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Consulting actuaries are often involved in litigation and other legal proceedings as
advisors on broad range of actuarial issues. Alternatively, they act as expert witnesses,
giving evidence on issues requiring their expertise. An actuarial expert witness is crucial
for quantifying monetary compensation in personal injury lawsuits. Personal injury and
wrongful death cases are an important part of casualty insurance indemnities. The fund
created to compensate victims and survivors of the September 11, 2001 attacks is an
example of a similar casualty insurance exercise. The aim of this paper is to improve the
compensation calculation for loss of future income to obtain fairer amounts and help the

reconciliation process by introducing age-earnings profiles. We propose a hybrid
methodology which combines the UK and US systems including both positive and
negative contingencies. These two systems are reference approaches used in many
countries, and the hybrid methodology can help provide perspective and guidelines for
application. We employ semiparametric regression and smoothing splines to construct
what we call the promotion tables and illustrate how they could be used in the

compensation calculations in the UK.
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1. INTRODUCTION

Actuarial expert witness work is one of the nontraditional
roles that consulting actuaries have been involved in for
decades now. Becoming an expert witness has been re-
ceiving more attention and recognition worldwide (Wagner
2006). Many consultant actuaries are called upon and take
the stand to present their expert opinions in financial law-
suits. These opinions might concern such topics as the pric-
ing and reserving practices of insurance companies, the
relationship between risk and return on investments, pen-
sion disputes, workers compensation, the cost impacts of
claims-made or claims-paid financing, and so on (ASB
2018). Quantifying monetary damages in personal injury
cases also falls within the area of actuarial expert witness
duties.

Any person injured through the fault of another can
claim monetary compensation, in the form of damages, for
the injuries sustained, according to the laws of many coun-
tries (Lewis et al. 2003). The purpose of compensation is to
provide a degree of financial restoration to the injured per-

son’s pre-injury position, and it is often awarded as a lump
sum representing discounted future income to the date of
settlement, based on assumptions about life expectancy,
work life expectancy (WLE), interest rates, and the specific
laws and regulations of the country.

The established method for calculation of such damages
is generally called the multiplier-multiplicand method. It cal-
culates the product of a multiplicand, the estimated annual
loss, and a multiplier, the estimated number of years over
which the annual loss is to be paid. When these estimates
have been determined by past cases and the previous ex-
perience of the judge, it is also called the courts method.
However, in the absence of actuarial guidance, there is po-
tential for inaccuracy and inconsistency. Juridical forecasts
have become subjective and divorced from the realities of
the financial world. While increasing reference to actuarial
information over the last 20 years has improved the trans-
parency and consistency of the calculation, the absence of
economic reasoning and analysis is a potential source of in-
accuracy and bias (Lewis et al. 2002a, 2003).

There has been a long-standing debate in almost all
countries between, on the one hand, jurists and lawyers,
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and on the other, actuarial expert witnesses about the cal-
culation of compensation. Although emerging countries ex-
perience more serious problems regarding cornpensation,l
the countries in which actuarial science and the law are well
developed still have discrepancies between the parties. The
main reason for these problems is that compensation calcu-
lations require deep actuarial knowledge as well as aware-
ness of the laws and regulations of a specific country. De-
termining a fair amount of compensation is very important
not only for injured parties but also for insurance compa-
nies, which need to keep enough reserves for these non-life
insurance payments. Developed countries have specific ac-
tuarial compensation tables (e.g., the Ogden tables in the
UK) for injury and death, and these tables help actuaries,
lawyers, and others calculate the lump-sum compensation
due in personal injury and fatal accident cases. However,
these tables have been criticized for not including contin-
gencies other than mortality, and for using discrete dis-
count rates.

The practice and perspective of the courts in the UK re-
quire the use of the multiplier-multiplicand method based
on the Ogden tables. Compared with those of the UK and
most European countries, the U.S. tort system relies more
on expert-driven damages calculations and less on formal
judicial constraints. Nevertheless, the uniform damages
methodology used for the U.S. September 11th Victim Com-
pensation Fund to compensate victims and survivors of the
World Trade Center and Pentagon attacks on September 11,
2001, can be considered similar to the UK’s Ogden table
methodology (Ward 2009). Furthermore, income protection
insurance, which has been crucial for millions of people in
the course of the COVID-19 pandemic, is another insurance
product that could benefit from the methodology discussed
in this paper.

The compensation calculation is one of the rare areas
in which property and casualty insurance and life and pen-
sion insurance intersect and are combined. Although motor
vehicle insurance (sometimes referred to as car insurance
or traffic insurance) and workers compensation insurance
are types of casualty insurance, they also protect insureds
from liabilities that arise due to injuries and death. This
protection involves actuarial calculations based on life ta-
bles and life annuities. The premiums, indemnities, and re-
serves calculated for those casualty lines require elements
of both life and casualty actuarial methodology. That is why
this paper might inspire future research and collaboration
between actuaries in different fields as well as providing
a reconciliation between the jurists/lawyers and the insur-
ance companies.

As a part of their role, actuarial expert witnesses should
communicate actuarial matters clearly and concisely to a
nonactuarial audience. Individuals who are unfamiliar with
actuarial concepts might find it difficult to understand the
testimony or the expert witness report. Poor communica-
tion of such concepts is one of the fundamental reasons
that parties in personal injury cases dispute. In particular,
disagreement arises due to lack of a common language and
might lead to unfair compensation in terms of the payment
period, the amount, or both.

The UK practice in personal injury and wrongful death
litigation has a long and established history. It is one of the
most settled systems, providing standardized methods and
readily applicable actuarial tables, called the Ogden tables.
Although such a system improves the practice significantly
by ensuring that parties have a comprehensive understand-
ing of the calculations, it is still possible to enhance the
methodology. One way is to consider age-earnings profiles
for earnings changes over an individual’s life cycle. This pa-
per introduces age-earnings profile tables that are compat-
ible with the Ogden tables, in an effort to improve UK com-
pensation calculations.

The structure of the paper is as follows: Section 2 pro-
vides a literature review mainly considering U.S., UK, and
European applications. Section 3 focuses on the compen-
sation methodology used in the UK. Section 4 introduces
the data used to construct the age-earnings profiles and de-
scribes the details of the analysis performed. It presents
semiparametric regression and a smoothing splines
methodology to obtain fitted, interpolated age-earnings
profiles. The section also provides examples to show how
the introduced tables can be employed in compensation
calculations that use the UK approach, as well as compar-
isons with calculations based on the Ogden tables alone.
Section 5 presents a discussion grounded on the UK and
U.S. systems and the implementation of the proposed ap-
proach. Finally, Section 6 concludes.

2. LITERATURE REVIEW

The literature on compensation for loss of income shows
that the calculation is a subject for a multidisciplinary field
served by actuarial, economics (especially forensic econom-
ics), law, social policy, and demography journals. We pre-
sent the literature review on compensation for loss of in-
come in two parts: First, we will refer to the book Personal
Injury and Wrongful Death Damages Calculations, edited by
Ward and Thornton (2009), which was published as a vol-
ume of the Transatlantic Dialogue series. It combines 12

1 In Turkey, for instance, due to lack of actuaries and qualified expert witnesses, the compensation amounts calculated by insurance com-
panies and by courts might differ significantly. Such discrepancies are also related to inconsistencies in court rulings over the years as to
which methodology should be used in these calculations (life tables or life annuities); differences in the laws and regulations governing
different cases, such as injuries caused by traffic accidents versus work accidents; and other factors. Different implementations cause
conflicts between the parties and have resulted in litigation lasting for years, with injured parties and their dependents clearly being ad-
versely affected. See $ahin, Nevruz, and $imsek 2021; Sahin et al. 2022a, 2022b for more details on the compensation methodologies

used in Turkey.
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original papers that explore common research areas in the
calculation of damages in personal injury and death litiga-
tion in western Europe and the United States. Second, we
will focus on the UK literature to introduce the UK method-
ology and use of the Ogden tables.

2.1. WESTERN EUROPE AND THE UNITED STATES

Ward and Thornton (2009) edited the book Personal Injury
and Wrongful Death Damages Calculations, an important
source to understand worldwide implementation of com-
pensation calculations. The book consists of 12 original pa-
pers that discuss and compare the different methodologies
of different countries. The collection of papers had its ori-
gin in a series of annual meetings of the National Associ-
ation of Forensic Economics held in the UK, Ireland, Italy,
and the United States from 2004 to 2008. The papers aim
to discuss several aspects of the calculation: Ward (2009)
compares the U.S. methodologies for calculating economic
damages with the procedures used in the UK and other Eu-
ropean Union countries, while Kelly (2009) discusses the fu-
ture development of the Ogden tables. Wass and McNabb
(2009) analyze the labor market effects of disability over a
working lifetime, finding a significant employment disad-
vantage compared with that assumed by the UK courts; they
go on to develop a two-state increment-decrement model
to estimate WLEs by sex, age, disability, and employment
status. This model is used to estimate individual WLEs be-
fore and after injury. A similar study is introduced by Butt
et al. (2009), focusing on the deficiencies in the estimated
employment risks contained in the Ogden tables—that is,
the use of unconditional employment rates and the failure
to account for the impact of disability. The authors in-
troduce updated estimates of the reduction factors (RFs)
for employment risks by using the multiple-state Markov
process. These estimates are conditioned on sex, age, dis-
ability, and starting employment status. The authors use
an additional covariate, educational achievement, which
improves the employment estimation. Skoog and Ciecka
(2009) provide an overview on work life-related research in
the United States over the last 25 years, emphasizing theo-
retical and empirical developments during this period, such
as the switch from life table-based constructs to Markov
process models, parametric and nonparametric work life
models, models of full-time and part-time work life, and
occupation-specific work life models. Cropper and Wass
(2009) discuss a fundamental change in the approach to
quantifying bodily injury claims: the conversion of lump-
sum payments into periodical payments for compensation.
This conversion, they argue, may lead to a transfer of the
risk of investment returns and uncertain mortality to the
tort-feasor. They also discuss further issues related to the
indexation of periodical payments. Krueger and Albrecht
(2009) concentrate on the level of economic damages that
can be recovered based on the difference between the
claimant’s pre-injury and post-injury economic output and
the methods used to determine economic damages in tort
cases. They cover widely accepted economic theories and
methodologies, which compose the so-called U.S. approach
to computing economic damages.

