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Abstract

This paper examines the long-term labour market consequences of a positive eco-
nomic shock, the first discovery of oil and gas in Norway. Existing studies focus
on the short-term and men, while less is known about women and the persistence
of such shocks. Oil discovery increased male earnings (by 7%), while female earn-
ings declined (by 10%). These shifts persist for two decades. Labour force partic-
ipation and occupational change account for the earnings divergence. Within mar-
ried couples, wives’ earnings declined, but household earnings increased. How-
ever, women’s income loss in oil regions is transitory: younger cohorts catch up to

women in non-oil regions.
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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 experienced by men and women in the
short and long run has important implications for gender equality, yet it is empirically chal-
lenging to study this question. Ideally, it requires a sizeable and plausibly exogenous change
in economic conditions as well as detailed longitudinal data on labour market outcomes over a
long time horizon.

In this paper, we exploit a substantial and persistent sectoral shock, Norway’s first discovery
of oil and gas deposits in 1969. Given the unexpected nature of the shock, we leverage the spa-
tial variation of its impact within Norway to identify the differences in labour market outcomes
for various groups of workers. An important distinguishing feature of our work is the detailed
individual- and household-level panel data from the Norwegian Registry and Census that al-
lows us to follow Norwegian residents before and after the local shock over their life cycle. We
compare ‘treated’ individuals who, prior to the discovery of oil, were residing in a local labour
market that later experienced high exposure to oil, with a control group of people who were
living in a low-exposure labour market. We hypothesize that the effects of the economic boom
depend on the substitutability of men and women in the labour markets and on the reallocation
of joint labour supply within households. Moreover, in the long run, these outcomes might
differ depending on each individual’s flexibility to modify lifetime decisions such as full versus
part-time employment, education, household formation, fertility, and occupational choices.

The recent literature on fracking in the US has leveraged an analogous economic boom to

explore short to medium-run changes in the labour market, finding an overall positive impact



on wages and other labour market outcomes (Allcott and Keniston, 2018; Bartik et al., 2019)
as well as 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, 2018), and higher crime rates (James and Smith, 2017; Bartik et al., 2019).
However, few studies examine the long run consequences of a local boom, most concentrate on
outcomes for male workers, and evidence at the worker and household level is scarce.!

Our paper makes two important contributions. First, it provides evidence on the short and
long-run impacts of a local economic shock by gender. In the short run, we consider the effect
of the economic shock on young workers who were already attached to the labour force at the
time of the oil discovery. Given their young age, they could still make substantial changes in
their career trajectories. In the long run, we examine the next generation of workers who were
children at the time of the oil discovery and joined the labour force only after the shock. As they
were exposed to the local economic shock as children, they could adapt their schooling, labour
market entry, and family formation decisions in response to the shock. Second, we analyze
the labour force participation, occupational, and within-couple dimensions of labour inequality
and provide new insights for policies addressing the mechanisms underlying these understudied
inequalities. We exploit the detailed information in the national Census and within-household
data to understand how the oil discovery translated into changes in the labour supply and in the
income shares of males and females within couples.

We present four key findings. First, our event-study estimates show that young working-age
men earned significantly higher annual incomes, starting already one year after oil production
beganin 1971. In contrast, women in high oil regions had lower earnings than their counterparts

in low oil areas. Importantly, prior to the discovery of oil, differences in income are small in

ISome notable exceptions are Jacobsen and Parker (2014), who show that, at the county level, natural resource
booms can have long-term negative consequences when a boom turns into a bust; and Aragén et al. (2018), who
look at impacts of coal mine closures for several decades, distinguishing between the effects on men and women.



magnitude and statistically insignificant, indicating that high- and low-oil regions were similar
in terms of pre-discovery income. In contrast to the persistent improvement in the earnings
of men, even after 20 years, the annual earnings of young working women in high-oil labour
markets remained lower than those in the control regions.

Second, we exploit intra-household data on married couples and find within-couple dy-
namics to be an important factor in explaining the observed decline in earnings for women.
Comparing the impact of the boom on earnings for married and unmarried workers, we show
that marital status matters more for women than for men. While individual earnings among
stably married women decline substantially, household earnings for these women increase.
Overall, females’ relative share of household earnings declines by 6%. This loss in the share
of the household’s income could be problematic, as previous evidence establishes a causal link
between increases in gender equality and decreasing rates of domestic violence (Aizer, 2010).

Third, we show that the local economic shock leads to a 25% decline in female labour force
participation. This decline comes at the expense of a reduction in full-time employment, while
there is little intensive margin response among men who were already attached to the labour
force. We further show that men moved into high-paying occupations following the boom,
while women did not. The immediate income loss for women exposed to oil does not seem to
depend on educational choices nor in any major way from the decision to have children.

Fourth, we find that among the next generation of workers—individuals who joined the
labour force in the years after the discovery—young girls in high oil regions closed the pre-
existing lifetime earnings gap with their peers in low oil regions. In contrast, male lifetime
earnings in high oil regions relative to those of their low oil peers were similar for early and later
cohorts. These next cohorts of workers were exposed to the economic shock in various ways at

young ages, for instance through a rise in family income (Lgken, 2010). In addition, they also



had greater flexibility to adjust major life decisions such as education, family formation, and
labour force entry.? For these next generation of workers, a large variety of factors could adjust,
both in terms of their individual labour supply and on the labour demand side. Therefore,
we can only provide suggestive evidence of the mechanisms behind this result. Overall, the
interesting finding from a long-term policy perspective is that the earning loss experienced by
women during the economic boom was only temporary and did not carry on to the following
cohorts of female workers.

Our study makes several contributions to different strands of literature. First, within-country
studies are becoming increasingly popular for understanding the precise mechanisms behind
the labour market outcomes due to the spillovers of localized industrial activities (Greenstone
et al., 2010). In particular, natural resources offer a source of exogenous variation in economic
conditions that are associated with increases in local economic activity and employment during
booms.? For Norway, Lgken (2010) and Lgken et al. (2012) examine the relationship between
family income following the Norwegian oil boom and children’s educational outcomes while
Biitikofer et al. (2018) assess how intergenerational mobility among men changed following
the discovery of oil. Our study complements these earlier works by looking at the differential
effects of the resource-driven boom on men and women. Only few studies adopt a within-

country design to compare local labour outcomes for female and male workers.*

2We check whether our results are likely to be affected by migration, since young women growing up in high
oil regions could have moved to Oslo or other low oil cities that offered high incomes. We show that migration is
not a major driver of our results, neither in the short nor in the long run.

3See for instance Aragén and Rud (2013); Black et al. (2005); Jacobsen and Parker (2014); 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.

