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During the course of the late nineteenth and early twentieth centuries, condi-
tions for life in the city changed drastically. Investments in infrastructure, health
and education coincided with economic growth, urbanisation and mortality
decline. This dissertation uses newly available macro- and micro-level data to
examine the consequences and mechanisms of an important investment in
cities: the building of water networks. Access to safe water is expected to be
positive for health, but the networks can also have unintended consequences
for affected neighbourhoods. The results from this dissertation show that
water networks, combined with sewerage networks, had a solid but compara-
tively modest negative effect on urban mortality in Sweden. This is interpreted
as an outcome of the small population size of Swedish cities compared to larger
cities in previous research, and the early advent of the Swedish mortality de-
cline. Results from the micro-level, investigating mortality effects from access
to water in Sédermalm, Stockholm, show a similar pattern of comparatively low
magnitudes. The micro-level results show that the effect of water access on
infant and child mortality is largely removed with the introduction of parental
socio-economic status.

Also studying how public investments spread in cities, and how they affect a
city’s social composition, this dissertation uses building-level data on Stock-
holm’s water network. Results show that Stockholm succeeded in bringing
water access to all social classes without creating large inequalities. This stands
in contrast to previous results from the UK, where a privatised water sector
created large access inequalities. Likely explanations are the choice of a public
actor and residential integration between social classes. Further results show
that buildings connected to the network experience an upwards change in
social composition in the long term. This is interpreted as an outcome of
desirability changes of connected buildings, which can in turn affect the pos-
sibilities of lower-class residents to live in a connected building. The results of
this dissertation show that context and precision in measurements matter for
our understanding of how public investments shape life in the city.
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Introduction

1 Motivation, aim and contribution

Life in the city is not what it used to be. Before industrialisation, urban lifespans tended
to be shorter than their rural counterparts, but this started changing in the mid-nineteenth
century. As industrialisation spread, it was not only the way we worked that changed,
but also how we organised our responsibilities towards each other. Our health, education
and poverty became a concern not only for our kin, but also for public authorities (at
both national and local level) to address. Between the mid-nineteenth and mid-twentieth
centuries, collecting taxes to be used for large-scale public investments gradually became a
common task for the public authorities, and over time, modern welfare states developed.
The period brought changes in living conditions, health and spatial organisation of cities
that have affected us until today.

The spread of industrialisation and rise in public investments coincided with a decline in
human mortality. And although we know that mortality declined drastically in Europe and
North America during the nineteenth and twentieth centuries, there is still much we do not
know about how this was accomplished. As with many questions, the answer will depend
on the details of what we base our answer upon: are we analysing a whole state, a city, a
neighbourhood or individuals? Are we looking across longer periods of time, or shorter
intervals? Which factors are we able to take into account, and how are they best measured?
Depending on the material and method we use to answer our question, the answer might
be very different.

This can be illustrated by looking closer at mortality at younger ages in Stockholm, which is
the city in focus for much of this dissertation. Before 1850, Stockholm was a dangerous city
to be born in, and around 30% of children born would not live to see their first birthday.
This started changing around the mid-nineteenth century, and by 1920, this proportion had
gone down to around 5%, which is a great achievement for the city as a whole. Looking
closer, however, there is more to this picture than general decline. Using an individual-
level population registry for Stockholm (the Roteman archives), it is possible to measure



mortality by socio-economic status (SES). When comparing the highest and lowest social
classes, white-collar vs. low- and unskilled households, a different view emerges. In 1878,
the infant mortality rate of low- and unskilled households was around double of that of
white-collar households (Molitoris, 2017). By 1920, this difference was still intact, despite
a general decline for both groups. While this social disadvantage in mortality for the lower
classes is interesting by its own right, it also leads us to further questions regarding how mor-
tality declined. If children in white-collar households had a better chance of survival, what
factors in their surroundings protected them from illness? How do these factors operate,
and what determines their spread across different social groups?

Which factors that affect our health and mortality, for better or worse, change over time. In
nineteenth-century cities, the disease environment was dominated by infectious diseases,
to which infants and children are particularly vulnerable. Disease could spread due to lack
of sanitation and clean water, and high levels of residential crowding. Social and economic
factors such as income and literacy likely influenced the possibilities of choosing housing
and diet, as well as hygienic practices (Preston and Haines, 1991). Periods of mortality
decline have generally been characterised by improvements in access to factors protecting
from disease: lack of sanitation and clean water was remedied with investments in sewerage
and water networks, crowding could be eased by increased building, literacy improved with
education investments, and incomes would rise with a shift towards an industrial economy.
The problem with knowing how much each of these investments contributed to the decline
in mortality is that they most often spread simultaneously. Furthermore, it is likely that
access to these investments was not equal between social classes.

Studying the impact on society of these investments, which spread to the population in
different ways, therefore requires a number of considerations. The fact that higher social
classes can be expected to get access to protective factors before the lower classes makes
the investigation of health and mortality outcomes especially problematic, since SES is also
related to health in other ways. To complicate things further, the physical form and spread
of an investment in a city has a large impact: if access to a physical amenity depends on
distance to it, it will matter both where it is placed, but also to what degree social groups
are spatially segregated at different scales in the city.

The question of who gets access to protective factors is an important and complicated part
of studying health effects from public investments. One strand of theory predicts that
higher social classes would use their advantage in resources to gain access to protective
factors before lower classes (Link and Phelan, 1995; Clouston et al., 2016). This can be
a problem when measuring the impact of an investment: since higher social classes can
also be expected to have a better health outcomes in general, how do we know if we are
measuring the real impact or the effects of an early adoption? This issue, which is often
referred to as selection into treatment, lies at the very centre of the potential problem with
using the wrong data to answer our questions. Selection is not an issue as long as we know



that, for example, higher classes are gaining access to an investment before lower classes
- but this precise data is most often not available. The consequence of not being able to
properly control for selection is an uncertainty of how to interpret observed effects. In the
case of higher (and healthier) classes gaining access before everyone else, the consequence
is often an overestimation of the health effects from a certain investment. As we will see,
a general aim of this dissertation is to contribute with results where the issue of selection
into access is not inherent in the data used.

This dissertation aims to add knowledge to the field of urban public investments and their
consequences. By collecting and connecting data from a number of historical Swedish data
sources, this dissertation aims, firstly, at showing how health and mortality was affected by
public investments during the dynamic period of industrialisation in Sweden, while also
taking the issue of selection into account. A second aim is to look beyond the connec-
tion between public investments and health, and study how these investments integrate
in society. Specifically, the spread of an urban investment and its access outcomes will be
shown. Furthermore, the external effects from changes in the urban environment due to
the building on a public investment are studied.

The aim of studying health outcomes from public investments builds on a growing re-
search field. The interest in the role of public investments in mortality decline has surged
during recent years, with a particular focus on health investments such as water and sew-
erage systems (Cutler et al., 2006; Alsan and Goldin, 2019; Kesztenbaum and Rosenthal,
2017; Ferrie and Troesken, 2008; Troesken, 2001). The general chronology of mortality
decline and its initial concentration among infant and child mortality is well known. It is
still not clear how much different determinants (such as public investments) contributed
to the decline. The periods of mortality decline coincided with societal changes at many
levels: rising wages, improvements in education and in medical practices, and a range of
sanitary improvements, to name but some changes. All of these can be theoretically linked
to improved health. Among the sanitary investments, water and sewerage systems were
potentially the most influential. These two systems create both a primary and secondary
barrier to water-borne disease transmission. First, by preventing pathogens from enter-
ing the environment (sewerage), and second, by making it possible to stop further spread
through increased personal hygiene (water) (Wagner et al., 1958). This has led researchers to
argue that there were complementary effects of having both water and sewerage, but these
would depend on the quality and implementation of the systems (Alsan and Goldin, 2019).

This dissertation adds valuable empirical knowledge concerning the magnitude and nature
of how water and sewerage affects mortality. Exploiting a newly digitised city-level dataset
of all Swedish cities where water and/or sewerage was installed from 1875 and onward, sev-
eral knowledge gaps can be addressed. The data includes information on timing of not only
water and sewerage investments, but also related public health investments such as food in-
spections and epidemic hospitals. This can help us discriminate between investments that



often have to be assumed not to overlap in their effects, even though theory might pre-
dict otherwise. Furthermore, the interaction between water and sewerage investments is
analysed in detail using sequence analysis. This gives insights into the question of whether
these systems complement or substitute each other, and how timing matters. Finally, since
the database includes an almost full range of cities within a single national framework, the
results can provide a comprehensive account of how Swedish public health investments in
the cities helped bring down mortality.

To further elaborate on the health effects of access to water, this dissertation zooms in on
the city of Stockholm. An important part of the work with data from Stockholm has been
connecting an individual-level population registry (the Roteman archives) with a newly
digitised database on water access at the building level. With these sources, it is possible
to analyse the health effects of water access while also considering selection into access.
Analysing water networks and mortality on a nationwide city-level as well as the individual
level, this dissertation can add a multifaceted perspective to the field of mortality decline
research.

The second aim of the dissertation, studying the integration and spread of public health
investments in society, is addressed by focusing on the development in Stockholm. At closer
inspection of these large public investments in cities, it is obvious that they are interesting
to study not only when they are completed, but also during their building period. Building
the water network in Stockholm, for example, started in 1861 and it was not until the earlier
decades of the twentieth century that the pipe network covered the whole city. During such
a long building period, there will always be those who have access and those who have not.
Whether or not access to the network will distribute evenly among social classes will depend
on a number of factors. First, the type of actor controlling the investment is likely to make
a difference. A private actor can be expected to have higher efficiency, but less incentive to
serve everyone if this is not profitable or regulated. A public actor would have an interest
in giving everyone access, but only if the actor is benevolent. Second, the distribution and
movement of people in the city is decisive. The degree and nature of residential segregation
between social classes will determine if it is possible to discriminate against certain classes
by not extending the network. In an integrated city, it is harder to keep certain groups out
of access to an urban investment (Troesken, 2002).

If we want to know more about how public investments alleviate or, on the contrary, ex-
acerbate health inequalities, we therefore need to know more about how the investing actor
and socio-spatial distribution of people affect access outcomes for different groups. This
dissertation aims at adding to this knowledge by exploiting a longitudinal dataset for Stock-
holm during industrialisation. The data is on such a level of detail regarding the public
investment (water network connections) and socio-spatial composition that determinants
of early access can be calculated. With this, it is possible to answer the question: were there
inequalities of access to the water network in Stockholm, and what were the determinants



of getting connected earlier?

The closer inspection of public investments allows not only for investigating who gets ac-
cess, but also unintended external effects in neighbourhoods where the investment is built.
By adding a service such as a water network to a neighbourhood, desirability for living in
the neighbourhood changes. As a consequence, it is possible that residents with a stronger
economic profile, willing to pay more for access to a new amenity, drive prices and rents up-
wards. In turn, this can affect the ability of current and future residents to stay or move in.
The process described is one where gentrification (the influx of higher-class residents) res-
ults in displacement, triggered by a change in desirability by a nearby physical change. The
field of research regarding gentrification, displacement and public investments is divided,
debating whether public investments actually trigger gentrification, and if gentrification
triggers displacement (Zuk et al., 2018). By studying the distribution of social classes in de-
tail before and after a public investment, as this dissertation aims to do, we can know more
about the consequences that public investments might have in affected neighbourhoods.

There are two main reasons for studying public investments and neighbourhood change
during industrialisation. First, the possible effects on residential segregation from public
investments make them interesting from an urban historical perspective. Industrialising
cities in Europe went through large shifts in socio-spatial composition, changing their pat-
terns of how social classes segregate residentially (Kazepov, 2005). There is a clear lack of
empirical evidence regarding the drivers of these changes, and how cities became segregated
in the way they are today. Second, it is interesting since displacement following a public
investment can result in a situation where the ones in most need of the investment might
lose access to it. In the case of access to water, this could also affect health inequality in the
long run. This dissertation aims to add empirical evidence to this field by answering the
question: did buildings connected to the water network in Stockholm experience a shift in
social composition, and what was the nature of this shift?

To conclude, the main aim of this dissertation is to study health outcomes, equality of
access, and neighbourhood change aspects of urban public investments. The studies ex-
ploit a variety of city-level and individual-level data from the years 1875-1930. By covering
different geographical levels, from the city to the individual, this dissertation contributes
with novel empirical evidence to our knowledge of public investments in general and urban
water networks in particular.