Although the Ward and Thornton (2009) Transatlantic
Dialogue presents a comprehensive literature on compen-
sation calculations, there are many other papers that com-
pare the methodologies and tables of the countries (Lewis
et al. 2002a, 2003; Lewbel 2003; Verrall, Haberman, and
Butt 2005; Butt et al. 2008; Butt 2014, etc.).

2.2. THE UK

In the UK, the compensation calculations for personal in-
jury and wrongful death cases are based on specific actu-
arial tables called the Ogden tables. These tables, currently
in their eighth edition (GAD 2022), are the baseline loss
of earnings tables that are disaggregated by age, sex, dis-
count rate, and year of retirement. In the fifth edition of the
Ogden tables, Haberman and Bloomfield (1990) introduced
RFs as the multipliers for contingencies other than mor-
tality, such as employment. The RFs, presented as supple-
mentary tables that represent the WLE expressed as a pro-
portion of the remaining years until retirement, have been
used to adjust the Ogden multipliers by incorporating em-
ployment risks based on age, occupation, geographic loca-
tion, and economic activity.

Lewis et al. (2002a, 2002b, 2003) draw attention to the
lack of an attempt to incorporate labor economics in cal-
culations based on the multiplier-multiplicand method ap-
plied in England and Wales. They first consider whether
the multiplier-multiplicand method produces compensa-
tion amounts significantly different from those calculated
using a labor economics methodology that is restricted to
make it accessible to the courts. Then, to compare these
two approaches’ results with those of the method used by
forensic economists in the United States, they construct a
methodological framework, based on U.S. personal injury
cases, that considers the human capital theory of wage de-
termination. This framework measures the lifetime earn-
ings function based on age-earnings profiles that also take
into account education, sex, and growth in the level of aver-
age earnings over time. Based on these factors, the authors
propose the following formula to calculate expected future
earnings over an individual’s working life, expressed in pre-
sent-value terms (Lewis et al. 2002a):

i W; ngl (1+g:)
= I A +r)
where W; denotes the wage an individual receives at each
age j over a T-year working life and varies by time due
to increases in individual productivity; g; represents the
growth rate, reflecting the average productivity growth over
time and possible cohort effects; and r; is the real discount
rate. Use of a real discount rate avoids the need to adjust
earnings growth for the possible effects of inflation. g; is
based on historical data for movements in average econ-
omy-wide earnings and shifts the age-earnings profiles over
time.

Further, Lewis et al. (2002b) adjust the methodology to
estimate post-injury earnings, hence considering the dis-
ability effect, and they calculate employment probabilities
as well as estimate the parameters in (1) by using data from
the UK Labour Force Survey 1996-1997. They conclude that

PV(W) = (1)
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the difference between the court award and the award cal-
culated by their alternative method, which includes both
individual-specific and economy-wide earnings growth, is
significant for the sample of 100 adjudicated cases and sub-
groups they consider. Both women and men are equally un-
dercompensated under the court methodology, and exclud-
ing future earnings from the calculations accounts for 70%
of the undercompensation, on average. The results vary by
age, sex, employment, and education (for more details, see
Lewis et al. 2003).

The inverted U-shaped profiles that are produced based
on cross-sectional data to measure age-earnings profiles
generally underestimate the growth of earnings at younger
ages and overestimate the decline in earnings at older ages.
Thus, the use of mean earnings to construct age-earnings
profiles might be problematic due to this method’s con-
tradictions with the underlying theory. A way to deal with
this problem is to estimate empirical earnings functions,
which requires the specification of an appropriate func-
tional form to express the way earnings vary with years
of experience. Although the quadratic specification is the
most commonly used form, the U.S. evidence suggests that
fourth-degree polynomials provide better approximations
of earnings profiles (Lewis et al. 2002a). In contrast to
cross-sectional data, the use of individual longitudinal data
might not produce the inverted U-shaped profile, instead
yielding earnings profiles that continue to rise until retire-
ment. On the other hand, Rodgers, Brookshire, and Thorn-
ton (1996) show that forecasts for the present value of earn-
ings for young employees based on cross-sectional data sets
do not differ significantly from those based on panel data
sets. As will be seen in Section 3, the cross-sectional UK
data also suggests inverted U-shaped age-earnings profiles
for both males and females as well as both full-time and
part-time employment. We will discuss the nature of the
data and the results in detail in Section 3.

Butt et al. (2008) aim to improve the RFs proposed by
Haberman and Bloomfield (1990) by considering the cur-
rent employment status and the disability. They also pro-
vide an extended literature review on compensation calcu-
lations, introducing substantial research for both the UK
and the United States. The authors constrain their own
study, however, to the multiplier-multiplicand method of
calculations because it is a standardized method and is used
by the UK courts. They propose advanced supplementary
tables for the nonmortality contingencies, based on two
methods: transition probabilities and transition intensities
(hazard rates). The main contribution of the paper is to
provide a dynamic modeling of employment risks disaggre-
gated by disability, following in the footsteps of Haberman
and Bloomfield (1990) by making use of the advancing labor
market data in the UK. Taking into account that the WLE is
essential to compensation calculations, they derive RFs by

calculating the WLE and employment risks disaggregated
by disability.

In a more recent study, Chan, Chan, and Li (2012) in-
vestigate how the uncertainty surrounding mortality and
interest rate assumptions affects the precision of actuarial
multipliers, using stochastic mortality and interest rate
models for the UK. They draw attention to the lack of any
information in the Ogden tables about the underlying un-
certainty. They conclude that if both mortality and interest
rate risks are taken into account, then the confidence inter-
val for a multiplier can be as wide as 31% of its best esti-
mate, indicating a significant level of uncertainty involved
in the actuarial approach to calculating damages.

Building upon this research background, the aim of the
present paper is to improve compensation calculations us-
ing a hybrid methodology that combines the UK and U.S.
systems. The literature suggests that the U.S. system
mainly focuses on positive contingencies, such as real wage
increases and life cycle earnings, while the UK system fo-
cuses more on negative contingencies, such as the RFs re-
lated to education level, unemployment, and disability.
This paper introduces tables for age-earnings profiles for
males and females for the UK as a promotion factor to be
inserted in the calculations.” The approach is different from
the ones introduced in the U.S. methodology, since the ex-
istence of the Ogden tables requires construction of a com-
patible table. Use of the Ogden tables in the UK courts has
achieved a standardization in compensation calculations.
However, the tables have been criticized for the absence of
real growth in earnings, age-earnings cycle adjustment, and
post-injury risk adjustment. This paper discusses the de-
sign of promotion tables that can be used, for example, with
the Ogden tables. We believe that the proposed approach
will fill the gap and can also be improved in a consistent
way so that it can easily be adopted by practitioners of the
UK compensation methodology.

3. LOSS OF EARNINGS CALCULATIONS IN THE
UK

This section introduces the use of the Ogden tables.
3.1. THE OGDEN TABLES

The Ogden tables are actuarial tables constructed specifi-
cally to assist UK courts in compensation calculations for
personal injury and death cases. A working group composed
of experts from different fields, including actuaries,
lawyers, and accountants, was established in 1984 to work
on the calculation of compensation for financial losses or
expenses directly caused by personal injury or death. The
group published a set of actuarial tables and explanatory

2 Although the aim of introducing age-earnings profiles was to use the tables as a promotion factor, our analysis showed that the con-
structed earnings profiles have an inverted U shape, which also agrees with the original data.
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notes providing suitable multipliers to be used to calculate
lump-sum awards of compensation.

These tables, known as the Ogden tables, have been up-
dated regularly, and the latest version, the eighth edition,
was published in 2022 (GAD 2022). As described by gov-
ernment actuary Martin Clarke in his foreword (2022), the
tables have been improved and extended since their first
publication. Further editions provided multipliers for dif-
ferent retirement ages for males and females based on up-
dated mortality projections. Starting with the fifth edition,
additional tables have been introduced for contingencies
other than mortality. There have been changes in the dis-
count rates used in the tables, and explanatory notes have
been expanded as well as examples provided to assist prac-
titioners. The ultimate aim of the tables is to ensure a bal-
ance between accuracy and simplicity in their application,
which, among other things, helps the reconciliation process
by providing a certain level of understanding of the com-
pensation calculations.

The methodology used in the Ogden tables is based on
the construction of the multipliers. Multipliers are the pre-
sent values calculated for specified discount rates per unit
of future annual loss, which is net of tax in the case of
loss of earnings and pension. The multiplier is the figure by
which an annual loss is multiplied to obtain a capitalized
sum by taking mortality risks and accelerated receipt into
account. The calculated sum is also discounted by using the
RFs, which represent the contingencies other than mortal-

ity.
3.1.1. DISCOUNT RATE

The annual interest rate, after tax and inflation, used to
calculate the present values is called the discount rate. Al-
though the discount rate was previously set based on the
yields of index-linked gilts, a method that was expected
to yield rates close to risk-free returns, since 2001 new
statutory discount rates have been set by the lord chan-
cellor. Different discount rates apply in the three UK juris-
dictions: -0.75% in Scotland, -0.25% in England and Wales,
and +2.5% in Northern Ireland. In the latest edition of the
Ogden tables, the discount rates presented in the multiplier
tables range from -2% to +3% (GAD 2022).

3.1.2. MORTALITY DATA

The eighth edition provides 36 separate Ogden tables as
well as several sets of additional tables (GAD 2022). Tables
1 to 34, which present the multipliers for annual loss or
expense that are designed to represent three different pe-
riods—for life, until retirement, and post-retirement—for
men and women separately, use the projections of future
mortality rates produced every two years for the UK and
its constituent countries by the Office for National Statis-
tics. The eighth edition provides multipliers based on mor-
tality rates from the most recent, 2018-based, projections,
which were published at the end of 2019. The last two ta-
bles, Tables 35 and 36, are designed to be used for losses
with regard to deferred and fixed periods of time. Since the

mortality projections are not relevant in these tables, the
multipliers are the same for men and women.

