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While considerable attention has been paid to the impact of Covid-19 on mortality and fertility, few studies

have attempted to evaluate the pandemic’s effect on international migration. We analyse the impact of

Covid-19 on births, deaths, and international migration in Spain during 2020, comparing observed data

with estimated values assuming there had been no pandemic. We also assess the consequences of three

post-pandemic scenarios on the size and structure of the population to 2031. Results show that in 2020,

excess mortality equalled 16.2 per cent and births were 6.5 per cent lower than expected. Immigration

was the most affected component, at 36.0 per cent lower than expected, while emigration was reduced by

23.8 per cent. If net migration values recover to pre-pandemic levels in 2022, the size and structure of the

population in 2031 will be barely affected. Conversely, if levels do not recover until 2025, there will be

important changes to Spain’s age structure.
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Introduction

The impact of the Covid-19 pandemic has been
massive and was unforeseen. As of 31 December
2021, about 5.4 million deaths and more than 286
million confirmed cases had been officially recorded
(WHO 2022), although the real figures were prob-
ably much higher. During 2020–21, Spain was one
of the most affected countries in Europe, with
90,035 deaths and 6.7 million confirmed cases
(National Center of Epidemiology 2022). Research
on the demographic consequences of the pandemic
has focused particularly on excess deaths (e.g.
Bramajo et al. 2020; Weinberger et al. 2020; Basellini
et al. 2021; Modig et al. 2021) and the effect on life
expectancy (e.g. Ghislandi et al. 2020; Trias-Llimós
et al. 2020; Esteve et al. 2021; Aburto et al. 2022).
Other researchers have studied the importance of
household structure (Esteve et al. 2020; Boertien
et al. 2021), population density (Bhadra et al.
2021), and social and economic factors (Zazueta-
Borboa and Jaramillo-Molina 2020; Mogi and

Spijker 2022; López-Gay et al. 2022) in the propa-
gation of the virus.
There is also evidence of pandemic-related ferti-

lity decline in different European countries, includ-
ing Spain (Luppi et al. 2020; Esteve et al. 2021;
INE 2021), although Aassve et al. (2021) did find
increases in fertility (albeit not statistically signifi-
cant) in several high-income countries during the
last months of 2020. As economic recessions and
uncertainty are associated with decreases in fertility
levels (Sabater and Graham 2019; Matysiak et al.
2021), the question remains whether the economic
downturn and health conditions resulting from the
Covid-19 pandemic will have a lasting impact on fer-
tility intentions.
Currently, there is extensive knowledge on how

Covid-19 has affected mortality and fertility.
However, less attention has been paid to the
impact of the pandemic on international migration,
even though it is now the most important demo-
graphic component of population growth in ageing
societies with low fertility (Lee 2011; Billari and
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Dalla-Zuanna 2012; Newsham and Rowe 2019).
This gap is due to the lack of up-to-date migration
register data and the difficulty in modelling
migration. In Spain, the National Institute of Stat-
istics (INE) did not publish the migration data for
2020 until July 2021, following their usual schedule
of biannual publication, as it is more complex to
monitor migration flows than vital statistics. In the
case of mortality, daily registration of deaths was
implemented at the beginning of the pandemic,
while the INE also began publishing monthly birth
data earlier than usual. However, restrictions on
mobility, border closures (Guadagno 2020; IOM
2020), and the economic slowdown caused by the
pandemic (Nicola et al. 2020) would have had
important effects on international migration. It is
well known that economic recessions affect
migration flows between countries (Tilly 2011; Vil-
larreal 2014; Abel 2018). These flows will therefore
be strongly conditioned over the coming years by
the trajectory of the pandemic, international and
domestic macroeconomic conditions, and migration
policies (Charles-Edwards et al. 2021; Wilson et al.
2021).
Our research attempts to fill the gap on the com-

bined impacts of the pandemic on international
migration, mortality and fertility. Specifically, this
paper has two objectives. The first is to quantify
the impact of Covid-19 on the demographic com-
ponents (immigration, emigration, births, and
deaths) in Spain during 2020. To do this, we
compare the observed data with a population projec-
tion that assumes there has been no pandemic. The
second objective is to quantify the effect that
Covid-19 could have on population growth and
structure in the next 10 years on the basis of three
possible scenarios: Short-, Medium-, and Long-
term impact. The three projections are then com-
pared with a scenario without a pandemic, whose
horizon is set according to observed trends during
the last five years and the official pre-pandemic pro-
jections to 2031 made by the INE in 2018. For com-
parative purposes, we also add the medium scenario
of the official INE projection made in 2020, which is
the most up-to-date population projection and
already includes the effect of Covid-19 on demo-
graphic dynamics. The main issue, however, with
this projection is that it underestimates immigration,
emigration, and deaths and overestimates fertility, as
it was conducted with data observed until mid-2020.
Specifically, the INE projected excess mortality only
until mid-2020, assumed zero international
migration during the second half of the same year,
and did not project a decline in fertility. Our results

should, therefore, be more precise, as our models
of demographic trends also include observed data
for the second half of 2020. Our projection method
is taken from the INE and is based on the cohort
component method. In the next two sections, we
explain the methods and hypotheses used in the pro-
jections in more detail. We then begin the Results
section by comparing the absolute values of the
demographic components registered in 2020 with
our projection of the expected figures for the same
year if there had not been a pandemic. This is fol-
lowed by our projections to 2031 that include the
estimates of the demographic consequences that
the pandemic could have according to the three scen-
arios. We conclude our paper by discussing the
results.

