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7D: #;BB )7DD JiHI 'H=E:?9?J0O ;9EDEC?9I" ! <E9KII;lI ED J?C;
7L;H7=;1 71 7D 7BJ;HD7J?L; JE J>; Kl; E< J>; ;NF;9J7J?ED EF;H7JEH ?D C7?DIJH;7C
:9EDEC?9 J>,EH?;l E< :;9?I?ED C7A?D= KD:;H KD9;HJ7?DJO ?D F7HJ?9KB7H !0/ !l
JH7DI<EHCI 799KCKB7J?ED :OD7C?9I ?DJE ;H=E:?9 FHEO9;Il;| <EH M>?9> J>; :NF;9J;:
L7BK; 7D: J?C; 7L;H7=; 9E?D92>;D 87I;| ?JI FH;:?9J?EDI ED J>; B?C?J E<
J>; J?C; 7L;H7=; E< J>; =HEMJ> H7J;Z71 M?J> EJ>;H =HEMJ> EFJ?C7B J>,EH?;| J>;
@KIJ?<?97J?ED ?13>7J ?D J>; B?C?J J>; FHES; Il M?J> J>; >?=>;|1J J?C; 7L;H7=; =HEMJ>
H7J; M?BB H;IKBJ ?D J>; CEIJ M;7BJ> I;; ,;J;HI 7D: #;BB )7DD Gl 7D:
11?1 J>:H:<EH; :?13?D9J <HEC EJ>;H =HEMJ> EFJ?C7B 7FFHE79>:| <EH JME H;7IEDI ?J
9B77?Cl JE FHEL?:; 7D E8@;9J7L; @KIJ?<?97J?ED <EH :;9?1?ED C7A?D= M?J>EKJ J>; D;;:
JE H;<;H JE ?D:?L?:K7B FIO9>EBE=0 7D: ?JI FHEFED;DJI 9B7?C J>7J ?J C7A;l CEH;
C;J7F>0I1?97R; J>70BJ;HD7X7E;;BIE<;9?1?ER7A?D=

[>?IMEHA ED :;9?1?ED J>,EHO 7D: J>; 71IE9?7J;: 9H?J?9?ICI E< KJ?B?JO J>,EH?;I
IK9> 7110/ <EHC J>; 9EH; E< J>; |;H=E:?9?JO ;9EDEC?9I" H;l;7H9> FHE=H7CC,;
/>;9B7?Cl 7TH; <EH9;<KB H;7:;HI 7H; JEB: J>7J ! [H;IEBL;516 J>; <KD:7C;DJ7B FHES8
B;C E<:;9?1?ED J>,EHO J>;H;<EH; =7C; J>,EHO 7D: 71I;J FH?9?D=\ ,;J;HI 7D: #;BB
)7DD 2;: I>EM ?D J>?1 9H?J?GK; J>7J J>; CE:;B !l FHEFEI;| ?I KDI7J?1<79
JEHO ?D I;L;H7B H;IF;9J1 7D: :E;I DEJ H;FH;I;DJ 7D ?CFHEL;C;DJ ED KJ?B?JO J>;EH?;I
"KHJ>;HCEH; M; I>EM J>7J J>;?H 9H?J?9?ICl E< KJ?B?JO J>;EH?;l 7H; C?I=K?:;. 7D:
871;: ED 7 C?IKD:;HIJ7D:?D= E< >EM J>;0 MEHA %D F7HJ?9KB7H C7DO E< J>;
:?1J?D9J?EDI :H7MD 8;JM;;D KJ?B?JO J>;EH?;| 7D: ! 7H?I; 8;97KI; M>;D 7D7BOI?D=
J>; I7C; FHES8B;C ,;J;HI 7D: #;BB )7DD KI; :?<<;H;DJ ?D<EHC7J?ED [;JI 71 M;BB
71 :?<<;H;DJ CE:;Bl 2; 7TH=K; J>7J J>;H; ?| DE @KIJ?<?97J?ED <EH KI?D= :?<<;H;DJ
?D<EHC7J?ED I;J1 7D: J>7J !0/ BEEAI CK9> CEH; 9H;:?8B; M>;D ?J ?| =?L;D ?D<EH
C7J?ED7B F7H?JO |7 H;IKBJ M; H;@:9J J>;?H9B7?C JE >7L; H;IEBL;: 7DO <KD:7C;DJ7B
FHES8B;CD:M; 7H{9;FJ?9E!I"N L7BKEFDEDEC?IJI

)EIJ E< J>; EJ>;H MEHA ?D J>; |;H=E:?9?JO ;9EDEC?9I" FHE=H7CC; ?I 87I;:
ED J>:17C; <KD:7C;DJ7B 7FFHE79> 7D: ?1 J>:H;<EH; LKBD;H78B:; JE EKH 9H?J?GK; "EH
:N7CFB; ,;J;HI 9B7?Cl JE IEBL; J>; .J ,;J;HI8KH=,7H7:EN 80 7BJ;H?D= J>;
FHES8B;C IE J>7J J>; ?D:?L?:K7B <79;1 CKBJ?FB; EFFEHJKD?J?;| JE F7THJ?9?F7J; ?D J>;
=7C8B; $?I IEBKJ?ED H;lJlI ED J>; ?D:?L?:K7B C7N?C?1?D= J>; =HEMJ> H7J; E< J>;?H
M;7BJ> 7D: :E;I DEJ 7::H;ll M>7J |;;CI1 JE KI JE 8; J>; 9EH; ?IIK; M>?9>7?1J>7J ?D
7 MEHB: M?J> JHKBO KDSEKD:;: FEJ;DJ?7B F7OEKJI ?D J;HCI E< IK8@:;9J7L; 17J?I<79J?ED
?J ?1 KD9B;7H J>7J J>; |[F7H7:EN?97B" ?DJK?J?ED M; :?IFB70ZJ>7J M; MEKB: DEJ ?D J>;
H:;7B MEHB: F70 L;HO CK9><EH .J ,;J;HI8KH=JOF; =7C8B;IZ7FFB?;| %J ?l J>;H;<EH;
DEJ 7 9EDL?D9?D= :;:CEDIJH7J?ED E< J>; B?C?J7J?EDI E< 10/ EH E< J>; C;H?JI E<

[:OD7C?9\ ?I IF;97<?;: 80 J>; D7JKH; E< J>; ?DJ;H79J?ED E< J>; H7D:EC L7H?78B; M?J> J>; 1J7J; L7TH?78B;
?; M;7BJ> "EH ;N7CFB; ?<J>; H;7B?I7J?ED E<J>; H7D:EC L7H?78B; ?1 7::;: JEM;7BJ> J>; :OD7C?9 ?1 7::2J7L,
?M;7BIACKBJI?FEBI>;H;7B?17J?RICKBJI?FB?97IXL,;
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Il DEJ>H F7F;H ED ?DIKH7D9; 9E MH?JJ;D 80 ,;J;HI M?J> B;N7D:;H :7CEK

1?C?B7HBO 71IKC;| J>7J ?D:?L?:K7BI M?1> JE C7N?C?l; J>;?H =HEMJ> H7J; 7D:
9EDJH71J1J>?1JE 7D 7D7BOI?1871;: ED H?IA7L;HI?ED />;0 D;=B;9J JE ?D9BK:; J>; 17C;
?D<EHC7J?ED [;J ?D J>;?H !0/ 97BO9KB7J?EDI ?; J>7J ?D:?L?:K7Bl ADEM J>7J J>;0 M?BB
<79J?C?BIFrHK7J?EDF;7J;:BOD:IEC?19>7H79J;A2[JFFHE 79>

%J ?1 MEHJ> DEJ?D= J>7J ];H=E:?9?JO ;9EDEC?9I* >7I 7BIE 8;,D 7FFB?;: JE
GK;IJ?EDI 78EKJ ?D;GK7B?JO <EH ;N7CFB; 80 :7CEK 7D: ,;J;HI />?1 MEHA
?l 9ED9;FIK7BBO ;DJ?H;BO :?1J?D9J <HEC J>; MEHA ED :;9?1?ED J>,EHO 7BJ>EK=> J>;
C7J>;C7J?97B 879A=HEKD: ?I 1?C?B7H 7D: ?J ?1 DEJ IKI9;FJ?8B; JE J>; 9H?J?9?ICI
FH;I;DJ;: >;H; 7DDO EHB?D= >71 7TH=K;: F;HIK71?L;BO J>7J J>; CE:;B E<
?D;GK7B?JO J>;0 FHEFEI; :E;l DEJ ;NFB7?D C7DO E< J>; :7J7" CEIJ ?DJ;H;13?D=
<;7JKH;I 8KJ J>?1?1 7D ;CF?H?97B GK;IJ?ED 7D: ?J ?I FEII?8B; J>7J H;<EHCKB7J?EDI E<
J>;CE:;BC7(8; CEH]K99;lI<KB

/>; A;O ?DI?=>J E< EFJ?C7B =HEMJ> 7TFFHE79>;| ?| 7BIE J>;?H 9;DJH7B <B7M J>;0
FEI?J 7 J>EHO E< :;9?1?ED C7A?D= KD:;H KB9)'&KDBKI7?DIO ,7KB
.7CK;BIED I>EM;: J>7J <EH 7 9;HJ7?D 9B7Il E< KJ?B?JO <KD9J?EDI J>; B?C?J M7I
7D ?D7FFHEFH?7J; =K?:; <EH 7DO <?D?J; FHE9;ll 8KJ J>?1B?C?J7J?ED M7| 7BIE ?CFB?9"
C;DJ?ED;: 80 ';BBO [%J ?1 IKH;BO JHK; J>7J ?< J>; =7C; M;H; JE 8;
IJEFF;: 7<J;H 8;JI1 J>; 7DIM;H JE J>?I GK;IJ?ED MEKB: :;F;D: ED J>; H;B7J?L;
L7BK;l JE J>; =7C8B;H E< 8;?D= 8HEA; EH FEII;II?D= 7 <EHJKD; \ $EM;L;H J>;
1?JK7J?ED ?1 MEHI; J>7D J>?1 EFJ?C7B =HEMU>8%FHEFEBD; |0/ ?D
F7HJ?9KB7H J>; 7TN?EC E< 9ECFB;J;D;ll %D EJ>;H MEH:l J>;0 B;7: JE ?D9EDI?I1J;DJ
L9?1?ER7A?D=

Terminology

/>; J;HC?DEBE=0 KIl;: 80 :?<<;H;DJ 7KJ>EHI L7H?;| 1ED *KC7DD 7D:
)EH=;DIJ;HD H;<:HJE7H7D:EC :H/M?D=E<ED; E<7I;JE<F7OE<<| M;?=>J::
80 7 :;<?D;: FHE8787?B?JO :?IJH?8KJ?ED 7I1Z-BELIHM\BEJII;H?;l 7H;
9EC87?D;:Z<EH ;N7CFB; ?< J>; F7TOE<< E< 7 BEJJ;HO ?I F7THJ?9?F7J?ED ?D 7DEJ>;H
BEJJ;HOZJ>; EL;H7BB IJHK9JKH; ?I H;<;HH;: JE 71 7 [9ECFEKD: BEJJ;HO \ %D 9EDJH7I1J
sJiHI H;<;HI JE [=7C8B;I \ M>?9> 7H; I;H?;| E< H7D:EC :H7M?D=I 7TFFB?;: ?D
I;GK;D9;JE7JH7DI<KEHCYH?78B)F?9188BJ>