3.1.3. CONTINGENCIES OTHER THAN MORTALITY

Tables 3 to 18 of the current Ogden tables (GAD 2022) do
not take into account any contingencies other than mor-
tality. In order to calculate more accurate compensations,
then, it is necessary to include unemployment risk. To this
end, Butt et al. (2008) constructed additional tables to be
used as a part of the Ogden tables in order to include un-
employment risk as an RF. They built the RFs based on es-
sential features, such as sex, age, employment, disability
status, and educational attainment, that affect a person’s
future working life. These are presented as Tables A to D in
the Ogden tables.

These RFs were initially introduced by Haberman and
Bloomfield (1990). Although the deficiencies in their
methodology were acknowledged by the authors them-
selves, the factors were not changed until the sixth edition
of the Ogden tables due to lack of data that would enable
the estimation of transition probabilities in a multistate
model. As briefly discussed above, a related analysis was
published by Lewis et al. (2002b); later, with involvement
of the Ogden Working Party, Butt et al. (2008) carried out
research regarding the RFs and constructed tables that first
appeared in the sixth edition. Their research, based on data
from 1998 to 2003 published in the Labour Force Survey,
provides estimates for the probabilities of movement of fe-
males and males between different employment states, de-
pending on age, level of disability, and starting employ-
ment state. Essentially, these probabilities allow the
calculation of the working life expectancy, which is defined
as the working time to retirement. The constructed RFs are
applied to the relevant baseline multipliers, presented in
Tables 3 to 18 of the Ogden tables (2022), in order to ob-
tain a multiplier that considers the period that the claimant
would be expected to be engaged in work, on average.

4. MODELING AGE-EARNINGS PROFILES

4.1. DATA

We use data from the Annual Survey of Hours and Earnings
(ASHE; see ONS 2021, 2022) to construct age-earnings pro-
files supplementary to the Ogden tables. ASHE provides
data in all industries and occupations across the UK, in-
cluding information regarding the levels and distribution
of employees’ earnings and their paid hours worked. ASHE
data is based on surveys of businesses each year and covers
about 180,000 jobs from around 60,000 responding busi-
nesses. The sample of employees from which the data sets
are constructed does not change from year to year, except
for retirees and new entries, and thus ASHE data sets are
combined to obtain a panel data set. Since the data set ob-
serves the same employees in each year, provided that they
are in employment and their employer responds to the sur-
vey, it allows analyzing the hours and earnings of different
cohorts of employees. The estimates presented by the ASHE
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results tables are available by age group, occupation, indus-
try, sector (public or private), full- versus part-time work,
and a range of geographies.

Data provided by ASHE is considered to be more accurate
than that of the Labour Force Survey since it is based on in-
formation provided by employers, rather than being self-re-
ported by employees. ASHE data is used as the main source
to analyze the distribution of earnings in the UK because
it benefits from a large sample size that allows more de-
tailed analysis than do other sources. It is also the princi-
pal source of data to estimate the public- and private-sec-
tor pay differential, the gender pay gap, and the number of
employees being paid below minimum wage and below liv-
ing wage. The large sample size also gives ASHE a longitu-
dinal aspect that is not present to the same extent in other
surveys of earnings (ONS 2021, 2022).

The estimates vary in quality, particularly depending on
the size of the samples. Thus, ASHE provides quality infor-
mation—the coefficient of variation—about the estimates.
For each combination of full-time/part-time and male/fe-
male workers, estimates for hours and earnings are given
separately. We use median as the measure of typical earn-
ings in our analysis since it is the preferred measure of the
Office for National Statistics. In earnings distributions, a
relatively small number of high-paying jobs may have a dis-
proportionate impact on the mean. On the other hand, the
median is less affected by a skewed distribution and pro-
vides a more accurate picture of typical pay than the mean.

4.2. SEMIPARAMETRIC REGRESSION AND SMOOTHING
SPLINES

We use semiparametric regression and smoothing splines
to construct the age-earnings profile tables for ASHE data.
Figure 1 displays the average annual gross earnings for full-
time and part-time employees, both male and female, over
the period 2004 to 2021, for different age groups (18-21,
22-29, 30-39, 40-49, 50-59, 60+). The 18-21 age group
has the lowest average earnings for men and women, both
full- and part-time. The 30-39 age group has the highest
average gross earnings for full-time and part-time females
up through 2019, while the 40-49 age group has the highest
for full-time male employees. Earnings data for part-time
male employees is reported to be relatively low-quality
data, based on the coefficient of variation. This might ex-
plain the slightly different patterns the average earnings
display for this group. The steady increase in the earnings
profiles over the years indicates stationary annual incre-
ments, although the effect of the COVID-19 pandemic on

earnings can be observed as slight decreases, particularly in
full-time male earnings, in 2021.°

We fit agexyear models to the rectangles of median
earnings for four sets of data—male full-time, male part-
time, female full-time, and female part-time. This approach
enables us to interpolate the ages, which display big lumps.
We fit smoothing splines using ridge regression, and the de-
sign matrix is a simplified version of the proposed design
matrix in Venter (2021) for mortality modeling for conta-
gious events.

A design matrix is constructed presenting dummy vari-
ables in columns of each year and age group for each ob-
servation. The first age group is not included for specificity,
as suggested in Venter and Sahin (2021) and Venter (2021),
and a constant term is also added. The years and age groups
are not independent of each other, and therefore further
constraints are imposed. The design matrix has 17 columns
for year variables and 5 columns for age variables. To fill out
the design matrix, reference columns are created for each
data observation to specify the year and age it comes from.

We fit our age xyear model by using a linear smoothing
spline for year and a cubic spline for age. As for the linear
splines in the model, the variables are the second differ-
ences of the final year parameters. The variable for year
remains 1, as in the straight regression design matrix for
observations with year ¢, and O for earlier observations. For
each cell from year &, the dummy for year i is

ki), (2)
On the other hand, cubic splines have similar design matri-
ces. Venter (2021) defines cubic spline design matrix entries
by considering one direction of variables such as age, with
spline segment variables f; to f,. The design matrix value
fi(2), for an observation at age z, is a function defined for
any real number, 0 < z < n, so that the curves can be in-
terpolated. They are defined as f1(z) = 1, f2(z) = z, and for
> 2,
fiz) = (= (i-2)%
~(n— (i~ )z~ (n—1))°
The second term is nonzero only for z > n — 1, and the de-
sign matrix has values only for integers. In our model, we
use a simplified version of the cubic spline design matrix
for the age variable, as proposed by Venter (2021), which is
given as

3)

fiz) = (z— (i-2)% (4)
As seen from (4), the simplified version includes only the
first part of (3), mainly because the last part is important to
how the spline interpolates in the last interval and how it
projects into the future. We will not use the spline model

3 We have analyzed the ASHE data in two different ways to discuss possible alternatives to constructing tables for age-earnings profiles.
Since we have cross-sectional data, time series analysis might be an option to model earnings profiles. Therefore, we explored the time
series data from 1997 to 2021 by sex, age group, and full-time or part-time employment in order to construct a term structure of earnings
to be used as an increment factor on the multipliers by taking the historical earnings increase into account in the compensation calcula-
tions. Further explorations based on the autocorrelations and partial autocorrelations indicated that only two groups (all employees and
the 60+ age group) can be modeled with an autoregressive process of order 1, i.e., AR(1), while the rest behave as random walk with drift.

Therefore, time series analysis remained inconclusive.

Variance 6
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The Actuary Takes the Stand: Compensation for Personal Injury

Male Full-Time Earnings

1 1 1 1 1 1 1 =
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Female Full-Time Earnings

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

12, 000

10,000

8,000

6,000

4,000

3

12,000 |-

10,000

8,000

6,000 |-

4,000 -

Male Part-Time Earnings

T

1 1 1 1 1 1 1
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Female Part-Time Earnings

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

[-=-1821

22-29 —e— 30-39 —e— 40-49 —e— 50-59 —e— 60+

Variance



The Actuary Takes the Stand: Compensation for Personal Injury

fitted here for projections. Thus, we prefer a simplified cu-
bic spline design matrix for our earnings profiles model.
Smoothing splines are mainly used to increase smooth-
ness of the splines by imposing constraints, as in ridge re-
gression, which also improves accuracy (see Venter 2021 for
details). We use a shrinkage methodology to reduce error
variances, a method that has been used in credibility theory
for more than a century and was extended into regression
by Hoerl and Kennard (1970) with ridge regression. Ridge
regression is used to estimate parameters §; by minimiz-
ing the negative log likelihood (NLL) plus a proportion, A,
of the sum of the squared parameters:
NLL+)Y 8 (5)
The method is also called regularization. Ridge regression
mainly shrinks the fitted means toward the grand mean.
The choice of )\ is the main concern, as it is significant in
the resulting parameter estimates. The selection is gener-
ally accomplished by cross validation. As described by Ven-
ter (2021), the data is separated into smaller subsets and
the model is estimated by fitting the data several times for
different values of A\, with each subset separately kept out.
The NLL can then be calculated for each subset using the
models that omitted it, and the results compared across As.
The matrix representation of the spline regression we
use for the earnings profiles is given as

Design matriz

T(y2),1 Tais)l  T(a2),l T (a6),1
u 1 oy T2 T2 2 (as),2
Y2 .
. L zn Tign  T(az)n Z(a6)n
Ynl nx1
year variables age variables nx23
ﬂO €1
B )
x| +. (6)

231 23x1 End nx1
and the parameters, 3, are estimated using ridge regression

as

Bridge = (XX' + A1) 'X'Y (7)
where Y represents log earnings for each year and age
group, X is the design matrix including linear spline (2) for
year and cubic spline (4) for age variables, and A > 0.

Now we need to decide on the value of A to estimate the
ridge regression parameters, 3. We use a brute-force leave-
one-out (loo) cross-validation to find the optimum . The
nonlinear minimization, nlm, program in R is used to find
the X\ with the lowest loo sum of squared errors (SSE), which
is the cross-validation A. The R code for the calculations is
given in Appendix A.

