


Figure 9: Levels of neonatal (q(28d)), infant (q(12m)) and under-five (q(5y)) mortality rates for
Jordan in 2015, both sexes, with 95% confidence intervals.

Legend: VR=Vital registration (VR); DHS=Demographic and Health Survey;
obs. = unadjusted VR values

adj. = adjusted VR values using the log-quadratic model with the observed VR-based value of
q(28d,5y) and k=0 as inputs



Figure 10: Observed and Predicted values of nMx in Jordan, 2015 (both sexes)
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Observed = unadjusted VR-based nMx values

Predicted = nMx values predicted on the basis of the log-quadratic model with the observed VR-
based value of q(28d,5y) and k=0 as inputs



Figure 11: Observed values of q(x) in the 2011-12 DHS for Senegal (both sexes), vs. values of
q(x) predicted by the log-quadratic model with the same level of q(5y) and k=0+1.
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Appendix 1: Best linear estimation of k (analytical solutions)

Given a set of cumulative probabilities of dying q;(x) and the level of mortality h; = In[q;(5y)] of a
population i:

In[q;(x)] = ay + by - hy + ¢ - hi* + e;(x), (A1)

e;( ) represents the residual at the specific age x, using the coefficients of the model life table
{a,, b, c,}, as shown by equation A1. These residuals from the average pattern of mortality can be
defined as a function of the shape-related coefficient v, and the scale-parameter k;, as shown by
equation A2:

e;(x) = vy ki +€(x). (A2)

The optimal value of k; minimizes the Mean Squared Error (MSE) of €;( ), as a weighted function
responding to unequal age intervals. In particular, w( ) is assumed proportional to the last age
interval before the age x, weighting the marginal contribution of an additional equation in the model.

MSE; = Tex w(x) - €;(x)%. (A3)
As a least squares’ solution, the MSE is minimized by making the first derivative of equation A3
with respect to k; equal to zero, as shown:

OMSE; .

o 2 Leex WO - € (0) - Vie + 2 ki Brex W) vy = 0.

The resulting estimator of k; is given by equation A4:

k* _ ZxEXW(x)'ei(x)'Vx (A4)

t Yxex W(x)vy?

The uncertainty of the model is measured by the variance of the estimator. The first step is to
contrast the estimated value of k; with the expected value of k;, given that:

k;k — ki + Yxex W(x)-€;(x) vy

Txex w(x)vy?
Hence, the estimated variance of k; is defined as:

(Cxex w(x)€i(x)vx)?]
Cxex w(x)vy?)?

Assuming that prediction errors of different ages are not correlated, the expected value of €;(x) -
€;(y) is zero for each x # y. Hence, the variance of the estimator can be simplified to be:

Varlk;] = il

_ Txex W) vy E[w(x)-€;(x)?]

Varlki ] = = v

Under the assumption of homoscedastic errors, E[w(x) - €;(x)?] = 0;2 for all x; and the variance of
the estimator is a function of the variance of the error of prediction €;( ), to the form:

Var[k;] = i

T Yaex W) vy

The variance of the error of prediction is estimated from the equation A3 increased by a factor %,

considering the 22 ages (or equations) in the model and the degree of freedom lost after estimating
ki

5\12 = Yxexw(x) - Gi(x)z,



As a result, the variance of k| is given by equation A4:

£ _ 22 Txexw(x)€(x)?
Varlkil = 51 S rexwiorve (8)
After some additional steps, the variance of the estimator is redefined as a function of the residuals
of the model when the pattern of the mortality is ignored e; (x) and the optimal value of k;:

(22 [Eaexwet)? .2
Varlki] = [ Texwiovy K ] (A6)
Given the standard deviation of k;, 95% confidence intervals where calculated assuming a normal
distribution, to the form:

ki +1.96 - sd[k}].

Appendix 2: General estimation of h and k, using the method of Lagrange (nonlinear
approach for numeric solutions)

The best linear estimation of k; (application of equation A4) assumes that the level of under-5
mortality (qi(5y)) and at least one other gi(x) value between 0 and 5 are given. However, some
applications require a general solution of k;, when: i) qi(5y) is unknown; and/or ii) the log-quad
model is used for matching/fitting specific functions that are not represented in the estimation, such
as mortality rates, durations, and probabilities of dying that do not cumulate from zero (e.g., starting
at some point after birth).

