"HE%N & (6

" 1#%$ % %!"&# %"

" S % (%)% %S # $ e

("t o+ " S "$ " S #

%! ""%#S ' W&#H# %! $ ., (" +
$" % (' % s, ( (- &L
Lo & 1S (" (- $ 05, "# !

$, "$% + ("

$"$ %" W $- ( $ $-
,-$ 8, +8"" %0". "( -

) ($"US# S S % + (" - (%
% #O#1)( S $ S G
# - o "% "+ % #HS
"$ | *

N " - e+l N
$-'"(% $ ' 12 $ "& +# (%! $
HUUH - % (( - "e# 1 $

("aHS(SH ! S -$ %%, -
$' % "# $ta# "1, $ $% + ("
+1( "&3" " $%" s, ! $"

&' "$1 ") I "+ 9% 4567 4789 $
$ o+ %H" "

$'# + e - 8 $'# %

$ (T % &H $ (&
(" =% ( O

$% ( " (#S % "#O'S#H S

%% " +$+"H (% "HSS (!



& * )
+ " (" st L # :
t+ -#$ ! B |( #$
" %tHE ($l=# ") $" %> $
%H"S H#HS S (- (! &"+ (G
$# 4 vmo g s b s
(T %& S % S % no o
"$' $.," $$% ( $.("+% L,
% " "+ $ $ " (" S
- % +1" (& T+ + S I+ # . $%
L "$ 1S+ $"# +) % &"(. "
T I% (& (& - 1 ( (&t
I N O AR (o

(% &-- ( + % $ & 1#$

%-$ #,"$'" #3$$+! +eH1 7
$ (- '$ ! -#$ # & Inhe 40
IIIIII ¢ ¢! #00(% Tt gt
$ " %! & ("

@ "( &, $"$ %" ( &$ I (

%% -8 8 " ( " g

(" o+ o
#31! &"( $"" o+ L # +SAH 4

B' %&#3($ #-" I ++ %: G "

%

(%S T (%) S %
%!'& ($" +'$"( %! -% SV $ $
$, +% 1,1 oo %'S 118

$" @S # (" .

%! 1S " ") -
$ "+ (% &(%N(S &

C%(™ % $,
| ("&

$ 38, + 17 .
AT # 1 $3 #5 +1(
IS ++("%" %! & "e o+
G(+ $, %' $ %! - % % 1" 0



L G T L R +$ - %

161 "0 , % |
S %! -t %S %St/

$ 4L Mt ) " T+ #+ +(

I +™ C D " + $ 4 62E"& "" % | % ("

R ! ! (( +%$% (
£ m 0006 ( "M %F" %' ( (% '-%$
" "&HPBF"% " $ B, + $""% $ ($+

LS EH - $ ) %( B, + % " 1§t
"o e (B ("%

$'% "'+ %I - - " # """ %

#." $ # P erot " %.

It o#, ST e () "% I -
I -$%!&!" #"3"+ o

$- 1L, -+ (%!, % %! " $ #
(""" % "M% " $# "% $,"& !'$
#" « "% $ %- $ , +$" % $
Mo (1 $")' '+ $"% " +"" %'& $ -$#
o4 8- $# tSt( "%
%l (" $A%) ("( B+ " SR B
%- | D )% &% # % %!" - + 4E
"G HS(S " H# TS B+ S %! g
$, 1" 1-$ %! &# $:44 1"& % #

- "% #$7; 1" S

"0l %("" | +% 4658# $' ( +$

$  #""1L (" ($

L%l &HS(SH" " ', $ $"" + $ 1% %"
- I (R B (S (R "( & , %
L (™ # - "% % | $ %N + $ 84
( $ L %! 1S # 10" "# 1& (" + $
+" % (! # $"( +$" ' %& !

+%$ $ (! $#1 ' -$



4 5
+ % ( (& "(
$ $,- %" + ( \
$ ""wo" $, ~\
( # $"( +3 T\ T
%" (& ( G
#$ (" - & & +
$ 1. S %&SHS L1 1 1 ]
#! (o, " 7 7 1T 1T 1
e S o#
% " (1" $ " ( °
+$S, " (8 (#
& $ # 1("( 1" | !
! $ "( + " /"0. ! 1
( "# , & !$ . ! )
# ($% " (1" $ "
O HE%( (% "M (
% ( ($%" #" , ! ($+$" (""& -$ (%!
"%l %('& "S- % + %! 0" %"
T N N L ( e + !,
% %lI&S$ M '$ " ( %! ("
(LHE+FST % % (" D+ (" $" "#$ - |
%! " #"% -AO0, - - $ "( -$B+ $
10&$ .#$ "+ "I $ & # $" o+
+H 1$& % S$H#H# $ ! , % -
$ 1 "Top0" %"+ " & ("
%0" "% %" 1& +'' 1" 1| $-1&$ ("
%0" " "+ # $ . - $-$ ,& $
(""%$-%G% % $ (" " " 060" % ! "
et + %, (# % oo
CLE (Mt 0" $, &HS # -

1 ! ||#$ OII( no_oonn %Oll%!ll



$ +" %1 % ("& " # 3%
& ' &C$ % # "$:= ("1
(%% " 11>
$ %" +1% %"+ B, !

