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Abstract

This paper expands on previous research on the determinants of the yield
curve by examining the relationship between the age structure of Sweden and
the yield curve of Swedish government debt during 1998–2025. During this
period, two shocks impacted Sweden’s demographics: the migration wave of
the mid-2010s and the covid-19 pandemic of the early 2020s. The relationship
is first examined using vector autoregression, controlling for macro variables,
in an attempt to find correlation. It is then investigated further employing the
two shocks as exogenous variation in an instrumental variable analysis. Neither
analysis presents evidence for an effect of age structure on the yield curve.
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1 Introduction

Ever since the advent of the industrial revolution, some two-and-a-half centuries
ago, the world has undergone a rapid and radical transformation. At the turn of
the 19th century, the population of the earth stood at one billion; at present, it
exceeds eight billion (O’Neill, 2024). During this period, it is hard to doubt that
humanity has indeed followed God’s commandment to: Be fruitful and multiply
and fill the Earth (Genesis 1:28). It seems, however, that humanity might have
forgotten this divine edict, for with industrialisation and modernisation has also
come a sharp drop in fertility rates around the globe (United Nations, 2025).

As the population of the developed world is rapidly ageing, a multitude of conse-
quences are likely to follow, both large and small. A topic relating to this is that of
pensions and how they ought to be paid for: With a population where the portion
of working-age individuals falls while the number of those in need of economic sup-
port increases, how are societies supposed to manage the resulting budget crunch?
There is a risk of tougher times and tighter margins for the state as the productive
share of the population decreases, and, most importantly, for this paper, this may
affect the ability of the state to finance itself at present.

In addition to taxes and other revenue sources, states finance themselves by
issuing debt through bills and bonds of different maturities. The yield paid on
these debts generally differs depending on the maturity. Together, the yields of
various maturities create a yield curve. The shape of the yield curve varies over
time and can be both upward and downward sloping depending on circumstances.

Understanding what underlies the yield curve is crucial for bond valuation, in-
vestment strategies, and policymaking. One way of explaining the yield curve is the
expectations hypothesis, where changes in slope are assumed to be entirely driven
by changes in market expectations about future rates. However, as Froot (1989)
put it:

If the attractiveness of an economic hypothesis is measured by
the number of papers that statistically reject it, the expectations
theory of the term structure is a knockout.

As such, there is a need to better explain the dynamics of the yield curve and
what may affect it. This paper aims to investigate if and how demographics, de-
fined as the age structure of a country, can help explain the yield curve seen on the
government debt issued by that country. Specifically, we build on the method of
Ang & Piazzesi (2003), who model the yield curve of the United States using lagged
values of the curve as well as different combinations of macroeconomic variables.
We instead apply the model to the yield curve of Sweden and also add demographic
variables to the specification. The paper continues as follows: Section 2 introduces
the topic and reviews the previous literature; Section 3 presents a correlation anal-
ysis; Section 4 follows up with a causality analysis; Section 5 discusses the results
and Section 6 concludes.
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2 Background

2.1 The Demographic Shift

The world is currently experiencing a profound demographic shift marked by falling
birthrates and an aging population. Over the last half-century, the world has wit-
nessed a significant decline in fertility rates, with the global fertility rate dropping
precipitously from more than five children per woman in the 1970’s to just above the
so-called replacement level of 2.1 children per woman today. This trend has been
seen across the world, but has been most pronounced in developed countries and is
projected to continue in the decades to come (United Nations, 2025). Although it
is unclear what exactly underlies this decline, some have linked it to socio-economic
development, varying degrees of equality between the sexes, an increased level of
education, social norms and postponement of parenthood (Bignami et al., 2024).

The fall in fertility rates has occurred concurrently with massive increases in life
expectancy (United Nations, 2024a) which has been attributed to improvements in
medicine leading to falling rates of child mortality and disease (Crimmins, 2015). As
these trends have occurred in tandem with one another, the proportion of elderly in
the world has risen and is projected to continue rising (United Nations, 2024b). Yet
an ageing population presents both opportunities and challenges: On the one hand,
longer lifespans reflect societal progress and improved quality of life; on the other
hand, an aging population risks putting strain on public services, as fewer working-
age individuals are left to support a larger retired population. Governments are
left to manage a shrinking taxable population with an increased demand for costly
services such as healthcare and elderly care.

