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Abstract

This article examines the long-term labour market consequences of a positive and
large-scale economic shock, the discovery of oil and gas in Norway. Using longi-
tudinal data on the entire Norwegian population, we find that the shock increases
male income by around 7%, while reducing female income by up to 14%. Al-
though married women experience the largest income losses, they also have higher
household income, revealing the importance of labour supply adjustments within
households. While these income shifts persist for two decades, the subsequent gen-
eration of female workers are able to close the income gap with their peers in areas

less affected by the oil boom.
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1 Introduction

Over the past few decades, the gender wage gap in industrialized countries has been narrowing
and female labour force participation has been steadily increasing. However, this overall trend
varies significantly across time and geography (Goldin, 2006; Olivetti and Petrongolo, 2016).
Understanding the different labour market outcomes of men and women during economic trans-
formations has important implications for gender equality, yet it is empirically challenging to
study this question (Benshaul-Tolonen and Baum, 2019). Ideally, it requires a sizeable and
plausibly exogenous change in economic conditions as well as longitudinal data on labour
market outcomes over a long time horizon.

This article addresses this challenge by exploiting a substantial and persistent sectoral
shock, Norway’s first discovery of oil in 1969, to analyse the effects of an economic boom
on individual labour market outcomes for men and women. We leverage the unexpected nature
of the shock and the spatial variation in the development of oil-related industries within Nor-
way to identify changes in individual income, household income, and labour supply. We also
examine key mechanisms behind these changes, taking advantage of detailed individual- and
household-level data that allows us to follow Norwegian residents over their life cycle, before
and after the local shock. We hypothesize that the effects of the economic boom on the labour
market depend on the substitutability of men and women in the sectors involved and on the re-
allocation of joint labour supply within households. In addition, the short run impacts may not
persist in the long run, for instance, due to the greater flexibility to modify lifetime decisions
such as full versus part-time employment, education, fertility, and occupational choices. We
test these adjustment channels for different cohorts of the local population.

Following the discovery of oil and the subsequent boom, the income trajectories of men

and women are starkly different. Our baseline estimates from an event study show that young



working-age men earn significantly higher annual income in booming markets, while young
working women, surprisingly, experience a significant fall in annual income. These changes
persist for the following 20 years. Importantly, prior to the discovery of oil, differences in
income across our treated and control regions are small in magnitude and statistically insignifi-
cant, indicating that there were no diverging income trajectories pre-boom. This result is robust
to a battery of tests with alternative specifications of the spatial treatment units, to different
definitions of the dependent variable, and is not driven by migration across different parts of
Norway.

The fact that the income of women declines at times of great economic prosperity is relevant
not only for gender equality broadly, but also for intra-household equality and decision-making.
Since a large fraction of men and women make labour supply decisions jointly with their part-
ner, we examine our core result not only for individual workers, but also in the context of
households. We exploit data on married couples to show that intra-household dynamics are an
important factor in explaining the observed decline in income for women. We find that women
who are married before the oil shock experience the largest decline in individual income. How-
ever, their total household income increases as their husbands earn more. Overall, women’s
relative share of household income declines by 6%. It is difficult to evaluate the welfare effects
of such a loss because the reallocation of tasks within the household and the higher aggre-
gate income could benefit both spouses. However, women’s lower share of household income
is potentially problematic if it reduces their bargaining power (Basu, 20006), if it influences
marital satisfaction and stability (Bertrand et al., 2015), and if gender inequality or female un-
employment are linked to domestic violence (Aizer, 2010; Anderberg et al., 2016; Cools and
Kotsadam, 2017).

We isolate the key mechanisms that drive the reduction in female income in booming re-



gions. In particular, we show that the local economic shock decreases female labour force
participation by almost 30%. This decline is driven by a reduction in full-time employment,
while for men there is little adjustment at the intensive margin among those who are already
attached to the labour force. We further show that men move into high-paying occupations
following the boom, while women do not. Thus, the widening gender gap in income is driven
mostly by women dropping out of the labour force or not having access to high-paid jobs, ei-
ther directly in the oil sector or in related industries benefiting from its economic spillovers.
Importantly, women’s income losses do not seem to depend on their educational choices nor
the decision to have children.

Finally, we extend the analysis to the next generation of workers, who were children at the
time of the oil discovery and join the labour force only after the shock. These children are
exposed to the economic shock in multiple ways at young ages, for instance through a rise in
family income (Lgken, 2010; Lgken et al., 2012). We show that the income losses for women
progressively disappears for the following cohorts of female workers. The youngest cohort of
girls close the pre-existing lifetime income gap with their peers in control regions. In contrast,
male lifetime income remains systematically higher for early and later cohorts. These results
complement our main findings with an important long-term outlook. Among men and women
already in the labour market, the effects of the oil boom are long lasting. Among the following
generation of workers, the economic gains persist for men, while the income losses are only
present among the first generation of working women.

Our study contributes to a growing literature on the spillovers from localized industrial
activities that uses within-country studies (Greenstone et al., 2010). In particular, a number of
articles exploit the fact that natural resources offer a source of exogenous variation in economic

conditions that are associated with increases in local economic activity and employment during



booms.!

Few studies, however, adopt a within-country design to compare local labour out-
comes for female and male workers, with evidence on inequalities among workers and within
households even scarcer. One exception is Aragoén et al. (2018), who find that coal mine clo-
sures crowded out female employment in manufacturing and services at the district-level, while
male employment rose, with persistent effects over two decades.? Our paper expands this prior
literature by emphasizing the differential effects of a local economic shock on male and female
workers at the individual level and even inside households.

Our study also provides new evidence on the long run effects of a resource-driven boom
on individual labour market outcomes of men and women. Existing studies, such as the recent
literature on fracking in the US, have leveraged an analogous economic boom, but only explore
short to medium-run changes in the labour market. These studies find an overall positive impact
on wages and other labour market outcomes (Allcott and Keniston, 2018; Bartik et al., 2019).’
A notable exception is the work by Jacobsen and Parker (2014), which uses US county-level
data from the 1970s and 1980s to show that oil booms have long-term negative consequences in
terms of joblessness and income depression when a boomtown experiences a bust. For Norway,
a small body of work examines the long run consequences of the oil discovery on individuals,

but gender and within-household decision making are rarely considered.*

Another contribution of our study is the novel finding that women’s annual income declines

'See for instance Black et al. (2005); Michaels (2011); Marchand (2012); Fleming and Measham (2015);
Autor et al. (2019); Bartik et al. (2019). One key issue examined by this literature is whether the resource sector
offers some complementarities with other sectors, or instead crowds out manufacturing and other labour-intensive
industries.

’In addition, Maurer and Potlogea (2020) show that oil discoveries in the US in the early 1900s increases
labour force participation among single women, while Kotsadam and Tolonen (2016) show that during mining
booms in Sub Saharan Africa, women shift away from the agricultural sector into services, but overall female
employment declines.

3These studies also find significant—but not necessarily positive—social changes, such as increases in fertility
(Kearney and Wilson, 2018), more high school dropouts (Cascio and Narayan, 2015), increased migration (Wilson,
2020), and higher crime rates (James and Smith, 2017; Bartik et al., 2019).

“Lgken (2010) and Lgken et al. (2012) examine the relationship between family income following the oil boom
and children’s educational outcomes, while Biitikofer et al. (2018) assess how intergenerational mobility among
men changes following the discovery of oil.



and remains depressed following the boom while men’s income soars. This finding is especially
surprising since Norway is considered to be one of the most egalitarian countries in the world
in terms of gender norms (WEF, 2020; UNDP, 2019). One of the largest shocks studied in this
literature is World War II: following manpower mobilization towards one of the most gendered
industries, the military, regions with higher mobilization rates experience an increase in female
labour supply (Acemoglu et al., 2004).> The effects, however, are long-lasting only for highly
educated women who could enter white-collar occupations (Goldin and Olivetti, 2013). The
spillovers from these changes in labour demand are relevant also for the following generations
of women (Ferndndez et al., 2004) and are linked to lower educational attainment and more
precocious marriage and fertility choices (Jaworski, 2014). Given that the Norwegian oil boom
is a substantial and long-lasting sectoral shock with general equilibrium effects on other sectors,
our findings highlight the importance of the dynamics of women’s income following a positive
shock in a male-dominated industry.

Finally, our study contributes to the diverse literature on the responsiveness of spousal
labour supply in compensating for labour market shocks and the importance of the “added
worker effect” (Lundberg, 1985). While most papers find evidence of a household labour sup-
ply response following spousal earnings shocks (Stephens, 2002; Goux et al., 2014; Blundell
et al., 2016; Autor et al., 2019), others find a limited role for spousal adjustments to smooth
adverse shocks (Halla et al., 2019). In line with the majority of this literature, our findings
point to a significant role for within-household labour supply adjustments in response to lo-
cal economic shocks. While the Norwegian oil boom occurred at a time of increasing female
labour force participation, our findings are informative for understanding gender equality in the

presence of economic shocks.

>The consequences of negative labour market shocks for women have also been documented. For instance,
a study of Austrian plant closures finds that job displacement reduces income and job-specific human capital for
women in highly skilled occupations, also decreasing average fertility by 5-10% (Del Bono et al., 2012).



The rest of the article is organized as follows. Section 2 illustrates the analytical framework
we use to formulate our testable hypotheses. Section 3 discusses the Norwegian oil discovery.
Section 4 presents the data and the estimation sample, and Section 5 outlines the identification
and estimation strategy. Section 6 discusses the results and potential mechanisms. Section 7

concludes.

2 Analytical Framework

This section discusses the analysis of labour market outcomes for different types of workers
in the aftermath of a resource boom within classic frameworks of structural change and Dutch
disease la Corden and Neary (1982). The sudden discovery and development of a sector like
oil and gas is expected to cause significant shifts in the labour market. First of all, a sectoral
boom causes an expansion in the previously non-existent oil industry and in related activities,
such as construction work to build the extractive infrastructure. Therefore, local labour demand
in these sectors will rise. However, male and female workers are imperfect substitutes in these
productive activities and the oil industry’s labour demand mostly targets the male workforce,
both due to their individual characteristics (such as physical strength) and because of cultural
norms.® Moreover, the increase in local labour demand could also attract foreign workers, so
that the booming regions might experience population growth.

Second, the resource boom can also generate economic spillovers towards other industries,
particularly non-tradable sectors like local services (Black et al., 2005; Marchand, 2012; Jacob-
sen and Parker, 2014). An expansion of these “spillover sectors” plausibly creates an increase

in labour demand for both men and women, countering the effect of the male-dominated oil

®Workers in North Sea oil and gas installations typically face demanding working conditions that make offshore
jobs more inconvenient for women: periods away on a platform typically last around 2 weeks, in cramped spaces
with limited privacy, and entail physically demanding shifts of 12 hours (Parkes, 2012).



industry. Women could even have an advantage in these spillovers sectors: empirical evidence
has long established that a growing service industry increases labour opportunities for women,
and can substantially narrow gender gaps in working hours and wages (Ngai and Petrongolo,
2017). Lastly, it is also possible that an appreciation of the exchange rate following the exports
from the extractive industry would crowd out other exporting activities and destroy some jobs,
but in most cases there is limited evidence for these kinds of negative effects, and actually these
sectors may benefit from some agglomeration spillovers (Michaels, 2011; Allcott and Keniston,
2018).

The overall effect on male and female labour outcomes depends on these relative sectoral
effects, as well as the responsiveness of men and women’s labour supply. The adjustments in
the labour supply depend not only on individual workers’ choices, but also on intra-household
decision making regarding time allocation. One of the key contributions of our analysis is
precisely to examine the dynamics of the labour supply of men and women, both in the short
and long run. We account not only for the asymmetric labour demand shock across sectors,
but also for the labour supply response of individuals and households. Overall, we test three

hypotheses.

1. Male wages increase

In the short run, given that men in the pre-boom equilibrium are almost already at full
employment,’ the higher demand for male labour from the oil industry should lead to higher
average wages for men, in order to attract workers already employed in other occupations. The
equilibrium effect on their aggregate earnings depends on the elasticity of the labour supply,
namely on how many more hours men chose to work and if migrant workers were available to

fill in the new jobs.

"In 1970, 92% of all men born 19401949 are employed with some hours of work.



2. Female labour force participation and wages may increase or decrease

The effect of the oil boom on women is instead theoretically ambiguous. On the one hand,
even if women do not enter oil-related industries, the non-tradable sectors that benefit from lo-
cal spillovers could absorb female workers, increasing their employment rates and offering bet-
ter wages than in low oil regions. On the other hand, for the majority of households, women’s
labour supply is typically determined within couples as a residual, since the husband’s labour
supply is rigidly fixed at full-time employment, while the wife’s labour supply adjusts depend-
ing on family’s preferences, conditions and needs (Donni, 2007). Therefore, married women
might experience a substitution effect from intra-household decision processes, because after
the economic boom they could stay home and work in household production (housekeeping,
child-care, and so on) as their partners start earning higher incomes. Ultimately, it is an empir-
ical question whether the positive effects from greater opportunities in the non-tradable sectors

and services prevail over intra-household substitution effects.

3. Short run results may not persist in the long run

In the long run, we expect greater substitutability between men and women both on the
labour demand and on the labour supply side: cultural norms could change, workers of both
sexes could decide to acquire different forms of training and education, career and family plan-
ning could be adjusted more freely. Therefore, we do not expect the short run results to nec-
essarily apply in the long run. We hypothesize that, given a higher elasticity of substitution
between workers in the long run, young generations of men and women joining the labour
force after the first economic boom should not present as much heterogeneity in labour market
outcomes as the first generation of workers impacted by the sectoral disruption.

For women in particular, more economic opportunities could appear if, over time, cultural

norms evolve in households—the supply side— and oil industries—the labour demand side



(Ferndndez, 2013). Substitution effects inside the household, however, can theoretically evolve
in different directions over time: it could become standard in oil regions for women to stay at
home and for men to work in oil-related activities, or it could be that the extra wealth brought
to the household by the economic boom catalyses more transformations, such as education op-
portunities for young girls that later induce better labour market outcomes for women. Overall,

it is an empirical question to establish which of these effects dominates in the long run.

