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Projecting the level of fertility: 
a. Overview
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Projecting the level of fertility: a. Overview

In many countries, fertility is the most important factor influencing future 
population growth. In Africa, for example, it has been estimated that fertility 
will be responsible for around 64 % of the population growth between 2010 
and 2050

Contribution of 
demographic 
components to 2010‐
2050 population 
growth in Africa (per 
cent) (United Nations 
projections)

United Nations, Department of Economic and Social Affairs, Population Division (2015). Demographic Components of Future Population Growth: 2015 Revision

Increase 2010‐2050 = 
1.4 billion
[N2010 = ~ 1.05 billion
N2050= ~ 2.5 billion]



Contribution of demographic components 
to 2010‐2050 population growth
as percentage of population in 2010
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Projecting the level of fertility: a. Overview

 1. Observe and interpret past trends carefully   2. make assumptions about 
future trends 

Three steps:

1. Observe recent levels and trends

2. Compare recent trends with similar ones from the 
past (in the same or other populations)

3. Make inferences as to a plausible course of fertility 
development

Pay attention to recent 
irregularities:
o Check for data issues
o Fluctuations
o Exceptions (temporary 

postponement of marriage, 
wars, etc.)

Fertility levels and trends depend largely on social and cultural factors, such 
as social norms on reproduction and contraception, individuals’ desired 
family size, access to family planning, etc. 



Projecting the level of fertility: a. Overview

Assumptions about fertility projections
Examples: 

“An increase in fertility is assumed [from 2013]. Greater increases are assumed during the 
first 5‐year periods, until reaching very small increase at the end of the projection period. 
TFR increases from 1.71 to 1.96 over the span of the projection” [35 years]. Cuba (2015) 

“The national estimated Total Fertility Rate (TFR) of 3.9 children per woman (…) was 
assumed to decline linearly to 2.4 to 2041”. Namibia (2014)

“Fertility has declined (…) though the levels and hence the magnitude of the decline may 
be debatable (…). Officially published and re‐estimation figures suggest that the fertility 
decline between 2001 and 2011 appeared to be less steep than during the period 1980‐
2001. It was therefore assumed in all the scenarios that total fertility rate will continue to 
decline slowly during the period 2011 to 2016 at the same magnitude of the decline in 
2001‐2011 (…). … it was assumed that total fertility will stabilise during the period 2016‐
2026 at the level in 2016.”. Botswana (2015) 



Projecting the level of fertility: 
b. Establishing the baseline of fertility



Projecting the level of fertility: b. Establishing the baseline of fertility

To measure the level of fertility we compute the: 

Total	Fertility	Rate	(TFR)

 TFR is independent of the effect of the age structure.
 TFR gives the number of births that women give birth to.
 TFR is the standard way to compare fertility levels across countries and 

time.

ܴܨܶ ൌ 	 ෍ ܴܨܵܣ ∙ 5
ସହିସଽ

௫ୀଵହିଵଽ

refresh

Interpretation
The number of children a woman would have if she lived from age 15 to age 50 
and experienced the ASFRs of the period in question throughout her 
reproductive life.

> An example of a synthetic cohort > a measure of period fertility
May be subject to the tempo effect: a change in the timing of births produces an apparent and 
temporary change in fertility level



Projecting the level of fertility: b. Establishing the baseline of fertility

Caution! Quality assessment needed

2002 
Census

2012 
Census

Direct estimates of TFR (census reported), 2002 and 2012

Establishing a 2012.5 baseline for fertility projection ‐ example



Projecting the level of fertility: b. Establishing the baseline of fertility

Caution! Quality assessment needed

Direct estimates of TFR (census, surveys), 2002 to 2012



Projecting the level of fertility: b. Establishing the baseline of fertility

Caution! Quality assessment needed

Direct & indirect estimates of TFR (census, surveys), 2000‐2015

Based on national report



Projecting the level of fertility: b. Establishing the baseline of fertility

Caution! Quality assessment needed

Direct and indirect estimates of TFR, 1980‐2012

Based on national report



Projecting the level of fertility: 
c. The United Nations models



Projecting the level of fertility: c. The UN models

o Two models of fertility projection:
– High and Medium-fertility countries: until 2015 had 

had no or an incipient fertility decline (high) or fertility  
has been declining but were still above 2.1 children 
per woman in 2010-2015

– Low-fertility countries: total fertility is at or below 2.1 
children per woman in 2010-2015.



