overshoot ratio accumulate would definitely decrease the rate of the threshold effect, but the 
principle would be the same.  
 
Without in any way deny the seriousness of global warming, cumulative accounting in the 
sense used here is definitely wrong since it is leads to multiple counting. This is not to say 
that a cumulative approach is wrong per se. A further developed approach where estimated 
cost is performed in another way than with its marginal social cost could most certainly be 
adequate. If such a method is developed, it should also consider the degradation rate of 
greenhouse gases in the atmosphere. 
 
8. Results  
This section presents the final GPI results of Östergötland 2000-2006, based on the applied 
developed methodology and findings from the sensitivity analysis. Comparisons between GPI 
and GRP figures are presented in order to produce a basis of discussion in section 9. By 
comparing these two figures, important information about the county’s economic efficiency 
can be provided. Comparisons of estimated GPI/capita are also compared with GPI/capita 
figures estimated for other regions and nations in previous studies.  The complete numbers of 
each item in each year are presented in Appendix b.  
 
8.1 Sustainability trends 
 
While GRP/capita rose with 14,5 % in 2000-2006, corresponding increase in GPI/capita was 
only 12,8 %. At an average, GRP/capita was about 14 % higher than GPI throughout the time 
period. Both GPI/capita and GRP/capita fluctuates back and forth within 2000-2003, and no 
actual trend can be detected.  A trend can be detected in 2003-2006 where GRP/capita has 
increased faster than GPI/capita every year, which suggest a threshold effect (Fig 9). The 
investigated time span is however too short and the annual difference in this increase to small 
to more safely claim that this is evidence which strengthens the threshold hypothesis.  
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Fig 8. The relationship between year-to-year change in GRP/capita and GPI/capita 
 
While Fig 8 indicates that the growth in GRP/capita has provided an increase in GPI/capita as 
well, Fig 9 suggests that there is no clear connection between the year-to-year fluctuations of 
GPI and GRP. For instance, GPI saw a rapid increase in 2000-2001 when GRP developed 
much more slowly. The opposite relationship is true for the time periods of 2001-2002 and 
2004-2005. Especially interesting is the time period of 2002-2003, when GPI increased with 
about 2 % despite a decrease of GRP. 
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Fig. 9. Year-to-year percent changes in GPI/capita and GRP/capita  
 
8.2. What causes the increasing GPI-GRP gap? 
In order to suggest policy implications, it is not only necessary to know the total impact of the 
different items, but also how each item have change over time. Therefore, this section 
presents the development of items which showed to have a significant impact on GPI results 
in Fig. 1 and Fig.2. The presentation is done in three groups, depending on the nature of the 
items and size of their values. 
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While the adjusted value of total private consumption due to income equality does not differ 
dramatically in size from an unadjusted GPI, this adjustment has a significant impact on GPI 
trend compared to GRP trend (Fig 10). 
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Fig. 10 Changes of total private consumption adjusted an unadjusted for income inequality, value of as 
well as the household labour. 
 
The difference between the value of total private consumption adjusted and unadjusted for 
income inequality was about 2200 million SEK in 2003 and about 3800 million SEK in 2006. 
Thus, increasing income equality is the single most significant reason for the increasing GPI-
GRP gap in 2003-2006. That this is actually the case is well illustrated by that the income 
inequality index reached its highest value by far in 2002, thus causing a GPI-GRP fluctuation 
(Fig 8).GPI “only” increased with 0,28% compared to the GRP increase of 5,8% this year 
(Fig. 9). The increasing value of household labour in general shows a positive trend by 
increasing its positive GPI contribution. The value decreases marginally in 2003-2004, but 
increases rapidly in 2004-2006, thus counteracts the effect from increasing income inequality. 
 
The environmental subtraction items have in general not contributed to a widening GPI-GRP 
gap. Costs of these items have remained constant or even decreased slightly, with the 
exception of loss of farmlands which have increased rapidly during the time period (Fig 11). 
The difference between the cost for farmland losses in 2003 and 2006 is about 977 million 
SEK. The difference between the lowest value for farmland loss (2001) and the highest 
(2006) is about 1815 million SEK. Thus, the cost for farmland losses contributes to a 
threshold effect, although to a less extent than income inequality.  
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      Fig. 11 Changes of costs in some environmental subtraction items 
 
The costs, of commuting, crime and automobile accidents does not dramatically contribute to 
the widening gap between GPI/capita and GRP/capita. The cost of automobile accidents has 
decreased with 169 million SEK during the time period, thus counteracting a threshold effect 
(Fig 12).  
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Fig. 12 Change of costs in commuting, crime and automobile accidents 
 
 
Both the cost of crime and cost of commuting, on the other hand, have increased; cost of 
crime with 180 million SEK and cost of commuting with 78 million SEK in 2003-2006. 
However, compared to the impacts of income inequality and loss of farmland these cost 
increases are minor. 
 
The cost of underemployment has increased since 2002 (Fig. 13). The increase in 2003-2006 
reaches a size of 246 million SEK. The positive contribution items of higher education and 
volunteer work, however, counteracts this by having an increase throughout the whole time 
period. The size of the increase in 2003-2006 is about 620 million SEK for higher education 
and 670 million SEK for volunteer work. Together these two items strongly counteracts a 
threshold effect.   
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Fig. 13 Changes in cost of underemployment and the values of higher education and volunteer work 
 
To summarize, the widening GPI-GRP gap is mostly a result of increasing income inequality 
and losses of farmland. Increasing costs of underemployment, crime and commuting also 
contributes to a widening gap to some extent. Positive trends which can be detected are 
increasing values of household labour, volunteer work and higher education, as well as 
decreasing costs of automobile accidents, air pollution and depletion of non-renewable 
resources.  These positive trends counteracts a threshold effect, which otherwise would have 
been greater than what is the case.  
 
9. Discussion of Findings 
 
9.1. Comparisons with results of previous studies 
Östergötland’s GPI is here compared to results of previous regional GPI/ISEW studies, as 
well as with the result of the national Swedish ISEW study. Comparisons between GPI/capita 
in different regions and countries could provide valuable information about why the 
GPI/capita development is positive or negative. Thus, the GPI/capita is here compared with 
some previous results. Some methodological differences which may have caused difference in 
results are also discussed. In doing so, valuable information about methodological approaches 
can also be achieved. 
 
A study which has contributed significantly to the methodology used in this study is the 
multi-scale GPI analysis of Vermont, Chittenden County and the city of Burlington (Costanza 
et al 2004). Results are here compared to Chittenden County only, given the similarities in 
size of the geographical scales. Chittenden County had a GPI/capita figure of approximately 
164000 SEK in year 2000, which is about 10 % lower than the GPI of Östergötland in the 
corresponding year. No comparison between GPI/capita and GRP/capita figures is done in 
this study. Therefore it is not possible to compare economic efficiency between the two 
Counties. The main differences in methodology are that the study of Costanza et al. is more 
“complete” in the sense that they have not omitted any item except net foreign lending and 
borrowing. While the GPI of Östergötland includes the value of higher education to account 
for public expenditures which makes a contribution to welfare, the Chittenden County’s GPI 
instead includes services enjoyed from streets and highways. 
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Pulselli et al’s (2005) ISEW study of Siena provided a resulting ISEW value of 92800 SEK in 
year 1999, which is about 50 % lower than Östergötland’s GPI in 2000. Pulselli et al’s study 
differs considerably more from Östergötland’s GPI methodology than the methodology of 
Costanza et al (2004). Instead of solely accounting carbon dioxide emission costs, Pulselli et 
al does not include the value of volunteering and uses alternative approaches to calculate the 
costs of carbon greenhouse gas emissions and depletion of non-renewable energy resources. 
The value of household work only includes unemployed, housewives and students, in 
comparison to Östergötland’s GPI where all of the population aged 20-64 years were 
included. The Italian study also shows at a gap between ISEW-GDP where ISEW is 37 % 
lower than GRP, a number which can be compared to Östergötland’s average GPI-GRP gap 
of 14%. 
 
