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FIGURE 1. Survivorship curve for Euterpe globosa, over
7 orders of magnitude. All values of /x except that at
9 years are completely independent of each other, thus
providing an internal check on accuracy.
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Laws of mortality a single parameter!
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Laws of mortality a single parameter!

15[ = .
()15‘[ hour of life - 100%
1e-02 1
0 =
Q
L 10% =
hours 1 to 24 =
1603 - 5 =
Q D°=475% o
2 -15 )
S —
> i 0 %0 |02
= H 170
S daily rates... Pearson residuals a
O 1e-04 1= )
= @ 2
@
o)
F0.1% o
1e-05 - 5
@gp %OOQD@O 0 .0 o
Lo o 0%, ° oo N o,
BUTRT “fof%’é’“%f’ o 2 %0 o0 R g curs, 0.01%
1e-06 log p(x) =—8.83 —0.023x 200

0 60 120 ' 180 ' 240
Time since birth [days]

Mortality rates represent deaths per person-day of exposure. Scale transformatiomss
Raw data: NCHS Cohort Linked Birth - Infant Death Data

Scholey (2020). The dynamics of ontogenescence. il

EVODEMO 2025 Scholey - Gompertz in early life



Laws of mortality a single parameter!
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Laws of mortality a single parameter!
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Laws of mortality
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US infants born in the years 2005-2010.

Circle area is proportional to the number of deaths at each day. D2 is share of deviance explained by model.
Mortality rates represent deaths per person-day of exposure. Scale transformations: log(y).

Raw data: NCHS Cohort Linked Birth - Infant Death Data Files.
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Laws of mortality graduation
Okonek et al. (2024). A Pseudo-likelihood Approach to Under-5 MortalityEstimation.
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Laws of mortality compression
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Mechanisms of mortality



Mechanisms of mortality characterization of power-exponential law
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Mechanisms of mortality characterization of power-exponential law
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Mechanisms of mortality characterization of power-exponential law

Hougaaard (1986). Survival models for heterogeneous
populations derived from stable distributions.

Power-exponential hazard ~ Hougaard-Gompertz frailty model

a(x+c)Pe® = a[(1-exp(-bx))/b + c]Pe®®
for x closeto O
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Mechanisms of mortality characterization of power-exponential law
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Hougaard (1986) describes a class of multiplicative frailty models which ex-
hibit a shifted-power-law decline in average frailty over age. Frailty is assumed to
be distributed according to a three parameter extension of the stable distributions
fz(a,d,0), a density without closed-form representation, but with closed-form
Laplace transform

L{f2(c.5,0)}(s) = Ele7] = exp [2 (6 +5)° — 9&1] .

Substituting the cumulative baseline hazard Hy(z) = [} ho(s) ds for ar-
gument s one recovers the population survival function

S(x) =E [e_H“(I)Z} = exp [72

(0 + Ho(z)) — 6“]]

and corresponding population hazard

—% log S(x) = h(z)
= E[Z|z]ho(z)
= 8(8 + Ho(x))* *ho(z).

Assuming a negative-Gompertz baseline hazard hy = exp(—bz) and substi-
tuting a = §, ¢ = f and p = —a + 1 into h(z) yields the Hougaard-Negative-
Gompertz hazard

1—e™e P
hug(z) = a (Te -+ c) et




Mechanisms of mortality characterization of power-exponential law
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7.1 A shock-recovery process

The power-exponential product of the population hazard hpg can be interpreted as
a non-homogeneous split Poisson process, where shocks to an infant’s health ar-
rive with rate \(x) per unit person-time, each shock resulting in infant death with
probability p(x). Shock models in the context of human mortality have for ex-
ample been studied by Strehler and Mildvan (1960), Finkelstein (2005), Cha and
Finkelstein (2016). A similar explanation for the age-trajectory of preadolecent
mortality across species has been put forward by Levitis (2011) under the name
“transitional timing hypothesis™ stating that “transcriptional, developmental and
environmental transitions are dangerous, and these are concentrated early in life.”

Let N(x) be the number of infants alive at age = and let E[M] be the ex-
pected value of a Poisson distributed random variable M with rate parameter
[ \(x)N(x) representing the total number of health-shocks the population
of infants is expected to experience over age interval [z, z + n). If each shock
leads to death with probability p(z) then the number of deaths D over age interval
[z, 2 4 n) follows a Poisson distribution with expected value

T+n
E[.D.] = / Az)p(z)N(z)dx,

see Prékopa (1958) for a proof. The hazard of death experienced by sur-
vivors N at time x is h(x) = A(xz)p(x). If the rate of shocks A(x) varies
over time according to a flexibly-shifted-power hazard and if the probability of
a shock leading to death p(x) is exponentially declining the power-exponential
hazard is recovered. Note that neither the rate of shocks nor the probability of
death following a shock are identified as this would require inferring the model
h(z) = a1(x + ¢) P x aze ™ from the fit h(z) = a(x + ¢) Pe~** —a problem
with infinitely many solutions. However, the power and the exponential rate pa-
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Mechanisms of mortality characterization of power-exponential law

Mortality selection
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Data over models