4Some notable exceptions are Maurer and Potlogea (2017), who find that oil discoveries in the US in the
early 1900s increased labour force participation among single women. The study of Aragén et al. (2018) looks at
closure of coal mines in UK and finds that men and women are substitutes in non-primary sector labour markets
(manufacturing and services), and women were crowded out of these sectors, with effects that persist more than
20 years after the mine closures. Their findings are parallel to Kotsadam and Tolonen (2016), who find that during
mining booms in Sub Saharan Africa, women shifted away from the agricultural sector into services, but overall
female employment declined.



Our paper also 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). Goux et al. (2014) find a decrease in spousal labour supply follow-
ing a mandated reduction in the work-week in France that, while reducing hours worked, kept
earnings constant. Autor et al. (2019) show that household income following disability insur-
ance receipt is unchanged as spousal labour supply adjusts. While Stephens (2002) shows that
spousal labour supply responds substantially following displacement in the United States, Halla
et al. (2019) find less scope for household labour supply adjustments following job displace-
ment in Austria. In contrast, structural estimation of a life-cycle model emphasizes the im-
portance of household labour supply adjustments in smoothing adverse shocks (Blundell et al.,
2016). In line with this literature, our findings point to the important role of within-household
labour supply adjustments in response to local economic shocks.

Our work makes a third contribution to the literature by investigating women’s labour mar-
ket outcomes following a significant economic shock. In the case of negative shocks, the ad-
verse consequences for women have been documented previously.’ One of the largest shocks
studied in this literature is the effect of World War II: following manpower mobilization to-
wards one of the most gendered industries, the military, regions with higher mobilization rates
experienced an increase in female labour supply (Acemoglu et al., 2004). The effects, however,
were 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 were relevant
also for the following generations of women (Fernandez et al., 2004) and were linked to lower
educational attainment and more precocious marriage and fertility choices (Jaworski, 2014).

Given that the Norwegian oil boom was a substantial and long-lasting sectoral shock with gen-

3 A study of Austrian plant closures found that job displacement reduced income and job-specific human capital
for women in highly skilled occupations, decreasing average fertility by 5-10% (Del Bono et al., 2012)



eral equilibrium effects on other sectors, our findings based on longitudinal data on individual
labour market outcomes over a long time horizon provide novel insights on whether, and under
what conditions, women’s earnings improve following a positive shock in a male-dominated
sector.

The rest of the paper is organized as follows. Section 2 discusses the Norwegian oil dis-
covery and section 3 describes the data sources. Section 4 presents our hypotheses, estimation
strategy and results for young workers exposed to the local economic shock. Section 5 investi-
gates the long term impact of the local boom on the lifetime income of the next generation of

workers, and Section 6 concludes.

2 The discovery of oil and gas in Norway

The discovery of offshore deposits of oil and gas® in 1969 offers an attractive setting for study-
ing whether the impacts of a large economic shock on labour market outcomes differ by gender.
Up to the 1960s, the Norwegian economy had relied mostly on fishing, shipping, forestry and
agriculture. Then on December 23, 1969, the 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-
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

®For brevity, throughout the paper we refer just to oil, but the resource discovery and the industry that developed
around it also comprises a substantial natural gas sector.

7An oilfield is defined by the American Association of Petroleum Geologists as ‘giant’ if the ultimate re-
coverable reserves is greater or equal to 500 million barrels of oil equivalent before extraction began, including
condensate and natural gas (Horn, 2011).



rare and unpredictable: despite significant investments in exploration, finding a giant oil field
is quite a random process (Lei and Michaels, 2014).® For Norway, the first giant discoveries
in the 1970s were even more unexpected because 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 as well, 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, plausibly exogenous in its
timing, and impossible to anticipate by the local population.

The sudden oil boom initially affected only the few industries and areas specializing in the
extraction and refinery of oil and gas. In particular, following the first find, the Norwegian
authorities designated the largest city in Rogaland, Stavanger, as the country’s main oil base,
since it was the closest large city to the first field discovered, Ekofisk. Rapidly, many other sec-
tors such as certain types of manufacturing and construction also benefited from the initial local
economic boom following the discovery of oil. While the ‘Dutch disease’ could have destroyed
some manufacturing industries in which women worked, Norway managed its petroleum sector
carefully so to avoid the typical negative consequences of resource discoveries (Larsen, 2006).°

Figure S1 in Appendix A plots the location of the Ekofisk oil field and the city of Sta-
vanger. Statoil, Norway’s state-owned energy company, and the Norwegian Petroleum Direc-
torate, were established with their headquarters there in 1972, soon followed by other com-

panies (Lgken, 2010). Over time, the spillovers from the oil industry spread beyond the first

8To 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 within few metres of
where the French explorer Elf Aquitaine drilled but failed to find oil in 1971 (Kavanagh, 2013)

9Note that 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). The exchange rate did appreciate, but this affected uniformly exporters
and importers in our treatment and control groups.



location for oil extraction and refineries, so that the definition of ‘oil regions’ in Norway needs
to be discussed carefully. We do so in section 3.2, which defines the industries which comprise
our definition of oil.

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 (manufacturing, services).

3 Data

3.1 Individual-level data

In order to examine the differential impacts of local demand shock resulting from discovery of
oil by gender over the short and long run, the paper makes use of annual register based data as

well as decadal Census data. Each of these are described below.

3.1.1 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 individuals across four different

registers from different administrative sources to create an individual-level panel. Importantly,

10 Authors’ calculation from https:/fred.stlouisfed.org/series/LFWA64TTNOA647S.



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. Prior to 1970, yearly snapshots are available in 1965
and 1967, which provide the same information. In addition, we have detailed information on
spousal connections and dates of marriage which permit the construction of household income.

Second, using the education register, we can define an individual’s education as the highest
completed level of schooling. Third, from the tax and earnings register, we observe annual
pension-qualifying earnings dating back to 1967, prior to the first discovery of oil at the end
of 1969. This measure of pension-qualifying earnings comprises total labour income, includ-
ing any income earned from self-employment, as well as any taxable benefits received during

11

the year."" We cannot extrapolate actual wages to construct a gender wage-gap, so we refer

throughout the paper to annual earnings or income as defined above.

3.1.2 Census data

Our analysis also relies on the 1970 and 1980 Census data, which provide detailed informa-
tion on individual employment, such as occupations classified according to the International
Classification of Occupation (ISCO), industry of employment classified according to the In-
ternational Standard Industrial Classification of All Economic Activities (ISIC), employment
status including self-employment, as well as annual hours worked. Data on economic activity
are 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

"Taxable benefits include public transfers such as parental leave, unemployment, or sickness benefits. We are
not concerned that these benefits should affect our analysis since in Norway, they are determined at the national
level, and thus should not differ systematically in relation to treatment status.



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 earnings 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.