The results of the regional GPI study of Victoria reached a size in GPI of 174050 SEK/capita 
in year 2000 dollars, which is about 12 % lower than Östergötland’s GPI. Victoria’s GRP was 
in 2003 70 % higher than GPI in the corresponding year. Clarke & Lawn does not present a 
full review of applied methodology, which makes methodological comparisons more difficult. 
From the short review given, however, it can be outlined that there are several methodological 
difference between the two studies. 
 
One of the most tempting comparisons available is perhaps the one with the Swedish national 
level. Although Jackson & Stymnes study reaches until 1996, such a comparison might give 
an idea about the well-being in Östergötland compared to the national average. The Swedish 
ISEW/capita reached a size of 116 000 SEK in 1992. Although it can be expected that the 
national ISEW increased until year 2000, the value of Östergötland’s GPI is probably higher 
than corresponding national ISEW figure. However, the national ISEW study accounts costs 
of carbon dioxide emissions as cumulative and uses the 3 % escalation factor. On the basis of 
possible impact from these approaches illustrated by the sensitivity analysis, such comparison 
is not regard as trustworthy. 
 
Performed comparisons show that Östergötland has the highest GPI/capita value as well as 
the smallest gap between GRP/capita and GPI/capita of all the studies. However, there are 
several important differences between applied methodologies in different GPI/ISEW studies, 
why the compared results should not be used to draw policy implications for the time being. 
In general, the applied methodology seems to be less radical than previous methodologies, 
mainly because costs of greenhouse gas emissions are not accounted as cumulative. A more 
standardised GPI methodology is of highest importance in order to increase GPI’s credibility. 
Same conclusion was drawn by Lawn (2005). The most valuable comparison would be to 
compare Östergötland’s GPI with other Swedish regions, since this could provide information 
about why one region is better of than the other. As no other GPI study has been performed at 
the regional level, this is not possible at the moment. With a new method applied to Swedish 
regional situation of data availability, it will however be fairly easy to perform such analysis 
in the future.    
 
9.2 Policy implications of GPI results – suggestion of measures 
This section discusses some of the most important policy implications in a context of the 
Regional Development Program. Suggested policy implications are based on the author’s 
interpretation of the study results, and points out some of the most important implications 
which can be found. As it is ultimately up to decision-makers to make their own interpretation 
of the results, implied policy impacts should mainly be regarded as supportive. 
 



Mikael Sonesson 
Environmental Science Program, Linköping University 
 

 29

GPI results points out that the increasing gap in 2003-2006 is to a high extent a consequence 
of rising income inequality. The Regional Development Program does not implicitly treat the 
issue of income distribution. While the way one regards the value of decreased income 
inequality is a highly debated political topic, it is argued that a program of regional 
development in some way should take a position on this issue. If the political opinion concurs 
with GPI methodology, i.e. an increase in private consumption gives more total welfare if it is 
well distributed among the inhabitants, the Regional Development Program should consider 
e.g. changes in income tax policies and/or subsidies in order to turn around the possible trend 
in 2003-2006 (Fig 8). 
 
Losses of farmland are also a large reason to the widening GPI-GRP gap. Since the reasons of 
these losses are not known by the author, it is hard to suggest adequate policy implications in 
this issue. Urban sprawl and international concurrence in the agricultural sector causing 
decreasing profitability could be two explanations of the decrease in agricultural areas. If so, 
it is suggested that the Regional Development Program should consider how the dynamic 
links between urban and rural areas function today, and how they can be improved. The issue 
of urban-rural relationship is today extensively treated in the third strategy of the program, 
(Develop Östergötland to a region in balance between hub and surrounding areas) (Östsam 
2006, p. 33) as well as addressed as a target area of effort (Östsam 2006, p 55). However, the 
Development Program mainly discusses the need to support inhabitants having their residents 
in rural areas but working in cities or other conurbations, i.e. commuters. While the results 
indicate that commuting plays an increasing role in the regional economy (Fig. 12), it is 
argued that the program should also observe the conditions of inhabitants making their living 
on agriculture. Suggestion of measures in order to strengthen this group is to improve their 
possibilities of transiting goods, facilitate capital investments and enable increasing 
cooperation between farmers by creating networks. 
 
Given the magnitude of impact from depletion of non-renewable resources and cost of 
greenhouse gas emissions, Östergötland should continue the transition from non-renewable 
resources to renewable, less greenhouse gas-intensive alternatives. In order to do so, it is 
important that the increasing amount of commuting does not entail an equivalent increase in 
car-use, but to facilitate commuting with public transport modes. Regionförbundet has for 
some time adopted a “whole-travel” concept, which means regarding the issue of commuting 
from door-to-door, and not just between conurbations. This concept is regarded as promising 
and is suggested to be further developed. A suggestion in order to enable this is to make it 
possible to bring bicycles on public transports. In doing so, commuters could both bicycle to 
the bus/train and from the station to the workplace. Furthermore, this would decrease the car 
dependence and in turn fuel consumption. 
 
Other measures related to the whole-travel concept are the creation of parking lots at the 
embarkation point, comfortable waiting rooms and more. Measures in order to improve 
heating of residents should also be considered. 
 
In the context of the Regional Development Program, environmental issues must be further 
integrated since GPI results indicate that ecological values has a significant impact on welfare 
(Fig 2). On p. 45, the program suggests that environmental sustainability is an important 
aspect in all planning. It does however not develop this statement further and it is here 
concluded that environmental issues are clearly underrepresented in the program, in relation 
to its impact on welfare. A major change suggested is to distinguish between the concepts of 
growth and development. As this is done, it is likely that environmental issued will receive an 
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increased priority. The issue of growth and development is further discussed in the next 
section.         
  
9.3 Policy implications at a meta-level  
Clearly, both the size and the trends of GPI and GRP are inconsistent (Fig 8). Why is this? In 
the author’s view, the main reason is that GRP and GPI measures different aspects of 
progress. While GRP measures the quantitative output of the economic system, GPI 
represents a measure of sustainable welfare. Using increase in GRP as policy goal means 
adopting a desire to maximize economic output, while using GPI as a policy indicator gives a 
more holistic approach to the economy by highlighting its connections to the environmental 
and social spheres of society. Also, as Costanza et al (1997a, p 102) have argued is further 
growth destructive to natural capital and will at some point in time, sooner or later, become 
“anti-economic”. Development, on the other hand, defined as qualitative improvement or a 
sustainable development in welfare, an approach which is preferred in this thesis, can be 
infinite. In this sense, GRP ought to be regarded as a measure of economic growth while GPI 
should be addressed as a measure of “development”, defined as a sustainable welfare. 
 
GPI results indicate two main problems about merging the concepts of growth and 
sustainability in the way that the Regional Development Program does. The first issue is 
related to that trends of growth and sustainability are inconsistent. While it seems like an 
increased economic output has provided an overall increase in sustainable welfare due to the 
GRP/capita and GPI/capita results presented in Fig.9, there is no clear connection between 
annual changes in GRP/capita and GPI/capita, as shown in Fig. 10. The need to separate the 
concepts is perhaps best illustrated by the possible divergent trends in 2003-2006, illustrated 
in Fig. 8. If growth and development are merged and measured as growth, but development in 
reality follow the trend which Fig 8 suggest, what is ultimately gained is growth, not welfare. 
It is also likely that long-term sustainability issues are not regarded at the same level as 
current growth, since sustainability is not measured. 
 
