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A B S T R A C T

Pollen is known to cause allergic reactions and affect cognitive performance in around 20% of the pop-
ulation. Although pollen season peaks when students take high-stakes exams, the effect of pollen allergies
on school performance has received nearly no attention from economists. Using a student fixed effects
model and administrative Norwegian data, this paper finds that increasing the ambient pollen levels by
one standard deviation at the mean leads to a 2.5% standard deviation decrease in test scores, with po-
tentially larger effects for allergic students. There also appear to be longer-run effects. The findings imply
that random increases in pollen counts reduce test scores for allergic students relative to their peers,
who consequently will be at a disadvantage when competing for jobs or higher education. This paper
contributes to the literature by illuminating the interplay between individual health and human capital
accumulation, which in turn can impact long-run economic growth.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The last few years have seen an increasing interest in the link
between individuals’ health and productivity. In particular, ambient
pollution has been subject to closer scrutiny. Using short-term varia-
tions in air pollution, various authors have identified significant
effects on labor productivity and supply, and even school ab-
sences (e.g., Chang et al., 2014; Hanna and Oliva, 2015; Currie et al.,
2009). This study contributes to the literature by examining the
causal effect of short-term variations in a non-pollutant that affects
health in a manner similar to ambient air pollution. Even though
pollen is a natural part of the environment, a relatively large portion
of the population is negatively affected by its presence. Understand-

ing the extent to which pollen can harm general productivity through
its effect on allergic individuals is helpful in order to assess its det-
rimental effects. While the study is limited to measuring cognitive
performance on high school exams, the findings are likely to be trans-
ferable to the labor market, suggesting detrimental effects on
productivity across the economy. Unlike many air pollutants, pollen
also has a direct negative impact on the general well-being of in-
dividuals, further increasing its negative effects and the relevance
of this research.

Seasonal allergic rhinitis (SAR), more widely known as hay fever,
is a common chronic condition. The prevalence rate varies between
countries and regions, with most estimates around 20% for the
general population in industrialized countries. SAR is more prev-
alent among school-aged individuals (Skoner, 2001) and is the most
common chronic condition in the pediatric population (Jáuregui et al.,
2009). The Norwegian Asthma and Allergy Association estimates that
more than 20% of the general population have allergic reactions to
pollen, and estimates are even higher for school-aged children, at
about 25–30% (Hansen et al., 2013; Hovland et al., 2014; Selnes et al.,
2005). Not only is SAR a relatively common condition, but several
studies have also shown that its prevalence appears to be increas-
ing (e.g., Åberg, 1989; Linneberg et al., 2000), raising the need for
research into its societal costs. While SAR is commonly consid-
ered relatively harmless, themedical literature has established strong
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negative effects on various measures of cognitive performance and
well-being (e.g., Marshall et al., 2000; Kremer et al., 2002). Clini-
cal studies have also shown that medicines commonly used to treat
the symptoms of SAR can induce similar, or even stronger, nega-
tive effects on cognitive functioning.1 Significant and unavoidable
detrimental effects on cognition suggest that individuals with SAR
are at a definite cognitive disadvantage during pollen season, which
might have significant effects on productivity. In the education
system, this effect might show up as reduced test scores for aller-
gic individuals. Combined with high and rising prevalence rates, the
timing of high-stakes exams can significantly affect students’ long-
run human capital accumulation by distorting the relative ranking
of students.

This paper explores the effect of pollen on cognition by com-
bining rich administrative data from the Norwegian high school
system in the years 2008–2011 with daily pollen counts frommea-
surement stations across the country. The data contain information
on numerous observable student characteristics in addition to exam
grades for each course, and which school each student attended.
The student data and the location of exams aremerged to exam dates
from the Ministry of Education and data on pollen counts collect-
ed by the Norwegian Pollen Forecast Services. Taking advantage of
the resulting panel structure in the data, I found it is possible to im-
plement a student fixed effects model, allowing an identification
strategy that relies on variation in the pollen count between tests
on different dates for the same student. The advantage of this ap-
proach is that it removes potential unobserved correlation between
student performance and pollen exposure, a potential source of bias
in previous studies. The main results show that a one standard de-
viation increase in pollen counts relative to the mean decreases the
average student’s score by about 2.5% of a standard deviation. As-
suming that non-allergic students are unaffected by pollen
proliferation levels, the treatment effect is likely to be larger for al-
lergic students. Using estimates for the prevalence rate of SAR among
16-year-old Norwegians, the results suggest that the effect for al-
lergic students is about 10% of a standard deviation. The results imply
that random exposure to pollen can have a substantial effect on the
exam grade for students with SAR.