3 The Discovery of Oil and Gas in Norway

The discovery of substantial offshore oil and gas deposits® in 1969 was an unexpected event
in the history of Norway and thus offers an attractive setting for studying how the impacts
of a large economic shock on labour market outcomes differ by gender. Up to the 1960s, the
Norwegian economy relied mostly on fishing, shipping, forestry and agriculture. In those years,
the prospects to develop an oil industry seemed limited - for instance, in 1958, the Geological
Survey of Norway wrote to the Ministry of Foreign Affairs that the possibility of finding oil off
the Norwegian coast was to be discounted. In 1966, the first exploration well proved to be dry.
In 1967, the first actual oil discovery on the Norwegian shelf was not economically viable and it
took another 30 years before the field was ultimately developed (Norwegian Petroleum, 2020).
Then on December 23, 1969, the American oil company Phillips Petroleum announced to the
Norwegian government the discovery of Ekofisk, the first ‘giant’ oilfield in Western Europe
(Van Den Bark and Thomas, 1981).° This event marked the beginning of the Norwegian oil

industry, which substantially changed the local economy in the following decades, with long-

8For brevity, throughout the article we refer just to oil, but the resource discovery and the industry that devel-
oped around it also comprises a substantial natural gas sector.

9 An oilfield is defined by the American Association of Petroleum Geologists as ‘giant’ with at least 500 million
barrels of oil equivalent in ultimate recoverable reserves before extraction starts, including condensate and natural
gas (Horn, 2011).



lasting socio-economic consequences (Biitikofer et al., 2018).

The discovery of any giant oil field constitutes a significant economic discontinuity, with
major macroeconomic repercussions (Arezki et al., 2017). Oil findings of these dimensions
are rare and unpredictable: despite significant investments in exploration, finding a giant oil
field is rare and plausibly exogenous (Lei and Michaels, 2014).!° For Norway, the first giant
discovery in 1969 was even more unexpected since exploration companies had been drilling
unsuccessfully in the Norwegian continental shelf for more than five years. Phillips Petroleum
was the last company still exploring in 1969 and it seems that it would have abandoned its last
exploration, had it not been cheaper to drill than to pay a fine to the Norwegian oil office for
abandoning its exploration commitments (Sandbu, 2009). We therefore consider the discovery
of the first giant oilfield as a random economic shock, exogenous in its timing, and impossible to
anticipate by the local population. A series of major oil discoveries was made in the following
decades, but at that point it had already become clear that Norway could develop its own oil
industry. Thus, our empirical strategy relies only on the initial offshore discovery of oil in 1969
as an unanticipated event, but not any of the subsequent oil discoveries.

The sudden oil boom initially affected only the few industries and areas specializing in
the extraction and refinery of oil and gas. Following the first find, the Norwegian authorities
designated as the country’s main oil base Stavanger, the largest city in the Rogaland region
located relatively near the offshore Ekofisk discovery. Rapidly, many other sectors such as
construction and certain types of manufacturing also benefited from a local economic boom
following the discovery of oil. While the ‘Dutch disease’ could have destroyed some man-

ufacturing industries, Norway managed its petroleum sector carefully so to avoid the typical

10T see how unpredictable a giant finding is, consider that, since 1965, only 2% of all wells drilled around the
world resulted in giant oil or gas discoveries (Toews and Vezina, 2017). One exemplary illustration comes from
the Johan Sverdrup oilfield, one of Norway’s largest discoveries, which was found in 2010 few metres away from
an exploration well where the French company EIf Aquitaine drilled in 1971, without finding any oil (Kavanagh,
2013).

10



negative consequences of resource discoveries (Larsen, 2006). Moreover, Norway did not have
a sizeable manufacturing export sector before the oil boom, and mostly relied on primary goods
production like fish and timber, so the crowding-out of other local manufacturing activities was
not substantial (Biitikofer et al., 2018).

Figure S1 in Appendix A plots the location of the Ekofisk oil field relative to the city of
Stavanger. Ekofisk is an offshore oilfield located almost midway between the UK and Norway.
The distance from Stavanger is about 320 kilometres, and the closest location on Norwegian
land is 260 km away from the oilfield. Statoil, Norway’s state-owned energy company, and
the Norwegian Petroleum Directorate were established with their headquarters in Stavanger in
1972, soon followed by other companies (Lgken, 2010). Over time, the spillovers from the
industry spread beyond the first oil location. For this reason, we discuss carefully the definition
of ‘oil regions’ in Norway in section 5.1.

Even if the offshore oil and gas industry is not labour intensive, employing just above
80,000 workers in the whole country (2.5% of the working age population) at its peak in 2014,'!
the two municipalities with the highest ratio of employees in the petroleum industries, Sola
and Stavanger (both in Rogaland), had 15.7% and 13.6% of local employment in oil-related
industries, respectively (Ekeland, 2017). Therefore, the local shock should have generated
some significant labour market and income effects, possibly with spillovers onto other local

activities, such as manufacturing and services.

4 Data

" Authors’ calculation from https:/fred.stlouisfed.org/series/LFWA64TTNOA647S.
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4.1 Individual Data

To examine the impacts of the local demand shock from the oil discovery on individual out-
comes in the short and long run, we use annual register-based data as well as decadal Census

data. Each of these data sources are described below.

4.1.1 Registry Data

Our main data source is the Norwegian Registry from Statistics Norway, which covers the
entire population and follows individuals annually from 1967-2017. Using an anonymous
personal identification number for all Norwegian residents, we merge data on individuals across
three different registers from different administrative sources to create an individual-level panel.
Importantly, individuals remain in the data at all points in time irrespective of whether they are
employed or not.

First, we observe individuals in the central population register (folkeregisteret) yearly start-
ing in 1970. The population register contains data on an individual’s municipality of residence,
gender, birth year, and marital status, including date of marriage. Prior to 1970, yearly snap-
shots are available in 1965 and 1967 with the same information.

Second, from the tax and earnings register, we observe annual income, one of our key
outcome variables, every year dating back to 1967, prior to the first discovery of oil at the
end of 1969. This measure of income comprises total labour income, including any income
earned from self-employment, as well as any taxable benefits received during the year.!> We
cannot extrapolate actual wages to construct a gender wage-gap, so throughout the article we
refer to annual income as defined above. Income throughout is measured in 1998 Norwegian

Kroner. Third, using the education register, we can define an individual’s education as the

12Taxable benefits include public transfers such as parental leave, unemployment, or sickness benefits. These
benefits should not significantly affect our analysis, since in Norway they are determined at the national level, and
thus do not differ systematically in relation to treatment status post-oil.
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highest completed level of schooling.

4.1.2 Census Data

Our analysis also relies on data from the 1960, 1970 and 1980 Census, which provide detailed
information on individual employment, such as occupations classified according to the Interna-
tional Classification of Occupation (ISCO), industry of employment classified according to the
International Standard Industrial Classification of All Economic Activities (ISIC), employment
status including self-employment, as well as annual hours worked. Data on economic activity
is collected based on the 12 months preceding the Census date: for example, hours worked in
the 1980 Census is an annual measure of hours from November 1979 to November 1980. The
Census has near universal coverage, including all individuals registered as residing in Norway
at the start of November in the Census year. While the yearly panel from the Registry is essen-
tial to study the annual evolution of individual income after the oil shock as well as to inform
the similarity of those in treated and control areas prior to the discovery of oil, the Census
data allows us to explore other outcomes, such as labour market attachment and occupational
changes. In addition, with data going back to 1960, the Census data permits the examination

of pre-discovery trends over a longer time horizon compared to the yearly panel.

4.2 Sample

The first part of our analysis focuses on a sample of young individuals born between 1940-1949
(aged 20-29 at the time of the local boom in 1969). We focus on these birth cohorts as they are
already active in the labour force when the oil and gas industry starts to develop, but are still in
an early career phase and could make significant changes to their work choices. By excluding

younger individuals, we minimize the influence of the oil boom on decisions regarding human

13



capital investments versus joining the labour force. By excluding older individuals, we abstract
from the effects of the oil boom on retirement decisions when we look at long-term labour
outcomes. Moreover, key family decisions (such as household formation and fertility) are set
relatively early in the life cycle: for instance, the median age of first childbirth is 22 for women
born between 1940-1949. As a first baseline, we restrict the sample to those workers who have
strong attachment to the labour force prior to the oil shock, namely individuals who have a
positive income in all three years over the period 1967-1969.!3

We also consider individuals with different working statuses before the boom, including
those who are not employed at all, to examine all possible changes in labour force participation
along the extensive and intensive margins. While our main focus is on the sample of workers
attached to the labour force, results throughout the article are unchanged if we consider instead
all individuals irrespective of labour force attachment. In the last part of the empirical analysis,
we examine labour outcomes for younger cohorts that are exposed to the oil shock during

childhood or adolescence and start working afterwards.

5 Empirical Strategy

We now present our empirical approach to analyse the effects of the oil boom on employment
in Norway. First, we discuss the identification strategy and how we approach any threats to

identifying causal effects. Afterwards we outline our empirical model.

5.1 Identification - Defining Booming Labour Markets

To evaluate the effects of the Norwegian oil boom, we divide Norway into different areas that

we assign to treatment or control groups depending on the spatial variation in the importance of

13 About 34% of women have positive income in all three years before the oil shock.

14



the oil sector and related industries. Our unit of analysis is a ‘local labour market’, a geographic
segmentation that organizes Norway into 46 different units (Bhuller, 2009), constructed on the
basis of commuting patterns between individuals’ municipality of residence and work. These
markets are defined irrespective of administrative boundaries, so they are less affected by polit-
ical decisions than counties and municipalities. In fact, municipalities in the same local labour
market may belong to different counties.!* This way, our assignment of geographic areas to
treatment and control groups is less susceptible to political changes that could relate to oil and
administrative decisions made within each county.

To measure the intensity of exposure to the oil shock at the local labour market level, we
move away from a simple measure of spatial distance from the location of the oil discovery,
because the Ekofisk oil field was located offshore. Offshore oilfields are not expected to have
the same local effects as onshore wells (as confirmed by the empirical literature, see for instance
Cavalcanti et al., 2019). The nearest coastal area is not necessarily the most impacted location:
other places might also benefit, conditional on the ease of transporting the hydrocarbons to a
near harbour and then in moving them through the appropriate infrastructures to refineries or
other industrial locations.

For our core identification strategy, we follow Biitikofer et al. (2018) and use the share of
employment in oil and oil supply industries in 1980 as our measure of exposure to the oil shock.
Since there was virtually zero oil production in 1970, the year 1980 represents the first available
period after the initial discovery in which data on the oil industry is available. We include
industries directly involved in the extraction and refinery of petroleum, as well as secondary
industries that support and supply to oil production, namely crude petroleum and natural gas

production, petroleum refining, manufacture of products of petroleum and coal, manufacture

4There are approximately 420 municipalities in Norway, and the average local labour market contains 9 mu-
nicipalities.
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of machinery (including oil rigs), manufacture of transport equipment, and construction other
than building construction (including oil well drilling). Brunstad and Dyrstad (1997) show that
supply industries should be considered as part of the oil sector since they also face a positive
demand shock from the oil boom in the 1970s.'

Figure 1 depicts the spatial distribution of the intensity of the oil treatment. As in Biitikofer
et al. (2018), we define three levels of exposure to oil: high, medium, and low. We define a
local labour market to have high exposure to oil if more than 10% of its employment is in the
oil sector, corresponding to the top quartile of oil employment across all labour markets. The
average employment share in oil among all high oil regions is 14% and the two regions with the
highest shares are Kongsberg, which had 26% of employment in oil, and Sunnhordland, which
had 22% of employment in oil. Medium exposure is defined as those with between 7.5% and
10% employment in oil and low exposure is defined as having less than 7.5% of employment
in oil.

In the analysis of individuals and households, we assign each person to a local labour market
based on residence in 1965, avoiding potential biases from endogenous relocations. Table 1
displays the characteristics of our initial sample of young workers by different types of labour
markets. All values are measured in 1969, with males in the first column and females in the
second column. In the sample of young workers, 15-16% live in a high oil local labour market
in 1965, 19% in a medium oil labour market, and the vast majority in a low oil one. There is
a stark difference in the average income levels between genders, with men earning about 50%
more than women. Additionally, women participate less in formal labour markets prior to the
oil discovery, as the sample of men is substantially larger.

Table S1 reports a detailed breakdown by gender of the employment shares of the industries

which comprise the oil sector using the estimation sample from the 1980 Census as described

5This definition of oil sector employment is similar to the one suggested by Allcott and Keniston (2018).
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in Section 4.2. While the production and refinery of petroleum is an important industry for men
in high oil areas, the manufacture of oil rigs and oil well drilling comprises a higher share of
total employment. On the other hand, substantially fewer women in both high and low oil areas
tend to work in the oil sector compared to men.

In sum, our identification relies on (i) the exogenous discovery of oil in 1969 as our treat-
ment, (i1) the expansion of oil industries resulting from this shock in each local labour market
as our source of spatial variation for treated and control areas, and (iii) on the assignment of

individuals to a local labour market based on their residence before the oil shock.

5.1.1 Threats to Identification and Alternative Strategies

Our main identification strategy compares high oil (treated) local labour markets to low oil
(control) ones using the industry-based measure of exposure to oil. Such a comparison over
time relies on the parallel trends assumption—that in the absence of the oil discovery, high and
low oil local labour markets would have evolved similarly in terms of labour market outcomes.
While an industry-based measure best encompasses all industries which expanded as a result of
the oil discovery, there could be two potential—and interrelated—concerns with our definition.