3.2 Local labour markets and oil exposure

We assign each individual to a local labour market (LLM), a geographic segmentation of the
country that organizes Norway into 46 different units, as in Bhuller (2009). Local labour mar-
kets are constructed on the basis of commuting patterns between individuals’ municipality of
residence and work. These markets are formed irrespective of administrative boundaries, so
they are less affected by political changes than counties and municipalities. In fact, munic-
ipalities 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 (such as
the establishment of the Petroleum Directorate in Rogaland).

We follow Biitikofer et al. (2018) and measure exposure to the oil boom by assigning each
individual to a local labour market on the basis of residence in 1965, before the oil discovery,
thus avoiding the effect of endogenous relocations. To determine if a labour market was ex-
posed to the oil shock, we use the share of employment in oil industries in 1980 as a proxy

for the intensity of the oil treatment.’* Following Brunstad and Dyrstad (1997), we include

12There are approximately 420 municipalities in Norway, and the average local labour market contains 9 mu-
nicipalities.

BData from the 1980 census represents the first point in time when data on industry is available after the
discovery of oil as there was virtually zero oil production in 1970.
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in this definition industries directly involved in the extraction and refinery of petroleum, but
also secondary industries which support oil production, namely crude petroleum and natural
gas production, petroleum refining, manufacture of products of petroleum and coal, manufac-
ture of machinery, manufacture of transport equipment, and construction other than building
construction.

Figure 1 depicts the spatial distribution of the employment share in oil (the intensity of the
oil treatment). As in Biitikofer et al. (2018), we define three separate levels of exposure to
oil: high, medium, and low. A local labour market with a high share of employment in oil is
defined as having more than 10% of employment in oil. This employment share corresponds
to the top quartile of LLM. Medium exposure is defined as those with between 7.5% and 10%

employment in oil and low exposure is defined as less than 7.5%.'*

3.3 Sample and summary statistics

In this section, we define our sample of individuals living in these treated and control areas.
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 this group because these birth
cohorts were already active in the labour force when the oil and gas industry started developing,
but were still in an early career phase and could make significant changes to their labour supply.
With older individuals, we would run into the problem of considering their retirement decisions
when we look at long-term labour outcomes. Moreover, most key family decisions (such as
marriage and children) were already set for most individuals in their 30’s at that time. As a first
baseline, we restrict the sample to those workers who had strong attachment to the labour force

prior to the oil shock: those who had a positive income in all years over the period 1967-1969.

14 Alternative definitions of oil such as defining treatment at the county level comparing the county of Rogaland,
which includes the oil capital of Stavanger, to other counties in Norway as in Lgken et al. (2012) produces similar
results on income among the first generation of workers.
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We then examine separately the changes in labour force participation along the extensive and
intensive margins. In the second part of the paper, we examine labour outcomes for younger
cohorts that were exposed to the oil shock during childhood or adolescence and started working
afterwards.

Table 1 displays the characteristics of our sample of young workers. All values are mea-
sured in 1969, with males in the first column and females in the second column. In this sample,
15-16% lived in a high oil LLM in 1965, 19% in a medium oil LLM, and the vast majority in
a low oil LLM. There is a stark difference in the average income levels between genders, with
men earning about 50% more than the income of women. Women participated less in formal
labour markets prior to the oil discovery, as the sample of men is substantially larger. While
we focus on a sample of workers attached to the labour force, results throughout the paper are

unchanged if we focus instead on all individuals irrespective of labour force attachment.

4 Hypotheses, estimation and results

This section presents our main hypotheses regarding the effects of the local economic shock
in Norway on labour market outcomes of men and women, the empirical strategy used to test
them, and the results for the young workers. After the baseline results, we investigate a number

of mechanisms that could justify the observed divergence in male and female earnings.

4.1 Hypotheses

The discovery of oil increased labour demand in the previously non-existent oil industry and in
related activities, such as construction work to build the extractive infrastructure. We assume

that male and female workers were imperfect substitutes and the oil industry’s labour demand

12



was mostly targeting men, both due to their individual characteristics (such as physical strength)
and because of cultural norms.!> However, the oil boom also generated economic spillovers
towards other industries. The non-tradable sector at the local level should have largely benefited
from the presence of the nascent oil and gas industry (services, retail, local goods, etc.). An
expansion of the “spillover sectors” should plausibly create an increase in labour demand for
both men and women.

However, even if the two types of workers are more highly substitutable in local non-
tradable industries, the overall effect on male and female labour outcomes depends on the
responsiveness of their labour supply. One of the key contributions that our data allows us to
make is precisely to look at the dynamics of the labour supply of men and women, both in the
short and in the long run. We can then account not only for the asymmetric labour demand
side, but also for the labour supply response of individuals and households.

Overall, we test three hypotheses. First, in the short run, given that men were almost al-
ready at full employment,'® the higher demand for male labour from the oil industry should
lead to higher average wages for men, necessary to attract them from other occupations. The
equilibrium effect on their aggregate earnings should depend on the elasticity of the labour
supply (e.g. how many more hours men choose to work, if migrant workers were available to
fill in the jobs, etc.).

Second, the effect on women is theoretically ambiguous: on the one hand, the non-tradable
local sectors that benefited from oil spillovers could absorb female workers; on the other hand,
women might experience a substitution effect as their partners earned higher incomes, and

choose to stay home and work in household production (e.g. housekeeping, child-care, etc.).

15 Anecdotal evidence suggests that for workers in offshore jobs, the work shifts lasted about 14 days, before
a 28-day break. This demanding schedule away from home appeared to be less costly for men than women,
especially those within the same households, since the norm was that women assumed the role of children’s
caretaker in the home.

161n 1970, 92% of all men born 1940-1949 are employed with some hours of work.
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Third, in the long run, we expect greater substitutability between men and women both on
the labour demand side 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
planning could be adjusted more freely. Therefore, we do not expect the short run results to

necessarily apply in the long run.

4.2 Impact of oil discovery on annual income

To test the above hypotheses, we begin by using an event-study approach to analyse the effects
of the oil discovery in 1969 on the annual income of young workers. We estimate the following

regression separately for men and women:

10
Vit = Sk Ol + Ve + To + Ve + Uient (1)
k=—3

where Y;.; denotes the log of real annual income of individual ¢ residing in 1965 in LLM c of
birth cohort b in year ¢, with ¢ = 1967,...,1980. The index k represents the number of lags
(forward or backward) from the time of the oil discovery. 1. captures time-invariant character-
istics of each LLM, 73, represents birth cohort-specific characteristics, and 7, denotes year fixed
effects. The income level in the year of oil discovery (1969, k£ = —1) 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 LLMs in 1965 and compare it to the control group, individuals in low
oil areas. The estimated coefficients d; represent the average difference between individuals in
high oil relative to low oil LLMs in each time period relative to the same difference prior to
the oil discovery at & = —1. Pre-event coefficients 0_3, d_» 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 LLMs.
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Figure 2 plots the evolution of the estimated ¢}, coefficients in equation (1). Panel A presents
results for males while Panel B presents results for females. For both groups, there are no
significant differences between a treated and untreated LLM prior to the discovery of oil. This
suggests that those in high and low oil LLMs had similar income paths before the discovery of
oil. We find that ten years after the discovery, the impact of the oil discovery on the nominal
incomes of both men and women is persistently different. On average, while men benefit from
the local boom, women lose out.!”