[>HEK=>EKJ J>?| F7F;H M; M?BB H;<;H JE ?D:?L?:K7B :H7M?D=I 7| BEJJ;H?;| 7D:
7 I;H?;1 E< BEJJ;H?;l ;79> 7TFFB?;. JE J>; M;7BJ> H;IKBJ?D= <HEC J>; FH;L?EKI BEJJ;HO
717 =7C8B; #7C8B;l J>;H;<EH; >7L; 7 B;8=3/C8B; E< B;D=J> ?| @KIJ

*EJ; J>7J BEJJ;H?;I 7TH; EL;H EL;H7BB EKJ9EC;| IE 7 9E?D JEIl JE =7?D EH BEIl; ?17 :?<<;H;DJ BEJJ;HO ?<
OEK7L;71J7HI?M;7BJIE< EH
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7 BEJJ;HO "EH 9ED9?I?ED M; H;<;H JE 7FFHE79>;1 J>7J H;IKBJ ?D EFJ?C7B =HEMJ> ?C
J>; B?C?J 7| |=HEMJ> EFJ?C7B * 2; DEJ; >;H; >EM;L;H J>7J <EH J>; <?D?J; 97I;| M;
7H; 9EDI?:;H?D=J>?1 ?1 7 C?IDEC;H 71 J>; =HEMJ> H7J; ?|1 7 H7D:EC L7H?78B; 7D: 7
|FHEMEFJ?C7TBFHE7 82 BETBM78]7:JE>?=>;HHEMJ>

O JFIO9>EBE=0 " M; C;7D J>; IK8@;9J?L; L7BK7J?ED E< E8@;9J7?L; ;NF;H?;D9;
<EH ;N7CFB; :?<<;H;DJ F;EFB; M?BB L7BK; :?<<;H;DJ 9EDIKCFJ?ED 8KD:B;l :?<<;H;DJBO
B;7:?D3>:CJIECTA;:?<<:H;:BFE?9:|

Optimal growth
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M>;H; ?1J>; H;7B?17J?ED Bx= BEJJ;HO ?D J>; =7C8B; 2; 97D H;7HH7D=; J>?| JE
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[>?1 ?1 J>; I7CFB; 7L;H7=; E< J>; =7C8B; JH7DI<EHC;: 80 J>; D7JKH7B BE=7H?J>C
%< J>; I;GK;D9; E< =HEMJ> RAIFIIYJ?ED7HO 7D: ;H=E:?8BD6 ?| <?D?J;
J>D 80 J>; \H=E:?9 /> EH,C &1 S BD R, c 7BCEIJ IKH;BO M>;R1
IEC; 9EDIJ7DJ "HEC J>?1 ?J <EBBEMI J?BLEIJ IKH;BO />; =HEMJ>H7J; M?BB
J>H;<ER; M?JFHE878?B?JO

[>;3?C; 7L;H7=;I Kl;: ?D =HEMJ> EFJ?C7B CE:;BlI 9EHH;IFED: JE 7 1?JK7J?ED
M>:H; J>:H; ?I DE C;7IKH78B; KD9;HJ7?DJOZ<?D7B M;7BJ> M?BB 7BCEIJ 7BM70I 8; M>7J
J>; J?C; 7L;H7=; FH;:?9J1 ;9?I?EDI H;:K9; JE 9>EEI?D= J>; =7C8B; M>79> =?L;|
J>;: >?=>;1J M;7BJ> M?J> ;<<;9J7L; 9;HJI7?DJO KJ M; :E DEJ B?L; ?D J>; B?C?JZJE
F7H7F>H71; EDBO IB?=>JBO J>; <7CEKI :?9JKC E< &E>D )70D7H: ;OD;l ?D J>; B?C?J
M; 7H; 7BB :;719EDEC?9 7=;DJI D;9;lI7TH?BO >7L; <?D?J; B?L;| 7D: C70 7BIE 8;

OD;I" EH?=?D7B,C;.DM7I[ ! & "I $'! M;7H7BE:\ ',0D;l
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?DJ;H;13;: ?D EKJ9EC;I EL;H I>EHJ;H [;=C;DJI E< J>7J 71 M;BB 71 7L;H7=;l EL;H J>;
M>EBE<>;l; B?L;R>7J?DI?=28;| =HEMEFJI?C7B23QPLI>;l; 971;]
»JiHI ;G 3I19H?8;1 7 BEJJ;HO >;H;7<J;H H;<;HH;: JE 71 ],;J;HI* 8;J"

M?J> 7D ;GK7B 9>7D9; E< ?D9H;71?D= OEKH M;7BJ> 80 F;H9;DJ EH :;9H;71?D= ?J 80

F;H9;DJ %< J>?I ?I 7TFFB?;: H;F;7J3;:BO EL;H J?C; JE JEJ7B M;7BJ> ?J ?I L;HO B?A;BO
JE B;7L; ED; M?J>7BCEIJ DEJ>?D=2J>; J?C; 7L;H7=; =HEMJ> H7J,; ?I1 D;=7J?L,Z;L;D
J>EK=> J>; ;NF;9J;: =7?D ?D ;79> HEKD: ?I| FEI?J?L; %< J>?I[;;Cl 9EKDJ;H?DJK?J?L;
IKFFEI; OEK IJ7HJ M?J>  7D: FB70 J>; 8;J <EH JME HEKD:l 7D: M?D J>; <?HIJ
HEKD: 7D: BEI; J>; I;,9ED: 2?DD?D=J>; <?HIJ HEKD: ?D9H;7I;l OEKH M;7BJ> JE
8KJ BEI?D= J>; IK8I;GK;DJ HEKD: :;9H;71;1 ?2J JE ZB;ll 3>7D OEK 1J7HJ;: M?J>
$SEM;L;H ?< M; J7A; J>; 7L;H7=; E< J>; <EKH ;GK7BBO B?A;BO <?D7B EKJ9EC;IZ

Z?23 7?1 [>?1|LEB7J?B?JO J7N~ ?1 7 M;BB ADEMD F>;DEC;DED ?D
<?D7D9?7B C7HA;JI 7D: ?1 C;9>7D?97BBO ?D9EHFEH7J;: ?D 7D |0/ 7D7BOI?I E< 9>E?9;1 71
EDBO <?D7B EKJ9EC;| 7H; 9EDI?:;H;: 7IKC?D= 71 M?J> J>; I?CFB; =HEMJ> EFJ?C7B
CE:;BI :?19Kll;: >;H; J>;H; ?I DE :?I9EKDJ?D= 7D: DE 9EDIKCFJ?ED J>HEK=>EKJ
J>; =7C8B; $EM;L;H ED; C?=>J ;NF;9J J>7J 71 J>; =7C8B;"l B;D=J> =E;| JE ?D
<?D?JQFH;:?9J?HBI0/ MEKB/FFHEN?CFY3,=HEMJ> EFJREF,E29J?EDI
J7CK;BIED M 9EDJH?8KJ?ED ?1JE I>EM J>7J J>?1 ?1 DEJ J>; 971; <EH C7DO

KJ?B?JO <KD9J?EDI *EJ?D= J>7J <EH 7DO <?D?J; =7C8B; J>; EKJ9EC; ?I 7 H7D:EC
L7H?78B; H7J>HJ>7D 7 :;J;HC?D?1J?9 DKC8;H >; I>EMI J>7J 7D 7=;DJ M?J>7 9;HJI7?D
JOF; E< KJ?B?JO <KD9J?EDZ<EH ;N7CFB; 7 H?IA D;KJH7B'7F;DJ :;19H?8;: 80
) ZMEKB: M7DJ JE J7A; ,;J;HI* 8;J H;=7H:B;ll E< ?J1 B;D=J> 7D: H;=7H:B;ll E<
M>;J>;H EH DEJ J>;0 9EKB: :;97?:; JE IJEF =7C8B?D= 7<J;H ;79> |J7=; BJ>EK=>7
H?IA D;KJH7B 7=;DJ J7TA?D=J>; =7C8B; M?BB FHE878BO ;D: KF M?J> 7BCEIJ DEJ>?D= <E
J>;C J>; 9>7D9; E< 7 L;HO B7H=; F7TOE<< M?BB 7BM70I EKJM;?=> J>7J H?IA %D J>; B?C"
971; J>El; >?=> L7BK; EKJ9EC;| 7H; IKFFH;ll;: ;NFB7?D?D=M>0 !0/ C?=>J 7FF;7H
JBOE?DIM?I=HEMEFI?C7B?JO

Comparison to expected utility theory

2;>7L;1;;D J>7J=HEMJ> EFJ?C7B CE:;BI 97D 8; @KIJ?<?;: 80 7 H?IAB;l |B?C?J"
MEHB: 7D: ?D IK9> 7 MEHB: FH;<;H;D9;l EL;H IFH;7:1 E< FEII?8B; EKJ9EC;| 7H;
KDD;9;1I7THO J>; EDBO FH;<;H;D9; EH:;H?D= D;9;lI7THO ?I FH;<;HH?D= CEH; JE B;ll %D
9EDJH71J 0/ 97D ?D9EHFEH7J; C7DO FH:<;H;:D9:l M>?9> =?L; H?I; JE H?IA 7L;HI?ED
?D J>; I;DI; 3>7J J>; CEH; M; >7L; E< IEC;J>?D= 7BH;7:0 J>; B;ll L7BK; M; J;D:
JE =;J <HEC 7::?J?ED7B KD?JIZM?DD?D= ) 7<J;H =E?D= 87DAHKFJ C7A;l CEH; E<
7 :?<<;H;D9; J>7D M?DD?D= ) M>;D ED; >71 @KIJ 8;9EC; 7 C?BB?ED7?H; 4;JH?IA
D;KJH7B 10/ ?I DEJ =HEMJ> EFJ?C7B .E M>?9> FH;<;H;D9;l EL;H H?IA :E =HEMJ>
EFJ?CUHE:;BI7IIKC;
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>EEI?D=7=7C8B; JE C7N?C?Il; J>;=HEMJ>H7J; E<M;7BJ>BEEAI ;GK?L7B;DJ JE
9>EEI?D=7 IF;97<?9 KJ?B?JO <KD9J?ED 7?7<J>;:0D7C?9l 7H; CKBJ?FB?97J?L; M; C7TN?C?
J>;;NF;9J;: L7TBK; E§ BD) 7?<J>;0 7H; 7::?J?L; M; C7N?C?l; J>; ;NF;9J;:

L7BK;EQ ) ,;J;H 7HH 7D: 0C8;HJE >;HK87?D? ‘H7M ED J>7?1 ?DI?=>J

7D: L7HO 7 IJE9>71J?9 9BEYA JE I>EM J>7J 7 L7H?;JO E< KJ?B?JO <KD9J?EDI 97D 8; @KI1J?
?D J>?1 M70 7D: ;J;HI 7D: :7CEK [;Jl EKJ 7 =;D;H7B M70 JE <?D: 7 9EH

H;IFED:;D9; 8;JM;;D KJ?B?JO <KD9J?EDI 7D: :0OD7C?9l M>;H; J>?| ;N?1JI $EM;L;H

J>;1; JKI?B?JO <KD9J?EDI* 7H; 7HJ;<79JI E< J>; JH7DI<EHC7J?ED C7:; JE <?D: J>; EFJ?C7B
=HEMJ> H7J; E< J>; =7C8B; 7D: :;F;D: ED J>; :OD7C?9l E< M;7BJ> 799KCKB7J?ED
J>OHDEH;FH;I;DJ7J?ERRH;<;H;D9HL;HBEJJ;H?;l