Method

The analysis is based on publicly available age- and
sex-specific population counts, fertility, mortality,
immigration, and emigration register data from
the INE (www.ine.es). In the case of migration
data, there are two official sources: the Residential
Variation Statistics (EVR) and the Migration Stat-
istics (EM). The former corresponds to registered
migratory movements and the latter (that has
existed since 2008) uses a series of statistical pro-
cedures to correct some of the problems associated
with the EVR data, such as over-registration due to
temporary mobility. The SM data are used as a
reference for the projections. In the scenario
without the pandemic, the starting population
equals that recorded on 1 January 2020, while the
population on 1 January 2021 is used in the
remaining scenarios where the Covid-19 effects
are introduced.
The cohort component method is used to project

the demographic components by cohort on a
single-age and year-by-year basis. This method was
first implemented by Cannan (1895) and Whelpton
(1936), although the specific method used for this
study is taken from the INE (2018, 2020). We estab-
lish as a base the starting population and obtain the
population corresponding to later dates under
certain hypotheses, set on the basis of a retrospective
analysis of the trends observed in each component,
academic literature, and official projections. Starting
from the initial population (Pt

s,x) according to sex s
and age x, the population at age x + 1 in year t + 1
is projected (Pt+1

s,x+1) for three age groups: those
born during year t (equation (1)); the population
aged 0–99 years (equation (2)); and those aged 100+
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(equation (3)):

Pt+1
s,0 = [1− 0.5× (mt

s,b�0 + Et
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In equation (1), mt
s,b�0, E

t
s,b�0, and Its,b�0 are, respect-

ively, the probability of dying, the probability of emi-
grating, and the number of immigrants of sex s and
cohort b, the cohort which shifts from birth to age 0
over the t to t + 1 projection interval. In equation (2),
mt

s,x, E
t
s,x, and Its,x are, respectively, the probabilities of

dying and emigrating and the number of immigrants
of sex s and age x over the t to t + 1 projection interval.
For the open-ended age group in equation (3), mt

s,99+,
Et

s,99+, and Its,99+ are the probabilities of dying and emi-
grating and the number of immigrants of sex s and aged
99 and older over the t to t + 1 projection interval. In
equation (1), Bt

s is the sex-specific number of births,
which is obtained by:

Bt
s = r ×

∑49
x=15

Pt
F,x + Pt+1

F,x+1

2

( )
× f tx (4)

where r is the sex ratio at birth in the case of males (or 1
−r for females), Pt

F,x is the population of females aged
15–49 years, and f tx are the age-specific fertility rates.
For the fertility projection, following the same

model strategy as the INE, we use a Beta probability
distribution, whereby the lower age limit α is set at 15
years and the upper age limit β at 49 years. The total
period fertility rate (TFR) values are distributed
according to the observed age-specific fertility sche-
dule. Women’s mean age at maternity and the distri-
bution of fertility by age are kept the same in all
scenarios because their variation has practically no
effect on the total number of births (see the
Lowest scenario of the sensitivity analysis in the sup-
plementary material). The fertility function is there-
fore as follows:

f (x) = D(b)× g(x) (5)

whereD(β) is the TFR up to age β, the upper limit of
the age range, and g(x) is the age-specific fertility
schedule defined in the age interval (α β).

We also project life expectancy at birth (e0) by sex
for each year of the period 1 January 2020 to 31
December 2030 through a linear regression of a
logit function, from a past theoretical minimum
fixed to minus infinity to a maximum that would be
reached in a theoretical future fixed at infinity, far
from the horizon year 2030. To this end, we first
need to set the minimum and maximum limits of e0
in the logistic function that allow us to adjust the
value of our horizon to what the INE projected for
the year 2030: 82.5 for men and 87.2 for women.
This is the same method recommended by the
World Bank for projecting e0 (INE 2018, 2020):

Logit(ets0 ) =
emax
o − etso
etso − emin

o

( )
(6)

By setting the minimum limit of e0 in the logistic
function to 40 years for both sexes and the
maximum limits to 85.9 years for men and 89.9
years for women, we are able to adjust the logistic
function to reach values for 2030 that are identical
to those obtained by the INE in their 2018–68 projec-
tions. The maximum values correspond to those
from the INE for 2061 (men) and 2055 (women)
and are close to what the United Nations
(UNDESA 2019) estimated for Spain for the same
period (medium variant).
To calculate the life expectancies at birth for each

year of the projection period, following the method
used by the INE we transform the life expectancies
for the period prior to baseline (1991–2019) (etso )
using the results from the previous logit function
(see also Bulatao et al. 1989; Martínez-Guzmán
et al. 2015; INE 2018, 2020). This is done by apply-
ing Ordinary Least Squares regression and estimat-
ing the parameters α (the intercept) and β (the
slope):

Logit(ets0 ) = a+ b× t (7)

This provides us with an estimate of eo for each pro-
jection year after substituting the logit function of
the life expectancy trend observed since 1991 in
the following equation:

êts0 = emin
0 + emax

0 − emin
0

1+ exp
̂Logit(ets0 )

(8)