First, while the parallel trends assumption does not require that variation in high/low em-
ployment shares in oil across local labour markets be unrelated to pre-existing area-level fac-
tors, an industry-based measure may reflect a comparison between regions which had specific
pre-existing characteristics, which are exacerbated by the discovery of oil. The correlation of
oil developments with pre-existing characteristics of local labour markets is a concern only if
it were also linked with how the gender gap evolves, but nonetheless it is informative to under-
stand the underlying reasons behind why employment in particular areas becomes dominated

by the oil industries.
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To address this issue, we show that individuals in high and low oil regions did not have
systematically different trends in the outcomes of interest prior to the oil boom. Factors such
as female and male labour force participation evolve similarly from 1960 to 1970 between high
and low-oil local labour markets (Figure 2). The lack of differential pre-trends confirms that,
in the time leading up to the discovery of oil, trends between high and low oil areas are similar.
Moreover, we document that area-specific characteristics such as industry structure, population
density, labour force participation, gender composition, and education levels measured in 1960
prior to the oil discovery explain only to a limited extent the development of oil industries. For
instance, while high oil labour markets are concentrated near the first oil discovery and on the
coast, large urban centers are equally dispersed across the different levels of oil employment
shares: Oslo (the capital) is low oil; Bergen (the second largest city on the west-coast) is middle
oil; and Stavanger (in south-west Norway) is high oil. Indeed, Tables S2 and S3 show that area-
specific characteristics in 1960 have little predictive power and are insignificant in determining
high oil status.'®

Second, the classification of local labour markets into high, middle and low oil regions is
based on employment shares measured in 1980, thus incorporating all development in the oil
industry that occurred after the initial discovery. While the random nature of the oil discovery
is reflected in the fact that pre-existing differences fail to explain future high oil areas in 1980,
an alternative approach in measuring exposure to oil would exploit the direct spatial component
of the discovery, relying solely on ex-ante factors. However, we choose to adopt an industry-

based measure rather than a spatial measure as our baseline because, unlike the case of onshore

16Results reveal that pre-existing area-level factors in 1960 such as the most common 2-digit industry shares,
broad industry shares, population density, and educational levels have little predictive power for high oil status in
1980 (Appendix D). An exception is employment in manufacturing of metal products, machineries, and equip-
ment, which is positively related to high oil in 1980. This 2-digit industry includes shipbuilding, which directly
benefited from the discovery of offshore oil. Even so, industry can only predict 12% of the likelihood of having a
high share of employment in oil in 1980, and our results are also robust to excluding local labour markets which
specialize in such industries.
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shale plays in fracking, distance is not necessarily the most important predictor for the level of
extractive activities that follow a discovery offshore. Furthermore, in our baseline identification
strategy, we include local labour market fixed effects, which capture among other things dis-
tance to the offshore deposit. As a robustness test, we also perform a direct spatial comparison
of the closest local labour markets to the first offshore field with the rest of Norway, relying on
the ‘as good as random’ nature of the location of the first oil discovery.

For completeness, we estimate a variety of alternative specifications to establish the robust-
ness of our baseline results. Importantly, we rule out geographic mobility as a driving force
behind our results. Theoretically, large movements of the population following the labour
shock could distort our results: for example, the literature from the USA documents significant
inflows of male workers in fracking areas (Wilson, 2020). Since we allocate individuals on
the basis of their initial residence, we may understate the male gains from oil, since men that
we consider in the control group could have migrated to high-oil to make more money. For
women, however, the direction for any possible migration bias is theoretically less clear: they
could be moving with men, or they could move away from a region offering only traditionally
“masculine” jobs. In the analysis, the data allow us to identify movers and to show that results
are unchanged when excluding them. These results, as well as a battery of other robustness
checks regarding the capital Oslo and Northern regions, coastal areas, university and college
towns, the most religious areas, and the presence of kindergartens, are presented in detail in

section 6.2.

5.2 Empirical Model: The Impact of Oil Discovery on Income

The baseline empirical model for our analysis is an event study approach to examine the effects

of the initial Ekofisk oil discovery in 1969 on the annual income of young cohorts (individuals
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born between 1940-1949). This approach allows the labour market impacts of the first oil
discovery to vary over the years since the discovery of oil in 1969. Hence, we can trace the
persistence of the shock over time. We estimate the following regression separately for men

and women:

10
Yiver = Y 0,OlE + 1be + Ty + Y1 + Uiber (1)
k=-3

where Yj;; denotes the log of annual income of individual ¢ of birth cohort b who resides in
local labour market ¢ in 1965, measured at time ¢ with ¢ = 1967,...,1980. The index k
represents the number of lags (forward or backward) from the time of the oil discovery in 1969
(k = —1), when our treatment starts by design. ). captures time-invariant characteristics of
each local labour market, including distance to the first offshore oil find and any other fixed
characteristic of the market. 7, represents birth cohort-specific characteristics, and ~; denotes
year fixed effects. The income level in the year of oil discovery is normalized to zero.

To examine the labour market effects of exposure to oil, we define the treatment Oil* to
correspond to residence in high oil local labour markets in 1965 and compare it to the control
group of individuals residing in low oil areas. The estimated coefficients J; represent the aver-
age difference between individuals in high oil relative to low oil local labour markets in each
year relative to the same difference prior to the oil discovery at £ = —1. Pre-event coefficients
0_3,0_o reveal any inherent differences in the evolution of income prior to oil discovery. We
cluster the standard errors at the level of the initial (1965) local labour market of residence,

assuming error independence across these markets.
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6 Results

Figure 3 plots the evolution of the estimated ¢, coefficients in equation (1). Panel A presents
results for males while Panel B presents results for females. As discussed in section 5.1, the va-
lidity of our approach rests on the parallel trends assumption: in the absence of the oil discovery,
income dynamics in booming labour markets would remain parallel to those in labour markets
that are not affected by the oil discovery, so that low oil markets provide a valid counterfactual
for what would have happened in the absence of oil. The lack of significant differences in the
income trends between individuals living in treated and untreated labour markets prior to the
discovery of oil shows that pre-discovery income trajectories are similar, supporting such an
assumption.

For the years after the oil discovery, the impact of the sectoral boom on the incomes of men
and women is different, and these differences persist up to ten years after the discovery. For men
in high oil regions compared to men in low oil regions, the boom takes a few years to translate
into an increase in income: the estimated impact is not significantly different from zero (at the
5% significance level) for the first year after discovery. This is reasonable considering the lag
between the discovery and the actual start of production in June 1971. From two years after
the oil discovery, the estimated impact on income continues to increase and, ten years after the
discovery of oil in 1980, the annual income for men in high oil regions is 6.4% higher than
those in low oil regions, relative to the year prior to the discovery of oil (t = 1969).

A different pattern emerges for women. Similar to men, the oil shock also takes time to
translate into changes in income for women, likely due to the time lag in oil production from
the initial discovery. However, income is significantly lower for women in high oil local labour

markets compared to low oil ones, from four years after the discovery and onwards.!” The

70Our measure of income is not deflated using local prices, due to the lack of data on a regional CPI within
Norway in the time period considered. It is plausible that prices in high oil markets become higher than those in
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timing of this sharp fall in female income follows the steady increase in male income, suggest-
ing that some intra-household reallocation of labour might be at play: as men are employed
in high-paying oil jobs offshore or in other oil-related industries, their wives possibly cut back
on labour force participation and accept lower annual income. We will test this mechanism in
Section 6.1. Overall, compared to those residing in low-oil local labour markets, women in
high oil regions earn significantly less after the boom. For the average young woman in a high
oil region, income ten years after the oil discovery is 10% lower than that of the average young
woman in a low oil region. At its lowest point, the income of women in high oil regions is
almost 15% lower than in low-oil labour markets.

By taking the log of income as our dependent variable, we focus on the workers with pos-
itive annual income and who are thus participating in the labour force in a particular year.
Results in Table S2 in Appendix C repeat the analysis with income measured in levels rather
than logs, thus including all individuals in our baseline sample, even if they have zero income
post-discovery. Measuring income in levels results in similar patterns for both men and women,
though the decline in income among women occurs earlier when income is measured in levels.
Moreover, Figure S3 confirms that women in high oil markets are less likely to have positive
income after the discovery of oil. We examine the decision to work as a mechanism underlying

our main result in Section 6.3.1.

6.1 Intra-Household Dynamics

As discussed in Section 2, the effects of a resource boom on different types of workers depend

on the interaction between labour demand and labour supply. While this is true for all categories

low oil areas because of the economic boom, so that even if annual incomes of men in high oil local labour markets
increase, as we document here, we cannot definitively conclude that their local purchasing power becomes higher
as well. On the other hand, if prices grow more in high oil local labour markets, then our results on women’s
reductions in income become even more poignant.
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of workers (skilled/unskilled, young/old, and so on), the fundamental issue in the case of gender
divisions is that workers choose how to supply labour not only as individuals, but by and large,
also jointly within couples. Following the boom, household income may be unchanged or even
increased among couples if higher male earnings compensate for the declines in female income.

To inform such intra-household dynamics, we proceed in two steps. First, we separate the
baseline sample of individuals in Figure 3 into married and unmarried individuals as of 1969. If
the household is indeed a relevant unit of decision-making, then the income declines observed
among married women should be even larger. Second, in order to observe the evolution of
household income over the decade, we construct a sample of ‘stable’ couples, defined as those
who are married continuously since 1969 (or earlier) and continue to remain married through to
1980. This subsample of ‘stable’ couples allows us to define a meaningful measure of house-
hold aggregate earnings, excluding the income of individuals who divorced during that time
frame. Thus, we can compare long term changes in individual income to changes in household
income and ask whether women’s position within the household is impacted by the discovery
of oil.!8

Figure 4 compares the effect of the local shock on income among those who are married or
unmarried at the time of the oil discovery. Our measure of marital status prior to the oil dis-
covery abstracts from later marriages that follow the economic boom and hence are potentially
endogenous. It is important to note, however, that the majority of men and women who are
unmarried in 1969 eventually become married by 1980 (67% and 71% respectively). Bearing
this in mind, both married and unmarried men benefit from the economic shock in terms of
income, and the effects are virtually identical between the two groups (panel A).

For women, instead, marital status prior to the discovery of oil matters for the magnitude

18We obtain similar results after relaxing the stable couple restriction, and calculating household income irre-
spective of whether the household remains together by 1980, since divorces were not so frequent in those times.
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of the income losses experienced. Prior to the oil boom, unmarried women earn approximately
the same amount as married women in 1969. However, those who are already married in 1969
experience a sharper decline in income from the fourth year since the oil discovery relative to
unmarried women. During the 4-9 year period after the discovery of oil, income losses among
women who are already married in 1969 are double in size relative to those who are initially
unmarried. Note that these single women are likely to marry over the course of the decade, and
make the same intra-household allocation decisions as their already married counterparts, and
hence also experience income decline, relative to those in low oil, albeit to a smaller degree.
Overall, these results conditional on initial marital status suggest that married women might be
more likely to adjust their labour supply in response to higher income of their spouses. This
kind of within-household adjustment could be an important channel for the observed differ-
ences in labour market outcomes between men and women.

Figure 5 re-estimates equation (1) for the subsample of stable couples using both the log
of individual income and the log of household income. Household income is measured as the
sum of individual income and income of the spouse, but since it includes also individuals born
outside the cut-off years of our main sample, the effects for individual men and women do not
necessarily mirror each other.! For married men in Panel A, household income and individual
income follow the same upward pattern over time. However, the estimated effect on household
income is slightly smaller and is significant for a shorter time, such that from 7 years after the
discovery of oil household income is not significantly different from zero at the 5% level. This
suggests that, relative to low oil areas, wives of men in high oil regions earn less money than
wives of men in low oil regions by 1980.

Panel B presents the same comparison for women. As seen previously, individual income

190On average, men in the sample tend to marry younger women and women in the sample tend to marry older
men, so our household income is measured matching an individual to their spouse’s income irrespective of whether
the spouse is born between 1940-1949.
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declines strongly for stably-married women in high oil regions and is significantly lower ten
years after the discovery of oil relative to stably married women in low oil areas. However, a
different picture emerges for household income. Women in high oil regions have higher levels
of household income compared to women in low oil regions from 5 years after the discovery
of oil. In the tenth year since the discovery, household income is 3.5% higher. Overall, while
women’s own income declines, the household as a whole seems better off after the discovery
of 0il.?

Given the significant fall in individual income and increase in household income, on aver-
age, our results reveal that women’s economic standing in the household declines post-oil. To
further illustrate this point, Figure 6 plots the annual fraction of own income in total household
income in the years following the local shock, separately for men and women. While men’s
contribution to household income increases ten years after the oil discovery, it is not signifi-
cantly different from that in 1969. In contrast, women’s contribution to household income in
high oil is 6% lower relative to the average fraction in 1969, an effect which is significant at the
5% level.

Overall, our results point to the importance of intra-household adjustments in labour sup-
ply following an economic boom as a mechanism behind the observed income declines among
women. The reduction in own income is larger among married women, for whom household
income increases. However, such an increase comes at the expense of within-household in-
come equality. Given the evidence on the link between gender equality and declining domestic
violence (Aizer, 2010; Anderberg et al., 2016) and the importance of the distribution of income

within the household for marital satisfaction (Bertrand et al., 2015), it is unclear whether female

and household welfare increases.

20Similar results are seen when relaxing the stable couple restriction, and calculating household income irre-
spective of whether the household remains together by 1980.
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6.2 Robustness

In our baseline specification, we estimate the labour market impact of the oil boom by compar-
ing outcomes of individuals who initially reside in areas which differentially become high/low
oil. The lack of significant differences in the estimated coefficients prior to the discovery of oil
in Figure 3 establishes the similarity of trends in income between high and low oil local labour
markets pre-discovery. While the lack of diverging pre-trends lends support to the crucial par-
allel trends assumption, we address five potential identification concerns. First, we show that
our baseline results are robust to an alternative definitions of the oil treatment, namely a direct
spatial measure. Compared to the baseline definition, which relies on industry shares of oil in
1980, the spatial definition of oil abstracts from future developments and relies on the ‘as good
as random’ nature of the location and size of the first oil discovery. Such a definition closely
resembles that of Lgken et al. (2012). Our results are not significantly different if we consider
as treated the three closest areas to the initial Ekofisk discovery in 1969—Stavanger, Lister,
and Haugesund in south-west Norway— and include in control areas other low-oil local labour
markets (Figure S6) as well as all other local labour markets in Norway, including those defined
as high- and mid-oil (Figure S7).