The sum of squared error at the specified A is the output
from nlm, which is given in Table 1 for four sets of data.
Table 1 also presents the mean absolute percentage error
(MAPE) for each data set to illustrate the goodness of fit of
the ridge regression with given A values. MAPE expresses

Table 1. Optimized )\ value, Loo - Sum of Squared
Errors (SSE) and MAPE

A Loo-SSE MAPE
Male full- 0.2023899 0.1070144 2.04%
time
Male part- 0.2919173 0.4602944 4.28%
time
Female full- 01919082 00992226  1.97%
time
Femtai':]gart' 01214337 01802925  2.36%

the mean or average of the absolute percentage errors of
predicted values.” The lower the value for MAPE, the better
a model is able to predict values. Except for the male part-
time data set, whose MAPE value is 4%, the MAPE values
are around 2%, indicating a good fit.

Figures 2, 3, 4, and 5 present the linear spline (for years)
and cubic spline (for age groups) fits; spline fits for interpo-
lated ages; interpolated annual gross log earnings for year
2021; and the annual increase in earnings for male full-
time, male part-time, female full-time, and female part-
time gross earnings data. The cubic splines produce similar
inverted U-shaped age-earnings profiles with slight differ-
ences for the four sets of data. Linear splines to capture
the year effect indicate steadily increasing earnings over
the years, with the 50+ age group displaying a higher over-
all trend, except for male part-time earnings. Annual gross
earnings increases start at values between 1.04 and 1.06
and indicate an increase in earnings up through the early to
mid-40s. Earnings level off for a couple of age groups, dis-
play a slight increase in the early 50s (apart from male full-
time earnings), and decrease as age increases into the 60s.

Linear and cubic splines tend to have slightly different
curve shapes and can provide fits that are subtly different.
Tests can show which splines fit better, but often the mea-
sures are close and it becomes a matter of actuarial judg-
ment. Linear splines often seem to fit slightly better and
converge faster. Cubic splines give smoother interpolation,
which sometimes is important. The details of those esti-
mates are more extensive than needed here, where we pre-
sent only the final models. Lasso is often used for spline es-
timates instead of ridge regression, but the latter is easier
to include in your own code as well as in other software
packages and is easier to optimize. Lasso does make some
coefficients exactly zero, which is convenient, although
which ones it does this to differs for different As. Popular R
lasso software presents a few As chosen by cross-validation,
and eliminating the zero variables from the smallest of
these is usually helpful before applying more complex rou-
tines. However, cubic spline fits often need smaller As than

__ 100% n 0,—P,
4 MAPE = 10% 370 | |OoR

, where O, is the observed value, P, is the predicted value, and n is the number of the fitted values.
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the default settings of R lasso apps generally use. Ridge re-
gression, being closed-form, does not have this problem.

Annual gross earnings and earnings increases obtained
from the spline models for 2021 are presented in Table 2
for males and Table 3 for females, for interpolated ages
starting at 16 and ending with 69. The purpose of the con-
struction of the tables is threefold: First, these tables can
be considered as a benchmark to decide the annual gross/
net earnings to be used in the compensation calculations
for different ages when the annual income is not known or
the person is unemployed at the time of the injury. Sec-
ond, the earnings increase can be used as a factor to con-
sider the age-earnings profiles in the calculations. And fi-
nally, the interpolated earnings for part-time employment
can be used as the earnings after the injury, since many in-
jured people have to be included in part-time employment
due to being disabled. We illustrate the use of the tables in
the following examples.

4.2.1. EXAMPLES

The following examples are based on the Ogden tables,
eighth edition (GAD 2022), and the loss of earnings calcu-
lations have been made considering the age-earnings pro-
files. The annuity values are computed for each yealr5 and
multiplied by the relevant RFs presented in the Ogden ta-
bles (Tables A to D) as well as the annual gross income® to
illustrate the effect of the earnings profiles. The first two
examples provide six tables in total for the details of the
calculations, and two summary tables to illustrate the re-
sults for different discount rates. The third example pre-
sents several scenarios to illustrate how the age-earnings
profiles affect the resulting loss of earnings.

EXAMPLE 1

The claimant is female, age 35 at the date of the trial. She
has a degree, she was not disabled, and she was in employ-
ment at the date of the accident (Table C in the Ogden ta-
bles to be used) at a gross annual income provided by the
age-earnings profile table for all relevant ages (Table 3 to
be used). As a result of her injuries, she is now disabled
(Table D in the Ogden tables to be used) and lost her job
but has found part-time employment at an annual gross in-
come provided by Table 3. She expected to retire at age 65
pre-accident and still intends to retire at this age follow-
ing her injuries. Her future loss of earnings is calculated
based on the income at age 35 in Table 3, assuming no in-
crease over the years, which is akin to the calculations us-
ing the Ogden tables. The loss of income is also calculated
based on the age-earnings profiles table, which considers

the change in annual earnings as age increases. We pre-
sent the calculations as well as the percentage difference
between the Ogden table approach and the age-earnings
profiles approach. Discount rates are chosen as -0.75%, 1%,
and 3% to illustrate the effect of positive and negative rates
on the calculations. The percentage changes at the end of
each table are calculated as the ratio of difference between
the indemnities obtained from Ogden tables calculations
and those from the age-earnings profiles approach, based
on age 35 income for the Ogden table calculations. Table 4
(given here) and Tables 9 and 10 (in Appendix B) present
the results as well as the percentage changes in the loss of
earnings amounts based on the two different approaches.

EXAMPLE 2

This example is very similar to Example 1, but this time the
claimant is male and the annual gross income is given in
Table 2 for all relevant ages. Table A and Table B from the
Ogden tables are used to insert the RFs. With discount rates
taken as -0.75% (Table 5), 1%, and 3% (Tables 11 and 12 in
Appendix B), we present the results as well as the percent-
age changes in the loss of earnings amounts based on the
two different approaches.

As seen from Tables 4 and 5 (and Tables 9, 10, 11, and
12 in Appendix B), the difference between the proposed ap-
proach and the Ogden table calculations highly depends on
the age and sex of the claimant, the age-earnings profiles,
and the RFs. Discount rates, on the other hand, though
they significantly affect the indemnity amounts in both
examples, have very similar effects on the compensation
amounts calculated by the two approaches, leading to al-
most identical percentage changes. We generate different
scenarios to explore the effects of those factors in Tables 6
and 7 below.

Tables 6 and 7 suggest that the percentage differences
between the indemnity amounts calculated by the two ap-
proaches are negligible for females, a result that is mainly
related to the age-earnings profiles. The use of beginning
earnings for females age 35 does not significantly affect
the results when using age-earnings profiles. On the other
hand, for males, the indemnities under the Ogden tables
approach are about 17% to 21% lower than those calculated
using our proposed approach.

EXAMPLE 3

This example illustrates the percentage differences be-
tween the calculated indemnities for claimants age 25 who
cannot work after the accident due to their injuries and
whose pre-injury incomes are not known. In this case, we

5 Annuities are calculated using UK National Life Tables obtained from the data for years 2017-2019, as in the Ogden tables, and the for-

mula for the temporary life annuity due is a,., = X,

Ny =Dy + Dyi1 + Dyat.. ..

%, where D, = v?l, is the discounted number of survivors and

6 In the UK, the loss of earnings calculations are based on annual incomes, net of taxes. However, the data provided by ASHE (ONS 2021,
2022) is gross annual income, and since the aim is only to illustrate the use of the constructed age-earnings profile tables, we use the

gross income instead of the net-of-tax income.
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Table 2. Interpolated Fitted Annual Gross Earnings for 2021 (in £) and Earnings Increase (Males)

Male Full-Time

Male Part-Time

Age Fitted Earnings Earnings Increase Fitted Earnings Earnings Increase
16 15,447 5,651
17 16,125 1.043866 5,946 1.052225
18 16,832 1.043866 6,256 1.052225
19 17,571 1.043866 6,583 1.052225
20 18,341 1.043846 6,927 1.052171
21 19,143 1.043727 7,286 1.051846
22 19,975 1.043489 7,659 1.051196
23 20,837 1.043133 8,043 1.050222
24 21,726 1.042657 8,437 1.048925
25 22,640 1.042063 8,836 1.047306
26 23,576 1.041351 9,237 1.045367
27 24,531 1.040521 9,635 1.043108
28 25,502 1.039572 10,026 1.040533
29 26,484 1.038507 10,403 1.037644
30 27,472 1.037322 10,762 1.034500
31 28,462 1.036007 11,099 1.031331
32 29,445 1.034561 11,412 1.028193
33 30,417 1.032985 11,698 1.025086
34 31,368 1.031279 11,956 1.022011
35 32,292 1.029443 12,183 1.018966
36 33,179 1.027478 12,377 1.015952
37 34,021 1.025386 12,537 1.012969
38 34,809 1.023166 12,663 1.010015
39 35,534 1.020820 12,753 1.007092
40 36,188 1.018390 12,807 1.004268
41 36,768 1.016036 12,830 1.001817
42 37,275 1.013801 12,828 0.999807
43 37,711 1.011681 12,805 0.998234
44 38,076 1.009678 12,768 0.997097
45 38,372 1.007790 12,722 0.996393
46 38,603 1.006016 12,673 0.996123
47 38,771 1.004357 12,626 0.996285
48 38,880 1.002811 12,586 0.996880
49 38,934 1.001378 12,560 0.997909
50 38,935 1.000040 12,551 0.999246
51 38,886 0.998732 12,555 1.000384
52 38,786 0.997435 12,570 1.001195
53 38,637 0.996149 12,591 1.001679
54 38,439 0.994876 12,615 1.001834
55 38,193 0.993614 12,636 1.001661
56 37,902 0.992364 12,650 1.001160
57 37,566 0.991126 12,654 1.000331
58 37,186 0.989899 12,644 0.999176
59 36,765 0.988684 12,615 0.997695
60 36,305 0.987480 12,563 0.995889
61 35,807 0.986288 12,485 0.993761
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62 35,274 0.985107
63 34,707 0.983937
64 34,110 0.982779
65 33,483 0.981632
66 32,830 0.980496
67 32,153 0.979372
68 31,454 0.978259
69 30,735 0.977157

12,376 0.991313
12,234 0.988547
12,057 0.985465
11,840 0.982072
11,584 0.978369
11,287 0.974361
10,949 0.970051
10,571 0.965444

use full-time earnings profiles—first beginning earnings
and, second, average earnings—to determine the pre-injury
earnings on which to base Ogden tables calculations. Cal-
culated amounts represent the loss of earnings after the
accident, due to claimants’ inability to work. Table 8 pre-
sents the percentage differences between the indemnities
obtained from the Ogden tables and those from the age-
earnings profile tables.