To obtain the annual probabilities of dying, qx, for
the period 2020–30, which are needed to estimate the
yearly number of deaths by age and sex, we use, as
per INE (2018, 2020), Coale and Demeny’s annual
model life tables (East sector for men and West
sector for women, as published by UNDESA
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[n.d.]). We first calculate a life table for the average
of the last three years (2017–19) to avoid the varia-
bility of using only the last observed year and then
use a linear interpolation between the 2017–19 life
table and the model table, using 400 tables. We
then extract the values of qx that fit the figures of
the e0 projected for each year from 2020 to 2030 by
the logit function.
Emigration is projected using emigration rates by

cohort and sex, Et
s,x, for each year of the projection

(equation (9)). To set emigration levels, we use the
gross migraproduction rate (GMR), whose values
we are able to change year by year according to
our hypotheses. The GMR can be defined as the
number of movements taken over a person’s life-
time. This indicator was first proposed by Rogers
(1975) and later used as a summary measure of
migration by Willekens and Rogers (1978) and
Rees et al. (2000), among others. The interpretation
is the same as for the TFR, but for migration (emi-
gration in our case) instead of births. It is calculated
in the same way as the TFR: that is, by summing the
age-specific migration rates. Finally, we distribute
the GMR by age using the age-specific emigration
schedule, based on the average of the last three
years observed:

Et
s,x = GMRt

s × Ct
s,x (9)

where GMRt
s is the GMR by sex for year t, andCt

s,x is
the age-specific emigration schedule by sex s.

Regarding immigration, we introduce inflows and
distribute them by sex and cohort according to the
observed age-specific immigration schedule for the
last three years:

Its,x = it × Ct
s,x (10)

where it is the flow of immigrants in year t, and Ct
s,x is

the age-specific immigration schedule by sex. To set
the number of flows, we use a lineal interpolation
between the last observed year and the horizon of
our projection (2030).

Scenarios and hypotheses

To explore the effect that Covid-19 could have on
population growth and structure over the current
decade, we devise three impact scenarios (1–3).
The ensuing projections are then compared with
a scenario where we assume that the pandemic
never took place (scenario 0) as well as with the
official projections made by the INE in 2020 (scen-
ario 4):

0. TheNo pandemic scenario, based on the observed
data over the previous five years and the official
population projections produced by the INE in
2018, prior to the pandemic;

1. A Short-term impact scenario, where the demo-
graphic trends recuperate to equal the No pandemic
scenario levels in 2022;

2. AMedium-term impact scenario, where the demo-
graphic trends do not fully recuperate to the No pan-
demic projection until 2025;

3. A Long-term impact scenario, where the demo-
graphic trends do not fully recuperate to the No pan-
demic projection until 2030; and

4. The INE medium scenario, taken from the official
population projections of 2020, which already
include the effect of the pandemic.

Scenario 0: No pandemic

The projection horizon for the TFR is set at 1.30 in
2030, that of the flow of immigrants at 536,631, and
that of emigrants at 333,488, adjusting the GMR by
0.68 for men and 0.57 for women (Figures 1 and 2).
These values correspond to the average of the last
five years observed, the period 2015–19, and are
equal to those used in the INE 2018 official popu-
lation projection. Other authors have also used a
five-year average to set their hypothesis (e.g. Abel
2018). For the trend of the projection period, we
make a linear interpolation between the years 2020
and 2030. Our TFR horizon coincides with the INE
low-fertility scenario from the 2018–68 pre-pandemic
population projection in the year 2030, and the
migration components with the medium scenario for
the same year. In our No pandemic projection, immi-
gration shows a downward trend from 2020 to 2030
because the observed values in 2018 and 2019 were
exceptionally high, so a minor decrease in the follow-
ing years would be expected. This downward trend is
supported by three arguments: first, a decrease was
observed at the start of the 2008–14 economic reces-
sion, when the annual flow of immigrants was also
exceptionally high and similar to 2018–19; second,
the unemployment rate in Spain during the first
months of 2020 was about 15 per cent, so with the
Spanish baby boom generation (1958–77) still at
working age, an annual inflow of 700,000 people
was not expected for several years; third, the pro-
jected value for our horizon year 2030 is similar to
the official projection made by the INE prior to the
pandemic. For e0, we use the values for 2030 according
to the INE medium scenario from their 2018–68 pre-
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pandemic population projection: 82.47 years for men
and 87.32 years for women.

Scenario 1: Short-term impact

Published data show substantial declines in the
values of demographic components during 2020
compared with 2019, not only in the case of life

expectancy, but also total fertility, immigration
flows, and emigration flows. The Short-term impact
scenario (‘Short-impact’) is based on a generally
optimistic view of the impacts of the pandemic in
Spain and other countries with high vaccination
rates, given the proven vaccine effectiveness
against hospitalization, admission to intensive care,
and death caused by Covid-19 (Kim and Lee 2022;
Omer and Malani 2022). For 2021, we apply

Figure 1 (a) Total fertility and (b) life expectancy at birth in Spain: observed 2000–20 and projected to 2030
according to five scenarios
Notes: The projection of demographic components ends on 31 December 2030. The INE projection category corresponds to
the medium scenario of the 2020 projection.
Source: INE and authors’ projections.

Figure 2 (a) Emigration and (b) immigration in Spain: observed 2000–20 and projected to 2030 according to
five scenarios
Notes: The projection of demographic components ends on 31 December 2030. The INE projection category corresponds to
the medium scenario of the 2020 projection. Two sources of observed migration counts were included in the charts (Resi-
dential Variation Statistics (EVR) and Migration Statistics (EM) (see Method section for more details)).
Source: As for Figure 1.
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observed excess mortality, as provisional data on
deaths have recently become available. After this
date, build-up of immunity in the population
through natural infection and mass vaccination is
expected to minimize the excess mortality directly
caused by Covid-19. Hence, the level of eo in Spain
is assumed to be the same in 2022 as in the No pan-
demic scenario. Likewise, we also assume that there
will be no economic recession or entry restrictions
large enough to affect fertility levels or international
migration to and from Spain. Therefore, as for mor-
tality, the values of the No pandemic scenario will be
recovered in 2022 for the remaining components.