Second, we rule out geographic mobility as a driving force behind our results. Specifically,
we examine how many individuals move, where they move to, and whether there are differ-
ences in geographic mobility between high and low oil regions (Section D.0.3) Importantly,
results excluding movers are unchanged, suggesting that the above estimates are not driven by
individuals who relocate (Figure S8.) In addition, geographic mobility is relatively low over the
period under consideration, broadly similar between high- and low-oil, and the most common
destination among movers in both high- and low-oil areas is Oslo, the low-oil capital.

Third, we show that our baseline results are not driven by the inclusion of specific local
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labour markets in a number of ways. To start with, we exclude Oslo and the Northern regions,
most of which are defined as low-oil. Our results are similar, suggesting that particular local
labour markets in the counterfactual group do not drive the observed changes in income in
high-oil areas (Figures S9 and S10). We then consider a sample of only coastal local labour
markets (both high- and low-oil), to show that differences in shipbuilding activities and coastal
proximity do not drive the baseline results (Figure S11). Finally, we examine the importance
of having a university or college in the local labour market. In particular, areas with higher
education available may differ, for instance, with greater job opportunities available for women.
Following a decree in 1965, local colleges expanded throughout the 1970s into areas which
previously did not have opportunities for higher education (see for further details Carneiro et al.,
2018). To examine this point, we define two separate samples: (1) local labour markets which
had a university or college by 1980 and (2) local labour markets which did not have a university
of college by 1980. Point estimates are virtually identical between the two subsamples (see
Figure S12), and there is no evidence that the oil shock’s impact made women in a local labour
market that had a college or university lose less.

Our fourth identification concern is that access to childcare might differ between our treated
and control areas. Substantial kindergarten expansions took place in Norway during the 70s and
80s, and these expansions happened faster in certain areas of the country (Havnes and Mogstad,
2011, 2015). To check if changes in kindergartens could be driving our results, we define the
kindergarten expansion as in Havnes and Mogstad (2011, 2015). Figure S13 reveals that there
is little correlation between the expansion of kindergarten and the fraction of employment in
the oil industries in 1980, and differential exposure to kindergarten cannot explain the income
changes due to the oil discovery.

Finally, we examine the potential role of religiosity in different parts of Norway as a pos-
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sible driver of our results. Traditionally, the south-west of Norway is characterized by more
conservative attitudes and higher religiosity. To see if areas of different religiosity, which may
also be correlated with different conservative attitudes regarding women’s role in the labour
market, drive our results, we collect data on church membership of individuals in the 1960
Census. We construct a measure of religiosity at the local labour market level and combine it
with our data on the fraction of employment in oil in 1980. We use two separate measures, to
capture all types of religiosity: (i) membership in the state Church of Norway and (ii) member-
ship in any other church, capturing all other religions apart from membership in the Protestant
State Church.

Though there is geographic variation in religiosity, even the least religious areas have high
levels of church membership. Importantly, there is no significant relationship between the
fraction of people in a local labour market who are members of either the state or any other
church and the fraction of employment in oil 20 years later. Religiosity is also not a key
driver of our results: results are robust to excluding the top 25% most religious areas in 1960,
suggesting the discovery of oil, rather than geographic differences in religion, are behind the

observed income changes (see results in section D.0.4 in the Appendix).

6.3 Mechanisms

Our key finding is that the o1l boom puts male and female workers onto diverging income trajec-
tories. In particular, the finding is more pronounced among couples already married before the
oil discovery. To understand what factors drive the decrease in income among women, we test
the importance of some plausible mechanisms outlined in Section 2. First, changes in aggregate
income depend on labour supply adjustments at the extensive margin—changes in labour force

participation—and at the intensive margin—changes in full-time employment (Section 6.3.1).
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Second, we explore sectoral effects in occupational dynamics to show that, while men benefit
from the oil boom through increasing employment in high-paying occupations, women who re-
main in employment shift into other low-paying occupations (Section 6.3.2). Finally, we show
that fertility and educational choices are largely unaffected by the oil discovery among women
(Section 6.3.3). In the end, we provide some back-of-the-envelope calculations to identify

which mechanisms might be more important.

6.3.1 Labour supply

We first consider changes in labour force participation, followed by changes in full-time em-
ployment. We supplement the annual Registry data with self-reported Census data from the
two waves of 1970 and 1980 as described in Section 4.1.2. As before, we focus on young
individuals born between 1940-1949 who are already of working age at the time of the oil dis-
covery. We use a difference-in-differences framework to estimate the effect of the oil discovery

on labour market outcomes by gender:

}/ibct = BO + BlOllc + BQPOStt + 63OZlc X POStt + 77/}0 + Th + Vt + Usbet (2)

where Oil, is the oil exposure developed in equation (1) and Post; is an indicator =1 in the
year 1980.2! The coefficient of interest is (s, the interaction of the oil exposure with the post-
discovery variable. Y. corresponds to different labour market outcomes that allow us to ex-
amine different mechanisms. We explore both the extensive margin response, testing whether
labour force participation changes, as well as the intensive margin response, testing for any

change in full-time employment following the discovery of 0il.??

21Tn the Census data, we take 1970 as the pre-period: since the discovery of the first giant oil field was at the
very end of 1969, and production did not start until 1971, we can take 1970 census responses regarding labour
outcomes as ‘untreated’ even in the high oil regions.

2211 terms of income, taking Yj,.¢ as a measure of annual income, the Census data confirms what we found with
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Labour market participation

First, we focus on the extensive margin. The main outcome variable is an indicator equal to
one whenever an individual is not employed, either because he/she is outside of the labour force
(inactive) or unemployed. Table 2 presents the results for male and female workers in odd and
even columns respectively. Columns (1) and (2) present results for the sample of workers as
defined in Section 4.2 who have strong attachment to the labour force prior to the oil discovery.
Columns (3) and (4) present results for those with weak attachment to the labour force, those
who were excluded from the sample in Section 4.2.%3

The first column of Table 2 reveals that, following the oil discovery, men are less likely
to leave the labour force in high oil regions compared to those in low oil regions. Relative to
the average rate of non-employment in 1970, this represents a 25% decrease in labour force
departure. Conversely, women in high oil regions are more likely to leave the labour force
following the oil discovery relative to women in regions of low oil: non-employment increases
by 29%. Similar patterns are observed for the sample of those who had weak attachment to
the labour force from 1967-1969 (columns 3 and 4), and though the magnitude of the impact
is smaller, it suggests that the local boom also draws some men into the labour force (12%
compared to their pre-boom average) and discourages some women from entering the labour

market (4%).

Full-time employment

Next, we examine whether there are labour supply adjustments at the intensive margin,

conditioning on the sample of workers who are employed (for any amount of hours). Annual

the Registry annual data. Table S4 in Appendix E shows that men from the high oil regions gain around 12,000
NOK relative to men in the low oil areas by 1980, while women earn around 6,000 NOK less in 1980 compared
to women in low oil areas.

23We define strong attachment to the labour force before the economic boom as having positive income in all
years 1967-1969, as in our baseline results of section 5.2, while weak attachment is having zero income in at least
one year from 1967-1969.
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hours worked in the Census data are classified according to four bins: 1300 hours or more,
1000-1299, 500-999, and 100—499. We define a dummy for full-time employment equal to
one for any amount of work entailing 1300 hours per year or more.

Table 3 shows there is little intensive margin response among men who are strongly attached
to the labour force as full-time employment does not increase significantly following the dis-
covery of oil. However, men who already work above our threshold of 1300 hours may have
moved to work more hours, and we cannot rule out some degree of intensive margin adjustment
within our broad category of full-time employment.

In contrast, women’s probability of working full-time decreases significantly following the
discovery of oil (by 6% relative to the mean in 1970). Such effects are even larger among
women who are weakly attached to the labour force from 1967-1969: full-time employment
declines by 11% among women in high oil. Thus, not only does the local boom lead to small
decreases in full-time employment among women already working, but it also substantially
discourages women in high oil from joining the labour force in full-time employment.?* Note
that, for our sample of young women in both low and high oil areas, there is a general tendency
to reduce full-time employment by 1980, as shown by the negative and significant coefficient
of Post = 1. Therefore, while all young women experience some degree of transition out of
full time employment, possibly due to life-cycle events such as having children, the decline in

full-time employment is even more pronounced for women in high-oil local labour markets.

6.3.2 Occupational dynamics

Changes in the labour supply already explain part of the income trends identified: fewer women

in high oil regions work full-time and are more likely to leave the labour force, while men are

24Results in Appendix E.2 suggest that employment just less than full-time (10001299 hours annually) also
decreases among women already working while employment with minimal hours worked (100—499 annually)
increases.
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less likely to leave the labour force. In addition, the discovery of oil may spur job creation
in specific types of work. We examine which occupations grow between 1970-1980, which
occupations contract, and whether changes in occupations among both men and women are
concentrated among high or low paying occupations. Doing so sheds light on the changes in
specific sectors that can cause the strong gender differences in income among high oil workers.

Figure 7 plots the changes in employment share between 1970 and 1980 by occupation,

gender, and exposure to 0il.?

We only show the occupationswith at least a 0.5 percentage point
change in employment shares over this period.?® The occupations are ranked by the average
income (from lowest to highest earning occupations). While there exists some overlap in the
occupations that grow and contract, the set of occupations reported in Figure 7 tends to differ by
gender. For instance, while women see changes in nursing and housekeeping, men see changes
in engineering and manufacturing occupations for furnace, workshop, and cement workers.
Among men, Panel A shows that the share of workers employed in the lowest-paying jobs
(such as agriculture and fishing) declines relatively more in high oil, while the share in higher-
paying occupations (such as industrial and service jobs) increases in 1980 compared to 1970.
Clearly, men reap the labour market benefits of the oil discovery: the increase in employment
share is particularly stark in oil-related occupations in high oil relative to low oil markets,
namely into engineering and technical jobs (the 215 highest-paying job for men in 1980) or
oil production jobs (the 9" highest-paying job). This shift in the male labour force out of low-

paying agricultural jobs towards high-paying oil-related occupations is one factor behind the

boost in male income established earlier.

ZFigure S18 plots the employment share of the same occupations in 1970. In high oil areas in 1970, the
most common occupations for men are general farmers, workshop mechanics, farm-helpers, and cement finishers.
For women, these are farm-helpers, shop assistants, other occupations in other clerical work, and charworkers.
Relative to low oil areas, high oil areas have slightly higher levels of agriculture in 1970; Tables S2 and S3 reveal
that pre-existing differences in the presence of agriculture do not explain any of the variation in high oil status.

26Qverall, the figure shows 19 occupations for men, 24 occupations for women. This restriction is for visual
convenience, as there are 288 occupations for men and 234 for women.
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A different picture emerges for women. Panel B shows that between 1970 and 1980, women
in high oil local labour markets move out of some of the low-paying, agricultural activities, such
as farm-helpers, but the majority of women do not move into the oil sector or other high-paying
jobs. Instead, women move into services and work as housekeepers (the 264" highest-paying
job among women in 1980), nurses (the 140" highest-paying job), and secretaries (the 74"
highest-paying job). Overall, most women are not directly absorbed into the new, high-paying
jobs created by the oil industry nor are occupational dynamics in spillover sectors conducive to

income gains for women.

6.3.3 Education and fertility

Two other mechanisms could be relevant. First, given the fall in female income and the within-
household reallocation of income shown in section 6.1, it is possible that families are making
different fertility choices following the oil windfall. A plausible response to the positive in-
come shock could be to have more children. Appendix G shows that this is indeed the case,
and both women and man had higher chances of having a child and a higher number of chil-
dren. However, the magnitude of the effect is small.?” Combined with the within-household
reallocation observed in Section 6.1, even the small observed changes in fertility are consistent
with the fact that women shift to household production following the discovery of oil.
Secondly, we consider possible adjustments in education and training: the drop in income
for young women could be driven by the choice to substitute work for further education, since
the job opportunities for them are not so favourable immediately after the oil boom. Appendix

1.3 shows that only men seem to invest more in schooling (although we find a small impact

27Figures S19 and S20 report our estimates. A decade after the oil discovery, the estimated difference in the
number of children between high and low oil women is 0.248. Since the average number of children among
women in low oil 10 years after the oil discovery is 1.72, our estimated difference represents a 14% increase, to
1.97 children, on average, per woman in high oil. The effect on the probability of having any child is even smaller,
a 5% increase after 10 years.
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of the oil shock on the years of education), while women do not significantly modify their
educational attainments. These findings therefore rule out the possibility of women pulling
away from the labour market for human capital accumulation as an explanation for their lower

income trajectories following the oil boom.

6.3.4 Relative importance of different mechanisms

The previous sections examined the importance of different mechanisms that could explain
the drop in female income following the oil boom. Having found evidence of changes in the
female labour supply and in occupations, we would like to give some indication on which of
these channels is predominant in explaining the loss in income. Due to the lack of data on
hourly wage and on the exact number of hours worked, we can only approximately show the
relative magnitude of these effects, looking at the transition between different labour statuses
over the 1970s, namely (i) becoming unemployed, (ii) moving from full time to part-time and
(ii1) changing job (see Appendix H for details).

Overall, it seems that the main mechanism with respect to the labour supply and occupa-
tional dynamics identified in sections 6.3.1 and 6.3.2 is due to working women leaving the
labour force. While we cannot map exactly how these transitions account for the income loss,
since wages are also likely to change significantly in this time period, these results further point

towards the importance of changes in the degree of employment among women.

6.4 Persistence: Lifetime Income of the Next Cohorts

In our baseline sample of workers aged 20-29 at the time of the discovery, women experience
sizeable and persistent declines in their own income. Such losses are mitigated by increasing

spousal income, at the expense of widening gender gaps within the household. Whether or not
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such a local economic shock causes continued decreases (increases) in the lifetime income of
even younger women (men) has considerable implications for gender equality going forward.
To further test the persistence of our results in the long run, we turn to a different sample: those
who were too young to enter the labour force in 1969, at the start of the boom.

Younger cohorts are exposed to the shock in their formative years and are more capable of
modifying key lifetime decisions compared to the baseline sample of workers aged 20-29. The
cohorts born between 1952 and 1966 (aged four to 18 in 1970) grew up during the oil boom and
had more flexibility in terms of job choice, education, and family formation decisions than their
older peers. As a result, their labour market outcomes may differ compared to those already in
the labour market during the economic boom.