! ! G+%$""- I "w
+1(" (i -#S "TH%G + (- H+ ! (&-
. e %G (FH+ (&Y "4 0
G (-H+!(#%$ %! " $ i

$" $ +1% %" (%  + % $ 1 %( $,
%% $ %!" %( ! !

! #o-8SH -8 )
%!" °$ "&,"$ I( "&"S$ #O _—
I P S O $ &$""

1 % # ( + $ noa n % n % n $ n
Exponential Growth Goal Seeking Oscillation

Time — —————————— Time — Time —
S-shaped Growth Growth with Overshoot Overshoot and Collapse

Time — —————— Time — Time —
"% %! - %" + $" %B!"&

$ _$ LI § + ( n $ , ! / ! - 1 $ll n # 1 n $

%! 1"% "& -"SHES" ( +3$%! "("

-HS , %! S % & SH S S (B +

(!'$&s$ # $, %! $ " % "' %!

(., %. 1 # $.- " ( &% g 1- g



$™(+""%! %C( -"! T
PSS (( ++1(C ™ 9 "(A" (. '+ #B
("t & & & ! %. $"
T# Ul ! "$# -
#$ $ o+ (- (- s"" ) % "
(- %"$ (' 88, + "% " S
% & ) &"$ 1" $ $ %! (

$ 1T &S
$# $" % " (
"0l "% %l o+

s1o% sTielt /P
-#$ 9
+ 1 ( A
(" #39 bt ! © birth rate
% 3(5%1:)/0 ( I+ +$ ( $ initial populatic‘n’n‘/
$ %! ( $ 0 £ 0 S L
0" $ Cr (-
(v "% $ (" (" s
_&#HSS(" (" 8 $ & !s "M "
- $((!AB $ %! e +(_'$!(
+$ #0081 ( : $ #+
(- ™" %" 1
STt ot (M #%1
+ Im$ 3% & ' &' ( $ & | o
$ 'C$ 8T o# 8 re#s( $ " $ A+ #B
+ +
"%, % "% 4= #
“( $ "EQ9J ! v "AE %. (
Y, "& S, N #
% % (B, %&” @ "
("+% $+ 1 +"( +#I- % (" $
$ @+ %+t $ A%% B !
$ (%% % +$"" %, $-" 1 % g
$ (s, (" "W $ (!
o !
oo v & . (& " -

% " "+, &#$(S (" or( "



8
L1 ¢ 0 1

LI AR T —
$(+o% "t (( 3§ % o+
$ K ! 9'( $
$ $ %! " "% ( 1500
$, " % ( "$#
-'$ , 4&EEE ' "%
avsH -
-H"$$ S ( %Z‘
"™MUT7EE " " ++ $ (3 ! &
( " -#- 14+ $"
B+ o+ (--#S "
NI %o i
s 0 Years 1000
b %! $(" "%
Do - §, e 4 $, %! #$"
s 1o % - # . 4+ (- "&!'$
$, (- " s, 5% % P (
"&$ %! # #")$ ) B #3$
PO #HS S # L (v (-
" ) (- L% (
%! 0" Il'$ ! ¢
BTt ( T+ A
(- "0 Wy (- " v 8
£l - s $. S $HOS ) -



b?r?drwciar;(te P%ﬁzﬁzfn P%pelé'l?rt‘i:“ nomal fetime
A”) G}
o, al Population
birth rate death rate
A
initial population Pollution | balancing
@ J loops on
. lifetime
_ porlg,lttéon multiplier
poliution per 4L —-¥" 4 ™ effect of pollution
capita polluticlnln dela'}/ ~ onlifeime
g (%l s $, + 8
A# +" B' %& " %! %& $ " '
% $ %" -#$$, "W +! 3 s
$, +%""' %'& % $#F " $ % .o+
- (& (" ("' %!" " "% " %" "
0" """ (!"&% ol i
$ 4SS %! $" 4+ "%
Lo (( 8, "+ S, $ %!
" )% + + ( #$ ++ ( +' + %
SRR I S I S (R $ " o
Lo % ( r""s L +(
oo $" o1 $# 1" ( ! "%
#OU)( +- $ ($ -&8$ $ %."
R S A N (" (
, <
9
9
.=>7@) . /1
A. 9 /19
0B 4?> 2 /
$ (-
Tt $ &HE B " ' (=% ! ( > "$
$L 3 -"& P &H#S (S " , =
L( > " (- "%, | I %+