#?1;D J>?1 .7CK;BIED 97D 8; ;NJ;D:;: JE I>EM J>7J =HEMJ> EFJ?C7B
8;>7L?EKH D;9;117TH?BO L?EB7J;l J>; 7TN?ECI E< !0/ 8;97KI; ?J ?| ?DO9ECF7J?78B; M?J>
7D0 KJ?B?JO <KD9J?ED DO DED B?D;7H KJ?B?JO <KD9J?ED ?I ?D9ECF7J?8B; M?J> .
=HEMJ> EFJ?C7B 7::?J?L; =7C8B;l 7 1JH?9JBO 9ED97L; H;=?ED C;7DI J>7J ?D J>7J
H;=?ED 7D ?D:?L?:K7B MEKB: DEJJ7A; 7D 7::?J?L;=7C8B; M?J>7 L;HO IB?=>JBO FEI?J?L;
J?C; 7L;H7=; 7D: ?D 7 1JH?9JBO 9EDL;N H;=?ED J>;0 MEKB: J7A; 7 =7C8B; M?J> 7
L;HO IB?=>JBO D;=7J7?L; J?C; 7L;H7=; $EM;L;H 7 B?D;7H KJ?B?JO <KD9J?ED C;7DI J>7J 7C
?D:?L?:KMBKB7/99;FJJ;HI"8:J M>?9M;>7L;I;;D I H;@:;9JI

9EDI;GK;D9; E< =HEMJ> EFJ?C7B 7FFHE79>;1 9EDJH7:?9J?D= 10/ ?I J>7J
J>;0 D;9;1II7TH?BO L?EB7J; 7J B;71J ED; E< LED *;KC7DD 7D: )EH=;DIJ;HD”l 7N?ECI
[>; TN?EC L?EB7J;: ?I 9ECFB;J;D;ll J>;0 <7?B JE H;FH;I;DJ EH ?D CEH; DEHC7J?L;
J;HCI ;1J78B?1> 7 FH;<;H;D9; EH:;H?D= EL;H C7DO =7C8B;l />?| E9Q9KHI ?D J>H;;
:?1J?D9A70I

"?HIIBO J>;0 7H; ?D =,D;H7B KD78B; JE H7DA =7C8B;l M?J> :?<<;H;DJ :OD7C?9I
7=7?DIJ ;79> EJ>H "EH ;N7CFB; >EM 7H; M; JE :;97:; 8;IM;;D 7D 7::?J?L; =7C8B;

M?J>7 J?C; 7L;H7=; =HEMJ> E< KD?JI F;H HEKD: 7D: 7 CKBJ?FB?97J?L; =7C8B; M?J> 7
J?C7L;H7/=HEMEX F;H9;DEB<M;7BJISHHEKD:

.. 9ED:BO 7BB =7C8B;| E< B;D=J> 97D 8; :;I9H?8;: M?J> 8EJ> 7::?J?L; 7D:
CKBJ?FB?97J?L; :OD7C?9l FEJ;DJ?7BBO =?L?D= :?<<;H;DJ FH;<;H;D9; EH:;H?D=1 9EC
F7H;: JE 7 ]=7C8B;" M>?9> B;7L;l M;7BJ> KD9>7D=;: M?J> 9;HJ7?DJO "EH ;N7CFB;
s HIN 8,3 M>:D ;NFH;l;: 71 7D 7::?3?L; =7C8B; ?I FH;<;HH;: JE J>?1 1J7J79
]=7C8B;* 8KJ M>;D ;NFH;ll;: 71 7 CKBJ?FB?97J?L; =7C8B; ?J ?I| DEJ KJ M>;D 8EJ>
=7C8B;| 7H; E<B;D=J> J>;07H;;N79JBO J>;17C; />;H;<EH; IEC;=7C8B;| CKIJ 8;
7J B;71J IEC; C?D?CKC B;D=J>ZM>79> C?=>J L7HO :;F;D:?D= ED J>; =7C8B;ZJE
8; 9ECF7H78B;

"?D7BBO |EC; J?C; L7THO?D==7C8B;| 7H; DEJ 9ECF7H78B; /E I>EM J>?I| IKF

%J ?1 MEHJ> DEJ?D= J>7J .7CK;BIED Y [>EMIJ>7J7101J;C 87l;: ED 9>EEI?D= J>; EFJ?ED
CEIJB?A;BO JEB;7L; OEK 8;JJ;H E<<H;IKBJI ?D 7 L?EB7J?ED E< JH7DI?J?L?JO 8KJJ>?!1?IDEJD;9;lI7TH?BO J>; |IJH7
Kl;: 8Q!
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E<B;D=8F&.,» ?J7?I9ECF7H78B;JE 7BB EJ>H=7C8B;| E<IK<<?9?;DJ B;D=J> | M;
I7M 78EL; <EH 7J B;71J IEC; =7C8B;l J>?1 CKIJ 8; =H;7J;H J>7D 7D: M; M?BB I;,

B7J#+70; C?=>M7DIJIES; L;HB7H=;

10,000 -

1,000 - /

100 -

Wealth

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time

—— Constant Growth —— Decreasing Growth —— Increasing Growth

Figure 1 />H;; :;J;HC?D?132BC8B;|
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Ve ) g

[TA?D=J>;J?C; 7TL;H7=; E<J>;l;=7C8B;| '=?L;1J>; EH:;H?D=

_ $EM;L;H 71"?=KH; I>EMI<EHIEC;L7B&)IE<& ) & ) &

D7JKH7B 9ED9BKI?EZA<BEHAI?C; L7THO?D==7C8B;| CKIJ 8; IK<<?9?;:DJBO >?=>
IK9> J>7J J>;H; ?1 DE 9EDIJ7DJ :;J;HC?D?I1J?9 KBZ8B*7.) M>:H;
) , &» ) &p +J>HM?I; ?2J MEKB: 8; J>; 971; J>7J =HEMJ> EFJ?C7B
CE:;Bl IK==;13 J>7J F,EFB; FH;<;H 9;HJ7?DBO H;9;?L?D= B;ll CED;O JE 9;HJ7?DBO
H;9;?L?D= CEH; $EM;L;H ?J M?BB 7BM7OI 8; FEII?8B; JE 9H;7J; IK9> 7 =7C8B; 80
1;JJ?D= ?JI =HEMJ> H7J; C7TH=?D7BBMS&EBEEW=;H; ?| DE FEII?8B; L7BK; E<
&-p7J EH 78EL; M>?9> J>?| =7C8B; 97D 8; H7DA;: 7D: IE J>?1 JOF; E< =7C8B; 7BIE
97DDEJ 8; 9ECF7H;: 80 J>;I; CE:;BlI 1 M;BB 71 H;L;7B?D= 7 <KHJ>;H L?EB7J?ED E<
9ECFB;J;D;ll J>?I ;;CEDIJH7J;l M>0 KI?D= 7 B?C?J H;IKBJ <EH <?D?J; FHES8B;CI 97D
8:Z7D: ?D J>?197I; ?1Z?D7FFHEFH?7J; C;H;BO ;N7C?D?D=J>;J?C; 7L;H7=; =HEMJ>
H7J; H;IKBJI ?D 7 9B;7H EH:;H?D= M?J> DE M7HD?D= J>7J J>;H; ?| DE <?D?J; B;D=J> <E
M>?93>7EH:;H? [T A;l ;DI

Psychology is fundamental to decision making

[>; Q9EDJH7:?9J7ED 8;JM;;D J>; FH;:?9J?EDI E< !0/ 7D: =HEMJ> EFJ?C7B
CE:;BI H;L;7BI1 J>7J C7A?D= FIO9>EBE=797B 7IIKCFJ?EDI ?1 <KD:7C;DJ7B JE J>,EH?;I
E<:;9?1?ED C7A?D=KD:;HKD9;HJ7?DJO M>;D :;7B?D=M?J>KD9;HJ7?D EKJ9EC;| J>;H;
97DDEJ 8; 7 1?CFB; =,D;H7BBO 7FFB?978B; 7D: 9ECFB;J;BO F;HIK7I?L; HKB; <EH M>7J
7BB :;;9?1?ED C7A;HI I>EKB: 9>EEIl; |7 H;IKBJ 9B7?Cl J>7J J>;I; TFFHE79>;1 7H;
L7BK78B; 8;97KIl; J>;0 :E DEJ [7FF;7B JE 7D ?DJ7D=?8B; FIO9>EBE=0\ ,;J;HI

8,9EC; 7TH=KC;DJI 1%&)>;C

7THH7D: >;HK8?D? HKD KF 7=7?DI1J J>; 17C; FHE8B;C J>,0 ;NFB?9?7JBO
7JJ;CFJ [JE H;9ED97?B; ';BBO 7D: .7CK;BIED\ M?J>EKJ 7FF;7B?D= JE KJ?B?JO $EM;L;H
J>;?H <?D:?D=1Z2?DJ;H;1J?D= J>EK=> J>;0 7H;Z7H; 7=7?D 87I;: ED B?C?J 971;| M>?9>

+D; M70 E<7LE?:?D=J>?1?lIK; MEKB: 8,@EGCHD9J?ED E<8EJ>=7C8B;! 8,?D=9ECF7H;: H7J>H
J>7D @KIJ 7D ?D:?L?:K7B =7C8B; />, FHE8B;C M?J> IK9> 7D 7FFHE79> ?1 J>7J ?J MEKB: ?D;L?J78BO ?DLEBL;
iN7C?D?D=8EJ>;DJ?H; :?IJH?8KJ?EDI E< FEJ;DJ?7B EKJ9EC;| 7J FTHJ?9KB7H FE?DJI ?D J?C; 7D: @K:=?D= M>;J>;}
ED; M71 :?<<;H;DJ ;DEK=> JE J>; EJ>;H JE @KIJ?<0 :?13?D=K?1>?D= 8;JM;;D J>; =7C8B;| J J>?| FE?DJ J>;
59?1?ERBH?J;REH; 7BBEEKJI>; J?C7L;H7=[D:?IL;HOBEIJEO/
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97DDEJ8; H;79>;: %D J>;H;7BMEHB: KD9;HJ7?DJO E<EKJ9EC; H;C7?DI 7D::?<<;H;DJ
F.:EFB; M?BB >7L; :?<<;H;DJ FH;<;H;D9;l 79HEII J>;I; .7CK;BIED 7D: ;BBO H;C7?D
KDH;9ED97B;:

2; >7L; I;;D J>7J H;BO?D= ED J>; B?C?J ?| ?DIK<<?9?;DJ 7| 7 @KIJ?<?97J?ED E<
=HEMJ> EFJ?C7B 7TFFHE79>;| .EF>?1J?97J;. J>;EH?1JI >7L; DEJ 7JJ;CFJ;. JE 9B7?C
J>7J?J 7?1 <EH ;N7CFB; (7J7DQ DEJ;1 J>7J[)O ?DJ;H;13X?1 ?D J>; 710CF
JEJ?9 GK7B?J?;I7Bx J>; C;71KH;C;DJ E< J>; FHE878?B?JO E< 7:L;HI; :EC?