Unlike our baseline estimations, we examine in this section the lifetime income of those
who are exposed to the oil shock as children.?® Following Haider and Solon (2006), we define
lifetime income as the sum of an individual’s income in the prime years of the average career
path, namely between ages 30 to 45. Figure 8 reveals strong gender differences in the average
lifetime income of nine birth cohorts residing in high/low oil labour markets prior to 1969.
Younger men’s lifetime income increases quickly in high oil, though this difference stabilizes
across birth cohorts (panel A). Indeed, for men who experience the boom at even younger ages,
the positive gap in lifetime income is remarkably stable across cohorts. In contrast, while older
women at the time of oil discovery earn less than their low oil counterparts, the younger the
women are at the time of the discovery, the smaller the negative gap in lifetime income (panel

B). For the youngest cohort aged 4—6 at the time of oil discovery, the gap in lifetime income

28There are two advantages to using lifetime income over annual income when looking at long run impacts.
First, the majority of our new sample is composed of children who are still in school and bound by compulsory
schooling laws at the time of the shock. Thus, it is more relevant to consider their overall income rather than the
income of a specific year. Second, lifetime income is free from any potential life-cycle biases which might result
from differences across the treated and control regions due to the oil shock. Women and men in high oil labour
markets may, for example, enter employment at younger ages and retire earlier, reflecting differential life-cycle
decisions and not necessarily overall income gains.
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between high and low oil areas vanishes.

These diverging patterns of lifetime income between men and women suggest that, while
young women who are already working in booming regions have a permanent income loss
after the oil shock, women in even younger cohorts have the time and opportunity to adapt
to the changing economic conditions to avoid the adverse labour market outcomes that older
cohorts experience. Formally, regression analysis of the lifetime income for different cohorts
of children confirms this pattern (Appendix I). For males we find that, with the exception of
the 13-15 age group, which has a marginally significant extra gain of 2% in lifetime income,
the impact of the local boom for younger men in high oil is not statistically different from the
impact for those aged 19-21. As seen in Figure 8, most boys experience a constant income gain
independent of their birth cohort.

For females, in contrast, the estimated effect of being younger at the time of the boom
is positive, large in magnitude, and statistically significant. Given that the lifetime income
gap between high and low oil women aged 19-21 (the reference group) is -9.5%, the positive
coefficients suggest that younger cohorts of women in high oil effectively close the lifetime
income gap with women in low oil. Among women who were aged 13-18 in 19609, the lifetime
income of those in high oil is only 5.2% less than those in low 0il.?* For the 4-12 age group,
while the lifetime income gap remains significant, it is further reduced to 2.3-3.5%.

There can be several explanations for these results on the next generations. Other studies
have found that early life conditions can have lifelong implications (see, for instance, Cunha
and Heckman, 2007), and that an increase in family income can have especially large effects on
children’s outcomes for the lower end of the parental income distribution (Lgken et al., 2012).
However, it is challenging to isolate the importance of any one specific factor in explaining the

long run recovery of income for young women who experience the economic boom in their

2This percentage results from -9.5+4.3%, the coefficient for this age bin from the second column of Table S8.
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childhood. We present suggestive evidence that an increase in full-time employment across
cohorts of women mirrors the observed catch up in lifetime income (Figure S24 in Appendix I,
Panel B). We also show that migration (Figure S23) and decisions on human capital accumula-

tion (Tables S9 and S10) seem to be less important factors.

7 Conclusion

In most developed economies, gender inequality in labour market outcomes persists despite
years of policy initiatives. This article exploits the discovery of oil and gas in Norway to
highlight how a large positive shock can trigger structural changes that hinder income equality
and cause a temporary setback in women’s labour market participation over a long time horizon.
Using rich panel data on individuals and households, we find that men residing in regions most
exposed to oil immediately benefit in terms of income and employment, while working women
drop out of full-time employment and earn significantly less in the years following the boom.
Furthermore, a decade after the oil discovery, a large share of men move into higher-paying
occupations, while women do not.

Given that Scandinavian countries are consistently ranked among the most gender-equal
in the world (WEF, 2020; UNDP, 2019), our results on the persistent income losses among
women already in the labour force at the time of the oil discovery may appear surprising,
particularly given the a-priori expectations of positive spillover effects of the oil boom on mul-
tiple sectors in the economy, but they are particularly important. These aggregate effects on
young working-age women mask some interesting heterogeneity: women who are single at the
time of the shock experience smaller declines in their individual labour income compared to
married women. In terms of overall household income, however, married women experience

moderate increases as their husbands’ income rises. This result suggests a reallocation of the
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within-household labour supply, or women pulling back from the labour market, triggered by
the higher male income.

A key novelty of our analysis lies in our ability to track the dynamics of income and labour
supply decisions for the same individuals. Not only do we examine the effects and underlying
mechanisms of the local shock on those already of working age at the time of the boom, but
we also study the next generation of workers—those who were too young to be in the labour
force during the first phases of the economic boom. We find that the youngest cohort of women
do not suffer any lifetime income loss following the oil discovery, thus faring much better
than women who are already in the workforce when the oil sector appears. The differences in
income dynamics between women already in the labour force at the time of the discovery and
younger ones who grow up during the boom suggest that flexibility in making career-related
decisions in education, household formation, and labour supply decisions can have long-lasting
effects on income. This result may indicate that there is room for timely policies to encourage
labour supply adjustments that are more conducive to gender equality. It is important to note
that many factors could be affecting the observed long term outcomes: for instance, the wealth
brought by the local economic boom could catalyse socio-cultural changes that make it more
acceptable for young girls to envision working full-time, even with working husbands, or for
companies to demand female labour. A thorough exploration of these factors is beyond the
scope of the current study.

Overall, our findings indicate that the oil boom is primarily a positive income shock for
men, as women do not benefit economically from the arrival of oil and gas and its spillovers to
other industries within the short to medium term. However, the losses for female workers are
short-lived: in the long run, when new cohorts of women enter the labour market, the reduction

in terms of income and labour market participation disappears.
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Many important policy-relevant questions remain open for further analysis. For example,
why do so few women switch into higher-paying jobs after the local boom unlike their male
counterparts? What constraints do women face at the time, such as household duties, child-
bearing and child care, and social taboos against women working in the oil sector? Lastly, what
are the exact welfare consequences of this type of economic shock? We cannot evaluate in our
study how changes in income translate into actual welfare experienced by these women. For
example, it is possible that the intra-household reallocation of resources is welcome by both
spouses, and that the reduction in annual income reflects an optimal labour supply choice that
married women make willingly. It is also possible that the lower earning status is forced upon
these women by the new economic context, and they do not have an option other than to work

less, and/or for lower wages. This distinction remains to be validated in future research.
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Figure 1: Geographic Distribution of the Influence of the Oil Discovery. Exposure to oil is defined as
the share of employment in an oil industry or secondary industry supporting oil production in each local
labour market. High oil (dark red): fraction of employment in oil larger than 0.1. Medium oil (orange):
fraction of employment in oil between 0.075 and 0.1. Low oil (light pink): fraction of employment in
oil less than 0.075.
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Figure 2: Evolution of labour force participation by oil status, ages 18—64. The figure plots the male
and female labour force participation rate in high-oil and low-oil local labour markets in 1960, 1970 and
1980. Note that while values of y-axis differ between panels, the scale of the y-axis is the same, such
that lines are directly comparable.
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Figure 3: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender. Birth cohorts:
1940-1949. The figure plots the estimated impact of the oil discovery (Jx) on annual log income by
gender, comparing treated individuals who resided in a high oil local labour market in 1965 to untreated
in a low oil local labour market in 1965 in equation (1) from separate regressions by gender. The red

vertical line corresponds to the discovery of oil at the end of 1969. 95% confidence interval reported.
Reference period —1 (1969) is normalized to zero.
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Figure 4: Estimated Effect of Oil Discovery on Log(Income) over Time by Gender and Marital Status.
Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (d;) on annual log
income by gender and initial marital status, comparing treated individuals who resided in a high oil local
labour market in 1965 to untreated ones in low oil local labour markets in 1965 in equation (1) from
separate regressions by gender and marital status. Initial marital status is defined prior to the oil shock
in 1969. The red vertical line corresponds to the discovery of oil at the end of 1969. 95% confidence
interval reported. Reference period —1 (1969) is normalized to zero.
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Figure 5: Estimated Effect of Oil Discovery on Individual and Household’s Log(Income) over Time by
Gender. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (d;) on an-
nual log income for single individuals and for their household by gender, comparing treated individuals
who resided in a high oil local labour market in 1965 to untreated ones in low oil local labour markets
in 1965 in equation (1) from separate regressions by gender. Individual and household regressions are
estimated using the same sample of stable couples, defined as those who are married in 1969 (or earlier)
through to 1980. The trends for men and women do not need to sum to the household trend, because
the household income measure includes also marriages to individuals outside the sample birth cohorts.
Time horizon spans —1 to 410 as marital status is defined in 1969, thus some couples were unmarried
prior to —1. Stable couples represent 38% and 35% of the sample in Figure 3 among men and women
respectively. The red vertical line corresponds to the discovery of oil at the end of 1969. 95% confidence
interval reported. Reference period —1 (1969) is normalized to zero.
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Figure 6: Estimated Effect of Oil Discovery on Individual Share of Household Log(Income) Over Time
by Gender. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (d;) on
the male and female share of their household’s annual log income, comparing treated individuals who
resided in a high oil local labour market in 1965 to untreated ones in low oil local labour markets in 1965
in equation (1) from separate regressions by gender. Regressions are estimated using the same sample of
stable couples defined as those who are married in 1969 (or earlier) through to 1980. Time horizon spans
—1 to +10 as marital status is defined in 1969, thus some couples are unmarried prior to —1. Stable
couples represent 38% and 35% of the sample in Figure 3 among men and women respectively. The red
vertical line corresponds to the discovery of oil at the end of 1969. 95% confidence interval reported.
Reference period —1 (1969) is normalized to zero. Average share of household income in 1969 is 0.86
and 0.41 for men and women respectively.
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Panel B. Women

914 Housekeepers, maids (private service); 290

411 Farm-helpers (general); 279
412 Livestock workers (general); 283

915 Housekeepers (public service); 264

401 General farmers, livestock farmers (working on own behalf); 258
333 Shop assistants; 238

932 Charworkers; 240

919 Others in Hotel, Restaurant, Domestic Work; 229

203 Other cashiers; 231

825 Canning and other preservation workers; 211

921 Headwaiters, waiters; 227

047 Nursemaids in hospitals and other institutions; 221

861 Packers, labellers and related workers; 208

716 Sewers and embroiderers (textile products, leather garments); 182
049 Others in Nursing Care; 151

299 Others in Other Clerical Work; 147

043 Practical nurses in psychiatric institutions; 138

045 Other practical nurses; 140

671 Local postmasters, postal assistance; 132

673 Telephoneswitchboard operators (public service); 109

0X2 Social workers; 70
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Figure 7: Change in Employment Shares between 1970 and 1980. The figure plots the percentage point
changes in employment shares in high versus low oil local labour markets between 1970 and 1980,
among occupations whose employment share increased/decreased by at least 0.5 percentage points.
The number at the end of each occupation denotes the national rank of the occupation in terms of
average income earned in 1980. Occupations classified according to the International Classification of
Occupation (ISCO) system. Sample of all workers in high/low oil employed in an occupation in a given
year.

53



5000

4500
1
°

3500

average of lifetime income (thousands)
4000
1
[ )

3000

*

28'30 25-27 2224 19-21 16-18 13-15 10-12 7-9  4-6
age exposed to oil

¢ low oil e high oil

Panel A: Men

3000

2500
(243

2000
1
oo

1500
1
.

average of lifetime income (thousands)
1000

500
1

28'30 25-27 2224 19-21 16-18 13-15 10-12 7-9  4-6
age exposed to oil

¢ low oil e high oil

Panel B: Women

Figure 8: Lifetime Income Gap by Age Cohort. The figure plots the average lifetime income (measured
between ages 30-45) of groups of people who had different ages at the time of oil discovery in 1970.
Each cohort corresponds to a three-years bin, such that the 4-6 cohort was born in 1966-1964, and aged
4-6 in 1970; the 7-9 cohort was born in 1963-1960, and so on. The sample includes all individuals born
between 1939 -1966. High/low oil defined as residing in high/low oil local labour markets in 1965
(from birth for those born after 1965). Income measured in NOK, inflation adjusted to year 1998.
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Table 1: Summary Statistics of Young Workers (Birth Cohorts 1940-1949) in 1969

(1) 2 (3)
Male Female Both Genders
Pension income (in 1998 NOK) 151,006.0 105,745.2 136,430.1
(66139.5) (47373.5) (64309.2)
Age 24.66 23.80 24.39
(2.730) (2.619) (2.725)
Living in High Oil LLM in 1965 0.167 0.147 0.160
(0.373) (0.354) 0.367)
Living in Medium Oil LLM in 1965 0.188 0.186 0.187
(0.391) (0.389) (0.390)
Living in Low Oil LLM in 1965 0.645 0.668 0.652
(0.478) (0.471) (0.476)
Married 0.611 0.603 0.608
(0.488) (0.489) (0.488)
Observations 182,570 86,724 269,294

Notes: Table reports means and standard deviations of demographic characteristics for men and women
with positive income in the three years before the oil discovery as described in Section 4.2.
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Table 2: Census Results - Not Employed

Sample: Strongly Attached 67-69 Weakly Attached 67-69
(1) (2) (3) 4)
Not Emp.  Not Emp. Not Emp.  Not Emp.
Male Female Male Female
Oil LLM=1 0.004*** -0.028%** 0.001 -0.015%*
(0.001) (0.007) (0.007) (0.006)
Post=1 0.014*** 0.112%%%* -0.139%*%  _(0.367***
(0.001) (0.005) (0.009) (0.003)
Oil LLM=1 x Post=1 -0.006%**  (,050%** -0.025%* 0.029%**
(0.002) (0.013) (0.013) (0.013)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 310938 149304 134306 270732
R? 0.003 0.034 0.047 0.142
Mean Dep. Variable 1970 0.024 0.170 0.209 0.659