Further, I use the available information on student background
to explore heterogeneous effects. When the effect of pollen prolif-
eration is allowed to depend on student background, the results are
consistent with the patterns in the prevalence rates found in the
medical literature, lending support to the validity of the reduced-
form estimations used in this paper. Lastly, I find that being exposed
to higher pollen count levels across all exams appears to affect the
higher education choices of graduating students, suggesting longer-
run effects.

The contributions of this paper are twofold. First, this paper es-
timates the effect of pollen proliferation on cognitive abilities in a
non-experimental setting, taking into account student sorting across
regions with different proliferation levels. It is likely that pollen has
an effect on cognition in other settings as well, and therefore could
potentially affect labor productivity across the economy. Second, the
estimations show that random exposure to pollen during exami-
nations reduces test scores for the average student. Affected students
are therefore ranked worse relative to unaffected peers, regardless
of true ability. As students who apply for university compete on exam
scores, the enrollment decisions of universities might be sub-
optimal. Consequently, random variation in the timing of pollen
proliferation can harm workforce productivity through its effect on
grades and on the composition of students enrolled in higher

education. It may be possible to offset this effect somewhat by in-
creasing efforts in diagnosing and optimizing treatment.

The rest of the paper is organized as follows. First, relevant find-
ings on the effect of pollen on cognitive performance, as well as
related literature, are presented in Section 2. Section 3 presents the
institutional background, while Section 4 presents the data and em-
pirical strategy. Main results are presented in Section 5, while
robustness tests and heterogeneous effects are analyzed in Section
6. Longer-run estimates are presented in Section 7. Section 8 sum-
marizes and concludes.

2. Seasonal allergic rhinitis and related literature

2.1. Seasonal allergic rhinitis: epidemiology and effects on cognition

Pollen grains are produced as part of plants’ reproduction cycle
and are spread by wind or insects from plant to plant. The grains
are small and easily inhaled by humans. In a person with seasonal
allergic rhinitis (SAR), the immune system will produce antibod-
ies, including histamine and cytokines, to fight the perceived threat
from the pollen grains. The antibodies will in turn cause an inflam-
matory state in the airways, causing symptoms including itching,
sneezing, congested airways, and rhinorrhea (Greiner et al., 2012).
In addition to the more visible allergic reactions, SAR can also affect
cognitive ability and fatigue, both indirectly through reduced quality
of sleep (Craig et al., 2004; Santos et al., 2006) and directly, as the
antibodies themselves have a detrimental effect on cognitive ability
(McAfoose and Baune, 2009; Tashiro et al., 2002). Several labora-
tory studies have confirmed a link between reduced cognitive
function and SAR. Marshall et al. (2000) found that patients clini-
cally diagnosed with SAR had impaired cognitive functioning under
tests taken during the pollen season compared to tests taken outside
the pollen season. Randomizing ragweed pollen exposure on adults
with a history of SAR, Wilken et al. (2002) found that allergic in-
dividuals whowere exposed to pollen performedworse on a number
of cognitive measures, including longer response times, reduced
working memory, and computation. A similar result was also found
byMarshall and Colon (1993). While SAR is associated with reduced
cognition under certain conditions, it is important to note that treat-
ment of the symptoms has similar effects. Vuurman et al. (1993)
found that, when exposed to pollen, children with SAR were
cognitively outperformed by other children regardless of whether
they received medication or not, although newer generations of an-
tihistamines had smaller negative effects than either placebos or
older generations. It therefore seems likely that students with the
conditionwill suffer irrespective of medication use, although optimal
usage may dampen the effects.

SAR is a very common condition, with an estimated 400 million
people affected globally (Greiner et al., 2012). The incidence of the
condition varies between countries, but is generally higher in in-
dustrialized countries.2 While some of the variation in prevalence
rates between countries can be explained by differences in climat-
ic and demographic factors, lifestyle also plays a major role.
Comparing children born in the former East and West Germany,
Krämer et al. (2010) found that the convergence in lifestyles coin-
cided with a convergence in the prevalence of SAR. The fact that
lifestyle is so strongly linked to prevalence rates is interesting, as
it suggests that the condition might be even more common in the

1 Although older generations of antihistamine treatments generally have the stron-
gest side effects, newer generation drug treatments also have been shown to have
some negative effects on cognition (e.g., Vuurman et al., 1993; Jáuregui et al., 2009).

2 In addition to a large variation in estimated prevalence across countries, esti-
mates within countries are very uncertain and depend on how prevalence ismeasured.
As one might expect, self-reported numbers are generally much higher than what
is clinically documented, but many people who are allergic are not themselves aware
of it (Greiner et al., 2012). The connection between socio-economic background and
SAR is discussed and explored in Section 6.
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