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Abstract
We examine the behavior of Canadian life annuity prices by measuring how quickly and fully they
respond to changes in market interest rates. The price responses, though not immediate, start relatively
quickly and become more complete over time. Over the whole sample period, the responses appear to
be asymmetric – annuity providers generally raise prices faster when interest rates decline than reduce
prices when the opposite occurs, which is disadvantageous to annuity customers. In addition, we find
unusual annuity price behavior during the period of the 2008 financial crisis.
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1. Introduction

Prior studies have examined life annuity prices in various markets. Normally, this is done by compar-
ing annuity prices to the present values of the annuities’ expected payments (where the expectation
accounts for the recipients’ survival probabilities). The results of this comparison, commonly referred
to as annuities’ money’s worth ratios (MWRs), typically depend on the choices of discount rates and
mortality tables. It is not uncommon to see numbers for MWRs that vary by as much as 15% (e.g.,
between an MWR of 0.85 and 1) when different choices are made, leading to ambiguous conclusions.1

In this paper, we employ an alternative approach in order to examine annuity price behavior in
Canada. In particular, we study how quickly and fully annuity providers change annuity prices in
response to changes in market conditions, specifically changes in market interest rates.2 To do so,
we use the approach employed by Charupat et al. (2016), who propose an expression for durations
of life annuities. The proposed annuity durations have the same logic as that of bond durations;
i.e., to measure the sensitivity of annuity prices to changes in interest rates. One major advantage
of this approach is that it does not require an assumption on a life table. This is because the estimation
process does not involve pricing life annuities. Rather, the estimation deals with changes in observed
market annuity prices.

We apply the duration approach to study the price adjustments of Canadian life annuities over the
period from 2000 to 2019. In the process, we also investigate how annuity prices behaved during the
2008 financial crisis and its immediate aftermath. This is the period where a few prior studies report
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1For studies of MWRs in various markets, see, e.g., Mitchell et al. (1999), James and Vittas (2000), James and Song (2001),
Cannon and Tonks (2004), Doyle et al. (2004), Milevsky and Shao (2010), Kaschützke and Maurer (2010), Cannon et al.
(2015), Boyer et al. (2020), and Wettstein et al. (2021). Poterba and Solomon (2021) illustrate the sensitivity of MWRs to
both discount rates and mortality tables.

2While there are several factors that go into annuity pricing, it is widely accepted that among those several factors, the two
most important ones are interest rates (i.e., the rates of return that annuity providers earn on their investment portfolios) and
survival probabilities (see, e.g., Dickson et al., 2009). Since survival probabilities change very gradually, it is reasonable to
assume that, in the short run, interest rate movements are the major factor that explains changes in annuity prices.

Journal of Pension Economics and Finance (2023), 1–22
doi:10.1017/S1474747223000100

https://doi.org/10.1017/S1474747223000100  Published online by Cam
bridge U

niversity Press

https://orcid.org/0000-0001-9151-7387
mailto:charupat@mcmaster.ca
https://doi.org/10.1017/S1474747223000100


that there was a disconnect between annuity prices and the level of interest rates (Milevsky and Shao,
2010; Koijen and Yogo, 2015). Our main results are as follows. First, we find that while annuity price
responses are not immediate, adjustments start to occur during the period between the second and
the fourth weeks in response to changes in interest rates over the same period. The longer the period,
the more substantial and more complete the adjustments become. For longer time horizons (up to
20 weeks), the price responses of most annuity combinations (annuitant age, gender, and guarantee
periods) are close to, but still statistically significantly different from, their theoretical expectations.
We conjecture, based on our conversation with insurance companies, that the slight delay in response
may be due to the annuity providers’ desire to smooth out the price changes (so as to avoid creating
timing risk for potential buyers) and/or to wait to get a better idea of the rate movements.

Second, there is an asymmetry in annuity price responses between when interest rates decline and
when interest rates increase. For almost all annuity combinations (and especially for annuitants of
advanced ages), the duration estimates are higher when interest rates decline than when interest
rates increase. That is, annuity providers raise prices faster when interest rates decline than reduce
prices when the opposite occurs. These differences are generally statistically and economically signifi-
cant. This pattern of response is disadvantageous to annuity customers and may be due to the fact that
annuity providers guarantee their price quotes for a period of time.3 This guarantee hurts them if in
the meantime interest rates decline and they need to raise prices, but does not benefit them if the
opposite occurs. Cooper (1986) argues that this kind of price protection policy can cause businesses
to raise prices more quickly than reduce them.

Third, when we separate the sample period into two subperiods of equal length, we initially find
that the patterns of price responses are different between the two subperiods. In the first subperiod
(2000–2009), the price adjustments appear to be slightly asymmetric in the direction that benefits con-
sumers, but the asymmetry is not statistically significant. During the second subperiod (2010–19), the
responses are similar to, but slightly stronger than, what we find for the whole sample (i.e., the asym-
metry is in the direction that is disadvantageous to consumers). However, upon further investigation,
we find that the results in the first subperiod are distorted by the price behavior during the period of
the 2008 financial crisis and the period of the recession that immediately followed it. During this per-
iod, annuity providers did not raise annuity prices (i.e., reduce the payout rates) to compensate for the
pronounced decline in interest rates, causing a disconnect between annuity prices and the level of
interest rates. Once we remove the financial crisis period from the first subperiod, we no longer
observe contrasting price behavior between the two subperiods.

Finally, when we match our sample period to that of Charupat et al. (2016), who estimate price
sensitivity of life annuities in the US market, we find that annuity prices in Canada are more sensitive
to changes in interest rates. This is evidenced by both the speed and the magnitude of the price adjust-
ments. In addition, while we find that the pattern of price adjustments in Canada are disadvantageous
to annuity customers, the US price adjustments reported in Charupat et al. (2016) are asymmetric in
the direction that benefits consumers.

This paper contributes to the annuity literature in the following ways. This study provides an
in-depth analysis of the behavior of the annuity prices in Canada. Prior studies have generally esti-
mated the MWRs in the Canadian markets as part of multi-country comparisons.4 Our data allow
us to examine the pricing action of annuity providers. That is, we observe how the supply side of
life annuities reacts to changes in market conditions. This is in contrast to the majority of annuity
studies, which attempt to understand consumers’ demand for annuity. In order to get a complete pic-
ture of the annuity price behavior, it is essential to also understand how annuity providers adjust prices
in the presence of changes in interest rates (bond yields). The use of fine (weekly) annuity quotes data
enables us to closely monitor the price movements.

3The length of the period varies from one annuity provider to the next, but is typically several days.
4One notable exception is Milevsky and Shao (2010), who examine various aspects of the Canadian annuity markets,

including the types of products, the market participants, and the tax treatment of life annuities.

2 Narat Charupat and Mark J. Kamstra

https://doi.org/10.1017/S1474747223000100  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747223000100


Our results also contribute to the discussion in the actuarial-fairness strand of the annuity litera-
ture. In a recent study, Shu et al. (2016) conduct choice-based conjoint analyses5 to identify which
annuity attributes have the strongest influence on consumer demand. They report that perceived fair-
ness of annuities as a financial product is the strongest predictor of annuity demand, while traditional
factors such as health conditions, life expectancy, income levels, bequest motives, and risk aversion are
either insignificant or small in their effects. The higher the fairness perception an individual has, the
more receptive he/she is to purchasing a life annuity. Our findings indicate that changes in Canadian
annuity prices in response to interest rate movements are slightly to the disadvantage of annuity
customers.

In addition, the delayed and asymmetric price response to new interest rate information has a prac-
tical implication for annuity customers. Depending on the direction of interest rate movements, the
timing of an annuity purchase can affect the magnitude of welfare gains that an individual obtains
from annuitization. This is particularly important because a purchase of a life annuity is an irreversible
transaction and typically involves a substantial portion of their wealth.