List of contribution: co-authored papers
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2 Theory and previous research

2.1 The historical mortality decline

As this dissertation focuses partly on the role of public investments for health and mortality
during industrialisation, it is important to first acknowledge the development of health
and mortality from a broader perspective. During the study period of this dissertation,
mortality in the Western world started declining to unprecedented levels in the space of
a couple of generations. In England, life expectancy at birth rose almost linearly from 40
years in 1850 to 80 years in 2000 (Deaton, 2013, p.93). In Sweden, life expectancy at birth
rose from around 32 years in 1800 to 63 years in 1930 (HMD, 2020). During the same
period, Sweden also experienced growing industrialisation, urbanisation and public sector
involvement in the life of citizens (Schén, 2000). Questions about what in this radical
societal development helped to double the lifespan in little more than a 100 years have
naturally interested researchers, and still do. Despite a long research tradition on mortality
decline, many of these questions still remain unanswered.

Across the Western world, the mortality declined with differences across countries. Accord-
ing to Riley (2005), mortality transitions in Europe began as early as the 1770:s. Up until
the end of the nineteenth century, Europe was leading this development in increasing life
expectancy together with the US, Canada, Australia and New Zealand. The onset of mor-
tality decline was different between countries, both in timing and level of life expectancy
at start. The decline was not uniform across the age spectrum, and generally started with
declines in infant and child mortality (Corsini and Viazzo, 1997). The mortality decline has
been presented as a part of demographic transition theory, which describes and predicts a
society’s transition from agricultural to industrial (Davis, 1945). According to Bengtsson
and Ohlsson (1994), the earliest work on demographic transition was based on the Swedish
experience, due the availability of reliable demographic data from early historical periods.

The Swedish mortality decline followed a number of phases. In the first phase, which is
the situation before the transition starts, mortality rates are high and volatile. Mortality
began to fall around the turn of the nineteenth century, and would then be in decline for
the coming 140 years until reaching a lower stable state around the 1940:s (Bengtsson and
Obhlsson, 1994, p.18). The Swedish mortality decline had two distinct features. First, it
was primarily driven by a decline in infant and child mortality (Brindstrom et al., 2000a).
Second, there was a considerable difference between the levels of mortality in urban and
rural areas throughout the decline. These features were at large shared with other countries,
but the timing and extent could vary (Farinas and Oris, 2016; Riley, 2005; Cutler et al.,
2006). The difference between urban and rural infant mortality in Sweden can be seen in
Figure 1. As seen in this figure, infant mortality started declining rapidly at the turn of the
nineteenth century. In 1810, when rural-urban data becomes available, we clearly see the
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Figure 1: Infant mortality rate, Sweden. Source: SCB (1969, p.115)

so-called “urban penalty”: in this decade, infant mortality is almost 40% higher in urban
areas. It is not until 110 years later, in 1920, that this penalty no longer exists in Sweden.

There are two main questions concerning this development: what drove the decline in gen-
eral, and what caused the urban penalty to disappear? The first question was answered by
Thomas McKeown, who concluded that nutrition was the main cause. In his studies of
England and Wales, he argued that improvements in nutrition was the key factor driving
the mortality decline, and this conclusion was reached by excluding a number of other
candidates (McKeown and Record, 1962). Although the authors did not entirely rule out
these other factors (medical advances, declined virulence of disease and public health in-
vestments), they argued that the timing and nature of different disease-specific mortality
rates fitted best with nutrition. McKeown’s argument sparked a debate and has been widely
criticized, but also built upon. The method of excluding factors based on their timing has
been criticized as unsatisfactory, especially since McKeown could not show empirically
that nutrition had actually improved (Aaby, 1992; Szreter, 1988). Fogel et al. (1978) later
built on McKeown’s argument by adding empirical evidence related to nutrition, by using
both adult height measurements and food production outputs. Another factor mentioned
by McKeown is advancement within the medical field. Examples of these advances that
are commonly discussed are breastfeeding practices (Woods et al., 1988), vaccines (Mer-



cer, 2014) and antibiotics (Mackenbach et al., 1997). Further, it has been argued that the
microbes carrying infectious diseases declined in their virulence, thereby lowering mortal-
ity. For the Swedish mortality decline, this has been suggested as a likely determinant by
Fridlizius (1985), but only for the decline at the initial stage.

Some researchers have tried to synthesise this multitude of determinants and theories. East-
erlin (1999) notes that economic growth, whether argued to bring nutrition or medical ad-
vances, can not be the main driver of mortality decline given the historical evidence. Cutler
et al. (2006) acknowledge that determinants, rather than being main drivers, are important
in different periods of time. They argue that economic growth and nutrition may have
been important at early stages (mid-eighteenth to mid-nineteenth century), but that this
is still debated. Advances in medicine, they argue, were mostly important during the post-
World War II period. The period in-between, mid-nineteenth to early twentieth century,
was when public health investments were the main driver of the mortality decline. We will
now review the role of public investments more in detail.

Public investments and mortality decline

Concerning what public investments have done for the mortality decline, Deaton (2013,
p.96) states: “the major credit for the decrease in child mortality and the resultant increase
in life expectancy must go to the control of disease through public health measures”. This
is, as we will see, an observation that might not apply for all countries and that is in need
of further empirical backing. As argued by Chapman (2019) in the case of Britain, public
investments have in later years of the ongoing debate emerged as a likely very important
determinant. Despite this, the empirical evidence of its magnitude is far from consistent.
There are several types of public health investments discussed as possible determinants.
Szreter (1988, p.11), in the case of Britain, argues that the decline in the late-nineteenth
century can be interpreted as "urban congestion remedied by social intervention”. Britain
experienced rapid urbanisation during this century, with likely increases in population con-
gestion as a result. According to Szreter, the steady increases in life expectancy experienced
during the eighteenth century reached a standstill between 1820 and 1870 which is to be
attributed to the problems of urbanisation (this has also been observed for the US by Smith
(1983)). Szreter mentions a number of public investments that supposedly helped mortal-
ity to decline further: housing quality projects, local hospitals and maternity services, food
and milk inspections, and water/sewerage networks. These are investments that have also
been observed in the U.S (Dufly, 1992) and in Sweden (Sundin and Willner, 2007), and
have been implemented in different combinations throughout Europe and North America
during industrialisation.

Out of these mentioned public investments, water and sewerage networks were arguably
the most ambitious and pervasive when it came to life in the city. In Sweden, public in-



vestments in network infrastructure (such as water, sewerage and communications) was a
rapidly growing share of national expenses from the mid-nineteenth century and until the
1920s - at many times growing faster than the average growth of the economy as a whole
(Magnusson, 2000, p.187). The implication for mortality in Sweden of these large invest-
ments is, despite their importance, still not clear.

The impacts of public health investments in water and sewerage have been studied extens-
ively outside of Sweden, with the main share of studies coming relatively recently. Typically,
a study involves one or a number of geographical units for which an outcome (a mortality
measure) and a treatment (timing of water and/or sewerage) exists. Finding a specific an-
swer regarding the role of these investments in the mortality decline does, however, present
a number of caveats.

First, there is the question of study units. While many of the recent studies include a
number of cities or regions’, there is an equally large group of studies concerning only one
or a few cities?. 'The studies focusing on a small number of units have often contributed
with interesting angles, such as differences in access and outcomes between racial groups
(Troesken, 2002) or socio-economic groups (Kesztenbaum and Rosenthal, 2017). The stud-
ies making use of larger datasets come closer to an answer concerning the contribution of
these systems on a societal (national) level, which is where the mortality decline is most
often discussed. No studies have, to date, presented empirical evidence on a nationwide
scale.

Second, there is the important question of what kind of sanitation system is being measured.
One can roughly categorise the types of systems studied into water distribution networks,
sewerage removal networks, and water purification systems. Each of these systems have a
separate impact on the fecal-oral route of disease transmission: the Bradley classification
(as described in Bartram and Hunter (2015)) makes a distinction between water-borne and
water-washed disease. Water-borne disease involves a pathogen being ingested directly via
drinking water, whereas water-washed disease is transmitted between persons because of
poor hygiene. Although not mutually exclusive, these categories have important implic-
ations for what can be deducted by studying different sanitation systems. A water distri-
bution system has effects on both water-borne and water-washed disease, since it delivers
water both for drinking and washing. A sewerage system, removing contaminated waste
from the environment, can thereby complement a water system, but not alone solve the
problem of water-borne disease. The source of water, or the quality of the water purification

Including between 15 and 75 units: Alsan and Goldin (2019); Anderson et al. (2018); Beach et al. (2016a);
Cain and Rotella (2001); Cutler and Miller (2005a); Floris and Staub (2019); Peltola and Saaritsa (2019); Duflo
et al. (2015); Woods et al. (1988)

2Kesztenbaum and Rosenthal (2017); Jaadla and Puur (2016); Ferrie and Troesken (2008); Ogasawara and
Matsushita (2018); Knutsson (2020); Burstrém et al. (2005); Burstrom and Oberg (2006); Macassa et al. (2006);
Van Poppel and Van der Heijden (1997)
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system, is crucial to the health outcome of the water distribution system. Theoretically, the
combined sanitation systems could be either substitutes to each other, or complements.
While it is more logical to assume that a city would be better off with both a water and a
sewerage system, a water system might alone lower mortality considerably if used correctly.
Consequently, more research is needed in order to say something about the magnitude of
contribution of different systems individually, and how they interact (Alsan and Goldin,
2019; Duflo et al., 2015).

The empirical evidence from outside of Sweden presented regarding the contribution of
public health investments, and especially water and sanitation, is growing but scattered.
Many of the most influential studies have found large effects on mortality from differ-
ent kinds of sanitary investments: Cutler and Miller (2005a), for example, find that water
purification is behind 50% of total mortality decline, and 75% of infant mortality decline
in their city sample. Alsan and Goldin (2019) find that water and sewerage systems com-
bined account for a third of the decline in child mortality in the study area of Boston,
US. Conversely, Anderson et al. (2018) find no effects of water purification on total or
infant mortality in their sample of 25 US cities. From Sweden, a number of studies exist
on single cities, or a smaller number of cities: (Knutsson, 2020; Castensson et al., 1988;
Burstrém et al., 2005; Burstrém and Oberg, 2006; Nilsson, 1994; Edvinsson, 1992). The
results generally show mortality reductions associated with the introduction of water, sew-
erage and/or water purification, but no unambiguous picture appears when regarding the
combined results of previous research.

Revisiting the development of the Swedish mortality decline shown in Figure 1, it seems
clear the the decline in infant mortality had started by the turn of the nineteenth century.
To the extent that infant mortality correlates with water-borne disease mortality (which
is argued by Alsan and Goldin (2019)), this early decline has consequences for how we
can view the role of public investments®. Since the majority of Swedish water and sewerage
investments were built after 1850, the initial decline must have been driven by other factors.
This has been noted by Nilsson (2013), who argues that public investments could not have
started the decline, but rather reinforced it and brought water-borne disease mortality to
its lowest levels to date.

2.2 Socio-economic status (SES) and mortality at the micro-level

In addition to analysing the macro-level contributions of public investments to the mor-
tality decline, it is also important to consider determinants at a more precise level. Analysis

3Cause-specific mortality data for Sweden exists in machine-readable format also for the period 1749-1859
on various levels of aggregation (Lundh, 2003). The cause-of-death string data has not, according to the author’s
knowledge, been matched and compiled and therefore, no comprehensive data on Swedish water-borne disease
mortality rates exists for periods before 1850.
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on an aggregate level prohibits an explanation of specific mechanisms wherein mortality is
affected by variables operating at, for example, the building level or within the household.

In theory, it is hard to isolate an effect from the roll-out of a public investment without
taking these micro-level variables into account. As we will see, it is not unlikely that micro-
level determinants of mortality co-vary with access to a public investment, such as a water
network. If this is the case, macro-level results will be confounded unless this potential
selection issue is not handled properly. In many cases, having detailed data on households
and individuals is the only way to be sure that what is being observed is the intended
mechanism. We will therefore briefly discuss variables and theories involved in studying
mortality at a more precise level.