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, 10 years after the discovery of oil, the annual earnings for men in high oil regions are 6.4%
higher than those in low oil regions, relative to the year prior to the discovery of oil (t = —1).

A different pattern emerges for women. Similar to men, the oil shock also takes time to
translate into changes in income for women. However, earnings are significantly lower for
women in high oil LLMs from four years after the discovery and onwards. Compared to those
residing in low-o0il LLMs, women in high oil regions earn significantly less after the boom. For
the average young woman in a high oil region, income 10 years after the oil discovery is 10%

lower than that of the average young woman in a low oil region.

Results in Appendix B repeat the analysis with income measured in levels rather than the

171t is important to emphasize that our results pertain to the nominal incomes of men and women over time,
rather than real income, 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 LLMs were higher than those in low oil LLMs because of the economic
boom, so that even if nominal incomes of men in high oil LLMs increased relative to those in low oil LLMs, as
we document here, we cannot definitively conclude that their real incomes are higher as well. Moreover, if prices
went up more rapidly in high oil LLMs, then our results on women’s reductions in nominal income become even
more poignant.

15



log of income, thus including all individuals in that age group even if they had zero income
post-discovery. Measuring income in levels and including those with zero income results in
similar patterns in income for both men and women, though the decline in income among
women occurs earlier when income is measured in levels. As the income of women decreases
over time, some women may drop out of the labour force entirely and earn no income in a
particular year, a point which is examined in further detail in Section 4.3.2.

For robustness, results in Appendix C repeat the analysis comparing individuals in middle
oil regions to those in low oil areas. Consistent with smaller impacts of the boom in middle
oil areas, the effects are milder and men in middle oil areas experience a smaller income gain
while women do not have a significant change in income.

We show that our results are robust to extending the time horizon in Appendix D, including
the peak of the oil boom in the early 1980s, during a time of high oil prices, and the oil ‘bust’ in
the middle of that decade. Up to 20 years after the boom, income gains for men in high LLMs
are persistent and stable, while for women income losses are persistent, though less severe over
time. In the rest of the paper, we will try to identify some plausible explanations for the loss
in income experienced by women in high LLMs after the local boom, and whether these losses

also accrued to the next generations of female workers.

4.2.1 Migration

Our results so far 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 us-
ing 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,
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the average income in the treatment and control groups would capture an unrealistic group of
workers, since many would no longer be living in the initial location. Indeed, the literature on
resource discoveries often identifies some geographic mobility following resource discoveries.
For instance, Wilson (2018) shows significant migration into oil regions following fracking
booms. In order to assess whether geographic mobility is a driving force behind our results, we
examine how many individuals move, where they move to, and whether there are differences
in geographic mobility between high and low oil regions in Appendix E.

Differential rates of geographic mobility do not appear to be problematic for the results.
Among both men and women, a negligible fraction of workers relocate from low to high oil
local labour markets (LLMs) and the fraction of workers who move is similar between those
in high and low oil LLMs. Additionally, Appendix E examines how the results of Figure 2
change when excluding movers. If differential mobility out of or into high oil LLMs strongly
impacts the results of Figure 2, then excluding these movers would provide a different picture.

Reassuringly, Appendix E reveals that results are unchanged when excluding movers.

4.3 Mechanisms

We explore some key mechanisms behind our previous findings. First, a plausible explanation
for the lower earnings of women in high oil regions could be that among couples, as men
earned higher salaries, their wives substituted away from paid labour (Section 4.3.1). Second,
we investigate how changes in aggregate earnings depend upon labour supply adjustments at
the extensive margin—changes in labour force participation—and at the intensive margin—
changes in full-time employment (Section 4.3.2). Third, we examine changes in the distribution
of high- and low- paying occupations for both men and women in high/low-oil regions, ranking

jobs from the lowest to the highest earning occupations (Section 4.3.3). Finally, we examine
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fertility and educational choices as additional mechanisms (Section 4.3.4).

4.3.1 Intra-household effects

The first margin of adjustment that could explain the lower income earned by women is changes
in within-household income. While the individual income of women may decline, household
income may be unchanged or even increase if higher earnings from the husbands compensate
for declines in the income of women. To inform such intra-household dynamics, we proceed in
two steps. First, we separate the sample of Figure 2 between married and non-married individ-
uals in 1969. If the household is indeed a relevant unit of variation in earnings, then the income
declines observed among married women should be even larger. Second, we examine intra-
household reallocation of earnings within couples who were married prior to the oil discovery.
We construct a sample of stable couples, defined as those who were married continuously since
1969 (or earlier) and continued to remain married through to 1980. Such ‘stable’ couples offer
the opportunity to compare changes in individual income to changes in household income and
ask whether women’s position within the household was impacted by the discovery of oil.
Figure 3 compares the impact of the local shock on income among individuals who were
married or unmarried at the time of the oil discovery. Our measure of marital status prior to
the oil discovery abstracts from later marriages that followed the economic boom and hence
were potentially endogenous, but note that the vast majority of men and women who were
unmarried in 1969 eventually became married by 1980 (67% and 71% respectively). Bearing
this in mind, both married and unmarried men benefited from the economic shock in terms of
income, and the effects are virtually identical among the two groups (panel A). For women,
however, marital status prior to the discovery of oil matters for the magnitude of the income

losses experienced. While the effects 10 years after the oil discovery are similar, women who
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were married prior to the discovery of oil experienced earnings losses double in size, 4-9 years
after the discovery of oil, relative to women who were still unmarried in 1969.'® Overall, these
results conditional on initial marital status suggest that married women had less flexibility in
making labour supply changes within the household and that these within-household adjust-
ments could be an important channel for the observed differences in labour market outcomes:
while all men earned more, women who were already married pre-discovery, on average, are
the subgroup of women who lost the most annual income.

Figure 4 re-estimates equation (1) for the sample 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 spousal income, and is calculated also usign individuals born outside
the birth years of the main sample.!” For men in Panel A, household income and individual
income follow the same pattern over time. However, the estimated effect of the oil discovery
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 tended
to earn less than wives of men in low oil regions by 1980.