Notes: Table reports the difference-in-differences estimates of equation (2) separately by gender us-
ing a sample that includes birth cohorts between 1940-1949 (aged 21-30 in 1970). Dependent vari-
able is a dummy variable indicating non-employment, defined as either outside the labour force or
unemployed. Treatment is high exposure to oil based on 1965 residence. ‘Strongly attached’ to LF
defined as having positive income in all years 1967-1969, while ‘weakly attached’ is having zero
income in at least one year from 1967-1969. Standard errors clustered at the initial local labour
market level are reported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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Table 3: Census Results - Full-Time Employment

Sample: Strongly Attached 67-69 Weakly Attached 67-69
(1) (2) (3) 4)
Full Time  Full Time Full Time  Full Time
Male Female Male Female
Oil LLM=1 -0.029%**  (0,011%* -0.024%** 0.0417%*
(0.005) (0.005) (0.010) 0.017)
Post=1 0.063***  .(275%** 0.304***  -(0.031**
(0.006) (0.009) (0.018) (0.013)
Oil LLM=1 x Post=1 0.006 -0.045%%** 0.001 -0.050%*
(0.010) (0.013) (0.019) (0.025)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 293879 112497 113303 136652
R? 0.029 0.085 0.136 0.014
Mean Dep. Variable 1970 0.852 0.733 0.591 0.422

Notes: Table reports the difference-in-differences estimates of equation (2) separately by gender us-
ing a sample that includes birth cohorts between 1940-1949 (aged 21-30 in 1970). Dependent vari-
able is a dummy variable indicating full-time employment, defined as being employed 1300 hours
or more annually. Sample is restricted to those with any employment in 1970 and 1980. Treatment
is high exposure to oil based on 1965 residence. ‘Strongly attached’ to LF defined as having posi-
tive income in all years 1967-1969, while ‘weakly attached’ is having zero income in at least one
year from 1967-1969. Standard errors clustered at the initial local labour market level are reported
in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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Online Appendix

A Giant Oil Fields in Norway

Snoehv<|>t (1984
; ‘éf& y

%0 Ekofisk (1969)

Figure S1: Giant offshore oilfields in Norway. The map shows the geographic distribution of giant
oilfields discovered in Norway in the 1970s and 1980s, all situated offshore. For each cluster of discov-
eries, we report the name and year of only one field. Ekofisk, located south-west of Stavanger in the
North Sea, was the first of these discoveries and the one used for our empirical analysis.
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B Breakdown of Oil Industry in 1980
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C Income in Levels and Probability of Positive Income

Panel A. Men
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Figure S2: Estimated Effects of the Oil Discovery on Income over Time by Gender. Birth cohorts:
1940-1949. The figure plots the estimated impact of the oil discovery (Jx) on annual income by gender,
comparing treated individuals who resided in a high oil local labour market in 1965 to untreated ones in
a low oil local labour markets in 1965 in equation (1). The red vertical line corresponds to discovery of
oil at the end of 1969. 95% confidence interval reported. Reference period —1 (1969) is normalized to
Zero.
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Figure S3: Estimated Effects of the Oil Discovery on the Probability of Having Positive Income over
Time by Gender. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery
(1) on the probability of having positive income by gender, comparing treated individuals who resided
in a high oil local labour market in 1965 to untreated ones in a low oil local labour markets in 1965 in
equation (1). The red vertical line corresponds to discovery of oil at the end of 1969. 95% confidence
interval reported. Reference period —1 (1969) is normalized to zero.
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Figure S4: Estimated Effect of Oil Discovery on the Probability of Having Positive Income Over Time
by Gender and Marital Status. Birth cohorts: 1940-1949. The figure plots the estimated impact of
the oil discovery (d) on the probability of having positive income by gender and initial marital status,
comparing treated individuals who reside in a high oil local labour market in 1965 to untreated ones in
low oil local labour markets in 1965 in equation (1) from separate regressions by gender and marital
status. Initial marital status is defined prior to the oil shock in 1969. The red vertical line corresponds to
the discovery of oil at the end of 1969. 95% confidence interval reported. Reference period —1 (1969)
is normalized to zero.
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D Robustness

D.0.1 Can Pre-Existing Characteristics Explain High Employment Share in Oil in 1980?

Our definition of high oil regions is based on the characteristics of labour markets after the
economic boom, namely the share of employment in oil in 1980. While the difference-in-
differences approach does not require the variation in treatment intensity be unrelated to local
labour market characteristics, it is useful to examine the determinants of the expansion of oil
employment across local labour markets up to the 1980s. Table S2 reports results of separate
regressions of high oil status in 1980 on 2-digit industry shares in 1960, examining whether
the most common industries predict high oil status in 1960. Of the industries examined, the
employment share in the manufacture of metal products, machineries and equipment in 1960
is positively related to high oil in 1980 and is the most significant predictor of high oil status.
Included in this 2-digit industry is shipbuilding, which also benefits from the discovery of
offshore oil. Despite this, industry and the other five most common industries that accounted
for more than half of total employment before the boom can only predict around 12% of the
likelihood of becoming a high oil local labour market (see the R? of Table S2).

Even with the inclusion of other controls, such as employment in agriculture and the public
sector, population density, educational characteristics and a control for coastal municipalities
in Table S3, the ability of these local labour market-specific characteristics to predict which
areas become high oil after the boom does not increase significantly. Male employment in
metal products, machineries and equipment manufacturing remains one of the few significant
determinants. Figure S5 details the robustness of the results to accounting for differences in
this industry, illustrating that such industries do not drive our results as annual income for men
and women still evolves as in our baseline specification. Overall, these results suggest that oil

development by 1980 is largely unrelated to pre-existing area factors.
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Table S2: Predicting High Oil Status in 1980 using 1960 Census

()
High Oil 1980
emp. share agricultural -0.0962
(-0.19)
R? 0.000
emp. share transportation and storage 3.162%
(1.69)
RQ 0.079
emp. share construction -2.661
(-0.85)
R? 0.025
emp. share social and community services 0.815
(0.19)
R? 0.000
emp. share retail trade -6.225
(-0.95)
R? 0.020
emp. share manufacture of metal products, machinery, and equipment 3.624%%*
(2.75)
R? 0.119
LLMs 46

Notes: Each panel corresponds to separate regression of 6 most common 2-digit industries on the proba-
bility of a local labour market to become high oil. All industries account for 53% of total employment in
1960. The last industry does have a lot of predictive power on its own, since the manufacture of equip-
ment includes shipbuilding, one of the activities that most strongly predicts the future development of
a large oil industry. Table regresses binary variable equal to 1 indicating high oil measured in 1980 (as
defined in Section 5.1) on local labour market-level industry shares in 1960 before the discovery of oil.
Estimating equation: highoil. = By + B1empshare. + ue.
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Figure S5: Estimated Effect of the Oil Discovery on Log(Income) over Time by Gender Excluding
some Secondary Oil Industries. Birth cohorts: 1940-1949. The figure plots the estimated impact of
the oil discovery () on annual log income for individuals as in baseline specification of Figure 3
excluding local labour markets with high share of employment in manufacturing of metal, machinery,
and equipment in 1960, comparing treated individuals who resided in a high oil local labour market in
1965 to untreated ones in low oil local labour markets in 1965 in equation (1). Estimation sample—high
and low oil areas, excluding any local labour markets with more than 10% of employment in MFG of
metal, machinery, and equipment in 1960 both in high and low oil. The red vertical line corresponds to

the discovery of oil at the end of 1969. 95% confidence interval reported. Reference period —1 (1969)
is normalized to zero.
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D.0.2 Alternative Definitions of Qil Local Labour Markets

Figures S6 and S7 redefine treated local labour markets to exploit the direct spatial measure
of treatment by oil. Compared to the baseline definition, which relies on employment shares
in oil in 1980, exploiting the direct spatial definition of oil abstracts from post-oil discovery
development. Rather, the spatial measurement of oil relies on the as good as random nature
of the location of the first oil discovery. This definition compares the three closest areas to the
initial Ekofisk discovery in 1969—the local labour markets of Stavanger, Lister, and Haugesund
—to other local labour markets in Norway.

Figure S6 compares these three local labour markets to other low oil local labour markets,
a definition similar to Lgken et al., 2012, while Figure S7 compares these three local labour
markets to all local labour markets, including those defined as high- and mid-oil in the baseline
definition. Reassuringly, results for both men and women are unchanged compared to Figure 3,
though they are of slightly smaller magnitude in Figure S7 when the counterfactual group has

been expanded substantially.
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Figure S6: Estimated Effect of the Oil Discovery on Log(Income) over Time by Gender with Spatial
Identification. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery ()
on annual log income for individuals as in baseline specification of Figure 3, but comparing the three
high-oil local labour markets closest to initial discovery (Stavanger, Lister, and Haugesund, all of which
become high-oil) as treated to all low-oil ones as controls. This design exploits the spatial component
of the discovery rather than subsequent developments and closely mirrors Lgken et al. (2012). The red

vertical line corresponds to the discovery of oil at the end of 1969. 95% confidence interval reported.
Reference period —1 (1969) is normalized to zero.
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Figure S7: Estimated Effect of the Oil Discovery on Log(Income) over Time by Gender with Spatial
Identification - Different Control Group. Birth cohorts: 1940-1949. The figure plots the estimated im-
pact of the oil discovery (dx) on annual log income for individuals as in baseline specification of Figure 3,
but comparing the three high-oil local labour markets closest to initial discovery (Stavanger, Lister, and
Haugesund, all of which become high-oil) as treated to all low-oil and mid-oil ones as controls. This
design exploits the spatial component of the discovery rather than subsequent developments and closely
mirrors Lgken et al. (2012). The red vertical line corresponds to the discovery of oil at the end of 1969.
95% confidence interval reported. Reference period —1 (1969) is normalized to zero.
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D.0.3 Geographic Mobility

Our baseline results could be underestimating the changes in the local workforce resulting
from migration into and out of the oil regions. Constructing the treatment and control groups
using an individual’s local labour market of residence prior to the oil discovery partly limits
concerns about endogenous relocation of workers following the change in economic circum-
stances. However, if a large fraction of the population moved in response to the oil shock, then
the average income in the treatment and control groups would be an inappropriate comparison
since many individuals would no longer be living in the initial location. Indeed, the literature
often identifies some geographic mobility following resource discoveries. For instance, Wilson
(2020) shows significant migration into oil regions following the fracking boom.

Differential rates of geographic mobility do not appear to be problematic for the analysis.
In our baseline sample, the fraction of workers who move is similar between those in high and
low oil local labour markets. Among men, 21% of those in high oil and 23% of those in low oil
reside in a new local labour market in 1980 compared to 1965. Among women, 35% of those
in high oil and 30% of those in low oil regions reside in a new local labour market in 1980.

While geographic mobility is relatively low over the period, and roughly similar between
high and low oil local labour markets, mobility patterns among those who do move may differ
between high and low oil region movers. Among men who migrate and were initially residing
in a high oil local labour market, 25% relocate to another high oil local labour market and 51%
relocate to a low oil local labour markets. Among those who migrate and who were initially
residing in a low oil local labour market, 70% relocate to another low oil local labour market
and 13% relocate to a high oil local labour market. As just 23% of low oil area men move to
a new local labour market by 1980, only 3% of those who initially resided in a low oil local

labour market reside in a high oil local labour market in 1980. The most frequent destination
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among both high and low oil movers is Oslo, the financial centre of the country and a low-oil
area. 23% of those who move from high oil local labour markets and 25% of those who move
from low oil local labour markets ultimately reside in Oslo in 1980. This suggests that mobility
into high oil regions among men is not a major concern.

Geographic mobility is higher among women relative to men, and slightly higher among
women from high oil local labour markets. As with men, the most frequent destination among
both high and low oil movers is Oslo, where 25% of high oil movers and 27% of low oil movers
ultimately settle. As with men, only 4% of those who initially resided in a low oil local labour
market reside in a high oil local labour market in 1980, suggesting that mobility into high oil
regions is not a major concern.

Additionally, Figure S8 examines how the results of Figure 3 change when excluding
movers. If differential mobility out of or into high oil local labour markets strongly impacts the
results of Figure 3, then excluding these movers would provide a different picture. Reassur-

ingly, Figure S8 reveals that results are consistent when excluding movers.

72



Panel A. Men

|—!_
: EESERER
o_l
R I
o @ T
0) I +
€En
82 1
£
D
SI.
n
|—!_
~N
n
(V._
3 2 -1 40 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10
e High Oil
Panel B. Women
|—!_
Ln_
< % ®
o H { — 1 |
o) |
€Ein 1
521 {
£
D
8" } }
n
— [ ]
~N
n
‘V._

-3 -2 -1 40 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10

e High Oil

Figure S8: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender Excluding
Movers. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (Jx) on log
of annual income by gender, comparing treated individuals who resided in a high oil local labour market
in 1965 to untreated in a low oil local labour market in 1965 in equation (1). The estimation sample
excludes those who reside in a different local labour market from where they resided in in 1965. Vertical
line corresponds to discovery of oil at the end of 1969. 95% confidence interval reported. Reference
period —1 (1969) is normalized to zero.
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D.0.4 Do Specific Local Labour Markets Drive the Results?

