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1.7 Predicting the future world population  
 
At the right is tabulated the population of the world (in billions) at 5-
year intervals over the last half of the 20th century, from 1950 to 2000.  
Your task (if you choose to accept it) is to use this data, in any way you 
feel is best, to try to predict the population of the world at 5-year inter-
vals over the following 25 years.  In particular, you will be predicting 
the 2005 population and you can of course check that prediction at the 
end of the exercise(!).  These data are plotted below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In fact, in 2001, when I first started working with this problem, The US 
Census Bureau had posted their own population predictions for the next 
25 years, and I have added these to the bottom of the table.  The models 
the US Bureau use to make their predictions are no doubt complex and 
take account of a large variety of forces which operate differently in 
different parts of the world.  The models we will construct here will be 
very simple and will just work with the data itself, but it will neverthe-
less be interesting to compare the results of our elementary approach 
with the sophistication of the U.S Bureau: 
http://www.census.gov/ftp/pub/ipc/www/world.html 
 
 
Before I let you get at it, I ought to relate the story of Bradley 
who refused to play my exponential growth games and said: 
Hey, prof, it’s just a straight line. 
It can’t be, I said, it just looks straight to the unsophisticated 
eye. 
 
We’ll it was a real mistake to suggest that Bradley might be 
unsophisticated.  By gosh if he didn’t come up to the laptop at 
the front and quietly pursue his hypothesis while I and the rest 
of the class talked about exponential and logistic growth.  He 
fitted a linear trend line to the z-t data, and then simply used 
the equation to generate z values for the next 25 years.  Sur-
prise, surprise.  He got pretty close to the US Bureau.   
 
I hadn’t expected that.   

date Bradley US Bureau
2005 6.411 6.468 
2010 6.773 6.849 
2015 7.135 7.227 
2020 7.496 7.585 
2025 7.857 7.923 

date Pop(×109) 
1950 2.556 
1955 2.780 
1960 3.039 
1965 3.345 
1970 3.707 
1975 4.086 
1980 4.454 
1985 4.851 
1990 5.279 
1995 5.688 
2000 6.083 
  
US Bureau predictions 
2005 6.468 
2010 6.849 
2015 7.227 
2020 7.585 
2025 7.923 
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Solution: 
I hesitate to write this up in a definitive manner, because there are dif-
ferent ideas around as to what to do and different arguments to support 
them.  I find that most students attack this project in a thoughtful and 
inventive manner, and use interesting arguments to justify their ap-
proach.   
 
Checking for exponential growth 
I remind the students at the beginning that the standard or “default” 
mode of growth for biological populations is exponential, simply be-
cause the number of births and deaths ought to in some sense be pro-
portional to the number of individuals.  So the first thing to ask is “is it 
exponential?”  Having asked that, it has to be said we don’t actually 
expect it to be exponential.  Indeed our work with the sunflower growth 
has alerted us to the idea that as things get crowded and resources be-
come limited (and that certainly ought to apply to the world) we expect 
to see a decrease in the “multiplier”.  
 
 
Anyway, to get everyone started, I have them plot logz against time and 
see what we get.  The graph appears at the right.  Note that I have re-
calibrated the time axis so that the “date” of 1950 is “time” t=0.  
There’s a good reason to do that when we want to fit equations (such as 
trendlines) because the round-off error in the coefficients gets magni-
fied by having large numbers on the x-axis.   
 
The log graph also looks (at first) like a straight line.  Anyway, we fit a 
trend line and get: 

log(z) = 0.0077t + 0.4101 

and we get z by exponentiating: 

z = 100.0077t + 0.4101  =  2.571×1.0179t .  

 
This is an exponential growth model for the population and its values 
are tabulated in the right-hand column.  The rate of population increase 
for this model is 1.79% per year.  If we plotted the log of these z-values 
against time, they’d run exactly up the log-line.   
 
To see what this model predicts, we extrapolate it into the future.  The 
resulting values are tabulated at the bottom of the right-hand column.  
They predict much larger values than the US Bureau.  Clearly too high.   
 
You can actually see why that’s happening––the points in the log graph 
after 1970 have a real concave-down shape.  At the end, they drop be-
low the line and are clearly heading away from the line.  So out at 
2025, the line is sure to be way high.   
 
 

date time 
t 

Pop(×109) using 
log-line 

1950 0 2.556 2.571 
1955 5 2.780 2.809 
1960 10 3.039 3.070 
1965 15 3.345 3.354 
1970 20 3.707 3.665 
1975 25 4.086 4.005 
1980 30 4.454 4.376 
1985 35 4.851 4.782 
1990 40 5.279 5.225 
1995 45 5.688 5.710 
2000 50 6.083 6.239 
    
  US Bureau  
2005 55 6.468 6.817 
2010 60 6.849 7.449 
2015 65 7.227 8.140 
2020 70 7.585 8.894 
2025 75 7.923 9.719 
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Examining the multiplier 
Mindful of the sunflower model, we might check out the multiplier.  
The non-linearity of the logz data should show up as variability in the 
multiplier (since a straight-line log graph corresponds to a constant 
multiplier).   
 