Scenario 2: Medium-term impact

In this scenario, we apply excess mortality for 2022
that is 75 per cent lower than the figures observed
in 2021, as we assume that there will still be some
excess mortality this year due to Covid-19-related
comorbidities (Ayoubkhani et al. 2021), spillover
impact of the pandemic into other areas of health
and social care leading to loss of life (Rathnayake
et al. 2021), and possible outbreaks of new and resist-
ant strains, as happened with the Delta and Omicron
variants, lowering the efficacy of vaccines (Sheikh
et al. 2021; Omer and Malani 2022). There is no
excess mortality from 2023 onwards. In contrast,
the projected fertility and migration assumptions in
this ‘Medium-impact’ scenario take into account
the impact of a possible economic recession until
the middle of the projection period, a similar trend
to that observed during the economic recession of
2008–14. As a result, the TFR and the flow of immi-
grants are not expected to arrive at No pandemic
scenario values until 2025. As for emigration, a
slight increase (due to the hypothetical economic
downturn) and a subsequent decrease are projected,
with values converging to the No pandemic scenario
in the middle of the projection period.

Scenario 3: Long-term impact

In our Long-term impact scenario (‘Long-impact’),
we assume a 50 per cent lower excess mortality in
2022 than was registered in 2021. We take the same
arguments as in the Medium-impact scenario, but
assume that these factors have a stronger effect on
the mortality outcomes. In this scenario, we also
assume prolonged economic stagnation during the
2020s decade, perhaps compounded by border entry
restrictions, making Spain a less attractive country

for international migration. Under these assumptions,
fertility and immigration flows will not converge to
the No pandemic projection until 2030. In fact, our
Long-impact scenario assumes a significant increase
in emigration until the middle of the projection
period due to a prolonged economic recession
(similar to that observed during the economic reces-
sion of 2008–14), followed by a reduction that is
expected to converge to the values of the No pan-
demic scenario by 2030, when the economic and
health situation will have recovered.

Scenario 4: INE medium scenario

The official INE projections for 2020–70 were pub-
lished in September 2020 and included data
observed up to July 2020. Comparing the projection
of the demographic components for the whole of
2020 with the actual data recorded later, we can
see that the official projection assumptions under-
estimated migration and excess mortality and over-
estimated fertility. These issues carried over into
the subsequent years of the projection. From these
projections, we select the medium scenario for the
period 2020–31.

Results

The demographic impact of the pandemic in
2020

Between 1 January 2020 and 1 January 2021, the resi-
dent population in Spain should have increased by
around 338,419 inhabitants, according to the results
of our No pandemic projection (Figure 3).
However, the recorded growth was just 66,081
people, a difference of −272,338. Due to the excess
mortality in 2020 (a decline of −1.5 years in e0 in
males and −1.3 years in females), there was an
excess of 69,738 deaths (+16.2 per cent), with
498,699 deaths recorded compared with the expected
428,961 deaths. According to the National Center of
Epidemiology (2022), there were 54,182 deaths due
to Covid-19 in 2020, about 15,500 fewer than the
excess mortality we estimate. We also observe a
reduction in fertility and total births, with a TFR of
1.19 (−4.8 per cent) and 339,206 (−6.5 per cent)
births in 2020, compared with a TFR of 1.25 and
362,643 births in the No pandemic scenario. As a
result, the natural population change, which should
have been about −66,318 persons, slumped a
further 91,066 to −157,384.
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However, the most affected demographic com-
ponent and the one that had the most important
effect in reducing population growth was immigra-
tion. In 2020, an inflow of 731,039 people was
expected. However, the number of immigrants was
only 467,918, a difference of −263,121 (−36.0 per
cent). Emigration also declined, although to a
lesser extent. The flow of emigrants registered in
2020 was 248,561, 77,741 less (−23.8 per cent) than
the 326,302 emigrants in the No pandemic scenario.
As a result, the expected net migration balance of
404,737 was reduced to 219,357 migrants (−185,380).
Regarding the variations in the demographic com-

ponents by age and sex (Figure 4), the losses due to
immigration were concentrated mainly in the young
adult age groups and, to a lesser extent, among chil-
dren and the middle-aged adult population. We do
not observe notable differences by sex. The variation
in the emigration component affected mainly the 30–
49 age group in the case of men and the 30–39 group
in the case of women, with little effect at the remain-
ing ages. Excess deaths are most apparent from the
age of 60 among men and from the age of 70 in
women. They increase progressively with age to
peak around age 87 in the case of men and 90+
among women. Although not shown in Figure 4,
the disruption in births has left a lasting dent in the
base of the Spanish population pyramid.