The second issue is about the content of what is measured. It should by now be recognized 
that development includes far more aspects than what is included in GRP, which only 
measures economic output. As shown in Fig. 1-2, contribution of welfare contributes of an 
equal share of non-market activities as of consumption, included in conventional national and 
regional accounts. Also, environmentally related aspects makes up about half of the negative 
aspects of welfare. If these issues are not addressed and measured properly in policy programs 
like the Regional Development Program, it is likely that these issues will gain a low priority, 
and thus may reduce the total amount of sustainable welfare 
 
It is strongly stressed that the revised Regional Development Program should adopt goals 
which distinguish the two concepts. As a GPI especially constructed for the data availability 
of Östergötland has been developed, both concepts can now be measured in a somewhat 
accurate way. The Regional Development Program is based on Common Planning Conditions 
(GPF), which mainly consists of statistics. A suggestion is that Regionförbundet Östsam 
includes the GPI measure and its items in this background material. 
 
Again, the Regional Development program makes a mistake when it equals an addition in 
growth with an addition in welfare. While it may be true that growth provides additional 
welfare in the short time-perspective, long-term sustainable growth does not necessarily do 
so, as the possible threshold effect in 2003-2006 suggests. GPI results also suggest that the 
non-market economy constitutes an equal size as consumption expenditures. The relationship 
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between market and non-market economy is a fine illustration of a relationships which needs 
to be further examined. Another interesting relationship is the one between the environmental 
subtraction items and consumer expenditures. 
 
The confusion on the concepts of growth and development is in no way unique for the 
Regional Development Program, or for Östergötland as a whole, but is rather symptomatic for 
the prevailing idea in western-world economies that sustainability is not only compatible with 
growth; it is also a prerequisite of growth. That is, a belief on that continuing economic 
growth is necessary to foster sustainability and welfare, since more growth brings 
technological improvement and a dematerialization of the economy which decreases 
environmental impact and improves quality of life. The GPI results, however, suggests that 
this does not hold true, which give reasons for continuing GPI calculations and 
methodological refinements in order to be able to measure a sustainable welfare.   

10. Conclusions and further research    
 
The study has showed that it is possible to construct a GPI at the regional level in Sweden. 
Despite considerable shortcomings in some estimations due to lack of data availability and 
valuation method, the quality of the calculated GPI is considered to be sufficiently high to be 
used in policy-making, although the methodological weaknesses should be considered when 
doing so. Due to the uncertainties, GPI should not be addressed to replace GRP as a measure 
of progress but rather be used as a parallel index which gives an alternative implication on the 
very meaning of progress and well-being. It is stressed that further refinement of developed 
methodology should be done in order to increase GPI’s accuracy and credibility. The main 
improvements can be done by collecting data with regional resolution on total private 
consumer expenditures, time spent on household work, volunteer work, and number of 
inhabitants who desires to work more than present work-load. Further methodological 
improvement is also needed for several items, where loss of old-growth forests and cost of 
water pollution are perhaps among the most obvious cases.      
 
GPI results in 2000-2006 indicate an increase in welfare. However, the results also indicate an 
increasing the gap between GRP and GPI, suggesting an uprising threshold effect. The main 
reason for this possible threshold effect is an increasing income inequality, although several 
other factors also contribute. Thus, the degree of overall sustainability seems to be decreasing 
during the last four years of the time period. The surveyed time is however too short and the 
gap increase too small to draw any certain conclusions that this is actually the case. Performed 
sensitivity analysis implies that calculated GPI is fairly insensitive to a use of the 3 % cost 
escalation factor, although such an approach may gain increased importance over longer time 
periods. Regarding the cost of greenhouse gas emission, it is illustrated that accounting 
greenhouse gases as cumulative would greatly alter the GPI results compared to the use of 
marginal social costs or the concept of generational environmental debt used in this study. It 
is also illustrated that the non-market economy makes up a monetary value which more or 
less equals private consumption expenditures. GPI results should at present not be compared 
to GPI results from other studies due to the variation in used methodology. A constructive 
suggestion is to perform GPI analysis for other Swedish Regions as well as an update for the 
national level. If this is done, valuable information about Östergötland development trend 
compared to other Swedish regions and the national average can be achieved.   
 
The GPI results provide several new policy implications to the Regional Development 
Program. A feature which is considered as mostly important is to separate between the 
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concepts of growth and development. Of the two, the author considers the concept of 
development as superior since it addresses a more holistic societal approach where 
environmental degradation and social disadvantages as side-effects of economic activity. 
Present study has enabled a method to measure development defined as sustainable welfare in 
a reasonable way. Trends for each sub-calculation, as well as relationships between different 
variables can also be derived and used to address more adequate policies. It is regarded as 
important, however, to adopt a system-analytic view of the regional economy where the 
relationships of ecological, social, economic and cultural systems. While GPI provides a 
foundation for such analysis, the in-depth work should be a subject for continued research.     
 
As Clarke & Lawn (2008a) have argued, one of the strengths with the GPI is that it highlights 
the economy as part of a larger social, interrelating system. GPI development is ultimately the 
result of impacts from the economy on other societal subsystems. GPI results provide 
extensive results which can be used to compare trends between different items. However, the 
causal relationship between different items can merely be reduced to such simple 
comparisons. To draw conclusions of relationships, system analysis of the relationship 
between changes in different GPI items is needed. Such analysis would provide valuable 
information to the Regional Development Program on the relationship between growth and 
development of sub-systems relevant to sustainable welfare, as included in the GPI. 
Continuing GPI studies of other Swedish regions based on the methodology developed and 
used in this thesis would provide results comparable between Swedish regions. It is likely that 
such comparisons could provide interesting implications of what makes one region having a 
more/less sustainable welfare than the other. Such results can help policy-makers suggests 
measures to steer the development towards more sustainable communities.           
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Appendix A. Detailed description on the application of GPI 
methodology for regional analysis  
 
Consumption Base  
 
A: Total private consumption 
Since total private consumption is the starting point of the GPI calculation it is considered as 
crucial to calculate the figures used correctly. Data of total private consumption is not 
available with a regional resolution, why it had to be calculated. Two different methods for 
estimating total private consumption were considered: 
 

1) Multiplying disposable income with the ratio of disposable income spent on 
consumption at the national level, assuming that this ratio holds true for 
Östergötland as well 

2) Multiplying the GRP with the ratio of private consumption in GRP   
 
The first method is preferred here since GRP is based on number from the production side, 
i.e. does not fully reflect consumption. The mean difference of the two methods is calculated 
to 2,3 billion SEK/year. Disposable income/capita of Östergötland was collected from 
Regionfakta (a) and multiplied by the number of inhabitants, available at SCB (a) while the 
ratio of disposable income had to be based on national figures derived from SCB (b, c).  
  
B: Income distribution index 
Total private consumption is adjusted for income equality since it is argued that an increase in 
consumption brings more welfare to society as a whole if it is directed to the inhabitants in the 
lower income classes. The value of the Gini index ranges from 0 to 1, where 0 represents a 
perfect income distribution while a value of 1 tells us that 1 citizen has all of the total income 
of a particularly society (Talberth et al 2007). 
 
Gini index statistics as a measure of income distribution is not available with regional 
resolution. Thus, a Gini index for Östergötland had to be constructed by using data of income 
of employment retrieved from SCB (d). Data was given as divided into 25 income quintiles 
depending on income level. Connected to each quintile is a figure of the number of 
inhabitants which is having an income within each span.  
 
Next, cumulative percentages retrieved from formula (1) and (2) are added to each quintile in 
order to create a Lorenz curve. By constructing a Lorenz curve, statements like “80 % of the 
population had 50 % of total income” can be done (Lorenz 1905). A calculated Lorenz curve 
for Östergötland in 1991 is presented in figure 15 for exemplification, together with an 
assumed curve of perfect income distribution. The Gini coefficient, then, equals the integral 
of the curve for perfect income distribution minus the integral of the Lorenz curve, i.e. the 
areas between the two curves. Resulting coefficients are used in the final calculation of the 
income distribution index. 
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Figure 15. Exemplification of the Lorenz curve and the curve of perfect income distribution. Gini 
coefficient equals the area between the two curves 
 
C: Personal consumption adjusted for income equality 
This item is calculated as (Column A/ Column B) *100 and is the base value for further 
calculation of the GPI, where values and costs of items are either added or subtracted 
(Costanza et al 2004).  
 