Inasmuch as some applications involve a transformation of the log-quadratic model, matching/fitting
the log-quad model to some relevant data is a problem of optimization subject to nonlinear
constraints. Hence, in the most general case the relevant parameters h; and k; would result of solving
the problem of constrained optimization through numerical methods. From this perspective, the
Lagrangian L£( ), represents a general problem of matching and optimization, using nonnegative
multipliers to add nonlinear constraints to the objective function, to the form:

L(hi, ki, A) = MSE(hy, ki) — 4; - [g(hy, ki) — gil, (A7)

where MSE (h;, k;) is the mean squared error of a population i, g(h;, k;) is the value to be matched
as a function of the parameters of the model, g is the numerical value of the constraint, and 4; > 0 is
the Lagrange multiplier.

The general estimation of the model implies finding the values of (h;, k;, A;) that will make the
partial derivatives of equation A7 equal to zero. Using the Newton-Raphson approach, we multiply
the gradient (vector of first derivatives) by the inverse of the Hessian (matrix of second derivatives)
to adjust the values of an initial approximation. Assuming this approximation is relatively close to
the true solution, the optimal values of (h;, k;, A;) can be iteratively calculated by equation A8:

020 ) 02L( ) 9% )Y oL( )

h:) hi Ohi0h; O0h;0k; 0h;0A; dh;
2%L( ) d%L( ) 3%L( ) aL( )
k|l = |k;| — O
g Al dkidh;  Ok;0k; 0k;0A; | ok; |’ (A8)
A i1 a2z ) ez ) a2c( ) dL( )J
A;0n;  0A;0k;  OA0N; 04

given a set of partial derivatives are calculated by:

0L( ) _ L(hi+AkyA)—L(hi—AkiA)
on; 2:A ’




and

a%L( ) - L(hi+Aki+AA)—L(hi—Aki+AA)—L(hj+Aki—AA)+L(hij—Aki—AL;)
ohidk; 4-A2 :

Since matching two inputs is also a problem of optimization, equation A7 can be redefined to have
two multipliers (one per matching constraint) and no minimization part involved MSE = 0, to the
form:

L(hy ki A1 A00) = =2y - [91(hi k) — Gui] — Az - [92(hi ki) — Gai] (A9)

Optimal solution of equation A9 is feasible using the same iterative procedure of equation AS.
However, the gradient and the Hessian are augmented in one dimension in order to include the
partial derivatives of the second multiplier.



Appendix Table Al: List of country-years included in the final Under-5 Mortality Database (USMD)
used for estimating the coefficients of the log-quadratic model

Country Years n
Australia 1921-1971 1973-2014 93
Austria 1970-1994  1996-2016 46
Belgium 1946-1954 1956 1961-1992 2007-2010 2013-2014 48
Canada 1929-1942  1944-1975 1977-1986  1988-1990 1992 1995-1997  1999-2006 71
Chile 1992-2004 2007 14
Denmark 1929-1993 1997 2000-2015 82
Finland 1926-1940 1946-1990 1994 1996-1998  2000-2015 80
France 1953-1966  1975-1992  1996-1999 2001-2015 51
Germany 1991-1994 1996-1997 2001-2007 2010-2015 19
West Germany 1956-1960 1970-1971 1973-1977 1979-1990 24
Ireland 1970-1988 1990-1999 2001-2006 2008-2011 2000-2015 39
Israel 1983-1998 2000-2016 33
Italy 1946-1955 1957-1985  1987-2013 66
Japan 1947-1950 1954-1956  1958-1959 1963 1970-1994 1996-2000 2002-2014 53
Netherlands 1970-1994 1996 1998 2000-2001  2004-2008 34
New Zealand 1970-1971  1973-1975 1977-2013 42
Norway 1936-1992  1995-2001 2003-2012 74
Portugal 1971-1993  1996-1997 2001-2015 40
South Korea 2004-2015 12
Spain 1976-1983  1987-1991  1995-1998 2001-2013 30
Sweden 1934-2002 2004-2012 78
Switzerland 1877-1879  1882-1883  1920-1930 1970-1982 1984-1994 1996 1998-2016 60
UK 1937-1985 49
England and Wales 1982-1991 1993 1996-2001 2005-2012 25
United States 1933-1944  1946-1993  1995-1998 2000-2003 2008-2009 2014-2015 72
Total 1,235
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1. Introduction

The Under-Five Mortality Database (U5MD) used in our paper provides detailed distributions of
deaths from birth to age 5 by sex. These distributions were retrieved from vital registration records
for 25 Western countries and for a time window spreading from the second half of the 19t century
to very recent periods.