The paper is organized as follows. In the next section, we present the expression for the durations of
life annuities, and calculate their theoretical values. Empirical estimates of durations are done in
Section 3. Then, in Section 4, we perform robustness checks. Finally, Section 5 concludes the paper.

2. Measure of life annuity price behavior

We use the duration approach developed in Charupat et al. (2016) to measure the speed and the mag-
nitude of changes in annuity prices in response to changes in market conditions, specifically changes
in market interest rates. We concentrate on life annuities that are conditional on a single life, and
whose payouts start immediately and last as long as the annuitant is alive, with a guarantee period
of g years. In the continuous-time context, the actuarially fair price of this kind of annuity (assumed
that the payouts are $1 per year) for an x-year-old individual is given as:

a(x, g, r) =
∫g

0

e−rtdt +
∫1

g

e−rtp(x, t)dt, (1)

where r is the interest rate, which is assumed, for ease of exposition, to be constant for all terms (see
the discussion at the end of this section), and p(x, t) is the probability that an x-year-old individual will
survive to at least age x + t. The first term on the right-hand side of equation (1) is the present value of
the guaranteed payouts, while the second term is the present value of the expected payouts after the
guarantee period, where expectation is with respect to the survival probabilities.

The duration, D, of a life annuity is then defined as:

D = − 1
a(x, g , r)

∂a(x, g, r)
∂r

. (2)

The expression is akin to the concept of modified duration in the fixed-income literature. D measures
the sensitivity of life annuity prices with respect to changes in interest rates.

We use equations (1) and (2) to calculate theoretical prices and theoretical durations of life annu-
ities respectively. To do so, we assume that mortality follows the widely used Gompertz law with the
following parameters: m = 88.18 years and b = 10.50 years for males; and m = 92.63 years and b = 8.78
years for females. These values are calibrated by Milevsky and Young (2007) to reflect the mortality
statistics of people who buy life annuities (and who likely have longer life expectancies than that of the

5Conjoint analysis measures the value that is placed on features of a product or service by consumers and is used widely in
marketing research.
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average population).6 For interest rates, we use the Government of Canada long-term bond yields as
the proxy for the rates of return that annuity providers earn on their investment portfolios.7 While the
Bank of Canada does not make explicit which maturity the term ‘long-term’ refers to, our reading of
the Bank’s documents indicates that it corresponds to the 30-year bonds.8 The long-term nature of the
yields corresponds closely to the long-term nature of the obligations that annuity providers have under
their life annuities. We do not focus on corporate bond yields because the markets for Canadian cor-
porate bonds are not very transparent or liquid.9 In addition, prior studies have shown that high-grade
corporate bonds behave in a similar manner to Treasury bonds (e.g., Kwan, 1996; Collin-Dufresne
et al., 2001). We also rule out the use of long-term mortgage rates because they themselves have
been shown to exhibit ‘sticky’ behavior, whereby they adjust asymmetrically to changes in policy
rates. They increase faster than they decline in response to rate movements (e.g., Haney, 1988;
Allen and McVanel, 2009; Dondeti and McGowan, 2014).

Tables 1 and 2 display the theoretical annuity factors (i.e., annuity prices based on payouts of $1 per
year) and theoretical durations for life annuities for various annuitant ages guarantee periods. Panel A
of both tables is for female annuitants, while panel B is for male annuitants. As to be expected, annuity
prices are higher for younger annuitants than older ones (true for both sexes), and for women than for
men (of the same age). This is due to survival probabilities being higher for younger people and for
women. In addition, the longer the guarantee period, the more expensive the annuities.

As for durations, they are higher for female annuitants than for male annuitants of the same age.
That is, life annuities for women are more sensitive to changes in interest rates than life annuities for
men. Durations are also higher for younger annuitants than for older ones, indicating that annuities
for younger annuitants are more sensitive to interest rate movements. Again, both of these observa-
tions are due to the fact that women and younger annuitants are expected to live longer and so the
streams of payments are longer.

Finally, we note that the assumption that interest rates are constant for all terms is made for ease of
exposition. As shown in Charupat et al. (2016), when the whole term structure is used to derive the-
oretical durations, the resulting duration values are generally very close to those obtained under the
assumption that rates are constant for all terms. This is true under reasonable assumptions on possible
changes in the term structure. As a result, the assumption has very minimal effects on the inferences of
the tests that we will perform below.

As a robustness check, we also repeat the duration estimation using the Government of Canada 2-,
3-, 5-, 7-, and 10-year bond yields (i.e., different points on the term structure). The use of the alter-
native yields does not change the results in a substantial manner (see Section 4.2).

6The mortality statistics used in the calibration by Milevsky and Young (2007) are those of annuity buyers in the US mar-
ket. Similar information is not available for Canada. However, for the average population, the life expectancy is slightly longer
in Canada than in the USA. For example, in 2018, the life expectancy at age 65 is 19.4 years for Canadian men and 22.1 years
for Canadian women (source: Statistics Canada). In comparison, the numbers are 18.1 years for US men and 20.7 years for
US women (source: US Centers for Disease Control and Prevention (CDC)). These small differences will not lead to material
differences in the calculations of theoretical annuity prices and durations.

7According to reports from the International Monetary Fund, investment portfolios of Canadian insurance companies are
‘overwhelmingly focused on investment-grade fixed-interest bonds’. See IMF Country Report No. 14/68, downloadable at:
https://www.imf.org/external/pubs/ft/scr/2014/cr1468.pdf.

8For example, one of the Bank’s Staff Discussion Papers states that there are four benchmark maturities in Canada – the
2-year, 5-year, 10-year, and 30-year benchmarks (Berger-Soucy et al., 2018). This led us to conclude that the words ‘long-
term’ refer to the 30-year benchmark bonds. It should be noted that, at any given time, the 30-year bond that the Bank des-
ignates to be its long-term benchmark is not necessarily the one with the remaining time to maturity that is the closest to 30
years (i.e., on-the-run bonds). The choice also depends on which bond issue the financial markets happen to adopt as a
benchmark. We compare the long-term benchmark bond yields (that we use in our tests) to the yields of the on-the-run
30-year bonds. The differences are very small (mostly around 2–3 basis points).

9See CFIF Survey Results on Liquidity, Transparency and Market Access in Canadian Fixed Income Markets, published in
2016 by Bank of Canada. The survey can be found at: https://www.bankofcanada.ca/wp-content/uploads/2016/10/cfif-survey-
overview-031016.pdf.
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3. Empirical durations

3.1 Data description

Our data consist of weekly quotes of payouts of single-life, immediate life annuities that were available
from various annuity providers in the Canadian market during the period from June 2000 to July
2019.10 The quotes are in terms of monthly income that annuitants would get per $100,000 of annuity
principal. The quotes are based on sex (female and male), annuitants’ ages (55–80 years old, in
increments of 5 years), and guarantee periods (0–20 years, in increments of 5 years). As a result,
there are in total 30 different annuity combinations for female annuitants and another 30 combina-
tions for male annuitants. However, due to lack of sufficient data, we exclude four combinations

Table 1. Theoretical annuity factors (in $) – female and male annuitants of various ages

Guarantee period (years)

Age 20 15 10 5 0

Panel A: Theoretical annuity factor – female annuitants
55 18.88 18.66 18.52 18.45 18.43
60 17.67 17.29 17.06 16.94 16.90
65 16.48 15.86 15.46 15.24 15.18
70 15.44 14.45 13.77 13.40 13.29
75 14.68 13.19 12.11 11.48 11.28
80 14.27 12.26 10.61 9.58 9.23
Panel B: Theoretical annuity factor – male annuitants
55 17.78 17.34 17.05 16.88 16.83
60 16.69 16.02 15.57 15.31 15.22
65 15.71 14.73 14.03 13.62 13.49
70 14.94 13.56 12.51 11.88 11.66
75 14.44 12.61 11.11 10.14 9.81
80 14.20 11.97 9.94 8.52 7.99

Note: This table displays theoretical annuity factors for female (panel A) and male (panel B) annuitants of various ages and with various
guarantee periods.