Positive GPI contributors 
 
D: Value of household labour 
Household work is a non-market labor which is not included in GRP, although it is at least 
just as important as paid work (Talberth et al 2007). GPI corrects this by estimating the value 
of hours spent on household work  
 
No reasonable data of hours spent on household work was available at the regional level. 
Instead, data of hours spent on household work was based derived from the two national time-
use surveys conducted by SCB for the years of 1990/91 and 2000/01 (e, f). It was assumed 
that the hours spent on the national level is true also for the citizens of Östergötland. The 
trend of hours spent on household work was estimated by performing a regression analysis 
based on the two available observations, assuming that the trend between 1990/91 and 
2000/01 have continued between 2000 and 2006. Costanza et al (2004) have suggested that 
the value of a one hour household work was considered to be equivalent to the average hourly 
wage of cleaners and similar professions for each year. Thus, the value of household labour 
included in the GPI should be considered as what households would be willing to pay for 
escaping household work. Data of hourly wage at the national level was collected from SCB 
(g). It is assumed that cleaners have in Östergötland has the same hourly wage as the average 
cleaner at the national level.  
 
While the hours spent on household work by women have decreased by 15 % between 
1990/91 and 2000/01, no statistically significant change can be seen for men. Since the trends 
are so different, the value of household labour was calculated separately for the sexes before 
added together. This also means that average hourly wages of each sex were used in the 
calculation   
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Lack of data during most of the time period makes the results entangled with a high degree of 
uncertainty. The used method is however considered as the only possible method if estimation 
should be based on any kind of statistical data.  
 
E: Value of volunteer work 
A lot of important work in society is performed without any payment, for example 
volunteering in churches, civic associations, sports clubs and more (Talberth et al 2007). The 
value of volunteer work is neglected in GRP. The GPI tries to correct this by estimating the 
value of all hours spent on volunteer work each year.  
 
Despite much effort, no data of hours spent on volunteer work in Östergötland was found. As 
for item D, the national time-use surveys of 1990/91 (SCB e) and 2000/01 (f) were used as 
observations to receive data of volunteer hours in 2001-2006. According to the used method 
volunteer work decreased between 1990/91 and 2000/01 at an average with 21 minutes/year 
for men and 31 minutes/year for women. These annual decreases were used for 2000-2006, 
assuming that the decreasing trend holds true for this time period as well. 
 
Average hourly wage was estimated by calculating the average hourly wage of all inhabitants 
in Östergötland having an income from employment. Data of total income was collected from 
SCB (g) and divided by 2000 since it is assumed that an average employee works 40 
hours/week. Data on the number of inhabitants 20-64 years was also collected from SCB (a). 
The reason for only including volunteer work of inhabitants in these age groups is that the 
time-use survey from 1990/91 only presents data for these age groups. 
 
Same uncertainty in results as for the value of household work is connected with the value of 
volunteer work. An alternative which was considered was to collect figures of the number of 
member in each volunteer organisation of Östergötland and estimate the number of worked 
hours. Such an approach would probably have provided more reliable results, but was 
considered as far too time consuming to be carried out within the scope of this study.         
 
F: Services of household capital 
In GPI methodology, the services gained from household capital rather than the purchase is 
regarded as a positive welfare factor (Daly & Cobb 1994). In order to capture this idea, annual 
services from household capital is added to the total GPI while purchase of household capital 
is subtracted in item M. The services of household capital is estimated by multiplying the 
annual net stock of household capital by 22,5 %, assuming that household capital at an 
average has a depreciation rate of 8 years (15 %) and that the average interest rate is 7,5 %.  
 
However, no data of net stock could be found. Several other methods for estimating service 
flows from household capital were attempted (e.g. Berg, as presented by Jackson & Stymne 
1996; Katz 1983), but as all results intuitively seems unlikely to be correct, the decision of 
omitting this items was taken. In doing so, GPI results become inconsistent with the Fisherian 
definition of income since all consumption of household capital is accounted as additional 
psychic income. Evaluating a correct method for estimating services from household capital 
should be subject for future work.  
 
G: Services of streets and highways 
Government expenditures are not considered to contribute to additional welfare in GPI, since 
such expenditures are argued to be mostly defensive in nature. Examples put forward are 
maintaining security, environmental health and capacity to continuing commerce (Daly & 
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Cobb 1994, p 467). This is not to say that all public expenditures are considered as defensive. 
In an attempt to capture governmental investments in welfare, GPI calculates the services 
gained from streets and highways by assuming that 10 % of net stock is spent on streets and 
highways each year and that 75% of the driving distances are for pleasure, which gives a 
value of 7,5 % of net stock. It is certainly questionable whether this method reflects the 
contribution of welfare from streets and highways in an accurate way, and perhaps even more 
doubtful whether services of streets and highways reflects public investments at all.  
 
H: Value of higher education 
GPI includes the value of higher education since it is argued that inhabitants with a college 
degree generally have higher long-term income than uneducated inhabitants (Talberth et al 
(2007).  
 
The value of higher education was calculated by multiplying the number of inhabitants older 
than 25 years who has a minimum of three-year higher education with an estimation of the 
value of a social spill-over effect, as calculated by Hill et al (2005). Data on the number of 
highly educated inhabitants was collected from Regionfakta (b).   
 
 I: Change in leisure time 
GNP is well known for omitting the value of leisure to people, and it has been argued that the 
exclusion of the value of leisure in national accounts creates an illusion of that people are 
getting richer when in fact, they work harder to afford more consumption and pay off debts 
(Talberth et al 2007). It has also been argued that approximately half of the Swedish 
population would prefer to work less for a reduced income in substitute for more leisure time 
(Sanne 2007). 
 
The GPI methodology implicitly assumes that there has been a loss in leisure time during the 
last decades. In Sweden however, leisure time has actually increased during the last 20 years 
(SCB e; SCB f).  It therefore seems logical that the achieved additional leisure time should be 
considered as a positive contributor to welfare.  
 
The amount of leisure hours/day and person has been examined by SCB (e) in 1990-1991 and 
in 2000-2001 (f) at the national level and it was assumed that the distribution of time use 
holds true for Östergötland as well. Hours of leisure time in 2002-2006 were extrapolated by 
using a linear regression on the basis of data from the two time-use surveys. Only the amount 
of spare time has been included. Thus, hours spent on homework, personal needs (such as 
sleeping hours) and studies were excluded. Furthermore, only people having an income from 
employment were included since leisure time of unemployed citizens should not be 
considered as positive to welfare. Data of the number of people in the labour force were also 
collected from SCB (h). The annual hourly wage of leisure time was estimated by collecting 
data of average income of employment from SCB. 1990 was used as a base year since this is 
the year with the oldest reliable data of leisure time which could be found. The amount of 
leisure time was subtracted from the leisure hours of 1990 in order to decide whether there 
has been an increase or decrease in leisure hours each year.  This figure was multiplied by the 
number of inhabitants within the labour force each year and then divided by 2000 hours, since 
it was assumed that an employee works 40hours/week. 
 
GPI Socioeconomic subtraction items 
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 J: Cost of crime 
Committed crimes bring both physical and psychic damage to inhabitants in a community.  
Despite this fact, an increase in the number of committed crimes gives an increase in GRP by 
increased police activity. This is corrected in GPI by subtracting the cost of committed 
crimes. 
 