These Supplementary Materials document: (1) the criteria for selecting countries; (2) the sources
of information and the methods used to generate the database; (3) the procedure for harmonizing
age intervals; and (4) the methods for estimating mortality indicators.

2. Selection of country-years
We selected countries primarily on the basis of a data quality criterion, with the Human Mortality
Database (HMD) as a reference. The HMD represents the gold standard for mortality estimates
in terms of data quality, and thus we decided to select in our database only country-years available
in the HMD. Moreover, the overlap between the HMD and our database allowed us to use some
of the relevant HMD information in our estimation procedure (see section 3.2).

One difference, however, is that we did not include countries from the former Eastern Bloc even
though they are part of the HMD. Numerous authors have pointed out the departure from
international standards for defining and reporting live births and infant deaths in the Soviet Union
(Anderson et al. 1994; Anderson & Silver 1986; Davis & Feshbach 1980; Velkoff & Miller 1995).
Problems include restricted definitions in terms of weight and gestation time period requirements
(and thus undercount of live births), but also misreporting of live births and stillbirths, and
underregistration of infant deaths. This has led to significant amounts of understatement in the
infant mortality rate within the Soviet Union but also in several European countries from the
Eastern Bloc aligned on those definitions and practices (Gourbin & Masuy-Stroobant 1995).
Studies have shown that underestimation of infant mortality continued after 1990, including after
adopting international standards for the definition of a live birth (Aleshina & Redmond 2005; Guillot
et al. 2013; Kingkade & Sawyer 2001). Despite recent improvements in the quality of infant
mortality information in the region, we adopted the conservative decision of discarding all the
countries of the former Eastern Bloc due to the critical importance of the mortality information at
early ages for our model.

We also discarded Greece for similar reasons. According to the HMD report (Agorastakis et al.
2017), the country was affected by significant undercount of neonatal deaths at least until the
1980s. Finally, we removed Iceland and Luxembourg due to small population sizes leading to
many zero cell counts in the narrow age intervals used in our database.’

As a result of these country exclusions, the USMD includes 25 countries, instead of 40 for the
HMD. The list of countries included in the USMD is presented in Table SM1.

3. Sources of information

In this section, we describe the sources of information used to build the database. These include
two primary sources providing raw death counts: (1) historical demographic yearbooks; and (2)

' After 2000, the number of deaths between 0 and 5 years tends to be less than 10 deaths per year in
these two countries. By contrast, the average number of deaths tends to be higher than 100 in
Scandinavian countries and higher than 1000 in other countries.
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the UN repository of vital statistics. These two sources were merged as a single dataset. In
addition, we used the HMD as a secondary source to fill potential gaps in the primary sources
and supply information about exposure to the risk of death for mortality estimation (i.e.,
denominators of mortality rates).

3.1 Primary sources of information
We extracted age distributions of deaths from the UN repository of vital statistics and the historical
demographic yearbooks. As raw data, death counts are integers. Table SM1 shows the country-
years from each of these two sources included in the USMD. In total, the US5MD contains 1,652
country-years.

3.1.1 Sex
We collected age distributions of deaths for each sex. Country-years for which the breakdown by
sex was not available were not included in the database. Results for both sexes combined were
obtained by summing sex-specific deaths.

3.1.2 Time periods
Age distributions of deaths are period-specific and annual. (Few exceptions with longer periods
are indicated in Table SM1.) The UN repository supplied 734 age distributions from 1970 to 2015.
The historical demographic yearbooks provided 1008 age distributions on a broader period going
from 1841 to 2001. When both sources provided the same country-year information, we kept the
one with more detailed information.

The merged sources have a long time span, covering most of the Western experience of mortality
transition, with a decline from levels of under-five mortality from around 400 to less than 5 deaths
per 1000 births.

3.1.3 Heterogeneity and harmonization of age intervals

3.1.3.1 Heterogeneity of the length of age intervals
We selected only tabulations providing at least the information for the first month and the rest of
the first year. However, in most cases the information has greater age detail. The UN repository
covers the first year of life with harmonized age intervals: by days for the first week, by weeks
until the 28th day, and by month for the rest of the first year. By contrast, the tabulations of deaths
in the historical yearbooks are highly heterogeneous. The tables span the first five years of age
unevenly and age intervals were reported through a multiplicity of formats across yearbooks.?