Table 2. Theoretical durations – female and male annuitants of various ages

Age

Guarantee period (years)

20 15 10 5 0

Panel A: Theoretical duration – female annuitants
55 13.65 13.60 13.61 13.63 13.64
60 12.38 12.27 12.26 12.29 12.31
65 11.16 10.90 10.86 10.90 10.93
70 10.09 9.57 9.42 9.47 9.52
75 9.33 8.39 8.01 8.02 8.10
80 8.92 7.50 6.71 6.59 6.71
Panel B: Theoretical duration – male annuitants
55 12.59 12.46 12.46 12.51 12.53
60 11.44 11.18 11.14 11.20 11.24
65 10.41 9.93 9.80 9.86 9.92
70 9.61 8.79 8.47 8.51 8.60
75 9.09 7.87 7.22 7.17 7.30
80 8.85 7.24 6.15 5.89 6.06

Note: This table displays theoretical durations for female (panel A) and male (panel B) annuitants of various ages and with various guarantee
periods.

10The data were provided to us by CANNEX Financial Exchange. CANNEX Financial Exchange is a service that provides,
among other data, annuity quotes on behalf of companies representing the majority of annuities issued in Canada. For more
information, see: https://www.cannex.com/index.php/services/canada/annuity-products/income-annuities/.
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(for each sex). They are 75-year-old annuitants with a 20-year guarantee, and 80-year-old annuitants
with a 10-, 15-, and 20-year guarantee. Accordingly, we are left with 26 annuity combinations for each
sex (or 52 in total).

For each annuity combination and for every week in the sample period, we remove the highest and
the lowest quoted payouts, and then average the remaining quotes. We do this to mitigate the impact
of outliers. Outliers could exist because annuity providers may occasionally provide non-competitive
quotes, presumably to avoid issuing new annuities if they face mismatched asset and liability mixes.
Weeks that have missing quotes are removed from the sample.11 Then, we multiply the resulting
averages by 12 to annualize them. Next, we divide the annuity principal (i.e., $100,000) by the annual-
ized payouts in order to obtain the price per $1 of annual payout (i.e., annuity factors) for that par-
ticular week. We do this for every week in the sample period and obtain a time series of weekly
empirical annuity factors for every annuity combination, whose summary statistics are reported in
Table 3 (panel A for female annuitants and panel B for male annuitants).

In each cell (which corresponds to a combination of annuitant’s age and guarantee period) of the
two panels, the number in the top row is the time-series average of the empirical annuity factor, while
the numbers in the second and third rows are its standard deviation and range, respectively. For
example, for a 60-year-old female with a guarantee period of 10 years in Table 3, the annuity factor
is, on average (over the sample period), 16.99. This is the price to pay for a stream of annual income of
$1 per year that will last as long as she lives, with a minimum of 10 years. If she purchases $100,000
worth of this annuity, the amount of yearly income will be $100,000/16.99 = $5,885.82 (or a ‘payout
rate’ of 5.8858% per year). Over the sample period, the annuity factor for this annuity combination has
a standard deviation of 2.22, and ranges in values between 13.40 and 20.80.

The empirical annuity factors in Table 3 are very close to their theoretical counterparts in Table 1,
indicating that our use of the Government of Canada long-term bond yields as the proxy for interest
rates (or the rates of return that annuity providers earn on their investment portfolios) is reasonable.
The empirical annuity factors also exhibit the same properties as those of their theoretical counter-
parts; i.e., annuities are more expensive for younger annuitants, for women than for men (of the
same age), and for longer guarantee periods.

Finally, in terms of annuity payout rates, Figure 1 displays the time series of annuity payout rates
for annuitants of various ages with no guarantee period (panel A for female, and panel B for male). In
each panel, all series of annuity rates look to be parallel to one another, with the rates being lowest for
the 55-year-old annuitants (consistent with the fact that annuities are more expensive for younger
annuitants). Over the sample period, all series have the same pattern of downward trends. For com-
parison, we also include the time series of the Government of Canada long-term bond yields. The
bond yields have a similar pattern of downward movements, but appear to be more volatile. We
note also three other things. First, all annuity rates are higher than the bond yields, reflecting the mor-
tality risks of the annuity payments. Second, annuity rates are lower for women than for men, reflect-
ing the differences in their survival probabilities. Third, the period of the recession in 2008 was one of
singular departure of annuity rates from the bond yield; over this period bond yields dropped precipi-
tously but annuity rates actually went up.

3.2 Sensitivity estimates

3.2.1 Methodology and summary statistics
We use a generalized method of moments (and robust standard errors) to estimate empirical durations
(i.e., the sensitivity of empirical annuity factors to changes in interest rates). The dependent variable is

11In total, there are 998 weeks in our sample. Depending on the annuity combinations, there are between 17 and 23 weeks
that are missing quotes (i.e., no quotes are available). In all other weeks, the number of quotes range from 7 to 14. It should be
noted that because we estimate durations using the percentage change in annuity prices (which requires two adjacent prices,
see equations (3) and (5)), the numbers of weeks missing in the duration estimation are slightly higher than the numbers of
weeks with missing quotes.
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the percentage change in the empirical annuity factors over a specified length of time (multiplied by
−1 to account for the inverse relationship between annuity prices and interest rates), while the inde-
pendent variable is the change in interest rates over the same length of time. Formally, let ai(x, g) be
the empirical annuity factor for week i for an x-year-old annuitant with a guarantee period of g years.
The percentage change in its value over k weeks is:

Y = Dai(x, g|k)
ai−k(x, g)

[ ]
100 = ai(x, g)− ai−k(x, g)

ai−k(x, g)

[ ]
100. (3)

Also, let ri be the percentage interest rate for week i. The change in the rate over k weeks is:

Dri(k) = ri − ri−k. (4)

Table 3. Empirical annuity factors (in $) – male and female annuitants of various ages

Age

Guarantee period (years)

20 15 10 5 0

Panel A: Empirical annuity factor – female annuitants
55 18.99 18.73 18.52 18.45 18.44

(2.64) (2.62) (2.63) (2.64) (2.68)
[14.6, 23.5] [14.4, 23.2] [14.3, 23.0] [14.2, 22.9] [14.1, 23.1]

60 17.69 17.29 16.99 16.85 16.84
(2.24) (2.22) (2.22) (2.22) (2.27)

[13.9, 21.5] [13.6, 21.1] [13.4, 20.8] [13.3, 20.7] [13.1, 20.8]
65 16.51 15.87 15.40 15.16 15.12

(1.91) (1.88) (1.87) (1.87) (1.91)
[13.3, 19.8] [12.7, 19.1] [12.4, 18.7] [12.2, 18.4] [12.0, 18.5]

70 15.53 14.48 13.72 13.33 13.24
(1.6) (1.53) (1.51) (1.50) (1.54)

[12.7, 18.3] [11.9, 17.2] [11.3, 16.4] [10.9, 16.0] [10.8, 16.0]
75 13.38 12.14 11.45 11.27

(1.30) (1.24) (1.23) (1.26)
[11.2, 15.5] [10.1, 14.2] [9.5, 13.6] [9.2, 13.6]

80 10.71 9.54 9.21
(0.95) (0.91) (0.93)

[9.1, 12.3] [8.1, 11.1] [7.7, 10.8]

Panel B: Empirical annuity factor – male annuitants
55 17.99 17.56 17.23 17.07 17.08

(2.39) (2.36) (2.36) (2.37) (2.42)
[14.0, 22.1] [13.7, 21.6] [13.4, 21.4] [13.2, 21.2] [13.1, 21.3]

