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FOREWORD 
 
When back in the autumn of 1999 I started my journey towards my degree of 
licentiate, I had no idea what this thesis should be about. I knew that I should 
perform a case study of nitrogen flows in Västerås municipality, but beyond 
that there was a black hole at the time. Being a PhD student is a journey that 
develops your scientific knowledge and ability to use a scientific approach 
when analysing a problem. It might even more so be a journey that led to the 
insight of the limits of methods used in natural science. For me particularly 
this has been the case, due to the fact that occasionally I have worked in 
close relation to social scientist, who always insists on taking one step back 
and look at what they are doing to see if their perception of the problem and 
chosen methods to analyse a problem might unconsciously be guided by 
their prejudice. Would the answer be different with other methods? This 
habit can be very frustrating to deal with but also very challenging! The 
world around us is very complex. Limiting a model of the world to only 
flows of a substance between ecosystems and the society, as in the case 
study, is a complicated process and sometimes hard to explain. Dealing with 
the world as it truly is, not just materials and energy flowing in and between 
the ecosystem and society, but also dealing with human’s social 
constructions such as economy, perception of what high quality life is, what 
sustainable development means and so forth is in a way an inhuman task. 
We need to sort the world in pieces we can grasp, but this also means that we 
loose the overall perspective. How these boundaries are drawn around the 
piece we chose to study, and the questions that we ask are in one way more 
important than the result that we gain. This I have learned working with this 
thesis.  
 
Part of my practical work as a PhD-student, was to participate in a multi 
disciplinary project where natural and social scientists work together with 
non-scientists. My task was to describe the present flows of nitrogen in the 
society from the view of natural science. The nitrogen flows were analysed 
for 1995 and 1998. The reason to analyse two years was to investigate the 
possibility to use material flow analysis (from here on MFA) as a way for 
the municipality to follow up on the change different abatement measures 
did or did not have on the total amount of nitrogen emissions. As a natural 
scientist I did what natural scientist always tend to do; I calculated the flows 
and presented the figures to my colleagues in the project. Much to my 
surprise, a senior researcher in social science took one look at the pictures 
and said: “Good, the situation has improved!” I was dumb with 
astonishment. This was a person who I perceived as a person with a critical 
eye and very likely to question anything and everything. This incident made 
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me question why the figures should be presented with two figures of value, 
or for that matter why present figures at all? I did know that there were 
uncertainties in the model, but I didn’t know how large these could be. This 
single incident is the reason why this thesis deals with the questions it does. 
 
Although it is my name at the cover of this thesis, many people have in 
different ways supported, inspired and helped me. First of all I would like to 
thank the municipality of Västerås for the financial support that rendered 
possible the case study which is the basis for this thesis. Second, I would like 
to mention some people that has been very important for the closure of this 
thesis: 
 
Fredrik, without your support I would not have found the courage to finish 
this thesis. Karin for helping me with the English language and for long 
discussions about Life, Universe and Everything and for lending me novels 
that brought me to other worlds. Ola, for helpful suggestions and stimulating 
discussions, particularly for teaching me how to use Matlab/SIMULINK. 
Anna, for being someone who went before me and showed me that is was 
possible! Terese, for appreciating me as a supervisor! 
Eva, for sharing your peaceful cottage in Abisko. My family for always 
being there when I needed you. And finally, Conny, for complicating but 
enriching my life and for always no matter what believing in me. 
 
Tiddelipom from me to you. 
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ABSTRACT 
 
The aim of this thesis is to discuss and analyse the influence of data uncertainties 
with regard to the reliability of material flow analysis (MFA) studies. MFA, as a part 
of environmental systems analysis, is a method belonging to the research field of 
industrial ecology and more specifically industrial metabolism. As such, the method 
strives at giving a holistic view of the complex world we live in, in order to reduce 
negative environmental impact. Among other things, MFA studies have been 
proposed to be useful for priority setting and following up in municipalities.  
 
Serving as a starting point is a local case study of flows of nitrogen in a Swedish 
municipality, Västerås. The case study has been performed using the ComBox-
model. The years studied are 1995 and 1998. The main sectors in society emitting 
nitrogen to water were identified as the agricultural and household sectors. The 
dominating sectors emitting nitrogen to air were identified as the agricultural, 
transport and infrastructure sectors. 
 
As a basis for discussing data uncertainties qualitatively and quantitatively a 
literature survey was performed. 50 articles and books were identified as in some 
way or another dealing with data uncertainties in MFA. The literature survey 
showed that the uncertainties for results from a MFA study might vary between 
±30 % and a factor 10 depending on  what kind of parameter is investigated. Only 
one method was found that dealt with data uncertainties in MFA in a complete way; 
a model developed by Hedbrant and Sörme (HS model).  
 
When applying the HS model to the case study of nitrogen flows in Västerås, it was 
found that when uncertainty intervals were calculated the possible conclusions 
changed. Of the two pair of flows compared in relation to priority setting, none of 
the earlier conclusions remained. Of the three flows analysed in relation to following 
up, only the flow from one point source supported the same conclusion when 
uncertainty was considered. 
 
In all, it is concluded that data uncertainties in MFA analysis are an important aspect 
and that further research is needed in order to improve input data quality estimations 
and frameworks for determining, calculating and presenting data, data uncertainties 
and results from MFA studies. However, the underlying reality remains, e.g. that 
management of material flows are important for understanding and reducing the 
negative environmental impact. Thus, MFA is one useful tool in this work. 
 
 
Keywords: data uncertainties, sensitivity analysis, Material flow analysis, MFA, 
method to determine data uncertainties, case study, ComBox model, nitrogen flows.
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SAMMANFATTNING 
 
Syftet med den här avhandlingen är att diskutera och analysera vilken 
inverkan osäkerheter i indata har med avseende på resultat från 
materialflödesanalytiska studier. Materialflödesanalys (MFA), som är en del 
av det större begreppet miljösystemanalys, är en metod som tillhör 
forskningsområdet industriell ekologi, mer specifikt industriell metabolism. 
Metoden MFA syftar till att ge en helhetssyn av den komplexa värld vi lever 
i, för att vi ska kunna minska negativ påverkan på miljön. Konkret har MFA 
föreslagits vara användbart för bl.a. uppföljning och prioritering i 
kommunalt miljöarbetet. 
 
Som utgångspunkt presenteras en fallstudie av kväveflöden i Västerås 
kommun för 1995 och 1998. Fallstudien har gjorts med hjälp av MFA-
modellen Kommunlådan. De huvudsakliga sektorerna i samhället som står 
för utsläpp av kväve till vatten var jordbruk och hushåll. För utsläpp till luft 
stod sektorerna jordbruk, transport och infrastruktur för det stora utsläppen. 
 
Som underlag för en kvantitativ och kvalitativ diskussion kring data 
osäkerhet genomfördes en litteraturstudie. 50 artiklar och böcker som 
behandlade dataosäkerhet i MFA identifierades. Litteraturstudien visade att 
osäkerhet för resultat kan variera från ± 30 % till så mycket som en faktor 10 
beroende på vilka parametrar som har analyserats. Endast en komplett metod 
som behandlade dataosäkerhet i MFA hittades. Den modellen har 
presenteras av Hedbrant och Sörme (HS-modellen).  
 
När osäkerhetsintervallen beräknades för resultaten från fallstudien av 
kväveflöden med hjälp av HS-modellen, visade det sig att det slutsatserna 
som dragits inte längre var underbyggda. Två par flöden hade analyserats 
med avseende på prioritering. Här kvarstod inte några av de tidigare 
slutsatserna. Tre par flöden hade analyserats med avseende på uppföljning. 
Här kvarstod bara slutsatsen om en förändring av flödet från en punktkälla.  
 
Slutligen konstateras att dataosäkerhet i MFA-studier är en viktigt aspekt att 
och att fortsatt forskning behövs för att förbättra kunskapen om osäkerhet i 
indata, samt att ta fram ramverk för att fastställa, beräkna och presentera 
dataosäkerhet och resultat från MFA-studier.  
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ComBox model Community Box model. A model for organising 
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HS model Model for determination of uncertainty for input 
data and calculation of uncertainty interval for 
result suggested by Hedbrant & Sörme (2001). 