For example, in 1905, the yearbook of England and Wales reported neonatal deaths by weeks of
age, and postneonatal deaths by months of age. Since 1906, deaths occurring during the first day
of life were tabulated separately. More details were introduced in 1931, when deaths occurring in
the first week were reported by days of age. (The information also included the number of deaths
occurring within the first half hour of life.) However, postneonatal deaths have been grouped in
trimesters of age since 1926, with the exception of the period 1952-64 tabulated again by months.
Figure SM1 shows the age distribution of deaths for the first year of life as it appears in The
Registrar General's Statistical Review of England and Wales for the year 1946.

In Belgium and France, for many years in the 19th and 20th centuries, deaths were reported by
5-day age groups for the first 10 or 15 days, and then by 5, 10, or 15-day age groups for the rest

2 625 age distributions of deaths cover the first year of life only; 170 the first two years; and 223 the first
five years.



of the first month. In both countries, the postneonatal information was tabulated unevenly by
months, trimesters or semesters. Figure SM2 shows the age distribution of deaths for the first
year of life provided by France’s Statistique annuelle du mouvement de la population for 1906.

In some cases, few or no details were reported regarding neonatal deaths. For example, from
1890 to 1920, the only detail of Danish yearbooks at neonatal ages was the number of deaths in
the first day of life (with the exception of the period 1896-1900 where the yearbooks did not
provide any detail). From 1921 onwards, the information for the first week was added. Figure SM3
shows the age distribution of deaths provided for two first years of age by Denmark’s Statistisk
Tablevierk for that year.

There is complete absence of detailed information for the first month of life in Belgium (1841-
1861), Italy (1872-1889), New Zealand (1972), Portugal (1940-1954), and The Netherland (1850-
1864).

For the postneonatal period, the sources always include at minimum information by trimesters
and semesters. After the first year, deaths were mostly reported by single year of age. However,
for the second year, the information was tabulated by months in Australia (1921-1924) and by
trimesters in Belgium (1841-1861), The Netherlands (1850-1864), Norway (1876-1975), and
Sweden (1891-1967).

Both the historical yearbooks and the UN repository have tabulations that include some death
counts with unknown age. However, age was always identified at least by single year of age. In
total, there were 203 country-years with some unknown-age deaths within single year age groups.
Among these, 158 country-years were from Norway. The proportion of deaths with unknown age
was less than 1% on average. We redistributed these deaths proportionally across the available
detailed age intervals within single-year age groups.

3.1.3.2 Heterogeneity of the format of age intervals
In addition to the diversity of the length of age intervals, the age format also varied across sources.
For example, in the UN repository, death counts were uniformly formatted by days with months
of 28, 60, 90, etc. days, that is with a year of 360 days. In the historical yearbooks, deaths were

reported as integer by “hours”, “days”, “weeks”, “months” or “years.”

3.1.3.3 Harmonizing age intervals

Against this backdrop of heterogeneity, we harmonized the USMD in two ways. First, we recoded
the original formats of age. In order to estimate the precise exposure time to the risk of mortality,
we assumed that the average duration of a year was 365.25 days (considering leap years of 366
days). Therefore, we set the average duration of a month to 30.4375 days (365.25/12). However,
when the exact number of days of the first month was available (for example 28 days in Figure
SM1 or 30 days in Figure SM2), we kept that exact duration and adjusted the duration of the
second month accordingly.

Second, we harmonized the lengths of age intervals by weeks for the first 28 days, by months for
the rest of the first year, by trimester for the second year, and by year for the three last years. The
interpolation method we used for the harmonization is explained in section 4.

3.1.4 Live births, stillbirths, and false stillbirths
The definition of a live birth has evolved over the 20" century. The early recommendation of the
League of Nations in 1925 was the presence of breathing as the vital sign to define a live birth.



From 1950 onwards, the WHO replaced this recommendation by the “any sign of life” criterion,
making it more inclusive. This recommendation was progressively but unequally adopted by
countries until today.? Naturally, the definition of stillbirths varied in concomitance, becoming less
inclusive over time.

In addition to signs of life, the League of Nations and WHO also recommended a restricted viability
criterion for making the distinction between a stillbirth and a miscarriage. The 1950 WHO
definition restricted the viability criteria to a minimum gestational age of 28 weeks or a body length
of 35-cm. However, since 1975, the WHO has added and reinforced the use of the birthweight as
viability criteria (500g or 1000g for international comparisons). This definition is useful for
distinguishing stillbirths from miscarriages but should not have an impact on the estimation of live
births and their subsequent mortality.