Projecting the level of fertility: c. The UN models

o Uses a double-logistic function (similar model as for 
mortality).

o Not the level itself, but the rates of change are modeled.
o Incorporates the observation that during the demographic 

transition, fertility first changed slowly, then                 
decline accelerated and finally decelerated.

2‐phase process modeled by 2 logistic functions 
(one approaching an upper limit, and second one approaching a 
lower limit)

o Fertility projected through a transition from high to low levels
o Fertility modelling approach used in World Population Prospects: the 

2008 Revision for high- and medium-fertility countries



Projecting the level of fertility: c. The UN models

o Sum of two 3-parameters logistic growth pulses for 
annual declines in TFR
General pattern:

Meyer, Perrin (1994). Bi-Logistic Growth. Technological Forecasting and Social Change 47:89-102.

2‐phase process modelled by 2 logistic functions 
(one approaching an upper limit, and second one approaching a lower limit)

ΔTF



Projecting the level of fertility: c. The UN models

o We model variations of the general pattern, associated with differences in 
pace of fertility decline at the beginning and at the end of the fertility 
transition.

o We create groups based on similar trends of pairs of level of fertility and 
fertility declines, which results in… 

o Three models of fertility decline: Slow/Slow, Fast/Slow, Fast/Fast.
o The parameters of the two logistic functions vary across models: 



Projecting the level of fertility: c. The UN models

 3 Models of fertility decline:
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Projecting the level of fertility: c. The UN models

 3 Models of fertility decline:



3. Select a model

Projecting the level of fertility: c. The UN models

Tool to use the three 
models of fertility 
decline:

UNPD_FerModel.xls



Projecting the level of fertility: 
d. The US Bureau of Census model

o Interpolates and extrapolates Total Fertility rates: 
TFRLGST.xls

o Fits a logistic function to 2 to 17 TFRs
representing past trends, given an upper and a 
lower asymptotes. >>
– Input data 



3. Select a model

Projecting the level of fertility: d. The USBC model

Tool to use the logistic 
curve given for fertility 
decline an upper and lower 
asymptotes :

TFRLGST.xls



3. Select a model

Projecting the level of fertility: d. The USBC model

Preparing the input for Spectrum



Projecting the level of fertility: d. The USBC model

The UNPD models and simple interpolation methods are easy 
“ready‐to‐go” projection tools. However, these tools may not 
reflect accurately some of the recently trends observed in the 
African region, or the expected future trends in the fertility 
transition of African countries.  

Country‐specific models and alternative approaches to global 
fertility projection have been developed, but their complexity 
(with regards to methodology, data requirement, etc.) make their 
implementation challenging. 



Projecting the level of fertility: d. The USBC model

Illustration of probabilistic 
fertility projection based on 
Bayesian Hierarchical Modeling (a 
small selection of the probabilistic trajectories are shown)

Illustration of nine clusters 
showing distinct patterns of pace 

of decline (data from 130 counties, over 60 years)

Source: Gerland, P. et al (2015) Demography is not destiny: 
Probabilistic scenarios of future fertility change in Sub‐Saharan 
Africa

Based on World Population Prospects: the 2012 revision

Alternative approaches to fertility projections (work in progress):

Based on World Population Prospects: the 2015 revision
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Projecting the age pattern of 
fertility: a. Overview



Projecting the age pattern of fertility: a. Overview

To measure the age pattern (or schedules) of fertility we compute: 

Age‐Specific	Fertility	Rates	(ASFRs)
refresh

 ASFRs measure the annual number of births to women of a specified age or age group per 
1,000 women in that age group

 Where nBx refer to births to women age x to x+n (usually 5‐year age groups covering the 
age range 15‐49), during a given period, and nWx refers to the mid‐period population of 
women age x to x+n.

௫,௫ା௡ܴܨܵܣ ൌ

 Dividing each ASFR by the sum of all across the childbearing ages, we obtain:  

Proportionate	Age‐Specific	Fertility	Rates	(PASFRs)
 The sum of PASFRs = 1 (or 100) An Excel template is 

available in the “PASFRs
MAC” sheet of your 

exercise file
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Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs



Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs
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Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs

Source: Human Fertility Database

Proportionate Age‐Specific Fertility Rates (PASFRs) – Sweden



Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs

Source: Human Fertility Database

Proportionate Age‐Specific Fertility Rates (PASFRs) – Sweden
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Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs

Source: Human Fertility Database

Proportionate Age‐Specific Fertility Rates (PASFRs) – Sweden
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Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs

Source: Matthews et al. (2009), "Does early childbearing and a sterilization‐focused family planning programme in India fuel 
population growth", Demographic Research, vol. 20 art. 28, pp. 693‐720.

