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Appendix A. Calculation of short-term elasticity. 
 
We follow methods outlined in Haridas and Tuljapurkar (2007) to derive the short-
term elasticities. Let the current random projection matrix in year t  be (t)A  and let 
this be perturbed to (t)(t) CεΑ + , where ε  is small. Let population growth rate in year 
t  be (t)λ  and let (t)y  denote age-structure vector. Then 
 
                                                            |yA| )(t(t)(t) 1−=λ ,                                    (A.1) 
 
where || x , denotes the sum of elements of  vector  x . 
Let age-vector )(ty change to (t)(t)(t) wεyy += , as a result of perturbing projection 
matrix. Then (t)y  iterates as  
 

                                                
(t)

)(t(t)(t)(t)
λ

y)Cε(Ay 1−+
=  ,                                  (A.2)                                   

where  
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where  
  |wAyC| )(t(t))(t(t)μ(t) 11 −+−=   
 
and )( 2εO  denotes terms of order 2ε and more.  
                                                                              
The elasticity in year t  is computed as the proportional change  
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First component in the above equation is the short-term (single year) effect due to 
perturbing the projection matrix (i.e., increasing a vital rate or its mean/variance) 
keeping age-structure fixed at the observed value )(t 1−y  at the beginning of the year. 
The second component is the effect due to changes in age-structure accumulated over 
years. If a single vital rate is perturbed, say )(tAij , then first component is simply     
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In this paper we consider two perturbations: firstly change mean without changing 
variance in which case ijij tC µ=)( , the mean of the vital rate )(tAij . Secondly change 
variance without changing mean in which case, ijijij tAtC µ−= )()( . Note that )(1 te is 
random and changes with year but its long-run average over time converges and this 
limit gives the short-term stochastic elasticity discussed in the paper. Denoting this 
average by 1E , we have  
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