~ EXERCISES o : -
1. This problem (adapted from Mooney & SWift.’ lggi)Ff.lZfreiilsatzaﬁzicxﬁpcranes
pre blom > . A deterministic model for the yearly population o

is xt+1 = (1 + b - d)mh

itially, the
= is the death rate. Initially,
is thie birth rate and d = 0.1 is t
where b = 0.5 is thie bir
ion is 100. |
population is 1 .
(a) Find a formula for the population after ¢ years and plot the pop
a) Fi

for the first five years.
e IR TR o

= fore the solution is X, =
Solvhon = 1. (8) Xey1 = (1405 = 0.1)X, = 1.4X,. There : .
gO)O( 1:31 Your graph will show the population geometrically growing 40%

per year. ql,g, MVHG‘D r wylen Hw Vlo{’
M_

: ears, lowering the birth rate
P(‘ oblem- (b) On a,verage,‘a. ﬂoz;ll oil:l;l;iof:;eg’gg. 2S5ei:y up a stochastic model and
40;7;3 andz(r)fgis;l‘i atizns over a five year period. Plot th.e simulations on
Ehee ::;e set of axes and compare to the exact solution. Draw a fre-
quency histogram for the number of endiflg Pop}llatxons for the ranges

(bins) 200-250, 250-300, and so on, continuing in steps of 50,
—
(b) In catastrophic years the birth rate js 0.60 x 0.5 = 0.3, and the death
S ‘ lu h o rateis 1.25x 0.1 = 0.125. At these new rates, 1+p—g = 1.175, or 17.5% per
© year. A catastrophic year occurs once every 25 Years, or with probability
0.04. To set up a model of the stochatic process we pick a uniform random
number in [0, 1] and choose the growth rate to be 1.175 when the random

MATLAB m-file performs this task.

function sandhill
clear all
X=100; Xhistory=X: T=5;
for t=1.T
=rand;
if €<=0.04, r=1.175;
else r=1.4;
end
X=r*X; Xhistory:[Xhistory,X];
end
plot(O:T,Xhistory)

dw walke thu hish gren .
?ee help hist for help o ;"#"'7‘
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| (c) Assume that the birth and death rates are normal rando

N(0.5,0.08%) N(0.1,0.082),

respectively. Perform 20 simulations of the population over a five.

distributed?
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(c) To simulate a normal random variable b ~ N(u,02), weuse b= p+o02,
where z ~ N(0,1). In MATLAB, the command randn selects a normal
RV in [0,1). To obtain a simulation as requested, in the previous program

replace the time loop by

for t=1:T

b=0.5+0.03*randn; d=0.1+0.08%randn;
X=(14+b-d)*X;

Xhistory=[Xhistory,X]; .

end

§lap The povt rbout box plots .
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5. In a generation, suppose thaat each animal in a population 1produces two
offspring with probability %, one offspring with probability 3, and no c.off-
spring with probability %. Assume that an animal itself does not survive

over the generation. Ilustrate five realizations of the population history
over 200 generations when the initial population is 8, 16, 32, 64, and 128.

Do your results say anything about extinction of populations!

e 1nTeal pop.

5. Below is a MATLAB program that produces a time series for the poﬂi“"'

tion. The smaller the initial population, the more likely that an extintd'0®

will occur at an earlier time.

clear all .

x=128: xlist=x; sum=0; N=200; & clwmy- " "hﬂ(

for t=1:N rep i8S

sum=0; i~ problon

t:rja—::x For ook ool

if r < 0.25, birth=0; Pepu [ohem

elseif r > =0.25 & r< 0.75, birth=1; wﬂn\, ot

:I:: r > =0.75, birth=2; -F:ve _S‘MW‘I")"V“
‘ sum=sum-+birth;

end

xlist=|[xlist,sum;

end

=0:N;

plot(T xlist)