2.2 Demographic Shocks

In addition to the gradual demographic shift, countries may experience drastic
shocks to their demographic structure due to external factors such as migration,
natural disasters, war and disease. Specifically, Sweden has experienced two major
shocks to its demographic structure during the last decades. The first of these
is the large influx of asylum seekers that came to Sweden during the mid-2010s
and the second is the large number of deceased during the covid-19 pandemic in the
early 2020s. These shocks affected the demographic structure of Sweden in different
ways, with the first shock mainly adding younger people to the population, while
the second mainly removed older people. This is shown in Figure 4 and Figure 5
for each shock respectively.

In contrast to the gradual demographic shift, which has been anticipated and
is expected to continue, demographic shocks are sudden and unpredictable. As
such, any economic effect of these shocks should not be reflected in markets until
they occur and are thereby exogenous. This exogeneity makes them suitable as
instrumental variables in an attempt to establish causality.
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2.3 Literature Review

Ever since Macaulay (1938), the expectation hypothesis has been a frequent topic
of research for many. The idea that the current long-term yield is given by the
average of future expected short-term yields and that changes in the slope of the
yield curve are entirely driven by changes in market expectations about future rates
is both intuitive and intellectually appealing. There is evidence for the expectation
hypothesis holding in certain geographies, mainly at the short-end of the yield
curve (Piazzesi, 2010; Ilmanen, 2011). Overall, however, research suggests that
expectations of short-term yields alone are not enough to explain the far-end of the
yield curve. In other words, a large part of the variation seen in the far-end of the
yield curve remains unexplained if assuming the expectation hypothesis to hold.
Campbell & Shiller (1991) propose that a considerable part of the variation seen in
the yield curve could instead stem from risk premia.

The liquidity theory builds on the ideas of Campbell & Shiller (1991) by con-
tending that the price of long-term bond reflects not only market expectation of
future yields but also time-varying compensation for duration risk, meaning the
risk of being forced to sell a bond before maturity at a disadvantageous point in
time. As such, risk premia compensate investors for various types of macro risk
to the extent that they impact duration risk or market appetite for risk. Previous
research has shown that bond risk premia are time-varying and are higher in tough
times with high inflation, low productivity and recession (Ang & Piazzesi, 2003;
Piazzesi & Schneider, 2006; Wachter 2006; Rudebusch & Swanson, 2012).

Ang & Piazzesi (2003) examine the interaction between bond yields and macroe-
conomic variables through a term structure model with time-varying risk premia,
building on the findings of Campbell & Shiller (1991). They incorporate inflation
and economic growth factors to analyse the influence of macroeconomics on bond
pricing and the dynamics of the yield curve and find that macro explains a large
part of the variation seen in bond yields.

In addition to the above, there are other approaches to explaining the yield
curve. One of these is the market segmentation hypothesis, which proposes that
the variation in yield across maturities instead stems from differences in preferences
among investors. However, this is not compatible with a model in which yields are
the result of duration risk premia and market expectations, as shown by Krishna-
murthy (2002) and Vayanos & Vila (2021).

There exists a large theoretical foundation relating to the notion that demo-
graphics can affect many important factors in the economy. Theorising about such
effects is nothing recent, as both Malthus (1798) and Smith (1776) discussed the
subject in detail. In neoclassical models of growth, age structure and change in
population size are assumed to directly impact many important parts of the econ-
omy, such as the rate of growth and savings as well as asset returns (McCandless &
Wallace, 1991; Solow 1999; Abel, 2001). The main way demographics are believed
to affect these factors is through its effect on the labour supply.

For investors, such an effect would be another factor to consider if it impacts
their investments. At present, however, empirical studies looking into the question
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have not found conclusive evidence. Poterba (2001) finds that most measures of
demographic structure do not show a statistically significant correlation with asset
returns, but later studies examining a broader set of countries over a longer period
have instead found that demographics do exhibit predictability of risk premia (Ang
& Maddaloni, 2003). Due to the inconclusive empirical evidence, further research
on the topic is warranted.

The existing literature has not examined the effects on specifically the yield
curve. As demographics may affect state finances, an effect on the yield curve could
also exist. For instance, a channel through which this may occur is by impacting
duration risk or market appetite for risk, hence giving rise to a demographic risk
premium.