However, in Belgium and France, a specific definition for stillbirths, adopted under the First French
Empire, affected the measurement of mortality for certain time periods. In both countries, live
births that had died before civil registration (legally within the first three days after delivery) were
registered as stillbirths but tabulated separately from actual stillbirths. These “false stillbirths” were
registered in Belgium (by sex) from 1879 to 1955 and from 1958 to 1960 (Glei, Devos, et al. 2017),
and in France from 1899 to 1974 (by sex from 1953 to 1974) (Glei, Wilmoth, et al. 2017). However,
for these periods, we did not find all the necessary death counts nor all the false stillbirth counts.
Among the detailed-age death counts that we found, we only included in the USMD those for
which the sex-specific false stillbirths were also available, that is from 1879 to 1954 in Belgium,
and from 1953 to 1966 in France. We added these false stillbirths to the number of registered
early-neonatal deaths (first week of age). These false stillbirths are thus taken into account in the
estimation of mortality for those periods.

3.2 The Human Mortality Database

We used the Human Mortality Database (HMD) as secondary source (Human Mortality Database
2018). The HMD is a public database that provides annual mortality and population data from
birth to oldest ages by single year of age, for the purpose of studying human longevity.* The HMD
provides data for 40 countries. The selection of countries was “limited by design to populations
where death registration and census data are virtually complete, since this type of information is
required for the uniform method used to reconstruct historical data series. As a result, the
countries and areas included here are relatively wealthy and for the most part highly
industrialized”. Our database follows that criterion of virtual completeness by selecting, among
the available data in the primary sources of information, only the country-years present in the
HMD.

We used death counts from the HMD to fill potential missing information in the vital registration
data after the first year of life or later. We also used the HMD exposures to the risk of dying for
estimating mortality rates (see section 5).

We thus extracted annual death counts and annual exposures to the risk of dying for each of the
first five years of life and for each country-year shown in Table SM1. Note that, for both the deaths

3 For example, during the Soviet period, countries of the Eastern bloc often included the viability criteria of
gestational duration and weight, in addition to signs of life, for identifying live births (Gourbin & Masuy-
Stroobant 1995; Guillot et al. 2013).

* Therefore, the USMD can be seen as a complement to the HMD with greater age granularity at the
earlier ages of life.



and the exposures, we added up the data of England and Wales, Scotland, and Northern Ireland
to obtain the total counts of UK.% For consistency, we also aggregated the HMD data for the few
periods larger than one year in the USMD (see Table SM1).

3.2.1 Death counts
We extracted death counts by sex for the first five years of life from the “input data files”, that is,
the published raw deaths. These data were available in different Lexis areas (squares, triangles,
and parallelograms) in the HMD primary sources. Therefore, we adopted the following rules to
compute death counts by single year of age and single one-year period (i.e., 1x1 in the HMD
terminology):

o When deaths were classified in lower and upper triangles, we summed them up to obtain
1x1 Lexis squares.

o When deaths were classified by cohort in parallelograms centered on exact age (“VV” in
HMD notation), we divided them into two triangles under assumption of uniform
distribution. We then summed lower and upper triangles to obtain 1x1 Lexis squares.

e Some age intervals were not available by single year in the raw data. In these cases, we
used the split age intervals of the HMD “complete data series” (adjusted death counts).
More specifically, we used the relative age distributions of those adjusted deaths.

o We excluded data with LDB variable = 0. These correspond to data marked as “not used
to create the Lexis database” in the HMD.

o When several death counts exist for Lexis areas within the same 1x1 Lexis square, we
summed them up to obtain the full 1x1 count.

o We ignored deaths with unknown age, which in the case of the HMD apply to the entire
age range (0 to 100+). We instead used information on deaths with unknown age available
in the death tables that we collected for the USMD and that are specific to the under-five
age range.

3.2.2 Exposure to the risk of death
All exposure terms used in our database are taken from the HMD “complete data series” with 1x1
Lexis squares. These exposures are expressed in person-years. In most cases, they correspond
to mid-year population estimates derived from census enumerations assuming uniformity in the
distribution of events (Wilmoth et al. 2017). However, when data on monthly births were available,
the HMD team estimated person-years using this more detailed information instead of making the
assumption of uniformity in the distribution of births within a calendar year.

4. Harmonization of age intervals

All mortality estimates were computed for the same harmonized age intervals that are specific to
the USMD. These intervals are weeks for the first 28 days, months for the rest of the first year,
trimesters for the second year, and years for the three last years (22 age intervals in total).