When we use the average earnings obtained from the
age-earnings profile tables as the pre-injury earnings level
and calculate the indemnities using both the Ogden tables
approach and earnings increases from the age-earnings
profiles, the discrepancies are insignificant. However, the
use of beginning earnings in Ogden tables calculations
leads to 45% to 53% lower compensation payments for
males and 32% to 34% lower payments for females, com-
pared with the age-earnings profiles approach, for different
negative and positive discount rates. These differences
would decrease as the age of the claimant increases.

On the other hand, based on comparing the results of the
Ogden tables method with those of the age-earnings pro-
files method, both using beginning earnings, we can also
comment on the impact of the compensation calculation on
the typical motor insurance premium. Assuming that third-
party bodily injury costs represent 15% of the motor in-
surance premium, the age-earnings profiles compensation
methodology increases the premiums by about 7% to 8%
for males and 5% for females. If the relevant costs repre-
sent 20% of the premium, then the age-earnings profiles
compensation approach increases premiums by about 9%
to 11% for males and about 7% for females. Furthermore,
the analyses suggest that improved calculations by the age-
earnings profiles would not be enough to substantially in-
crease premium levels for females based on Tables 4, 9, and
10, while Tables 5, 11, and 12 indicate only a 2% to 4% in-
crease in premiums for males.

4.2.2. USE OF ASHE DATA AND PERIODICAL PAYMENTS
FOR LOSS OF EARNINGS

The eighth edition of the Ogden tables (GAD 2022) intro-
duces a new section that discusses the possible ways of cal-
culating the loss of earnings as periodical payments. Once
the periodical payments are considered, the discount rate,
which is set by reference to real (being relative to price
inflation) and net (after taxation, investment charges, and
costs) returns, should be set. According to the Civil Liability

Act 2018, in England and Wales the discount rate is based
on the consumer price index plus 1%, while in Scotland, be-
ing set under the Damages (Investment Returns and Peri-
odical Payments) (Scotland) Act 2019, it is based on the re-
tail price index (RPI), which reflects inflation.

Wages have historically risen more than inflation, and
annual payments are the most accurate way to closely bal-
ance adjustments in earnings-based losses and costs that
could arise. In the case of loss of earnings claims being
paid in the form of periodical payments, indexation and ac-
counting for residual earnings capacity should be consid-
ered. Indexation is the process of escalating the periodical
payments into the future under the Damages Act. The act
set RPI as the default measure, but any other measure that
satisfies the Mackay test, whose requirements are listed in
the Ogden tables, may be used (see GAD 2022). The Og-
den Working Party suggests that such periodical payments
be indexed by reference to the ASHE standard occupational
classification. It further recommends the use of ASHE data
as a reliable and useful source to estimate individual earn-
ings and earnings growth for specified occupations both
pre- and post-injury.

In line with the above suggestions, we introduce a differ-
ent set of ASHE data (ONS 2021, 2022), annual earnings for
full-time and part-time employment, to improve the cal-
culations for lump-sum payments. Although the method’s
calculations can be considered to include the promotion by
age factor, the spline fits indicate a decrease in annual earn-
ings in all specified categories after a certain age. Clearly
it is unlikely to find a decrease in salary scales as age in-
creases in different industries or occupations. Perhaps the
way the data is collected by ASHE might be the source of
the inverted U-shaped age-earnings profiles. As explained
at the beginning of this section, the data is provided by the
employers. Thus, annual gross earnings may seem to de-
crease only because the industries reporting the data have
relatively higher numbers of older employees—and employ-
ees with higher incomes might retire earlier than those
with lower incomes. Another possible explanation might
be young people who are employed by modern enterprises
at higher incomes while older people may be employed by
older industries, as well as have a higher probability of un-
employment. ASHE uses median income rather than mean,
since the distribution of earnings is skewed, with more peo-
ple earning lower salaries than higher salaries (ONS 2021,
2022).
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Table 3. Interpolated Fitted Annual Gross Earnings for 2021 (in £) and Earnings Increase (Females)

Female Full-Time

Female Part-Time

Age Fitted Earnings Earnings Increase Fitted Earnings Earnings Increase
16 14,474 5,193
17 15,141 1.046035 5,510 1.061161
18 15,838 1.046035 5,847 1.061161
19 16,567 1.046035 6,205 1.061161
20 17,329 1.046004 6,584 1.061082
21 18,123 1.045818 6,983 1.060609
22 18,947 1.045447 7,399 1.059663
23 19,797 1.044890 7,830 1.058247
24 20,671 1.044148 8,272 1.056360
25 21,565 1.043221 8,718 1.054007
26 22,473 1.042110 9,165 1.051191
27 23,390 1.040816 9,604 1.047914
28 24,310 1.039338 10,028 1.044182
29 25,226 1.037678 10,429 1.039999
30 26,130 1.035834 10,799 1.035487
31 27,013 1.033791 11,135 1.031112
32 27,865 1.031548 11,436 1.026988
33 28,676 1.029106 11,700 1.023111
34 29,435 1.026467 11,928 1.019480
35 30,131 1.023631 12,120 1.016091
36 30,751 1.020601 12,277 1.012942
37 31,286 1.017379 12,400 1.010032
38 31,723 1.013966 12,491 1.007357
39 32,052 1.010364 12,553 1.004917
40 32,266 1.006678 12,587 1.002722
41 32,373 1.003319 12,597 1.000825
42 32,385 1.000385 12,588 0.999236
43 32,316 0.997872 12,562 0.997955
44 32,180 0.995778 12,524 0.996980
45 31,990 0.994100 12,478 0.996310
46 31,761 0.992836 12,427 0.995944
47 31,506 0.991983 12,376 0.995883
48 31,240 0.991542 12,328 0.996126
49 30,974 0.991512 12,287 0.996673
50 30,721 0.991809 12,256 0.997431
51 30,478 0.992100 12,231 0.998017
52 30,243 0.992302 12,211 0.998336
53 30,014 0.992415 12,191 0.998388
54 29,787 0.992439 12,169 0.998173
55 29,560 0.992373 12,141 0.997692
56 29,330 0.992219 12,104 0.996944
57 29,095 0.991975 12,054 0.995930
58 28,851 0.991643 11,990 0.994651
59 28,598 0.991221 11,907 0.993108
60 28,332 0.990711 11,804 0.991302
61 28,052 0.990111 11,677 0.989234
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62 27,756 0.989424
63 27,441 0.988648
64 27,105 0.987784
65 26,748 0.986831
66 26,368 0.985792
67 25,964 0.984665
68 25,534 0.983450
69 25,078 0.982150

11,524 0.986908
11,343 0.984323
11,133 0.981482
10,893 0.978388
10,621 0.975043
10,317 0.971449
9,983 0.967610
9,619 0.963528

5. DISCUSSION OF THE UK AND U.S. SYSTEMS

The U.S. forensic economics literature provides a well-de-
veloped research on calculating the future loss of earnings
and on the dynamic multivariate modeling of employment
decisions. Since the 1950s, the U.S. Bureau of Labor Statis-
tics (BLS) has published work life tables of the U.S. popula-
tion, as well as regular reviews of the tables’ methodologies
and results. The first Markov chain increment-decrement
work life tables introduced by the BLS were inspired by the
research of Smith (1982), which was extended to allow for
the effects of race, education, and gender in Smith (1986).
These tables also made use of larger data sets based on pop-
ulation surveys (Butt et al. 2008).

Ward (2009) summarizes the U.S. methodology as fol-
lows. The U.S. tort system uses a multiple-state model and
also allows for economic and individual productivity growth
in the estimation process. Damages are generally calculated
on the basis of gross earnings. All states require a discount-
ing, but in some states that discounting can compensate for
presumed future increases in costs or earnings. A few U.S.
states legislate a discount rate, while the household ser-
vices lost to plaintiffs as a result of a wrongful act are recov-
erable in all states. Moreover, collateral income sources are
not permitted as deductions from earnings loss in general.
Pre-judgment interest (past losses) is not allowed, and re-
ductions for collateral payments from social security agen-
cies are not made in the United States.

As mentioned earlier, the U.S. tort system relies more on
expert-driven damages calculations than do the systems of
the UK or most European countries. Ward (2009) reviews
the Ogden tables approach and proposes economic loss ta-
bles (EL tables) for the United States that might be consid-
ered akin to the Ogden tables. The advantages of the Og-
den tables can be listed as the simplicity and transparency
of the calculations, the predictability and uniformity of the
awarded damages, and the avoidance of expert testimony
costs. On the other hand, the tables have been questioned
for the accuracy of their calculations—that is, whether the
multipliers are reasonable and reflect the true economic
loss. In answer to these concerns, Ward (2009) introduces
the EL tables—multiplier tables for the United States based
on age, gender, race, and education level. The multipliers
use the real net discount rate to consider future expected
wage and compensation increases as well as interest rates.
Two provided sets of tables consist of, respectively, the life

cycle earnings pattern adjustment and the constant real
wage rate growth that is embedded in the net discount rate.

Our proposed age-earnings profiles for the Ogden tables
are inspired by the EL tables constructed by Ward (2009)
for the United States. We provide an alternative way of in-
cluding a life cycle earnings pattern in the compensation
calculations, which is adaptable to the existing Ogden ta-
bles. The promotion tables proposed in this paper might be
used for the U.S. system, although certain issues should be
considered carefully. For instance, the data used to derive
the promotion tables indicates a concave structure, which
might reflect unemployment probabilities, particularly for
older workers; thus, the use of the promotion tables and
the RFs together might cause an unfair deduction for un-
employment probabilities. Furthermore, the promotion ta-
bles might provide an alternative way to construct the EL
tables.

As a last remark, the U.S. system is based on periodical
payments, while lump-sum payments are more common in
the UK. This discrepancy might be due to the different reg-
ulations and laws of the two countries, since the existence
of periodical payments might require different assumptions
and some sort of insurance to guarantee future payments.
The UK system might need some alterations and modifica-
tions to introduce wide use of periodical payments.