60 16.85 16.21 15.72 15.46 15.45
(2.06) (2.03) (2.03) (2.03) (2.09)

[13.4, 20.4] [12.9, 19.7] [12.4, 19.3] [12.2, 19.0] [12.1, 19.3]
65 15.84 14.85 14.10 13.69 13.61

(1.73) (1.68) (1.67) (1.67) (1.72)
[12.8, 18.8] [12.0, 17.7] [11.4, 17.1] [11.0, 16.7] [10.8, 16.9]

70 15.11 13.69 12.55 11.89 11.72
(1.48) (1.36) (1.33) (1.33) (1.38)

[12.5, 17.7] [11.3, 16.1] [10.4, 14.9] [9.8, 14.3] [9.5, 14.4]
75 12.89 11.23 10.20 9.88

(1.18) (1.09) (1.10) (1.14)
[10.8, 14.8] [9.4, 13.1] [8.5, 12.2] [8.0, 12.0]

80 10.13 8.58 8.05
(0.84) (0.79) (0.80)

[8.7, 11.5] [7.3, 9.9] [6.6, 9.4]

Note: This table displays the summary statistics on the empirical annuity factors for female (panel A) and male (panel B) annuitants of
various ages and with various guarantee periods, over the period from 2000 to 2019. Standard errors are in parentheses. Minimums and
maximums are in brackets.
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Accordingly, our regression equation is:

−Y = ax,g + bx,gDri(k)+ 1i. (5)

We run regressions based on the above equation on all annuity combinations (i.e., annuitant ages
and guarantee periods), where changes in the dependent and independent variables are measured
over various lengths of time – from k = 1 week to 20 weeks (henceforth referred to as ‘measurement
period’). The various measurement periods allow us to observe the speed of annuity price adjustments.

Figure 1. Long-term Government of Canada bond yields and annuity payout rates: (a) female (no guarantee period) and (b) male
(no guarantee period).
Note: Panels (a) and (b) display plots of the Government of Canada long-term bond yields and the annuity rates across age groups for
female and male annuitants, with no guarantee period. The data period is from 2000 to 2019. In both panels, the recession period in
2008/09 is shaded for easy reference.
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The summary statistics for dependent and independent variables of the regression are presented in
Table 4. For the independent variable (panel A), during the sample period, the Government of Canada
long-term benchmark bond yields have an average of 3.71% p.a., with a minimum of 1.60% p.a. and a
maximum of 6.11% p.a. The average of the weekly (i.e., k = 1) changes in the yields is −0.0039% p.a.
with a standard deviation of 0.0778% p.a. Over longer measurement periods (e.g., k = 5, 10, 15 and 20
weeks), the magnitude of the average changes in the yields grow approximately linearly, while the
standard deviations also increase (but at a much slower rate). For example, the average change in
the yields over a period of 20 weeks is −0.0750% p.a. (or about 19 times the average weekly change)
with a standard deviation of 0.2999 (or about 3.9 times the standard deviation of the weekly changes).
In absolute value terms, the average of the weekly changes is 0.0612% or 6.12 basis points, while the
average of the changes over 20 weeks is 0.2497% or 24.97 basis points (not shown).

For the dependent variable (panel B for female annuitants and panel C for male annuitants), the
average weekly changes range from −0.027% and −0.051%, depending on the sex and annuity com-
binations. Recall that the dependent variable is defined as the negative of the rates of change in the
annuity factors. This means that the average weekly changes in the annuity factors themselves are posi-
tive and lie between +0.027% and +0.051%. This is reasonable, considering that interest rates were for
the most part declining during the sample period (see Figure 1). We note that the older the annuitants,
the smaller and less volatile the weekly changes in annuity factors are.

3.2.2 Regression estimates
We obtain regression estimates for all annuity combinations and measurement periods (i.e., from k = 1
to 20 weeks). For measurement periods of longer than 1 week, overlapping observations are used in
the regressions, and the Newey–West procedure is used in calculating the standard errors of the esti-
mates. We note that longer measurement periods help to mitigate any non-synchronicity problems in
matching the observations on annuity quotes (which are released on Wednesdays and are a firm com-
mitment for several days, and bond rates observed at market close on Tuesdays).

The estimates for all annuity combinations follow a similar pattern. For example, Figures 2(a) and
2(b) display the patterns of duration estimates for annuities with no guarantee period for female and
male individuals of five different ages (55–75) respectively. All the five lines on each figure have the
same pattern, which is that the estimated durations are low when the measurement period is 1 week,
then increase steeply when the measurement period is between 2 and 4 weeks, and subsequently
increase gradually to reach their plateaus.12

Next, we examine whether the duration estimates are similar to their theoretical values. To do so,
we consider duration estimates for all annuity combinations when the measurement period is k = 20
weeks (i.e., at the plateaus). The estimates are presented in Table 5 (with R2’s in parenthesis). Panel A
is for female annuitants, and panel B is for male annuitants. Depending on the annuity combinations,
the estimates range from 4.50 to approximately 10. In percentage terms, these estimates are generally
between 70% and 75% of their theoretical values in Table 2. The R2’s of all regressions are around 65%.
The results indicate that while annuity price adjustments are more complete over a longer period of
time in response to longer-term changes in interest rates, they (except in one case) are still significantly
different from what the theoretical values suggest. The exception occurs with the annuity for an
80-year-old male and female with no guarantee period.

To summarize, annuity providers do not adjust prices fully or immediately to respond to weekly
changes in interest rates. Rather, the adjustment process is done over a long period of time in response

12To check whether our use of a linear regression provides a good approximation of the convex relationship between annu-
ity prices and interest rates, we run another regression where we include the squares of changes in the long-term bond yields
as the second independent variable. For all annuity combinations and all measurement periods (except one), the estimated
coefficients for the squares of changes are not significantly different from zero. The estimated durations are only slightly
higher than before (i.e., by no more than 0.15 years regardless of the annuity combinations and measurement periods).
In addition, the improvements in R2’s are very minimal (less than 1%). These results lead us to conclude that non-linearity
is unlikely to be a concern.
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Table 4. Summary statistics of the Canadian long-term treasury bond yields and weekly percentage changes in annuity
factors

Variable (%) N Mean (%) Std. dev. (%) Min (%) Max (%) Skew Kurt

Panel A: Summary statistics of the long-term Canadian treasury bond yields
Long-term T-bond yields 998 3.7142 1.2816 1.6010 6.1050 0.1650 −1.2710
ΔLong-term T-bond yields over 1 week: Δri(1) 998 −0.0039 0.0778 −0.2490 0.3280 0.2010 0.4780
ΔLong-term T-bond yields over 5 weeks: Δri(5) 993 −0.0194 0.1632 −0.6410 0.5350 0.0758 0.5406
ΔLong-term T-bond yields over 10 weeks: Δri(10) 988 −0.0382 0.2200 −0.7890 0.6450 0.0237 0.3257
ΔLong-term T-bond yields over 15 weeks: Δri(15) 983 −0.0562 0.2620 −0.7160 0.7790 0.2513 −0.1062
ΔLong-term T-bond yields over 20 weeks: Δri(20) 978 −0.0750 0.2999 −0.8640 0.9070 0.1905 −0.0475

Age

Guarantee period (years)

20 15 10 5 0

Panel B: Summary statistics of weekly percentage changes in Canadian annuity factors, female annuitants
55 −0.0478 −0.0469 −0.0497 −0.0487 −0.0503

(−0.6431) (−0.6406) (−0.6429) (−0.644) (−0.6389)
[−3.81, 2.56] [−3.58, 2.56] [−3.51, 2.56] [−3.53, 2.52] [−3.21, 1.97]