Panel B presents the same comparison for women. As seen previously, individual income
declines strongly for stably married women in high oil regions and is significantly lower 10
years after the discovery of oil relative to stably married women in low oil areas. A different
picture emerges for household income. Women in high oil regions have higher levels of house-
hold income compared to women in low oil regions from 5 years after the discovery of oil,
and 10 years after discovery household income is 3.5% higher. While women’s own income

declines, the household as a whole is better off after the discovery of oil.

8 Unmarried women earned approximately the same amount as married women in 1969.
19 As men in the sample tend to marry younger women and women in the sample tend to marry older men, we
match an individual to their spouse’s income irrespective of whether the spouse is born between 1940-1949.
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However, given the significant declines in individual income and significant increases in
household income, on average, women’s economic standing in the household declines. Figure 5
graphs men and women’s standing in the household, measured by the fraction of own income
in total household income, following the local shock. While young men’ share of household
income 10 years after the oil discovery is not significantly different from zero, young 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.

Our results suggest that intra-household adjustments following the discovery of oil are an
important component behind the observed income declines among women. Declines in own
income are larger among married women, for whom household income increases. However,
such an increase comes at the expense of within-household income equality. Given the estab-
lished link between gender equality and declining domestic violence (Aizer, 2010), it is unclear
whether household welfare increases. While household income increases among women, rela-

tive earnings of women also decline within the household.

4.3.2 Labour supply in the short run

Next, we unpack the results on annual income by looking at changes in the labour supply. We
first consider changes in labour force participation, followed by changes in full-time employ-
ment. We supplement the annual Registry data with self-reported Census data from the two
waves of 1970 and 1980 as described in Section 3.1.2. As before, we focus on young individu-
als born between 1940-1949 who were already of working age at the time of the oil discovery.
We use a difference-in-differences framework to estimate the effect of the oil discovery on

labour market outcomes by gender:

Yiae = Bo + $10il. + By Post; + 330il, x Posty + e + Tp + Y + Uicrs (2)
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where Qil,. is the oil exposure measure developed in equation (1) and Post; is an indicator
=1 in the year 1980.2° s is the coefficient of interest, interacting the oil exposure with the
post-discovery variable. Y. corresponds to different labour market outcomes that allow us
to examine different mechanisms. We examine both the extensive margin response, testing
whether labour force participation changed, as well as intensive margin response, testing for

any change in full-time employment following the discovery of oil.?!

Labour market participation

First, we focus on the extensive margin of labour supply adjustment. The main outcome
variable is an indicator equal to one whenever an individual is not employed, either because he
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 3.3 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 3.3.2?

The first column of Table 2 reveals that, following the oil discovery, men were 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 were more likely to leave the labour force

following the oil discovery relative to women in regions of low oil: non-employment increases

2In 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.

21Tn terms of earnings, taking Y;.;¢ as a measure of annual income, the Census data confirms what we we found
with the Registry annual data. Table S3 in Appendix F shows that men from the high oil regions gained around
12,000 NOK relative to men in the low oil areas by 1980, while women earned around 6,000 NOK less in 1980
compared to women in low oil areas.

22We define strong attachment to the labour force before the economic boom as having positive earnings in all
years 1967—-1969, as in our baseline results of section 4.2, while weak attachment is having zero earnings in at
least one year from 1967-1969.
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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 drew some men into the labour force (12%
compared to their pre-boom average) and discouraged some women from entering the labour

market (20%).

Full-time employment

Next, we examine whether there was labour supply adjustments on the intensive margin,
conditioning on the sample of workers who were employed (of any hours). Annual hours in the
Census data are classified according to four bins of annual hours worked: 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, corresponding to the highest of
hours worked bins. Full-time employment may increase due to an increase in hours worked,
namely a transition from part-time to full-time employment, or due to an increase in labour
force participation, from not-employed to full-time.

Table 3 shows there is little intensive margin response among men who were strongly at-
tached to the labour force as full-time employment did not increase following the discovery of
oil. However, men who already worked above our threshold of 1300 hours may work more
hours, and we cannot rule out some degree of intensive margin adjustment.

In contrast to men, women’s probability of working full-time decreases significantly fol-
lowing the discovery of oil (by 6% relative to the mean in 1970). Such effects are even larger
among women who were weakly attached to the labour force from 1967-1969: full-time em-
ployment declines by 11% among women in high oil. Not only did the local boom lead to

small decreases in full-time employment among women already working, but it also substan-
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tially discouraged women in high oil from joining the labour force in full-time employment.>?

4.3.3 Occupational dynamics

Changes in the labour supply already explain part of the income trends identified: fewer women
in oil regions worked full-time and were more likely to leave the labour force while men were
less likely to leave the labour force. In addition, the discovery of oil may spur new job creation
in specific types of work. We examine which occupations grow, which occupations contract,
and whether changes in occupations among both men and women are concentrated among high
or low paying occupations. Doing so informs the importance of changes in specific types of
work in the strong gender differences in income among high oil workers.

Figure 6 plots the change in employment share between 1970 and 1980 by sector, gender,
and exposure to oil. We only show the sectors with the largest changes in employment shares
over this period. The sectors are ranked by the average income earned (from lowest to highest
earning occupations). While there exists some overlap in the occupations which grow and
contract from 1970-1980, the set of occupations reported in Figure 6 tends to differ by gender.
For instance, while women see changes in nursing and housekeeping, men tend to see changes
in engineering and manufacturing occupations such as furnace, workshop, and cement workers.

Among men, Panel A shows that the share of workers employed in most low-paying jobs
(such as agriculture and fishing) declined relatively more in high oil, while the share in more
high-paying occupations (such as industrial and services jobs) increased in 1980 compared to
1970. Clearly, men reaped the labour market benefits of the oil discovery: the increase in
employment share was particularly stark in oil-related occupations in high oil relative to low

oil markets, namely into engineering and technical jobs (the 21 highest-paying job for men in

Z3Results in Appendix F.2 suggest that employment just less than full-time (1000-1299 hours annually) also
decreased among women already working while employment with minimal hours worked (100499 annually)
increased.
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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, especially among
men in high oil regions, is one factor behind the boost in male earnings established earlier.

A different picture emerges for women. Panel B shows that between 1970 and 1980, women
in high oil LLMs moved out of some of the low-paying, agricultural activities, such as farm-
helpers, but the majority of women did not move into the oil sector or other high-paying jobs.
Instead, women moved into services and worked as housekeepers (the 264" lowest-paying job
among women in 1980), nurses (the 140*" lowest-paying job), and secretaries (the 74" lowest-
paying job). Overall, most women were not directly absorbed into the new, high-paying jobs
created by the oil industry nor were occupational dynamics among women conducive to income

gains.

