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Population growth:

N(T ) = N(0)e
∫ T

0
r(t)dt,

N(T ) = N(0)erT , r = log

(
N(T )

N(0)

)
/T

Hazard and survival:

µ(x) =
d(x)

l(x)
, l(x) = l(0)e−

∫ x

0
µ(a)da,

e(x) =

∫ ∞
x

l(a)da/l(x)

Rates to probabilities:

nqx =
n nmx

1 + (n−n ax) nmx
, nqx = 1− e−n nmx

Time lived:

nLx = n lx+n + nax ndx, nLx =
lx − lx+n
nmx

, ∞Lx =
lx

∞mx

Gompertz:
logµ(x) = α+ βx

Brass:

Yx = α+ βY s
x where Yx = 0.5 log

l0 − lx
lx

so lx = l0
1

1 + e2Yx

Unobserved heterogeneity:

µ(x|θ) = µ0(x)θ, µ(x) = µ0(x)E(θ|X > x)

Lee-Carter:
log nMx,t = ax + bx kt

Coale-McNeil:

G(a) = cGs(
a− a0
k

) = cG0(
a− µ
σ

)

Hernes:
g(a) = Ae−raG(a)[1−G(a)]

Coale and Coale-Trussell:

r(a) =Mn(a)e−mv(a), v(a) ≥ 0 and f(a) = G(a)r(a)

Page:
r(a, d) = n(a)eα+βd
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Bongaarts:
TFR = TNCmCcCiCa

Leslie matrix:
nL0

l0
(nFx +

nLx+n

nLx
nFx+n)/2

nLx+n

nLx
,

Tx+n
Tx

Net reproduction rate:

NRR =

∫ β

α
p(a)m(a)da ≈ GRR p(AM )

Stationary population:

be0 = 1, c(a) = p(a)/e0

Renewal equation:

B(t) =

∫ β

α
B(t− a)p(a)m(a)da, t > β

Lotka’s equation:

1 =

∫ β

α
e−rap(a)m(a)da

Stable age distribution:
c(a) = be−rap(a)

“Sheer Poetry”:

d log c(a)

dr
= AP − a, where Ap =

∫
ac(a)da/

∫
c(a)da

Stable population birth rate:

b = 1/

∫ ∞
0

e−rap(a)da

Mean length of a generation (T ):

r =
log(NRR)

T
, T ≈ AB + µ

2

Population momentum

M =

∫ β

0

c(a)

cs(a)
w(a)da (P-G) M =

be0√
NRR

(K-F)

Tempo-adjustment:

TFR∗ =
TFR

1− r
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