60 −0.0438 −0.0428 −0.0459 −0.0453 −0.0481
(−0.5836) (−0.5758) (−0.5746) (−0.5804) (−0.5835)

[−2.94, 2.22] [−2.84, 2.25] [−2.78, 2.25] [−2.75, 2.26] [−2.58, 1.91]
65 −0.0396 −0.0393 −0.0422 −0.042 −0.0442

(−0.5332) (−0.5189) (−0.5159) (−0.5211) (−0.5411)
[−2.91, 2.07] [−2.74, 1.99] [−2.64, 1.98] [−2.54, 1.98] [−2.42, 1.88]

70 −0.0355 −0.0345 −0.0376 −0.0384 −0.0413
(−0.5351) (−0.47) (−0.4549) (−0.4627) (−0.4891)

[−4.45, 4.25] [−2.39, 1.67] [−2.21, 1.75] [−2.07, 1.82] [−2.55, 1.76]
75 −0.0275 −0.0321 −0.0349 −0.0377 −0.0407

(−0.4953) (−0.4341) (−0.3995) (−0.4142) (−0.4498)
[−1.53, 1.49] [−2.29, 2.00] [−1.95, 1.20] [−1.82, 1.21] [−2.43, 1.36]

80 −0.0283 −0.0266 −0.0301 −0.0329 −0.036
(−0.5025) (−0.4273) (−0.3399) (−0.3473) (−0.4671)

[−2.04, 1.41] [−1.52, 1.23] [−1.74, 1.27] [−1.77, 1.23] [−2.68, 2.06]

Guarantee period (years)

Age 20 15 10 5 0

Panel C: Summary statistics of weekly percentage changes in Canadian annuity factors, male annuitants
55 −0.0471 −0.0466 −0.0496 −0.049 −0.051

(−0.5984) (−0.5889) (−0.5881) (−0.5916) (−0.5976)
[−2.83, 2.08] [−2.77, 2.09] [−2.75, 2.02] [−2.64, 2.05] [−2.67, 1.99]

60 −0.043 −0.0428 −0.0464 −0.0459 −0.0500
(−0.5438) (−0.5283) (−0.524) (−0.5277) (−0.5482)

[−2.85, 1.85] [−2.72, 1.84] [−2.67, 1.74] [−2.59, 1.75] [−2.79, 2.04]
65 −0.0388 −0.039 −0.0429 −0.0435 −0.0471

(−0.5108) (−0.4839) (−0.4745) (−0.4805) (−0.5086)
[−2.73, 1.86] [−2.50, 1.67] [−2.38, 1.79] [−2.27, 1.88] [−2.20, 1.84]

70 −0.0339 −0.0335 −0.0377 −0.0397 −0.0439
(−0.489) (−0.449) (−0.4246) (−0.4366) (−0.4723)

[−2.70, 1.55] [−2.35, 1.35] [−2.16, 1.46] [−2.28, 1.49] [−2.45, 1.60]
75 −0.0275 −0.0311 −0.0345 −0.039 −0.0431

(−0.4843) (−0.414) (−0.3676) (−0.3853) (−0.438)
[−1.68, 1.44] [−2.28, 1.94] [−1.92, 1.61] [−2.19, 1.36] [−2.79, 1.42]

80 −0.0267 −0.0266 −0.0285 −0.0329 −0.0375
(−0.4973) (−0.4281) (−0.3304) (−0.3241) (−0.4821)

[−2.11, 1.41] [−1.72, 1.14] [−1.77, 1.24] [−2.01, 1.05] [−3.32, 3.28]

Note: Panel A displays the summary statistics for weekly levels of the Government of Canada long-term bond yields over the period from 2000
to 2019, and also the changes in the yields over various lengths of periods. Panel B displays the summary statistics of weekly changes in
annuity factors for female annuitants. Panel C displays the summary statistics of weekly changes in annuity factors for male annuitants.
Standard errors are in parentheses. Minimums and maximums are in brackets.
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to changes in interest rates over the same period. A sizable portion of the adjustment occurs during the
period between the 2nd and the 4th weeks. Beyond 4 weeks, price adjustments continue, but at a more
gradual rate. The longer the period, the more substantial the adjustments become, and the more the
adjustments can be explained by interest rate changes. Nevertheless, regardless of the time horizons,
the price changes are less than complete.

One possible explanation for the slightly delayed responses is that annuity providers do not want to
change prices every time interest rates move. Doing so would make annuity prices more volatile and thus
could create timing risk for potential buyers.13 Instead, annuity providers wait slightly longer in order to
get a better idea of the rate movements.14 As discussed in Section 3.2.1, the changes in interest rates over
longer periods are (monotonically) larger in magnitude, increasing at a linear rate, but their standard

Figure 2. Duration estimates: (a) female annuitants with no guarantee period and (b) male annuitants of various ages with no
guarantee period.
Note: Panels (a) and (b) display plots of the duration estimates for female and male annuitants of various ages with no guarantee per-
iod The sample period is from 2000 to 2019.

13See Warshawsky (2007) for a discussion of the timing risk facing buyers of life annuities.
14This is based on our conversations with annuity providers.
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deviations are increasing at a much slower rate than linear. We interpret this as indicating that the uncer-
tainty in the rate movements becomes smaller (relative to the size of the changes) as the waiting period
grows longer. This is why we observe stronger price responses to longer-term changes in interest rates.

3.3 Sensitivity estimates: asymmetric responses

We now examine whether there is a difference in how annuity providers adjust annuity prices (or pay-
out rates) when market interest rates increase versus when market interest rates decline. Charupat et al.
(2016) observe that US annuity providers respond to interest rate changes in an asymmetric fashion,
but in the direction that benefits consumers. When interest rates increase, annuity providers reduce
annuity prices (by increasing the payout rates) by a greater magnitude than what they do in the oppos-
ite direction when interest rates decline.15

Table 5. Empirical durations of all annuity combinations: k = 20 weeks

Guarantee period (years)

Age 20 15 10 5 0

Panel A: Empirical duration – female annuitants
55 9.88 9.87 9.89 9.98 9.59

(66%) (66%) (66%) (66%) (65%)
60 8.94 8.87 8.86 8.96 8.85

(65%) (65%) (65%). (66%). (66%)
65 8.15 7.97 8.00 8.11 8.05

(65%) (65%) (66%) (66%) (66%)
70 7.56 7.07 6.99 7.16 7.14

(65%) (65%) (67%) (68%) (67%)
75 5.97 5.64 5.98 6.13

(58%) (59%) (61%) (61%)
80 5.03 5.65

(58%) (55%)

Panel B: Empirical duration – male annuitants
55 9.18 9.04 9.02 9.09 8.99

(65%) (65%) (65%) (65%) (63%)
60 8.46 8.33 8.32 8.38 8.41

(65%) (64%) (65%) (64%) (64%)
65 7.81 7.47 7.35 7.48 7.55

(65%) (66%) (66%) (66%) (66%)
70 7.51 6.86 6.62 6.87 6.97

(65%) (66%) (67%) (67%) (65%)
75 5.65 5.30 5.68 5.80

(58%) (61%) (61%) (58%)
80 4.50 5.14

(56%) (45%)

Note: This table displays the estimated durations of life annuities and the model R2’s, derived from the following regression equation:
−Y = ax,g + bx,gDri (k)+ 1i .
The independent variable of the regressions is the lagged change in the Government of Canada long-term bond yields measured over a
period of 20 week (k = 20). The dependent variable is the negative of the percentage changes in the annuity factors over the same
measurement period for female and male annuitants of various ages and with various guarantee periods. All regressions are performed one
at a time, estimated with GMM and HAC standard errors. To calculate the HAC standard errors, we follow Newey and West (1994). Bolded
coefficients denote significance at the 0.05 level, based on two-sided tests, of a difference between the estimated duration coefficient and
the theoretical value. R2’s are in parentheses.