The typical approaches for harmonizing age groups rely on interpolation methods. For example,
the HMD adopted the cubic spline interpolation of McNeil et al. (1977) applied to cumulative
distributions of deaths for splitting nx1 aggregated death counts into 1x1 format within a calendar
year. As noted in the HMD methods protocol (Wilmoth et al. 2017), the drawback of the spline

5 The total count for UK is only available from 1982 onwards. Before, the database provides the counts for
England and Wales only (see Table SM1).



approach is that the curve may not be monotonically increasing over all ages. Since the curve
depicts the cumulative deaths over age, a decreasing function between ages x and x+1 implies
negative death counts at age x. The decreasing function is generally due to spurious oscillations
created by the splines because of strong gradient in the data or non-equidistant points. Negative
counts occurred at the oldest ages in the HMD, and in some cases in the USMD. In the case of
the HMD, different constraints were used to address this issue, but they did not produce
satisfactory results for the USMD. We thus adopted an alternative interpolation method based on
piecewise cubic interpolation or Hermite-type interpolation (Steffen 1990). This method
guarantees a monotonic function in every case.

The method constructs a piecewise cubic interpolation function that passes through N given data
points. It uses parabolas to determine the slope of the curve at an interval point i passing through
points (i1, Yi-1; Xi, Yi; Xi+1, Yi+1). Then a piecewise cubic function is constructed for each interval (x;,
Xi+1). That way the slope of curve has automatically a continuous first-order derivative over the
whole set of points. To ensure the interpolation curves behaves monotonically, the method verifies
if the parabolas are monotonic. When it is not the case, the method takes for the slope the smallest
of the two secants crossing either (i1, Yi-1; Xi, ¥i) or (Xi, Yi; Xi+1, Yi+1).®

We apply the Steffen's method to cumulative distributions of deaths by sex and for both sexes
combined. In order to make the procedure more robust, we only applied the method to country-
years that had at least one cut-off point at exact age 7 days or later but before 1 month (28 days
or 30 days depending on the data format). We removed 99 country-years at the stage due to the
absence of such a cut-off point (already identified in section 3.1.3.1).

5. Mortality estimation
In this section, we explain the methods used for estimating age-specific mortality rates ,Mx and
cumulative probabilities of dying q(x). Using conventional notations, M./t t+1) is the mortality
rate in the age interval [x,x+n) and for the period [t,t+1). q(x)[t, t+1) is the probability of dying
between age 0 and x for the same period. Estimates are period-specific and annual, that is
describing the mortality experience of a synthetic cohort in a given year. (As discussed above,
there are a few exceptions with estimates pertaining to periods of more than one year.)

We estimated the age-specific mortality rates ,Mx by dividing the number of deaths at each age
interval ,Dx in the time period [t, t+1) by the exposure to the risk of dying in person-years ,Ex for
the same age interval and period, as shown in the following equation:

As explained in section 3.2, we extracted exposures to the risk of dying from the HMD by single
year of age /E, where x'is the lower bound of the age interval. In order to estimate the
exposure for the subintervals of age of the USMD (such as weeks and months), we assumed a
uniform distribution of exposure by detailed age within each single-year age group. With this

8 For boundaries, the method uses the same approach but estimating the slope for the first (or last) point
with parabolas fitted on the two next (or previous) points, and only using one secant.



assumption, the exposure term is proportional to the length of the age interval n, as shown in
the below equation:

2Exltt+1)= (Eq[tt+1) - n
where xX'<s x<x+1andn<1.

We then computed cumulative probabilities of dying q(x) under the assumption that mortality
rates were constant within each detailed age interval:

x-1

a0 = 1-¢ Lim

A total of 22 estimates of \Mx and q(x) were calculated for each country-year, by sex and for both
sexes combined: four estimates by week of age for the neonatal period; 11 estimates by month
of age at postneonatal ages; four estimates by trimester of age for second year of life; and three
estimates by single year of age for the remaining three years. This gives the following arrays:

For age-specific mortality rates, Mx:

7Mod), 7M7(d), 7M1a(a), 7M21q),

1Mi(m), 1M2(m), 1M3am), 1Ma(m), 1Ms(m), 1Mem), 1M7(m), 1Msm), 1Mom), 1M10m), 1M11(m),
3M12(m), 3M15(m), 3M18m), 3M21(m),