Tl o+ (- "8, % &" $" (-
$ % + % "7E
$ ' (- TE
$ 4 N D (I
-$ + % % $ $ %
S US % -t 1
= " "$'& " " #
$11 8- (, $ 2
++( +" + % g E
+ % % -UIHE SIS qE;
£
= 5
"$>D &"$!$ -"° -
$  -ti# = g 0 —
"S>& HE ($ %." $" 0 pollution rate 100
(- "+ 8% $!
%+ " "
$#1S$,((! % 3 |
I #13, + (
$ ++( +' + %
(s e
. ("
%(,!'+ -% "$# #, o( ' .'
("$" " $(, % ( N +
I #5 $ "% "l "% I #$ (, !'$
%% " A I I #
0" $ %! Il +#% "% "8 (-
I ++ (S
"+ 4 $"H" ++ 0" +/ "
$ I$" ++( O" 1500
s ' 87E
$ "' "$# $ 8-'% !
$ 1 $"" (" S °
' $ n"s s $" ;8
- ".- ! +(, $ o
SR ) (
" $ " II#"
S S 118 " $ o~ -

Years



& * 8C
%("" %" $, M + $ "0 -$"3
+1- #% $" 1S# $ g g
#1101 "
"% ("0 $ (! +
% %! + $, 8% (- gl
$0'# $"" %" $- ".-%! "1+ $ )
-#$%! ) %! . (, ! %%!
#5 %! $ ' +$"" % o
& s,
HO" S8 + %
E9J 45 (" % $
#)" S!S $ "% 2
$" 1 $ )  -#$ g
%! " 4 $""$#H' $# S "
L, T % &
R R T 0
" 0 Years 1000
(" . Y $ % $ "&"
$" L &( -#+, %S$-# " %
$ -#% <# (, $ (- ;
- + %/ E< (" $" -8 P
++("$ L $ (% !'++ % +% % + %
$" %" % .
- #S& USH < fe00 A
<"AB"% $, !
$ % $" " 3
(% o+ 2
! #$($1"( ! 8
$ -/- + ( /
$-% & -'"" &!'$
("$ -1# ! #&I""& 0
+ % 1g 3 <(," 0 Years 1000
- -4 (3" " % !'$ " (" "% %
L T S %R SH(r
" 0% <$ " $ - -%! $- "%

s

% "



$(F - +%"I++( "( """ % %" "$H#H + 1|
TGt %t - & <& #$ (-
I (" S % e R A
+(&S$" $""$# o %™ & "™
3" w#E$SS S "
$ ) # 1 +3%$ %" + "+
#O1U0p "ot g, 1 " # (" 1+
$-(% - " & $ * 0 +1 0"
S &S " S % $ ( % + +'$
&, $- "+ ) " SH -
"SH O H# % '+ '$ S # &S$1 ( ("
%' +$! ", &" $(" +% L (%
$- ™1 &$! (! ("'$
2% %. ($-#% %" o(™ g
I " "1y 0/ 4EE "
$"SH """ % 1500
#%! # %
$U$" L E 1 &
" % "o $

E

s +% ",
n + 1 1 n $II
1(0 | " "o
. ( % ! $ ( What happens when the

model is run for 5,000 years.

% ! "4
/\/MW

People

& + 0
$ (. -"1#& "+( (" 0 Years 1000
R AE &$-$"% %"
( 1% " + "1 $-'$(" (" "-$'1%
-+ (&HS (S, "HES S (,+ $ % "'$#
g
* " $I+1% %! + $, " %" (
- %+ ITHET ( L g
- " "s (8T +) ("
%,1& " % - ((C, " "( &!  $ %
¢ reen $"" % $" "
$" . $"(%.&L&HSG' ( H&H
& T - %, $

T %+l o# (S



& * 8)