Ignorance True quantities not known due to lack of 
measurements. 

Industrial ecology Field of research where the industrial society is 
strived to be made more compatible with the 
natural ecosystems. Holistic approach that includes 
systems analysis. 

Industrial metabolism The study of material and energy flows in society 
and the biosphere and interactions between the two. 

LCA Life cycle assessment. A method to evaluate the 
environmental burden associated with a function 
for its entire life cycle. 

MFA Material flow analysis. Account in physical units 
the flows of selected material through a certain 
region or associated with a certain function. 

N-equivalents (Ne) The weight of only the nitrogen molecule in a 
compound where nitrogen constitutes a part of the 
whole. 

Sensitivity analysis Method for determining which parameters have the 
greatest influence on the result. 

SFA Substance flow analysis, here used as synonym to 
MFA. 

Uncertainty In common speech used when e.g. someone does 
not know, is unsure of himself/herself etc. In 
scientific terms known uncertainty as opposed to 
ignorance. The known uncertainty can be reduced 
by more measurements. 

Variability The natural range of values. Can not be reduced by 
more measurements. 
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1 INTRODUCTION 
 
The world that we live in is complex. In an attempt to make sense of and 
understand what we see, hear and feel we describe this world. The words 
and terminology we choose have a great influence on how we perceive the 
world. This introduction is an attempt to describe words and terminology 
used in the research field of industrial metabolism. 
 

1.1 Background 
Material flow analysis (MFA)1, which is the subject for this thesis, 
constitutes a small part of the emerging field of industrial ecology. The 
expression industrial ecology, is that not a contradiction in terms? An 
ecosystem is definitely not an industry made by man! But an industry is 
absolutely dependent on the world’s ecosystem, and that is the core of the 
term. The industries and the society built by man depend on the ecosystem 
for inflow of raw material such as clean water, oxygen, oil, minerals and 
green plants. The industries are also dependent on the ecosystem for 
absorption of residuals and waste. The term industrial ecology was used for 
the first time about 35 years ago, but it is only in the latest ten years it has 
been used more vigorously (Erkman, 1997). Erkman define industrial 
ecology as: 

“The idea is first to understand how the industrial system works, how it 
is regulated, and its interaction with the biosphere; then on the basis of 
what we know about ecosystems, to determine how it could be 
reconstructed to make it compatible with the way natural ecosystems 
function (Erkman, 1997, p. 1)”.  

In later years the field of industrial ecology has developed in two 
dimensions; i) to encompass all human activities in the modern society 
instead of just the industrial sector, and ii) to a multidisciplinary field 
concerned not only with increasing the understanding of the interaction 
between the human activities and ecological system, but integrating 
technical, economical as well as social aspects. The underlying goal remains, 
however, the same, to increase the knowledge about and develop strategies 
as for how to integrate concerns for the environment and sustainable 
development in human activities (Allenby, 1999). 

                                                 
1 In this presentation, MFA refers to both bulk-MFA and SFA. Bulk-MFA in other 
contexts represent the material throughput of national economics, while SFA is 
defined as analysis of flows of specific substances (Fisher-Kowalski & Hüttler, 
1999; Bouman et al., 2000).  
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An important task for industrial ecology as a scientific "discipline" is to 
contribute with knowledge as for how to design socio-technical products, 
processes and systems with minimal environmental impact; i.e. to find 
strategies and techniques so as to increase resource efficiency and decrease 
waste generation and emissions in the industry as well as in society in 
general. 
 
The very fundament of industrial ecology is the employment of a systemic 
view upon the relations between different parts of an industrial economy and 
their relations to the natural environment. Central to this view is the bio-
physical basis for human activities, where the socio-economic and socio-
technical systems are seen as sub-systems of the global ecosystem Earth. 
Due to this, the study of material and energy flows in society and their 
interactions with ditto flows in the natural environment - the industrial 
metabolism - is fundamental to industrial ecology. 
 
In other words, ecosystem’s organisation of flows of material, energy and 
information is used as models for how industries could be remodelled to 
diminish the pressure on the ecosystems for inflow of raw material and 
absorption of outflow from industry and society. Industrial metabolism can 
be seen as the part of industrial ecology that is concerned with the analysis 
of flows of material and energy. The term metabolism was first used in the 
field of biology in the 1860s (Fischer-Kowalski, 1998). However, it was not 
until in the 1960s the term became explicitly used by scientists to describe 
the society, and it is only since the 1990s it has been used extensively. In the 
field of ecology metabolism is defined as: 

“The sum of all chemical reactions occurring within a cell or an 
organism (Begon, Harper & Townsend, 1990).” 

The use of the term industrial metabolism has not been undisputed. The 
debate has concerned whether or not is it appropriate to use the term on a 
hierarchy level further up than cells, organs and organisms. For example 
when a biologist talks about a birds metabolism material used outside the 
body of the bird, i.e. material for building a nest, is not included in the term 
“the birds metabolism”. However, when one talks about industrial 
metabolism these external flows of material and energy are included. In a 
biological and ecological sense, metabolism also implies a highly complex 
self-organising process that strives to be maintained in various 
environments. This is the starting point for another argument that 
terminology from biology/ecology should not be transferred to the 
technological sector. In biology/ecology these self-organizing processes is 
seen as unconscious (anyway if you do not believe in some greater force or 
god), but this is hardly the case with human society. We discuss, debate and 
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analyse how the human society should and could develop. The process can 
not be seen as unconscious in the sense that there is only one way to deal 
with a situation. However, there is no greater force from above that 
determines how we construct our society (unless, like before, you believe in 
some greater force or god that controls all our actions). Whether or not one 
decides to call society’s material and energy flows for “metabolism” or 
something else, scientists have constructed different approaches to analyse 
these flows. One such approach is MFA. 
 
MFA studies have been proposed to be useful for environmental 
management in regions in various ways (e.g. Burström, 2000). First of all, 
the flows of substance/s is/are numerically identified; i.e. not only the 
possible point source but also the driving economical sector behind the 
emissions is identified. This is relevant in regard to discussions about 
responsibilities for different sectors in society for action on specific issues. 
MFA studies has also been proposed to be useful for priority setting, i.e. 
what sector in society, in comparison to others, is the optimal to change for 
reducing environmental pressure related to certain substances. Another area 
where MFA studies have been said to be useful is for following up on what 
effects various abatement measures have had. Have the environmental 
pressure been reduced? 
 
Analysing material flows in the human society can be done in various ways 
concerning system boundaries and choice of material (Bringezu et al., 1997). 
The system boundary can either be geographical or functional. The former is 
used to analyse questions about the metabolism in a given area such as a 
municipality, a region, a country, a nation or the Earth. The latter is used to 
analyse questions about the material flows connected with a specific 
function, i.e. “to eat” no matter where the flow occurs. The choice of 
material can be either a single substance (i.e. nutrients like nitrogen or 
phosphorus, heavy metals like cadmium, zinc, copper etc.), certain goods 
like paper, batteries and so forth, or all materials connected with the chosen 
region or function. Both terms material flow analysis (MFA) and substance 
flow analysis (SFA) are used. The former are often used to describe so called 
bulk-MFA where natural or technical compounds (such as wood, air or 
construction materials) are analysed for nations, while the latter are used for 
chemically defined substances (such as nitrogen, copper etc.) (Fisher-
Kowalski & Hüttler, 1999; Bouman et al., 2000). In this thesis MFA is used 
including both bulk-MFA and SFA. 
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1.2 The aim of this thesis 
There are two ways of describing what this thesis is about; one is to list all 
those things that are outside of the scope, the other is to list the questions 
analysed. I have chosen to use both approaches in order to give the most 
complete description of the aim and scope of this thesis.  
 