6. CONCLUSIONS AND FUTURE RESEARCH

This paper has presented a methodology to improve the
compensation calculations for personal injury and wrongful
death cases. The approach can also be implemented in in-
come protection insurance, which has become essential
during the COVID-19 pandemic. We have introduced age-
earnings profiles as promotion tables and illustrated the
use of the tables as complementary to the UK’s Ogden ta-
bles.

The Ogden tables do not specifically consider promo-
tions or wage increases in their calculations, although they
do consider the RFs, such as unemployment probabilities
based on education level, age, and sex. By constructing ta-
bles for age-earnings profiles, we present benchmark age-
and sex-specific average earnings for both full-time and
part-time employment. One can calculate the earnings in-
crease from the tables to use as a factor to consider the
age-earnings profiles in the compensation calculations. Ad-
ditionally, since many injured people have to work part-
time owing to their disabilities, the interpolated earnings
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Table 4. Example 1 - Loss of income compensation calculations (Discount rate=-0.75%)

Annuity Reduction Factors Final mult. Reduction Firz:itrz:ﬂt. Annual Annual Total (£) Total (£) Diff. (£)

Age (split not disabled (Tab. (before Factors disabled o Earnings (£) Earnings (£) (before (after )

mult.) (A) C)(B) injury) (AxB) (Tab. D) (C) |(r'1&l)1(r(':y)) (before injury) (after injury) injury) (D) injury) (E) (D-E)
35 1.000000 0.88 0.880000 0.59 0.590000 30,131 12,120 26,515 7,151 19,364
36 1.006970 0.88 0.886134 0.59 0.594112 30,751 12,277 27,250 7,294 19,956
37 1.013924 0.88 0.892253 0.59 0.598215 31,286 12,400 27,915 7,418 20,497
38 1.020786 0.88 0.898292 0.59 0.602264 31,723 12,491 28,496 7,523 20,973
39 1.027747 0.88 0.904417 0.59 0.606371 32,052 12,553 28,988 7,612 21,376
40 1.034631 0.88 0.910475 0.58 0.600086 32,266 12,587 29,377 7,553 21,824
41 1.041508 0.88 0.916527 0.58 0.604075 32,373 12,597 29,670 7,610 22,061
42 1.048345 0.88 0.922543 0.58 0.608040 32,385 12,588 29,877 7,654 22,223
43 1.055133 0.88 0.928517 0.58 0.611977 32,316 12,562 30,006 7,688 22,318
44 1.061862 0.88 0.934439 0.58 0.615880 32,180 12,524 30,070 7,713 22,357
45 1.068478 0.87 0.929575 0.58 0.619717 31,990 12,478 29,737 7,733 22,004
46 1.075017 0.87 0.935265 0.58 0.623510 31,761 12,427 29,705 7,749 21,956
47 1.081446 0.87 0.940858 0.58 0.627239 31,506 12,376 29,643 7,763 21,880
48 1.087772 0.87 0.946362 0.58 0.630908 31,240 12,328 29,564 7,778 21,786
49 1.093976 0.87 0.951759 0.58 0.634506 30,974 12,287 29,480 7,796 21,684
50 1.100101 0.85 0.935086 0.59 0.649060 30,721 12,256 28,727 7,955 20,772
51 1.106010 0.84 0.929049 0.59 0.652546 30,478 12,231 28,316 7,981 20,334
52 1.111740 0.83 0.922745 0.60 0.667044 30,243 12,211 27,907 8,145 19,762
53 1.117277 0.82 0.916167 0.61 0.681539 30,014 12,191 27,498 8,309 19,189
54 1.122684 0.82 0.920601 0.62 0.696064 29,787 12,169 27,422 8,470 18,952
55 1.127871 0.82 0.924855 0.62 0.699280 29,560 12,141 27,339 8,490 18,849
56 1.132765 0.82 0.928867 0.62 0.702314 29,330 12,104 27,244 8,501 18,743
57 1.137282 0.82 0.932571 0.62 0.705115 29,095 12,054 27,133 8,500 18,633
58 1.141504 0.82 0.936033 0.62 0.707733 28,851 11,990 27,006 8,486 18,520
59 1.145265 0.82 0.939117 0.62 0.710064 28,598 11,907 26,857 8,455 18,402
60 1.148592 0.82 0.941845 0.62 0.712127 28,332 11,804 26,685 8,406 18,279
61 1.151422 0.82 0.944166 0.62 0.713881 28,052 11,677 26,486 8,336 18,150
62 1.153751 0.82 0.946076 0.62 0.715326 27,756 11,524 26,259 8,243 18,016
Variance 18
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Annuity Reduction Factors Final mult. Reduction Flrzgltrzrlt. Annual Annual Total (£) Total (£) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled injury) Earnings (£) Earnings (£) (before (after (D:E)
mult.) (A) C)(B) injury) (AxB) (Tab. D) (C) ( Axrg) (before injury) (after injury) injury) (D) injury) (E)
63 1.155188 0.82 0.947254 0.62 0.716216 27,441 11,343 25,993 8,124 17,869
64 1.156102 0.82 0.948004 0.62 0.716783 27,105 11,133 25,696 7,980 17,716
65 1.156377 0.82 0.948229 0.62 0.716954 26,748 10,893 25,364 7,809 17,554
Sum 33.88 28.74 20.33 868,222 246,223 621,999
Ogden
Table 865,897 246,390 619,508
cal.
o,
% -0.40%
change

Variance
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Table 5. Example 2 - Loss of income compensation calculations (Discount rate=-0.75%)

Annuity Reduction Factors Final mult. Reduction Fir;:lftrz:llt. Annual Annual Total (£) T(();:?tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled . Earnings (£) Earnings (£) (before L :

mult.) (A) o) injury) (AxB) (Tab. D) (C) '('1‘\‘)‘(2)’ (before injury) (after injury) injury) (D) '"‘(‘;Y’ (D-E)
35 1.000000 0.88 0.880000 0.55 0.550000 32,292 12,183 28,417 6,700 21,716
36 1.006476 0.88 0.885699 0.55 0.553562 33,179 12,377 29,387 6,851 22,535
37 1.012918 0.88 0.891368 0.55 0.557105 34,021 12,537 30,325 6,985 23,341
38 1.019237 0.88 0.896929 0.55 0.560581 34,809 12,663 31,221 7,099 24,123
39 1.025644 0.88 0.902567 0.55 0.564104 35,534 12,753 32,072 7,194 24,878
40 1.031949 0.86 0.887476 0.55 0.567572 36,188 12,807 32,116 7,269 24,847
41 1.038157 0.86 0.892815 0.55 0.570986 36,768 12,830 32,827 7,326 25,501
42 1.044256 0.86 0.898060 0.55 0.574341 37,275 12,828 33,475 7,368 26,108
43 1.050234 0.86 0.903201 0.55 0.577629 37,711 12,805 34,060 7,397 26,664
44 1.056052 0.86 0.908205 0.55 0.580829 38,076 12,768 34,580 7,416 27,164
45 1.061805 0.83 0.881298 0.53 0.562757 38,372 12,722 33,817 7,159 26,658
46 1.067318 0.83 0.885874 0.53 0.565679 38,603 12,673 34,197 7,169 27,029
47 1.072707 0.83 0.890347 0.53 0.568535 38,771 12,626 34,520 7,178 27,342
48 1.077899 0.83 0.894656 0.53 0.571286 38,880 12,586 34,784 7,190 27,594
49 1.082947 0.83 0.898846 0.53 0.573962 38,934 12,560 34,996 7,209 27,787
50 1.087652 0.81 0.880998 0.52 0.565579 38,935 12,551 34,302 7,098 27,204
51 1.092168 0.80 0.873734 0.52 0.567927 38,886 12,555 33,976 7,131 26,846
52 1.096453 0.78 0.855233 0.52 0.570155 38,786 12,570 33,171 7,167 26,004
53 1.100423 0.77 0.847326 0.53 0.583224 38,637 12,591 32,738 7,344 25,394
54 1.104165 0.76 0.839165 0.54 0.596249 38,439 12,615 32,257 7,521 24,735
55 1.107527 0.76 0.841721 0.54 0.598065 38,193 12,636 32,148 7,557 24591
56 1.110584 0.76 0.844044 0.54 0.599716 37,902 12,650 31,991 7,587 24,404
57 1.112946 0.76 0.845839 0.54 0.600991 37,566 12,654 31,774 7,605 24,169
58 1.114790 0.76 0.847240 0.54 0.601986 37,186 12,644 31,506 7,611 23,894
59 1.116031 0.76 0.848183 0.54 0.602657 36,765 12,615 31,184 7,602 23,581
60 1.116672 0.76 0.848671 0.54 0.603003 36,305 12,563 30,811 7,575 23,235
61 1.116565 0.76 0.848589 0.54 0.602945 35,807 12,485 30,386 7,527 22,858
62 1.115650 0.76 0.847894 0.54 0.602451 35,274 12,376 29,908 7,456 22,452
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63 1.113713 0.76 0.846422 0.54 0.601405 34,707 12,234 29,377 7,358 22,019

64 1.110707 0.76 0.844137 0.54 0.599782 34,110 12,057 28,793 7,231 21,562

65 1.106850 0.76 0.841206 0.54 0.597699 33,483 11,840 28,166 7,077 21,089
Sum 33.37 27.00 17.99 993,283 225,959 767,324
Ogden 871,800 219,198 652,602

Table cal.
% change -17.58%
Variance 2 1
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Table 6. Percentage change in indemnities considering reduction factors

Discount Rate

Age -0.0200 -0.0075 -0.0025 0.0000 0.0100 0.0200 0.0300

Male (35) -17.68% -17.58% -17.48% -17.30% -17.30% -17.07% -16.81%
Female (35) 0.26% -0.40% -0.65% -0.78% -1.26% -1.71% -2.13%

Table 7. Percentage change in indemnities without reduction factors
Discount Rate

Age -0.0200 -0.0075 -0.0025 0.0000 0.0100 0.0200 0.0300

Male (35) -20.68% -20.61% -20.55% -20.52% -20.35% -20.12% -19.84%
Female (35) 0.55% -0.18% -0.46% -0.60% -1.14% -1.65% -2.12%

Table 8. Percentage change in indemnities based on beginning earnings - average earnings and age-earnings

profiles
Discount rate
Age -0.0200 -0.0075 -0.0025 0.0000 0.0100 0.0200 0.0300
Beginning Earnings
Male (25) -53.18% -51.78% -51.10% -50.74% -49.15% -47.38% -45.48%
Female (25) -33.60% -33.73% -33.71% -33.68% -33.45% -33.04% -32.48%
Average Earnings
Male (25) -1.51% -0.57% -0.13% 0.11% 1.16% 2.34% 3.60%
Female (25) -0.03% -0.13% -0.11% -0.09% 0.08% 0.39% 0.81%

for part-time employment can be utilized as earnings after
the injury.