We implement three robustness checks to examine how influential specific local labour mar-
kets are in the baseline results. The baseline results are unchanged if: (i) we exclude the largest
local labour market, Oslo, the capital, from the control group which had 4.7% of employment
in oil in 1980 (Figure S9); (ii) we exclude the Northern local labour markets from the sample,
most of which are low-oil (Figure S10); (iii) we consider only coastal municipalities, exclud-
ing landlocked areas that were farther from the offshore oil discovery (Figure S11); and (iv)
we exclude labour markets that experienced substantial college expansions (Figure S12). The
stability of these results suggests that particular local labour markets do not drive the observed
changes in income in high- versus low-oil areas. Considering a sample of comparable areas in
terms of coastal access, together with the results of Figure S5, suggests that differences in ship-
building and coastal proximity do not drive the baseline results, nor do the access to educational

facilities.
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Figure S9: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender Excluding
Oslo. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery () on log
of annual income by gender, comparing treated individuals who resided in a high oil local labour market
in 1965 to untreated in a low oil local labour market - excluding Oslo, the capital - in 1965 in equation
(1). Vertical line corresponds to discovery of oil at the end of 1969. 95% confidence interval reported.
Reference period —1 (1969) is normalized to zero.
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Figure S10: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender Excluding
Northern Markets. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery
(1) on log of annual income by gender, comparing treated individuals who resided in a high oil local
labour market in 1965 to untreated in a low oil local labour market in 1965, excluding Northern local

labour markets, in equation (1). Vertical line corresponds to discovery of oil at the end of 1969. 95%
confidence interval reported. Reference period —1 (1969) is normalized to zero.
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Figure S11: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender - Only
Coastal Markets. Birth cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery
(0%) on log of annual income by gender, comparing treated individuals who resided in a high oil local
labour market in 1965 to untreated in a low oil local labour market in 1965 in equation (1). Estimation
sample—high and low oil areas excluding any landlocked local labour market in both high- and low-
oil. This isolates a sample of local labour markets which are, arguably, more comparable. Vertical line
corresponds to discovery of oil at the end of 1969. 95% confidence interval reported. Reference period
—1 (1969) is normalized to zero.
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Figure S12: Estimated Effects of the Oil Discovery on Log(Income) over Time by Gender. Birth
cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (dx) on annual log income
by gender and by whether or not a local labour market has a university or college, comparing treated
individuals who resided in a high oil local labour market in 1965 to untreated in a low oil local labour
market in 1965 in equation (1) from separate regressions by gender. The red vertical line corresponds to
the discovery of oil at the end of 1969. 95% confidence interval reported. Reference period —1 (1969)
is normalized to zero. 96,932 (51,300) men reside in local labour market with (without) a university or
college respectively. 49,607 (21,007) women reside in local labour market with (without) a university
or college, respectively.
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D.0.5 Child care

In Figure S13, we show that there is no significant correlation between labour markets that

experienced changes in available kindergartens and oil employment.
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Figure S13: The correlation between Kindergarten Expansion and the Presence of Oil. Figure plots the
correlation between the fraction of local labour market employment in oil in 1980 and the change in
the kindergarten (“barnehage”) enrolment rate between 1976—-1979 as defined in Havnes and Mogstad
(2011). Each point corresponds to a local labour market, weighted by the size of the population in 1970.
Linear fit line plotted, not statistically significant at conventional levels.

D.0.6 Religiosity

Figure S14 plots the geographic distribution of the fraction of the population who is a member
of the state church or any other church (panels (a) and (b) respectively). There is strong mem-
bership in the state church (which generally was the main religion for most Norwegians at the
time) in the center of Norway, and to a lesser extent in the south-west, while there is stronger
membership in any other church in the Southern parts of Norway. Separating state and any
other church membership allows differences in beliefs to be accounted for: indeed, the south of

Norway has much higher membership in other churches besides the state Church of Norway.
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While there is a geographic dispersion of religiosity, note that even less religious places are still
quite religious.

Figure S15 plots the correlation between the fraction of the population who is member
of the state Church of Norway in 1960 and the fraction of employment in oil in 1980, while
Figure S16 presents the same plot with membership in any other church. There is no significant
relationship between the fraction of the people in a local labour market who are members
of the state church or any other church and the fraction of employment in oil 20 years later.
The estimated coefficients from both regression lines are small in magnitude and statistically
insignificant. Furthermore, all our results are robust to the exclusion of the top 25% most

religious areas in 1960. 3

Figure S14: Geographic Distribution of Church Membership in 1960

(a) Membership in State Church (b) Membership in Any Other Church

(0.99,1.00] 0.04,0.09]
(0.98,0.99)] 0.02,0.04]
(0.97,0.98] 0.02,0.02
(0.95,0.97] 0.01,0.02
[0.90,0.95] [0.00,0.01]

Note: Religiosity proxied as the fraction of residents who are a member of the state church (panel a) and any other
church (panel b) in local labour markets in 1960.

30Results are available upon request.
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Figure S15: The insignificant correlation between Religiosity and the Presence of Oil.

Note: Religiosity proxied as the fraction of residents who are a member of the state church in local labour markets
in 1960. Each point represents a local labour market, weighted by the size of the population in 1960.
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Figure S16: The insignificant correlation between Religiosity and the Presence of Oil.

Note: Religiosity measured as the fraction of residents who are a member of any other church in local labour
markets in 1960. Each point represents a local labour market, weighted by the size of the population in 1960.
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D.0.7 Time Horizon

Our results are robust to extending the time horizon to include the peak of the oil boom in the
early 1980s, a time of high oil prices, and the oil ‘bust’ in the middle of that decade (in Figure
S17). Up to 20 years after the boom, income gains for men in high local labour markets are
persistent and stable, while for women income losses are persistent, though less severe over

time.
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Figure S17: Estimated Effects of the Oil Discovery on Log(Income) over Time. Birth cohorts: 1940-
1949. The figure plots the estimated impact of the oil discovery () on annual log income by gender,
comparing treated individuals who resided in a high oil local labour market in 1965 to untreated in a low
oil local labour market in 1965 in equation (1) from separate regressions by gender. The red vertical line
represents the discover of oil in 1969. 95% confidence interval reported. Reference period —1 (1969) is
normalized to zero. The dotted vertical line at +10 corresponds to the peak of global oil price in 1980,
while that at +15 corresponds to the trough of oil price in 1985.
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E Additional Estimation Results - Census

E.1 Income

Table S4: Census Results - Income

Male Female
(1 (2) (3) 4)
Income Income Income Income
High Oil Middle Oil High Oil Middle Oil
Oil LLM=1 -13721%%%  _17965%** 239 5951 %**
(2288) (1380) (1134) (1037)
Post=1 102581%** 102581 *** 40628***  40628***
(2527) (2531) (841) (843)
Oil LLM=1 x Post=1 12083*%* 5979%** -6274%**  _4170%*
(4567) (2892) (2272) (2079)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 445244 458264 420036 436280
R? 0.279 0.279 0.083 0.081

Notes: Table reports the difference-in-differences estimates of equation (2) by gen-
der, using a sample that includes birth cohorts between 1940-1949 (aged 21-30 in
1970). Dependent variable is income measured in NOK, inflation adjusted to year
1998. Treatment is high (columns 1 and 3) or middle (columns 2 and 4) exposure
to oil based on 1965 residence. Standard errors clustered at the initial local labour
market level are reported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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E.2 Additional Hours Worked Bins

Table S5: Census Results - Employed 1000—-1299 hours

Sample: Strongly Attached 67-69 Weakly Attached 67-69
(L) (2) (3) 4
1000-1299 Hours  1000-1299 Hours 1000-1299 Hours  1000-1299 Hours
Worked Male Worked Female Worked Male Worked Female
Oil LLM=1 0.020%** 0.035%** 0.033*** 0.014 %%
(0.004) (0.002) (0.005) (0.003)
Post=1 -0.067*** 0.008*** -0.145%%** -0.008**
(0.005) (0.002) (0.003) (0.003)
Oil LLM=1 x Post=1 0.003 -0.010%* 0.003 0.002
(0.008) (0.005) (0.010) (0.004)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 293879 112497 113303 136652
R? 0.031 0.001 0.063 0.002
Mean Dep. Variable 1970 0.105 0.135 0.192 0.167

Notes: Table reports the difference-in-differences estimates of equation (2) using a sample that includes birth co-
horts between 1940-1949 (aged 21-30 in 1970). Dependent variable is a dummy variable indicating employment
of 1000-1299 hours annually. Sample is restricted to those with any employment in 1970 and 1980. Treatment is
high exposure to oil based on 1965 residence. ‘Strongly attached’ to LF defined as having positive income in all
years 1967-1969, while ‘weakly attached’ is having zero income in at least one year from 1967-1969. Standard
errors clustered at the initial local labour market level are reported in parentheses. ***p < 0.01, **p < 0.05,
*p < 0.10.

Table S6: Census Results - Employed 500-999 hours

Sample: Strongly Attached 67-69 Weakly Attached 67-69
(1) (2) (3) 4)
500-999 Hours  500-999 Hours 500-999 Hours  500-999 Hours
Worked Male Female Male Female
Oil LLM=1 0.004#** -0.022%3%* -0.009%** -0.024%**
(0.001) (0.005) (0.003) (0.007)
Post=1 -0.000 0.143%%** -0.063%%#%* 0.049%**
(0.001) (0.006) (0.005) (0.004)
Oil LLM=1 x Post=1 -0.004*** 0.015 -0.000 0.008
(0.001) (0.012) (0.006) (0.011)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 293879 112497 113303 136652
R? 0.003 0.043 0.019 0.008
Mean Dep. Variable 1970 0.025 0.079 0.097 0.203

Notes: Table reports the difference-in-differences estimates of equation (2) using a sample that includes
birth cohorts between 1940-1949 (aged 21-30 in 1970). Dependent variable is a dummy variable indi-
cating employment of 500-999 hours annually. Sample is restricted to those with any employment in
1970 and 1980. Treatment is high exposure to oil based on 1965 residence. ‘Strongly attached’ to LF
defined as having positive income in all years 1967-1969, while ‘weakly attached’ is having zero in-
come in at least one year from 1967-1969. Standard errors clustered at the initial local labour market
level are reported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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Table S7: Census Results - Employed 100—499 hours

Sample: Strongly Attached 67-69 Weakly Attached 67-69
(1) (2 (3) )
100-499 Hours  100-499 Hours 100-499 Hours  100-499 Hours
Worked Male =~ Worked Female Worked Male =~ Worked Female
Oil LLM=1 0.005%*3* -0.024%** 0.000 -0.032%*
(0.001) (0.003) (0.008) (0.014)
Post=1 0.004 %3 0.124 %% -0.095°%3%#:* -0.010
(0.001) (0.003) (0.012) (0.015)
Oil LLM=1 x Post=1 -0.005%%#%* 0.040%** -0.004 0.041*
(0.002) (0.008) (0.015) (0.021)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 293879 112497 113303 136652
R? 0.002 0.047 0.039 0.002
Mean Dep. Variable 1970 0.017 0.053 0.120 0.208

Notes: Table reports the difference-in-differences estimates of equation (2) using a sample that includes
birth cohorts between 1940-1949 (aged 21-30 in 1970). Dependent variable is a dummy variable indi-
cating employment of 100—499 hours annually. Sample is restricted to those with any employment in
1970 and 1980. Treatment is high exposure to oil based on 1965 residence. ‘Strongly attached’ to LF
defined as having positive income in all years during 1967-1969, while ‘weakly attached’ is having zero
income in at least one year from 1967-1969. Standard errors clustered at the initial local labour market
level are reported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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F Distribution of Occupations in 1970
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Panel A. Men

411 Farm-helpers (general); 317
412 Livestock workers (general); 311

401 General farmers, livestock farmers (working on own behalf); 272

431 Other fishermen; 230

882 Warehouse workers; 242

299 Others in Other Clerical Work; 208

612 Able and ordinary seamen; 202

671 Local postmasters, postal assistance; 191

793 Cement finishers, excavators etc.; 170

751 Workshop mechanics; 158

731 Furnacemen; 161

302 Working proprietors, retail trade; 146

761 Electricians and electrical fitters; 126

331 Salesmen operating from an office; 67

063 Lecturers with final university degree (secondary schools); 48
003 Other engineers, engineering technicians, industrial designers and draughtsmen; 21
111 Directors, managers and working proprietors; 27

002 Chief engineers; 19

530 Foremen and workers in oil and natural gas production; 9

T T T T T
0 .02 .04 .06 .08 A
employment share in 1970

B Highoil [ ] Low Oil

Panel B. Women

914 Housekeepers, maids (private service); .

411 Farm-helpers (general);

412 Livestock workers (general); .

915 Housekeepers (public service); .
401 General farmers, livestock farmers (working on own behalf); .
333 Shop assistants; .

932 Charworkers; .

919 Others in Hotel, Restaurant, Domestic Work; .
203 Other cashiers; .
825 Canning and other preservation workers; .

921 iters, waiters;

047 Nursemaids in hospitals and other institutions; .
861 Packers, labellers and related workers; .
716 Sewers and embroiderers (textile products, leather garments); .
049 Others in Nursing Care
299 Others in Other Clerical Work

043 Practical nurses in psychiatric institutions; .
045 Other practical nurses;
671 Local postmasters, postal assistance; .
673 Telephoneswitchboard operators (public service);
0X2 Social workers; .
211 and .
041 nurses; . F'

063 Lecturers with final university degree (secondary schools);

T
0 .05 1 15
employment share in 1970

I Highoil [ ] LowOil

Figure S18: Employment Shares in 1970. The figure plots the employment shares in high versus low
oil local labour markets in 1970 among the set of occupations in Figure 7. The number at the end
of each occupation denotes the national rank of the occupation in terms of average income earned in
1980. Occupations classified according to the International Classification of Occupation (ISCO) system.
Sample of workers in high/low employed in an occupation in a given year.
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Figure S19: Estimated Effects of the Oil Discovery on Having Any Children over Time. Birth cohorts:
1940-1949. The figure plots the estimated impact of the oil discovery (d3) on a dummy variable indicat-
ing whether the person has any children, comparing treated individuals who resided in a high oil local
labour market in 1965 to untreated ones in low oil local labour markets in 1965 in equation (1). Vertical
line corresponds to discovery of oil at the end of 1969. 95% confidence interval reported. Reference
period —1 (1969) is normalized to zero.
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Figure S20: Estimated Effects of the Oil Discovery on the Number of Children over Time. Birth
cohorts: 1940-1949. The figure plots the estimated impact of the oil discovery (d5) on the number of
children that individuals had before and after the oil shock, comparing treated individuals who resided
in a high oil local labour market in 1965 to untreated ones in low oil local labour markets in 1965 in
equation (1). Vertical line corresponds to discovery of oil at the end of 1969. 95% confidence interval
reported. Reference period —1 (1969) is normalized to zero.