We extend the literature by examining whether demographics, as defined by the
age structure, may help explain the yield curve through this channel. Contrary to
previous research on related topics, which has mostly focused on the United States,
we examine this in Sweden. The reason for this is that Sweden has experienced two
shocks to its demographic structure over the last decades: the large influx of asylum
seekers in the mid-2010s and the covid-19 pandemic of the early 2020s. These shocks
present a unique opportunity to causally evaluate the impact of demographics on
the yield curve given their exogenous nature. We use this opportunity to conduct
our causality analysis in Section 5 below.

3 Correlation Analysis

Our study begins by examining the association between demographics and the yield
curve, and whether a significant relationship can be observed. This is done by first
constructing a zero-coupon yield curve and then estimating a vector autoregression
model using macroeconomic variables as controls.

3.1 Data

3.1.1 Bills & Bonds

Data on bills and bonds issued by the Kingdom of Sweden is provided by the
Riksbank (2025). The yield data provided by the Riksbank includes data on prices,
coupons and yields of debt instruments of various maturities. Zero-coupon yields
are provided directly for bills with maturities less than one year. For bonds with
longer maturities than this, zero-coupon yields are derived using bootstrapping by
sequentially solving the following equation for each maturity:

PT =

T∑
t=1

Ct

(1 + yt)t
+

FVT

(1 + yT )T
(1)

where PT is the current price of a bond with maturity T , CT is the coupon
payment and FVT is the face value for that bond. yt is then the zero-coupon
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Figure 1: Zero-coupon yield curve for Swedish government debt instruments during
the period 1998 to 2025 (Riksbank, 2025). Yield and Maturity are percentages.

yield for maturity t. For maturities where no debt instruments are provided, zero-
coupon yields are interpolated linearly. Figure 1 shows the resulting zero-coupon
yield curve.

The yield curve shows considerable variation over time, but a generally decreas-
ing trend since the start of the observed period can be seen, reaching negative
territory in the mid-2010s. Since around 2020, however, a possible shift in the
trend can be noted with increasing interest rates across maturities. Furthermore,
the yield curve has been upward sloping for most of the period, as can be expected,
but flattening or turning slightly inverted in times of distress. This can be observed
somewhat during the 2008 financial crisis, but particularly clearly during the last
half-decade.

3.1.2 Demographics

Age structure data is gathered from Statistics Sweden (2025a; 2025b), who provide
monthly data on the Swedish population in one-year brackets for each month since
January 2000. The so-called population pyramid, describing the population age
structure, is shown for various points in time in Figure 2.

The most apparent development that can be observed over time is that the
pyramid has become wider, indicating a growth in population across different ages.
This is especially clear among those 60 years and older where the pyramid has
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Figure 2: Population pyramid of Sweden at particular times (Statistics Sweden,
2025a; 2025b).

widened substantially over time. Furthermore, the number of newborns has varied,
and is currently at a low. This is a result of a varying fertility rate among women in
Sweden, which recently reached 1.43 children per woman, the lowest ever recorded
(Statistics Sweden, 2025c). The number of people varies across generations, but the
magnitudes of both highs and lows have decreased over time, especially since the
turn of the millennium, when the last low in fertility rate was observed (Statistics
Sweden, 2024).

3.1.3 Macroeconomics

Both the macroeconomic variables used and their labelling stem from the method
employed by Ang & Piazzesi (2003), which serves as the basis for our method, and
their dataset is replicated using equivalent Swedish metrics. We mainly gather this
data from Statistics Sweden (2025d) who provide time series on the consumer price
index (CPI), producer price index (PPI), unemployment rate (UE), the number of
vacant positions (HELP), the number of employed persons (EMPLOY) and the in-
dustrial production (IP) during 2000-2025. Commodity prices (PCOM) are proxied
using the S&P GSCI index for the same period, which includes 24 commodities
from different sectors (Standard & Poor’s, 2025).
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3.2 Methodology

The study begins by estimating a term structure model of interest rates using vec-
tor autoregression (VAR). This is an established method used by several authors,
including Campbell & Shiller (1987), Ang & Piazzesi (2003) and Evans & Marshall
(2007). More specifically, we build on the method of Ang & Piazzesi (2003), who
model the yield curve of government debt instruments issued by the United States
using lagged values of the curve as well as different combinations of macroeconomic
variables. We instead apply the model to the yield curve of government debt in-
struments issued by the Kingdom of Sweden and also add demographic variables to
the specification.