4.3.4 Other mechanisms - children and education

Two other mechanisms could be relevant. First, given the fall in female earnings and the within-
household reallocation of income shown in section 4.3.1, it is possible that families were mak-
ing different fertility choices following the oil windfall. A plausible response to the positive
income shock could have been to have more children. Appendix G shows that this was indeed
the case, and both women and man had higher chances of having a child and a higher number
of children. However, the magnitude of the effect is quite small. Combined with the substantial
within-household reallocation observed in Section 4.3.1, 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
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the job opportunities for them were not so favourable immediately after the oil boom. Appendix
H.3 shows that only men seem to invest more in schooling (although we find an impact of the
oil shock on the years of education of small magnitude), while women do not significantly

modify their educational attainments.

5 Long run impacts: young women catching up

Individuals who were too young to enter the labour force in 1969 had more flexibility in terms
of job choice, education, and family formation decisions than their older peers. As a result,
the labour market response of those exposed to the economic boom at younger ages may differ
from those exposed when already older. Thus, we examine the lifetime income of those who
were exposed to the oil shock as children at different ages. To do so, we extend the sample
for our analysis to include individuals who were born between 1949 and 1966 and were aged
four to 21 in 1970. We set as the reference group individuals aged 19-21 at the time of the oil
discovery.

For the second generation of workers who joined the labour force after the first oil dis-
covery, we use lifetime income as the main labour outcome of interest. This variable has two
advantages compared to annual income when looking at long run impacts: first of all, the ma-
jority of our new sample is now composed of children who were still in school and bound by
compulsory schooling laws at the time of the shock. They all entered the labour market later
and at different times, depending on their cohort. Thus, it is more relevant to consider their
overall earnings rather than the income of a specific year. Secondly, 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, for example,

may enter employment at younger ages than those in low oil areas. Therefore, a relative gain
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in income a few years following the oil discovery in high oil regions may reflect this differen-
tial life-cycle decision and not necessarily overall income gains. 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 7 plots the lifetime income of nine cohorts, distinguishing between those residing in
high and low oil LLMs prior to 1969. Panel A illustrates the evolution of the lifetime income
gap between men in high versus low oil LLMs. The gap is the largest among men exposed to
the oil shock at 16-18, compared to their older peers. However, after the 16-18 age bin, the gap
in lifetime income between men in high and low oil LLMs is virtually identical for all younger
cohorts.

For women, the dynamics are different. Panel B shows that women in high oil LLMs
generally earned less than women in low oil LLMs. For cohorts who were younger at the time
of the local boom, however, the gap in lifetime income between low and high oil LLMs closes.
For those girls who were exposed to the oil shock when they were between four and six, we
can see that the lifetime earnings gap between low and high oil LLMs vanished. This pattern
suggests that while young working women in high oil regions had an income loss from the
oil shock, women in younger cohorts possibly had the time and opportunity to adapt to the
changing economic conditions and avoid the adverse labour market outcomes associated with
the economic shock among older women.

Formally, we estimate the impacts of the oil discovery on lifetime income as follows:

[19-21]
LYiear = Y (Oile X Pia)owg + e + Ty + iey 3)
a=[4-6]
where LY., denotes the lifetime income of individual 7 in LLM c of age group a at the time

of the oil shock in birth cohort b measured at the time of the oil shock, which includes birth
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cohorts from 1949 to 1966. O1l.. is an indicator variable denoting whether an individual initially
resided in a high oil local labour market. P;, denotes the age bin of individual 7 in 1970, where
a = 4-6,7-9,...,19-21. The omitted reference group consists of individuals aged 19-21 in
1970. «, represents the vector of coefficients of the interactions between age in 1970 and the
oil or non-oil local labour market for each age group. 1. denotes the time-invariant differences
across LLMs; 73, represents differences across birth cohorts. Standard errors are clustered at the
initial local labour market level. Table 4 shows the coefficients of the interactions for men and
women in high oil (columns 1 and 2 respectively). The coefficient o, represents the difference
in lifetime income between individuals of age group a in high oil versus low oil compared to
the difference in lifetime income between individuals aged 19-21 in high oil relative to those in
low oil areas.

Table 4 presents the results of estimating equation (3), suggesting that age at the time of
the oil discovery matters more for women than for men. With the exception of the 13-15 group
where differences are significant at 10%, the impact of the local boom for younger men is not
statistically different from the impact for those aged 19-21. This confirms what we saw graph-
ically in Figure 7, namely that most boys experienced a constant earnings gain, independent
of their birth cohort. For women, instead, the estimated coefficients are positive and large in
magnitude. The differences in lifetime income observed in Figure 7 between young women in
high/low oil regions and older women in high/low oil regions are significant. In particular, life-
time income in high oil relative to low oil regions for women aged 13-18 in 1969 increased by
4% relative to the 19-21 years old group, and for the 4-12 age group by 6-7%. While women
attached to the labour force at the time of oil discovery tend to lose out, over time, younger
women in high oil areas close the gap in lifetime income with their low oil counterparts.

As with the sample of workers already attached to the labour force at the time of the discov-
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ery of oil, we examine potential mechanisms behind the earnings catch up of younger women
in high oil areas in Appendix H. While early life conditions have lifelong implications (see,
for instance, Cunha and Heckman, 2007), it is challenging to isolate the importance of any
one specific factor to explain the change in earning patterns for women in high oil regions
following the economic boom experienced in childhood. As such, results examining the im-
portance of specific mechanisms in the long run are suggestive in nature. With this in mind,
Figure S9 suggests an important role of increasing full-time employment across cohorts among
women—such increases mirror the observed catch up in earnings—while migration and chang-
ing education decisions seem to not be particularly important. While the precise reasons behind
the catch up of high-oil women in the long run are only suggestive, we establish that the loss
experienced by women during the local economic boom is not long-lived and does not persist

for the following generations of workers.

6 Conclusion

In most economies around the world, the earnings and labour supply of men and women differ
systematically. However, it is difficult to identify the precise reasons why this is still the case
despite years of policy initiatives to tackle gender inequality in the labour market. This paper
exploits the discovery of oil and gas in Norway at the end of 1969 and the rich statistical data
available for individuals and households at that time to uncover some of the causes for this
differential. Our analysis shows that, on average, men residing in regions most exposed to oil
immediately benefited in terms of income and employment, while working women dropped
out of full-time employment and earned significantly less in the years following the boom.
Furthermore, a decade after the oil discovery, a large share of men had moved into higher-

paying occupations, while women did not. These aggregate effects on young working-age
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women mask some interesting heterogeneity: women who were single at the time of the shock
experienced smaller declines in their individual labour income compared to married women. In
terms of overall household income, however, married women experienced moderate increases
as their husbands’ income rose.

