
Supporting Information Text S1: Summary of Death Distribution Methods 

Generalized Growth Balance 

The Generalized Growth Balance (GGB) method extends the Growth Balance Equation 

developed by Brass [1]. The original method employs the demographic relationship  
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where 𝑁𝑁(𝑎𝑎) is the number of people turning age a in the interval under observation, 𝑁𝑁(𝑎𝑎+) is 

the total population above age 𝑎𝑎, 𝑟𝑟 is the stable population growth rate, and 𝐷𝐷(𝑎𝑎+) is the total 

deaths at age 𝑎𝑎 and over. Generalizing the equation to non-stable populations, i.e. populations 

with non-constant growth, Hill [2] estimated an 𝑟𝑟 for each age group, yielding 
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The method requires population by age at two points in time and the average annual deaths in 

between those points. If we have incomplete censuses and incomplete death registration, then we 

cannot observe 𝑁𝑁1(𝑎𝑎), the true population of people aged 𝑎𝑎 at the first census, 𝑁𝑁2(𝑎𝑎), the true 

population of peopled aged 𝑎𝑎 at the second census, or 𝐷𝐷(𝑎𝑎), the true number of deaths of people 

aged a in between the first and second censuses. We instead observe 𝑁𝑁1𝑂𝑂(𝑎𝑎), 𝑁𝑁2𝑂𝑂(𝑎𝑎), and 

𝐷𝐷𝑂𝑂(𝑎𝑎), where 

𝑁𝑁1𝑂𝑂(𝑎𝑎) = 𝑐𝑐1 ∗ 𝑁𝑁1 

𝑁𝑁2𝑂𝑂(𝑎𝑎) = 𝑐𝑐2 ∗ 𝑁𝑁2 

𝐷𝐷𝑂𝑂(𝑎𝑎) = 𝑣𝑣1 ∗ 𝐷𝐷(𝑎𝑎) 



In the above equations, 𝑐𝑐1 is the completeness of the first census, 𝑐𝑐2 is the completeness of the 

second census and 𝑣𝑣1 is the completeness of death registration. Substituting these expressions 

into the Generalized Growth Balance equation allows us to estimate the relative completeness of 

the death registration to the censuses. After substitution and simplification, the equation becomes 
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By pulling the ratio 𝑐𝑐1
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 out of the growth rate term and rearranging, we obtain 
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which defines a line with intercept 1
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 and slope √𝑐𝑐1𝑐𝑐2
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. Least squares regression can estimate 

both the slope and intercept of this line and thus the relative completeness of the censuses and a 

correction factor for the mortality rates. 

 

Synthetic Extinct Generations 

The method of extinct generations, a precursor to the Synthetic Extinct Generations method 

(SEG), estimates the number of people aged 𝑎𝑎 at time 𝑡𝑡, 𝑁𝑁𝑡𝑡(𝑎𝑎) by employing the following 

demographic relationship between 𝑁𝑁𝑡𝑡(𝑎𝑎) and 𝐷𝐷𝑡𝑡(𝑎𝑎), the number of deaths of people aged 𝑎𝑎 at 

time 𝑡𝑡. 
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We can arrive at 𝑁𝑁𝑡𝑡(𝑎𝑎) either directly or indirectly by counting each person contributing to 

𝑁𝑁𝑡𝑡(𝑎𝑎) when he or she dies [3]. The method of extinct generations is impractical for those who 

need the resulting death information now. Instead of waiting for cohorts to go extinct, SEG [4] 

estimates the number of future deaths in the cohort by adjusting 𝐷𝐷𝑡𝑡  at all ages above a by a 

growth factor. The new approach yields the equation 
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where the right hand side of the equation represents the estimated deaths at older ages to the 

current cohort 𝑁𝑁𝑡𝑡(𝑎𝑎) by using current deaths at each age 𝐷𝐷𝑡𝑡(𝑥𝑥) from death registration systems 

and age specific growth rates 𝑟𝑟(𝑢𝑢) that can be obtained from comparing cohort sizes across two 

censuses. Dividing the estimated 𝑁𝑁𝑡𝑡(𝑎𝑎) calculated using the right hand side of the equation by 

the 𝑁𝑁𝑡𝑡(𝑎𝑎) observed directly from the census gives the relative completeness ratio 𝑣𝑣1
𝑐𝑐1

.  

 

Generalized Growth Balance-Synthetic Extinct Generations 

If the two censuses used to estimate the age-specific growth rates in SEG have different levels of 

completeness, then SEG’s final estimate of the correction factor will be biased. The combined 

GGB-SEG method attempts to correct this bias. Hill and Choi [5] proposed multiplying the 

population numbers from the first census by the 𝑐𝑐2
𝑐𝑐1

  derived from the intercept of the Generalized 

Growth Balance equation. After this adjustment, the two censuses are complete with respect to 

each other and SEG will produce a less biased estimate of the correction factor. 
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