One of the potentially most important variables affecting mortality, especially at the micro-
level, is SES. This is a concept that is used in a wide variety of research contexts and it has
no unifying definition. Broadly meant to capture a person’s social and economic stand-
ing in society, SES is likely easiest to pin down by considering how it is usually measured.
The three most common empirical dimensions along which SES is measured is financial
resources, education and social class (which is often measured using occupation). A num-
ber of previous research results highlight the use and role of SES in mortality studies. In
late twentieth and early twenty-first century societies, a higher SES has been found to be
negatively associated with mortality and positively associated with health. Adult moral-
ity has been shown to be lower in groups with higher financial resources (Chetty et al.,
2016; Elo, 2009; Smith, 1999), higher education (Elo and Preston, 1996; Hayward et al.,
2015; Torssander and Erikson, 2010) and social class/higher-ranked occupation (Burstrém
et al., 2005; Marmot et al., 1991). Although the links between SES and mortality can be
considered an established fact in today’s society, researchers have not agreed upon whether
these links have always been there, and the empirical evidence of historical SES differences
has been sporadic.

One the one hand, some researchers argue that SES differences in mortality were small or
non-existent in the past (Razzell and Spence, 2006; Woods, 2004; Bengtsson and Dribe,
2011). For Sweden, recent studies have shown an emergence of an SES mortality gradient as
late as 1950, using all-cause mortality data (Bengtsson et al., 2020) as well as cause-specific
mortality data (Debiasi and Dribe, 2020). The latter study even shows a positive association
between higher SES and mortality for men in the nineteenth and twentieth centuries, which
is likely linked to health behaviour. On the other hand, a number of researchers argue that
SES differences in the past were similar to today’s pattern (Van Poppel et al., 2009; Blum
et al., 1990; Deaton, 2016).

In recent years, one of the most notable theoretical frameworks explaining SES inequal-
ities in health is the Fundamental Causes Theory (FCT). Presented by Link and Phelan
(1995), their theory views SES as the fundamental cause of disease, and predicts that health
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inequalities will not change over time. The mechanism behind this prediction is that SES
can be used to gain privileged access to protective factors that enables risk avoidance. The
FCT was a break with existing theory. Antonovsky (1967) had argued that health inequal-
ities between SES groups should be narrowing over time. This argument was based on the
ability to eliminate preventable deaths, and the growth of public health investments play
the most important role in narrowing the gap.

The FCT was extended with a temporal view in Clouston et al. (2016). In this view, the risk
of a specific cause of death can change differently across SES groups. If a health innovation
(such as a new medical technology) emerges, the FCT predicts that higher-SES groups
will gain access to this innovation before lower-SES groups. This would initially lead to
a period of increasing health inequalities, as the ones with access to the innovation can
protect themselves from disease. As the health innovation gets widely accessible, either
through price or availability changes, lower-SES groups can start gaining access, and health
inequalities will recede. This process is repeated for new causes of death, which means that
higher-SES groups can continue to gain access first, thereby perpetuating health inequalities
across time. The nature of the innovation studied dictates how this process works: as
mentioned by the authors, the spread of an innovation can (in theory) be hampered by
frictions, such as residential segregation.

An even more specific theoretical framework within what determines mortality and the
role of SES was presented by Mosley and Chen (1984). This framework lists a number of
proximate determinants of mortality at younger ages. Being proximate determinants, these
variables are mostly observed and operating at a more detailed level, such as the household
or its surroundings, which could be the building or the neighbourhood. Originally, this
framework was developed for developing countries in the late twentieth century, but it
has also been used to describe the disease environment in nineteenth-century cities. The
authors list five categories of variables: maternal factors (mother’s age, birth parity and
interval), environmental contamination (water access, residential crowding, level of sanit-
ation), nutrient deficiency, injuries, and personal illness control (hygiene practices, access
to medical care). Regarding the link to SES, the authors argue that if SES is involved in
determining mortality at younger ages, it must take the path through one of these groups
of determinants.

A large body of research exists where specific determinants of mortality decline are invest-
igated, spanning over several countries, historical periods, and levels of aggregation. At the
city level, Woods et al. (1988, 1989) model drivers of infant mortality in UK cities during
the nineteenth century. Apart from urban water systems, they also find that education,
qualified midwives and declines in fertility are important drivers of mortality decline for
infants. Szreter (1988) notes that the the UK mortality decline also had periods of increases
in mortality, as urbanisation was intense in periods and conditions in industrial cities were
detrimental. This is also shown by Jaadla and Reid (2017), who find that mining and textile
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towns had considerably higher mortality at younger ages around the turn of the twentieth
century, compared to rural regions.

The influential study of Preston and Haines (1991) showed a number of mechanisms re-
garding mortality at younger ages during American industrialisation. Analysing data from
urban as well as rural areas, they find that city size and race were the most important vari-
ables explaining mortality differences. From Sweden and Scandinavian countries, a number
of studies exist on drivers of mortality at younger ages. In both Sweden and Denmark, con-
siderable heterogeneities between regions have been identified during the late nineteenth
century (Brindstrom, 1993; Lokke, 2002). Common determinants of mortality are size
of place, illegitimacy, and parental SES. Studies of specific cities have added complexity to
the general patterns. Burstrdm and Bernhardt (2001), studying Stockholm, found that SES
differences emerged only after 1890, and that illegitimacy was a strong predictor of child
mortality. Edvinsson (1995), studying the town of Sundsvall, found no large variations
in child mortality between parts of town, which was against expectations. Sundin (1995)
shows that SES differentials in infant mortality increased in times of decline in the city of
Linképing during the nineteenth century.

The relation between SES and mortality at the micro-level during Western industrialisation
is, in summary, a complex issue. While SES inequalities in mortality have been observed
across many contexts, it has been argued that they emerged later than what has been pre-
viously thought. SES has possible correlations with a number of variables which affect
mortality, and this underlines the importance of being able to empirically separate SES as
far as it is possible. As we will see below, the relation between SES and access to public
investments in health is complicated by political as well as spatial factors.

2.3 Urban networks and population: the interplay between social status, access
and neighbourhood change

The second aim of this dissertation is to study how a public investment integrates into
a city. More precisely, the aim is to view the processes determining who gets access to
the investment, and also what impact the investment itself has on the housing market
of which it becomes a part. To fulfil this aim, two main areas of research will be in focus.
First, theories and research regarding how public actors choose to deliver services (public or
private) will be reviewed, with a specific focus on industrialising cities. Second, the research
field concerning the role of public investments in neighbourhood change will be addressed.
Here, the focus will be specifically on how new additions to the built environment might
affect the desirability of a neighbourhood, and subsequently, the ability of different SES
groups to afford living there.
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Provision of welfare

Theories concerning health inequality and its determinants point to a broader discussion
on how society could and should intervene in our health. The road from night-watch states
focusing mainly on security to the modern welfare states has been markedly different in dif-
ferent countries. The histories of modern welfare states are not only interesting by their own
right, but also contain knowledge about how states succeeded or failed in reaching citizens
of every social class. Most importantly, the history of welfare states and their investments
might tell us something about what factors were involved in producing or reducing health
inequalities in the past.

During the mid-nineteenth to mid-twentieth centuries, the public increased its influence
on the lives of citizens, with an increase in redistributive public investments and legislation
regarding health (Lindert, 2004b). As the state expanded its responsibilities, many societies
were at the same time experiencing high rates of socio-economic inequality and inequality
of political representation, which has been noted in Sweden (Wolke, 2015; Bengtsson et al.,
2018). The increased responsibilities of the state during European industrialisation were
the results of a process which began during the Enlightenment, where ’social mathematics’
were seen as path to human development. According to Porter (1999), these methods from
the Enlightenment together with Christian moral imperative formed what would guide
European and North American state policy during the nineteenth and early twentieth cen-
turies.

Increased redistribution of resources for state policy was, however, a controversial idea and
was met with resistance, not only from richer classes. Chapman (2018) describes how polit-
ical resistance to public spending in nineteenth-century Britain would come also from the
lowest classes. While richer classes would be able to substitute public services with own re-
sources, the lowest classes would have a strained budget which did not allow even slight tax
increases. Another view on political support for public investment is given by Swaan (1988),
who discusses how and why public investments expanded during industrialisation. It is, in
his view, a shift in what constitutes a public good: governing bodies have traditionally only
concerned themselves with the public good of security and defence. As industrialisation
and urbanisation progressed, the growing group of urban poor were increasingly struck by
disease and poverty. The negative externalities of disease and poverty that potentially af-
fect a whole city (epidemics, crime and riots) could make the richer urban classes support
public investments in fear of their own safety. In this process, health and well-being of
the individual had thereby become a public good, which would make the foundation of
the modern welfare state, according to Swaan. Lindert (2004a), on the other hand, focuses
on three main explanations for the rise in public spending in the late nineteenth century:
income, demography and democracy (p.62). Rising per capita incomes, an ageing popula-
tion and expansion of suffrage are Lindert’s main explanations as to why the balance shifted
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towards a public willing to redistribute resources.

Although Western ideas regarding public investments originate in the same basic principle
from the Enlightenment, different ideas have come to dominate across countries. Focusing
on public health, Porter (1999) describes how the British welfare state during the early
nineteenth century was driven by a philosophy of individual freedom and laissez-faire. This
resulted in a decentralised system where local actors (such as city councils) could choose if
and how to deliver welfare to citizens. Towards the end of the century, however, the British
state would reassess and move towards a highly centralised system. The US had a similar
point of departure as the UK, but took a different trajectory and kept its focus on local
initiative, with a strong influence of Puritan moral codes. Sweden kept a relatively passive
public health profile during the first half of the nineteenth century, while the latter half
saw a sharp increase central governance through a number of laws. The political ideology
driving public investments in Sweden during this time has been described as pragmatic,
paternalistic, but also increasingly influenced by socialism (Sundin and Willner, 2007).

In the realm of providing welfare, the choice of service provision has been a controversial
issue. There is an important distinction to be made between service provision and fund-
ing. There are four possible combinations, from privately funded and privately provided
to publicly funded and publicly provided, with two combinations in between. The choice
between these four models can vary between types of service and over time, but they have
at many times been connected to separate welfare regimes. The general theoretical expect-
ations of public versus private provision are well known: a public actor can be expected
to strive for universal access in the cases where positive externalities of a service are to the
collective benefit. This might come at the expense of efficiency. A private actor, on the
other hand, can be expected to enhance productivity and cut costs. The focus on profit-
ability might compromise universal access and quality, since private actors are not directly
benefiting from positive externalities (Cutler and Miller, 2005b). This general expectation
can be refined with specific kinds of welfare services in mind. Regarding physical health in-
vestments, such as hospitals and water networks, markets can behave differently. Whereas
hospitals can be operated flexibly and the market shared between different actors, physical
network markets have a tendency to become monopolies. Water markets, for example, have
enormous initial investment costs, and are therefore not likely to experience competition
once they are established (Krause, 2008).

Theoretical expectations on urban water markets have further specific angles. The first one
is universal coverage. An unregulated private actor building a water system in a socially
segregated city would have little incentive to extend the network to poorer parts of town,
owing to the investment costs and the lack of incentive regarding the positive health ex-
ternalities (Hassan, 1985). A public actor, on the other hand, would have this incentive and
therefore be motivated to extend the network to everyone. This assumes that the public
actor is benevolent and non-corrupt. From the critical geography tradition rooted in the
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works of Harvey (1973), the expectation is clearly that private providers will create unequal
access. Rejecting any notions that the market would solve the problem of access through
equilibrium-seeking, urban space is viewed, within this critical tradition, as a disorderly
product of many different interests (Smith, 2010). As argued by Gandy (2004), private in-
terests delivering public services that arguably should be a public good (such as water) will
treat the service as a marketable commodity. In today’s cities in the Global South, he ar-
gues, this creates problematic inequalities since poorer areas are spatially disconnected from
the rest of the city. The other side of the debate, the commodification” school, argues that
a market price on a good such as water will generate an optimal spatial spread (Winpenny,
2005).

There is also the question of capital. According to Cutler and Miller (2005b), discussing
the US water market at the turn of the twentieth century, the high investment costs can
make it impossible for private actors to enter the market. They argue that some form of
”state or municipal finance technique” is usually required (p.3). The opposite is argued
by Galiani et al. (2005), who note that private firms can access capital markets easier than
public actors, which would make them better suited for investments compared to a public
actor already in debt.

