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4.2.3 Matrix formulation
 Multiplicative growth rate of the population

is the dominant eigenvalue of the projection
matrix

 Stable age distribution
= right dominant eigenvector defined by

 Reproductive values
defined by  

 Total reproductive value after one
generation

λ
l
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4.2.3 Matrix formulation

Important result from linear algebra:

where is a non-zero element in

This is called the sensitivity of with respect to 
the (i,j)th element  
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4.3.3 Reproductive value dynamics
: population vector

: reproductive value defined by

: age structure,   

Scaling: 

: total reproductive value

n

v
( )| ;l EM EE M Z v l vλ= = =
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1i iu v =∑

i iV n v= ∑
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Environmental and demographic
variances
We then have:

where

Since , the process for         has the same 
dynamics as a population without age structure. 
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Environmental and demographic
variances
This process can then be approximated by a 
diffusion process with

inf. mean

inf. var    

( ) 2 21 1ln |
2 2e dE V V r

V
σ σ∆ = − −

( ) 2 2ln | /e dVar V V Vσ σ∆ = +



www.nina.no

Fig. 4.2
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Fig 4.3
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