D7D9;X %J I;;CI JE C; J>7J J>?1 FHE878?B?JO E< 7:L;HI; :EC?D7D9; ?I ;IF;9?7BBO
H;B;L7DJ JE Q9EHFEH7J; 7D: EJ>;H ?DL;IJC;DJ :;9?1?EDI 7D: FEHJ<EB?E C7D7=;C;DJ
M>:H; ?D:?L?:K7B IK8@;9J?L; KJ?B?J?;l E<J>EI; ?DLEBL;: 7H; :?<<?9KBJ ?< DEJ ?CFEII?8B
JE ;J;HC?D;\ | M; DEJ;: 78EL; CEH; H;9;:DJBO 7 DEL;B @KIJ?<?97J?ED >7I 8;;D
E<<;H;8C~>01?79?NMPJZ879A=HEKI)H=E:?3>;EHO

[>;?H 9B7?C ?1 J>7J :;9?1?ED J>;EHO CKIJ 9EDI?:;H M>7J 79JK7BBO >7FF;DI JE
7D ?D:?L?:K7B DEJ M>7J C?=>J >7FF;D JE J>;,C "EH J>?1?J D;;:| JE 8; 7D [;H=E:?9
E8I;HL78B;\ 8;97KI; <EH IK9> E8I;HL78B;| J>; ;DI;C8B; 7D: J?C; 7L;H7=;1 9E?D
9?:; ;J;HI7D: #;BB )7DD /E 9H;7J; J>?1 E8I;HL78B; M; >7L; JE KD:;H
IJ7D: J>;:OD7C?91 E<7=7C8B; EL;H J?C; [H;GK?H?D=J>; IF;9?<?97J?ED E<7:0D7C?9
?I1H;GK?H?D=J>; 7.C?lI?ED J>7J M; B?L; J>HEK=> J?C; DEJ ?D 7 IKF;HL;HI; E< F7H7BB;B
MEHB:I M?J> M>?9> M; 97D I>7H; H;IEKH9;I\ ?87: [>?1 21 9EDJH71J;: M?J> 10/

['NF;9J;: KJ?B?JO J>,EHO 9ECFKJ;l M>7J >7FF;DI JE 7 BEEI;BO IF;9?7<?;: CE:;B E<

CO FIO9>EBE=0 7L;H7=;: 79HEIl 7 CKBJ?L;HI; KJ % :E DEJB?L; IFH;7: EKJ 79HEII 7
CKBJ?L;HI; B;J 7BED; >7HL;1J J>; 7L;H7=; FIO9>EBE=?97B 9EDI;GK;D9;| E< J>; 79J?EDI
E< CO CKBJ?L;HI; 9BED;I\ ,;J;HI 10/ J>;H;<EH; 1J7D:l 799KI;: E<

C7A?D= JME C;J7F>0I1?97B ;HHEHI ?=DEH?D= J?C; 7D: 7IIKC?D= H;IEKH9;l 97D 8;
I>7H;: 79HEII CKBJ?FB; FEII?8B; KD?L;HI;l 2;17M 78EL; >EM;L;H J>7J?J ?| MHED=

JE 170 J>7J3'0/ J7A;l DE 799EKDJ E< J?C; J?C; ?| ?CFB?9?JBO ?D9EHFEHT7J;: ?DJE J>;
FEJ;DJ?7B EKJ9EC;| ;NFB?9?JBO 9EDI?:;H;: 8KJEDBO J>; J?C; J>7J M?BB 79JK7BBO ;B7F
:KH?D= J>; :;9?1?ED FHES8B;C %D 9EDJH7IJ ' 9EDI?:;HI 7BB J>; J?C; J>7J MEKB:
;B7FI; M;H; J>; =7C8B; JE =E ED <EH;L;H "?=KH; ?BBKIJH7J;l J>?I :?<<;H;D9; 2;
?19KII7FFBO?20= JBH-HESB;GDLEBLIRE?DFF;D:?N

%< M, >7L; 7 FHE878?B?JO IF79;7®/ 7 C;7IKH; FH;I;HL?D= JH7DI<EHCW?2RI J>;D M;
97D J>?DAE< ;79> 7FFB?97J?ED E< J>; JH7DI<EHC7J?ED H;IKBJ?D="?D 7 D;M F;H?E: ?D J?C; %<J>; JH7DI<EHC7J7~
?1;H=E:?9 J>;D ?HA>E<<" IH=E:?9 />;EH;C 137J;1 3>7J J>; J?C; 7L;H7=; 9EDL;H=;| 7BCEIJ IKH;BO JE J>;
iNF;93;: L7BK; M>;H; ?J ;N?I] ;H=E:?9 <EH J>; C;7IKR<dx< <EH 7DOIK9> J>7J- ;23> H
EH ?DJIK?J?L;BO ?<M; J7A;71K8I;JE<J>;I7CFB; IF79; H;IKBJ?D=<HEC J>; 7TFFB?97J?ED E< J>;
JH7DI<EHC7J?ED JE IEC; EJ>;H IK8I;J J>;D J>; <EHC;H IK8I;J M?BB DEJ 8; 9EDJ7?D;: ?D J>; B7JJ;H ;N9;FJ ?D
JH?L97BI
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Figure2 ?<<;H;D8;HIF;9J?LEDI>;I17C; 8;J M>?93D9H;7I1M;7BJBO F;H9;DEH
G9H; 71 280 F;H9;:DJ79>M?JGK7BHE8S8787?BRIM/ 7D7BQAI7A;IFB79J7
IF;9?<TFE?RXI?C;?BBKIJHZH;71& 7D! 7D7BOPRI9BK:I>;?D<?D?J;
KDH;7B?KJKH;

[>; IK==;137ED J>7J KI; E< J>; ;NF;9J7J?ED EF;H7JEH ?DLEA;| CKBJ?FB; MEHB:I
?1 7BIE ?D9EHH;9J 10$#HF % & &Y>EM F;EFB; C7A; :;9?1?EDI DEJ 7 H;7B?1J?9
S5I9H?FJ?ED  ;9?1?ED C7A;HI :E DEJ <EHC 7D 7L;H7=; EL;H EKJ9EC;I 8;97KI; J>;0
J>?DA IEC; F>0I?797B ;GK?L7B;DJ E<J>; 7L;H7=?D=M?BB E99KH J>;0 97D 8; H;FH;I;DJ;:
71 :E?D= |[E FKH;BO 8;97KI; ?<J>;0 7H; :;I9H?8;: 80 J>; 7TN?ECI ?D LED *;KC7DD
7D: )EH=;DIJ;HD J>;?H 9>E?9;l 871;: ED J>;?H FH;<;H;D9;l 7:C?J IK9> 7
H;FH;I;DJ7J?ED %D <79J !! 7BIE KI;l J>; ;NF;9J7J?ED EF;H7JEH <EBBEM?”D= 7D
7FFHEFH?7J; JH7DI<KEHC7J?ED J>7?I :E;| DEJ C;7D ?J ?I [7TIIKC?D= H;IEKH9;I 97D 8;
[>7H;: 79HEII CKBJ?FB; FEII?8B; KD?L;HI;\ @KIJ J>7J J>; ;NF;9J;: L7BK; >7FF;DI JE
8; C7J>;,C7J?978BOL7BIE)>;E8@;9PI?DJ;H;1J;?D&KIB?AD0/

%J ?1 KD9B;7H M>0 ?D FH?D9?FB; M; MEKB: ;L;H M7DJ JE KI; 7DO <EHC E<
IKCC7HO 1373?1379 E< J>; FEJ;DJ?7B EKJOEC;| E< 7 ;;9?1?ED H7J>;H J>7D J>; ;DJ?H,;
:?1IIJH?8KJ?ED E< EKJ9EC;! ;N9;FJ JE C7A; J>, FHES8B;C CEH,; JH79J78B; J>?I 7TFFB?;l
;GK7BBO JE ;NF;9J;: L7BK;l 7D: J?C; 7L;H7=;1 10/ ?1 7 IF;9?7B 97I; M>;H; =?L;D
L7H?EKI 7N?ECI 7H; C;J J>; KI; E< J>; ;NF;9J;: L7BK; E< 7 <KD9J?ED >7FF;DI JE
;D9E:; IK<<?9?;DJ ?D<EHC7J?ED JE ?:;DJ?<0O 7D 7=;DJ" FH;<;HH;: 9>E?9; %J ?| DEJ
7 =,D;H7B 9B7?C J>7J ;NF;9J;: L7BK;l J;BB KI 7BB M; D;;: JE ADEM 78EKJ :;9?1?ED
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C7A?D= "KHJ>HCEH; ?J ?1JHK; JE |70 J>7J 10/ 9EDI?:;HI CKBJ?FB; FEJ;DJ?7B EKJ
9EC;| EDBO ED; E< M>?9> M?BB E99KHZ8KJ ?D J>7J ?J ?| DE :?7<<;H;DJ JE ! 7D:
M; >7L; I;;:D J>7J <EH H;7B =7C8B;| M>?79> D;9;1I7TH?BO E99KH ?D <?D?J; J?C; J>7I
<KD:7C;DJJBKBYDDmB] 7LE?:;:

2: IKIF;9J >EM;L:H J>7J J>; B?C?J ?1 J>; ?CFB?9?J @KIJ?<?97J?ED <EH Il 8;
97KI;Z?D C7HA;: 9EDJH7I1J JE (7J7DQ" MEHAZ!! =?L;1 DE =K?:7D9; 71 JE M>;D
7 =7C8B; ?1 BED= ;DEK=> <EH J>; J>;EHO JE 7FFBO />; <EBBEM?D= ;N7CFB; :;CED
IJH7J;1 J>; FHE8B;CI J>?1 97KI;I EDI?:;H JME =7C8B;| ED 7 H;7B?13?9 J?C; 197B; ?D
J>; <?HIJ 7 <7?H 9E?D M?BB 8; JEIIl;: ;L;HO CEDJ> <EH J>; D;NJ J;D O;7HI 179> J?C;
?J B7D:1 >;7:1 OEK H;9;?L; ;79> J?C; ?J B7D:1 J7?Bl OEK F70 />; ;NF;9J;:
=7?D?l F,HCEDJ> /> I;9ED: ?1 ?:;DJ?97B ;N9;FJ J>7J ?< J>; 9E?D B7D:1 >;7:l
OEK H;9;?L; 7D:?<?JB7D:1J7?BlI OEK F70 />; ;NF;9J;: =7?D F;H CEDJ>
?200 13321217971, E< 7::?2J7L;, =HEMJ> !l FH;:?9JI ?D:?L?:K7BlI M?BB FH;<;H J>?I
I;9ED: =7C8B; JE J>; <?HIJ 2; FH;:?9J J>7J J>;0 MEKB: DEJ 8;97KI; ?J ?I1 CK9>
H?IA?:HZ?D =;:D;H7B J>; IEHJ E< F;EFB; M>E <?D: IK9> =7C8B;| 7JJH79J?L; >7L; DEJ
IKHL?L;: "KHJ>;HCEH; J>; IME L7H?78B;| M>?9> C?=>J 9>7D=; EKH FH;:?9J?EDZ?<
J>; ?D:?L?:K7B ?I ;NJH;C;:BO M;7BJ>0O 7D: ?< J>;0 7H; 7FFHEN?C7J;BO H?IA D;KJH7B
F:H>7FI 8:97KI; J>:0 7H; 7 <?HC M?J> :?L:HI?<?;: I>7TH:>EB:;HIZ7H: L7H?78B;| ?D
10/ 8KDEM

The purpose of a decision theory

+D; FE?DJ MEHJ> ;CF>71?1?D= ?1 J>; :?<<;H;DJ FKHFEI; E< J>;l; IME :;9?I?ED
J>:EH?;1 | M; :?19KIl ?D "EH: 7D: '70 10/ 7D: ?J1 ?DJ;BB;9JK7B :;19;D
:7DJl 7H; ;19H?FJ?L; DEJ DEHC7J?L; J>EH?;l JE<® H7J>;H J>7D ]78EKJ”" :;9?I1?ED
C7A?D= %D FH79J?9; J>; :?1J?D9J?ED 8;JM;;D :;I19H?FJ?L; 7D: DEHC7J?L; J>EH?;| >7I
8::D ;B?:;: 80 C7DO ;9EDEC?I1JI /E KD:;HIJ7D: 8EJ> J>; B?C?JI 7D: 8;D;<?JI E<
10/ ?221>;BF<KB?13?D=K3>;JME