Previous research on the choice of public or private in different welfare regimes has shown
a range of interesting outcomes. The liberal welfare regimes of the UK and the US have
received the most focus from researchers. The policy employed by the UK in water invest-
ment is an example of the most thorough private-provision strategy. Hassan (1985) argues
that the UK, which was one of the earliest states to officially organise its urban water sup-
ply, was motivated in part by an underlying philosophy of economic liberalism. Initially
relying on privately provided and privately funded water investments, the outcome this
activity in the period 1800-1840 was described by the author as a ”..classic market failure”
(p-544). Cities with a private provider (around 70% of cities which had a water provider)
were constantly under-serving lower-SES residents and were wary of expanding the water
network due to short-term economic goals. As criticism of the water situation grew, calls
for municipalisation of private actors were raised in parliament, but were defeated with the
help of parliamentary lobby groups representing private water interests (Porter, 1999, p.119).
Eventually, acts were passed in parliament allowing cities to take over private providers, and
by 1901, 90% of of all water investments were under public control (Hassan, 1985). Beach
et al. (2016b) argue that the negative externalities from urbanisation and increasing conges-
tion in the UK (manifested in increasing death rates from water-borne disease) acted as a
main motivation for municipalising private water providers.

The US shows a similar story, but with some important differences. Cutler and Miller
(2005b) show that the US entered a wave of municipalisation similar to the UK, although
slightly delayed. The starting point was also different, since lack of funding had impeded

private as well as public actors to enter the water market at large scale (in 1830, the US
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had only 45 cities with a water network, of which 70% were private). In cities with a
private provider, similar problems of low coverage to lower-SES residents were reported.
The situation changed with financial innovations allowing cities to borrow more funds.
This spurred a drive to build and municipalise, and by 1924, the US had 9850 cities with
water networks of which now only 30% were private. The new funds also allowed cities to
expand into previously unserved neighbourhoods.

But there is also another angle of public provision in the US. As described by Troesken
(2002), the Jim Crow era* of enforced racial segregation constituted a clear case of a non-
benevolent public actor. During this period, the expectation would clearly be that the
African-American population was discriminated against by not given access to the water
network - in the same manner that they were not given access to other services, for example
education (Troesken, 2004, p.9). Yet the empirical results show that African-American
dominated neighbourhoods were not experiencing large delays in being connected to the
water network. Troesken (2002) shows that there are two main mechanisms at play: first,
the fear that epidemic water-borne disease would spread to whites motivated the public
actor to expand the network. Second, he argues that the most important mechanism limit-
ing unequal access is the lack of strong residential segregation between racial groups. Since
the Southern cities were less segregated on race than previously thought, Troesken argues
that it would be impossible to discriminate against one group without also denying the
other.

Spatial aspects of public investments: segregation and neighbourhood change

The last point, concerning socio-spatial segregation in a city, opens up for a discussion on
how segregation is measured and how we might expect this segregation to behave in Western
cities during industrialisation. To illustrate why socio-spatial segregation is a crucial part
of understanding access inequalities (as shown above by Troesken (2002)), a hypothetical
example can be made: if every building in a city consists of 50% rich and 50% poor, there
is no scenario that an infrastructure network can be spread across the city which would
create an qverage inequality of access between these groups. This means that socio-spatial
segregation is a prerequisite for inequality of a spatially bound amenity.

Socio-spatial segregation in the nineteenth and early twentieth centuries is likely to have
been different from today. Industrialisation brought changes also to urban organisation
and, in the long run, fundamentally changed the socio-spatial composition of cities. The
general picture of the pre-industrial European city is one of functional and social integration
(Knox and Pinch, 2014). This meant that residential segregation between classes could be
expected to be vertical (i.e. different floors of the same building) rather today’s horizontal

“The Jim Crow laws regulated racial integration in several areas of society, and existed in a number of
Southern states between the late nineteenth century and up until 196s.
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segregation. Although early work on pre-industrial cities by Sjoberg (1960) and Vance
(1971) suggest mainly a core-periphery pattern of horizontal segregation between classes,
research has since added empirical support for integration between social classes (Lesger
and Van Leeuwen, 2011).

The spatial scale one refers to when talking about segregation is, however, very import-
ant in these discussions. As mentioned by Lesger and Van Leeuwen (2011), most empir-
ical research on segregation in pre-industrial cities exists at the macro- and meso-levels,
which translates into analysis of larger neighbourhoods and, at best, blocks. Recently,
however, more detailed historical data has emerged from US cities. Logan and Bellman
(2016) use geocoded census information from nineteenth-century Philadelphia to invest-
igate racial and socio-economic segregation at a detailed level. They note that aggregating
data even at such a detailed level as the block will hide underlying spatial separation that
exists in nineteenth-century cities (p.700). Using address-level data, they find that African-
American-dominated streets showed considerable SES variation, which was not the case for
white-dominated streets. In the case of Stockholm, only spatially aggregated data has been
available in previous research to date: it is suggested by Molitoris (2017), Soderberg et al.
(2003) and Hallenberg (2018) that social classes segregated to some extent on a district
(meso) level. Micro-level (building) vertical segregation is suggested to exist by multiple
authors (Perlinge, 2012; Gejvall, 1987; Cronstrom, 1986), but this has not been shown em-
pirically.

The discussion of public investments in cities also needs to consider that they might have
consequences beyond their primary intentions. Since a city and its neighbourhoods are part
of building markets, physical changes create disruptions to these markets. The addition of
a new service can shift the desirability to live in an area and thereby the market value of
nearby buildings (Galster, 2019). In this manner, it is possible that the externalities of
public investments in health infrastructure are negative in certain ways for lower social
classes. Market disruptions shifting desirability can affect prices and rents, thereby also
changing the prerequisites for entering or staying in a neighbourhood. Subsequently, these
externalities can, in theory, lead to an increased inequality of access to the same investment
that also disrupted the market. This is what Renne et al. (2016) call "the affordability
paradox” of public investments: building market effects from physical investments might
render lower-SES groups out of access to a public service that they are in need of, or which
they were even the primary target for.

The theoretical perspectives behind access to urban public investments involves theory
on migration and neighbourhood change. Neighbourhood change is a contested phe-
nomenon. In the same manner as the theories on spatial allocation of public investments,
there are opposing fields within critical geography and neoclassical economics. While the
latter regards neighbourhood change as a uncontroversial process driven by preference and
capital investments, the former contends that neighbourhood change is not a naturally oc-
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curring process and that it can have negative consequences for lower social classes. The
debate has been most vocal in research concerning two mechanisms of neighbourhood
change: gentrification and displacement. Gentrification, meaning the socially upwards
transformation of a neighbourhood, has received the most research attention. Coined by
Glass (1964), gentrification is a well-known modern phenomenon, and has also been ob-
served during industrialisation in Europe (Kalff, 1987) but not systematically further back
in history (Smith and Williams, 2013). The neoclassical side of the debate views gentrific-
ation as a positive force of upgrading lower-class neighbourhoods (Freeman and Braconi,
2004; Hammel, 2009) and argues that existing residents are often better off by the process.
The counterargument from critical geography is that gentrification is produced on a market
that has been suited to simplify capital speculation (Smith, 1979). The main problem with
gentrification, according to critics, is displacement. Through rising rents and prices, exist-
ing residents can be left with no choice but to relocate to another neighbourhood (Grier
and Grier, 1978). Furthermore, displacement is argued to affect potential future tenants
since regular migration patterns also react to changes in pricing, which Marcuse (1985) calls
“exclusionary displacement”. While it has been argued that gentrification is driving dis-
placement of lower-SES residents (Hedin et al., 2012; Atkinson, 2000; Fransham, 2020;
McKinnish et al., 2010), is has also been argued that out-migration of lower-SES residents
observed in gentrifying areas are parts of unrelated changes in migration patterns (Freeman
and Braconi, 2004).

The reason why neighbourhood change is important when discussing public investments
and health inequality is that it can alter the prerequisites of access. Previous research on
this topic mostly concerns the late twentieth century and onwards, and the results give
a mixed impression. Networked transport infrastructure has been frequently suggested
as potentially induce gentrification (Kahn, 2007; Zheng and Kahn, 2013; Bardaka et al.,
2018), which is arguably linked to displacement. Measuring displacements using evictions,
Delmelle et al. (2020) find no evidence of displacement from public transport investments.
Also, Padeiro et al. (2019) argue in their review of the field that many of the results on
public investments can be biased by local contexts such as the built environment and local
urban policy. Previous research regarding public health investments in particular is scarce,
and especially during industrialisation.

In summary of this theoretical chapter, there are a few expectations that can be noted. Re-
turning to the first aim, concerning health and mortality, two main points are of interest.
First, in research on determinants of mortality decline, public investments have in recent
years become a common explanation. Water and sewerage systems have, in particular, been
shown to have large effects on both adult and infant mortality. Most studies to date have
concerned larger cities in Europe and North America. For a study of the effect of water
and sewerage systems in the Swedish mortality decline, this would at first glance translate
into an expectation of similarly large results. A few things might, however, complicate this
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expectation. Swedish cities were, measured in population size, small compared to cities
used in previous research. Also, the Swedish mortality decline started relatively early in
comparison, and well in advance of the introduction of water and sewerage systems. These
two aspects could mean that lower magnitudes of results might be expected from a study of
Swedish cities. Second, regarding mortality effects from public investments at the micro-
level, the expectations are less clear. The Fundamental Cause Theory predicts that access to
protective factors can be dependent on SES, but in the case of a networked investment, res-
idential segregation makes this mechanism more complicated. As follows from the expect-
ations from the second aim (below), the situation with regards to vertical SES segregation
and neighbourhood change is hard to predict regarding industrialising Stockholm. This
further highlights the need for detailed analysis, as these possible sources of selection are
unknown. No previous research has yet investigated the impact of access to a water system
using precise data, which makes the possible SES bias hard to make expectations of.

Regarding the second aim, which concerns the provision of public investments and access
outcomes, there are a number of expectations to take into account. Access outcomes of
public investments that have a spatial dimension are dependent on the form of organisa-
tion as well as the socio-spatial distribution of recipients in the city where it is built. While
some theorists predict that private provision will be more efficient and thereby reach full
coverage, a number of researchers oppose this and argue that private providers will create
access inequalities, since they lack incentive to provide for lower-SES groups if this is not
profitable. Furthermore, socio-spatial distribution sets the limits as to how unequal access
can be, since residential segregation is needed in order for inequalities to arise. In the case
of the Stockholm water system, a public provider with a clear intention of universal access
(more on this below) was in charge. This would lead one to expect a more equal access out-
come between SES groups. The situation regarding socio-spatial distribution in the city is,
however, not clear. While some researchers have suggested that SES groups were segregated
at aggregated levels (such as districts or wards), nothing is known about SES composition
at the building level, which is especially important in the case of a water network. Taken to-
gether, this makes it hard to make expectations regarding access outcomes for Stockholm’s
water network roll-out.

Shifting the focus to external effects, theory would predict that the addition of a desirable
amenity in a neighbourhood will increase the desirability to live there. This shift in de-
sirability can manifest as higher prices or rents, which can in turn lead to displacement of
lower-SES groups who can no longer afford to stay or move in. The mechanisms behind
displacement can be linked to gentrification, which is a process that some researchers sug-
gest can be triggered by public investments. Measuring gentrification and displacement
is notoriously difficult, since migration intentions are seldom captured. In the case of
the Stockholm water network, one would expect that connected buildings and neighbour-
hoods experience a shift in desirability, which makes it possible that neighbourhood change
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in form of gentrification can occur. On the other hand, little is known about gentrification
in an industrialising city, which makes the expectation unclear.

3 The context: urban growth, water infrastructure and health in
Sweden

3.1 Swedish urbanisation

The period studied in this dissertation (mid-nineteenth to mid-twentieth century) was a
period of groundbreaking societal changes in Sweden. Parallel with the movement of in-
dustrialisation went the processes of urbanisation and the increasing public sector influence
over the lives of citizens. By the mid-twentieth century, Sweden had evolved from an ag-
riculturally based economy to an economy dominated by industry and services, where the
majority of citizens now lived in urban areas. The economic development of Sweden dur-
ing the nineteenth century was the start of a long transition. In 1850, around 70% of the
workforce was employed in agriculture, with around 15% each in industry and services.
From this point on, industry and service would keep paces replacing agriculture, growing
their shares linearly. By 1940, agriculture’s share of the workforce was down to 30%, with
industry and services at around 35% each (Schon, 2000). The starting point for this indus-
trial transformation was not a static agricultural economy, but one that had experienced
large recent shifts. The agrarian revolution, involving land redistribution and increased
commercialisation of farm produce, had changed the dynamics of farming (Magnusson,
2000). With this, the agricultural economy shifted towards higher productivity and larger
farm units.