Early age 
patterns of 
fertility

Late age 
patterns of 
fertility



Projecting the age pattern of fertility: a. Overview ‐ ASFRs and PASFRs

Matthews et al. (2009), "Does early childbearing and a sterilization‐focused family planning programme in India fuel population 
growth", Demographic Research, vol. 20 art. 28, pp. 693‐720.







Projecting the age pattern of fertility: b) Baseline

Caution! Quality assessment needed

Direct and indirect estimates of ASFRs – different sources
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Reported Brass P/F Ratio Arriaga

Reported
Brass P/F 
Ratio Arriaga

15‐19 0.065 0.123 0.113
20‐24 0.186 0.303 0.290
25‐29 0.190 0.298 0.287
30‐34 0.167 0.258 0.248
35‐39 0.127 0.194 0.185
40‐44 0.068 0.099 0.096
45‐49 0.029 0.037 0.034
TFR 4.16 6.56 6.26

2002 census



Projecting the age pattern of fertility: b) Baseline

Caution! Quality assessment needed

Example of quality assessment  of ASFRs
based on recent births data from Malawi



Projecting the age pattern of fertility: 
c. Projection options

o Since we have projected levels of fertility, we will use PASFRs (not ASFRs) to project 
age patterns.

o In Spectum, PASFRs are expressed in percentages (the sum of PASFRs = 100) 

o Two options are available:

1) “Use model table”

2) “Enter from keyboard”: User‐defined projections



Projecting the age pattern of fertility: c. Projection options

o Option 1: User‐defined projection using Spectrum interpolation 
function. 

We need a base year pattern and a target pattern. 

o Option 2: User‐defined patterns using models from the Excel template 
ASFRPATT.xls
Finds age patterns of fertility for a given level of fertility, based on typical 
age‐specific fertility patterns. 

o Option 3: User‐defined patterns using models from the Excel template 
UNPD_ASFR.xlsm

Characteristic empirical age patterns of fertility are used as a basis for projections. 

o Option 4 (caution is recommended): “Use model table” from 
Spectrum software



Projecting the age pattern of fertility: c. Projection options

o Option 1: User defined projection using Spectrum interpolation 
function. 

We need a base year pattern and a target pattern. 

Open menu 
with mouse 
right click



Projecting the age pattern of fertility: c. Projection options

o Option 1: How do we define a target pattern?



Projecting the age pattern of fertility: c. Projection options

o Option 2: Use Excel template ASFRPATT.xls
o Finds age patterns of fertility for a given level of fertility, based on typical 

age‐specific fertility patterns. 

ASFRPATT.xls calculates ASFRs, not PASFRs!



o Option 3: Use Excel template UNPD_ASFR.xls

Projecting the age pattern of fertility: c. Projection options

o Uses characteristic age‐patterns of fertility 
associated with select levels of fertility

o The model generates a series of age 
patterns by interpolating between a base 
pattern and a target pattern.

o The template allows for extending the 
target pattern beyond the last year (target 
year) by keeping it constant.

o Model age patterns of fertility are 
presented as PASFRs, indexed by the  mean 
age at childbirth (MAC)



Projecting the age pattern of fertility: c. Projection options

Mean	age	at	childbirth	(MAC): 

The sum of ASFRs weighted by the mid‐point of each group, divided 
by the sum or ASFRs

Interpretation
The mean age of mothers at the birth of their children, 
under the assumption that women are subject through 
age 50 to the ASFRs observed in a given year. 

where	xa is	the	mid‐point	of	each	age	
interval	(17.5,	22.5,	…	47.5)	and	fa ais
the	ASFR for	women	in	age	group	a

An Excel template 
is available in the 
“PASFRs MAC” 
sheet of your 
exercise file

refresh



Projecting the age pattern of fertility: c. Projection options

Source: Human Fertility Database

Mean age at childbirth (MAC): – Sweden, 1891-2011



Projecting the age pattern of fertility: c. Projection options

o Option 4: (caution is recommended): “Use model table” from 
Spectrum software

3 regional models and one average model are provided. 



Thank you

Questions?
>> until 11 March:

>> After 11 March:  sawyerc@un.org
bassarsky@un.org

Regional Workshop on the Production of Population Projections
Addis Ababa, 7-11 March 2016