The vector autoregression models estimated are generally specified as follows:

Zt = β0 + β1Zt−1 + β2Zt−2 + · · ·+ βnZt−n + εt (2)

where Zt−n is the nth lag of the vector of included variables, βn is the vector of
regression coefficients for the nth lag of the vector of included variables and εt is
the error term.

Specifically, we estimate three models with different variables included in the
vector. The first model includes twelve lags of the yield curve and macroeconomic
variables. The second model includes twelve lags of the yield curve and demo-
graphic variables. The third model includes twelve lags of the yield curve and both
macroeconomic and demographic variables.

The yield curve is a vector consisting of zero-coupon yields of debt instruments
with maturities of 1 month, 3 month, 6 month as well as 1–10 years in one-year
increments, or

yt = [y1m, y3m, y6m, y1y, y2y, . . . , y10y] (3)

The macroeconomic variables are divided into two broad categories: variables rep-
resenting inflation and variables representing real economic activity.

Inflation is a vector consisting of the consumer price index (CPI), the producer price
index (PPI) and the price of commodities (PCOM), or

It = [CPIt,PPIt,PCOMt] (4)

Real activity is a vector consisting of the unemployment rate (UE), the number
of vacant positions on the job market (HELP), the number of employed persons
(EMPLOY), and industrial production (IP), or

Rt = [UEt,HELPt,EMPLOYt, IPt] (5)

Demographic variables is a vector consisting of the population (P) divided into
brackets of people aged 0-19, 20-69 and 70+, or
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∆ =
[
P 0-19
t , P 20-69

t , P 70+
t

]
(6)

The yield curve is represented using the first three principal components of the
vector, which approximately correspond to its level, slope and curvature and ex-
plain almost all of its variation. The macroeconomic and demographic variables are
represented using the first principal component of each vector respectively, which
reduces dimensionality while still capturing the lion’s share of the variation.

Formally, the models are specified as follows:

Zt,k = β0 + β1Zt−1,k + β2Zt−2,k + · · ·+ β12Zt−12,k + θt,k (7)

where k is the model estimated. 1 indicates the model including the yield curve
and the macroeconomic variables, 2 indicates the model including the yield curve
and the demographic variables and 3 indicates the model including the yield curve
and both the macroeconomic and demographic variables. θt,k is the error term.

Formally, the vectors used in each model are defined as follows:

Zt,1 =
[
yPC1
t , yPC2

t , yPC3
t , IPC1

t , RPC1
t

]
(8)

Zt,2 =
[
yPC1
t , yPC2

t , yPC3
t , ∆PC1

t

]
(9)

Zt,3 =
[
yPC1
t , yPC2

t , yPC3
t , IPC1

t , RPC1
t , ∆PC1

t

]
(10)

3.3 Results

Table 1 shows the output of the vector autoregression of only inflation and real
activity on the first three principal components of the yield curve using twelve lags.
The results indicate a statistically significant effect of 0.100 of Inflation at time t
- 1 on the first principal component of the yield curve, i.e. the level. In other
words, the inflation in one month seems to have a positive effect on the level of the
yield curve in the following month. This is in line with the general understanding
of conventional monetary policy, that high inflation is followed by hikes in policy
rates. Other lags of Inflation do not appear to have an effect on any of the first
three principal components of the yield curve, nor do any lags of Real Activity.
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Table 1: Vector autoregression of inflation and real activity on the first three principal components of the
yield curve using twelve lags. Autoregressive components included for control purposes are omitted from the
displayed output for clarity.

Inflation Real Activity

PC1 PC2 PC3 PC1 PC2 PC3

t - 1 0.100∗∗∗ 0.008 −0.001 −0.00002 0.00000 0.00000
(0.032) (0.012) (0.015) (0.00002) (0.00001) (0.00001)

t - 2 −0.037 0.012 −0.021 0.00002 −0.00001 0.00000
(0.047) (0.018) (0.022) (0.00003) (0.00001) (0.00001)

t - 3 −0.025 −0.017 0.004 −0.00002 0.00000 0.00001
(0.047) (0.018) (0.022) (0.00003) (0.00001) (0.00001)

t - 4 −0.043 0.013 0.026 0.00000 0.00001 −0.00002
(0.047) (0.017) (0.021) (0.00003) (0.00001) (0.00001)