The demographic impact of the pandemic in
the coming years: Projections to 2031

In evaluating the effect that the pandemic could
have during the 2020s decade, we first consider the

number of births according to our No pandemic
scenario. As Figure 5(a) shows, births would have
been relatively stable between 1 January 2020 and
1 January 2031 without the pandemic, at around
360,000–370,000 newborns per year. There would
have been a slight decline until the middle of the
projection period, due to small cohorts reaching
reproductive ages (partially offset by immigration),
followed by a small increase in births thereafter,
due mainly to the progressive inflow of immigrants.
So how does this compare with the three pandemic
scenarios? According to the Short-impact scenario,
there would have been a decline in the number of
births in 2021 due to reduced fertility and immigra-
tion during that year. Despite this scenario project-
ing a recovery in fertility and immigration levels in
2022, births do not reach the values of the No pan-
demic scenario over the period 2022–30 because of
the decline in the flow of immigrants of reproduc-
tive age in both 2020 and 2021. However, the differ-
ence in births between the two scenarios is
negligible and the evolution of the trend over time
is similar. If either the Medium- and Long-impact
scenarios were to hold, substantially fewer babies
would be born, especially in the latter scenario,
with 30,000 fewer births expected annually com-
pared with the No pandemic scenario. However,
births would recover slightly according to the
Medium-impact scenario, especially after 2026.
Finally, the INE medium scenario shows a continued
decline in the number of births. Even though the
INE’s expected fertility is higher than ours, their
migration assumptions are lower and, as a result,
they assume that there will be fewer women of
reproductive age.

Figure 3 (a) Observed and expected (No pandemic) values of demographic components in 2020 and (b) differ-
ence between observed and expected values in 2020, Spain
Source: As for Figure 1.
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Figure 4 Immigrants, emigrants, and deaths by age and sex in Spain: observed and expected (No pandemic) in
2020
Source: As for Figure 1.

Figure 5 (a) Births, (b) deaths, (c) natural growth, and (d) net migration: demographic components in Spain,
observed 2000–20 and projected to 2030 according to five scenarios
Notes: The projection of demographic components ends on 31 December 2030. The INE projection category corresponds to
the medium scenario of the 2020 projection.
Source: As for Figure 1.
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With regard to mortality (Figure 5(b)), the No
pandemic scenario shows a linear increase in
deaths due to population ageing and larger cohorts
reaching the older age groups. The excess mortality
in 2021 equates to 20,000 deaths in all three pan-
demic scenarios compared with the No pandemic
projection. The government reported 35,853 Covid-
19-related deaths during the same year (National
Center of Epidemiology 2022). This difference of
just over 15,800 individuals is due to a portion of
the older population that would have died in 2021
from other causes instead dying prematurely from
the virus (frailty selection). In the Short- and
Medium-impact scenarios, the number of registered
deaths is expected to be slightly lower compared
with the No pandemic scenario from 2022 onwards,
since the increase in mortality in 2020 and 2021
reduced the number of older people in the popu-
lation. The two scenarios show almost identical
results, since the increasing mortality in the
Medium-impact scenario would have a small
impact on the total number of deaths, and the
migration and fertility assumptions would have
only a small impact on the number of deaths
because they affect mainly the young population. If
the impact of the pandemic were more long term, a
small excess of deaths during 2022 would be likely,
but, for the reason already discussed, there would
be a small drop in the number of deaths from 2024
onwards. The INE scenario already underestimated
mortality in 2020 and did not predict excess mortality
in 2021, so there are no major differences with
respect to the No pandemic scenario from 2021
onwards.
As the number of deaths exceeds the number of

births due to population ageing, future natural popu-
lation change will be negative in all scenarios (Figure
5(c)). This dynamic predates 2020, as a negative
balance has been recorded in Spain since 2015.
However, excess mortality and lower births will
exacerbate the already recessionary natural popu-
lation dynamics. Even in the No pandemic scenario,
the annual natural population loss would have
increased from 66,317 people in 2020 to just over
92,600 in 2030. While all three pandemic scenarios
show a larger decline until 2022 compared with the
No pandemic scenario, this is no longer the case
thereafter, because much of the reduction in births
is expected to be offset by a decline in the number
of deaths. Only in the Long-impact scenario is there
a greater reduction than in the No pandemic scenario.
This is also the case according to the INE scenario due
to the reduction in births, again because of the low
international migration in their assumptions.

When comparing natural change with net
migration (Figure 5(d)), we can see that the size of
the first component is minor compared with the
second. Once Spain recovered from the 2008–14
economic recession, net migration increased again
until the start of the pandemic. According to the
No pandemic scenario, whose end year is based on
average migration for 2015–19, the migration
balance would have decreased from 404,736 in
2020 to 203,143 net migrants in 2030. This expected
decline would have been due to the slowdown in
immigration, projected with a downward trend as
values were exceptionally high in the previous two
years, as mentioned in the Scenarios and hypotheses
section. In the Short-impact scenario, the migration
balance will recover to similar values to the No pan-
demic projection in 2022. In the Medium-impact
scenario, the migratory balance is reduced to
177,688 people in 2023 and increases again until it
reaches the values of the No pandemic scenario in
the middle of the projection period. In the Long-
impact scenario, the migratory balance is reduced
to 34,461 individuals in 2025 due to a more severe
and prolonged post-pandemic economic recession,
and it is not expected to recover to the No pandemic
scenario values until 2030. Lastly, we can observe the
INE’s low net migration projection for the 2020s,
although their 2030 horizon coincides with ours.
During the period of economic growth between