The early industrialisation process (first half of the nineteenth century) occurred without
large shifts in industrial technology. Apart from increases in home-based production of
goods, large parts of this proto-industry was connected to agriculture and forestry, and
thereby also more rural than urban (Schén, 2000). The Second Industrial revolution start-
ing at the end of the nineteenth century, with the advent of electricity and new modes
of transport, accelerated growth further. Measured as regional growth, it has been shown
that the development in the period from 1890 and onwards was remarkably equal across
the country (Henning et al., 2011). The authors speculate that this equal growth might be
explained by the fact that the Swedish economy was export-oriented, and that the rapid ex-
pansion of infrastructure and electricity allowed also remote regions to take part in foreign
markets.

Population-wise, however, the development was shifting towards the urban and long-distance
migration was on the increase. As mechanisation and factories became a larger part of the
economy, demand for industrial workers surged, and this demand was most often found
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Figure 2: City size, Sweden. Source: SCB (1851)

in the cities (Magnusson, 2000). Together with this demand grew the demand for service
workers, which was also an urban-dominated sector. In all, migrations during the period
1850-1920 was characterised by increasing migration distances and a focus towards places
of industrial expansion, which were more likely to be urban (Lundh, 2006). These changes
brought a period of increasing urbanisation to Sweden. In 1850, around 10% of the pop-
ulation were living in cities. In 1900, this figure had more than doubled (21%), and in
1950, almost half (46%) of the population was urban (SCB, 1969). The development was
not entirely linear, and periods of slower urban growth was observed between 1880 and
1920 (Nilsson, 1989, p.306). While the growth of urbanisation is not unique to Sweden,
two main features stand out in the history of Swedish urbanisation and its system of cities.
First, the size of cities is comparatively small. The distribution of city sizes in Sweden over
time can be seen in Figure 2. The upper and lower edges of the box represent the 25th and
75th percentiles of the size distribution of cities, and the end of the upper and lower lines
(whiskers) represent the maximum and minimum values for a given year. In 1875 (the first
year when city-level data is available), the median city size (the middle bar of the box) was
around 2000 inhabitants, and grew to around sooo inhabitants in 1930. Compared to the
median city size in England and Wales in 1921 (92.000), the size is notably small (ONS,
1921).

Partly, this is due to the definition of what constitutes an urban area. The cities included
in the city panel used in this dissertation are officially denoted cities, which is a definition
decided by the state. Up until 1965, city status was not based on population size or density,
but was an administrative decision. In any case, it is clear that the Swedish city system
during this period was dominated by comparatively small cities. As shown in Figure 3,
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Figure 3: Urban population, Sweden. Source: SCB (1851)

there is a second feature that stands out in the Swedish city system: the dominant position
of its capital Stockholm.

The figure shows the urban population size in Sweden over time, divided into the three
largest cities with the remaining population grouped into one. During the period we see the
rapid growth of urban population in Sweden, and throughout the whole period, Stockholm
keeps between 25 and 30% of this share, and passes half a million inhabitants in 1930. The
combined size of the two biggest cities apart from Stockholm does not exceed 20% during
the period. Measured as a part of the whole Swedish population, Stockholm reached almost
10% in 1935 (SCB, 1969). The rapid growth and relative size of Stockholm during the study
period put pressure on city authorities to intervene against the negative effects of congestion.
This will be discussed further below, in the section ”Stockholm”.

The rapid growth of both population and the economy coincided with the growth of the
public as a societal actor. Inspired by the German forerunners in social policy, the debate
in Sweden on such policies was vivid in the late nineteenth century. The idea that the state
should intervene beyond the night-watch state was politically controversial and was met by
resistance from Swedish conservatives. The most pressing issue in the growing industrial
economy, judging by what was discussed in the press, was worker’s rights, followed by issues
related to health and morality of the population: sobriety, health, housing and poor relief
(Hort, 2014). The political discussions materialised in public spending. Financial statistics
show that infrastructure (of which water, sewerage and sanitation was a large share) was
around 40% of urban public spending during the last quarter of the nineteenth century.
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After the turn of the century, the infrastructure spending rose to around 50% (for the period
1900-1915) (Nilsson, 2013, p.96).

Together with funding, public control was exercised through new legislations. Starting
in 1868, five city statutes were released which regulated the city authorities’ responsibility
to supervise order (1868), fire risk (1874), building safety (1874), health (1874) and city
planning (1907). The health statute of 1874 was of particular importance to the everyday
life of urban citizens. This statute demanded that cities create a health council to meet
weekly, and that this council implements measures to remove insanitary elements from
the cities. The legislation concerned both physical investments (water, sewerage, epidemic
hospitals) and inspections of commercial activity, mainly within food production. Swedish
cities entered a period of intense activity to live up to the law. Total expenses in urban
health-related activities tripled between 1880 and 1910 (Edvinsson, 2015). As seen in Figure
4, the share of Swedish cities building a water and/or a sewerage system increases linearly
during the period, reaching almost complete coverage by 1930. Other related investments
(reported in official statistics up until 1910) also see an increase, especially the building of
epidemic hospitals, reaching around 65% of cities in 1910. Food inspections of meat and
milk are less common but still reach a portion of cities.

Another important piece of legislation for this increased agency of local public actors in
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nineteenth-century Sweden was the municipal reform of 1862. With this legislation, the
old system of parish councils (integrated with the church) as decision-making units was
phased out and replaced with a secular local government system (municipalities). This
political reform had been debated for many years, and its proponents argued that it would
help foster the people in democratic thinking. A strong motivation behind the debated
reforms becoming law was likely the European wave of political uprisings in 1848, which
also spread to Stockholm and resulted in riots in the city (Lindberg, 1980, p.27).

The new law created three administrative types of municipalities: cities, market towns and
rural municipalities. In cities, parish councils were replaced with city councils. City council
representatives were to be elected from male adults (minimum 25 years of age) who were also
eligible to vote. In theory, the council members should represent all groups of citizens. In
practice, however, the council came to consist mainly of nobility, burghers and a large share
of businessmen, since the voting system was graded on income. Although not representative
for the whole population, the city council can still be argued to be more democratic due to
their larger size (100 persons) and diversity, compared to the small parish councils, which
were elected internally by a small number of elder burghers (Lindberg, 1980, p.67).

The most important change that the new legislation brought was municipal financial in-
dependence. A number of changes made cities more free to choose their own course: first,
cities no longer had to apply for funds from the state. The previous order involved ap-
plications which (in the case of Stockholm) required royal approval (Lindberg, 1980, p.49).
Second, the new law made it possible for municipalities to directly tax their residents. To-
gether with fees that were collected for use of public investments, municipal taxes made up
approximately 60% of municipal income in late nineteenth century Sweden (Nilsson, 2013,
p-142). The new legislation did, in effect, separate the state and the cities when it came to
urban decision-making and finance, and was likely a necessary prerequisite for the large
wave of public investment that followed.

3.2 Stockholm

Stockholm was, during the study period, the only Swedish city by international comparison
of population size. It was by far the largest in the nation population-wise, and its share grew
over time, as shown in Figure 3.

Economic development has coincided with periods of population growth in Stockholm.
Further back in history,the city had a prominent economic position during the seventeenth
and early eighteenth century, but entered a period of slow growth from the mid-eighteenth
century (Wolke, 2015). In line with the European economy with which it was connected,
Stockholm felt the effects of inflation, declines in real wages and surging prices of agricul-
tural products (Soderberg et al., 2003). During the second half of the nineteenth century,
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Stockholm was growing economically again, and much of this was growth in the industrial
sector, and subsequently also within services. The corresponding population movements
are clear: between 1770 and 1820 the population increased only by 8%, which can be com-
pared to the growth between 1870 and 1920 (214%). Much of the population increase in
Stockholm came from rural-urban migration. In general, internal migration in Sweden
was high during the nineteenth century, but it was increasing both in volume and distance
towards the end of the century (Brindstrom et al., 2000b).

New citizens in Stockholm found a city that was crowded and unhealthy. Periods of rapid
in-migration were coupled with a building market that was going through swings of boom
and bust during the last half of the nineteenth century. There was also a poor matching of
supply and demand. As builders were focusing on building rental property for a richer clien-
tele, the bulk of the demand was for affordable housing (Perlinge, 2012). Especially during
the economic upturns of the 1870s, which saw large increases in in-migration for work,
grave housing shortages for the working classes were common (Lindberg, 1980). In 1900,
it was reported that 49% of one-room apartments in the city were overcrowded (defined as
having more than three inhabitants). Also, the market was dominated by rental housing
rather than owner-occupancy: statistics show that only 3,5% of the population were living
in an owner-occupied apartment in 1905 (SSS, 1907). The market was unregulated, and it
was not until the 1930:s that state authorities started issuing laws regulating the building
market (Hedman, 2008). The end result was a volatile market for both building owners
and residents for much of the study period.

The health situation for many of Stockholm’s citizens at the mid-nineteenth century was
alarming. A contemporary report noted that during the decades around 1850, there was only
one European city with a worse crude mortality rate than Stockholm (Florence), and this
was only for a brief period (Wretlind, 1866). The report also notes differences in mortality
between city districts, something which was still present in the city in an updated report
a decade later (SSS, 1897). Measured as child mortality, the differences between working
class and white-collar workers were 3:1 in the 1880:s (Burstrém et al., 1999).

The city’s socio-spatial composition went through large changes during the period. A num-
ber of factors, such as the building of category housing and increases in urban investments,
gradually changed Stockholm into a more socially segregated city on several geographical
levels (Gejvall, 1987). The development can be seen in Figures 5 and 6, which depict the
block-level social status at the start and end of the study period, 1878 and 1920. The maps
cover the northern part of Stockholm, each point represents a block and the size of the
point represents the block population.

As seen in these figures, there are (in 1878) some clusters of working-class dominated blocks
in the west (at Kungsholmen) and in the north, while the inner city is less densely populated
and has higher shares of white-collar households. In 1920, the picture is markedly different:
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Figure 5: Block-level white-collar share, 1878

to the east, the district of Ostermalm has expanded and become a white-collar dominated
area, while the peripheries in the west and north have been populated with large blocks with
a lower white-collar share. The inner city is now almost empty of residential blocks. These
figures mirror the development from vertical (on different floors of the same building) to
horizontal (in different parts of town) segregation between classes that was a feature of a
number of industrialising cities at the time (Kazepov, 2005).

The number of issues to deal with in the growing city was high on the political agenda
and this was apparent in descriptions of debates in the city council. During most of the
study period, political representation in the city was very unequal, since voting rights were
conditioned on income (Wolke, 2015). In the case of the water system, wealthier citizens
appointed in the council would oppose publicly funded projects (Lindberg, 1980). Despite
the debates and inequality or representation, many projects were funded and started during
the nineteenth century. The municipal reform of 1862 gave the city complete autonomy
over its internal policy. Several areas of public investment were addressed during the last
decades of the nineteenth century: sanitation (water and sewerage networks), building of
hospitals, street-lights and poor relief (Raberg, 1976). The building of network infrastruc-
ture such as water networks, but also gas and electricity, was 12% of city expenses in 1870,
10% in 1880, and had risen to 25% in 1890 (Lindberg, 1980, p.513).

As will be discussed further below, the two studies on Stockholm are specifically concen-
trated to the district of Sodermalm. While the reason behind this choice was primarily data
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Figure 6: Block-level white-collar share, 1920

availability, it turns out that Sédermalm is a suitable district for studies of consequences
and mechanisms of public investments. During the study period, Sodermalm held roughly
one third of Stockholm’s population, which makes it a sizeable part of a growing city. In
comparison to other districts of the city, Sodermalm has been referred to as a poor part
of town (Bernhardt, 1995; Molitoris, 2015). Within Sédermalm, the distribution of social
classes during the study period has been described as a centre with smaller, more influential
areas surrounded by poorer areas (Wolke, 2015). However, as the more detailed studies of
this dissertation will show, social classes at the time did not segregate between neighbour-
hoods as much as between floors in the same building. This vertical segregation pattern has
potential consequences for how spatial processes, such as the spread of a public investment,
operate.