1Magy), 1Ma(y), 1Magy)

For cumulative probabilities of dying from birth to age x, q(x):

q(7d), q(14d), (21d), q(28d),

q(2m), q(3m), g(4m), g(5m), q(6m), q(7m), q(8m), q(9m), g(10m), g(11m), g(12m),
q(15m), q(18m), q(21m), q(24m)

a(3y), a(4y), a(dy)
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Table SM1. Country-years included in the original Under-5 Mortality Database (U5MD)

Sources
Country Years Statistical UN
Yearbooks database

Australia 1921-71,1973-2014 51 42
Austria 1970-94, 1996-2016 - 46
Belgium 1841-60, 1861-70*, 1878-84, 1924-54, 1956,

1961-92, 2007-10,2013-14 80 18
Canada 1929-42, 1944-75, 1977-86, 1988-90,

1992, 1995-97, 1999-2006 41 30
Chile 1992-2005, 2007 - 14
Denmark 1890-94, 1896-1993, 1997, 2000-2015 79 41
Finland 1878-1920, 1921-25%*, 1926-40, 1946-90,

1994, 1996-98, 2000-15 o1 33
France 1855-68, 1877-89, 1891-1947, 1950-66,

1975-92, 1996-99, 2001-15 101 37
Germany 1991-94, 1996-97, 2001-07, 2010-15 - 19
West Germany 1956-60, 1970-71, 1973-77, 1979-90 5 19
Ireland 1970-88, 1990-99, 2001-06, 2008-11 - 39
Israel 1983-98, 2000-16 - 33
Italy 1872-89, 1926-33, 1939-55, 1957-85,

1987-2013 85 14
Japan 1947-50, 1954-56, 1958-59, 1963, 1970-94,

1996-2000, 2002-14 10 43
Netherlands 1850-64, 1970-94, 1996, 1998, 2000-01,

2004-08 15 34
New Zealand 1970-75, 1977-2013 - 43
Norway 1876-1900, 1901-05*, 1906-26, 1927-30%,

1931-92, 1995-2001, 2003-12 %3 34
Portugal 1940, 1942-59, 1962, 1970-93, 1996-97,

2001-15 20 41
South Korea 2004-15 - 12
Spain 1976-83, 1987-91, 1995-98, 2001-13 - 30
Sweden 1891-02, 2004-12 111 10
Switzerland 1877-79, 1882-83, 1920-30, 1970-82,

1984-94, 1996, 1998-2016 16 44
UK 1982-91, 1993, 1996-2001, 2005-12 - 25
England & Wales 1905-1985 65 16
United States 1933-44, 1946-93, 1995-98, 2000-03,

2008-09, 2014-15 60 12
Total 923 729

* Deaths aggregated over the indicated range of years
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Figure SM1. Age distribution of deaths in The Registrar General's Statistical Review of
England and Wales for the year 1946

TABLE 13.—Deaths atVariousPemds in thehrst Yearo! England and Wales, Geographical Regmm, Aggregates of County Boroughs,
Life, '1946, and the Four Quarters there Other Urban Districts and Rural
Ses Explanatory noles on page v.
Days Weeks Months
30 1 day
Total | Under |mi Total and Total |
under 30 and | under under under weeks
1 year fmi under | Lday | 1 2 3 i 5 6 |twesk| 0 1 2 3 4 |to3 | 36| 69 |92
1 day weeks | m
1oasa]  si8| 3607| .4125| 1444| 1109| 746| 432| 312) 324) 4367| edv2| 1483 903] 79| 1197 3286) 2555 1314 706
,g AD Intants ... .. {%‘ 14083| 453 2495| 2948| oes| s8i| as4[ 336| 292 236| 3014 5962| I086| 683] 529 B260| 2285 1934 1033 574
g p | amsal] 971 sloz| 7or3| 2429) 1790 1230) 76B| 604] 560| 7aBN| 14454 2569| 1586 124( 19857( 5571 4486 2347 1280
17526t 07| a346| s7sa| 13370 1014| es0| 308| 28| 308 4028 7781| 1344| 818 639| 10582 2865 2250 1175 645
4 Legitimate AF 126771  325| 2276| ©2e01| 03| e31| asa| 307| 273| 221 2788| 5389 es2 626) 474 7471} 20111 1739 930) 526
P | 30208| 732| S22 e354] 2240| 1645\ 1143] 705| §59| 524 6816| 18170 2326 1444| 1113( 18053 4876 3998 Z2105| 1171
w3z} 1|  2er} 872|107  os|  sel 34| 26| 21 ss9l 711|139 go| 1015| 421) 298| 139 61
llegitimate ... .{g wos] 28] a9\ 847| 82| sof 31| =af 19| 15| 26| 73| 104f 57| 55| 789 274} 182) 103| .48
P 2zl 2300 4sol 719l 189 14s] 87l e3] 45l 3| Ges| 1284] 243] 142] 135] 1804 665|488 242 108