This thesis is not about… 
… how MFA can be used in local authorities. Anyone interested in that 
should read Burström (2000) or Lindqvist (2002).  
… framework for interpretation of results from MFA. This is discussed also 
in Lindqvist (2002). 
… the question of MFA being a useful tool in industrial ecology and in 
management of today’s society. Others have successfully shown that that is 
the case (see e.g. Ayers et al., 1989; Anderberg, 1996; Huybrechts et al., 
1996; van det Voet, 1996; Fisher-Kowalski, 1998; Burström, 1999; Fisher-
Kowalski & Hüttler 1999; Palm, 2002) 
… other tools for (regional) environmental systems analysis. Different tools 
such as life cycle assessment (LCA), input-output analysis, material intensity 
per service unit (MIPS) etc. are described in Moberg et al. (1999). 
… nitrogen’s pathways in the ecosystem or models for retention (see e.g 
Arheimer & Brandt, 2000; Grimvall et al., 2000; Hoffman & Johansson, 
2000; Mander et al., 2000).  
 
However, the aim of this thesis is primarily to discuss data uncertainties in 
relation to MFA. In order to do this a literature survey on how uncertainty of 
input data can be analysed in order to calculate uncertainty for the result of a 
MFA study, was carried out. Before the literature survey and its result, a 
case study of nitrogen flows in a Swedish municipality is presented, together 
with a detailed description on how this case study has been performed and 
the results thereof. The reason to present the case study first is that my 
interest in data uncertainties was awakened by my increased insight into 
MFA during the realisation of the case study. The case study thus serves as a 
background and introduction to the discussion about data uncertainties. In 
addition to the literature survey, this thesis also discusses the effect on the 
result from the case study when data uncertainties are considered.  
 
The questions at issue in the thesis are: 

1) How have other analysts described uncertainties in MFA studies? 
2) How can the uncertainty for the result be calculated? 
3) Which are the implications for the results from an MFA study when 

uncertainties of input data are considered? 
 



5 

2 METHOD 
 
Initially the method used in the case study of nitrogen flows is presented. 
Then follows a description of the procedure for the literature survey and, 
finally, is the method presented that is used to analyse impacts of data 
uncertainties on result from the initial case study. The chapter is based on 
Paper I-III.  
  

2.1 The ComBox model 
To perform the case study of nitrogen flows in Västerås municipality, the 
ComBox model was used. The ComBox model (Community Box) is an 
MFA model (Burström, 1998). MFA is used to calculate the flows, in 
physical units, e.g. kg, of one or several chosen substances through a region. 
The method is based on the thermodynamic law about indestructibility of 
mass and energy. Energy and mass can only be transformed not destroyed. 
This means that any amount, that passes over a boundary into a geographical 
area, either is exported from the area or stored in the area (see e.g. Baccini & 
Brunner, 1991).  
 
There is no standardised way to perform an MFA study, however, a 
framework has been proposed consisting of three steps: goal and scope 
definition; inventory and modelling; and finally interpretation (van der Voet, 
1996; Udo de Haes et al., 1997; Huppes et al., 1997). Within the first step it 
is determined e.g. what substances, process and geographical area that 
should be included. In the next step relevant data are collected and this can 
be organised in one of three ways; either a simple bookkeeping, or a static 
model using transfer equations, or finally dynamic modelling where changes 
over time are included. Interpretation is the last step. Sometimes this phase 
only means that the flows are presented in physical units, i.e. kg, but more 
extensive frameworks have been proposed (Lindqvist, 2002), which contain 
the following categories: quantification; exposure to humans and 
environment; resource economy; function; and capacity to influence.  
 
The framework of the ComBox model identifies three main pathways for 
materials to enter or leave a region; the atmosphere, the hydrosphere, or as 
goods and products of the society. These three pathways represent different 
subsystems of a region, namely AIR, WATER and SOCIETY (Figure 1). LAND 
and SEDIMENTS are other subsystems included, which are very often 
important sources and sinks for various materials, though they do not serve 
as transport media in the same way as AIR, WATER and SOCIETY.  
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Figure 1: Simplified illustration of the conceptual ComBox model. 
 
 
The subsystem SOCIETY is further divided in 12 sectors (see Burström, 1998; 
and Paper I for more detailed description): 
 
AGRICULTURE & FISHERY 
FORESTRY 
MINING & EXTRACTION 
INDUSTRY 
FOOD SUPPLY 
ENERGY SUPPLY 

SERVICE 
INFRASTRUCTURE 
REAL ESTATE 
TRANSPORT 
HOUSEHOLDS 
WASTE MANAGEMENT 

 
 

2.2 Literature survey 
To answer the questions “how have other analysts described uncertainties in 
MFA studies?” and “how can the uncertainty for the result be calculated?”, a 
literature survey was undertaken. When performing a literature survey three 
aspects are important; where literature is searched for, what words that is 
used for the search and finally and most important which questions you do 
seek an answer to. As for where the literature was searched for, electronic 
databases, journals, known important work in the field of MFA and web 
pages on the Internet were used. One important limitation was that only 
material written in English and Swedish was included. All in all 50 
references were found. A detailed presentation of these references and where 
they were found is presented in Paper II. As for the words used when 



Method 

 

7

searching the different databases, all “synonyms” to MFA was used, i.e. 
MFA, material flow/flux analysis/accounting, SFA, substance flow/flux 
analysis/accounting, MFSA, material flow and stock analysis, industrial 
metabolism/ecology, resource flows, environmental systems analysis and 
antroposphere/society’s metabolism. 
 
As for which questions I posed, these were to investigate what other authors 
have concluded about uncertainty and which models there are to determine 
uncertainty for input data and the result; what is high and low uncertainty 
respectively? Is the uncertainty different for various substances or goods? 
How is uncertainty for input data estimated? How can the uncertainty range 
for output data, or results, be calculated? 
 

2.3 HS model 
In order to answer the question “which are the implications for the results of 
an MFA study when uncertainties of input data are considered?” a model 
constructed by Hedbrant and Sörme (2001) was applied to the case study of 
nitrogen flows in Västerås. This model is hereafter called the HS model. The 
HS model is a model for determining uncertainty for input data and for 
calculation of uncertainty for the result. The model is designed to be used 
when the uncertainties for the input data are unknown. Therefore the first 
step in the model is to use the source of the single input data to place that 
data in an uncertainty interval as shown in Table 1. The uncertainty interval 
is defined as asymmetric2 intervals, */, which means that the uncertainty 
range for the input data X with the uncertainty interval */2 is X/2 to X*2. 
The probability that the interval comprise the actual value is 95 %. The 
second step is to calculate the uncertainty of the result. This is done by using 
an equation for addition (1) and one for multiplication (2). When data are 
added the uncertainty decreases, and when data are multiplied the 
uncertainty increases (se also Paper I/chapter 2.4 and Paper III/chapter 2.2). 
 

(1) 

ba

bbaa
ba mm

fmfm
f

+
−×+−×

+=+

22 )]1([)]1([
1  

 

 

(2) 22 )1()1(1 −+−+=× baba fff  
m = likely value 

f = uncertainty factor 
                                                 
2 The reasons to use asymmetrical intervals as presented here are i) to ensure that the 
lower limit never becomes negative, and ii) to present the uncertainty as magnitude  
rather than a percentage point since when the uncertainty is large most people tend 
to think in the order of magnitudes (Hedbrant & Sörme, 2001). 
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The original method was developed for data concerning heavy metals. A few 
modifications have been necessary to fit data concerning nitrogen. The 
modifications consist of an addition of two levels and a removal of one. The 
two added steps are level 0 (interval */1) and level 3 (interval */1.5). The 
first concerns substances’ molecular weight. The latter has been added to 
enable higher resolution where this has been deemed necessary. Level 5 
(interval */10) according to Hedbrant and Sörme (2001) is the one that has 
been removed. The reason for this is that this level has been used for 
historical sources and data (e.g. flows and stocks of metals in the 19th 
century). Since these kinds of sources and data are not used in the study of 
nitrogen metabolism, this level has not been used and thus has been omitted. 
In the case of using old data in the nitrogen study, i.e. data older than the 
actual year studied, the uncertainty level for the input data has been raised 
one step. 
 
 
Table 1: Uncertainty intervals with sources of information and examples. 