/>, TN?ECIE<!0/7D: 1?C?B7H J>;EH?;1 97D 8; IFB?J ?DJE JME =HEKFI J>; <?HIJ
7BBEM FH:<;H:D9;l JE 8; ::I9H?8:;: I:DI?8BO J>: I:9ED: H:IJH?9J J>EI; FH:<:H:D9:l
"EH ;N7CFB; ?D !0/ J>; 7TN?ECI E< 9ECFB;J;D;ll 7D: JH7DI?J?L?JO 7BBEM <EH 7
=I9H?FJ?ED E< 7D 7=;DJ"l FH;<;H;:D9:1 M>:H;71 J>; 7N?ECI E< 9EDJ?DK?JO 7D: ?D:;
F;D:;D9; H;IJH?B3,C

[>; :19H?FJ?L; 7TN?ECI ;:DIKH; J>7J 7BB E< J>; EB@:;9JI ?D J>; 7=;DJMN 9>E?9; |;J
97D 8; EH:;H;: 7=7?DIJ ;79> EJ>;H M?J> J>; FH;<;H;D9; H;B7J?ED 7D: J>7J J>;H; M?BB
?D 7DO IK8I;J E< J>?1 9>E?9; I;.J 8; 7J B;71J ED; CEIJ <7LEKH;: EFJ?ED 2>7J J>?I
C;7DI ?D FH79J?9; ?1 J>7J =?L;D 7DO I;.J E< 9>E?9:;| 7D 7=;DJ <79;1 M; 7BM70I| ADEM
M>7J J>;0 M7DJ JE :E EH J>; 9EBB;9J?ED E< 9>E?9;1J>;:0 7H; ?D:?<<;H;DJ 8;JM;;D 8KJ
FH;<;H JE 7BB J>; EJ>;H 9>E?9;| />;H; ?I DE D;;: <EH 7DO JOF; E< KJ?B?JO <KD9J?ED JE
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J;BB KI M>7J J>;0 M?BB 9>EEI; KJ ?J?l ?CFEHJ7DJ JE DEJ; J>7J J>?1 =?L;| DE ?DI?=>J
?DJE >EM EH M>0 J>; 7=;DJ >71 J>?| F7THJ?9KB7H FH;<;H;D9; EH:;H?D= %D J>7J |;DI; ?2J
?I FIO9>EBE=?97BBO D7RL; ?JI?CFBO 71I;HJI J>7J J>; 7=;DJ 7BH;7:0 ADEMI ;N79JBO M>7
J>M7D3YDMO?JIK7J?ED

/>, H;IJH?9J?L; 7TN?ECI C70O EH C70 DEJ 8; FB7KI?8B; :;I9H?FJ?EDI E< 7D 7=;DJ"
FH;<;H;D9;l 8KJ J>;?H FKHFEI; ?1 JE 7BBEM J>; FH;<;H;D9; EH:;H?D= =K7H7DJ;;: 80
J>: I9H?FJ?L; 7N?ECI JE 8; ;NFH;ll;: M?2J> 7 KJ?B?JO <KD9J?ED "EH ;N7CFB;
B;N?9E=H7F>?9 FH;<;H;D9;l C70 8; 9eCFB;J; 7D: JH7DI?J?L; 8KJ J>;0 L?EB7J; J>;
7TN?EC E< 9EDJ?DK?JO J>?I :E;I DEJ ?CFBO 7D0OJ>?D= 78EKJ J>; H7J?ED7B?JO E< >7L"
J>El; FH;<;H;D9;l @KIJ J>7J J>;0 97DDEJ 8; H;FH;I;DJ;: 80 7 9EDJ?DKEKI KJ?B?JO
<KD9J?ED

10/ J>;H;<EH; ?I 7 ;;I9H?FJ?L; J>;EHO M>?9> C70 EH C70 DEJ 8; 7 KI;<KB
CE:;BE<:9?1?ED C7A;HI :;F;D:?D=ED J>; 9EDJ;NJ E< J>; [?JK7J?ED J>;0 7H; FB79;:
?D %J ?1 DEJ 7 DEHC7J?L; J>;EHO KDB;ll M; J>?DA J>; 7TN?ECI J>;CI;BL;l >7L;
DEHC7J?L; <EH9; 7D: J>;H; ?I =EE: H;7IED JE J>?DA J>7J J>,0 :E DEJ "HEC J>7?I
F;HIF;9J?L; J>; J>EHOM 97F79?EKID;II ?1 7 8;D;<?J DEJ 7 :H7TM879A ?J 97D
799ECCE:7J; C7DO :?<<:H:DJ I;Jl E< FH:<;H:D9;I 7BBEM?D= ?J JE :;I9H?8; C7DO
1?7JK7J?EDI ?J?1 DEBEIIJ>7J?J:E;I DEJ=7L; FH;9?I; FH;:?9J?EDI 78EKJ M>7J 7BB 7=;DJI
M?BBI>EKB:E 1?D92L7A;| DEOB7?Q0E3; DEHC7J?L;

%J ?1B;119B;7H M>;J>;H ! ?1 ;;I9H?FJ?L; DEHC7J?L; EH 8EJ> ICF?H?97B MEHA
219Kl ?D FED:?N  IK==;1J13>7J J>;H; ?I >EF; J>7J ?J 21 7 ;;1I9H?FJ?L; J>;EHO
7D: ED; M>?9> FHE:K9;| 9EDJH713?D= H;IKBJI M?J> 10/ />;H; 7H; 7BIE |?=DI J>7J ?J
?17DEHC7J?L; J>,EHO ED J>;=HEKD:1J>7J EFJ?C?I?D=J>; =HEMJ> H7J; ?1 J>; |;DI?8B;
J>?D=JE :E <EH ;N7CFB; ,;J;HlI IK==;1J1 J>7J J>; 7TKIJ>EH MEKB: C7A,;
9;HJ7?D 9>E?9;l [8;97KI; J>; F7TOC;DJI 9EHH;IFED: JE 7 >?=>;H 7::2J?L; =HEMJ>
H7JE<COM;7BJ>D:[?IN>;=HEM I IMEKBEFJ?C?P; \

Conclusion

[>;EH?;l E< :;9?1?ED C7A?D= KD:;H KD9;HJ7?DJO 97D 8; DEHC7J?L; :;I9H?F
J?L; EH 8EJ> 0J?7B?JO JOF; 7TFFHE79>;1 7H; D;9;lI7TH?BO :;1I9H?FJ?L; ?< J>; TN?ECI 7H;
C;J 8KJ >7L; 7 CK9> M;7A;H 9B7?C JE 8;?D= DEHC7J?L; J>; 7TN?ECI E< !0/ >7L;
9EC,; ?D <EH 1?=D?<?97DJ 9H?J?9?IC CEIJ F;HIK7I?L;BO 80 )73J>;M -787?D %D
9EDJH71J =HEMJ> EFJ?C7B 7FFHE79>;| 7TFF;7H JE 8, DEHC7J?L; 7BJ>EK=>7I1M; >7L,
DEJ;::?<<;H;D3,EH?IBH;|;DJ3?<<;H;MEHC7J@KIJ?<?97<EBBDIC

2>;J>H =HEMJ> EFJ?C7B 7FFHE79>;l 7H; :;I9H?FJ?L; ?1 7 CEH, :?<<?9KBJ
GK;IJ?ED 2; 7H; DEJ 7TM7H; E<;CF?H?97B IJK:?;1 ;N7C?D?D=>EM 9BEI;BO ?D:?L?:K7BI"
FEHJ<EB?EI 7FFHEN?C7J; J>; =HEMJ> EFJ?C7B 8;D9>C7HA 8KJ !'"l C;J7F>0I?97B
9B7?Cl >7L; B;: JE 7 H;IKH=;D9; E< ?DJ;H;IJ ?D J>7?| =;,D;H7B 7H;7 7D: JME H;9;DJ
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;NF;H?C;DJ7B IJK:?;1ZED; 80 7L?:);:;;H ;J 7B 7D: 7DEJ>;H 80 HD;
17D>EOM;=>;D ;J 7B Z7JJ;CFJ JE :?13?D=K?I> ;CF?H?97BBO 8;JM;;D !0/
7D: " OD<EHJKD7J;BO J>; JEE <H;GK;DJ 7IIKCFJ?ED J>7J !0/ ?=DEH;| J?C; 7D:
J>;H;<EH; 97D 8; H;FH;I;DJ;: 71 COEF?9ZEDBO BEEA?D=7J J>; D;NJ 8;J ;L;D M>;D
J>; :0OD7C?9I 7H; ADEMDZB;7:1 JE 8?71;: ;13?C7J;1 ?D );;;H ;J 7B
17D>EOM;=>;D ;J 7B KDM?JJ?D=BO FH;I;DJ 7 1?JK7J?ED M>;H; J>; FH;:?9J?EDI
E<!0/7D: 1" 7H; 7JB;713?D J>;?H<EHCKB7J?ED ?:;DJ?97B CEH;:;J7?B;: 7D7BOI?I
E<BEJ¥7F;HPIFHEL?:;?DFF;D:?N

2::NF;9J J>7J <EH H;7B :;9?1?EDI M>?9> H;7B F;EFB; <79; KJ?B?JO 7FFHE79>;I
7D: =HEMJ> EFJ?C7B 7FFHE79>;| 7TH; B?A;BO JE =?L; J>; I7C; 7DIM;H ?D C7DO 97I;
[>?1 2?1 ;IF;9?7BBO JHK; <EH I>EHJ =7C8B;| M>;H; J>; :OD7C?9 ?1 DEJ =?L;D 80 J>;
=7C8B; 8KJ ?DIJ;7: 80 M>7J M?BB >7FF;D JE J>; F;HIED"I M;7BJ> EL;H J>;?H B?<;J?C;
<EH :N7CFB; ?< M; 7IIKC; J>7J ;N9:ll M;7BJ> =;JI FKJ ?DJE 7 :?L;HI?<?;: FEHJ<EB?E
J>:D ?J ?1 B?A;BO JE =HEM CKBJ?FB?97J?L;BO "HEC J>7?1 F;HIF;9J?L; M; 9EKB: 170 J>7J
J>;:0D7C?9 2?1 7D 71F;9J E< IEC,ED;M B?<; H7J>;H J>7D 7 F7THJ?9KB7H =7C8B; M>79>
MEKB: J?; J>;C :EMD JE 7 1?D=B; KJ?B?JO />?IH;C7?DI J>; 971; <EH !0/ CE:;BIEL;H
J?C; 1K9>717?D .7CK;BIED M>:H; 9EDIKCFJ?ED 7BIE :;F;D:1 ED ?DL;1JC;DJ
F;H<EHC7D9; />?1?18;97KI; 71:?I19Kll;: 78EL; !0/ 7TFFHE79>;| 7TKJEC7J?97BBO
?D9EHFEH7J; J>; =HEMJ> :0OD7C?9I| E< :?<<;H;DJ ?DL;1JC;DJI J>; EDBO H;7IED J>;0
?2<<;H ?1 3>7J 0/ 9EDI?:;;HI J>; IFH;7: E< FEII?8B; EKJ9EC;| 7D: M>;D CEIJ
E< J>; M;?=>J E< J>?| <?D7B FHE878?B?JO :?1JH?8KJ?ED ?I EL;H 7 L;HO IC7BB H7D=; N\
=;D;H7BBO ;NF;9J J>?1 JE DEJ 8; 7 L;HO 1?7=D?<?97DJ :?<<;H;D9;Z7BJ>EK=> 7| M; >7L;
I;;D ?2J97D 8; %D 9EDJH7IJ 7 J>?H: 7TFFHE79> JE ?DL;1JC;DJZI?D=B; F;H?E: CE:;BI
M?J> F7THJ?9KB7H E8@;9J?L;l IK9> 71 $7HHO )7THAEM?JP N F?ED;;H?D= L7H?7D?9;
7L;HI?ED CE:;B E< FEHJ<EB?E 9>E?9;Z:E DEJ :?H;9JBO 9EDI?:;;H J>; ;<<;9J] E<
LEB7J?B?JO ED ?DL;1JC;DJI" F;H<EHC7D9; EL;H J?C; 7BJ>EK=> L7H?7D9; 7L;HI?ED M?B
?CFB?9?JBOH;IKBJ?D 1?C?B7H 8;>7L?EKH $;H; J>;H;<EH; M; MEKB: ;NF;9JJ>; CE:;BI"
9ED9BKI?EEPL;H=JE/=H;7J;iNJ;DJ