15The literature on consumer interest rate pass-through has provided mixed evidence regarding the manner in which
financial institutions respond to changes in interest rates. Several studies have shown that short-term consumer interest
rates (e.g., bank deposit rates, credit card rates) respond incompletely and asymmetrically to changes in market interest
rates, in the direction that disadvantages the consumers (e.g., Ausabel, 1991; Hannan and Berger, 1991; Neumark and
Sharpe, 1992; Calem and Mester, 1995). On the contrary, studies on long-term consumer interest rates, particularly mortgage
rates, find that while the responses are incomplete and asymmetric in the short run, they become more complete and less
asymmetric in the long run (e.g., Scholnick, 1999; Allen and McVanel, 2009; Haan and Sterken, 2011).
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To find out whether such an asymmetric response also occurs in the Canadian annuity market, we
modify our regression equation as follows:

−Y = ax,g + b
x,g
1 Dri(k)+ b

x,g
2 Dri(k)IDr,neg + 1i, (6)

where IΔr,neg is an indicator variable that takes on the value of one when interest rates decline (Δri(k) < 0)
and zero otherwise. As a result, bx,g

1 is the estimated duration when Δri(k) > 0, and b
x,g
1 + b

x,g
2 is the

estimated duration when Δri(k) < 0.

3.3.1 Estimated durations
For both directions of interest rate movements, the estimates for all annuity combinations generally
follow a similar increasing pattern (as the measurement periods lengthen) to that of the symmetric
case above. As a result, we choose to report in Table 6 the results for the measurement period of
k = 20 weeks for all annuity combinations. Panels A–C are for female annuitants, and panels E and
F are for male annuitants.

Comparison of the duration estimates between the two directions of interest rate movements
(i.e., comparing panels A with B for female, and panels D with E for male) suggests that for almost
all annuity combinations, the duration estimates are higher when interest rates decline than when
interest rates increase. This is especially true for annuitants of advanced ages (i.e., female annuitants
aged 75 and 80 and male annuitants aged 70, 75, and 80). In fact, for these annuities, the estimated
durations for when rates decline are generally not significantly different from their theoretical values
(i.e., unbolded values in Panels B and E). This is true not only for k = 20 weeks, but also for other meas-
urement periods, starting from about k = 12 weeks (not shown). Thus, it appears that annuity prices in
Canada are raised in a faster and more complete manner when interest rates decline, than they are
reduced when interest rates increase. This pattern of response is indeed disadvantageous to annuity
customers and is in the opposite direction to the response in the US market reported by Charupat
et al. (2016).16

Note that, in Table 6, we do not report the coefficient that measures the difference in response
between the two directions of interest rate movements, bx,g

2 , but rather the sum of bx,g
1 and b

x,g
2 .

However, we test the joint significance of the coefficient estimates bx,g
2 across age and guarantee per-

iods by sex, double clustering standard errors by date and age/guarantee groups. We find that these
regression coefficients are strongly statistically significant.17

Economically, the differences are meaningful. For example, consider the annuity for a 55-year-old
female with a 20-year guarantee period. The duration estimates (with k = 20 weeks) are 9.20 years
when interest rates go up (panel A) and 10.38 years when interest rates go down (panel B), a difference
of 1.18 years. For an annuity principal of $1,000,000 (which, based on the empirical annuity factor in
Table 3, provides an annual income of $1,000,000/18.99 = $52,659 per year), the difference of 1.18
years translates to a difference in price adjustments of $1,000,000 × 1.18 × 0.002497 = $2,946, where
0.002497 (or 0.2497%) is the average of the absolute values of interest rate changes over a 20-week
period (see Section 3.2.1).

4. Robustness check

To ensure that our results are robust, we perform several additional tests. First, in order to explore
sub-sample stability, we split our sample into two periods of roughly equal lengths, and then repeat
the duration analysis. Second, we explore the sensitivity of our results to the choice of the benchmark
interest rate. Our results heretofore use the Government of Canada long-term bond yields, which cor-
respond closely to the long-term nature of the obligations of life-annuity providers. To check whether

16We will discuss in more details the differences between our results and Charupat et al.’s (2016) US results in the next
section.

17Results and complete details on the econometric model are available on request.
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this use affects our conclusions, we repeat our analyses using five other interest rates, which represent
different points on the term structure. Finally, we compare our findings to the reported annuity pri-
cing behavior in the US market.

4.1 Estimated sensitivity for subperiods

Our sample period spans 20 years – from 2000 to 2019. It is possible that the speed and magnitude of
annuity price responses vary through time. To examine this possibility, we divide our sample period

Table 6. Empirical durations of all annuity combinations: asymmetric regression, k = 20 weeks

Guarantee period (years)

Age 20 15 10 5 0

Panel A: Empirical duration when interest rates increase– female annuitants
55 9.20 9.23 9.25 9.28 9.52
60 8.30 8.31 8.29 8.43 8.80
65 7.75 8.04 8.00 8.08 8.27
70 7.23 7.05 6.86 6.90 7.10
75 – 5.22 5.02 5.21 5.40
80 – – – 4.21 3.71
Panel B: Empirical duration when interest rates decline – female annuitants
55 10.38 10.34 10.36 10.50 9.64
60 9.41 9.28 9.28 9.35 8.88
65 8.44 7.92 7.99 8.13 7.89
70 7.81 7.09 7.08 7.35 7.18
75 – 6.52 6.10 6.55 6.67
80 – – – 5.64 7.08
Panel C: R2’s – female annuitants
55 66% 66% 66% 66% 65%
60 65% 65% 65% 66% 66%
65 65% 65% 66% 66% 66%
70 65% 65% 67% 68% 67%
75 59% 60% 61% 61%
80 58% 56%
Panel D: Empirical duration when interest rates increase – male annuitants
55 8.55 8.44 8.37 8.46 8.86
60 7.97 8.17 8.20 8.23 8.50
65 7.42 7.22 7.22 7.34 7.60
70 7.10 6.53 6.24 6.43 6.75
75 4.96 4.63 4.85 4.87
80 3.78 3.19
Panel E: Empirical duration when interest rates decline – male annuitants
55 9.65 9.48 9.49 9.56 9.09
60 8.82 8.46 8.41 8.48 8.34
65 8.10 7.64 7.44 7.59 7.51
70 7.81 7.11 6.90 7.19 7.13
75 – 6.16 5.80 6.29 6.47
80 – – – 5.04 6.58
Panel F: R2’s – male annuitants
55 65% 65% 65% 65% 63%
60 65% 64% 65% 64% 64%
65 65% 66% 66% 66% 66%
70 65% 66% 67% 67% 65%
75 – 59% 61% 62% 59%
80 – – – 56% 47%

Note: This table displays the estimated durations of life annuities when interest rates increase or decline, together with the model R2’s,
derived from the following regression equation: −Y = ax,g + b

x,g
1 Dri (k)+ b

x,g
2 Dri (k) · IDr,neg + 1i .

The independent variables of the regressions are the lagged change in the Government of Canada long-term bond yields, measured over a
period of 20 weeks (k = 20), and this variable interacted with a dummy variable that takes on a value of one if the interest rate decreases. All
regressions are performed one at a time, estimated with GMM and HAC standard errors. To calculate the HAC standard errors, we follow
Newey and West (1994). Bolded coefficients denote significance at the 0.05 level, based on two-sided tests, of a difference between the
estimated Duration coefficient and the theoretical value.
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into two subperiods of roughly equal lengths. The first subperiod is from June 2000 to December 2009,
while the second subperiod is from January 2010 to July 2019.18

4.1.1 First subperiod (2000–2009)
The plots of duration estimates for annuities with no guarantee period for female annuitants of various
ages for the first subperiod are shown in Figures 3(a) (for when interest rates increase) and 3(b) (for
when interest rates decline). The plots for annuities with other guarantee periods or for male annui-
tants are qualitatively similar.