On recommendation from Brand & Price (2000), the different types of crimes committed 
were divided into categories, along with physical and psychical damage cost as estimated by 
the authors is presented in Table 2. Estimated costs for each crime was multiplied by the 
number of corresponding crime in each year and then summed. Data on the number of 
committed crimes for each type of crime was collected from the Crime prevention council, 
BRÅ (a). Fraud crimes were excluded due to the large variety of crime types which makes it 
difficult to estimate a cost in a reasonable way. The same goes for narcotics crimes, sine it is 
hard to measure which crimes that are directly a consequence of drug use and not (Brand & 
Price 2000).  
 
Table 3. Categories of crime and estimated costs. Processed version of Brand & Price (2000) 
Category of crime Estimated cost/incident (in SEK, 

1999 prices) 
Burglary in a dwelling 30756  
Theft (not vehicle):  4546 
Vehicle crime 11901 
Criminal damage: 6820 
Homicide 14670920
All Violence against person crimes 
(homicide excluded) 

240696

Sexual offences  254068
Robbery, mugging, 62848
   
 
K: Cost of family breakdown:  
The family is perhaps the most important service sector in society, which brings well being to 
its inhabitants through functions as divergent as meal preparation, good relationships, 
parenting and personal counselling is not included in GNP figures. Moreover, costs of 
divorces, such as lawyer expenditures, are calculated as a contributor to an increase in GNP 
(Anielski & Rowe 1999).  
 
Cost of divorce is used as an indicator of family breakdown. Earlier studies (e.g. Costanza et 
al 2004; Bagstad & Shammin 2009; Talberth et al 2007) have used hours spent on watching 
television as an additional indicator. However, it is here argued that the causal relationship 
between the number of hours spent on watching television and family breakdown is 
questionable and should be further examined before included in the GPI.  

 
Total number of divorces was found at Regionfakta (c) and is based on the number of 
divorced women. The estimation for costs of divorce used here has been calculated by SEB (e 
24.se 2008). The calculated cost of a divorce is 1400000 SEK over a 10-year period, which 
gives an annual average cost of 140000 SEK/divorce.  
 
  
L: Cost of underemployment 
While unemployment only includes people within the labour force who are currently without 
employment, the concept of unemployment also includes people not included in the labour 
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force but who desires to work. GPI calculates the cost of unemployment as the amount of 
“unprovided hours” by constrained workers and multiplying it with an average hourly wage 
of the employed population (Talberth et al 2007).  
 
Data of unemployment rates was collected from Regionfakta (d). An estimation of inhabitants 
excluded from the labour force who desires to work was performed based on data from SCB 
(h). The survey is based on a reference week, and groups included are inhabitants who: a) 
could and desired to work, b) desired but was prevented during the reference week and c) not 
capable to work but desired to work. This data was available for 2005-2006 only. For the 
years of 2000-2004 it was assumed that changes in the number of people excluded from the 
labour force who desires to work correlates with the annual change in unemployment rate.  
 
Cost estimation of “unprovided” hours was gained by multiplying annual employment rates 
with the number of inhabitants and then divided with income from employment  
Data of employment rates in Östergötland was retrieved from Regionförbundet Östsam. 
Average working time for employed inhabitants was available at SCB (h) for the years of 
2005-2008, based on the number of average working hours agreed upon. Since the number of 
working hours does not differ dramatically for these years it was assumed that the number of 
working hours has remained constant in 2000-2006, why an average figure was calculated 
based on available data and used for the time period 2000-2004. 
 
Unfortunately, data of unemployment refers to the population aged 20-64 years while data of 
population excluded from the labour force who desires to work refers to inhabitants 16-64 
years. Thus, cost of unemployment for inhabitants 16-19 years are neglected but is regarded 
as an acceptable loss since it can be assumed that the majority of inhabitants within this time 
span are students. A flaw that probably is of higher importance is the fact that the statistics 
defines employment with a lower limit of 4 hours/week. “Unprovided” hours of part-time 
employed inhabitants who desire to work more could therefore not be included.     
   
M: Cost of household capital 
This item is subtracted to avoid double counting the services of household capital which was 
calculated in item F and consists of the consumer costs of household capital which was used 
in order to calculate the net stock.   
 
N: Cost of commuting 
One of the major goals of politics in Östergötland is to enable an effective regional growth by 
facilitating commuting between conurbations (Östsam 2006). Furthermore, urban sprawl of 
the conurbations itself have increased distances between residences and workplaces (Talberth 
et al 2007). GPI regards time spent on commuting as an opportunity cost, i.e. a cost for 
unproductive time that could be spent on family, friends or work (ibid). The opportunity cost 
used is average hourly wage of the labour force in Östergötland calculated in item L. This 
estimation was multiplied by the total number of hours spent on commuting.  
 
Data on the number of commuters between conurbations was retrieved from Regionförbundet 
Östsam (a). Data was available for the years of 2005-2006 only. Time for driving distances 
was estimated by using the GIS application at Eniro (eniro.se). Since calculating hours spent 
on commuting is a massive task some limitations was made. First, commuting was defined as 
travelling to work between two conurbations. Commuting within conurbations was not 
regarded. Second, only commuting within the county, commuting to conurbations in adjacent 
counties and commuting from Östergötland’s two largest cities Linköping and Norrköping to 
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other municipalities in Sweden was included. Third, where only 1-3 inhabitants commute on a 
leg, that leg was excluded from the calculation. Finally it was assumed that commuters within 
the county commutes five time/week and travel turn & return while commuters travelling 
across the county border commutes three time/week, also turn & return. Commuting into the 
county from other counties was not considered since it is ultimately the time spent on 
commuting by the inhabitants of Östergötland which is of interest here.  
 
Despite that those limitations are done the calculation still becomes fairly large, why hours of 
preceding years (2000-2005) was determined by calculating the total number of commuters 
within the county and to other counties and adopting the percent change for those years to the 
hours of commuting, assuming that the total commuting time correlates with the total number 
of commuters. Trend estimation was also adjusted for the increase in population during the 
time period.         
  
O: Cost of car accidents 
Damages caused by accidents are considered as a cost partly caused by industrialization and 
higher traffic density (Daly & Cobb 1994, p 471). GPI deducts damages caused by traffic 
accidents by estimating the damage costs of car accidents. 
 
Damage cost is derived from Vägverket (2008), who has estimated the costs of both material 
and psychic damage. It was first considered to use cost estimation from SIKA (2008), but as 
Jackson & Stymnes (1996) argues this would lead to multiple counting since health-related 
issues ought to be reflected in other items of the index.  Data on the number of accidents was 
collected from SIKA (a). Only estimates of accidents which involved severely damaged 
people were considered.  
 
GPI Environmental subtraction items 
 
P: Cost of household pollution control 
Consumption of equipment to prevent from pollution is clearly a defensive cost and should 
not be regarded as a positive contributor of welfare. However, no reasonable data of pollution 
abatements are available why this item had to be excluded from the GPI. Same conclusion 
was drawn in the national Swedish ISEW study (Jackson & Stymne 1996).  
 
Q: Cost of water pollution 
The cost of water pollution is very difficult to calculate accurately, since it ought to cover a 
wide range of water resources, such as drinking water, groundwater, coastal water and 
freshwater. Water quality also depends on a large number of substances, e.g. ratios of 
nitrogen, phosphorus, copper, heavy metals and more (Jackson & Stymne 1996). The 
complexity makes a fair valuation almost impossible, why a simplified approach is chosen, 
calculating only for nutrient load from the major watershed in Östergötland, Motala Ström. 
This is since eutrophication is a major problem of water pollution in Östergötland. The county 
contributes to eutrophication of the Baltic Sea through transport loads of nutrients where 
increased phosphorus and nitrogen have caused algal blooms and hypoxia at the seabed.  
  