1

-05 0

90



H Transition Between Labour Statuses

We examine the transition probabilities of women who had an occupation in 1970, considering
where they end up in 1980. First, we consider women with any occupation, and afterwards
women with full time employment. Those who have an occupation in 1970, ten years later can
either: (a) have the same occupation, (b) have a new occupation, or (c¢) have no occupation.
Those in full time unemployment could also have moved to part-time employment.

We find that the effect of oil on women’s employment largely operates through an “exit
from the labour force” channel, as women are more likely to have become unemployed in
1980 than low oil women. Women in high oil regions are also somehow less likely to move
to a new occupation, but occupational mobility does not show any difference for women who
have an occupation both in 1970 and 1980. Also, movements towards part-time jobs are not
a major force behind the changes experienced by female workers, as the decline in full-time
employment in high oil is met nearly one-to-one with the increase in unemployment.

Figure S21 shows that high oil women are more likely to have become unemployed in 1980
than low oil women. They also are somehow less likely to be in a new occupation (40% in
high oil compared to 45% in low oil), so there is an “out of the labour force” channel as well as
possibly a “lower occupational mobility” channel. However, if we focus on women who have
an occupation both in 1970 and 1980, then the decrease in occupational mobility is gone. Thus,
this decline in occupational mobility is observed because there is an increase in the probability
of having no occupation in high oil in 1980, suggesting that changes in occupations are not a
major channel, while dropping out of the labour force is more important.

Next, we repeat the above exercise, but conditioning on full-time employment in 1970
(defined as 1300 hours or more annually). By 1980, those women who are employed full-

time in 1970 can either: (a) still be employed full-time, (b) be employed part-time (less than
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Figure S21: Figure graphs the probability of having no occupation in 1980, a new occupation in 1980,
or the same occupation in 1980 among the sample of women who have an occupation in 1970, separately
by high and low oil.

1300 hours annually), or (c) be unemployed. We present the results in Fig. S22. Generally,
we see a decline in full-time in high oil which is met nearly one-to-one with the increase
in unemployment. Once again, it seems that the main mechanism is due to working women

leaving the labour force.
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Figure S22: Figure graphs the probability of being employed full-time in 1980, part-time in 1980, or
non employed in 1980 among the sample of women who have an occupation in 1970 and are employed
full-time, separately by high and low oil.
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I Long-Run Estimation and Mechanisms

In order to test if the effect of the oil shock has a different effects on later cohorts of workers
who were children at the time of the boom, we estimate the impacts of the oil discovery on
lifetime income as follows:
[19-21]
LYieap = Y (Oile X Pig)ag + e + T + Wit (3)
a=[4-6]
where LY,.,, denotes the lifetime income of individual 7 who resides in local labour mar-
ket ¢ prior to 1969, of age group a at the time of the oil shock (where age bins are a =
4-6,7-9,...,19-21) and in birth cohort b, which includes all birth cohorts from 1949 to 1966.
O1l. is an indicator variable denoting whether an individual initially resides in a high oil local
labour market. P;, denotes the age bin of individual ¢ in 1970. The omitted reference group
consists of individuals aged 19-21 in 1970. v denotes the time-invariant differences across lo-
cal labour markets; 7, represents differences across birth cohorts. Standard errors are clustered
at the initial local labour market level.
Table S8 presents the coefficients of the interactions for men and women (columns 1 and
2 respectively). Each coefficient o, represents the difference in lifetime income between in-
dividuals of age group a in high versus low oil compared to the difference in lifetime income
between individuals aged 19-21 in high relative to low oil markets. Women aged 19-21 in high
oil have an average lifetime income 9.5% lower than women in low oil. As such, a positive
coefficient corresponds to a closing of the negative gap in lifetime income between high and
low oil women aged 19-21. For men, those in high oil have an average lifetime income 5.5%
higher than men in low oil and a positive coefficient corresponds to a widening of the positive

gap 1in lifetime income between high and low oil men aged 19-21.
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Table S8: Impact of Oil Shock on Log(Lifetime Income) by Age in 1970

Sample: Male Female
(1) (2)
Log(Lifetime Income) Log(Lifetime Income)
High Oil High Oil
19-21 ref. ref.
16-18 -0.008 0.215%%*
(0.007) (0.011)
13-15 0.015%* 0.328%**
(0.005) (0.016)
10-12 0.053%*%* 0.444 %%
(0.006) (0.022)
7-9 0.135%*%* 0.578%**
(0.013) (0.017)
4-6 0.133%*%* 0.625%**
(0.014) (0.024)
Oil x 16-18 0.012 0.043%*
(0.008) (0.017)
Oil x 13-15 0.024* 0.042%**
(0.012) (0.017)
Oil x 10-12 0.012 0.060%*
(0.018) (0.025)
Oil x 7-9 0.004 0.066**
(0.020) (0.028)
Oil x 4-6 0.020 0.072%**
(0.027) (0.025)
Initial LLM FE Yes Yes
Cohort FE Yes Yes
Observations 430140 407651
R? 0.014 0.045

Notes: Table reports the difference-in-differences estimates of equation (3) using
a sample that includes birth cohorts between 1949-1966 (aged 4-21 in 1970). De-
pendent variable is lifetime income, defined as cumulative income earned between
ages 30-45. Income measured in NOK, inflation adjusted to year 1998. Reference
group is those aged 19-21. Men aged 19-21 in high oil have an average lifetime
income 5.5% greater than men in low oil while women aged 19-21 in high oil have
an average lifetime income 9.5% lower than women in low oil. Treatment is high
exposure to oil based on 1965 residence. Standard errors clustered at the initial
local labour market level are reported in parentheses. ***p < 0.01, **p < 0.05,

#p < 0.10.
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Table S8 confirms the patterns of Figure 8, namely that the age at the time of the oil discov-
ery matters for the lifetime income of women.

Many potential factors could explain how younger cohorts of women close the lifetime
income gap with their peers in non-oil regions. Labour supply among younger women may
increase relative to older women, as those who were children at the time of the economic shock
had more time to consider and adapt their labour supply choices. In addition, younger women
may alter their levels of education in response to the local demand shock, as documented by
Black et al. (2005) and Cascio and Narayan (2015), who find a causal link between natural
resource booms and changes in education. We present suggestive evidence that the reduction
in women’s earnings losses for the next generation of female workers is driven by changes
in labour market participation. While many other economic and social factors may adjust
simultaneously over such a long time horizon, it remains useful to examine how the labour
supply and education decisions of the next generation depend on the age at which women and
men are exposed to the economic shock and may play a role in explaining the recovery of
women’s income.

First, we show that different rates of long-term migration between women in high- and
low-oil are similar across different ages of exposure, suggesting migration is not an important
channel (Appendix I.1). Second, making use of employment status available annually from
1986-2017, we show that full-time employment measured at age 44 among older women in
high-oil lags behind low-oil (Appendix 1.2). However, similar to the catch up observed for
earnings, full-time employment of those exposed to oil from 4—6 in high-oil overtakes women
in low-oil, suggesting a role of labour supply decisions over time. Third, we find no evidence
that younger cohorts of women modify their education decisions with respect to high school or

post-secondary education in response to the local shock (Appendix 1.3.).
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I.1 Migration

First, important differences in our results by age at exposure suggest that the initial disadvantage
among working age women disappears over time as the next generation has more flexibility
to adapt formative decisions in response to the local economic boom. One channel through
which lifetime income improves among the youngest women could be due to different rates
of migration. Wilson (2020), for example, documents substantial migration into oil regions
following the fracking boom in the United States. As discussed previously, migration rates in
the older generation does not differ substantially between high and low oil workers, but it is
important to verify that this pattern also holds in the long run. Since the younger cohorts had
more time to relocate to other labour markets in response to the economic boom, we need to
ensure that the lifetime income gains we observe for high-oil women are not driven by women
choosing to move, for example, to Oslo, the national as well as business capital. Since our
definition of treatment is based on the area of residence in 1965, prior to the local boom, if
we observe extensive mobility in the long run, this could be the main margin of adjustment
for female workers. Figure S23 rules out mobility as a key explanatory factor. Women in the
high-oil regions tend to relocate systematically less than those living in low-oil areas, and the

difference in migration rates between the two regions is stable across the youngest cohorts.

1.2 Labour Supply

We have already showed that young working women significantly reduce their participation in
full-time employment in the aftermath of the boom. If this trend was only temporary, it could
explain the observed catching up of female income in high oil regions in the next generation.
Figure S24 illustrates that, indeed, while most cohorts of men in high oil labour markets has a

higher share of workers in full-time employment than their low-oil peers by the age of 44, only
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Figure S23: Share of migration to new local labour markets by cohorts and gender. The figure plots the
share who have moved to a different local labour market, measured at age 44, of each age group by the
age exposed to the local boom. High/low oil defined as residing in high/low oil local labour markets in
1965 (from birth for those born after 1965).
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the youngest cohorts of women (aged 4-6 years old in 1969) has a larger fraction of workers
in full-time employment than their low-oil counterparts. Consistent with the lack of income
differences between young and older men in Table S8, the difference in full-time employment
between men in high and low oil regions is stable between those aged 19-21 and those aged
4-6 at oil discovery. As the gap in full-time employment between women in the treated and
control regions closes, so should the lifetime earnings gap, ceteris paribus. We then have a first
indication that the catching-up in female lifetime earnings could come from an adjustment in

full-time employment.

I.3 Education

Beyond a direct adjustment in full-time labour supply, it is also plausible that the local boom led
to some long-term adjustments in education. The new labour market situation, with more high-
paying jobs for men, but fewer ones for women, changed the opportunity cost of remaining in
school - the foregone income from remaining outside of employment for an additional year.
Thus, education and training could be one transmission channel of the oil shock that differs
for the next generation of workers and could explain the catching-up of women’s earnings
in the high-oil regions. Since it takes a long time to train as petroleum engineers and other
similar high-paying jobs that grew in demand after the economic boom, the next group of
workers could benefit from the option to adjust educational choices after learning about the oil
discovery.

Moreover, if children experienced a higher household income because of the economic
boom, they could afford more education, and this could be more relevant for girls who other-
wise would not invest in those types of training. Table S10 in the Appendix shows the interac-

tion coefficients of the shock with two measures of education. Overall, we do not find evidence
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Figure S24: Share of full-time employment by cohorts and gender. The figure plots the share employed
full-time, measured at age 44, of each age group. High/low exposure to oil is defined as residing in
high/low oil local labour markets in 1965 (or from birth for those born after 1965). Employment infor-

mation from annual employment data, where full-time employment is defined as employment of at least
30 hours a week.
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that girls modify their educational trajectories in response to the local boom. Columns (1) and
(3) examine the effect of the shock on high school completion for men and women of different
age bins, respectively, while columns (2) and (4) examine the effect on post-secondary comple-
tion. In general, there are no substantial changes in these measures of education. Teenage boys
aged 16-18 are slightly less likely to complete post-secondary education in the boom regions,
while the youngest cohort of 4-6 year olds are slightly more likely to finish high school, but
there are no statistically significant changes for women. Thus, education seems to not be a
major factor behind the catch up of younger women in high oil over time.

Table S9: Impact of Oil Shock on Years of Education of Young Workers

Male Female
(D (2)
Years of Education Years of Education
High Oil High Oil
Oil LLM=1 0.083*** 0.062***
(0.008) (0.007)
Post=1 0.693%** 0.333%%%*
(0.012) (0.008)
Oil LLM=1 x Post=1 0.041%** -0.012
(0.016) (0.013)
Initial LLM FE Yes Yes
Cohort FE Yes Yes
Observations 443816 419114
R? 0.036 0.027
Mean Dep. Variable 10.274 9.737

Notes: Table reports the difference-in-differences estimates of equation (2) using
a sample that includes birth cohorts between 1940-1949 (aged 21-30 in 1970).
Dependent variable is completed years of education. Treatment is high exposure
to oil based on 1965 residence. Standard errors clustered at the initial local labour
market level are reported in parentheses. ***p < 0.01, ¥*p < 0.05, *p < 0.10.
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Table S10: Impact of Oil Shock on Lifetime Education of Next Generation (by Age in 1970)

Male Female
(1) @ (3) @)
Completed HS Completed Post-Sec Completed HS Completed Post-Sec
High Oil High Oil High Oil High Oil
19-21 ref. ref. ref. ref.
16-18 0.035%** 0.033**%* 0.084 **%* 0.065%**
(0.009) (0.005) (0.004) (0.004)
13-15 0.088*** 0.029%** 0.146%** 0.085%**
(0.009) (0.005) (0.006) (0.005)
10-12 0.146%** 0.018*** 0.229%**%* O0.111%**
(0.015) (0.004) (0.016) (0.007)
7-9 0.193#*%* 0.036%** 0.315%** 0.140%**
(0.018) (0.005) (0.016) (0.010)
4-6 0.223%** 0.062%** 0.401 *** 0.185%**
(0.022) (0.008) (0.026) (0.018)
Oil x 16-18 0.004 -0.010%* -0.003 -0.002
(0.007) (0.005) (0.008) (0.008)
Oil x 13-15 0.015 -0.002 -0.001 -0.003
(0.009) (0.008) (0.009) (0.010)
Oil x 10-12 0.025 0.000 0.000 -0.006
(0.015) (0.008) (0.018) (0.014)
Oil x 7-9 0.025% -0.008 0.001 -0.011
(0.014) (0.012) (0.023) (0.020)
Oil x 4-6 0.050%* -0.000 0.013 0.001
(0.020) (0.014) (0.034) (0.029)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 440881 440881 420067 420067
R? 0.034 0.006 0.072 0.017

Notes: Table reports the difference-in-differences estimates of equation (3) using a sample of next-generation
workers that includes birth cohorts between 1949 -1966 (aged 4-19 in 1970, at the start of the boom). De-
pendent variable is a dummy variable indicating if a level of education (High school or Post-secondary edu-
cation) was attained by the age 40. Reference group comprises those aged 19-21. Treatment is high exposure
to oil based on 1965 residence. Standard errors clustered at the initial local labour market level are reported
in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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