2000 and 2008, the Spanish population grew from
40.5 to 45.7 million inhabitants, mainly as a result
of the large influx of foreign migrants (Figure 6).
Throughout the subsequent economic recession,
the decline in migration flows and, to a lesser
extent, in fertility led to slower population growth
and even depopulation from 2012 to 2016. In
recent years, the improvement in the economy has
reactivated the flow of immigrants, again leading to
Spanish population growth. According to the
results of our projection, in the absence of a pan-
demic, the resident population in Spain would have
been expected to rise from 47.33 million inhabitants
in 2020 to 49.77 million in 2031. We can compare this
with a scenario where the pandemic has only a short-
term impact on demographic dynamics in Spain (i.e.
until 2022), and the population is still expected to
grow to 49.14 million. If, instead, the negative conse-
quences of the pandemic were to last until 2025
(Medium-impact scenario), the number of residents
in Spain would increase to 48.64 million people.
However, if the effect of the ensuing economic reces-
sion on fertility and international migration lasted
until 2030, the Spanish population would stay rela-
tively constant during the current decade, reaching
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only 47.38 million inhabitants on 1 January 2031. The
INE 2020 projections show the population increasing
slightly between 2020 and 2031, to 47.84 million
inhabitants.
Given the particular age schedules of mortality,

fertility, and migration, the Covid-19 pandemic will
also have consequences for the population structure,
in particular with respect to the speed of population
ageing. Although results show that the excess mor-
tality initially led to only a small reduction in the pro-
portion of older people between 1 January 2020 and

1 January 2021, the impact of reductions in fertility
and net migration on the population structure
during 2020 was greater. To get a better picture of
the potential impact of the pandemic on the age
structure over the coming years, we therefore
analyse for each scenario the following three
ageing indicators that highlight different aspects of
population ageing. First, the ageing index (popu-
lation aged 65+ / population aged <16) is useful for
capturing the effect of the increasing older popu-
lation in relation to trends in fertility and the

Figure 6 Observed population 2000–21 (January 1) and projected to 2031 (January 1) according to five scen-
arios, Spain
Notes: The population projection ends on 1 January 2031, while the projection of the demographic components ends on 31
December 2030. The INE projection category corresponds to the medium scenario of the 2020 projection.
Source: As for Figure 1.

Figure 7 (a) Ageing Index, (b) double ageing ratio, and (c) total dependency ratio: observed 2020–21 (January
1) and projected to 2031 (January 1) according to five scenarios, Spain
Notes: The population projection ends on 1 January 2031, while the projection of the demographic components ends on 31
December 2030. The INE projection category corresponds to the medium scenario of the 2020 projection.
Source: As for Figure 1.
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immigration of young children. Second, the double
ageing ratio (population aged 85+ / population
aged 65+) depicts the possible long-term effect of
excess mortality during the pandemic on the popu-
lation structure within the older age groups, as the
oldest old were hit hardest. Third, the total depen-
dency ratio (TDR = population aged <16 and 65+ /
population aged 16–64) captures the changing
burden of the dependent young and older popu-
lation on the working-age population.
Results show that the ageing index would have

increased from 1.26 in 2020 to 1.82 in 2031 under
the No pandemic scenario (Figure 7(a)) due to the
baby boom generations reaching retirement age
and, to a lesser extent, the fall in the number of
people aged <16 caused by a reduction in the size
of reproductive-age cohorts after 2024. Between
2020 and 2021, we see no change in the ageing
index when the No pandemic scenario is compared
with observed data: the excess mortality at older
ages was ‘compensated’ by the reduction in the
denominator due to lower immigration and fewer
births. In the Short-impact scenario, we observe
that the ageing index varies very little with respect
to the No pandemic scenario over the course of the
decade, although it is slightly higher in 2031. If the
age-specific trends in demographic components
follow the Medium- or Long-impact scenarios, the
index will increase to 1.87 or 1.93, respectively, in
2031, again as a result of fewer births and lower
net migration. In comparison, the ageing index is
expected to rise to 1.96 according to the INE
scenario.
Regarding the double ageing ratio, after an initial

decline due to Covid-related mortality in 2020, there
are no major differences between scenarios through-
out the projection period (Figure 7(b)). If there had
not been a pandemic, the double ageing ratio would
have increased slightly from 0.170 to 0.173 between
2020 and 2022, after which it would have fallen to
0.159 in 2031. The declining, but seesawing, trend
in all scenarios is due mostly to historical fertility
patterns. While the population aged 85+ is expected
to increase over the current decade, the progressive
arrival of the baby boom generation (1958–77) at
ages 65 years and older has a larger impact on the
ratio. The small bump in 2026, the drop during the
following two years, and the subsequent increase
are due to circumstantial change in the population
structure resulting from a sudden increase in births
in 1940 (after the Spanish Civil War), a sharp drop
during the 1941–42 post-war period, and a recupera-
tion thereafter. Regarding the observed data
between 2020 and 2021, the double ageing ratio

decreased as a result of the excess mortality of the
oldest old during the pandemic. This effect will
clearly diminish over time due to the incorporation
of new cohorts into the 85+ age group as well as
because a large proportion of the older people
who died prematurely in 2020 and 2021 as a conse-
quence of Covid-19 would likely have died within
the next 10 years anyway, given their high mortality.
A harvesting effect during this period is unlikely,
given the lack of evidence on a national scale of
the excess deaths being followed by a period of
fewer deaths than expected, even in the short term
during the first wave of the pandemic (Rivera
et al. 2020; Andrasfay and Goldman 2021; Cerqua
et al. 2021). However, while few differences in the
double ageing ratio can be discerned between the
three pandemic scenarios, the expected level in the
first years of the INE projection is slightly higher,
as they project lower Covid-19-related excess
mortality.
The TDR increases from 0.542 to 0.583 between