There are several paths for future research: One can ex-
plore the use of the cross-sectional data to construct in-
dustry- or occupation-specific age-earnings profiles, which
might not display an inverted U-shaped structure. Another
possible avenue for future investigation, to avoid the in-
verted U-shaped trend by age as retirement effects be-
comes important at older ages, is a cohort approach to con-
struct age-earnings profiles, similar to longevity modeling.
On the other hand, stochastic investment models designed
for long-term actuarial applications, such as the model by
Wilkie et al. (2011), can be used to forecast economy-wide
earnings growth or overall wage increases in the age-earn-
ings profiles. Those models can also be used to estimate the
discount rates to be included in the compensation calcula-
tions.

Alternatively, one could construct salary scales based on
the age-earnings profiles. Salary increases can be included
in the compensation calculations by considering the distri-
bution of salaries at each age or age group. Or one could

Variance

discuss the use of the promotion tables in the calculation of
actuarially fair pricing in compensation.
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APPENDIX A

library(readxl)

# Ffull is the female full-time earnings data

y = scan("Ffull.txt")
# Design matrix

X = as.matrix(read_excel('spline_dsgn.x1lsx"'))

N <- nrow(x)

The Actuary Takes the Stand: Compensation for Personal Injury

APPENDICES

loo_lam = function(x,y,lam)
{
# get the loo SSE for x, y, lambda
N = nrow(x)
SE = c(1:N)
for (3 in 1:ND{
yi = y[-]l
xj = x[-3,]
beta = params_lam(xj,yj,Llam)

U <= ncol(x) SE[3] = (y[j1-x[j,1%*%beta)r2
c(N, U 1
params_lam<-function(x,y,lam) loo_fit = sum(SE)
{ . . . loo_fit
# get the ridge regression spline parameters for x, vy, 3
lambda i
U < ncol(x) f = function(lam) loo_lam(x,y,lam)

xpy = t(x) %*% y

xpx = t(x) %*% x

for (j in 2:U) xpx[j,jl =
beta = solve(xpx) %*% xpy
beta

# loo for a given lambda given the values of x and y
in the workspace

xpx[3, 1+1am lam_Ffull = nlm(f,0.3)

APPENDIX B
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Table 9. Example 1 - Loss of income compensation calculations (Discount rate=1%)

Annuity Reduction Factors Final mult. Reduction Firz:itrz:ﬂt. Annual Annual Total (£) Total (£) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled o Earnings (£) Earnings (£) (before (after )

mult.) (A) C)(B) injury) (AxB) (Tab. D) (C) |(r'1&l)1(r(':y)) (before injury) (after injury) injury) (D) injury) (E) (D-E)
35 1.000000 0.88 0.880000 0.59 0.590000 30,131 12,120 26,515 7,151 19,364
36 0.989523 0.88 0.870780 0.59 0.583818 30,751 12,277 26,778 7,168 19,610
37 0.979093 0.88 0.861601 0.59 0.577665 31,286 12,400 26,956 7,163 19,793
38 0.968639 0.88 0.852403 0.59 0.571497 31,723 12,491 27,041 7,139 19,902
39 0.958347 0.88 0.843345 0.59 0.565425 32,052 12,553 27,031 7,098 19,933
40 0.948050 0.88 0.834284 0.58 0.549869 32,266 12,587 26,919 6,921 19,997
41 0.937816 0.88 0.825278 0.58 0.543933 32,373 12,597 26,716 6,852 19,864
42 0.927616 0.88 0.816302 0.58 0.538017 32,385 12,588 26,436 6,772 19,664
43 0.917446 0.88 0.807352 0.58 0.532119 32,316 12,562 26,091 6.684 19,406
44 0.907299 0.88 0.798423 0.58 0.526233 32,180 12,524 25,693 6,591 19,102
45 0.897133 0.87 0.780506 0.58 0.520337 31,990 12,478 24,968 6,493 18,476
46 0.886984 0.87 0.771676 0.58 0.514451 31,761 12,427 24,509 6,393 18,116
47 0.876829 0.87 0.762841 0.58 0.508561 31,506 12,376 24,034 6,294 17,740
48 0.866676 0.87 0.754008 0.58 0.502672 31,240 12,328 23,555 6,197 17,358
49 0.856516 0.87 0.745169 0.58 0.496779 30,974 12,287 23,081 6,104 16,977
50 0.846388 0.85 0.719430 0.59 0.499369 30,721 12,256 22,101 6,120 15,981
51 0.836191 0.84 0.702400 0.59 0.493353 30,478 12,231 21,408 6,034 15,373
52 0.825960 0.83 0.685546 0.60 0.495576 30,243 12,211 20,733 6,051 14,682
53 0.815690 0.82 0.668866 0.61 0.497571 30,014 12,191 20,075 6,066 14,009
54 0.805436 0.82 0.660458 0.62 0.499370 29,787 12,169 19,673 6,077 13,596
55 0.795138 0.82 0.652013 0.62 0.492985 29,560 12,141 19,273 5,985 13,288
56 0.784751 0.82 0.643495 0.62 0.486545 29,330 12,104 18,874 5,889 12,985
57 0.774229 0.82 0.634868 0.62 0.480022 29,095 12,054 18,471 5,786 12,685
58 0.763638 0.82 0.626183 0.62 0.473456 28,851 11,990 18,066 5,677 12,390
59 0.752879 0.82 0.617361 0.62 0.466785 28,598 11,907 17,655 5,558 12,097
60 0.741983 0.82 0.608426 0.62 0.460030 28,332 11,804 17,238 5,430 11,808
61 0.730924 0.82 0.599358 0.62 0.453173 28,052 11,677 16,813 5,292 11,522
62 0.719712 0.82 0.590164 0.62 0.446222 27,756 11,524 16,380 5,142 11,238
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Annuity Reduction Factors Final mult. Reduction Flrzgltrzrlt. Annual Annual Total (£) Total (£) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled injury) Earnings (£) Earnings (£) (before (after (D:E)
mult.) (A) C)(B) injury) (AxB) (Tab. D) (C) ( Axrg) (before injury) (after injury) injury) (D) injury) (E)
63 0.708123 0.82 0.580661 0.62 0.439036 27,441 11,343 15,934 4,980 10,954
64 0.696404 0.82 0.571051 0.62 0.431771 27,105 11,133 15,479 4,807 10,672
65 0.684501 0.82 0.561290 0.62 0.424390 26,748 10,893 15,014 4,623 10,391
Sum 26.20 22.33 15.66 679,511 190,537 488,973
Ogden
Table 672,683 189,814 482,860
cal.
o,
% -1.26%
change
Variance 27
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Table 10. Example 1 - Loss of income compensation calculations (Discount rate=3%)

Annuity Reduction Factors Final mult. Reduction Firz:lftrzrlt. Annual Annual Total (£) T(()::tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled L Earnings (£) Earnings (£) (before L :

mult.) (A) C)(B) injury) (AxB) (Tab. D) (C) '&{‘;’CV)’ (before injury) (after injury) injury) (D) '"‘(‘,‘E;V’ (D-E)
35 1.000000 0.88 0.880000 0.59 0.590000 30,131 12,120 26,515 7,151 19,364
36 0.970309 0.88 0.853872 0.59 0.572482 30,751 12,277 26,258 7,028 19,229
37 0.941439 0.88 0.828466 0.59 0.555449 31,286 12,400 25,919 6,888 19,032
38 0.913302 0.88 0.803706 0.59 0.538848 31,723 12,491 25,496 6,731 18,765
39 0.886052 0.88 0.779726 0.59 0.522771 32,052 12,553 24,991 6,562 18,429
40 0.859512 0.88 0.756371 0.58 0.498517 32,266 12,587 24,405 6,275 18,130
41 0.833724 0.88 0.733678 0.58 0.483560 32,373 12,597 23,751 6,092 17,660
42 0.808643 0.88 0.711606 0.58 0.469013 32,385 12,588 23,045 5,904 17,142
43 0.784248 0.88 0.690139 0.58 0.454864 32,316 12,562 22,303 5714 16,589
44 0.760515 0.88 0.669253 0.58 0.441099 32,180 12,524 21,536 5,524 16,012
45 0.737392 0.87 0.641531 0.58 0.427687 31,990 12,478 20,523 5,337 15,186
46 0.714894 0.87 0.621958 0.58 0.414638 31,761 12,427 19,754 5,153 14,601
47 0.692986 0.87 0.602898 0.58 0.401932 31,506 12,376 18,995 4,974 14,021
48 0.671662 0.87 0.584346 0.58 0.389564 31,240 12,328 18,255 4,803 13,452
49 0.650899 0.87 0.566282 0.58 0.377521 30,974 12,287 17,540 4,639 12,902
50 0.630713 0.85 0.536106 0.59 0.372121 30,721 12,256 16,470 4,561 11,909
51 0.611015 0.84 0.513253 0.59 0.360499 30,478 12,231 15,643 4,409 11,234
52 0.591820 0.83 0.491210 0.60 0.355092 30,243 12,211 14,856 4,336 10,520
53 0.573113 0.82 0.469952 0.61 0.349599 30,014 12,191 14,105 4,262 9,843
54 0.554919 0.82 0.455034 0.62 0.344050 29,787 12,169 13,554 4,187 9,367
55 0.537187 0.82 0.440493 0.62 0.333056 29,560 12,141 13,021 4,044 8,977
56 0.519875 0.82 0.426297 0.62 0.322322 29,330 12,104 12,503 3,901 8,602
57 0.502945 0.82 0.412415 0.62 0.311826 29,095 12,054 11,999 3,759 8,240
58 0.486433 0.82 0.398875 0.62 0.301589 28,851 11,990 11,508 3,616 7,892
59 0.470267 0.82 0.385619 0.62 0.291566 28,598 11,907 11,028 3,472 7,556
60 0.454462 0.82 0.372659 0.62 0.281767 28,332 11,804 10,558 3,326 7,232
61 0.438995 0.82 0.359976 0.62 0.272177 28,052 11,677 10,098 3,178 6,920
62 0.423868 0.82 0.347572 0.62 0.262798 27,756 11,524 9,647 3,028 6,619
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Annuity Reduction Factors Final mult. Reduction Flrz:|ftr2:..1|t. Annual Annual Total (£) T?:?J:f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled injury) Earnings (£) Earnings (£) (before injury) (D:E)
mult.) (A) C)(B) injury) (AxB) (Tab.D) (C) (AXCY) (before injury) (after injury) injury) (D) j(E)Y
63 0.408945 0.82 0.335335 0.62 0.253546 27,441 11,343 9,202 2,876 6,326
64 0.394368 0.82 0.323382 0.62 0.244508 27,105 11,133 8,765 2,722 6,043
65 0.380100 0.82 0.311682 0.62 0.235662 26,748 10,893 8,337 2,567 5,770
Sum 20.20 17.30 12.03 530,581 147,017 383,563
Ogden 521,372 145807 375,565
Table cal.
% change -2.13%