Data over models most of us were born Gompertz
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Data over models unveiling hidden heterogeneity
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Data over models unveiling hidden heterogeneity

ol Schaley (2025). The impact of population heterogeneity
on the age trajectory of neonatal mortality.
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Data over models testing the selection hypothesis

Decomposing change in mean-mode mortality ratio over age
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Data over models testing the selection hypothesis

Mortality selection along...
APGAR score x
Birthweight x

Gestation at delivery

... explains

21 % of the mortality

decline over the first day of life,
and less than 5% at later ages
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variance of mortality risks over the
first day of life,

and less than 5% at later ages
... explains

2 3% of the decline in the

positive skewness of mortality risks over the
first day of life,

and less than 5% at later ages

Data: US infants born 2008-12. CDC/NCHS.
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Data over models testing the selection hypothesis
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Model pluralism



Methodological pluralism Gompertz before birth
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Methodological pluralism Gompertz before birth
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Methodological pluralism Gompertz before birth

Levitis, Daniel A. (2011). “Before senescence: the evolutionary
demography of ontogenesis”. In: Proceedings of the Royal Society B
278, pp. 801-809.

Ontogenescent hazard
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US conception cohort 2014. Raw data: CDC/NCHS. Week of gestation 28
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Methodological pluralism Gompertz before birth

Levitis, Daniel A. (2011). “Before senescence: the evolutionary
40 demography of ontogenesis”. In: Proceedings of the Royal Society B
278, pp. 801-8009.
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Methodological pluralism Gompertz before birth
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Methodological pluralism Gompertz before birth

Combined feto-infant mortality by week of gestation among conception cohort 2014. The dynamics of ontogenescence.

Raw data: /NCHS.

Table 1:
derived quantities.

Parametric specification of the feto-infant mortality trajectory over age of gestation and

Ontogenescent component

Transitional component

Ontogenescent hazard The instantaneous risk of fetal or in-
fant death at gestational age = x + 24 due o causes with a
continuously declining incidence.

40

Total feto-infant hazard

Ontogenescent hazard
+

Transitional hazard
"birth hump"

hO(x) = ay exp(~bx)

Cumulative ontogenescent hazard

/\ 1005y ds 4141 €xp(=bY)
o

HO(
(x h

w
o

ay Level of feto-infant mortality The approximate hazard of
feto-infant death at age of fetal viability.

b Rate of ontogenescence The relative rate of feto-infant
mortality decline over gestational age in absence of birth
hump.

1:126 risk of fetal or infant

N
o

Transitional hazard The instantaneous risk of fetal or infant
death at gestational age x due to causes associated with the
timing of onset of labor.

1) = azexp (7("’7
257

Cumulative transitional hazard

H'(x) =/ RT(x)ds = ayoryw/2 [erf(A) +erf(B)],
o

where A = =< _and erf(-) s the Gaussian error

function.

ay Magnitude of birth hump The instantaneous risk of fetal
or infant death contributed by the birth-hump component at
its peak

¢ Location of birth hump

The onal age 1 = ¢ + 24 coinciding with the peak of
the risk of fetal or infant death contributed by the birth-hump
component

o Spread of transitional shock The curvature of the risk of
feto-infant death around its peak. Higher values flatien the
birth hump.

Combined hazard

Hazard of feto-infant death The instantaneous risk of fetal or
infant death x weeks past fetal viability.

death during 1 year following
etal viability

Feto-infant survival ct
weeks past fetal-viability.

The probability of surviving x

Cumulative incidence of feto-infant death Probability of fetal
or infant death x weeks past fetal-viability.

h(x) = hO(x) + h"(x)
500 = exp (~HO) - HT(x)

F(x)=1-5(x)

Competing ri

Cumulative incidence of feto-infant death due to causes as-
sociated with the timing of onset of labor.
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Share of feto-infant deaths over x weeks following fetal via-
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https://github.com/jschoeley/phdthesis/blob/master/doc/schoeley-2020-the_dynamics_of_ontogenescence.pdf

Methodological pluralism what can you do with a model

Cause of death decomposition of the “birth-hump” among US conception cohort 2014. Scholey & Kniffka (2025).
“The birth-hump”. A shape decomposition of perinatal excess mortality.
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Methodological pluralism what can you do with a model
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Feto-infant deaths per

Methodological pluralism phenomenology + data + mechanisms
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Methodological pluralism phenomenology + mechanisms + data

Hispanic 80 "
4 | _hi . 0 =
Bachelor and above 2 80 _Non-hispanic Black £ § 15001
5 = primary education or less g
o e 2220 ZE
o ° = 310 S
30+ [ ] c O g1 < 5 1000+
E i
£ 53 4 53
= o * £8 2 2S5 5001
L 254 29 5O
) ° ®3 g s So
— ° LS Hispanic £%
B = :  Bachelor and above 3% 0
e! i 24 40 76
= 20 . Week of gestation
[ =
o o
(@]
(2]
= ) , ,
5 151 Non-hispanic Black
> ° primary education or less
G °
©
Y—
£10-
je) o
Q2
N
0.5 1.0 1.5
% probability of feto infant death Scholey & Kniffka (2025). “The birth-hump”.

A shape decomposition of perinatal excess mortality. "

EVODEMO 2025 Scholey - Gompertz in early life



Methodological pluralism all models are true, some describe reality
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What remains?
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