Level  Source of information Example 
0 (interval */1)  Values in general (from 

literature). 
Molecular weight, e.g. N2, NO2. 

1 (interval */1.1)  Official statistics on local, 
regional and national levels. 
Values in general (from 
literature). 
Information from facilities 
subjected to permit requirement. 

Number of households, 
apartments, and small houses. 
Nitrogen contents in products. 
 
Nitrogen emissions from 
facilities. 

2 (interval */1.33) Official statistics on regional and 
national levels. 
Values in general for content 
(from literature or on request). 

Amount of harvest (kg), different 
grain per hectare. 
Nitrogen contents for products, 
e.g. wood, organic waste. 

3 (interval */1.5) Modelled data for the 
municipality. 
Information on request from 
authorities. 

Emissions of NOx from vehicles. 
 
Number of egg produced per 
year. 

4 (interval */2)  Official statistics on national 
level downscaled to local level. 
Information on request from 
authorities. 

Harvest (kg) grain per hectare. 
 
Nitrogen emissions from 
facilities. 

5 (interval */4)  Values in general for flows 
(from literature). 

Emissions of NH3 from livestock 
farming. 

3 
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3 CASE STUDY: NITROGEN FLOWS IN A 
SWEDISH MUNICIPALITY 

 
This chapter is based on Paper I. Detailed information about input data and 
calculations can be found in the paper. The focus here is on the results from 
the case study. 
 

3.1 About the case study 
Before presenting the results from the case study, a few words of 
introduction on the studied area. The municipality of Västerås with its 
128 000 inhabitants is classified as a “large town” according to the Swedish 
Association of Local Authorities (SALA/SCB, 1997), and is the 6th largest 
town in Sweden. It is situated at Lake Mälaren 100 km west of Stockholm, 
the capital of Sweden (Figure 2). The economy in the municipality is based 
on agriculture, industry and services such as education, health care and child 
care.  
 
 

 
Figure 2: Västerås is situated in the valley of Lake Mälaren. 

 
 
Flows of nitrogen can be found in air, water and goods. In air, nitrogen gas is 
dominating since 80 % of the air we breathe constitutes of this gas. This 
form of nitrogen was, however, not included in the case study as nitrogen 
gas does not contribute to any environmental problem since this chemical 
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form of nitrogen is not available to plants. If flows of nitrogen gas would be 
included they would dwarf all other flows of nitrogen that do have an impact 
on the environment. Chemical forms of nitrogen in air that are of interest are 
oxidised and reduced nitrogen, i.e. nitrogen oxides and ammonia. Nitrogen 
in water constitutes of nitrogen in ion forms, e.g. nitrate, nitrite and 
ammonium and nitrogen incorporated in organic matter.  
 

3.2 Results 
The result from this study was two-fold: i) the actual structure and size of 
flows and ii) increased awareness of the role of uncertainty in MFA. Flows 
of nitrogen where identified both in air, water and goods. The main inflow of 
nitrogen was found in goods to the society. Important goods for importing 
nitrogen are fertilisers to agriculture, raw material used in fodder production 
and fuels (coal, oil and pine pitch oil) used for production of heating and 
electricity.  
 
The turnover and use of goods containing nitrogen in the society cause a 
dispersion of nitrogen compounds to air and water. Also processes in the 
municipality, such as incineration, form fixed nitrogen from harmless 
nitrogen gas. All in all the outflows from air and water are contaminated to a 
larger extent than the inflows, increasing the burden of nitrogen on down-
stream regions (Figure 3).  
 
Concerning nitrogen flows in air, the amount of oxidised and reduced forms 
were analysed. These forms of nitrogen are released through processes such 
as incineration and handling of manure. The input of nitrogen to air and thus 
accordingly the deposition, is partly due to sources in the municipality, and 
partly imported from sources outside the municipality. 
 
The main drivers of emissions of fixed harmful nitrogen to air and water 
were the same for 1995 and 1998. These were: 
 
• the design and structure of the agriculture; which lead to emissions of 

nitrogen to the local rivers, Lake Mälaren and in the end the Baltic Sea. 
The emissions were in 1995 between 400-710 metric tonnes N-
equivalents (Ne)3, and in 1998 between 400-740 metric tonnes Ne. The 
emissions correspond to 46-59 % and 46-60 % respectively of the total 
emissions to water. 

                                                 
3 The weight of only the nitrogen molecule in a compound where nitrogen constitute 
a part of the whole. 
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• consumption of food rich with proteins that together with the structure of 
the sewage systems lead to large emissions to Lake Mälaren and in the 
end the Baltic Sea. The emissions were in 1995 approximately 440 metric 
tonnes Ne and in 1998 approximately 420 metric tonnes Ne. The 
emissions correspond to 31-41 % and 29-38 % respectively of the total 
emissions to water. 

• transportation of people and goods, which resulted in large emissions of 
nitrogen oxides to air. The emissions in 1995 were approximately 750 
metric tonnes Ne and in 1998 approximately 590 metric tonnes Ne. The 
emissions correspond to 57 % and 53 % respectively of the total emissions 
to air. 

• the use of working vehicles in the sector of infrastructure, which lead to 
large emissions to air. The emissions were approximately 170 metric 
tonnes Ne in 1995 as well as in 1998. The emissions correspond to 13 % 
and 15 % respectively of the total emissions to air. 
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1995  

1998 

Figure 3: Flows of nitrogen in Västerås 1995 and 1998. Note: Only flows 
larger than 0.3 % of the total inflow (i.e. >33 metric tonnes Ne) and only the 

sub-subsystems with in- or outflows larger than 33 metric tonnes Ne are 
included. 
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3.3 Knowledge gained 
The reason for performing the MFA for two different years was originally to 
investigate the usefulness of MFA as a tool for environmental monitoring 
and following-up in the municipality (cf. Burström, 1999). Looking at the 
results in Figure 3, it can be seen that there are differences in the result 
between 1995 and 1998. However, these differences are smaller than a 
magnitude. The flows are also based on information from different sources 
with different accuracy and uncertainty. For example the flow from the 
ENERGY SECTOR to AIR is based on direct measurements of the flue gas from 
the incineration plant, while the flow from AGRICULTURE & FISHERY to 
WATER is derived from three different sets of calculations and general 
values. The realisation that the recorded size of the flows are based on a mix 
of data with a uncertainty ranging from relatively certain to very uncertain 
took me to the next step in my research. How could this uncertainty be 
analysed further and what did it mean for the interpretation of the results? 
Was it possible at all to draw any conclusions about a change between 1995 
and 1998 or was all differences lost in the fog of uncertainty? As a first 
attempt to investigate the uncertainty, the HS model was applied to the input 
data. At this point the range of uncertainty for the result was not calculated, 
only the uncertainty for the input data was determined (Paper I/Appendix I) 
showing that the majority of input data had an uncertainty of */1.1 (Table 2) 
which is approximately the same as ± 10 %. This work raised questions 
about how other had dealt with uncertainty. Were there other models? Was 
what considered large and small uncertainty in MFA? In quest for these 
answers, the literature study presented in Paper II was performed. The next 
chapter contains a short summary of the most crucial findings. 
 
Table 2: Distribution of input data among levels of uncertainty according to 
the HS model. 

 1995 1998 
 
Level 

No. of input 
data 

 
Part of total 

No. of input 
data 

 
Part of total 

Level 0 (*/ 1) 7 2 % 7 2 % 
Level 1 (*/ 1.1) 189 56 % 192 56 % 
Level 2 (*/ 1.33) 69 20 % 71 21 % 
Level 3 (*/ 1.5) 35 10 % 12 4 % 
Level 4 (*/ 2) 31 9 % 42 12 % 
Level 5 (*/ 4) 9 3 % 16 5 % 
 340 100 % 340 100 % 
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4 LITERATURE SURVEY 
 
This chapter is based on Paper II. Discussion about different types of 
uncertainty can be found in the paper. The focus here is on uncertainty of 
input data and a framework to deal with input data uncertainty. 
 