t - 5 −0.002 −0.006 −0.007 0.00002 −0.00001 0.00001
(0.047) (0.018) (0.021) (0.00003) (0.00001) (0.00001)

t - 6 0.044 −0.002 −0.010 −0.00001 0.00000 0.00000
(0.047) (0.017) (0.021) (0.00003) (0.00001) (0.00001)

t - 7 −0.014 −0.011 0.005 −0.00003 0.00001 0.00000
(0.046) (0.017) (0.021) (0.00003) (0.00001) (0.00001)

t - 8 0.021 0.016 0.006 0.00001 −0.00000 −0.00001
(0.045) (0.017) (0.021) (0.00003) (0.00001) (0.00001)

t - 9 −0.030 −0.022 −0.024 0.00001 0.00000 0.00001
(0.046) (0.017) (0.021) (0.00003) (0.00001) (0.00001)

t - 10 0.036 0.007 0.010 0.00002 0.00001 −0.00002
(0.046) (0.017) (0.021) (0.00002) (0.00001) (0.00001)

t - 11 −0.079∗ 0.001 0.024 0.00001 −0.00000 −0.00000
(0.047) (0.018) (0.022) (0.00002) (0.00001) (0.00001)

t - 12 0.032 0.010 −0.007 −0.00002 0.00000 0.00000
(0.034) (0.013) (0.016) (0.00002) (0.00001) (0.00001)

Intercept −1.533 −3.042∗∗∗ −0.708 −1.533 −3.042∗∗∗ −0.708
(2.361) (0.887) (1.085) (2.361) (0.887) (1.085)

Observations 160 160 160 160 160 160
R2 0.962 0.955 0.768 0.962 0.955 0.768
Adjusted R2 0.939 0.928 0.628 0.939 0.928 0.628
Residual Std. Error (df = 99) 1.272 0.478 0.585 1.272 0.478 0.585
F Statistic (df = 60; 99) 42.116∗∗∗ 35.008∗∗∗ 5.472∗∗∗ 42.116∗∗∗ 35.008∗∗∗ 5.472∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 2: Vector autoregression of demographics on the first three principal components of the yield curve
using twelve lags. Autoregressive components included for control purposes are omitted from the displayed
output for clarity.

Dependent variable:

Demographics

PC1 PC2 PC3

t - 1 0.00000 −0.00001 −0.00001
(0.00002) (0.00001) (0.00001)

t - 2 −0.00002 0.00001 −0.00000
(0.00003) (0.00001) (0.00001)

t - 3 0.00002 0.00000 0.00001
(0.00003) (0.00001) (0.00001)

t - 4 −0.00001 −0.00001 −0.00000
(0.00003) (0.00001) (0.00001)

t - 5 −0.00000 0.00000 0.00001
(0.00003) (0.00001) (0.00001)

t - 6 0.00000 −0.00000 −0.00000
(0.00003) (0.00001) (0.00001)

t - 7 0.00002 0.00001 −0.00002
(0.00003) (0.00001) (0.00001)

t - 8 −0.00001 0.00000 0.00002∗∗

(0.00003) (0.00001) (0.00001)

t - 9 −0.0001∗ −0.00002∗∗ −0.00000
(0.00003) (0.00001) (0.00001)

t - 10 0.00003 0.00001 0.00000
(0.00003) (0.00001) (0.00001)

t - 11 0.00000 0.00001 −0.00001
(0.00003) (0.00001) (0.00001)

t - 12 0.00002 −0.00001 −0.00000
(0.00002) (0.00001) (0.00001)

Intercept 3.179 −12.139∗∗∗ 0.552
(10.488) (3.534) (4.689)

Observations 167 167 167
R2 0.958 0.954 0.718
Adjusted R2 0.940 0.936 0.604
Residual Std. Error (df = 118) 1.327 0.447 0.593
F Statistic (df = 48; 118) 55.415∗∗∗ 51.168∗∗∗ 6.265∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 2 shows the output from the vector autoregression of only demographics
on the first three principal components of the yield curve using twelve lags. The
results indicate no clear effects of Demographics on any of the first three principal
components of the yield curve. There are some statistically significant coefficients,
but they are very small in magnitude and there is no clear underlying economic
intuition for why specifically those lags should have an effect on the yield curve and
no other. As such, they seem to be spurious and not easily interpretable.