2020 and 2031 in the scenario without a pandemic
(Figure 7(c)). As the observed values show,
between 2020 and 2021 there is a small decrease in
dependency, due mainly to the excess mortality
among the old-age population. This slightly lower
level of dependency is maintained during the first
years of each scenario, as the mortality effect of
the pandemic is still noticed, especially in the
Short-impact scenario. However, the decrease in
immigration in the Short- and Medium-impact scen-
arios, together with a small increase in emigration in
the latter, levels the TDRs to the No pandemic scen-
ario by 2031. In the case of the Long-impact scenario,
the TDR at the end of the projection period is higher
than in the No pandemic scenario, reaching a value
of 0.589 as the number of net migrants is much
lower in comparison with the other two scenarios.
The TDR of our Long-impact scenario converges
to that of the INE scenario, although the level of
dependency remains lower until 2027 due to the pro-
jected higher mortality from Covid-19 and
lower decline in net international migration in the
former.
Lastly, one common way to inspect changes in the

population structure is using population pyramids.
As Figure 8 shows, a considerable reduction in the
population aged <15 can be observed between 2020
and 2031, while the 15–34-year-old age group is
expected to experience an increase in its size, the
35–49-year-olds a decrease, and the 50–84-year-olds
a considerable increase in their relative proportion.
The fact that the structure of the Spanish population
is so unbalanced is the result of historical
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developments: increased longevity; a baby boom
between the late 1950s and mid-1970s; a rapid fall
in fertility since 1975, which reached an all-time
low in the 1990s; and very high immigration
between 2000 and 2008. Comparing the No pan-
demic scenario with the other scenarios, we see
that there are practically no variations among the
population aged 65+, meaning that the impact of
Covid-19-related excess mortality on the population
structure will likely be negligible in this age group in
the medium term. Likewise, few differences can be
observed between ages 50 and 64. In the case of
the Short-impact scenario, there are no significant
variations in the other age groups, except for a
small reduction around age 10 due to fewer births
as a result of declining fertility rates during 2020
and 2021. In the Medium- and Long-impact scen-
arios, we do observe an important reduction in the
20–44 age group compared with the No pandemic
scenario due to a lower inflow of migrants and, to
a lesser extent, an increase in emigration. According
to these two scenarios, there will be 14.16 and 13.58
million people aged 20–44 in 2031, respectively, com-
pared with 14.63 million if there had not been a pan-
demic. There will also be a reduction in the <10 age
group due to fewer births as a result of lower fertility
and a lower contribution of immigrants to the popu-
lation of childbearing age. The age structure of the
INE projection to 2031 shows similar results to our
Long-impact scenario.

Conclusions and discussion

Spain has been one of the most affected European
countries in terms of excess mortality caused by
the Covid-19 pandemic (WHO 2022; Aburto et al.
2022). According to our results, there were 69,738
deaths more than expected in 2020 if there had not
been a pandemic, and that led to a decrease in life
expectancy at birth of 1.5 years for men and 1.3
years for women. These figures are very close to esti-
mates made by Aburto et al. (2022), Esteve et al.
(2021), and Trias-Llimós et al. (2020). According to
official government data, there were 54,182 deaths
due to Covid-19 in 2020 (National Center of Epide-
miology 2022): close to 15,500 fewer deaths than our
results showed. This finding raises three issues. First,
the Spanish government may have under-reported
deaths. Reporting of Covid-19 cases depends on
the testing regime and definition of ‘Covid-19
death’. Particularly during the initial stages of the
pandemic, deaths due to Covid-19 would have
been missed because of limited testing availability,
changing definitions, and inconsistent and incom-
plete reporting (Karanikolos and McKee 2020).
Using excess mortality data avoids miscounting of
deaths due to the under-reporting of other health
conditions left untreated due to the pandemic (Mal-
ouche and Ben Romdhane 2020). At the same time,
behavioural changes during the pandemic may also
have led to fewer deaths from other causes, such as

Figure 8 Population pyramid on 1 January 2021 and projected to 1 January 2031 according to five scenarios,
Spain
Notes: The population projection ends on 1 January 2031, while the projection of the demographic components ends on 31
December 2030. The INE projection category corresponds to the medium scenario of the 2020 projection.
Source: As for Figure 1.
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road traffic injuries (Karanikolos and McKee 2020).
The observed excess mortality, therefore, provides
an indication of the ‘net death toll’ of the pandemic.
Second, the saturation of the health system could

have played a role in the postponement of treatment
of other health conditions and produced an increase
in deaths from other causes. The cause-specific data
needed to pursue this interesting line of research
have recently become available. Third, other
studies have shown that Covid-19 can leave long-
term sequelae, in particular dyspnoea (difficulty in
breathing) (Shoucri et al. 2021). Although long
Covid-19 does not itself result in death, research
has shown that patients who were hospitalized or
had existing comorbidities were more likely to die
during the following months (Liu et al. 2021;
Shoucri et al. 2021). However, the underlying cause
of death may not necessarily have been (registered
and coded as) Covid-19 (Singh 2021).
Despite the (false) baby boom heralded by some