Figure SM2. Age distribution of deaths in France’s Statistique annuelle du mouvement
de la population for the year 1906

DECES EN 1900.. FRANCE ENTIERE,

e e e ——

TasLeav XVIII. — Décés au cours de la 1™ année.

ENFANTS. LEGITIMES. ENFANTS ILLEGITIMES,

- —~ T TOTAUX,
uAnqous. FILLES. BA!I;OHS- FILLES.
S

2 N\ & 5 6

Do la naissance 4 jours 7,231, 53,431 1,010 880 14,552
.. 3,186 2,437 481 384 6,488
108 14 _'|0tll'i . 2,882, 2,119 500 399 5,000

1b 3 29 jours ............... ' . . 5,577 Q‘_?ﬁ?‘ 1,274 960 12,078
1 mois (30 2 6o jours)eeiiiianinnn . 5,930 4,644 1,360 1,196 13,139
5 mois [01 5 Q0 JOUTE Jiuusonnrsonons P, 5,396 4,229 1,000 946 11,654
345 mels {91 b 180 jours} 10,874 5,704 1,880 1,675 23,223

6 & 8 mois (181 & 270 jours) 7,833 6,486 1,164 1,052 16,535
g mois & 1 an moins 1 jour (371 i 364 jours) 5,512 4,989 703 679 12,183

TOTAUS v v v v v iinaanannass 51,730 43,389 9,462 8,171 115,752
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Figure SM3. Age distribution of deaths in the Denmark’s Statistisk Tablevierk for the
year 1921

Tabel IV E. Bernedad
Tableaw IV E.  Mortalil]

Drenge garcons
Under| 17 Dage| | | [Tils. |
24 |y e til | under
) Timer| b gq | B00er 4 vg |9 Ma. |3 Md. |4 Md. |5 Ma. |6 Md. 7 Ma. §Md. |9 da. [10MAITMAI T Anrl g po g,
Aar ans au-des-| 5 5 |1 Md. I mois | 2 mois | 3 mois | 4 mois | 5 mois |6 mois | 7 mois| 8 mois | 9 mois| 1 11 tofal |i an 2 ans
s0uS | . 7 i | [ Mois | mois | moins |
de 24 | 177 liours—| | | d'un
heures I mats | 1 | i an

1921 , T 1 T
Januar........... e 41 | 35 | 38 | 38| 29| 27| 21| 20 | 18| 17| 16 11| 4 6 sl 84| 17
Februar................. 25 88 | B0 | B4 37 26 28 23 2b 21 | 18 15 ‘ 21 8 300 4 26
Marts........ooviiinnnn 35 45 H4 i 38 42 32 24 2b 24 21 18 12 12 | 11 393 58 17
April ..o 43 5l 50 i 44 a8 30 25 21 16 19 | 23 25 17 | 12 414 39 16
Maj .oooiiiiiiniii 46 47 40 | 40 23 30 18 12 10 9 7 6 ¥l 13 308 1] 13
Jani..ooeii B0 | 41| 3 | 82| 2| 20 7 9 ] 4 4 2 9 8| es4 | 21| 12
Juli oo 38 31 | 42 ‘ 28 29 19 12 8 10 5 3 8 5 4 242 23 | 10
Angust .. ... 49 | 42 | 29 | 22 | 2¢ | 18 | 12 7 9 5 3 b 3 3| 231 23, 3
Beptember . ............. 35 3 32 32 18 16 14 4 ] 6 5 ‘ 3 1 2 2056 20 | 17
Oktober................. 38 43 35 27 17 19 12 10 8 2 1 6 1 4 229 17 7
November............... 43 31 30 21 19 11 11 14 7 10 3 3 3 2 208 16 10
December . .............. 50 42 , 36 37 31 25 22 17 16 14 7 10 b 4 816 16 12
Tilsammen fotal. .. | 473 472 467 | 393 | 336 273 206 170 158 139 114 J 106 88 T7 | 3471 | 358 159
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