Table 3 shows the output from the vector autoregression of both inflation, real
activity and demographics on the first three principal components of the yield curve
using twelve lags. The results indicate that the Inflation variable at the time t -
1 still has a positive and statistically significant effect on the first principal com-
ponent of the yield curve when controlling for demographics, albeit slightly smaller
in magnitude at 0.070. Other than this, no clear effects can be distinguished.
The statistically significant effects of demographics seen in Table 2 remain in part
statistically significant when controlling for macroeconomic variables. Some new
statistically significant coefficients do appear, but these are likewise small in mag-
nitude and without economic intuition. As such, we leave them without further
consideration.

4 Causality Analysis

Our study continues by investigating the causal relationship between demographics
and the yield curve by examining two shocks to the population of Sweden during
the 2000s. The first shock examined is the large spike in the number of asylum
seekers in the mid-2010s. This influenced the age structure through adding mainly
younger people to the population of Sweden. The second shock examined is the
covid-19 pandemic in the early 2020s. This influenced the age structure through
removing mainly older people from the population.

4.1 Data

Data on asylum seekers comes from Statistics Sweden (2025e; 2025f), who provide
monthly data during 2000-2025 on the total number of asylum seekers to Sweden
as well as the number of unaccompanied minors.

The evolution of the total number of asylum seekers over time is shown in
Figure 3. The number of asylum seekers above 18 years old is then estimated as
the difference between the total number of asylum seekers and the total number
of unaccompanied minors between 0-17 years old and shown in Figure 4. Monthly
data is unavailable for 2008. As such, a gap is observable in the plots.
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Figure 3: Total asylum seekers of all ages to Sweden during 2000-2025 (Statistics Sweden, 2025e).

Figure 4: Asylum seekers of different ages to Sweden during 2000-2025 (Statistics Sweden, 2025f).
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As can be seen in Figure 3, the number of asylum seekers remained relatively
stable until 2010. Thereafter, a gradual upward trend can be observed with apparent
seasonal variation. A clear break in the trend is seen in late 2015, with a spike of
almost 40 000 asylum seekers in just one month in October 2015. Since then, the
number of asylum seekers has been relatively constant with a slight downward trend
until present.

The estimated number of asylum seekers older than 18 years shown in Figure 4
closely follows the total number of asylum seekers shown in Figure 3. The number
of unaccompanied minors aged 0-17 remains practically insignificant both before
and after 2015. In 2015, however, the group made up a sizable share of the total
number of asylum seekers, with a peak of just shy of 10 000 unaccompanied minors
in just one month in October 2015.

The number of covid-19 deaths is sourced from the National Board of Health
and Welfare (NBHW, 2025), who provide weekly data for different age brackets
during the period March 2020 to March 2022. To conform with other data sets
described above, the data is aggregated on a monthly level. The resulting time
series are shown in Figure 5.

This plot clearly shows that almost all covid-19 deaths occured among people
aged 70 or older and almost none among people aged 0-19. Among people aged
20-69, some deaths can be observed, but they are marginal in comparison to the
older age bracket. A clear seasonality can be seen, where the number of deaths spike
during the winter months to then decline during the summer and early autumn.

4.2 Methodology

The potential of a causal relationship between demographics and the yield curve is
examined using an instrumental variables (IV) model estimated using three-stage
least-squares (3SLS) regression of the yield curve on the age structure of the popu-
lation using the shocks as instruments.

The yield curve is a vector consisting of zero-coupon yields for maturities of 1
month, 3 month, 6 month as well as 1–10 years in one year increments, or

yt = [y1m, y3m, y6m, y1y, y2y, . . . , y10y] (11)

Demographic variables is a vector consisting of the number of people in different
age brackets in the population (P ). For the analysis of the covid-19 shock, the
population is divided into brackets of people aged 0-19, 20-69 and 70+, or

∆1 =
[
P 0-19
t , P 20-69

t , P 70+
t

]
(12)

For the analysis of the migration shock, the population is divided into brackets of
people aged 0-17 and 18+, or

∆2 =
[
P 0-17
t , P 18+

t

]
(13)

The instrument is a vector consisting of the exogenous change in the population of
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Figure 5: Covid-19 deaths in different age brackets during March 2020 to March
2022 (NBHW, 2025)

different ages. For the analysis of the covid-19 shock, the instrument is the number
of people aged 0-20, 21-69 and 70+ who died with covid-19, or

z1t = [D0-20
t , D21-69

t , D70+
t ] (14)

For the analysis of the migration shock, the instrument is the number of asylum
seekers to Sweden aged 0-17 and 18+, or

z2t = [A0-17
t , A18+

t ] (15)

In addition, the same macroeconomic variables used in the correlation analysis are
used as controls.