4.1 Uncertainty, what is that? 
Generally speaking, uncertainty can signify several things; the weather 
might be uncertain, i.e. we do not know if it may rain or not; a person is 
unsure of himself/herself, i.e. he or she lacks confidence etc. Webster’s 
dictionary (Landau, 1997) give several explanations and synonyms, e.g. not 
yet determined, not to be relied upon, not exactly known, not sure or 
convinced, not constant, not clear. In a scientific context as for example 
MFA, a distinction is made between variability, scientific uncertainty and 
ignorance. Variability is the natural range of values. One example is height 
of fully-grown humans, the medium height of a group of humans may be 
170 cm, but the shortest person can be 150 cm and the tallest 190 cm. This 
variability cannot be reduced through further measurements, though 
thorough measurements can improve knowledge about the variability. 
Variability could make it impossible to completely obliterate the scientific 
uncertainty and this may cause problems for decision-making. Uncertainty 
arises due to lack of knowledge of the true value and can be reduced by 
further measurements. Scientific uncertainty for a value can be described 
through use of intervals, standard deviation and statistical significance. 
Ignorance on the other hand, means that we do not know. Ignorance can also 
be reduced by further measurements. However, it is important to remember 
that scientific uncertainty and ignorance are not the same! No matter how 
much time and effort are spent on an MFA study, it is very hard to come up 
with one undisputable down to the last decimal certain answer. This is not 
ignorance; this is merely an effect of the complex world we live in. 
 
Most of us have a notion of which level of uncertainty is acceptable in 
different areas. We all know that weather reports never are 100 % certain 
and we accept that. A few weeks ago here in Sweden we elected a new 
government. During the last week before the election, different polls 
presented by the media showed differences of a couple of percentage points 
(Brors, 2002). This caused the Prime Minister to demand a review of how 
the different tests were performed. Clearly in this area an error margin of 1-3 
percentage points where deemed as too uncertain.  
 



Literature survey 

 

16 

In the early works on MFA, it was said that results showed not the exact size 
of a flow, but that the order of magnitude4 was correct (Baccini & Brunner, 
1991). This is a much lower degree of certainty than in the example above! It 
seems that we accept different degrees of certainty in different areas. This 
indicates two aspects, namely i) it is important to describe the uncertainty in 
quantitative terms since “low uncertainty” can imply different things in 
different areas, and also to different people, and ii) why environmental 
science might be seen as fuzzy. Others have shown that most people have a 
tendency to underestimate quantitative uncertainty (Capen, 1976; Morgan & 
Henrion, 1990, as cited in Rypdal & Winiwarter, 2001). Data uncertainty in 
LCA and ecobalances (and MFA) have been identified as one barrier for a 
broader use of LCA, particularly in the public domain, as a tool for analysis 
of strategic and policy decision (Huybrechts et al., 1996).  
 

4.2 Uncertainty in MFA: what others say 
Uncertainties connected with input data can be described in qualitatively 
and/or quantitatively terms. The problem with a qualitative description is 
that, as an author, you cannot be certain how the reader will interpret 
statements such as “the quality is low”, “good enough for the purpose in this 
study”, “the data are of low quality” etc.  
 
According to the literature studied, two areas were identified to explicitly 
suffer from data with low quality. These areas were: 

• Data on losses from manufacturing processes and on utilisation of 
manufactured goods/products (Hansen, 1997). 

• Data on waste emission, e.g. municipal wastewater, solid and 
hazardous waste, and treatment processes, e.g incineration (Friege, 
1997; Hansen, 1997). Also ignorance of emissions, i.e. not known 
(chlorine) compounds makes it impossible to measure these (Kleijn et 
al., 1997). 

 
In Denmark, MFA studies of hazardous substances on national level have 
been carried out since 1973. In 1993 a framework for this kind of studies 
was developed. In the framework, detailed and overview MFA studies are 
separated with regard to data quality. For a detailed MFA the uncertainty 
should be less than ±20 % for total net consumption and consumption for the 
dominant applications, while for an overview MFA the uncertainty for the 
same areas should be less than ±50 %. Noticeable is that no level of 
precision (my italicizing) is guaranteed for emissions to air, water, soils, 
                                                 
4 Here magnitude stands for a logarithmic scale where 10 is separated from 100, 
which is separated from 1000 and so on. 
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landfills and other depots due to difficulties in finding data related to these 
areas (Hansen, 1997). 
 
The lowest degree of uncertainty suggested for emissions was found to be 
10-30 % (flows of chlorine, Ayres & Ayres, 1997; Tukker et al., 1997), 
while the highest degree of uncertainty was a factor 10 (commodity groups, 
Hansen & Lassen, 1998). 
 
Another source for uncertainty is historical data. Bergbäck (1992) showed 
that the uncertainty could be a factor 3. 
 
One result was the proposal of a set of rules of thumb for uncertainty in the 
result from MFA studies (Table 3). These rules of thumb sum up how others 
have described uncertainty in various MFA studies. The uncertainty named 
as “that can be expected” is not a condition that always apply but a crude 
first attempt to quantitatively describe uncertainties. These could be used 
when the uncertainties have not been investigated in a specific study, or to 
compare described uncertainties to a common benchmark. The parameters 
are simply those that are described in the literature. This also implies that not 
all parameters are represented in this table, for instance content of substances 
in goods are lacking. Other parameters used in the case study presented in 
chapter 3 that are not represented here are data connected with areas (e.g. 
area of farmland, towns etc. and harvest per area for a specific crop) and 
numbers (e.g. number of inhabitants, livestock, cars etc.).  
 
Table 3: Rules of thumb for uncertainty that can be expected in the results. 

Parameter Uncertainty that can be expected 
Substances emitted from (both) diffuse (and 
point) sources 

Factor 2-10 

Substances emitted only from point sources < 50 %  
Flows of goods  < 35 % 
Flows of energy (direct and embodied) < 30 % 
Flows of water (development countries) < 30 % 
 
 

4.3 Uncertainty in MFA: methods to deal with uncertainty 
Input data in an MFA study can be organised in various ways, either as 
bookkeeping or as static/dynamic models. In the former, all flows, in- and 
outflows alike, are measured. In the latter, transfer coefficients are used, 
which means that only in- or outflows are measured while the other one is 
calculated. The emphasis here has been on the bookkeeping model.  
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For MFA based on bookkeeping, the most simple way to analyse the data 
uncertainty is to balance the input and output with trial and error. This “gives 
a plausible description of material flows in physical terms” (Konijn et al., 
1995). The method of bringing data together to make an overview is in itself 
seen as a control that no major data gaps/error is present (van der Voet, 
1996). Another method is to use cross-checking, i.e. compare the results with 
that of similar studies or with other sources of data to investigate if the result 
is reasonable (Brunner et al., 1994; Hekkert et al., 2000; Lassen & Hansen, 
2000). However, when doing so possible changes in stock are not 
considered. In some studies inconsistency in data are seen as changes in 
stock, not uncertainties in data (Bringezu et al., 1995; Weizs et al., 1998). 
 
The easiest way to deal with data uncertainty in bookkeeping MFA is to use 
the principles of mass balances. However, even if the result is numerically 
balanced, a set of uncertainties can remain which could lead to incorrect 
conclusions and later on decisions (Buzás, 1999). One of the basic obstacles 
to deal with data uncertainties in MFA is that the uncertainties very often are 
unknown. Only one method was found that deal directly with this issue; i.e 
the model by Hedbrant and Sörme (2001), the HS model, as described in 
chapter 2.3.  
 