There are two notable differences between the two figures. First, when interest rates increase
(Figure 3(a)), the estimates appear to reach their peaks when k = 9, and then slightly decrease. In con-
trast, when interest rates decline (Figure 3(b)), the estimates keep trending up as the measurement per-
iods lengthen. Second, it appears that the magnitude of the estimates is slightly higher in Figure 3(a)
than in 3(b). Taken together, the estimates raise the possibility that prices respond slightly more
quickly and fully when interest rates increase than when interest rates decline. If this is the case, it
would be beneficial to consumers.

To verify this, we examine the estimated values of bx,g
2 for all annuity combinations and measure-

ment periods (a total of 1,040 estimates; i.e., 26 combinations per sex, and k = 1–20). This coefficient
captures the asymmetry or the differences in price responses between the two directions of interest rate
movements (see equation (6)). The vast majority of the bx,g

2 estimates (937 out of 1,040) are negative
(which means that the estimated durations are higher when interest rates increase). However, when we
test the joint significance of the coefficient estimates bx,g

2 across age and guarantee periods by sex, dou-
ble clustering standard errors by date and age/guarantee groups, these regression coefficients are stat-
istically insignificant across all annuity combinations and measurement periods, for both females and
males.

In summary, in the first subperiod, the duration estimates display a slight, but statistically insignifi-
cant, asymmetry. In terms of magnitude, the duration estimates, at their peaks, are close to the the-
oretical values, with some of them not being significantly different for the theoretical values
(typically annuities for people aged 70 and older, with no or short guarantee periods).

4.1.2 Second subperiod (2010–19)
Figures 4(a) and 4(b) display the plots of duration estimates for annuities with no guarantee period for
female annuitants of various ages for the second subperiod. One notable observation from the figures
is that there appears to be an asymmetry in the price responses between the two directions of interest
rate movements, but this time the duration estimates are slightly higher when interest rates decline
(Figure 4(b)) than when interest rates increase (Figure 4(a)).

As before, to verify this, we examine the estimated values of bx,g
2 for all annuity combinations and

measurement periods. The overwhelming majority of the bx,g
2 estimates (967 out of 1,040) are positive

(which means that the estimated durations are higher when interest rates decline). When we test the
joint significance of the coefficient estimates bx,g

2 across age and guarantee periods by sex, double clus-
tering standard errors by date and age/guarantee groups, these regression coefficients are strongly stat-
istically significant. This is consistent with the full sample result but very different from what we see
for the first subperiod.

18The theoretical duration values (with which the estimated will be compared) are calculated separately for the two sub-
periods in order to account for the fact that the levels of interest rates were much different between the two subperiods. The
average Government of Canada long-term bond yields was 4.81% p.a. in the first subperiod and 2.61% in the second sub-
period. Note that the same mortality parameter values (i.e., m and b) are used in the calculations of the theoretical duration
values for both periods. This will slightly understate the theoretical duration values for the second subperiod. The improve-
ment in survival probabilities between the first subperiod and the second subperiod was small. For example, the life expect-
ancy of a 65-year-old Canadian woman was 21 years in 2005 (which is the midpoint of the first subperiod) and 22.10 years in
2015 (which is the midpoint of the second subperiod). (Source: Statistics Canada.)
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Accordingly, for the second subperiod, there is evidence that annuity price adjustments are asym-
metric. When interest rates decline, annuity providers react more strongly (by increasing their prices
more fully) than they do in the opposite direction (i.e., reducing the prices when interest rates
increase). This pattern of response is disadvantageous to annuity customers.

4.1.3 Discussion
The results for the two subperiods appear to suggest that annuity price responses vary through time.
Between 2000 and 2009, the price adjustments appear to be slightly asymmetric in the direction that
benefits consumers, but the asymmetry is not statistically significant. During 2010–19, however, there
is evidence of statistically significant asymmetry. The asymmetry is in the direction that is disadvan-
tageous to consumers.

To see why there might be a difference in the results between the two subperiods, we examine
the time series of the differences (or gaps) between annuity payout rates and interest rates (i.e.,

Figure 3. (a) Duration estimates when interest rates increase – female annuitants with no guarantee period (2000–2009). (b)
Duration estimates when interest rates decline – female annuitants with no guarantee period (2000–2009).
Note: Panels (a) and (b) display plots of the duration estimates for female annuitants of various ages with no guarantee period, when
interest rates increase and when interest rates decline, respectively. The sample period is from 2000 to 2009.
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long-term government bond yields), as depicted in Figures 5(a) and 5(b). Figure 5(a) displays the
trends of the gaps for female annuitants of various ages with no guarantee period, while Figure 5
(b) displays the trends of the gaps for a 65-year-old female annuitant with various guarantee per-
iods. As can be seen, the gaps suddenly increased in magnitude around September 2008, which is
the month in which Lehman Brothers filed for bankruptcy and triggered a serious concern in the
financial markets. The magnitude of the gaps remained unusually high until approximately the
end of 2009.19 This observation is consistent with the unusual price behavior during the same

Figure 4. (a) Duration estimates when interest rates increase – female annuitants with no guarantee period (2010–19). (b) Duration
estimates when interest rates decline – female annuitants with no guarantee period (2010–2019).
Note: Panels (a) and (b) display plots of the duration estimates for female annuitants of various ages with no guarantee period, when
interest rates increase and when interest rates decline, respectively. The sample period is from 2010 to 2019.

19As a rough estimation of the economic impact of the widening gap during the 2008 financial crisis, consider the annuity
for a 55-year-old woman with no guarantee period. During the 12-month period before September 2008, the average of the
weekly gaps was 1.6875% p.a. During the period between September 2008 and December 2009, the average gap widened to
2.1661% p.a. That is, the gaps widened by approximately 0.48% during the crisis. This translates to an additional $4,800 of
income per year (or $400 per month) on an annuity principal of 1 million dollars. Given the prevailing annuity rates during
the financial crisis (around 7.30% per year), the additional income represents over 6.50% of extra income per year. To put it
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period that has been reported in a few previous studies (e.g., Milevsky and Shao, 2010; Koijen and
Yogo, 2015).20

Figure 5. (a) Differences between annuity rates and long-term bond yields for female annuitants of various ages with no guarantee
period. (b) Differences between annuity rates and long-term bond yields for 65-year-old female annuitants with various guarantee
periods.
Note: Panel (a) displays plots of the differences between the Government of Canada long-term bond yields and the annuity rates for
female annuitants of various ages, with no guarantee periods. Panel (b) displays plots of the differences between the Government of
Canada long-term bond yields and the annuity rates for female annuitants, age 65, with various guarantee periods. The data period is
from 2000 to 2019. In both figures, the recession period in 2008/09 is shaded for easy reference.

another way, suppose the 55-year-old annuitant wants to have an income of $70,000 per year. The crisis impact of 0.48%
represents a savings in annuity purchase price of over $59,000.

20Koijen and Yogo (2015) report that US annuity providers sold their life annuities at significant discounts (from fair
values) during a few months surrounding January 2009 in order to replenish their statutory capital, causing a disconnect
between annuity prices and the level of interest rates. Milevsky and Shao (2010) state that during the crisis, Canadian annuity
providers ‘did not adjust their annuity quotes, on average, to compensate for the dramatic downward movement in the risk-
free zero-coupon yield curve’. That is, there is evidence that during the crisis period and its immediate aftermath, annuity
prices were not adjusted upward even though interest rates were declining.
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We re-estimate the durations for the first subperiod, while leaving out the period from September
2008 to December 2009. The plots of the estimated durations for this ‘Pre-Crisis’ period for female
annuitants with no guarantee period are shown in Figures 6(a) and 6(b). We can see that the patterns
of duration estimates are different from the ones for the whole first subperiod in Figures 3(a) and 3(b).
Here, the magnitude of the estimates appears to be slightly higher in Figure 6(b) than in 6(a), espe-
cially for longer measurement periods (k510 weeks). In other words, the plots show that prices
respond slightly more quickly and fully when interest rates decline than when interest rates increase.
This is indeed the same pattern as the ones in the second subperiod.