The IV models estimated are then formally specified as follows:

∆m
t = γ0 + γ1z

m
t + IPC1

t +RPC1
t + γt (16)

[yPC1
t , yPC2

t , yPC3
t ] = ζ + ζ1∆̂

m
t + IPC1

t +RPC1
t + ξt (17)

where m is the shock used, 1 for the covid-19 shock and 2 for the migration shock.
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λt and ξt are error terms.

4.3 Results

Table 4 shows the output from the three-stage least-squares (3SLS) regression of
the first three principal components of the yield curve on the age structure of the
population using covid-19 deaths as instruments. The results indicate that the de-
mographic change caused by covid-19 deaths had no statistically significant impact
on any of the first three principal components of the yield curve.

Table 4: Three-stage least-squares (3SLS) regression of the first three principal
components of the yield curve on the age structure of the population using covid-19
deaths as instruments.

Dependent variable:

PC1 PC2 PC3

0-19 years −0.00026 −0.00010 0.00027
(0.00059) (0.00017) (0.00050)

20-69 years 0.00035 0.00011 −0.00033
(0.00072) (0.00021) (0.00061)

70+ years −0.00033 −0.00012 0.00034
(0.00070) (0.00021) (0.00059)

Intercept −1833.60434 −550.55547 1693.57747
(3715.91581) (1097.04584) (3145.87944)

Observations 75 75 75
R2 −5.21033 −2.50909 −7.79947
Adjusted R2 −6.09752 −3.01039 −9.05653

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 5 shows the three-stage least-squares (3SLS) regression of the first three
principal components of the yield curve on the age structure of the population using
asylum seekers as instruments. The results indicate that the demographic change
caused by asylum seekers also had no statistically significant impact on any of the
first three principal components of the yield curve. As such, the results of these
regressions do not support the notion that demographics have an effect on the yield
curve.
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Table 5: Three-stage least-squares (3SLS) regression of the first three principal
components of the yield curve on the age structure of the population using asylum
seekers as instruments.

Dependent variable:

PC1 PC2 PC3

0-17 years 0.00016 0.00004 0.00000
(0.00013) (0.00003) (0.00001)

18+ years −0.00005 −0.00001 −0.00000
(0.00003) (0.00001) (0.00000)

Intercept 77.79493∗∗ −15.01202 3.98179
(33.74822) (8.61603) (3.26373)

Observations 792 792 792
R2 −3.19452 −1.91248 −0.23498
Adjusted R2 −3.22666 −1.93480 −0.24444

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

5 Discussion

5.1 Findings

The overarching theme of the results suggests that demographics cannot explain
the yield curve. This may be the result of a range of causes. The two demographic
events examined are shocks in the sense that they represent large deviations from
the long-term average trend in each variable, as seen in Figure 3 and Figure 5.
However, the effect on the overall population is comparatively modest, as seen in
Figure 2. The population pyramids for January 2010 and January 2020 show the
age structure before and after the mid-2010s migration shock. A clear trough can
be seen for ages around 10 in January 2010. In January 2020, this trough, now
around age 20, has been somewhat filled by a small peak for men, but the overall
shape of the population pyramid remains the same. The population pyramids for
January 2020 and December 2024 show the age structure before and after the covid-
19 shock. When comparing the age structure, particularly among the elderly, no
apparent difference can be seen. This may help explain the lack of significant effect,
as the shocks observed may not have been large enough to have a meaningful impact.

Furthermore, the constructed yield curve only includes zero-coupon yields for
maturities of up to ten years. This is a result of lack of data since yields for
maturities longer than ten years have not been able to be obtained. Since the age
structure of the population is slow-changing, as seen in Figure 2, any effects may
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only show up at the far end of the yield curve. This may explain why no significant
effect can be observed in the 10-year yield curve constructed.

