Deterministic vs. stochastic models

* |[n deterministic models, the output of the model is
fully determined by the parameter values and the
initial conditions.

e Stochastic models possess some inherent randomness.
The same set of parameter values and initial
conditions will lead to an ensemble of different
outputs.

e Obviously, the natural world is buffeted by
stochasticity. But, stochastic models are considerably
more complicated. When do deterministic models
provide a useful approximation to truly stochastic
processes?



Demographic vs. environmental stochasticity

e Demographic stochasticity describes the randomness
that results from the inherently discrete nature of
individuals. It has the largest impact on small
populations.

* Environmental stochasticity describes the randomness
resulting from any change that impacts an entire
population (such as changes in the environment). Its
impact does not diminish as populations become large.



Stochastic models, brief mathematical considerations

 There are many different ways to add stochasticity to
the same deterministic skeleton.

e Stochastic models in continuous time are hard.

e Gotelli provides a few results that are specific to one
way of adding stochasticity.



Demographic stochasticity has its biggest impact on small populations
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6 runs of stochastic logistic growth model, carrying capacity = 10



Demographic stochasticity has its biggest impact on small populations
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6 runs of stochastic logistic growth model, carrying capacity = 1000



A stochastic version of the geometric population growth model

N, = AN,

e Suppose that A has the following probability distribution:

= 0.9 with probability %
= 1.1 with probability %

What are typical behaviors of this population?
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1500 2000 2500 3000

1000

o
[ j o 1
o C{\‘ ;':lo O‘
0 o la]
'Ilm f ° f \ o
OOOO 'Illll' ° o I o]
205 Voo ol 1 o
Moo MR ol o
I,-OO ©o04 | i | o)
o f; Cog Lot i IO
o ! o i Wy :.:,z SOg
" ? © O‘::Oo'l ':::
o] ! 1
C;O:; o ::-
20
D00 C,OOO
HOOOQOO
L) o
[ [ | [ [
20 40 60 80 100




rofa
uh%ﬁ%\o

O ==
%lUu_U

ooz kL aool oos oo9 oo ooz
(1
88
&g
orE
- -0
_u.ﬁ_%ﬁ_u
ao—o——0—""
Th=p
%M%
o=
d=g,
it B
DM%JD
e
o "

06 008 00D 008 005 oo

0oE

g=F "
0o
H==p
mﬂ%f
”%\rn.
Dlﬂ%
DH%LI:
O—no.
_uu.%u_u
_Uh.m..tm..n.
-
858,
[n] D_U
"o
g8
o8
oﬂoummm
o= =
—
a0
exg~”
—g—o—"
=g a
S=p_
G
T T T
00sz 000z ons | oook

100

&0

60

40

20

100

&0

60

40

20

100

&0

G0

40

20

f=
%E%W
E
=g
o=
o=—rF
%Mﬂ%
nﬁ\omW%
o —
=0
" F==p
=
O
=0
===
n.JIr_UJI_Ulr
L
F=g_
H=n
&'
Lu%m%
n.lﬂuOOn_LI]n.
=s_.
~ote,
n.nllnm_Hl_uH_u.w_u
T T T T T T
oooZ 002l 009L  00kE  0OZE 000l aog
(i
—o-
n.unnm.ln_n..
Dn.m_l._u
Iln_|n.w_u
Tizp
=2
_u”[]n.ohrl]n.n_lln.ll
TP =0
o=
T T T T T

0oOZL  0ook oog oog ooy ooz
(A
_ulﬂlool_ulllfulln_
DI.”.I,IDO|.|_U_M|ID
o=d "
n.lllOn.:U-n.
—a—
0=
Ly
e
_u.ﬂ”mul.l_u
nH_UJIr_UJID
Juollwn..w._u
__ =4
— =
TeEs
Dllmlmuuuuo
_ulln_;lr_ull_u
—aol
oo S=0
LRyl §
~-a-
T8=0
DH%H:D
ll_uln%nlun.
_uuﬂnn%
=&
g
T T T T T T
gooZz 002k 0091 0Okl o021 o0ok  oo2

fn

100

a0

60

40

el

100

a0

60

40

20

100

a0

B0

40

pral



Frequency

150

100

50

Population size after 100 time steps, 1000 replicates
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Stochastic population growth yields log-normally
distributed population sizes

Many small populations, few large ones
The rate of change of the average population size

overestimates the “typical” growth rate
experienced by most populations.



e Mathematical details, for those interested:

1
t

<£E£1Nf]) ~E[A]

d AN

Average rate of Rate of change
change Of the of the average
population population

e (thisis Jensen’s inequality)