2" H# !l 0" #. % %! - $
$ +%45) 8<J $ ! "I(# $" #3$3$")
% 1 #%(SHE S ("& 11 %-$
$ $%!" (" +%45] 8<J <4J&" $ -'$
"$I0O®- % WG ( "$ ! (" &
<BJ& % %
#, &+ 0 . % (0 "( SR G
%! ""% "$" 1"0 ( & %
%HS+! (" B+ +( , $, !
% +( & % ( (- +("$ ! w +(
%E$ - "% $ )(& + +(" L)
SHS (& 1S -% (! 281 " 0"%.
$GE-!'",8%$)y%wn "
$ " "sH# 8- 'S () *
e ™ $ "% . !
<EEJ -- N (+% ,° 1500
"0 " 4+ I +%- !
9 %- "( + %
pres et ("%( ©
(" s s ]
- %t - ) (., % .
$# 'S+ " (%!
g
)%+ -1 % Years 1000
#$ "% $-%+ #-9 ) ( #8-%
"$H (et Mo % + % 4784
46E7 $ - '$"# (% ! "B %" gl
4644 +$- ("CO+(C - $' -& (
$ '+ & % '
/ 0 1 - -
s ™M1 3R "$ $1$-'$"
#1O% "+ (- $ & %
$ $ #$ #$ +$  #" $" "
$" "+ (" #H S "y "% - O
(! +, 0"% . # + ( #$ +
% "#$ +(1 0 $ & #0$
7 4E ($



8+

Lg (e g a (e
o ($(& 1S + 5 7 "+ 8"
% ! %
BTN (GR. $( 8" O$ 3%
7 4E+ 0% % ™S AEE  $ (
" - & #S($ % ", 9&EEE  $ ™ % & !

- # 1 ( $ 4EE&EEE&EEE +
#3$ " F $" % 9% ( ! . 4EE SEE

& 1, Lot 'S -
#$ $ ("D &$ ")
ol $ % % $ # + ! R
$ -1 # + (" $"( O
(%% ( !'$'-&%$-$ ! "0
"T%( & 1& +H#E " &$ S
@4 $!" ( " (% " $ -+ $
(,"$s%, ,!' 8 % " '$, % ' !
#3$ $ (¢ + $ % « "
% 1| $ "$ "3 ! )
&+ #'$ &S & " " "&
(""#$$%& ! $ + "+ , $

T# "



7 C &
3 16
%! #'%™ -+ $  -$ "
(% + (-
("+s = (8
W1+ %$  -'$& (" $#S
"$ + O0"A+ # "B |

)& S, - #, A+ ("&!'
"0($ 0" "+ $ 0" SN #

# $ A@ +##" &S
$ "% - # %! (,/
nlmg #

"%$- " 1

%

(

(" $-$47<?
$#(% $
> (-
1t o+ )
g oay
s %+
#'1
1 "%$-",!
(,""!

B



87

$-%"'1(% $#1$" (!

(("™%" 0% %" S -
Lo+ 2
$

-$ "% (( Lo$" (s
%! $ % $, + """ %& "M(
"1 I+ 1 (" $"% ++ &
" %0" $, A G
30" Lt T ( (W )( T

Il%! %(ll

( !

# 3"

(% "$ 3(," '"$-$ % , !

$1.8 "- "
NN

%! - &
(o
- #$

"
&S,
14679: =

D
-
A8
rog"
$ 14+ (
"
# .1 #]
- (8 (
#$'
$ 3
$ I+

-1% 1&

$, $

n $ ! "
II$ + "

I ++ g™ "

g

G
g
o
£ %
1P

+ 1+

+ 0 #"

# ('

, 1 #$
+ %L
("
I'$
-$
$ )

F((

g

- '$(
+(&
#"  #S
$ +
I % ("&!"(

" ($&
#.-#%
(v
% ( $

+ 100" +
(($ #
P ((# "
+#
"%

#(

&$

$#3% %!$

%

"+ & 0%
.y
ST
&"" %! %("
$"#8" S,

#("

1 ! $ll "o (II

%
(%
%! - 1 -
L+
Lot %!

+T %1 % ("
Il%l n

(,

Y #S

% %"# . -
+$ ' #

T

(-"$

$ "#3(
$" (!
L $# %
. H#(!



+ % % & , "& 'l (% 1
$$ 4 o+ . anop &
b %l #$( (% - !"&
(- %% " (" ( + (%%
T %, -t ("
<4
$%%$% ( * "+ "% %! " L %
$ 0 o&" (&% '( & I, gt o+
T Cissia
S$% (% - e % (%
$, 8! &( -$%I&" (" * (C+)( -"%
$-.% "%% ,% (™
#, $8"" + C el v (g
"% %'& 1'$ (" +$& "+ $ $ 5 $ g "
%'& " H - US4 HS L
$, #%$ (" +13%" "&$ (""g 1+
$ $$$ - 1o Cog o g
"0l & v H&HH " HI 1§ o
"$ S H# #E S o# 1ML (™M 1$ -#$
(@&t (% e $

(1 ("