Again, to verify this asymmetry, we examine the estimated values of bx,g
2 for all annuity combina-

tions and measurement periods. In a stark contrast to the results for the whole first subperiod (which
includes the financial crisis period), a great majority of the bx,g

2 estimates (838 out of 1,040) are posi-
tive, which means that the estimated durations are higher when interest rates decline (not tabulated).
However, most of them are small. As a result, the asymmetry is statistically insignificant by measure of
the joint significance of the coefficient estimates bx,g

2 across age and guarantee periods by sex, double
clustering standard errors by date and age/guarantee groups.

In summary, when the period of the 2008/09 financial crisis is excluded, we no longer observe contrast-
ing price behavior between the two subperiods. Rather, we find that in both periods, annuity prices in gen-
eral tend to respond more quickly and fully when interest rates decline than when interest rates increase.
While this asymmetry is not statistically significant in the first subperiod, it is strongly significant in the
second subperiod. This response pattern, regardless of the statistical significance, is economicallymeaning-
ful and disadvantageous to consumers (see Section 3.3.1).We conjecture that the asymmetrymay be due to
the fact that Canadian annuity providers guarantee their price quotes for a period of time, which typically
lasts for several days. This guarantee hurts them if in the meantime interest rates decline and they need to
raise prices, but does not benefit them if the opposite occurs. This kind of price protection policy can cause
businesses to raise prices more quickly than reduce them (Cooper, 1986).

4.2 Results using alternative interest rates

We repeat our estimates of empirical durations and the gaps between annuity payout rates and interest
rates, using five other interest rates, which represent different points on the term structure. They are
the 2-, 3-, 5-, 7-, and 10-year Government of Canada bond yields.

In both subperiods, the estimated durations under the five alternative interest rates exhibit the fol-
lowing patterns:

(i) The estimates are all lower than the corresponding estimates when the Government of Canada
long-term bond yields are used. The R2’s of the regressions are also generally smaller.

(ii) For each alternative interest rate, the estimates for all annuity combinations generally follow
the same increasing pattern that we witness earlier when the long-term bond yields are used
(i.e., at first steeply and then gradually, as the measurement periods lengthen).

(iii) In general, the shorter the term of the bond yields used in the regressions, the smaller the
estimated durations.

(iv) The same asymmetric pattern is observed. That is, annuity prices in general tend to respond
more quickly and fully when interest rates decline than when interest rates increase. However,
because the estimate durations under all five alternative interest rates are smaller, the asym-
metry is generally weaker, especially for shorter rates.

In summary, the results suggest that the use of other bond yields does not change our findings in a
substantial manner. The only difference of note is that the estimated durations are smaller, indicating
that annuity prices are less responsive to changes in shorter-term interest rates than to changes in the
long-term rates. We believe that this is to be expected because the yields on shorter-term bonds may
not be as good a representative of the rates of return that annuity providers earn on their investment
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portfolios as the long-term bond yields are. Due to the long-term nature of their annuity liabilities,
annuity providers try to invest in longer-term instruments in order to match the durations of their
assets and liabilities.21 Therefore, it appears unlikely that our use of the long-term bond yields pro-
duces significant bias on our findings.22

4.3 Comparison to US results

Finally, we compare our sensitivity results to the findings of Charupat et al. (2016), who estimate price
sensitivity of life annuities in the US market. For proper comparison, we re-estimate the durations over

Figure 6. (a) Duration estimates when interest rates increase – female annuitants with no guarantee period (2000–08/2008). (b)
Duration estimates when interest rates decline – female annuitants with no guarantee period (2000–08/2008).
Note: Panels (a) and (b) display plots of the duration estimates for female annuitants of various ages with no guarantee period, when
interest rates increase and when interest rates decline, respectively. The sample period is from June 2000 to August 2008.

21This is especially true in low-interest-rate environments (such as the period after the 2008 financial crisis up to the pre-
sent). Annuity providers lengthened the duration of their assets to match their liabilities. For a discussion of how Canadian
insurance companies manage their interest rate risks, see IMF Country Report No. 14/68 (as cited in footnote 7).

22We also run another set of regressions using all available points on the term structure (i.e., 2-, 3-, 5-, 7-, 10-year, and
long-term bond yields). We see very marginal improvement in the R2’s of the regressions over the cases where only the long-
term bond yields are used.
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the same sample period as theirs, which is from September 2004 to May 2012 without removing the
2008 financial crisis period. We use the asymmetric regression in equation (6). The results (not tabu-
lated) display two major differences from the US results in Charupat et al. (2016). First, annuity prices
in Canada are more sensitive to changes in interest rates. This is evidenced by both the speed and the
magnitude of the price adjustments. A sizeable portion of price changes in Canada occurs during the
period between week 1 and week 4. In comparison, a large portion of price changes in the USA
extends into week 6 (Figure 3 of Charupat et al., 2016). This suggests that the price responses in
Canada are faster. Then, as the measurement periods lengthen, our estimated durations reach peak
values that are between 70% and 80% of the theoretical durations, depending on the annuitant ages
and the lengths of the guarantee periods. In contrast, the estimated durations for US annuities gener-
ally reach values that are only between 50% and 65% of the theoretical values (Tables 6 and 2 of
Charupat et al., 2016). This suggests that the price responses in Canada are more complete.

The second major difference between our results and the US results is in the asymmetry of the price
responses. For the US annuities, the estimated durations are higher (i.e., price adjustments are more com-
plete) when interest rates increase than when interest rates decline (Table 7 of Charupat et al., 2016). This
is advantageous to annuity customers. In contrast, as reported in the previous subsection, we observe the
opposite asymmetric pattern in Canada (when the 2008 financial crisis period is removed from the sam-
ple). Canadian annuity providers tend to raise prices faster and more fully when interest rates decline than
reduce prices when interest rates increase. This is especially true for annuities for older annuitants with no
or short guarantee periods. This response pattern is disadvantageous to consumers.

5. Conclusions

We examine the behavior of Canadian life annuity prices over the period from 2000 to 2019 using the
concept of annuity durations, which measure the sensitivity of annuity prices to changes in interest
rates. Our main results are as follows. First, price adjustments are reasonably fast, starting from
between the second and the fourth weeks in response to changes in interest rates over the same period.
The longer the period, the more substantial and more complete the adjustments become. Second, for
almost all annuity combinations (and especially for annuitants of advanced ages), the duration esti-
mates are higher when interest rates decline than when interest rates increase. That is, annuity provi-
ders raise prices faster when interest rates decline than reduce prices when the opposite occurs. This
pattern of response is disadvantageous to annuity customers. Third, when we compare our findings to
those of Charupat et al. (2016), who estimate price sensitivity of life annuities in the US market, we
find that annuity prices in Canada are more sensitive to changes in interest rates. This is evidenced by
both the speed and the magnitude of the price adjustments. In addition, while the pattern of price
adjustments in Canada are disadvantageous to annuity customers, the US price adjustments reported
in Charupat et al. (2016) are asymmetric in the direction that benefits consumers.

In the process, we find that during the period of the 2008 financial crisis and the period of the
recession that immediately followed it, annuity providers did not raise annuity prices (i.e., reduce
the payout rates) to account for the pronounced decline in interest rates, causing a disconnect between
annuity prices and the level of interest rates. This finding is consistent with those in a few prior studies
(Milevsky and Shao, 2010; Koijen and Yogo, 2015).
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