Variance
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Table 11. Example 2 - Loss of income compensation calculations (Discount rate=1%)

Annuity Reduction Factors Final mult. Reduction Fir;:lftrz:llt. Annual Annual Total (£) T(();:?tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled . Earnings (£) Earnings (£) (before L :

mult.) (A) o) injury) (AxB) (Tab. D) (C) '('1‘\‘)‘(2)’ (before injury) (after injury) injury) (D) '"‘(‘;Y’ (D-E)
35 1.000000 0.88 0.880000 0.55 0.550000 32,292 12,183 28,417 6,700 21,716
36 0.989037 0.88 0.870353 0.55 0.543970 33,179 12,377 28,877 6,733 22,145
37 0.978121 0.88 0.860747 0.55 0.537967 34,021 12,537 29,284 6,745 22,539
38 0.967170 0.88 0.851109 0.55 0.531943 34,809 12,663 29,627 6,736 22,891
39 0.956386 0.88 0.841620 0.55 0.526012 35,534 12,753 29,906 6,708 23,198
40 0.945593 0.86 0.813210 0.55 0.520076 36,188 12,807 29,428 6,661 22,767
41 0.934798 0.86 0.803926 0.55 0.514139 36,768 12,830 29,559 6,597 22,962
42 0.923998 0.86 0.794638 0.55 0.508199 37,275 12,828 29,620 6,519 23,101
43 0.913186 0.86 0.785340 0.55 0.502252 37,711 12,805 29,616 6,432 23,184
44 0.902335 0.86 0.776008 0.55 0.496284 38,076 12,768 29,547 6,337 23,210
45 0.891531 0.83 0.739970 0.53 0.472511 38,372 12,722 28,394 6,011 22,383
46 0.880632 0.83 0.730925 0.53 0.466735 38,603 12,673 28,216 5,915 22,301
47 0.869743 0.83 0.721887 0.53 0.460964 38,771 12,626 27,988 5,820 22,168
48 0.858810 0.83 0.712812 0.53 0.455169 38,880 12,586 27,714 5,729 21,985
49 0.847882 0.83 0.703742 0.53 0.449377 38,934 12,560 27,399 5,644 21,755
50 0.836810 0.81 0.677816 0.52 0.435141 38,935 12,551 26,391 5,461 20,930
51 0.825725 0.80 0.660580 0.52 0.429377 38,886 12,555 25,687 5,391 20,296
52 0.814602 0.78 0.635389 0.52 0.423593 38,786 12,570 24,644 5,325 19,320
53 0.803386 0.77 0.618607 0.53 0.425795 38,637 12,591 23,901 5361 18,540
54 0.792150 0.76 0.602034 0.54 0.427761 38,439 12,615 23,142 5,396 17,746
55 0.780795 0.76 0.593405 0.54 0.421630 38,193 12,636 22,664 5,328 17,337
56 0.769385 0.76 0.584732 0.54 0.415468 37,902 12,650 22,162 5,256 16,907
57 0.757661 0.76 0.575823 0.54 0.409137 37,566 12,654 21,631 5,177 16,454
58 0.745767 0.76 0.566783 0.54 0.402714 37,186 12,644 21,076 5,092 15,985
59 0.733661 0.76 0.557583 0.54 0.396177 36,765 12,615 20,500 4,998 15,502
60 0.721363 0.76 0.548236 0.54 0.389536 36,305 12,563 19,904 4,894 15,010
61 0.708796 0.76 0.538685 0.54 0.382750 35,807 12,485 19,289 4,778 14,510
62 0.695945 0.76 0.528918 0.54 0.375810 35,274 12,376 18,657 4,651 14,006
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Annuity Reduction Factors Final mult. Reduction F";:Iftz:_"t' Annual Annual Total (£) T(():?tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled injury) Earnings (£) Earnings (£) (before injury) (D:E)
mult.) (A) C)(B) injury) (AxB) (Tab.D) (C) ( Axg) (before injury) (after injury) injury) (D) J(E;y
63 0.682699 0.76 0.518851 0.54 0.368657 34,707 12,234 18,008 4,510 13,498
64 0.669059 0.76 0.508485 0.54 0.361292 34,110 12,057 17,344 4,356 12,988
65 0.655184 0.76 0.497939 0.54 0.353799 33,483 11,840 16,673 4,189 12,483
Sum 25.85 21.10 13.95 775,265 175,449 599,816
Ogden 681,357 169,998 511,359
Table cal.
% change -17.30%

Variance
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Table 12. Example 2 - Loss of income compensation calculations (Discount rate=3%)

Annuity Reduction Factors Final mult. Reduction Fir;:lftrz:llt. Annual Annual Total (£) T(();:?tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled . Earnings (£) Earnings (£) (before L :

mult.) (A) o) injury) (AxB) (Tab. D) (C) '('1‘\‘)‘(2)’ (before injury) (after injury) injury) (D) '"‘(‘;Y’ (D-E)
35 1.000000 0.88 0.880000 0.55 0.550000 32,292 12,183 28,417 6,700 21,716
36 0.969832 0.88 0.853453 0.55 0.533408 33,179 12,377 28,317 6,602 21,715
37 0.940505 0.88 0.827644 0.55 0.517278 34,021 12,537 28,157 6,485 21,672
38 0.911917 0.88 0.802487 0.55 0.501554 34,809 12,663 27,934 6,351 21,583
39 0.884240 0.88 0.778131 0.55 0.486332 35,534 12,753 27,650 6,202 21,448
40 0.857284 0.86 0.737264 0.55 0.471506 36,188 12,807 26,680 6,039 20,641
41 0.831042 0.86 0.714696 0.55 0.457073 36,768 12,830 26,278 5,864 20,413
42 0.805489 0.86 0.692721 0.55 0.443019 37,275 12,828 25,821 5,683 20,138
43 0.780607 0.86 0.671322 0.55 0.429334 37,711 12,805 25,316 5,498 19,818
44 0.756354 0.86 0.650464 0.55 0.415995 38,076 12,768 24,767 5,311 19,455
45 0.732787 0.83 0.608213 0.53 0.388377 38,372 12,722 23,338 4,941 18,398
46 0.709774 0.83 0.589113 0.53 0.376180 38,603 12,673 22,742 4,767 17,974
47 0.687386 0.83 0.570530 0.53 0.364315 38,771 12,626 22,120 4,600 17,520
48 0.665566 0.83 0.552419 0.53 0.352750 38,880 12,586 21,478 4,440 17,038
49 0.644338 0.83 0.534800 0.53 0.341499 38,934 12,560 20,822 4,289 16,533
50 0.623576 0.81 0.505096 0.52 0.324259 38,935 12,551 19,666 4,070 15,596
51 0.603368 0.80 0.48269%94 0.52 0.313751 38,886 12,555 18,770 3,939 14,831
52 0.583681 0.78 0.455272 0.52 0.303514 38,786 12,570 17,658 3,815 13,843
53 0.564468 0.77 0.434640 0.53 0.299168 38,637 12,591 16,793 3,767 13,026
54 0.545766 0.76 0.414782 0.54 0.294714 38,439 12,615 15,944 3,718 12,226
55 0.527497 0.76 0.400898 0.54 0.284849 38,193 12,636 15,312 3,599 11,712
56 0.509695 0.76 0.387368 0.54 0.275235 37,902 12,650 14,682 3,482 11,200
57 0.492183 0.76 0.374059 0.54 0.265779 37,566 12,654 14,052 3,363 10,688
58 0.475049 0.76 0.361037 0.54 0.256527 37,186 12,644 13,426 3,244 10,182
59 0.458263 0.76 0.348280 0.54 0.247462 36,765 12,615 12,805 3,122 9,683
60 0.441833 0.76 0.335793 0.54 0.238590 36,305 12,563 12,191 2,997 9,194
61 0.425706 0.76 0.323536 0.54 0.229881 35,807 12,485 11,585 2,870 8,715
62 0.409871 0.76 0.311502 0.54 0.221330 35,274 12,376 10,988 2,739 8,249
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Annuity Reduction Factors Final mult. Reduction F";:Iftz:_"t' Annual Annual Total (£) T(():?tle(f) Diff. (£)
Age (split not disabled (Tab. (before Factors disabled injury) Earnings (£) Earnings (£) (before injury) (D:E)
mult.) (A) C)(B) injury) (AxB) (Tab.D) (C) ( Axg) (before injury) (after injury) injury) (D) J(E;y
63 0.394262 0.76 0.299639 0.54 0.212902 34,707 12,234 10,400 2,605 7,795
64 0.378883 0.76 0.287951 0.54 0.204597 34,110 12,057 9,822 2,467 7,355
65 0.363821 0.76 0.276504 0.54 0.196463 33,483 11,840 9,258 2,326 6,932
Sum 19.98 16.46 10.80 603,187 135,896 467,291
Ogden 531,594 131,543 400,051
Table cal.
% change -16.81%

Variance
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