Another method suggested that deals with data uncertainties in MFA is 
sensitivity analysis (van der Voet, 1996). In the ISO 14041 standard for 
LCA, sensitivity analysis is defined as a “systematic procedure for 
estimating the effects on the outcome of a study of the chosen methods and 
data” (ISO, 1998). In other words “sensitivity” signifies the influence one 
parameter (independent variable) has on the value of another (dependent 
variable). Independent variable may be input parameter, system boundary or 
model choice. Dependent variables may be output parameters or the priority 
between alternatives in comparative studies (Björklund, 2002). Sensitivity 
analysis can be performed as for instance by Binder et al. (1997), where the 
independent variables was changed with 10 % and then the change of the 
dependent variables was calculated. This shows which independent variables 
that have the greatest influence on the dependent variables. An outline of 
which parameters to vary in a sensitivity analysis have been suggested by 
van der Voet (1996): 
 

1 parameters of known inaccuracy; 
2 parameters of known or suspected “sensitivity”; or 
3 parameters of known “importance”. 
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One difference between the two methods is that while the HS model aims at 
describing the (unknown) uncertainties for all input data and calculates the 
uncertainty of the results, a sensitivity analysis shows which parameters that 
most influence the results and how much these parameters have to change to 
alter the results. In the latter, nothing is said about how likely this change of 
input data is. Drawing on the results of the literature survey, a framework for 
how to account for data uncertainties in MFA studies was constructed.  
 

4.4 A framework for dealing with uncertainty in MFA 
One could argue that the HS model should always be applied on all input 
data (A in Figure 4). This would, of course, guarantee that the question of 
data uncertainties would be thoroughly examined. However, this might not 
always be possible since an MFA study might contain a large number of 
input data, and there may be no time or opportunity to apply the HS model to 
the whole set of input data. In this case, the outline of which parameters to 
vary can be used to choose a limited number of input data to study (B in 
Figure 4). These parameters can then be treated either with the HS model or 
with a sensitivity analysis (C in Figure 4). If one chooses to perform a 
sensitivity analysis, the data classification stage of the HS model, or the 
proposed rules of thumb, can be used to determine the likely range for how 
much to vary the selected data. 
 
 

 

Figure 4: Schematic overview of the relationships between the HS model, 
sensitivity analysis and the outline for selection of data. 
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5 UNCERTAINTIES IN THE CASE STUDY 
 
This chapter is based on paper III. 
 

5.1 Selection of analysed flows 
To further analyse the influence of uncertainty of input data on the results 
from an MFA study, the HS model was applied to a selection of flows in the 
case study of nitrogen (chapter 3). The selection was made on the basis of 
two aspects of the usefulness of MFA; priority setting and following up. To 
enable analysis of the usefulness of MFA for priority setting flows were 
chosen from only one year; 1998. To enable analysis of the usefulness of 
MFA for following up flows were chosen from both 1995 and 1998. 
 

5.2 On uncertainties and MFA for priority setting 
As stated above, only flows from 1998 were utilised to analyse the 
usefulness of MFA for priority setting. The chosen flows where: WASTE 
TREATMENT to WATER; LAND to WATER; TRANSPORT to AIR; and 
INFRASTRUCTURE to AIR. The chosen flows and their calculated uncertainties 
are presented in Table 4. When looking at the original flows to WATER (i), it 
seems obvious the flow from waste water is the smaller one. The flow from 
LAND is calculated in three different ways (se Paper I/chapter 3.2.1), which 
already indicates that this flow is uncertain. The calculated uncertainty 
factors are also different for all three flows. In the first case the flow is a 
point source and the input data is of high quality, which of course shows in 
the calculated uncertainty factor. The flow from LAND has diffuse sources 
and thus a higher uncertainty for the input data and higher calculated 
uncertainty factor. The resulting uncertainty ranges clearly show that the 
distinction between the flows from the two different sources is not as clear as 
at first sight.  
 
The original flows to AIR (ii) are both from diffuse sources. However, the 
flow from INFRASTRUCTURE is based on older data which cause the 
calculated uncertainty factor to become relatively high. Originally it looked 
as if the flow from TRANSPORT was clearly the largest one, but when the 
uncertainty ranges was calculated this is not at all obvious any more.  
 
 



Uncertainties in the case study 

 

22 

 
Table 4: Selected flows from the case study from 1998, calculated 
uncertainty factor and uncertainty range. 

 Flow  Metric tonnes 
Ne/year (1998) 

Calculated 
uncertainty 
factor 

Uncertainty 
range 

waste treatment → water 420 */1.1 380 - 460 i) land → water a) 510  
b) 880 

a) */1.8 
b) */1.9 

a) 280 - 940 
b) 480 - 1600 

transport → air 590 */1.3 460 - 760 ii) infrastructure → air 170 */3.1 57 - 530 
 
 

5.3 On uncertainties and MFA for following-up 
As mentioned in section 5.1, in order to analyse the usefulness of MFA for 
following up, flows from 1995 were compared with the corresponding flows 
from 1998. The chosen flows were: INDUSTRY to AIR; AIR to LAND; and 
finally TRANSPORT to AIR. The chosen flows and their uncertainties are 
presented in Table 5. Looking at the original calculated flows it seems that 
the flows from INDUSTRY and TRANSPORT both has decreased, while the 
flows from AIR have increased. If one was to assume that the uncertainty was 
of an order of a magnitude, no conclusion about increase or decrease could 
be drawn. However, the uncertainty is much smaller than an order of a 
magnitude. The asymmetrical uncertainty intervals */1.1 to */1.33 can be 
approximated with the symmetrical interval ±10 % and ±30 % (Hedbrant & 
Sörme, 2001). For the aggregated emission flows INDUSTRY to AIR, the 
decrease between 1995 and 1998, although in the range of the same 
magnitude, is –35 %. The uncertainty for the same flow is approximately 
±10 %, thus the change remains significant even when the data uncertainty is 
considered. Nevertheless, the exact size of the change remains uncertain. 
The change for the aggregated deposition flow AIR to LAND and the 
aggregated emission flow TRANSPORT to AIR, is +26 % and –21 % 
respectively, also in the range of the same magnitude. The uncertainty is, 
however, approximately ±30 % and ±20-30 % respectively. Thus no certain 
increase or decrease can be stated, even though they are associated with a 
reasonably low data uncertainty (here */l.2 and */1.3). 
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Table 5: Selected flows from the case study from 1995 and 1998, calculated 
uncertainty factor and uncertainty range. 

Flow  Metric tonnes  
Ne/ year  

Calculated 
uncertainty 
factor 

Uncertainty range 

 1995 1998  1995 1998 
industry → air 71 46 */1.1 65 - 78 43 - 51  
air → land 660 830 */1.3 510 - 850 640-1100 
transport → air 750 590 */1.2 and */1.3 610 - 940 460 - 760 

 
 

5.4 MFA studies: quantity or quality? 
The analysis of data uncertainty in the case study indicates that it may be 
hard to present scientifically reliable results from MFA studies at present. If 
we do not know for sure how large the flows or stocks are of a specific 
material or substance in a particular region, then what can we really say 
about the quantitative aspects of the metabolism? Of course, we can learn a 
lot from an MFA study and the metabolism is not only about numbers but 
also about the paths of flows and the intricate structural relationships 
between different processes in a region; results and knowledge that are 
qualitative. In fact, Burström (1999) has argued that the qualitative results of 
an MFA study is more relevant as a basis for environmental policy-making 
at present, and thus the most important value added from undertaking an 
MFA study. From this point of view, it is important that personnel from the 
authority or company that will use the result gained from an MFA study are 
involved in the implementation (Lindqvist, 2002). In spite of that most 
results from MFA studies presented in the scientific literature so far tend to 
focus on the quantitative aspects and they give relatively detailed and precise 
numbers on the size of flows and stocks, despite that the authors mention 
that the data uncertainties are large and the results are uncertain. It seems 
that we are obsessed by numbers but do not really understand the power of 
numbers and what is (not) communicated with a number. However, this is 
not to dismiss the usefulness of MFA, but rather to argue for a more careful 
consideration of data uncertainties as well as other uncertainties. 
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5.5 Knowledge gained 
Based on the analysis of data uncertainty in the case study the conclusions 
are: 

• when MFA is used for priority setting it is difficult to compare 
emissions from diffuse sources with emissions from point sources due to 
the difference in data quality. 

• when MFA is used for following-up, the uncertainty has to be */1.1 
(approximately ±10 %) or less for a change in the same order of 
magnitude to be significant. 