[>; =H;7J 8;D;<?J E< =HEMJ> EFJ?C7B 7FFHE79>;| JE :;9?1?ED C7A?D=?| J>7J
J>;0 :;19H?8; 7D KD:;HBO?D= 9>7H79J;H?1J?9 E< =7C8B;| M>?9> ?| JHK; H;=7H:B;ll E<
J>: FIO9>EBE=0 E< 7DO :;9?I1?ED C7A;H M>E >7FF;DI JE <79; J>;C $EM;L;H M>;D
?D:?L?:K7BI 7H; <79;: M?J> KD9;HJ7?DJO FIO9>EBE=0 M?BB D;9;lI7TH?BO FB70O 7 HEB; <
C70 ;NFH;ll ?2J1;B< ?D C7N?C?1?D= J>; 9>7D9;| E< =;JJ?D= H?9> ?D ;NJH;C; 97KJ?ED
;= C?D?C7N EH ?D EJ>;HM70I />;H; 7H; C7DO :H7M879Al JE KJ?B?JO 7FFHE79>;]
7D: M; >7L; :?19Kll;: J>;C 7J B;D=J> ;BI;M>;H; 70 7D: '?D= [>?H=H;7J
8;D;<?J >EM;L;H ?1 J>7J J>;0 ;NFB?9?JBO B?1J J>; 9ED:?J?EDI KD:;H M>?79> J>;0 M?BB
D;9:II7TH?BO 8; L7B?: 2; >7L; I>EMD J>7J ?< J>;I; 9ED:?J?EDI 7H; C;J J>;D J>;0
D;9;1I7TH?BO 9EDJH7:?9J =HEMJ> EFJ?C7B 7FFHE79>;| 8KJ J>?II>EKB: DEJS8;I;;D 717
9H?J?9?IC E< J>; 8;D;<?JI =HEMJ> EFJ?C7B F;HIF;9J?L;| 8H?D= 8EJ> 19?;DJ?<?97BBO 7D:
FH7=C7J?97BBO %DIJ;7: J>?I H;IKBJ I>EKB: 8; I;;D 71 ;CF>71?1?D= J>; <KD:7C;DJ7B
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?CFEHJ7D9; E< FIO9>EBE=?97B <79JEHI B70;H;: ED JEF E< 7 19?;DJ?<?9 KD:;HIJ7D:?D=
E<J>;1013;Cl 7D: 71 ;CF>71?1?D=>EM M; 97DDEJ H;CEL,; ?D:?L?:K7B?JO <HEC J>;
;GK7J?ED M>;D ?J 9EC;| JE :;9?1?EDI C7:; KD:;H KD9;HJ7?DJO /E ?CFHEL,; EKH
KD:;HIJ7D:?D= E< :;9?17ED C7A?D= M; I>EKB: 1JK:O J>;I; FIO9>EBE=7?97B <79JEHI
?DL;1J?=7J2BNF,EFB79JK7EE®,;:;9?1?EDI

Appendix A.
Using expected utility theory over time

%D J>;?H H;FBO JE ,;J;HI &71ED E9JEH ;J 7B DEJ; J>7J!0/ 217
[137J?9\ J>;EHO 7D: J>7J ;9EDEC?IJI KI; :0D7C?9 7BJ;HD7J?L;l EL;H J?C; $EM;L;H
<EH 971;I B?A; J>; ED;l :?I9Kll;: ?D J>?I F7F;H M>;H; J>; EDBO M;7BJ> ?D:?L?:K7BI
wH?L; 7DO :?H;9J 8;D;<?J <HEC ?1 J>7J M>?9> ?| FHE:K9;: 7J J>; ;D: E< 7 =7C8B;
?J ?1 1JH7?=>J<EHM7H: JE 7D7BOI; J>;C M?J> 10/ 2; DEJ;: 78EL; J>7J 10/
1C;9>7D?97BBO” ?DO9EHFEH7J;I J>; FHEY9;Il 80 M>?9> FEJ;DJ?7B <?D7B EKJ9EC;| 7H;
H;79>;. %D:;;: 10/ ;;<?D;l =7C8B;l B?A; J>;I; 71 ]9ECFEKD: BEJJ;H?;I" 7D:
7II:HJI J>7J EDBO J>; <?D7B EKJ9EC;| E< J>; 9ECFEKD: =7C8B; C7JJ;H <EH J>;
59?1?ED FHES8B;C %< M; 9EDI?:;H 7 1?JK7J?ED M>;H; ?D:?L?:K7BI 7H; E<<;H;: 7 =7C8B;
E<7 F7HJ?9KB7H B;D=J>8KJ 97D 9>EEI; JE F7THJ?9?F7J; EHDEJ 7J ;79> 1J7=; J>; 1?JK7J?EI
?1 7 B?JJB; CEH; 9ECFB?97J;: 7D: M; D;;: JE IEBL; ?J H;9KHI?L;BO IE <?D: J>; KJ?B?JO
E< ;L;HO FEII?8B; <?D7B EKJ9EC; J>;D BEEA 7J J>; FH;9;:?D= :;9?1?ED DE:;l 7D:
9ECF7H; J>; KJ?B?JO E< J7A?D=J>; BEJJ;HO J>;0 H;FH;|;DJ JE J>; KJ?B?JO E<A;;F?D=J>
M;7BIEIHKH;7D:J7A;)>;>?=>:H7BK{1 J>7DE:; A" KJ?B?JO©

[>;971;1 :?19Kll;: ?D J>?1 F7F;H 7H; 7 L;HO H;1JH?9J;: IK8I;J E< J>; ED;I M;
7H; B?A;BO JE 97H; 78EKJ %D FH79J?9; ?DL;1JC;DJ :;9?I1?EDI 7H; DEJ 78EKJ M;7BJ> ?D
7 1?D=B; <KJKH; F;H?E: 8KJ 78EKJ 7 IJH;7C E< :?I9EKDJ;: 9EDIKCFJ?ED :;9?1?EDI
?D<BK;D9;: 80 8EJ> H;7B?l;: 7D: ;NF;9J;: ?DL;1JC;DJ =7?DIl />; D7JKH7B M70 E<
1;JJ?D= KF IK9> FHE8B;CI ?| M?J>?D 7 8HE7:;H ;NF;9J;: KJ?B?JO <H7C;MEHA IK9> 7I
.7CK;BIED $EM;L;H <EH IK9> |?JK7J?EDI J>;H; 7H; M;BB ADEMD FHESB;CI
M?2J®/A B?C?2J7J7EDRIJ?D=K?I1>8PM;;:DH?IAD:J?CFH;<;H;D9;l
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Appendix B.
Empirical evidence for ergodicity economics

Meder et al. (2021)

);:H;J 7B ?1 7D 73J;CFJ JE J;1J J>; FH;:?9J?EDI C7:; 80 !l 10/
7D: HEIF;9J /> EHO ,7HJ?9?F7DJl >7: JE 9>EEIl; 8;JM;;D  F7?HI E<
BEJJ;H?;l 7D: M;H; JEB: J>7J 7 H7D:EC [|;B;9J?ED E< E< J>;?H 9>E?9;| MEKB: 8;
H:;7B?l;: 7D: 7FFB?;: JE 7D ?D?J?7B M;7BJ>E< " 78EKJ J>:0>7:8;:D
:D:EM;: M?J> />0 MEKB: J>:D H;9:;?L; J>?1 <?D7B 7CEKDJ 179> F7THJ?9?F7DJ :?:
J>?1 IM?9; ED ED; :70 J>;0 <79;: 7::?2J?L; :OD7C?9l IE ;79> BEJJ;HO M7I| E< J>;
<EHC ]=7?EH BE# ED J>; EJ>;H J>;0 <79;: CKBJ?FB?97J?L; :OD7C?9I IE ;79>
BEJJ;HO M71 E< J>; <EHC ]?D9H;71; OEKH ;D:EM;:BH7R¥>BO?J 80
[E B;7HD 78EKJ J>; :OD7C?9l J>;0 >7: 7 JH7?D?D= L;II?ED ED ;79> :70 M>;H; J>;0
I7M J>; ;<<;9J J>; =7C8B;l >7: ED J>;?H M;7BJ> BEJJ;HO 80 BEJJ;HO >EM;L;H J>;0:?:
DEJ =;J J>?1 <EHC E< KF:7J?D= ?D J>; 79JK7B ;NF;H?C;DJ />;?H 9>E?9;| M;H; J>;D
7D7BOI;: 7D: Kl;: JE ;13?C7J; 7D ?1E;B713?9 KJ?B?JO <KD9J?ED <EH J>;C ED ;79> :70
") )- Y Y />0 9B7?C J>7J ! FH;:?9J] <EH 7BB F7HJ?9?F7DJI
ED J>; 7::?3?L; :70 7D: <EH 7BB F7HJ?9?F7DJI ED J>; CKBJ?FB?97J7?L; :70 0/
FB79;I DE H;1JH?9J?EBXRIH J>7D J>7J ;79> F7THJ?9?F7DJINAEREK:; &<
J>:17C; ED 8EJ>:70I />;;NF;H?C;DJ <EKD: J>7J "l FH;:?9J?EDI M;H; C;J 7D:
J>70/N M;H,DEJ

/>; IJK:O H;9;?L;: 9H?J?9?IC <HEC I;L;H7B IEKH9;I CEIJ DEJ78BO ?D J>;
IKFFB;C;DJJE EQJEH ;J7B [>;0DEJ;: J>7J !0/ M71KI;:?D 7 137J?9 H7J>;H
J>7D :0D7C?9 M70 [71 ?< ?DJ;HC;:?7J; EKJ9EC;I M;H; 79JK7BBO H;9;?L;:\ J>;H; M7I
DE 7D7BOI?I E< J>; 79JK7B FHE878?B?JO :?1JH?8KJ?ED <79;: EL;H J>; M>EB; ;NF;H?C;DJ
7D: EKJ9EC;I M;H; 7C87?=KEKI 8KJ DE 7:@KIJC;DJ M7l C7:; <EH 7C8?=K?JO
7L:HI?ED EH <EH 7L;HI?ED 1J;CC?D=<HEC J>; 9ECFB:N?JO E< J>; FHE878?B?JO 97B9KB¥