Regarding the public investment studied in this dissertation (the water network roll-out),
Sédermalm turns out to be a suitable place of study. Compared to the higher-SES areas
to the north in the city, Sodermalm was not as far gone in its roll-out of the network
when the demographic data used in this dissertation (Roteman archives) become available
in 1878. This means that there was still a considerable amount of variation and roll-out
left to study as demographic data was made available. Furthermore, the mortality situation
in parts of Sodermalm was often highlighted as especially troublesome by contemporary
authors (Grihs, 1875; Wretlind, 1866). Studying the high-mortality areas of the city can
be an advantage, since any investment that has a theoretically negative effect on mortality
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should be at its most pronounced in these areas.

4 Data and Methods

The use of new digitisations and combinations of data sources is one of the main strengths
of this dissertation. The data used comes from three main sources, and focuses on the late
nineteenth/early twentieth century.

4.1 Panel of Swedish cities

The data used for the first study comes from a number of combined sources of official stat-
istics on the city level. The Swedish official statistics authority was established in 1748 as the
first in the world. City-level data is known to exist even from the eighteenth century, but
not in printed form (Nilsson, 1989). For the period of interest, demographic data comes
from the main statistical reports (SCB, 1851, 1861, 1911a,b). The mortality data of interest,
which is cause-specific and on the city level, exists from 1875. A database on water and
sewerage investments, along with other public investments in cities, has been combined
from 1875 and onwards from the sources SKF (1904) and Lindman (1911). An example of
detailed data on water provision can be seen in Figure 7. For each city and year, specific in-
formation on sanitation infrastructure and water source is present and updated on changes.
All demographic and public investment data has been digitised to machine-readable format
as part of a larger project where the first paper in this dissertation is included.

The combination of datasets from different sources depended on city names. These were,
for the most part, trivial string matches apart from those containing older spellings - which
were matched using approximate string matching. A further matching issue was the cause-
specific mortality data, which was available in string format, often times in older Swedish
spellings. These causes of death needed to be coded into categories of water-borne and
airborne disease for use calculating mortality rates. Apart from differences in spelling, dis-
eases have sometimes also changed names over time. With a starting point in the classi-
fication work by Molitoris (2017), which was kindly shared, and the linking information
from DDSS (2020), causes of death were inserted in a database scheme and matched using
approximate string matching.

The yearly health board reports from Lindman (1911) offer a control to the tabular data,
with a detailed report on health and sanitation in each city. The two sources correspond
very well, which corroborates the reliability of the investment timing used in analysis. The
total number of cities present in the final dataset is 114. Since a number of cities invested
in sanitation before the start of mortality data publication (1875), 84 cities are included in
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Figure 7: City-level water and sewerage data. Source: SKF (1904)

the final panel.

4.2 'The Roteman archives

The studies focusing on Stockholm make use of two large-scale micro-level datasets which
are, considering the historical period they cover, unique in their precision and size. The
first one is the Roteman archives, which is a database distributed as part of the SwedPop
project. The SwedPop project aims to harmonise and distribute Swedish historical data at
the micro-level (swedpop.se). The Roteman archives are the longitudinal population re-
cords that were kept for the city of Stockholm between 1878 and 1926. The archives were
established to help manage expanding services in a fast-growing city. In 1877, the city coun-
cil created a population and tax board (Mantalsnimnden) which were to appoint registrars
to keep track of the city’s newly created 16 wards (Geschwind and Fogelvik, 2000). The
rapidly increasing population in the city during the second half of the nineteenth century
was too much for the original bookkeeper (the church) to keep up with, especially since
intra-urban migration also was on the rise. The ward registrar (Swedish: roteman) kept
track of demographic events in his ward, such as births, deaths and migrations, but also
collected information on occupations (updated with the yearly census), civil status, small-
pox vaccination, and information concerning poverty. As the city grew, the ward structure
changed and expanded, from 16 wards in 1878 to 36 in 1926 when the system was disban-
ded. The Roteman archives have been digitised by the Stockholm City Archives. Over the
course of more than 20 years, 6.3 million records have been made machine-readable, and
the archives contain roughly 1.8 million individuals.
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Figure 8: A ledger from the Roteman archives

The Roteman archives organised individuals according to their property of residence. For
each property, a ledger was kept by the registrar, and as people appeared and disappeared
in the property, they were added or crossed out in the ledger. Most often, the property that
a ledger covers consisted of one or a small group of connected buildings. An example of
such a ledger can be seen in Figure 8.

The fact that the data structure centres around the property makes the Roteman archives
especially suitable for exploiting the spatial dimension. Prior to this dissertation project,
geocoded information existed at the block level (which is an aggregate of buildings, and
thereby, of ledgers) and had not been exploited for spatial analysis. As a part of this disser-
tation, several geographical additions have been made. First, all buildings in the Sodermalm
district of Stockholm have been geocoded. The result of this can be seen in Figure 9 and in
detail in Figure 10. In these figures, every green circle marks the coordinate of a building,
which is linked to the Roteman archive ledgers.

Linking ledgers to the spatial dimension means that they also have to be linked in time.
Since the archives span across almost 5o years, there are a large numbers of changes taking
place both administratively by the ward registrars, and also changes in buildings and ad-
dresses. For the analysis of this dissertation, a number of data issues needed to be solved.
First, the relation between building and ledger can change over time. The obvious problem
with volatile ledger data is that there is no persistent unit over time that connects inhabit-
ants to the same building, even if the building name or number has changed. Without such
a unit, the analysis of a building over time would be impossible. Furthermore, since the
linking of data sometimes uses the address level, which is also subject to change, linkages
need to be made on the correct version of streetname and housenumber, and the linkage
must cascade forward in time. The data structure of the Roteman archives makes the link-
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Figure 9: Geocoded buildings, Sédermalm

age of ledgers difficult: if two ledgers are merged into one, this is noted only at one point
in time in the database, and there is no identifiers in place to know how future ledgers
connect backwards. The solution to these inherent problems is to identify the smallest set
of blocknumbers and addresses that exist within a ledger. This was accomplished using
network analysis using a Python package by Hagberg et al. (2008), with which all ledgers
ever related to each other were modelled in a graph structure. From this graph, composite
and time-constant ledger ID:s were extracted. Creating these time-constant units without
a graph structure would have required walking through the chronology of each of the over
50.000 Roteman ledgers individually, which would not have been feasible in the time frame
of this dissertation.

The second important data source used for the Stockholm part of this dissertation is a
database on water connections. Since water tax was collected and service lines installed,
data existed on the exact roll-out of the water network from the beginning of the Rote-
man archives in 1878. Unfortunately, a portion of the water network expansion has already
happened when the Roteman archives start, since the network building start was in 1861.
How big this portion was, measured in persons with access, was impossible to know be-
forehand, since the data had not yet been fully digitised or linked.

One part of the database was already digitised when this dissertation started, by Petersson
(2005). This database contains new water connections on the block and building level for
Sodermalm between 1875-1915, but it had not yet been linked to demographic data. To this
database, a baseline of connections was needed (since only new additions were present), and
this was located at the Stockholm City Archives and digitised as a part of this dissertation.
The data consists of a water tax registry at the building level, and an example can be seen
in Figure 11. The data shows an address and the number of rooms paid for.
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Figure 10: Geocoded buildings, Sédermalm

The digitised water data was linked to the Roteman archives using all available information.
Water connections and taxes that did not match directly on blockname and blocknumber
were processed with string matching algorithms to find possible matches. Further remain-
ing unmatched units were tried using matching on address, which exists in the Roteman
archives as a part of each ledger. On the Roteman side of the linkage, 71% of all blocknum-
bers ever inhabitated appear sometime in the digitised water data. Measured in population,
around 85% (average for all years) of Sédermalm’s population live in buildings where water
data exists. The remaining buildings (not present in water data) are likely not present since
they received water after the study period ended. On the water data side of the join, a por-
tion of connection data remained unmatched. The unmatched water connection data are
rows where data is insufficient, which most often means that it only consists of a block name
or a streetname, or even less. By ocular inspection, these non-matches appear to be water
connections and taxes belonging to companies (since companies were taxed differently than

residential buildings).

Using the Roteman archives for analysis of socio-economic differences is possible with the
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Figure 11: Example of water tax data

use of occupation titles. These titles have been linked to the Historical International Stand-
ard of Classification of Occupations (HISCO) system (Van Leeuwen et al., 2002) using
direct and approximate string matching. With a linked HISCO to a title, the HISCLASS
classification of historical SES can be used (Van Leeuwen and Maas, 2011). The HISCLASS
scheme divides occupations based on their character in order to derive the societal position
of an individual. Occupations are categorised according to level of skill, if they are manual
or non-manual, economic sector, and whether or not is it a supervisory position. HIS-
CLASS consists of 12 categories of workers, which have been organised into three larger
groups: white-collar/non-manual workers (HISCLASS 1-5), skilled manual workers (HIS-
CLASS 6-8), and low-skilled/unskilled manual workers (HISCLASS 9-12). The HISCLASS
scheme fits well together with the Roteman database, since it was developed specifically for
occupations from the nineteenth and early twentieth century.

For the purposes of the second and fourth study in this dissertation, HISCLASS has been
used to reflect socio-spatial composition on different levels of aggregation. To do this, focus
has been put on the household head (which is always denoted in the Roteman archives) and
the building. The socio-spatial composition of a building is operationalised by computing
the share of household heads, by HISCLASS group, residing in a building at a certain point

in time.

Although the information in the Roteman archives is well suited to study issues related to
population dynamics, it is not without problems. One issue is that within-ward migrations
might be underreported. Every individual was obliged to report to the ward registrar when
migrating outside of the ward, but this was not mandatory for within-ward migrations
(Geschwind and Fogelvik, 2000). Despite this, a large number of within-ward migrations
are reported in the archives, but the extent to which they are underreported is unknown.
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4.3 Methods

Negative binomial count regression

The first study, based on a city-level panel with detailed mortality data, estimates the ef-
fect of water infrastructure on mortality using a negative binomial count estimator. The
reason why this was chosen over a regular OLS estimator was the fact that a large num-
ber of city-years had zero deaths. Furthermore, the distribution of the outcome variable is
overdispersed, which means that the conditional variance of the outcome variable is larger
than its mean. In the presence of zero-inflation and overdispersion, a Maximum Likeli-
hood estimator with a with a negative binomial distribution is best suited (Allison, 2009).
The coefficients from such an estimator can be presented as Incident Rate Ratios, which
denotes the relative risk of an event occurring, where 1 equals no effect.

Cox regression

The second study investigates time-to-connection of buildings, aiming to investigate if there
was a social gradient that manifested as a delay for certain types of buildings. To this extent,
a Cox proportional hazards model was used. While Cox regression is often used in studies of
mortality, it is suitable for any types of estimation where time to a certain event is of interest.
In contrast to other common estimators, such as OLS, a Cox proportional hazards estimator
can handle a panel dataset where changes occur in different variables at different points of
time, and keep track of how much time is spent in different states for each individual. In
this manner, a Cox model is especially well suited for studies of detailed individual panels
if the research question involves an interest in time to an event. The third study also makes
use of a Cox proportional hazards estimator in order to estimate mortality at the individual
level. This type of estimator is suitable in mortality studies, where time at risk of death
needs to be properly taken into account. Individuals are considered at risk when migrating
to the study area, and are from time of entry contributing with data regarding all included
covariates. Likewise, individuals are considered censored upon leaving the study area. In a
general form, the Cox regression equation can be expressed as:

log(la(t)) = /Jo(t) exp (b;xl +boxoy+ ...+ @X,‘)

Where hy(#) denotes the baseline hazard (which remains when all explanatory variables
are set to zero), and the exponentiated combination of the explanatory variables (Allison,
2014). The hazard / at time #is the product of these two functions. The results are expressed
as hazard ratios where 1 is interpreted as no increase or decrease in the hazard compared to
the reference category. Since the data used in the analysis is yearly, it can be viewed as a
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discrete-time dataset. In cases with frequent intervals, the ties created can create interval
bias. An alternative is therefore to apply a GLM log-log model as suggested by Brostrém
(2018), which is the method applied as a sensitivity analysis in the second study. Cox
regressions need to be checked for proportional hazards. If conditional hazard rates cross
each other along a variable, this means that the estimated effect varies within the model.
The proportionality can be visualised and tested using Schoenfeldt residuals. While non-
proportionality does not bias the average coefficient, it means that one cannot investigate
how a coefficient changes along some explanatory variable of interest.

s Results

5.1 Summary of the papers included in this thesis
Paper 1

From the eighteenth century and onwards, human mortality started declining across Europe
and North America. In time, life expectancy was raised to unprecedented levels. This mor-
tality decline has been argued to be a cornerstone in the creation of modern economic
growth (Galor, 2012). In spite of its importance, there are still many questions left to
answer regarding the factors driving the mortality decline. Being a phenomenon that is
potentially influenced by many different societal changes, the debate on determinants has
been long and diverse, and is still ongoing. Following McKeown et al. (1972) and their ar-
gument of nutrition as the main driving factor, others have proposed advances in medicine
(Lee, 2003), declining virulence of major diseases (Fridlizius, 1985) and public investments
in sanitation and hygiene (Alsan and Goldin, 2015; Cutler and Miller, 2005a). Although it
is obvious that not one factor is behind the whole of the mortality decline, research has not
yet presented a consistent view on the magnitude of each factor’s contribution. Knowing
more about what drove the mortality decline is of historical value, since it is a process of
importance to the evolution of modern society. Apart from this relevance, the similarity
between nineteenth/twentieth century European cities and slum areas in the Global South
today has been used as an argument to study the efficiency of past interventions (Fewtrell
et al., 2005; Ferrie and Troesken, 2008).