• Finally, and most important, it is concluded, that data uncertainties must 
be taken into consideration in MFA studies in the future, otherwise the 
usefulness of MFA as an analytical tool for supporting environmental 
policy and management as well as a scientific method for understanding 
the metabolism of the anthroposphere may diminish. 
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6 DISCUSSION  
 

6.1 Uncertainties 
In my experiences, most people in general tend to accept figures as the 
absolute truth. 20 tonnes Ne is just 20 tonnes, not 18, 23 or even 20.5 tonnes 
Ne. This is the basic reason results from MFA studies should be presented as 
intervals, not single numbers. In my experience, we all perceive uncertainty 
differently. Even if we compare expectations from people with the same 
background (e.g. natural scientists) they do not automatically perceive low 
and high uncertainty as the same. This is another reason it is important to 
describe the uncertainty more accurate than “small” or “high”. In addition, it 
is shown in this thesis that the uncertainty in results from MFA studies might 
be as high as factor 10 (cf. chapter 4.2). Again, presenting results as intervals 
is one way of showing the uncertainty.  
 
6.1.1 Additional aspects of uncertainty 
The scarlet thread in this thesis is quality of input data. This includes 
methods to estimate said quality, methods to calculate uncertainty for output 
data, i.e. the results. In chapter 5, where the conclusions from the study of 
uncertainty of input data in the case study were presented, the main concern 
was uncertainty intervals. However, this reasoning is not complete, since the 
significant range is not only represented by an interval, but also by an area 
(probability distribution) as shown in Figure 5.  
 
 

Overlapping 
interval

Overlapping 
area

• •••

Overlapping 
interval

Overlapping 
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• •••
 

 

Figure 5: Principle differences between uncertainties described as interval 
or area. 

 
 
Although a specific data can have a value that vary between a lower and a 
higher limit, it is more likely that value for the data is not near the lower or 
the upper limit, but somewhere in between. This poses new uncertainties 
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since the distribution of the data is unknown. The probability distribution 
might be normal, log-normal or some other. Clearly there is a need for 
further research as to what probability distribution is common and how this 
should be incorporated in existing models for estimation of uncertainty for 
input data, calculation of uncertainty for output data and presentation of 
results from MFA studies.  
 
It should also be noted here that in this thesis only uncertainties with regard 
to input data are discussed. There are other types of uncertainties (cf. Paper 
II) of which one is the possibility that entire flows are left out due to 
ignorance. These types of uncertainties cannot be described with numbers or 
intervals, but the possibility still exists that the results and conclusions from 
an MFA study might become revised due to more complete knowledge or 
better, less uncertain data.  
 
6.1.2 Uncertainty in relation to usefulness of MFA 
When discussing data uncertainties it is easy to slip into the thinking that 
MFA (or any other environmental systems analysis tool) is so unreliable that 
the method is useless. I would not argue that this is the case. Just because the 
methods and the infrastructures for data gathering that the method rely upon 
not are sufficiently developed to deliver results with as low data uncertainty 
as we expect from other areas (cf. chapter 4.1), does not mean the method is 
useless. There are two strategies of dealing with this issue, one is simply to 
recognise and accept the uncertainties as they are today. Of course the issue 
of uncertainty needs to be addressed, e.g. with the methods described in this 
thesis. The other strategy is to improve the infrastructure for data collection 
so that the uncertainties might be reduced. In this case the results, including 
uncertainty estimates, from MFA studies can serve as a starting point to 
build a new infrastructure for collecting data needed to perform MFA 
studies. Areas identified in the case study (cf. chapter 5) where better data is 
needed are the diffuse emissions from leakage from land, from transports 
and working vehicles. Other areas of data connected with large uncertainties 
are emissions from waste flows and waste treatment, losses from 
manufacturing processes and finally data on utilisation of manufactured 
goods (cf. chapter 4). Knowledge about “hot spots” (large flows and/or flows 
with high uncertainty) can direct a municipality’s efforts regarding to what 
flows need to be monitored better. It is also possible that trading with 
emission-rights might be helpful for presenting better and more accurate data 
since money is a great motivator for problem solving and changed 
behaviour. 
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6.2 Usefulness of MFA in general 
The usefulness and the limits of MFA can shortly be described as:  
• The benefit of (a well performed) MFA is that it puts together (all) 

existing data and knowledge about material flows.  

• The limit of (a well performed) MFA is that it puts together (all) 
existing data and knowledge about material flows. 

 
Yes, that is correct. The main benefit and the main limit is the same. 
Bookkeeping MFA is a method that puts together existing data, which 
enables comparison of flows, their size and uncertainty connected with these 
flows. Also when data uncertainties are considered MFA contributes to 
knowledge about “hot spots”, i.e. which flows are the dominating ones, and 
which flows have the largest level of uncertainty. However, in the same 
time, this compilation of data with varying degrees of uncertainty is also the 
main limitation particularly in the light of how results from MFA studies are 
presented today, i.e. without uncertainty intervals. This habit is misleading 
since it gives an impression of false accuracy. And finally, we try to compare 
apples (amount of emissions from point sources) with pears (emissions from 
diffuse sources). 
 
However, the usefulness of MFA depends not solely on which results 
(numbers) is yielded, but also on how the MFA is performed. As I stated in 
the introduction, this thesis is not about the usefulness of MFA. I 
nevertheless feel this is an important aspect of MFA. Even though I have not 
specifically addressed this issue in my work I have gained some insights in 
this area. One thing I learned during my research is that the result, the 
numbers from an MFA study, can always be questioned simply because 
other input data, other system boundaries etc. could have been chosen. 
Therefore it is of vital importance that those who should use the result also 
take part in the process of performing an MFA. Others have reached the 
same conclusion (Huybrechts et al., 1996; Lindqvist, 2002). This implies 
that MFA is rather a tool for learning, than a decision supporting tool. 
Burström (2000) has also argued that MFA studies would better be seen as 
part of the “games and plays” taking place in an experimental and learning 
organisation. 
 
There is another reason MFA cannot be seen as a decision-supporting tool in 
the sense that when you are done with your analysis you have only one 
possible answer. Even if the numerical result from an MFA study was 
absolutely certain down to last decimal, there is another aspect to consider. 
The final decision is always based on more or less personal values and is 
thus nothing a scientist should concern himself/herself with (Stirling, 1999). 
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The final decisions based on values are made in the political sphere. MFA 
can provide information to help with a decision, but MFA cannot give The 
Answer to a real-world problem. Similar conclusions have been made for 
LCA. Finnveden and Ekvall (1998) say that LCA can be used for ”better 
basis for decision making by identifying key issues”. As such, MFA is one 
of many other tools for industrial ecology, e.g. LCA, environmental impact 
assessment (EIA), strategic environmental assessment (SEA), positional 
analysis (PA) etc. (Moberg et al., 1999; Burström von Malmborg & 
Lindqvist, 2002) that could provide information for better basis for decision 
making.  
 
There is also an economical aspect on the usefulness of MFA. Is it 
reasonable to believe that MFA whould become a standard method for 
municipalities as a way of keeping track of important material flows on a 
regular basis? Based on the assumptions that:  
- money is the limiting resource for a municipality; 
- important substances to keep track of are at least nitrogen, phosphorus, 

sulphur, carbon, copper, cadmium, mercury, lead, nickel and chlorine. All 
in all 10 substances; 

- the cost of performing the nitrogen study presented in this thesis is 
approximately 200 000 SEK (per year); 

- and the total budget for the Environmental and Health Protection 
Committee was 11.4 million SEK in 2002 (Västerås, 2002).  

To perform MFA studies for 10 substances would thus correspond to 
2 million SEK, or 18 % or the total budget for the Environmental and Health 
Protection Committee. In light of all other responsibilities the Committee has 
this is not a reasonable effort. This supports the notion that MFA has its 
strength as a learning tool rather than a tool used as a matter of routine.  
 
The usefulness of MFA in municipalities is also limited due to the division 
between the accuracy of the results from an MFA and the accuracy most 
people expect. As previously discussed (cf chapter 4.1) most people expect 
(and demand) a very high degree of certainty. Since the data to perform 
MFA studies with this high accuracy are not available today, the usefulness 
of MFA studies as a decision-supporting tool is again limited.  
 

