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The World Population

Here is a table for the world population from 1950-2005 and its graph:



In[1]:=

popy = Tabl e[k, {k, 1950, 2005, 5}1;

popd =
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{2.519, 2. 756, 2.982, 3.335, 3.692, 4.068, 4.435, 4.831, 5.263, 5.674, 6.070, 6.454};
pop = Transpose[{popy, popd}];
Tabl eFor m[pop, Tabl eHeadi ngs - {None, { Year", "Popul ati on(10°%)" }}

Tabl eAl i gnment s - Ri ght |
pl = Li st Pl ot [pop, Pl ot Styl e - {Red, Absol utePointSize[7]}, BaseStyle » {Bold, 14},

Pl ot Range -» {0, 7}, AxesOrigin - {1950, 0}, PlotLabel - "Wrld Popul ati on 1950-2005",
AxeslLabel - { Year", "Popul ation (10%)" } Qi dLi nes -» Aut omati ¢, | nageSi ze -» 500]

Out[4]/[TableForm=

Outf

al

]:

Y ear Population(10°)

1950
1955
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005

Population (10%

2.519
2.756
2.982
3.335
3.692
4.068
4.435
4.831
5.263
5.674

6.07
6.454
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The Logistic Growth Equation

Next we compute the solution to the logistic growth equation with parameters r, K and initial population

P.
In[6]:=
n dear [p];
eqn=p' [t] ==rp[t] (1-p[t]/K)
ut[7]= p(H)
T pm=rpo [1 - —]
K
A typical solution to a logistic growth equation:
In[8]:=
Pl ot [10 Exp[.2t] / (400 + Exp[.2t]), {t, 10, 55}]
10
i
i
out[8]= [
o
i
In[9]:=
sol = DSol ve[{eqgn, p[0] =P}, p[t], t]
Solvezifun : Inverse functions are being used by Solve, so
some solutions may not be found; use Reduce for complete solution information. >
. KPe't
out[9]= { { o) -
K+Pe't-P
In[10]:=
” PIt_] =pIt] /. sol [[1]]
out[10]= KPe'

K+Pe't—P
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Using the Method of Least Squares to Estimate the Parameters r and K

In[11]:=

In[12]:=

out[12]=

In[13]:=

out[13]=

We use Newton' s Method to minimize the least squares error:

<< Optim zation Unconstrai nedProbl ens”

Isir_, K, P_] =Total [(Table[p[t], {t, 0., 55, 5}] - popd) 2]

KPed" 2 K P elo.r 2 K P elsr 2 K P 20 2
[7 —2.756] +(7 —2.982] +[7 —3.335] +[7 —3.692] +
K+PeS - P K+Pelr—p K+Pel®> —-P K+Pe?®'—P
KPe®' . KPe®r . KPe®' z K Pe®r 2
(— —4.068) +[— -4.435] +[— —4.831] +[— —5.263] +
K+Pe® - P K+Pe®r—P K+Pe® -P K+Pe®r—p
K P s K Pe®r 5 KPS  (LKP 2
—————— -5674| +|————— - 6.07| +|————— - 6454 +[ —2.519]
K+Pe® - P K+Pe®r—P K+PeS -P K +0.

I'smin=Fi ndMni mum[l s[r, K P], {{r, 0.2}, {K 9.0}, {P, 2.519}}, Method -> " Newt on" ]

{0.00990818, {r —» 0.027062, K - 12.3612, P — 2.4636}}

The Graph

In[14]:=

out[14]=

In[15]:=

In[16]:=

In[17]:=

The Least Squares Method yields the following estimates: r = .0271 and K = 12.361.
This means that our models predicts the world population ceiling to be at approximately 12.4 billion.

prt_1=p[t] /. sol [[1]] /. Ismn[[2]] /. P->2.519

30.4532 60'027062 t

0.89765 + 2.4636 £0-027062t

pl = Li stPl ot [pop, PlotStyle - {Red, Absol utePointSize[7]}];

p2 = Plot [p[t -1950], {t, 1900, 2100}, PlotStyle - Thick,
BaseStyl e - {Bol d, 14}, Pl ot Range -» {0, 13}, AxesOrigin -» {1900, 0},
Epi | og » {Dashed, Bl ue, Line[{{1900, Ism n[[2, 2, 2]]}, {2100, Ism n[[2, 2, 2]1}}1},
Pl ot Label - "Projected Wrld Popul ati on 1900-2100",
AxeslLabel - {"Year", "Popul ation (10°)"}, GridLines » Automatic, |mageSize -» 500];

p2a = Pl ot [p[t -1950], {t, 1950, 2005},
Pl ot Styl e - Thi ck, BaseStyl e » {Bol d, 14}, Pl ot Range -» {0, 7},
AxesOrigin -» {1950, 0}, Pl ot Label -» "World Popul ati on 1950-2005",
AxeslLabel - { Year", "Popul ati on (10°%)" } Gi dLi nes » Aut omati c, | mageSi ze » 500];
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In[18]:=

Show[p2a, pl]

World Population 1950—-2005
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out[18]=
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The inflection point of the model occurs in 2001:
In[19]:=
Plot [p'"' [t -1950], {t, 1950, 2050}, PlotLabel -»"p'" (t)",
AxesOrigin -» {1950, 0}, BaseStyl e » {Bold, 12}, GidLi nes » Autonatic]

N

P (1)

0.0005

out[19]=

1960 1980 200! 2020 2040

S

The same function plotted up to the year 2100:

—0.0005
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In[20]:=

Show[p2, pl]

Projected World Population 1900-2100
Population (10%

oo

out[20]=
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Here are the current United Nations projections:

Source: http://en.wikipedia.org/wiki/File:World-Population-1800-2100.png, retrieved 12/30/09.


http://en.wikipedia.org/wiki/File:World-Population-1800-2100.png
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