E9QJEH ;J7B KFFB;C;DJFF Y [>?19H?J?GK;?I IKFFEHJ;: 80 EKH 7D7BOI?I

78EL; 10/ ?197F78B; E<;L7BK7J?D=:;9?I?EDI EL;H J?C; 7D: ?=DEH?D=J>;:0D7C?9
D7JKHEE<I>;FHES8B;C7(B;7:JE/D?D9EHH81):?9J?ED

[>; FH?C7HO H;IFEDI; JE J>?1 9H?J?9?IC >7I 8;;D J>7J 9E=D?J?L; 9EDIJH7?DJI
FH;L;DJ ?D:?L?:K7BI ?D J>?I ;NF;H?C;DJ <HEC ]|BEEA?D= 7>;7:* ;L;D JE J>; D;NJ
=7C8B; 7D: J>KI J>; COEF?9 !0/ Kl;: ?1 TFFHEFH?7J; );;;H;J 7B 137J;1
[2>?B1J ?J ?1 FEII?8B; ?D FH?D9?FB; JE KF:7J; ED;" ;NF;9J;: M;7BJ> 71 7 <KD9J?ED E<
J>; ;9?1?EDI7BH;7:0 C7:; J>?1?19ECFKJ7J?ED7BBO ?CFB7KI?8B; ;IF;9?7BBO KD:;H J>;
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::C7D:?D= 9E=D?J?L; 9EDIJH7?DJI E< J>; J71A /E 9ECFKJ; :NF;9J;: M;7BJ> <EH 7
=?L;DJH?7B F71J9>E?9;I CKIJ 8; H;97BB;: 7D: ?DJ;=H7J;: EL;H 7BB FEII?8B; EKJ9EC;I
[>?1 ?DJ;=H7J?ED GK?9ABO 8;9EC;| 9ECFKJ7J?ED7BBO ?CFB7KI?8B; ;IF;9?7BBO <EH J:
CKBJ?FB?97J?L; 9ED:?J?ED M>?9> CKIJ 9EDI?:;H 7BB J>; FEII?8B; M;7BJ> JH7@;9JEH?;
KF JE J>; =?L;D FE?DJ ?D J?C;\ );;;H ;J 7B %D J>;?H H;FBO JE E9JEH ;J
7B FK8B?I>;: 71 7 IKFFB;C;DJ JE );;;H ;J 7B J>;0 1377; [%< IK8@;9JI
7H; B?C?J;: 80 ;NF;H?C;DJ7B :;1?=D KD78B; JE 9ECFKJ; EKJ9EC;| E< J>; <KJKH; J>;
:OD7C?9 CE:;Bl M>;D <79;: M?J>J>?1 J71A ;<<;9J?L;BO C7A; J>; I7C; FH;:?9J?EDI
713>;137J7©E:;BI\ );;;H ;J7B . F

/>;9B7?C 78EKJ9ECFKJ7J?ED7B B?C?J7J?EDI ?1 J>;H;<EH; 9;DJH7B 71J>; 7KJ>EHI
I;;C JE >7L; 9ED9;:;: J>7J J>;0 7H; DEJ KI?D= 10/ ;DJ?H;BO 7FFHEFH?7J;BO />;H;
?1 DE H;7IED JE :?18;B?;L; J>; D;KHEI9?;D9; 8KJ ?J :E;| DEJ<EBBEM J>7J J>; :;<;D9;
>EB:I /EI;; J>?1 DEJ; J>7J);;H;J 7B ?CFB?9?JBO 7IIKC; 7 8?D7HO ;?J>;H
F7HJ?9?F7DJl >7L; <KBB ADEMB;:=; E< J>; IJHK9JKH; E< J>; ;NF;H?C;DJ 7D: KDB?C?J;:
FHE9;I1?D= FEM;H EH J>;0 7H; ;DJ?H;BO COEF?9 />;H; ?1 IKH;BO 7 C?::B; =HEKD:
"EH ;N7CFB; F7HJ?9?F7DJI 7H; 9;HJ7?DBO KD78B; JE 97B9KB7J; J>; CEC;DJI E< J>;
FHE878?B?JO :?I1JH?8KJ?ED 7D: KF:7J; J>;I; 71J>;0 CEL; J>HEK=> J>; :NF;H?C;DJ 8KJ
J>;0 C70 M;BB >7L; ?DJK?J?L; ;IJ?C7J;l E< J>;C />;0 C?=>J 9EDI?:;H J>; B;7HD?D=
1IJ7=; J3>;0 ;NF;H?;D9;: 7D: H;C;C8;H ?J I;;C;: GK?J; =;D;HEKI 7D: J>;H;<EH; ;N
F;9JJ>; C;7D=7?D F;HH;7B?I;: BEJJ;HO MEKB: 8; IEC;M>7J 78EL; P;HE );:;;H;J 7B

[>;0 C?=>J 9EDI?:;H J>7J J>;?H M;7BJ> |;;C;: JE @KCF 7HEKD: 7 BEJZEH
7 B?JJB;Z?D J>; JH7?D?D= I;II?ED 7D: 9EDI?:;H J>; ?CFB?97J?EDI E< J>?| M>;D <79;:
M?J> 7 H?IAO BEJJ;HO .?C?B7HBO IA;MD;ll 7D: AKHJEI?I C70 >7L; 8;;D 9EDI?:;H;:
M?J> J>7?| ?D<EHC7B 8KJ DEJ KD?D<EHC7J?L; C;J>E: ICF?H?97B MEHA IK==;1J1 J>7J
?D:?L?:K7BI 7H; 97F78B; E< C7A?D=J>;l; ?D<;H;D9;| 7BJ>EK=>J>;0 7H; 9;HJ7?DBO B;lI
799KH7J; J>7D <EHC7B 97B9KB7ERED);:;H ;J 7B ?CFB?9?JBO 71IKC;
F7HJ?9?F7DJI 97D J;BB J>; :?<<;H;D9; 8;JM;;D J>; .70l EH J>;0 MEKB: >7L; DE H;7IED
JE C7A; :?<<;H;DJ 9>E?9;| ED J>;,C M>7?9> I>EKB: H7?I; J>; GK;IJ?ED E< M>;J>;H
7TFFBOTBEFR?0/ ?II;DI?8B;

%< F7HJ?9?F7DJI 97D ADEM IEC;J>?D=78EKJ J>; :?1JH?8KJ?ED E< EKJ9EC;| J>.D
J>: 7D7BOI?19>7D=;| 179> 9>E?9; J>;0<79;:?I18;1JKD:;HIJEE: 71 7 9>E?9; 8;JM;:D
JME BEJJ;H?;l ;79> E< M>?9> C?=>J 8; 7FFB?;: JE 7D KD9;HJ7?D M;7BJ> B;L;B
5 J;HC?D;: 80 J>; ?DJ;H79J?ED E<J>;?H ;NF;H?C;DJ7BBO ;D:EM;: M;7BJ>M?J> EJ>;H
BEJJ;H?;l EJ>J>; 7::?J7L; 7D: CKBJ?FB?97J?L; :701 M;H; =;D;HEKI IE F7THJ?9?F7DJI

"EH ;N7CFB; #EB:1J;?D 7D: -EJ>19>7B: J;IJ >EM ?D:?L?:K7BI 97D :;I19H?8; FHE878?B?JO
:?1IJH?8KJ?EDI ?D9BK:?D= J>; C;7D 7D: *?18;JJ ;J 7B IK==;13 J>7J F,EFB; 97D H;7IED GK?J; M;BB
137J?1J?97BBO M>;D FH?C;: JE :E IE />;H; ?1 7BIE 7 B7H=; GK7DJ?JO E< MEHA I>EM?D=>EM <7H <HEC F;H<;9J?ED
?D:?L?:K7B1 97D 8; IK9>71'7>D;C7D .BEL?9 7D:/L;HIAO IL;D ?< J>;0 M;H; L;HO ?D799KH7J; M,;
7H=K; J>7J J>; F7THJ?9?F7DJI ?D );;;H ;J 7B MEKB: B?A;BO 8; >7L; 8;;D 78B; JE C7A; J>; :?1J?D9J?EDI
:?19KIl;: 78EL;
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>7: H;7IED JE 8;B?;L; J>7J J>?1 M;7BJ> B;L;B MEKB: FHE878BO IK81J7DJ?7BBO ;N9;;:
J>:?H "1J7HI?D=M;7BJ> />?1 7TBED; ?CFB?;1J>7J COEF?9!0/?1 C?IB;7:?D=
+D J>; 7::?J7L; :70 :NF;H?C;DJ7B M;7BJ> ?1 KD:;H;1J?C7J;: 7D: IE 7 H?IA 7L;HI;
F7HJ?9?F7DJ M?J> ?IE;B71J?9 KJ?B?JO MEKB: F;H9;?L; J>; I7C; BEJJ;HO 71 B;ll H?IAO J>7
J>; ;NF;H?C;DJ7B 7D7BOI?I 71IKC;| +D J>; CKBJ?FB?97J7L; .70 ;NF;H?C;DJ7B M;7BJ>
?1 KD:;H;1J?C7J;: M>?9> 7BIE J;D:I JE EL;H;1J?C7J; J>; H?IA?D;ll E< J>; BEJJ;HO
<79;:Z8KJ J>;H; ?1 7 9EKDJ;HL7?B?D= <EH9; 8;97KI; J>; I?P; E< J>; ;NF;H?C;DJ7B
M;7BJ> J>; CKBJ?FB?97J?L; BEJJ;HO ?I 7TFFB?;: JE ?1 CK9> B7H=;H 7D: J>KI J>; H?IA?D;ll
E< J>; BEJJ;HO ?I KD:;H;1J?C7J;: *EJ; J>7J ?<J>; F7THJ?9?F7DJ :?: EDBO FEII;ll J>;?H
:NF;H?C;DJ7BBO ;D:EM;: M;7BJ> 7D: >7: ?IE;B71J?9 KJ?B?JO J>?1 MEKB: DEJ C7JJ;H
8;97Kl; J>; H;B7J?L; 7TCEKDJ E< H?IA ?I ?D:;F;D:;DJ E< J>; M;7BJ> ED M>79> J>;
BEJJ;HO ?1 7FFB?;: $EM;L;H 8;97KIl; F7HJ?9?F7DJl >7: ;NJ;HD7B M;7BJ> M>?79> J>;
:NF;H?C;DJ;HI :?: DEJ =7J>;H ?D<EHC7J?ED ED J>?I H;IKBJ :E;| DEJ >EB: "KHJ>;H
CEH; ?=DEH?D=;NJ;HD7B M;7BJ> M>?79> ?| B?A;BO JE 8; <7H ?D ;N9;ll E< ;NF;H?C;DJ7B
M:;7BJ> FB7KI?8BO 80 7J B;71J JME EH:;HI E< C7=D?JK:; 7BIE 8?7I;1 J>; ;13?C7J;| 71
BEJJ;H?PHF;7IEEHH?IAD 70)>;(H; 7BBA),

K; JE 7 C?IKD:;HIJ7D:?D=E<!0/ );;;H;J 7B AI3?C7J7ED FHE9 N
?1<B7M;: [>?1?1 @KIJ 71 M;BB <EH "l IKFFEHJ;HI 71 ?J ?1 L;HO KD9B;7H J>7J >7: J>;
1J?2C7J;1 8;;D KD8?71;: J>; H;IKBJI MEKB: >7L; IKFFEHJ;: I />?1 ?I 8;97KI;
71 :?19KlIl;: 78EL; ::9?I1?EDI ED J>; 7::?J?L; :70 7H; ?D::F:D:;:DJ E< ;79> EJ>:H
/>, =HEMJ> :0OD7C?9 EKJI?:; E< J>; ;NF;H?C;DJ I>EKB: J>;H;<EH; 8; J7A;D ?DJE
799EKDJZ7D: J>?1 ?1 B?A;BO JE 8; CKBJ?FB?97J?L; 1?D9; J>; ?D:?L?:K7BI 9EKB: 87DA
J>:?HM?DD?D=l EH ?DL;1JJ>;C ?D J>; IJE9A CKINI7,IMEKB: 2CFBO J>7J
I MEKB: FH;:?9J H7J>H J>7D ED J>; 7::?J7L; :70 "EH 7BB E< J>;l;
H;7IEDU>;;NF;H?C;DE;| DEFHEL?;L?:;D9;IKFFEHJ?2D=EL;HO0/