Data of nutrients transport in Motala Ström were collected from the Swedish Agricultural 
University, SLU (a). Chosen cost estimation is based on the study by Turner et al (1999), 
calculating the marginal costs of various types of measures to reduce nitrogen load to 20-242 
SEK/kg of nitrogen from agriculture and 27-72 SEK of nitrogen reduction from sewage 
treatment plants. Corresponding values for phosphorus are 155-6604 SEK/kg of agricultural 
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load reduction and 41-52SEK/kg for sewage treatment plant load. Reductions through 
wetlands are not regarded since, if loss of wetlands could be included, this would lead to 
multiple accounting. It is assumed that agriculture and detergents from sewage treatment 
plants contributes with an equal share of nitrogen load to Motala Ström. It is further assumed 
that authorities would choose the most cost efficient restoration method why the lower cost 
estimations are chosen. Falkenmark (1977) has argued that anthropogenic nutrient loads were 
close to zero in 1925 but increased by a factor of 30 for phosphorus and a factor of 10 for 
nitrogen until 1970. On the basis of this statement it was assumed that background loads 
equals 1/30 of total phosphorus load and 1/10 of total nitrogen load each year. Same 
assumption was made in the Swedish ISEW study (Jackson & Stymne 1996) 
  
R: Cost of air pollution 
Estimation of costs for air pollution is based on emission data of nitrogen oxide (NOx), 
Sulphur dioxide (SO2) and Volatile organic compounds (VOC). Data was collected from 
RUS (a) and is available with regional resolution for the years of 2000, 2005 and 2006. Data 
for the missing years (2001-2004) were estimated by using interpolation. Estimated costs of 
air pollution which have been used have been put forward by SIKA (2002a) and are estimated 
as the total regional effects of the pollutants. The method used to estimate this cost is the 
measurement cost needed to reach the national environmental targets of air pollutants. Thus, 
health-related as well as environmental effects are included in the calculated figures which 
were a main reason to why this cost estimation was chosen.  
 
S: Cost of noise pollution 
Noise pollution is an extensive problem in Swedish society and is the pollution which affects 
the largest amount of inhabitants. Naturvårdsverket defines noise pollution as disturbance 
above 55dB in outdoor environments.  
 
It was surprisingly hard to find any numbers of people exposed to noise pollution. 
Figures on the ratio of population suffering from noise pollution was collected from  
Miljömålsrådet (a). Data is available for the year of 199 only. According to the County Board 
of Östergötland (2009a), new figures will be presented during 2009, stating that the ratio of 
noise pollution had risen to approximately 20 % in 2006. Interpolation is performed between 
these two observations to provide figures for missing years. Cost of noise pollution was 
derived from SIKA (2002b), who estimates the costs of noise pollution from road traffic 
above 55dB to 810 SEK/person and year. This is probably a conservative figure since higher 
noise pollution levels is entailed with higher costs. On the other hand, the ratio of noise 
pollution is decided through a survey where it is the respondents’ experienced disturbance 
which is measured. In consequence, experienced disturbances may be lower than 55dB in 
some cases.    
 
 T: Loss of wetlands 
Wetlands are highly productive biotopes and offers ecosystem services such as water filtration 
(Talberth et al 2007). According to an estimate performed by Naturvårdsverket, about 1 
million hectares of wetland have been drained in Sweden in the time period of 1800-1950, 
(Jackson & Stymne 1996). However, only a small amount of wetlands have been drained 
since 1950 and the county of Östergötland has a general prohibition against soil drainage 
since 1994 (County Board of Östergötland 2001). 
 
The latest update in the GPI methodology calculates the loss of ecosystem services by 
calculating the areal loss of wetlands compared to a given base year and multiply it with cost 
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estimation/lost hectare. Unfortunately, no data of areal losses of wetland are available at the 
regional level why loss of wetlands is excluded from the GPI calculation 
 
U: Loss of farmland 
Degradation of farmland results in losses of sustainable food production as well as 
degradation of wildlife habitats (Talberth et al 2007). GPI calculates the loss of farmland in 
two ways: acres lost due to urbanisation and lost productivity. Jackson & Stymne (1996) have 
suggested a cost of lost farmland from urbanisation at 22000 SEK/hectare in 1992 prices, a 
number which is adopted here. To account not only lost quantities of farmland but also 
degradation in soil quality, an estimation of production loss due to soil compaction is also 
included. Variables proposed by the GPI methodology to reflect degrading soil quality are 
erosion and soil compaction. However, no reasonable way of estimating this cost has been 
found why it was omitted.  
 
Data on farmland areas for each year was retrieved from Riksskogstaxeringen (a), and data 
includes both farmland and pasture land. Data is also available at Jordbruksverket, but did not 
include pasture land, why these figures were not adopted. Areas are given as five-year 
average values and it was assumed that the middle year corresponds to the given figure. Data 
for 2005-2006 were missing and filled in by using extrapolation. Finally, following Costanza 
et al (2004), losses of farmland are regarded as a cumulative loss. 
 
V: Loss of old-growth forest 
Old growth forests contain biotopes rich in biological diversity. It also produces services such 
as flood control, water purification and aesthetically beautiful areas for recreational purposes 
(Talberth et al 2007). Loss of old-growth forests are estimated by multiplying the number of 
lost hectares with a value estimation of ecosystem services gained from old-growth forests, as 
estimated by Costanza et al (1997). 
 
Data of areas of old-growth forests was collected from Riksskogstaxeringen (b). The 
definition of old growth forests in Southern Sweden refers to forests which are 120 years old 
or more (Miljömålsrådet b)  Data is presented as average areas of five years, for example 
1998-2002. The middle year, in this case year 2000, is considered to be the corresponding to 
the five-year average value. Following this assumption data is available for the years of 2000 
to 2004. Values of 2005-2006 were filled in by using extrapolation. 
  
A key issue when estimating the costs of old-growth forest loss is whether the presents 
magnitude of forest should be compared to pre-timber industrial circumstances or calculated 
as year-to-year. The areas of old-growth forests have increased during the beginning of the 
21st century, why the latter case would imply that the item is a positive contributor to GPI. 
This is of course true in the short time perspective, but is presumably not the original idea of 
including this item in GPI why a comparison to something that can be regarded as an 
“original” state is preferred. This is since Miljömålsrådet (c) claims that only 4% of really old 
forests remains today in Sweden. Timber industry has a long tradition in Sweden and timber 
export started up during the middle of the 19th century. Thus, 1850 is used as a base year and 
areas less than in 1850 is considered as a loss. It is assumed that the total forest cover in 1850, 
was only slightly higher than in 1923 when the first statistical measures are made, thus given 
a size of 350 000 ha. Furthermore, it is assumed that 20% of this figured contained of old-
growth forest, which gives a number of 70 000 ha old growth forests. These assumptions are 
of course anything but robust, but are regarded as the best solution of a very tricky 
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consideration. Finally, losses are regarded as cumulative costs, why costs from previous years 
are added to each forthcoming year (Talberth et al 2007). 
 
W: Depletion of non-renewable resources 
Together with item V (cost of greenhouse gas emissions), this item has been the largest 
subtraction item in several earlier GPI studies (e.g. Talberth et al 2007; Bagstad & Shammin 
2009; Pulselli et al 2005; Jackson & Stymne 1996). A robust methodological approach is 
therefore important. Given the explicit anticipation that Earth has finite stocks of non-
renewable resources and that substitution between natural and built capital are limited, it is 
emphasized that depletion of these resources should be debited to the present generation 
(Daly & Cobb 1994). When Daly & Cobb developed the ISEW methodology, they included 
depletion of minerals as well as depletion of non renewable energy resources.  Due to strong 
criticism, depletion of minerals was soon dropped and present GPI methodology only 
accounts for depletion of non-renewable energy resources. 
 