This first paper of the dissertation aims to add to the knowledge on determinants of mor-
tality decline by studying an important public investment in Swedish cities: the building of
water and sewerage networks. Regarded by a number of authors to be an important determ-
inant (Kesztenbaum and Rosenthal, 2017; Chapman, 2019), most of the empirical evidence
to date are studies of one large city in North America or Europe (Cutler and Miller, 2005a;
Alsan and Goldin, 2015; Beemer et al., 2005; Kesztenbaum and Rosenthal, 2017; Van Pop-
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pel and Van der Heijden, 1997; Burstrém et al., 1999), although a few exceptions consider
a number of cities/areas (Troesken, 2002; Peltola and Saaritsa, 2019; Ogasawara and Mat-
sushita, 2018; Cain and Rotella, 2001; Hinde and Harris, 2019). Sweden has mainly been
researched in detailed studies of individual cities (Nilsson, 1994; Castensson et al., 1988;
Burstrom et al., 2005, 1999; Knutsson, 2020), but a comprehensive story has yet to be
presented.

This study contributes with a nation-wide perspective, exploiting a newly digitised data-
base on Swedish cities between 1875 and 1930. By covering an almost full range of cities
within the same national context, the magnitude of a public investment can be tested in a
setting that has yet to be studied. The city-level panel, including high-precision measures
of water and sewerage investments, as well as other health-related interventions, is analysed
using a fixed-effects setup with a negative binomial count estimator. The timing of water
and sewerage investments is argued, following Cutler and Miller (2005a), to be "plausibly”
exogenous because of the differences between cities in political processes preceding these
expensive public investments. To the extent that this assumption holds, the results can be
interpreted in causal terms.

The results show an overall mortality reduction of 9% in waterborne disease mortality, and
corresponding reductions of all-cause mortality (5%) and infant mortality (5%), from the
introduction of water and/or sewerage systems. The reliability of these results is reinforced
by the absence of an effect for airborne disease mortality. A sub-analysis of implementa-
tion sequencing shows that there are, as has been suggested by Alsan and Goldin (2015),
complementary effects from having both water and sewerage installed. The magnitude of
the results can be considered from several angles. As shown in a supplementary analysis of
larger cities (Table 7), the results are of higher magnitude in cities above the median popu-
lation in 1875 (-22%). The 9% reduction should thereby be interpreted as a proper national
average which contains heterogeneities in size. Putting the results in perspective of the gen-
eral decline in water-borne disease mortality during the period (Figure 3), the 9% average
decline is measured against a 92% total decline (from 2.81 in 1875 to 0.23 in 1930). This
gives that water and sewerage investments were responsible for roughly 10% of the decline,
which is arguably a low figure. Focusing on the result from bigger cities, the contribution
is closer to 24% of the decline (0.22/0.93, calculated from the average decline in the sample
of bigger cities). Taken together, these results show that water and sewerage investments
were a solid contribution to the Swedish mortality decline, but more so in bigger cities.

The results add important information regarding the magnitude of effects from these public
investments. Compared to results from larger U.S. cities, the magnitude observed here is
smaller. This is most likely explained by the fact that Swedish cities were at the time small in
comparison. Also, the Swedish mortality decline had started well in advance of the building
of water and sewerage systems, which would explain why the results are not as dramatic
as observed elsewhere. The empirical results therefore tie well into what Nilsson (2013)
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hypothesised: the water and sewerage investments in Sweden did not start the decline in
water-borne disease mortality, but strengthened it and ensured that the rates stayed on very
low levels.

This study of the Swedish experience shows that water and sewerage are important drivers of
mortality decline, also in settings with less congested cities. Viewed in a larger perspective,
they also show that water and sewerage are parts of a larger range of factors when it comes
to explaining what drove the mortality decline in Sweden.

Paper 2

From the historical macro-level results of the first paper, the remaining papers move into
the micro-level. Having shown the overall mortality benefits from water services in Swedish
cities in paper 1, these studies zoom in on the largest city in Sweden: Stockholm. From the
focus on health and mortality, paper 2 shifts to a more nuanced view on the mechanisms
behind water provision by focusing on population access to water. An urban water network
is an enormous and slow building project. The majority of studies on effects of water either
consider finished projects, or cannot discriminate between who has access and who has not
in cities where the network does not reach everyone. For example, the study by Cutler
and Miller (2005a) considers the timing when the majority of the population had access
to water. This is problematic, since in the case where ongoing projects are studied, there
is no way of formally connecting the water access to changes in health measures observed.
One can observe falling rates of waterborne disease mortality overall, or specifically within
social groups, but without precise water access data, the link cannot be drawn to changes
in water access. Furthermore, previous research has not yet been able to evaluate in detail
how different types of urban governance choices managed to solve the problem of delivering
water. A multitude of systems have been observed in previous studies, all on a scale between
public and private. For example, Hassan (1984) describes the unequal water access outcomes
from a private actor in Manchester, UK. However, no previous studies have been able to
show population access outcomes using detailed data on population and water access.

It is therefore important to know more about how urban water systems spread and how
the population groups in a city are given access to them. Much as with the previous study,
the relevance of this is both historical and modern. Historically, very little is known about
access to water during industrialisation, and empirical results are needed to understand the
role of water systems in health inequalities. A deeper understanding of urban demographic
history can also be informative in modern times. The spatial composition of social groups
and the conditions for public and private actors are potentially very different then and now,
but this is an area where we lack insights. The differences are important in order to know
how much historical results are valid today.
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This study aims to show how access to the water network was distributed between social
groups during the network building period in Stockholm, specifically in the area of S6-
dermalm. In addition, it aims to investigate if there were certain types of buildings that
were connected to the network earlier, based on their SES profile. In doing this, the study
will provide a description of how a water system spreads, and who gets access to it first.
The data used is a micro-level population registry (the Roteman archives) which has been
connected to a newly digitised building-level dataset on timing of water access. This level
of precision is unique for a study of a nineteenth-century city. Also, a spatial dimension is
added to the Roteman archives as a part of this study, which allows for analysis of network
spread as well as access. The method used is an event history model, analysing building-
level determinants of access while taking the growth of the network into account. In com-
bination with the descriptive results, a multifaceted story can be told about growth and
population access outcomes.

The results show that at study start, the network reached around 50% of Sodermalm’s pop-
ulation. A basic model suggests a slight SES gradient in that buildings with a higher white-
collar share were more likely to be connected to the network. The main results, model-
ling buildings that were not yet connected in 1878, show two interesting findings. First,
the time-to-connection models shows no SES gradient in connection to the network. The
model predicts that a building with a higher population is more likely to be connected early,
regardless of SES status. Second, the cross-sectional access outcomes show a difference in
access between low/unskilled (50%) and white-collar (75%) households in S6dermalm dur-
ing the first year of study. Within ten years, as the network grows, the difference is less
than half of this, and the gap all but closes at the end of the study period. The external
validity of the results is potentially compromised by its temporal and spatial restriction of
only observing S6dermalm which was halfway in its building process at study start.

In summary, the results show a situation where the water network has grown seemingly
without SES bias and access has spread based on building population size rather than SES
profile. An interpretation of the results is that the city of Stockholm succeeded in its in-
tended roll-out of the system. The explicit intention was to make water accessible for all
SES groups, and this was manifested through low pricing and public ownership of the
system. Although factors working in the opposite direction also existed (such as the un-
equal political representation system), these seem to have been overcome. An important
part of the mechanism is the residential integration of social classes all the way down to
the building level. Without this, an access spread as the one observed in this study would
be theoretically impossible. This raises questions concerning the comparison with today’s
cities in the Global South, where the socio-spatial distribution is likely very different from
industrialising cities in Europe and North America.
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Paper 3

Having established the access outcomes of the public water investments in Stockholm, the
third paper takes the mortality study of the first paper to the micro-level. Health and mor-
tality responses from societal changes can be measured at different levels of aggregation,
and across different time-scales. Whereas studies on a macro-level can provide knowledge
on broader developments in a nation or city, they do not inform us of the detailed mech-
anisms. Mortality determinants at the micro-level are closely linked to variables operating
specifically on this level, and this is especially true for infant and child mortality. As has
been shown in paper 2, the relation between access to protective factors and SES is likely to
confound any estimations of mortality at an aggregate level, which is potentially relevant for
water investments as well as other protective factors. If we want to know more about how
the determination of mortality actually works when variables operate at different levels, we
need to model at the highest precision. Much of the previous research in this field has
been done on the city-level. The results have generally shown large magnitudes, finding
mortality reductions of around 40% in infant mortality (Cutler and Miller, 2005a, 2019),
and 30-50% in all-cause mortality (Ferrie and Troesken, 2008) associated with investments
in water systems and water purification. In these studies, as was done in paper 1, assump-
tions need to be made regarding the distribution of access among SES groups. While these
city-level results are still valuable as total effects, they do not tell us which variables operate
at the individual level, and whether these are the same as at the macro-level.

This study exploits the Roteman archives together with the water registry, which makes it
possible to create an individual-level panel of all residents in Sodermalm, Stockholm, with
the water access status at its most precise level (the building). With this panel, it is possible
to properly account for time-at-risk, since migrations between buildings and city districts
are reported. As the Roteman archives also contain household identifiers, important vari-
ables such as household-level SES and persons present in the household (as a proxy for
residential crowding) at a given time can be taken into account. The study population con-
sists of all children between ages o to 10 ever living in the study area Sodermalm between
1878 and 1915. Mortality hazards are estimated as a function of water access and a range of
household- and building-level controls, using a Cox proportional hazards estimator. The
models have been run for the age groupings o-1, 1-5 and s5-10.

The results show that while access to water was associated with a 5% mortality hazard re-
duction, the coeflicient for water access is not robust to the inclusion of household SES
for the two older age categories. Furthermore, the effect size shrinks considerably when
controlling for household-level SES: for infants, the effect becomes around 40% lower.
The magnitude of other common mortality determinants, such as illegitimacy status and
gender, is markedly larger than the water access coefficient, as is the SES coefficient. Mod-
els investigating heterogeneous effects find that the results for infants is largely driven by
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boys, and that the effect of water access does not differ by SES status.

The magnitude of results differs from what has been found in previous research efforts.
Although a direct comparison is difficult due to differences in estimation and levels of
aggregation, the 5% hazard reductions are very different from the 40% reductions presented
above. A possible explanation for the differences in results is that household SES accounts
for a larger share of the mortality decline than previously found - since this SES effect
can mask as water effects in aggregate data. Possibly contributing to the lower magnitude
of results is also the period studied, which is the second half of the implementation of
the Stockholm water system. In summary, this study shows that the mortality effect of
water access in Sddermalm was lower than expected, and primarily observable for infant
boys. As far as the results can be compared to the most influential previous studies, these
results suggest that household SES may be behind a larger share of what has previously been
identified as water access effects on mortality.

Paper 4

Paper 4 takes up where paper 2 left off, shifting the focus to what happens after a building
has been connected to the network. This study moves further into the dynamics of urban
networks and how they interact with a city’s population, and does this by focusing on the
concept of neighbourhood change. Neighbourhood change is a process wherein cities and
neighbourhoods react and respond to actions by private and public actors, and is often
measured by changes in property values or social profiles of areas. A commonly studied
form of neighbourhood change is gentrification, wherein lower-SES residents are replaced
with higher-SES residents. A changing neighbourhood can mean that the prerequisites
for living there are altered, which can in turn exclude both current and potential future
residents of certain social groups.