Vanhoyweghen et al. (2022)

17D>EOM>;=D;J 7B ?17 H;IFEDI; JE IEC; E< J>; 9H?J?9?ICI E<);;;H
J 7B 8KJ IK<<;HI <HEC :?13?D9J FHES8B;CI 1?7=>JO ED; F7THJ?9?F7DJI <79;: 7
I;H?;1 E< ;?=>J0O 9>E?9;l 8;JM;;D JME BEJJ;H?;| E< M>?9> <EHJO M;H; ?D 7D
7::?23?L; 1;,3J?D= 7D: <EHJO M;H; ?D 7 CKBJ?FB?97J?L; 1;,JJ?D= />;l; BEJJ;H?;| M;H;
7FFB?;: JE 7 1J7HJ?D=]M;7BJ>" BBB?A; );;;H;J 7B J>; F7THJ?9?F7DJI
<79;: 7BB J>; BEJJ;H?;| ?D 7 1?D=B; I;I7ED 7D: M;H; I>EMD J>; BEJJ;H?;| ;NFB?9?JBO
H7J>;HJ>7D 71IE9?7J?D=J>,C M?J><H79J7BI HK9?7BBO J>;9>E?9;I M;H; :;1?=D;: IK9>
J>7J3 J>;H; M71 7 ]I7<;H” 7D: [H?1A?;H” BEJJ;HO 8EJ> BEJJ;H?;l >7: J>; I7C; ;NF;9J;:

+J;HI 7D:#;BB )7DD 7=H;;[2;7BJ>?IE<J;B;JJ;KCE:;BB;M?JEKBJ?FB?9IRLC?9I \
0DB?A;);:;H;J7B J>; M;7BJ>?I FKH;BO M?J>?D J>; ;NF;H?C;DJZ?J 97DDEJ 8; KI;: EH M?J>:H7MD
8QJ>;F7HJ?9?F7DJI
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L7BK; 8KJ J>; H?IA?;H ED; >7: 7 =H;7J;H L7TH?7D9; />;H; M;H; 7BIE J;D [DE 8H77?D;H\
9>E?9;| M>;H; ED; BEJJ;HO ?19B;7HBO 8;JJ;H J>7D J>; EJ>H ?; <?HIJEH:HIJE9>7IJ?9
:EC?D7D9; />?1;NF;H?C;DJ7B :;1?=D M71?DJ;D:;: JE :?19H?C?D7J; 8;JM;;D 10/
7D:118;>7L?EKH [J>?11;J KF 7BBEMI <EH ;710 :?<<;H;DJ?7J?ED 8;JM;;D EFJ?C7B 7D:
DED EFJ?C7B 8;>7L?EKH 799EH:?D= JE J?C; 7L;H7=; =HEMJ> />; 8;JI 5BEJJ;H?;I6 >7:
J>: 17C; :NF;9J;: L7BK; 7D: J?C; 7L;H7=; =HEMJ> ?D J>; 7::?J?L; 1;1J3?D= M>?9>
C;7DI DED; E< J>; 8;J I>EKB: :EC?D7J; $EM;L;H 8;JI M?J> BEM;H L7H?7D9; 7D:
:GK7B ;NF;9J;: L7BK; J>; I7<;H 8;JI 7BM70Il O?;B:;: 7 >?=>H J?C; 7L;H7=; =HEMJ>
J>7D J>;?H CEH; H?IAO 9EKDJ;HF7HJI ?D J>; CKBJ?FB?97J7?L; 1;:JJ?D=\ 17D>EOM>:=:D ;J
7B

/>0 711;HI J>7J J>;?H H;IKBJI [B;D: IKFFEHJ JE J>; J>;EHO J>7J ?DJK?J?L; >KC7D
59?17ED C7A;HI 8;>7L; :?<<;H;DJBO :;F;D:?D= ED M>;J>;H J>;?H ;DL?HEDC;DJ ?I
:H=E:?9 EH DED ;H=E:?9 %D 7=H;;C;DJ M?J> J>; <?D:?D=| E< ;H=E:?9?JO ;9EDEC?9I
?DJK?J?L; :;9?1?ED C7A;HI J;D: JE EFJ?C?P; J>; J?C; 7L;H7=; E< J>;?H M;7BJ> EL;H J>;
:NF;9J;:L7BK;\17D>EOM>;=:D7B

[>:H; 7H; 3>H;; :?13?D9J FHESB;CI M?J> J>?| :NF;H?C:DJ7B :;1?=D "?HIJBO M;
>7L; I;;D 78EL; J>7J 7TFFHE79>?D= 7 :OD7C?9 FHES8B;C 71 ?< ;79> 137=; ?1 7 1373?79
9?1?ED ?1 7D ?D9EHH;9J 7FFB?97J?ED E< !0/ .?C?B7HBO JE);;;H ;J 7B J>:0
7H=K]>79E=D?JREDIJH72BIUEL;J>;D;;: <ER:OD7C7BD7BOI?I

526; EFJ;: JE KI; J>; H?IA 7TH=KC;DJ ) H7J>;H J>7D ;NJ;DI?EDI ED KJ?B?JO
J>;EHO M>?9> J7A;| CKBJ?FB; F;H?E:l ?DJE 799EKDJ 2; 8;B?;L; J>?1 7TH=KC;DJ JE

8; 7TFFHEFH?7J; 8;97KI; H;IFED:;DJI 9EKB: DEJ ;DL?17=; J>; 97F?J7B J>;0 MEKB:

>7L; 7J J>; ;D: E< J>; ;NF;H?C;DJ 7D: 71 IK9> 9EKB: DEJ KI; J>?I J;HC?D7B
97F?J7B 71 7 >;KH?1J?9 M?J>?D EKH ;NF;H?C;DJ J>;0 I?CFBO >7:. JEE B?JJB,;
?D<EHC7J?ED JE ?D9H;7l; J>?H :9?1?ED 7B=EH?J>C JE CKBJ?FB; F;H?E:l
- IFED:;;DJIM;H; A;FJ ?D J>; :7THA E< J>; 8;J1 J>7J M;H; JE 9EC; ?D9BK:?D=J>;

7CEKDJ E< 97F?J7B J>;0 FEIl;ll;: 7<J;H ;79> :;9?I1?ED 8;J EKJ9EC;| 7D: J>;
EH:;HKI;: JE :;J;HC?D; J;HC?D7B M;7BJ> M>?79>H;CEL;l J>; D;;: <EH :0D7C?9
FHE=H7CC?D#D>EOM>;=;D7B

KH?EKIBO J>;0 H;<;H JE .7CK;BIED EH?=?D7BBO JE IKFFEHJ J>7?1 9B7?C
7BJ>EK=>J>7J F7F;H C7A;l DE IK9> 7TH=KC;DJ %D 7DO 97I; ?J <7?Bl <EH FH;9?1;BO J>;
I7C; H;7IEDM; FH;|;DPIEKHD7BOEY);:;;H ;J7B 78EL;

9ED:BO ;L;D?<M; M;H; JEJ7A;J>;9B7?C J>7J J>; BEJI;H?;197D 8; ;L7BK7J;:
137J?97BBO 7J <79; L7BK; J>; ;NF;H?C;DJ 97DDEJ :?I19H?C?D7J; 8;JM;;D !0/ 7D: !l
2>:D 7 F7?H E< BEJJ;H?;l >7L; J>; I17C; :NF;9J;: L7BK; 8KJ :?<<;H?D= L7H?7D9;l
M; 97D 170 J>7J J>; |I7<;H" BEJJ;HO M?J> BEM;H L7H?7D9; I;,9ED: EH:;H IJE9>71J?97BBO
:EC?D7J;l J>; [H?IA?;H” BEJJ;HO M?J> >?=>;H L7H?7D9; 0D:;H !0/ 7DO H?IA 7L;HI;
7=;DJ M?BB 7LE?: 7 I;,9ED: EH:;H 1JE9>71J?97BBO :EC?D7J;: BEJJ;HO M>7?BIJ 7 H?IA
D;KJH7B 7=;DJ M?BB 8; ?D:?<<;H;DJ 8;JM;;D J>;C />;H;<EH; ?< F7HJ?9?F7DJI 7H; M;BB
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5I9H?8;: 7IH?IA 7L;HI; ;NF;9J;: KI?B?JO C7N?C?I;HI M; MEKB: ;NF;9J DE :?<<;H;D?9;
8;JM;;DJ>;?H;IKBJD:J>;FH;:?9J?HH!

"?D7BBO J>; ;NF;H?C;DJN H;M7H: 1JHK9JKH; 7BIE CK::?;l ?JI 9ED9BKI?EDI
,7HJ?9?F7DJl :?: DEJ 8;D;<?J <HEC J>;?H ;NF;H?C;DJ7BBO ;D:EM;: M;7BJ> ?D ?JI;B<
8KJ ?DIJ;7: H;9;?7L;: 7 <?N;: FH?P; ?<J>;0 M;H; ED; E< J>; I?N F7HJ?9?F7DJI M?J> J>;
>?=>:11 ;D:EM;: M;7BJ> 7J J>; ;D: E< J>; ;NF;H?C;DJ %< 7BB F7HJ?9?F7DJI <EBBEM:;:

J>; I7<;H"1IJH7J;=0 J>;D 80 I0CC;JHO J>;?H FHE878?B?JO E<H;9;?L?D=7 FH?P; MEKB: 8;
%< J>;0 IM?J9>;: ED; BEJJ;HO JE ?JI ]H?IA?;H" 9EKDJ;HF7HJ J>;0 MEKB: ?CFHEL;

EH MEHI;D J>;?H H;B7J?L; FEI?J?ED ;79> M?J> FHE878?B?JO $EM;L;H J>; F7TOE<<
?1 71I0CC;JH?9 ?CFHEL?D= J>;?H FEI?J?ED FB7KI?8BO ?D9H;7l;: J>;?H FHE8787?B?JO I
M?DD?D= 7 FH?P; CEH; J>7D MEHI;D?D= ?J :;9H;7I;: J>;?H FHE878?B?JO E< M?DD?D=7
FH?P; :K;JE J>; ?CFHE878?B?JO E< J>;C M?DD?D=7 FH?P; KD:;H J>; EH?=?D7B |IJH7J;=0
[>H;<EH; F7THJ?9?F7DJI M;H; ?D9;DJ?L?I;: JE C7TN?C?l; J>;?H 9>7D9; E< M?DD?D= J>;
FH?P; M>?9> ?1:?1J?D9J <HEC C7N?C?1?D= ?D ;NF;9J7J?ED J>;?H ;NF;H?C;DJ7B M;7BJ>
2; DEJ; J>7J J>;0 JHO JE :;7B M?J> J>?1 FHES8B;C 80 FHEL?:?D=I?N FH?P;I1Z[%D EH:;H
JE CEJ?L7J; H;IFED:;DJI 7D: C?J?=7J; J>; ;N9;Il H?IA J7A?D= B?DA;: JE M?DD;H J7A;
7BB =7C;l I?N FH?P;19EKB: 8; MED\ 17D>EOM>;=;D ;J 7B Z8KJ7IM; I>EM
J>?P1?DIK<<?97?:DJ

C?IKD:;HIJ7D:?D= E< !0/ >71 H;IKBJ;: ?D 7D ;NF;H?C;DJ J>7J 97DDEJ
:?19H?C?D7J; 8;IM;;:D 10/ 7D: ! 7D: J>;H;<EH; M; 97DDEJ 799;FJ J>; 9B7?C J>7J
J>?INF;H?C;Ek<;HCF?H?9KBFEHKEH
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