Depletion of non-renewable resources can be calculated as an extraction cost or as a 
consumption cost (Neumayer 2000). The latter is preferred here since it is ultimately the 
demand from consumption that leads to extraction, not the opposite. Cost of depletion of non-
renewable energy resources was calculated by multiplying the total amount of non-renewable 
energy with replacement cost estimation 
 
Replacement should be considered as the cost for replacing all used non-renewable energy 
with an equivalent amount of renewables. As ethanol today is the most available fuel 
available to replace non-renewable energy, the market place of ethanol is used as the 
replacement cost. Per barrel cost of ethanol reached a size of 749,21 SEK in 2004 (2000 
prices) (Costanza et al (2004).  
 
Data of the total amount of energy from non-renewable resources was collected from SCB (i) 
and transformed to Barrel of Oil Equivalents, BOE.         
 
The used methodology suffers from a major flaw that it implicitly suggests that all non-
renewable resources have to be replaced immediately (Neumayer 2000). While it definitely 
emphasized that non-renewable energy resources are finite and that substitution between 
natural capital and built capital is strongly limited, Hamilton’s (1999) arguing that leaving all 
of the finite resources in the ground won’t do any one any good either certainly bears merit. 
On suggestion from Hamilton, consumption of non-renewable energy from coal is not 
included since it is likely that coal stocks will remain large during the next 200 years. This is 
not to suggest that increased coal consumption is desirable in order to give rise to the total 
GPI, but merely to compensate for a methodological weakness.  
 
Daly & Cobb (1994), Talberth et al (2007) and several other studies also adds a 3 % cost 
escalation factor, assuming that the replacement cost will increase by 3 % per annum. Daly & 
Cobb's rationale for doing so is that they expect energy prices to escalate in the future, and the 
+3 % figure is the corresponded assumed increase. As Hamilton (1999) states, we do not 
know whether prices of renewable energy will rise or fall in the future. The cost escalation 
factor is therefore dropped in the baseline GPI calculation, but an alternative GPI which 
includes the escalation factor is tested for sensitivity analysis.  
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X: Greenhouse gas emissions damage 
As mentioned, this item has had a large impact on the total GPI in previous studies. Thus, it is 
crucial that the calculation of this item becomes robust and transparent (Hamilton 1999). 
This item has only included carbon dioxide emissions in previous GPI/ISEW studies. 
However, although is a well-known fact that although carbon dioxide is the single largest 
contributor to anthropogenic emissions affecting the climate, it is not the only substance with 
climatic effects. N2O and CH4 emissions, for instance, contribute to 22 % respectively 14 % 
of total greenhouse gas emissions in Östergötland, calculated as carbon dioxide equivalents 
(Sonesson 2009). For this reason emissions of CH4, N2O, SF6, PFC and SF6 is also included, 
accounted as CO2 equivalents. 
 
Almost every earlier GPI/ISEW study has regarded the costs of carbon dioxide emission as 
cumulative costs. In doing so, they have added costs of emissions for preceding years to the 
present year. As Neumayer (2000) has pointed out, this is methodologically incorrect since 
the cumulative amount in each year is usually multiplied by an estimation of the marginal 
social cost. Such an approach leads to multiple counting of the costs since the marginal social 
costs are defined as: 
 
“The total (discounted) value of all the future damage arising from that tonne of emissions” 
     Jackson et al (1997, p 23) 
 
Neumayer's critique seems reasonable, why cumulative accounting is dropped. However, by 
solely estimating the costs of greenhouse gas emissions by the marginal social cost or damage 
cost, as Neumayer suggests is also clearly incorrect. This is best demonstrated by an 
assumption of that we would stop all overshoot of greenhouse gas emissions today. If this 
would be the case, we would no longer be any costs at all for earlier amounts of emissions 
(Talberth 2009, personal contact). 
 
To correct this, a conceptually new approach which to the author’s knowledge not yet has 
been tested in a GPI context. The method is based on the concept of generational 
environmental debt (GED), as put forward by Azar & Holmberg (1996). The authors define 
the environmental debt as: 
 
“…// the least cost of the sum of a combination of the cost of restoration and the cost of 
damage”     Azar & Holmberg (1995, p.8) 
 
GED as a concept stresses that preset generation have borrowed the Earth from our children 
and grandchildren and that the substitutability between natural capital and built capital is 
limited, which also limits the amount of capital available for coming generations. Thus, it is 
argued that previous and present damages should be carried by the present generation and not 
passed on to futures generations (ibid). The authors calculated the GED of carbon dioxide 
emissions from the beginning of the Industrial Revolution to the year of 1990, a figure which 
is adopted here. The total carbon dioxide GED was scaled down to regional level by 
calculating Östergötland’s’ national share of total carbon dioxide emissions in 1990 and 
assuming that the regions national share has remained constant over time. 
 
Since GED considers it to be morally wrong to pass on environmental costs to coming 
generations, it was further assumed that greenhouse gas emissions occurring in each present 
year (2000-2006) should be paid off in the same year. Thus, the annual cost of greenhouse gas 
emissions equals the marginal social cost of emissions occurring the present year plus an 
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annual cost of the GED which preceding generations have accumulated for us. It is here 
assumed that the cost is equivalent to an interest rate of 7,5 %, i.e. the costs of the effects of 
preceding greenhouse gas emissions that will afflict us which could have been gained by 
putting aside a capital of the equal size of the GED of carbon dioxide. This interest rate is 
chosen in order to be methodologically consistent with the interest rate used to calculate 
services from household capital in item F. 
 
The rate of installment of the GED is assumed to be equal to the decomposition process of 
CO2 in the atmosphere. Archer (2005) has shown that 17-33% of present emissions will 
remain in the atmosphere in thousand years from now. An intermediate value of 25 % was 
chosen, which means that the annual decomposition rate used is 0,075 %/ year. The annual 
marginal social cost which is added is estimated by multiplying the overshoot ratio of 
greenhouse gas emissions with the total amount of greenhouse gas emissions. In the next step, 
the resulting figure is multiplied with marginal social cost estimation.       
 
The global capacity of carbon storage has been estimated to 3 Gt/year (IPCC 2000). 
Furthermore, IPCC has estimated that this storage capacity was exceeded in 1964 and has 
risen to roughly 4 Gt/ year, or by 58 % compared to the 1964 levels (Talberth et al 2007). 
However, Sweden has had a significantly lower amount of carbon dioxide emissions than the 
global average since the 1970’s, given in index form (Ekonomifakta a). The Swedish global 
overshoot ratio is therefore estimated by multiplying the global overshoot ratio with the 
annual ratio of amount of Swedish carbon dioxide emissions with the average global 
emissions index.  
 
The chosen marginal social cost estimation is collected from Stern (2006), and is regarded as 
a fairly high estimation of the costs by some critiques. There are several reasons for choosing 
the Stern review’s cost estimation, however. First of all, it is a well known report which has 
had a great impact on climate change policies and is therefore also well-known and respected 
among decision-makers. Second, the Stern review makes some assumptions which are 
important for the resulting size of the cost estimation. Among these assumptions, the 
statement that well-being of future generations should not be considered as less worth than 
present generation is perhaps the most important within a GPI context. Furthermore, it is 
assumed that the marginal social cost increase with 2%/year. The rationale behind this is to 
include for positive feedback effects (Talberth et al 2007). The 2% factor is chosen on basis of 
that the global overshoot ratio was 0 in 1964. Thus, Stern’s estimation was tapered down with 
2%/ year while future calculation should add 2% of the marginal social cost.    
  
Data of greenhouse gas emissions was collected from RUS (a). Data is available for the years 
of 2000 and 2005-2006. Further on, emission data will be presented for each year. Data for 
missing years were filled in by using interpolation.  
 
Y: Cost of ozone depletion 
Although the issue of ozone holes in the atmosphere is often regarded as yesterday’s news by 
the public, previous impacts have caused consequences which will be passed for several 
decades.  
 