6.3 On the possibility to draw general conclusions 
Part of scientist’s work is to draw general conclusions from the work they 
do. Below four areas are discussed with regard to the possibility to draw 
general conclusions, particularly from the case study (Paper III). 
 
The spatial system boundary for the case study. The case study concerns 
a Swedish municipality. It is reasonable to believe that uncertainties of input 
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data and also the results should be of the same order in other Swedish 
municipalities. The main reason for this is that much of the input data is 
provided from Statistic Sweden (Statistiska Centralbyrån) and thus is the 
same for all municipalities. Another aspect of this issue is the possibility to 
generalise the conclusions from the local level to the national level. For the 
same reason as stated as above the uncertainties for input data and also the 
results should be of the same order as in the Swedish municipalities in the 
case study. In fact, the uncertainty for the result might be less since when 
adding data the uncertainty is reduced (cf. equations chapter 2.3). For 
example estimating nitrogen leakage from different areas of agricultural land 
(which is very hard to do as shown in the case study), and then adding these 
different results the total sum have a lower uncertainty than the single input 
estimation.  
 
The substance in the case study. In the case study nitrogen flows were 
analysed. This is, of course, only one of many substances of interest when 
discussing environmental problem. Other MFA studies have been made for 
substances such as non metals (phosphorus and carbon) and metals 
(cadmium, copper, aluminium, lead, zinc etc.). One difference between the 
two groups of substances is that metals are primarily found in products with 
rather long turn-over time, which means that MFA studies for metals have to 
rely on historical data (up to data 100 years old). This indicates that 
generally, results from an MFA study on metals would have larger 
uncertainties than an MFA study on non metals. 
 
The time frame used to analyse following up. In the case study the time 
frame between the first and the second calculation was three years. Is it 
possible to draw conclusions about the potential of MFA for following up in 
general based on this? Not really. The only conclusion possible is that three 
years is too short a time, since the change in emissions from diffuse sources 
does not exceeds the uncertainty and thus no change can be said to have 
occurred. This indicates that the proper time frame is longer than three years. 
Based on the results presented in this thesis, the conclusion is that a proper 
time frame would rather be ten years.  
 
Uncertainty in relation to emissions from diffuse vs. point sources. Both 
the results on the following up and the rules of thumb indicate that emissions 
from diffuse sources are connected with higher levels of uncertainty than 
emissions from point sources. This is hardly surprising since after all it is 
much more difficult to measure emissions from diffuse sources. The analyse 
of the case study (cf. chapter 5) showed that the change of emissions from a 
diffuse source needs to be at least ±50 % for any certain conclusions to be 
drawn with regard to a possible change over time. The suggested rules of 
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thumb (cf. chapter 4.2) indicate a much higher degree of uncertainty for 
emissions from diffuse sources, thus it is inappropriate to draw general 
conclusions on how large the uncertainty is and how large a change of 
emissions from a diffuse source might be based on the findings in the case 
study. 
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7 CONCLUSIONS 
 
Conclusions drawn in this thesis are: 
• The treatment of uncertainty in MFA analysis is very often incomplete, 

which might lead to overoptimistic faith in the presented numbers. 
Analyses of uncertainties show that the uncertainties vary between 
±30 % and a factor 10. Thus results from MFA studies would be 
presented as intervals. Also, when analysing the results from an MFA 
study it is reasonable to be sceptical about drawn conclusions 
particularly if uncertainties are not presented. 

• Methods to estimate uncertainty for the results are sensitivity analysis 
and the HS model. One difference between the two methods is that the 
HS model gives an estimate of the uncertainty for every single input 
data, while with sensitivity analysis only shows how much one data or 
parameter has to vary to alter the result. The probable uncertainty range 
is not determined. 

• From applying the HS model to the MFA study of nitrogen flows in 
Västerås it is concluded that for diffuse sources only the magnitude of 
the flow, not the exact metric tonnes might be calculated. The identified 
main emitting sectors to air remain, but their internal level of 
contribution is uncertain. The same applies for the emitting sector to 
water. 

• The usefulness of MFA for municipalities is as a learning tool and as a 
tool for screening in order to identify “hot spots”, not as a decision 
supporting tool in regard to priority setting and following up used on a 
regular basis.  

• Frameworks for dealing with uncertainty is needed both to estimate, to 
calculate and for presenting results in MFA. One such framework, 
combining the HS model, sensitivity analysis, outline for selection and 
suggested rules of thumb, is suggested in this thesis. 

• Finally, it is concluded that data uncertainties in MFA studies is an 
important aspect and that further research is needed in order to improve 
data quality and frameworks for determining, calculating and presenting 
data and results from MFA studies. However, the underlying reality 
remains; that management of material flows is important for 
understanding and reducing the negative environmental impact. MFA is 
one useful tool in this work. Thus, the original prerequisite for 
constructing MFA still exists and MFA should not be dismissed just 
because the method is not fully developed.  
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8 FURTHER RESEARCH 
 
For further research concerning data quality and uncertainty of input data in 
MFA, I would suggest continued research to construct a framework for 
dealing with these questions. One such framework has been proposed in this 
thesis. This framework needs to be tested and compared with other ideas for 
frameworks in order to find the most suitable solution. In the area of LCA 
the question of data uncertainty and other types of uncertainty has been in 
focus for a long time and therefore various approaches to deal with 
uncertainties have been suggested (Björklund, 2002). Most probably, 
different approaches can be useful for MFA studies with different objectives 
such as screening, comparison, as basis for policy decisions etc, since the 
demand on the acceptable level of uncertainty might vary for these different 
objectives. Further research is also needed with regard to what probability 
distributions is common and how this should be incorporated in existing 
models for estimation of uncertainty for input data, calculation of uncertainty 
and presentation of results from MFA studies. 
 
One method that would be interesting to analyse for its potential for 
determine uncertainty of the result in MFA studies is the successive principle 
by Lichtenberg (2000)5. The method was originally created to deal with 
uncertainty when constructing budgets for projects. The steps involved are: 

1. Dividing the cost into different items, or in the case of nitrogen 
flows, identify the different flows, 

2. For each and every item estimate the lowest possible (a) cost (or 
flow), the highest possible (b) cost (flow), and the most probably 
value (c) for the cost (flow), 

3. For each and every item the mean value (m) is calculated with the 
following equation:  
 

( ) 53 bcam ++=  
 

                                                 
5 This section is based on notes from a PhD-course concerning project management 
the author attended in 2001. The Successive Principle is explained in the book 
Proactive Management of uncertainty using the Successive Principle (2000) 
Polyteknisk Press, Copenhagen, by the originator of the method Steen Licthenberg.  
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4. The uncertainty is calculated as the spread (s) with the following 
equation: 
 

( ) 5abs −=  
 

5. For each and every item the variance (v) is calculated with the 
following equation: 
 

2sv =  
 

6. The total mean value (M) is calculated as the sum of the different 
item’s mean value (m) and the total variance (V) is calculated as the 
sum of the different item’s variance (v) 

7. The spread (S) of the total mean value (M) can now be calculated as: 
 

VS =  

 
8. The estimated value of the cost (or flow) is then M ± S.  

 
If the uncertainty is considered to be too high, the item with the highest 
variance is further divided into smaller item and then the steps 1 through 7 
are performed again. This is repeated until the uncertainty has been reduced 
and is estimated to be low enough.  
 
For this method to yield reliable results several experts need to be involved. 
This might be the single largest drawback for this method, as there would be  
practical difficulties in gathering several people at the same place at the 
same time. The reason for involving many people is for both the pessimist 
and the optimist to influence the budget. This will guarantee that the highest 
possible and the lowest possible cost (or flow), is entering the budget. The 
important thing in this step is to be 100 % certain that the cost (or flow) does 
not go beyond the estimated range. This, of course, implies that the range of 
one value can be extremely large. However, if the item in question has a 
large influence on the result it will be further investigated through the feed-
back loop described above. This procedure can be compared with a 
sensitivity analysis as the item that most influence the mean value and 
variance of the results are identified. 
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