Related to this, examining changes over a twelve month period, as is done in
the method of Ang & Piazzesi (2003) that we employ, may not be enough to cap-
ture long-term effects. Alternative model specifications include using more lags or
averaging variables over longer time periods. We have opted not to employ such
methods to stay consistent with the existing literature on the subject, but invite
future research to explore other options.

5.2 Robustness

The results of the correlation analysis show a statistically significant effect of in-
flation on the level of the yield curve, both with only macroeconomic factors and
when adding demographic factors. In addition to the statistical significance, the
direction of the estimates are also as anticipated. Positive estimates, as the ones
observed, indicate that high inflation is followed by increases in the overall level of
the yield curve. This is to be expected from conventional economic theory, which
speaks for the ability of the model to capture effects that are present.

When estimating IV models, as done in the causality analysis, one must ensure
that the relevance and exclusion restrictions hold. Firstly, the relevance criterion
stipulates that the instrument, in our case the number of asylum seekers or the
number of covid-19 deaths, must correlate with the endogenous variable, in our
case the age structure of the population. This is likely to hold since both asylum
seekers and covid-19 deaths directly affect the age structure. Secondly, the exclusion
restriction stipulates that the instrument cannot affect the outcome variable in any
other way than through the endogenous variable. This is also likely to hold since
the mere action of handing in an asylum application is unlikely to affect the interest
rates of government debt, and thereby also the yield curve, in any other way than
through becoming part of the population and changing the demographic structure.
We contend that the same holds for covid-19 deaths. While the change in the
demographics may in turn affect the yield curve through different channels, this is
not an issue since those effects are downstream of the instrument, and therefore do
not violate the exclusion restriction.

5.3 Previous Research

In relation to previous research findings, the results show little significant effects and
thus are not contradictory to the expectations hypothesis proposed by Macaulay
(1938). This is in stark contrast to the findings of Ang & Piazzesi (2003), who
find that macro factors explain a large part of the variation seen in bond yields,
indicating that risk premia are an important part in explaining the yield curve.
This could be due to several reasons, including the method and data used. For
instance, they use data on the United States, which we have attempted to replicate
as closely as possible using available Swedish data. However, specific definitions
and measurement methods may differ between the two countries, which could affect
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the results.
On a theoretical level, changes to the demographic structure of a population

are thought to affect many important factors in the economy, including the yield
curve. The main way this occurs is through changes in the labour supply. The
two demographic shocks observed largely affected the population of the youth and
elderly respectively, and may therefore not have had a meaningful immediate effect
on the labour supply. Younger asylum seekers were still of school age and therefore
unable to work. Even older asylum seekers may not have immediately been able
to join the labour supply due to language and other labour market barriers. For
the elderly who died during the covid-19 pandemic, most were above 70 years of
age and thus likely had already left the workforce. This could help explain why
the two demographic shocks observed do not seem to have affected the yield curve,
even though it may have been expected. Our findings are more in line with Poterba
(2001), who finds that most measures of demographic structure do not significantly
correlate with asset returns.

An underlying assumption of our method has been that the effect of demograph-
ics on the yield curve occurs through impact on duration risk or market appetite for
risk. An alternative channel for the effect could be through market segmentation,
where investors of different ages demand yields of differing maturities. For instance,
the older segment of the population is closer to retirement and may thus demand
shorter yields, while the youth are far from retirement and may thus demand longer
yields. This is something that our model would not be able to capture, but is an
interesting theory to explore for future research.

6 Conclusion

This paper examines the relationship between demographics, more specifically the
age structure, and the yield curve. This is done in a Swedish setting during the first
two and a half decades of the 2000s. During this period, Sweden has experienced
two exogenous shocks to its demographics, namely the large influx of asylum seekers
during the mid-2010s and the covid-19 pandemic during the early 2020s. We begin
by examining the relationship using vector autoregression, controlling for macro
variables, in an attempt to find correlation. We then utilise the two shocks during
the period as exogenous variation to perform an instrumental variable analysis in
an attempt to establish causality.

Neither analysis presents evidence for an effect of demographics on the yield
curve. Possible reasons for this include that the shocks may not be large enough
to make a meaningful impact or that they do not immediately affect the labour
supply, that the effects are long-term and cannot be captured using the available
data or method employed. Another explanation is that the effect of demographics
on the yield curve does not present itself as a risk premium, but rather as market
segmentation. We invite future research to further explore these possibilities or
other factors that may better explain the yield curve.
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