A key novelty of our paper lies in our ability to track the dynamics of income and labour
supply decisions for the same individuals over a long time horizon. 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 did not suffer any lifetime income loss following the oil
discovery, thus faring much better than women who were already in the workforce when the oil
sector appeared. The differences in earnings dynamics between women already in the labour
force at the time of the discovery and younger ones who grew up during the boom suggests
that flexibility in making career-related decisions can have long-lasting effects on income. 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 have catalysed socio-cultural
changes that made 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, however, is beyond the scope of the current study.

Overall, our findings indicate that the oil boom was primarily a male income shock, as
women did 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 were short-
lived: in the long run, when new cohorts of women entered the labour market, the reduction in

terms of earnings and labour market participation disappeared.
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A number of important policy-relevant questions remain open for further analysis. For
example, why did so few women switch into higher-paying jobs after the local boom like their
male counterparts? What kind of constraints did women face at the time, such as household
duties, childbearing 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 translated into actual welfare experienced by
these women. For example, it is possible that the intra-household reallocation of resources was
welcomed by both spouses, and that the reduction in annual income reflected an optimal labour
supply choice that married women made willingly. However, it is also possible that the lower
earning status was forced upon these women by the new economic context, and they did 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 Oil Discovery. Exposure to oil is defined as the
share of employment in an oil industry or secondary industry supporting oil production in each LLM.
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: Estimated Effects of Oil Discovery on Log(Income) Over Time by Gender. Birth cohorts:
1940-1949. The figure plots the estimated impact of the oil discovery (d;) on annual log income by
gender, comparing treated individuals who resided in a high oil LLM in 1965 to untreated in a low oil
LLM 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 is
normalized to zero.
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Figure 3: 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 (Jz) on annual
log income by gender and initial marital status, comparing treated individuals who resided in a high oil
LLM in 1965 to untreated in low oil LLM 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 is normalized to zero.
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Figure 4: 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 (Jx)
on annual log income for single individuals and for their household by gender, comparing treated in-
dividuals who resided in a high oil LLM in 1965 to untreated in low oil LLM 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 were married in 1969 (or earlier) through to 1980. Stable
couples represent 38% and 35% of the sample in Figure 2 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 is normalized to zero.

39



.05
1

.025
1

Share of HH Income
0
1

F
A

—

]

]

—

—

—

-.025

-.05
1

-1 40 +1 42 +3 +4 45 46 +7 +8 +9 +10

e Males = Females

Figure 5: 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 LLM in 1965 to untreated in low oil LLM in 1965 in equation (1) from separate
regressions by gender. Regressions are estimated using same sample of stable couples defined as those
who were married in 1969 (or earlier) through to 1980. Stable couples represent 38% and 35% of
the sample in Figure 2 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 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 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 29; 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
)03 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
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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 91; 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 04; 151

299 Others in 29; 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

211 Secretaries and stenographers; 74
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041 Professional nurses; 71

063 Lecturers with final university degree (secondary schools); 33
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Figure 6: Change in Employment Shares between 1970 and 1980. The figure plots the percentage point
changes in employment shares in high versus low oil LLM 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.
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Figure 7: Lifetime Income Gap by Cohort. The figure plots the average lifetime income, measured from
ages 3045, of each age group by the age exposed to the local boom. The sample includes all individuals
born between 1949-1966. High/low oil defined as residing in high/low oil LLM in 1965 (from birth for
those born after 1965). Income measured in NOK, inflation adjusted to year 1998.

42



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 3.3.
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Table 2: Census Results - Not Employed

Sample: Strong Attached 67-69 Weak Attached 67-69
(D (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*** (. 112%** -0.139%** _0.367%**
(0.001) (0.005) (0.009) (0.003)
Oil LLM=1 x Post=1 -0.006%**  (0.050%** -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 gen-
der using a sample that includes birth cohorts between 1940-1949 (aged 21-30 in 1970). De-
pendent variable 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.
‘Strong attached’ to LF defined as having positive earnings in all years 1967-1969, while ‘weak
attached’ is having zero earnings 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: Strong Attached 67-69 Weak 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**  (0.041%**
(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 gen-
der using a sample that includes birth cohorts between 1940-1949 (aged 21-30 in 1970). De-
pendent variable is a dummy variable indicating full-time employment, defined as being em-
ployed 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. ‘Strong attached’
to LF defined as having positive earnings in all years 1967-1969, while ‘weak attached’ is hav-
ing zero earnings 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 4: Impact of Oil Shock on Log(Lifetime Income) by Age in 1970

Sample: Male Female
(1) ()
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 cuamulative income earned between
ages 30-45. Income measured in NOK, inflation adjusted to year 1998. Refer-
ence group is 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 re-

ported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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A Giant oil fields in Norway

% Ekofisk (1969)

Figure S1: Giant offshore oilfields in Norway. The map shows the geographic distribution of giant oil-
field discovered in Norway in the 1970s and 1980s, all situated offshore. For each cluster of discoveries,
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.
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B Effect of shock on income measured in levels
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Figure S2: Estimated Effects of 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 LLM in 1965 to untreated in a low oil LLM
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 is normalized to zero.
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C Results of middle oil exposure
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Figure S3: Estimated Effects of Oil Discovery on Log of 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 middle oil LLM in 1965 to untreated in a low oil LLM
in 1965 in equation (1). Vertical line corresponds to discovery of oil at the end of 1969. 95% confidence
interval reported. —1 normalized to zero.
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Table S1: Census Results - Full-Time Employment

Strong Attached 67-69

Weak Attached 67-69

(1) (2) (3) 4)
Full Time Full Time Full Time Full Time
Male Female Male Female
Oil LLM=1 -0.051%**  (0,058%** -0.043%%%  (,045%**
(0.004) (0.007) (0.011) (0.008)
Post=1 0.005 -0.295%%* 0.331%** Q. 111%**
(0.006) (0.005) (0.020) (0.007)
Oil LLM=1 x Post=1 0.009 -0.020 0.008 -0.029%*
(0.007) (0.014) (0.022) (0.015)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 318926 156406 139338 279874
R? 0.017 0.096 0.125 0.030
Mean Dep. Variable 1970 0.830 0.609 0.466 0.145

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 indicating full-time employment, defined as being employed 1300 hours or
more annually. Treatment is middle exposure to oil based on 1965 residence. ‘Strong attached’
to LF defined as having positive earnings in all years 1967-1969, while ‘weak attached’ is hav-
ing zero earnings 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 S2: Census Results - Not Employed

Attached LF 67-69 Not Attached LF 67-69

(1) (2) (3) “4)
Not Emp. Not Emp. Not Emp.  Not Emp.
Male Female Male Female
Oil LLM=1 0.012***  _0.,068*** 0.014%**  _(0,043%**
(0.001) (0.006) (0.005) (0.006)
Post=1 0.014***  (,112%** -0.139%**  _(0,367%**
(0.001) (0.005) (0.009) (0.003)
Oil LLM=1 x Post=1 -0.004 0.032%* -0.004 0.017
(0.002) (0.013) (0.010) (0.012)
Initial LLM FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
Observations 318926 156406 139338 279874
R? 0.003 0.033 0.045 0.143
Mean Dep. Variable 1970 0.025 0.169 0.207 0.658