Previous research on neighbourhood change has mainly focused on the role of private cap-
ital and private actors as the most important agents of change (Zuk et al., 2018). Theories
on gentrification include both consumption-side (such as changing housing preferences
for higher-SES groups) and production-side (such as the rent gap theory by Smith (1979))
angles to explain why some neighbourhoods undergo changes of social status. In recent
years, a literature on the effects of network-oriented public investments within transport
has emerged (Kahn, 2007; Zheng and Kahn, 2013; Kilpatrick et al., 2007; Bardaka et al.,
2018), but the evidence regarding public health infrastructure is still scarce.

Furthermore, there is little empirical evidence from cities during industrialisation. Al-
though this is likely due to lack of precise data, there is ample reason to study European
and North American cities of the nineteenth and twentieth century. This period saw the
beginnings of modern urban governance from public actors, often in combination with
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economic growth and periods of high in-migration. Taken together, this period in urban
history gives interesting opportunities to study the dynamics of public and private actors
and the interplay with neighbourhood choice and constraint. Stockholm, the city of study,
relied heavily on public actors in the implementation of public network infrastructure, but
the outcomes for neighbourhood change in such a setting has not yet been studied.

This study makes use of the aforementioned individual-level population database of Stock-
holm between 1878 and 1926 (the Roteman archives) in combination with high-precision
data on the roll-out of a public investment (the water network). This data is used to analyse
the potential effects on neighbourhood change from the growth of the network throughout
the study area (S6dermalm). Since running water in a building was at the time something of
a novelty, theory suggests that this would affect the desirability of the connected buildings.
This could in turn affect rents, which would mean changing prerequisites for lower-SES
residents. The expansion of the public network could create a situation which Renne et al.
(2016) call an "affordability paradox” from public investments: the ones in most need of
the investment (lower-SES residents) are driven out of access because of external effects
from the same investment. The study uses a yearly panel of buildings which is modelled
using a fixed-effects OLS estimator.

The model results show that a building connected to the water network experiences an
upwards change in trend of its SES profile. A connected building is predicted to increase
its white-collar share with 5-6% over a 30-year period, compared to a building that is not
connected (all else equal). The increase should be viewed against a baseline of 12% white-
collar share. No level effect is found in the models. The sensitivity of the results is tested
by restricting the years analysed to +/- 5 and 10 years around the installation year, to which
the results are robust.

The results from this study thereby show that a public health investment can have a slow
but stable effect on the socio-spatial composition of a neighbourhood. The magnitude
of the effect is not dramatic, but seen against the relatively low starting point, it is still
substantial. The absence of a direct level effect shows that the city succeeded in preventing
that the yearly water tax affected rents directly after installation in a building. The intention
of the city, which explicitly was to make water accessible for all social groups, was arguably
realised. However, the city could not prevent long-term changes in desirability of connected

buildings.

6 Concluding discussion

The industrialisation process in Sweden coincided with groundbreaking changes in con-
ditions for living in cities. The period between the mid-nineteenth and mid-twentieth

43



centuries saw a massive increase in public investments in cities, within health and educa-
tion as well as networked infrastructure, such as water, sewerage, electricity, transportation
and communication. Simultaneously, patterns of socio-spatial segregation changed to-
wards higher levels of SES-based segregation between buildings and neighbourhoods. At
the end of the period, the urban mortality penalty had disappeared and, as has been shown
for Stockholm, horizontal segregation of social classes was on the rise. Covering this dy-
namic period in Swedish urban history, this dissertation contributes to our understanding
of how public investments shaped health outcomes, while also giving insights into how
they interplay with the urban population and building market.

As a starting point, it is worthwhile to return to the questions asked in the first chapter.
It is clear that there is much we do not know about determinants of mortality decline,
and also the mechanisms and consequences of public investments in cities. In the first
chapter, it was speculated that the time period, context and, most importantly, level of
aggregation of our data will be of great consequence for the answers we get. As it turns
out, studying Swedish cities during industrialisation, and Stockholm at the micro-level in
particular, rendered answers that were markedly different from much of what has come
before. Partly, this is likely due to the fact that Sweden had a different urban context
compared to previous research, but the results from the micro-level add new information
and raise further questions.

This dissertation has had two main aims, which we can now briefly return to before continu-
ing the discussion. The first aim, covering studies number one and three, was to show how
health and mortality were affected by public investments in Swedish cities during industri-
alisation. This aim was addressed by studying the mortality effects of water and sewerage
investments on the city level, and also by studying effects of water access on young-age
mortality at the micro-level. The second aim of the dissertation was to study how public
investments integrate in society, with a focus on how they spread in a city and how their
external effects can affect neighbourhoods. Specifically, studies number two and four ad-
dress this aim by showing determinants of access to the water network in Stockholm, and
by showing how the SES status of a building can change after connection to this network.

The main contribution of this dissertation is showing mortality outcomes at different levels
(from the city to the individual) of the same public investment during a very dynamic
period in Swedish history. Additionally, this dissertation has described two angles of an
urban public investment that have rarely been studied in detail before: what determines
how access is distributed among SES groups, and what are the external effects that the
investment might have on the building market - which in turn can affect access?

The two studies within the first aim, concerning health and mortality, show - perhaps sur-
prisingly - results that are of comparatively low magnitudes. Returning to the question
asked in the first study, concerning the impact of water and sewerage on the Swedish mor-
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tality decline, the results show that the systems have had a solid but comparatively modest
effect in bringing down mortality in Sweden. Additional analysis shows that the two types
of systems complement each other, which is confirmed by analysing the sequence with
which they are implemented. These results add to the literature by afirming that city size
matters in discussions of mortality and its determinants. The size of cities is important
in two ways: it is likely that the lower congestion of people plays a role in creating a less
intensive disease environment. Additionally, it is possible that the precision of timing of
investments is more easily measured in a smaller city, since it should correspond to a point
in time when at least a majority of the population has access. Compared to studies on
larger cities, this means that the results from this dissertation can be argued to have less
measurement errors. Furthermore, the results on complementarity of systems tie into the
literature concerning diffusion of water-borne disease, and emphasise that both primary
and secondary barriers play a large role in reducing the spread. This is a clear contribution
to the literature, since few other studies have showed the two systems in a large number of
cities while taking the complexity of their timing into account.

The third study, making use of micro-level data, also deviates from what has been pre-
viously found. Although some mortality effects of water access are observed in limited
model specifications, especially for infant boys, the full model specifications show that SES
at household, building and neighbourhood levels remove both the size and statistical sig-
nificance of the water access variable. There could be a number of explanations behind
this result, and as mentioned in the study, residual SES effects and selective migration are
deemed the most likely. The results from the third study of the dissertation raise important
questions regarding how health and mortality determinants could and should be evaluated.
To the extent that Stockholm’s experience with the water network is externally valid, the
results highlight the importance of evaluating at different levels. SES is found to be much
more important than previously found, and what is embedded in this SES variable can
only be speculated as of now. What is clear, however, is that micro-level research can shed
new light on results that have thus far been accepted as explanations to a historical course
of events. Naturally, it is possible that the results from Stockholm are partly a product of
context, since only the later half of the implementation is observed. On the other hand,
it is also possible that the Stockholm results reflect a more complex relation between wa-
ter access, SES and mortality. If this is the case, previous results from other cities might
also reveal a different picture, were they to be tested with precisely identified determinants.
Theoretically, this reasoning extends also to other determinants of mortality that have thus
far been evaluated using aggregated data. The results from this dissertation should therefore
be taken as an encouragement for more research at the micro-level.

Regarding the second aim, how public investments integrate in society, this dissertation
adds new perspectives on how access is determined, but also how external effects can have
long-term consequences. Theory and previous research do not leave a comprehensive ex-
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pectation of how public investments allocate over time, space or among social classes. The
two studies on Stockholm in this dissertation contribute with empirical evidence regarding
how spatially bound public investments spread, and the external effects they create in the
long run. In paper 2, the question was asked if there were inequalities of access to the water
network in Stockholm, and what were the determinants of getting connected earlier? The
results show that there were access inequalities between the highest and lowest social classes,
but these were arguably not large and disappeared quickly. The further results, showing that
building social status mattered less than population size in time to connection, are a first
of their kind and a novel contribution to the literature. The Stockholm water network was
a case where the intentions of the city council, which were explicit in striving for universal
access, seem to have been successfully executed. Although there are few other studies re-
lying on detailed data to compare with, the results indicate that public provision created a
more equal access distribution across social groups, not only when the network was finished
but also during its long building period. These results show there is much to be learned by
not only analysing large-scale public investments post factum, but following them as they

unfold.

The spatial dimension is a crucial part of the interpretation. Stockholm was, at the start of
the study period, a city where socio-spatial residential segregation was still vertical rather
than horizontal. Naturally, residential segregation is always a question of scale and degree,
but the current results have allowed for measuring segregation at its most detailed level: the
building. 90% of the buildings in the study area had presence of both the lowest and highest
classes at the start of the period. Assuming, then, that higher social classes would have the
monetary and political resources to gain access before lower classes, the spatial integration
would give lower classes access by proxy. This mechanism, it should be noted, functions in
the case of network-based investments where no other barriers to access (such as monetary
or rule-based) are in place. After political struggles, the city of Stockholm decided to re-
move such barriers by setting an affordable tax and making it illegal to discriminate within
buildings. The results from this dissertation can not separate the contributions of public
provision and residential integration, but it seems likely that they were both prerequisites
for the equal spread observed in this study. By describing an implementation of a public in-
vestment as it unfolds, these political and spatial mechanisms show that Stockholm during
industrialisation was a perhaps surprisingly equal city when it came to access to water.

Further results complicate the story. Public investments need also to be considered as parts
of the regular building market, where location and proximity to desirable amenities can
dictate rents and prices. In this manner, Stockholm is a suitable city to study, since it
was almost completely a rental market with no regulations, which removes obstacles for
entry and allows market forces to work undisturbed. The fourth paper in this dissertation
addresses the external effects of public investments by asking: did buildings connected to
the water network in Stockholm experience a shift in social composition, and what was
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the nature of this shift? The results, which show a trend but no immediate level effect,
corroborate the interpretation that the water tax was affordable for lower social classes. The
trend, however, is indicative of a push- or pull-mechanism which gradually replaces lower-
class residents with those of a higher class. The exact mechanism is likely to be connected
to higher-class preferences for either water access, or for living in a building with other
higher-class residents. The latter would be a sorting mechanism as described by Schelling
(1969).

The results can be compared to the literature on modern public investments (mainly regard-
ing transport infrastructure) where gentrification is suggested as an outcome in buildings
close to the network. While not directly comparable, the results from this dissertation are
an addition to the field by considering a city during industrialisation. An important ques-
tion regarding the results is: what are the policy implications? These can be argued to be
problematic, as it would be strange to suggest that public investments should be avoided
with reference to their potential to disturb building markets. While it is hard to dictate
policy on the matter, the results from this dissertation show that external market effects
are important to weigh in when a public investment is planned, irrespective of the initial
intentions. This dissertation adds to the debate by researching neighbourhood change in
an industrialising city, using comparatively precise data on a networked public investment.
Although this cannot solve the common problems of the field, such as the lack of informa-
tion on reasons for migration, it nevertheless comes closer to a valid estimate by narrowing
the scope of analysis around the years of installation in a building.

This dissertation demonstrates clearly that public investments in cities are well worth study-
ing in closer detail and from new angles. Historically, water networks were important in
bringing down mortality, especially together with sewerage. The size of the contribution
was, in the case of Sweden, smaller than what has previously been found. Moreover, when
analysed in detail, household SES was the most important determinant of mortality at
younger ages and overshadows the effect from access to water. This result raises important
questions regarding the role of SES in mortality decline, which is likely more prominent
than what we have understood until now. Regarding the spread and external effects of
public investments, the results show that it was possible to avoid large inequalities of access
in a growing industrialising city. This was made possible both deliberately by the decisions
of the public actor, but also mechanically due to residential integration. The investments
did, however, play a part in changing the social composition of connected buildings in the
long run. The dissertation is definitely not the last word in any these topics, but it shows
that geographically coded population data can help us understand how cities were shaped
through public investments.
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