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A problem that needs to be addressed

• In many situations, we may have data available only in 5-year 
age groups, or in 5-calendar year periods, when ideally we want 
data by single years of age, or for individual calendar years 

• While linear interpolation might be considered to be a solution 
to the problem, in many applications, the data are not linear, and 
so doing so would be contraindicated

• In 1945, Henry Beers, an actuary, set out a more robust  
approach to this interpolation problem
• “Beers’ interpolation”



Producing numbers at individual ages 
from quinquennial data

• Use Beers’ modified 6-parameter interpolation formula
• Rationale: coefficients form a 6-parameter polynomial which minimizes 

the 4th differences, and which includes an element of smoothing

• However, one may still need to manage the extremes of the 
range subject to interpolation to avoid undesirable fluctuations 
or values (such as negative people or probabilities, or odd shape 
of population pyramid at youngest ages)
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Using Beers’ modified formula

• Used to derive a smoothed single-year age distribution from 
data presented in 5-year age groups
• Set up to exactly reproduce the numbers in each age group (e.g. so the 

sum of 5, 6, … 9 at single ages will be the original total of 5-9

• Coefficients tabulated in a rather unintuitive way
• Split into 5 panels, each containing a 5x5 matrix of coefficients
• Panel 1: For the first age group you are working with
• Panel 2: For the second age group you are working with
• Panel 5: For the last age group you are working with
• Panel 4: For the second-last age group you are working with
• Panel 3: For all other age groups



Beers’ coefficients

• Notes
• Each PANEL sums to 1

• Each ROW of each panel sums to 0.2

• The entire matrix is symmetrical 
along the primary diagonal



Using Beers’ modified formula (2)

• Steps
• Identify the appropriate panel’s coefficients you are working with

• E.g, if you are working in age groups 0-4, 5-9, 10-14, … 75-79, you would 
use panel 1 for the 0-4 group, panel 2 for the 5-9 group; panel 3 for the 
10-14 through to 65-69 groups; panel 4 for 70-74 group; and panel 5 for 
the 75-59 group

• Then, each ROW refers to the ages in that age group. So if you are 
looking at the 10-14 age group (in the example above, panel 3), row 1 
of panel 3 would refer to age 10, row 2 of panel 3 to age 11, …, row 5 of 
panel 3 to age 14.



Using Beers’ modified formula (3)

• Then, apply the coefficients in each row to the 5-year age 
groups (using the SUMPRODUCT function) as follows:
• PANELS 1 and 2: applied to the first five age groups
• PANELS 4 and 5: applied to the last five age groups
• PANEL 3, to the five age groups CENTRED ON THE AGE GROUP YOU 

ARE LOOKING AT

• E.G (as before, splitting 0-4 .. 75-79 into single ages:
• Apply Panel 1 coefficients to age groups 0-4, 5-9,…, 20-24, each row 

giving age 0, 1, 2, 3, 4.
• Apply Panel 2 to the same age groups giving ages 5 …9
• Apply Panel 3 to the age groups 20-24… 40-44 (centred on 30-34) to 

give ages 30, 31 …, 34



Using Beers’ modified formula (4)

• Confusing and confused?!

• Much clearer with an example …

• So … 

• The data alongside are from the 
2012 Zimbabwean census, presented
in the conventional 5-year age groups

• We want to derive a single-age distribution
based on these data …

ZW 2012 Census
Age group Count
0-4 1 982 560
5-9 1 695 620
10-14 1 713 560
15-19 1 414 240
20-24 1 197 600
25-29 1 132 760
30-34 921 500
35-39 734 340
40-44 528 700
45-49 350 080
50-54 350 180
55-59 283 260
60-64 227 800
65-69 166 740
70-74 137 940
75-79 88 320



Example : Zimbabwe 2012





Comparison with actual 
single-age distribution



Implementation of Beers’ interpolation

• A copy of the spreadsheet demonstrated is on the training 
course shared drive (Beers_ZW.xlsx)
• Can be modified to suit, once the logic of the spreadsheet has been 

understood (e.g. in terms of a different range of ages etc.)

• The interpolation can also be used (as we will do in Parts 3(ii) 
and 3(iii) to derive single-calendar year estimates from 5-
calendar year results
• Useful in the context of the UNWPP data, for which many important 

results are only published for 5-calendar year periods

• A bespoke spreadsheet to do this is demonstrated in the next two 
sections



Reminder!

• If you have any queries or questions on this material, please 
email Thomas.Moultrie@un.org, copied to escap-crvs@un.org

• I will do my best to answer questions, either by return of email, 
or in the first plenary session on 27 May 2022

mailto:Thomas.Moultrie@un.org
mailto:escap-crvs@un.org