Spanish media as a consequence of home confine-
ment, the observed TFR was only 1.19 in 2020
rather than the expected 1.25 had there not been a
pandemic; this was equivalent to 23,300 fewer
births. Although the number of births was already
declining prior to the pandemic, by an annual
average of 4 per cent between 2016 and 2019,
births were 10 and 20 per cent lower in November
and December 2020, respectively, compared with a
year earlier, and even 21 per cent lower in January
2021 than in January 2020 (INE 2021). The collapse
of the hospital system, possibility of infection, and
health and economic uncertainty probably caused a
number of couples to reconsider whether it was the
right time to have children. Since March 2021,
however, the number of births has been very
similar to that of the previous two years, which
might reflect a rebound following postponement
during the very first months of the outbreak
(Aassve et al. 2021; INE 2021).
Despite the increase in deaths and reduction in

births, the most affected demographic component
was immigration, with a decline of almost 263,100
individuals recorded. Moreover, this reduction was
concentrated among young adults of working and
reproductive age, affecting the population age struc-
ture and natural change potential, although the
number of emigrants also declined by 77,700,
thereby slightly offsetting the reduction in immi-
grants. It is clear that home confinement, border clo-
sures, and the poor economic situation have had a
major impact on international migration, especially
immigration. In addition, it is well known that immi-
gration mitigates fertility decline because migrants

are usually of childbearing age and their fertility
tends to be higher than in the native population
(Del Rey and Grande 2015). Hence, Spanish policy-
makers should pay attention to fertility conse-
quences of both the decline in immigration and the
acceleration of emigration during the pandemic
and ensuing economic downturn, just as Sabater
and Graham (2019) recently advocated in the after-
math of the economic recession of 2008–14. As a
result of these demographic changes, the overall
population growth between 2020 and 2021, while
remaining positive, declined considerably.
The evolution of the pandemic and its economic

consequences during this decade will be decisive
for the growth of the Spanish population and its
demographic structure, as well as for the sustainabil-
ity of the welfare system because the first baby boom
cohorts will soon be entering the age of retirement.
The excess mortality that took place in 2020 and
2021 as a result of the pandemic will have little
impact on the population structure, levels of
ageing, or the TDR in a decade’s time. However,
the reduction in net migration will intensify the
pressure of population ageing and increase the
need for labour, especially in low- and middle-
skilled jobs (Hooper 2019). The decline in net
migration will have a greater impact in those areas
where population shrinkage occurs, as they will
show high levels of ageing and a low proportion of
people of working and childbearing age. Although
less significant in quantitative terms, a sustained
decline in fertility levels will also have an impact.
According to our Short-impact scenario, if in 2022
the net migration and fertility rates recover to the
levels that we would expect if there had been no pan-
demic, the fundamental demographic events of 2020
and 2021 will have few repercussions on population
growth and structure over the next 10 years. If the
values of the No pandemic scenario are not re-
covered until 2025, the population will still increase,
albeit with important reductions in the <10 and 20–
39 age groups. In the most pessimistic Long-impact
scenario (that assumes no recovery in the demo-
graphic components until 2030), the number of
inhabitants will stagnate, and the above-mentioned
age groups will be affected even more, and this will
have repercussions for economic sustainability.
Under this scenario, the TDR is set to increase
faster than under the other scenarios, thus leading
to a greater reduction in the effective number of tax-
payers relative to beneficiaries if productivity and
tax rates stay the same (Lee et al. 2014).
This paper has demonstrated how the pandemic

affected mortality, fertility, and international
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migration in Spain during 2020. On one hand, our
results show that immigration (rather than mor-
tality or fertility) was hit the hardest and also
that the reduction in this component could have
an important impact on the demographic structure
in a decade’s time. On the other hand, the disrup-
tion in births and deaths during 2020 and 2021
was lower and will barely affect the population
size and structure in the coming years. Our
results could be extrapolated to other ageing
countries with low fertility and where international
migration is the main component sustaining popu-
lation growth. Regarding the limitations of this
study, it is common knowledge that population
projections always present uncertainty, especially
regarding migration (Bongaarts and Bulatao
2000; Abel 2018). In the case of our estimates
from the No pandemic scenario for 2020, this
uncertainty is low because it pertains to only a
one-year interval, especially for the mortality and
fertility components. However, projecting to 2031
presents a greater degree of uncertainty. This is
why we performed a sensitivity analysis on the
No pandemic and Medium-impact scenarios by
decreasing and increasing by 10 per cent the pro-
jected change in 2030 in total fertility, growth in
life expectancy, emigration, and immigration (see
supplementary material). In terms of absolute
numbers, variation in net migration, the com-
ponent with the highest uncertainty, showed the
greatest impact on population change, followed
by fertility, while the sensitivity analysis indicated
almost no effect on mortality outcomes. That is
why the results of this (and any other) projection
should be taken as a simulation exercise that
poses different hypothetical population scenarios,
in this case in the context of the pandemic.
Finally, we would like to point out that although

we used the same methods as the INE for compara-
tive purposes, we are aware of alternative methods
of producing scenario-based forecasts. For instance,
Keilman (2020) advocates (additionally) computing
probabilistic population forecasts of fertility, mor-
tality, and international migration because other pro-
jections based on scenarios do not quantify
uncertainty. The aim of a probabilistic forecast is
not so much to present estimates of future trends
that are more accurate than from a deterministic
forecast but rather to give the user a more complete
picture of prediction uncertainty. Keilman particu-
larly recommends taking a Bayesian approach
when combining expert opinions with empirical
data (see also Bijak 2010; Schmertmann et al. 2014;
Kontis et al. 2017).
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