Costanza et al (2004) have used emissions of CFC as a way to measure impacts of ozone 
depletion. An assumption that the damage the emissions of CFC´s are causing is cumulative 
was made, which means that the emissions of all previous years are added to the additional 
emissions of each year (Talberth et al 2007). As shown in the discussion in item W, 
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accounting the damages as cumulative is incorrect. However, no calculation of the GED of 
CFC emissions has been found, why cumulative accounting was chosen in order to at least in 
some way compensate for earlier damages. Since CFC emissions have dropped rapidly since 
the 1980’s, this compensation is likely to be insufficient and the calculations are likely to 
underestimate the cost of ozone depletion. 
 
However, no data with regional resolution was available, why scaled down national figures 
must be used. National figures were collected from Miljömålsrådet (d). This method is 
certainly a very rough estimate and fails in capturing the peculiar regional circumstances. The 
opportunity to exclude costs of ozone depletion from the GPI altogether was also considered, 
but as it is regarded as important to stress that previous emissions of CFC´s have caused 
damages to the ozone layer that will bring negative welfare effects to future generations, 
scaled down national figures was included anyway. However, it is important to note that the 
data of ozone depletion used in the GPI should not be used in policy-making situations due to 
the poor resolution of used data. 
 
Z: Net capital investment 
In a prosperous economy, the supply of capital must be maintained or increased over time, 
why a constant or increasing net capital stock is an important element of economic 
sustainability (Talberth et al 2007). However, including changes in built capital when changes 
in natural capital is considered as contradictory to the theoretical foundation of GPI, why this 
item is omitted (Bleys 2007). It is suggested that changes in built and natural capital stocks 
should be measured separately from GPI.       
 
AA: Net foreign lending and borrowing 
Since this study calculates GPI for a regional level, net foreign lending and borrowing was 
omitted. Same decision was made by Costanza et al (2004) in their regional GPI calculation 
for Vermont. 
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Appendix B. Full GPI results of Östergötland 2000-2006 
Appendix b. Complete GPI results of Östergötland    
      
Item Personal consumer expenditures Actual consumer expenditures Income distribution Personal consumption including actual 

consumer 
 expenditures adjusted for income equality  

Personal consumption  
adjusted for income 
equality Year    

2000 42501926057 58653823057 106.25 55203598171 40001812759 
2001 45191610945 62614510945 107.9545455 58000810139 41861702770 
2002 46933726413 66045286413 112.5 58706921256 41718867923 
2003 46090518829 65698458829 105.1136364 62502317589 43848277373 
2004 47660976006 67491533006 105.6818182 63862955963 45098557941 
2005 48394175261 69005183261 107.9545455 63920590810 44828288663 
2006 49171062297 70789970297 108.5227273 65230548546 45309460546 
Total 3.25944E+11 4.60299E+11  4.27428E+11 3.02667E+11 
      

Item Value of household labour Value of higher education 
Value of volunteer 
work Change in Leisure time Cost of crime 

Year      
2000 35506039573 3729265241 6972575856 22296070.1 874 839 884 
2001 37340998824 3938570830 7324609956 24825967.92 984 012 855 
2002 38097012522 4161830124 7503817554 28060016.79 952 605 371 
2003 38581879539 4355204316 7624214028 30248366.02 996 046 734 
2004 38388920078 4573848999 7840019260 33869502.91 1 017 844 759 
2005 39592270375 4778759720 8145211972 37443091.81 1 116 532 471 
2006 41257486206 4975210319 8294621561 41461284.42 1 176 137 121 
Total 2.68765E+11 30512689549 53705070186 218204300 7118019195 
      
Item Cost of family breakdown Cost of underemployment Cost of commuting Cost of Automobile accidents Cost of noise pollution 
Year      
2000 107142955.5 2330325350 844346623.8 1183648793 36730138.79 
2001 113951800.4 2127539135 853868867.7 1024787239 36818190.5 
2002 114465675.4 2094984134 878942979.1 1050830117 39212839.82 
2003 120503707.7 2769491445 871839119.4 876342835.9 41619277.67 
2004 112538643.9 3049970041 905485285.6 623726921.8 44015661.56 
2005 106372142.8 3217641523 922848208.4 725294145 46362595.29 
2006 104188173.7 3016019422 945541519.8 707064130.6 48761876.52 
Total 779163099.4 18605971050 6222872604 6191694182 293520580.1 
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Item Cost of water pollution Cost of air pollution Loss of farmland Loss of old-growth forest 
Year     
2000 243500580 884624826.7 222032762.8 103003583.4 
2001 277550980 856824737.2 74010920.9 206636288.8 
2002 410509780 829025475.6 528076447 307535453.3 
2003 321496980 801225305.9 912801358 406645598.7 
2004 145450880 773425341.2 1110163814 508429859.9 
2005 282389880 734215809.1 1499954664 608477801.6 
2006 235053580 724345981.6 1889745515 707880873.9 
Total 281455780 5603687477 6236785482 2848609459.6 
     
Item Depletion of non-renewable resources Cost of greenhouse gas emissions Cost of ozone depletion  Cost of greenhouse gas 

emissions 
(calculated as marginal 
social cost) Year    

2000 2354179270 1745205952.27 10007439.21 1247046453 
2001 2286505801 1752411766.39 19166630.32 1276969069 
2002 2375734657 1798442614.57 27622378.03 1307549729 
2003 2316127103 1786717063.25 35621993.41 1338800516 
2004 2327792268 1776231500.37 43067834.95 1370733629 
2005 2234320212 1745358588.27 49248515.51 1403361383 
2006 2219033256 1774144649.20 55175920.1 1468266511 
Total 16113692568 12378512134 239910711.5 9412727290.0 
     
Item 

Cost of greenhouse gas emissions  
calculated as cumulative 

Depletion of non-renewable 
resources 
including cost escalation factor 

  

Year 
 

 
2000 1247046453 2103220811   
2001 2524015522 2168268877   
2002 3831565251 2235328739   
2003 5170365767 2246643290   
2004 6541099396 2327792268   
2005 7944460779 2397626036   
2006 9412727290 2354172381   
Total 36671280458.4 15833052402   
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GPI GPI including GPI not adjusted  
GPI with 3 % escalation 
factor GPI with greenhouse gases  GPI with greenhouse gases  

  actual consumer expenditures 
for income 
equality  as marginal social cost accounted cumulatively 

75 292 401 340 92 243 866 519 77 792 514 637 75 543 359 799.27 75 790 560 838.5 75 790 560 838.5 
79 876 623 136 97 983 756 215 83 206 531 311 79 994 860 060.04 80 352 065 833.5 79 105 019 380.2 
80 101 600 218 98 994 864 293 85 316 458 708 80 242 006 136.07 80 592 493 103.5 78 068 477 581.5 
82 183 345 099 102 829 478 783 84 425 586 556 82 252 828 912.59 82 631 261 646.8 78 799 696 396.0 
83 497 072 970 104 297 160 510 86 059 491 035 83 497 072 969.81 83 902 570 840.7 78 732 205 073.9 
84 092 957 265 105 418 324 355 87 658 843 863 83 929 651 440.82 84 434 954 470.5 77 893 855 074.2 
86 275 147 898 108 548 510 139 90 136 749 649 86 140 008 772.35 86 581 026 036.2 78 636 565 256.9 

571 319 147 925 710 315 960 813 594 596 175 759 571 599 788 090.96 574 284 932 769.7 547 026 379 601.2 
      

GRP Annual percent difference GPI/Capita GRP/capita Population  
  GRP/GPI     

89 237 000 000 18.52059 183039.5443 216 940 411345  
92 675 000 000 16.02268 193704.6319 224 741 412363  
98 008 000 000 22.35461 193787.3178 237 108 413348  
99 030 000 000 20.49887 198081.3192 238 686 414897  

102 749 000 000 23.05701 200718.9427 246 999 415990  
107 349 000 000 27.65516 201999.4025 257 863 416303  
113 188 000 000 31.19421 206416.6652 270 807 417966  
702 236 000 000 22.7576 1377747.824 1 693 142   
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