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 indicating inactive employment, defined as either outside the labour force
or unemployed. Treatment is middle exposure to oil based on 1965 residence. Standard er-
rors 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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D Do the effects of oil persist over time?
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Figure S4: Estimated Effects of Oil Discovery on Log of 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 LLM in 1965 to untreated in a low oil LLM in
1965 in equation (1). 95% confidence interval reported. Reference period —1 is normalized to zero. The
red vertical line represents the discover of oil in 1969. 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 The Importance of geographic mobility

While restricting the definition of high and low oil regions using an individual’s LLM of res-
idence prior to the oil discovery limits concerns of endogenous relocation, a large fraction of
workers may relocate from both high and low oil LLMs. In particular, the existing literature
documents substantial in-migration following an oil boom (Wilson, 2018).

The fraction of men in high and low oil LLMs who relocate is similar: 21% of those in
high oil and 23% of those in low oil reside in a new LLM in 1980 compared to their LLM from
1965. Geographic mobility is relatively low over the period, and roughly similar between high
and low oil LLMs. However, mobility patterns among those who do move may differ between
high and low oil region movers. Among those who migrate and were initially residing in a high
oil LLM, 25% relocate to another high oil LLM and 51% relocate to a low oil LLM. Among
those who migrate and who were initially residing in a low oil LLM, 70% relocate to another
low oil LLM and 13% relocate to a high oil LLM. As just 23% of low oil area men move to a
new LLM by 1980, only 3% of those who initially resided in a low oil LLM reside in a high
oil LLM in 1980. The most frequent destination 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
LLMs and 25% of those who move from low oil LLMs ultimately reside in Oslo in 1980. This
suggests that mobility into high oil regions among men is not a major concern.

Among women, 35% of those in high oil and 30% of those in low oil regions reside in a
new LLM in 1980. Geographic mobility is higher among women relative to men, and slightly
higher among women from high oil LLMs. 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 LLM reside

in a high oil LLM in 1980, suggesting that mobility into high oil regions is not a major concern.
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Figure SS: Estimated Effects of Oil Discovery on Income Over Time by Gender Excluding Movers.
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 LLM in 1965 to untreated in
a low oil LLM in 1965 in equation (1). Excluded from the estimation sample are those who reside in a
different LLM from the LLM they resided in in 1965. Vertical line corresponds to discovery of oil at the
end of 1969. 95% confidence interval reported. Reference period —1 is normalized to zero.
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F Additional Estimation Results - Census

F.1 Income

Table S3: 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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F.2 Additional Hours Worked Bins

Table S4: Census Results - Employed 10001299 hours

Sample: Strong Attached 67-69 Weak 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. ‘Strong attached’ to LF defined as having positive earnings in all
years 1967-1969, while ‘weak attached’ is having zero earnings 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 S5: Census Results - Employed 500-999 hours

Sample: Strong Attached 67-69 Weak Attached 67-69
(L (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%3#:* -0.024%**
(0.001) (0.005) (0.003) (0.007)
Post=1 -0.000 0.143%%** -0.063%%#%* 0.049%# 3
(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. ‘Strong attached’ to LF de-
fined as having positive earnings in all years 1967-1969, while ‘weak attached’ is having zero earnings
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 S6: Census Results - Employed 100—499 hours

Sample: Strong Attached 67—69 Weak 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. ‘Strong attached’ to LF de-
fined as having positive earnings in all years 1967-1969, while ‘weak attached’ is having zero earnings
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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Figure S6: Estimated Effects of Oil Discovery on Having Any Children Over Time. Birth cohorts 1940-
1949. The figure plots the estimated impact of the oil discovery (Jx) on a dummy variable indicating
the presence of any children, comparing treated individuals who resided in a high oil LLM in 1965 to
untreated in a low oil LLM in 1965 in equation (1). 95% confidence interval reported. Reference period
—1 is normalized to zero.
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Figure S7: Estimated Effects of Oil Discovery on the Number of Children Over Time. Birth cohorts
1940-1949. The figure plots the estimated impact of the oil discovery (J;) on a dummy variable indicat-
ing the presence of any children, comparing treated individuals who resided in a high oil LLM in 1965
to untreated in a low oil LLM in 1965 in equation (1). 95% confidence interval reported. Reference
period —1 is normalized to zero.
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H Long-Run Mechanisms

Many potential factors could explain how younger cohorts of women closed 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 H.1). Second, making use of employment status available annually from
1986-2017, we show that full-time employment measured at age 44 of older women in high-oil
lags behind low-oil (Appendix H.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 girls
modified their education decisions with respect to high school or post-secondary education in

response to the local shock (Appendix H.3.).
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H.1 Migration

First, important differences in age at exposure suggest that the initial disadvantage among work-
ing age women disappears over time through the flexibility of the next generation to adapt for-
mative decisions in response to the local economic boom. One channel through which lifetime
income improves among the youngest women could be to different rates of migration. Wilson
(2018), for example, documents substantial migration into oil regions following the fracking
boom in the United States. We discussed previously that migration rates in the older generation
did 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 in-
come gains we observe for high-oil women are not driven by women choosing to move to Oslo,
for example, the business capital of the country. Since our definition of the 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 S8 rules
out mobility as a key explanatory factor. Women in the high-oil regions tend to relocate sys-
tematically less than those living in low-oil areas, and the difference in migration rates between

the two regions is stable across the youngest cohorts.

H.2 Labour Supply

We have already showed that young working women significantly reduced 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 S9 illustrates that, indeed, while most cohorts of men in high oil labour markets had 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 S8: Share of migration to new LLM by cohorts and gender. The figure plots 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 LLM 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) had 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 4, 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.

H.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 remain-
ing in school - the foregone income from remaining outside of employment for an additional
year. Thus, education and training could be one possible 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 S8 in the Appendix shows the inter-

action coefficients of the shock with two measures of education. Overall, we find no signifi-
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Figure S9: 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 LLM in 1965 (or from birth for those born after 1965). Employment information from

annual employment data, where full-time employment defined as employment of at least 30 hours a
week.
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cant evidence that girls modified 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 completion. 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 educa-
tion in the boom regions, while the youngest cohort of 4-6 years old 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 S7: 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 S8: 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 1955-1966 (aged 4-19 in 1970, at the start of the boom). Depen-
dent variable is a dummy variable indicating if a level of education (High school or Post-secondary educa-
tion) 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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