So let’s see what the multiplier m = 
z

znext  looks like when plotted 

against z.  The graph appears at the right and at first glance it looks for 
all the world to be almost constant.  [Well that corresponds to the log 
graph being almost straight.]  To see the pattern more clearly we need 
to expand the y-scale.  That’s done in the second graph and we get an 
interesting pattern.  During the first 20 years the multiplier increases in 
a linear fashion from around 1.09 to 1.11.  That’s an increase from a 5-
year population growth of 9% to a 5-year growth of 11%.  But then it 
turns around and pretty well declines over the next 30 years to around 
7%. 
 
Clearly there was some sort of global shift in 1965.  That was my 
graduation year.  I remember a tremendous optimism––we were head-
ing for the moon and science and technology were going to solve all the 
world’s problems.  Well we got to the moon.  But the world’s problems 
are worse than ever.   
 
A reasonable idea is to take that fairly linear decrease in the m-data and 
extrapolate that to get the desired future estimate.  Let’s see what hap-
pens if we do that.   
 
At the right we fit a trend line to the m-graph from 1965 on.   We get 
the equation: 

m  =  1.1581 – 0.0153z. 

Be sure you understand what this gives us.  For any population size z, 
m is what you need to multiply it by to get the population in 5 years 
time.  The formula of course does not tell you exactly what the multi-
plier was over that 35-year period, but it gives the best straight-line fit 
for the dependence of m on z.   
 
We can use this to step forward in time.  Given any size z, the size 5 
years later would be 

nextz  =  mz  =  (1.1581 – 0.0153z)z 

and we can repeat this again and again and generate successive z-
values.  What we get is tabulated at the right, and again a comparison is 
made with the US Bureau data.  The match seems fairly close.  We are 
a bit higher than the Bureau at the beginning and a bit lower at the end.   
 
By the way, what was the population in 2005?  [Recall that we have 
done this exercise as if we were in the year 2001.]  It was 6.451 billion.  
Both estimates are a bit high.   
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US Bureau

2005 6.479 6.468 
2010 6.861 6.849 
2015 7.225 7.227 
2020 7.569 7.585 
2025 7.889 7.923 
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It’s interesting to ask where our linear model would take us if we kept going.  The multiplier would con-
tinue to decrease but as long as it was greater than 1 the population would increase.  As the multiplier got 
close to 1, the amount of population increase would get close to zero and the population would in fact as-
ymptotically approach the value that corresponds to m=1.  In the graph below left, we have extrapolated the 
line and the asymptotic value seems to be just over 10 billion.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the graph at the right we have actually plotted the future population assuming that the multiplier contin-
ues to be given by the m-line.  Each dot is a new 5-year size and you can see the size increase slowing 
down.  By counting the dots you can estimate that it will reach 9 billion around 2050.  At that point, most 
of our students will likely be around to see how things are.   
 
Let’s check that algebraically: 

m  =  1.1581 – 0.0153z  =  1 
z  =  0.1581/0.0153  =  10.33. 

The asymptotic size is 10.33 billion. 
 
What does that mean?  That under present conditions (whatever that means) the “carrying capacity” of the 
world is 10.33 billion people.  That’s all it can accommodate.  Of course present conditions won’t persist.  
They’ll get better, or they’ll get worse… 
 
As I said there are other approaches that are reasonable, and none can be taken too seriously as things will 
change a lot.  But whatever the students decide to do, there’s lots of learning to be had in analyzing this 
data, and lots of ways to get a better understanding of exponential growth and logarithms, and to get more 
facility with manipulating exponential equations. 
 
 
Problems 
 
1.  At the right is tabulated the population of Canada in millions at 5-
year intervals from 1951 to 2006.  Your task is to use the approach of 
this section to construct a model for this data which might permit you 
to predict the future population. 
(a)  Begin with a plot of the population against time over the entire pe-
riod of the data. 
(b)  Calculate and tabulate the 5-year multiplier m and plot it against z 
over the period of the data.  
(c)  Take an appropriate subset of the m-z data and fit it to a linear trend 
line.   
(d)  Use the equation of this line to predict the population size in 2011, 
2016 and 2021. Take the population size in 2006 as your starting point.  

Pop of Canada (×106) 
t z 

1951 14.009 
1956 16.081 
1961 18.238 
1966 20.015 
1971 21.962 
1976 23.45 
1981 24.82 
1986 26.101 
1991 28.031 
1996 29.611 
2001 31.021 
2006 32.623 
 


