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�Zh wkdqn Johqq Hoolvrq iru qxphurxv khosixo vxjjhvwlrqv1 Zh dovr wkdqn Jhrujh0
Pdulrv Dqjhohwrv/ Dqguhd Uhshwwr/ Mhuhp| Wredfpdq dqg Vwhskhq Zhlqehuj/ zkrvh lghdv
dqg zrun duh uh�hfwhg lq wklv hvvd|1 Odxud Vhuedq surylghg rxwvwdqglqj uhvhdufk dv0
vlvwdqfh1 Odlevrq dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq
+VEU0<843<;8,/ wkh Rolq Irxqgdwlrq/ wkh Qdwlrqdo Lqvwlwxwh rq Djlqj +U340DJ04998, dqg
wkh PdfDuwkxu Irxqgdwlrq1
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vi@h<t hitL*�|�L?t @?_ *@|ih M@U!|h@U!t� ì ThL4�ti L�hti*�it |L i ihU�tic _�i|c @?_

^��| t4L!�?}c M�| Lu|i? TLt|TL?i |�Lti ��h|�L�t Mi�@��Lht ��i? |�i 4L4i?| @hh��it

|L 4@!i |�i hi^��hi_ t@Uh��Uit� wLL!�?} |L |�i *L?} h�? �i ��t� |L @U| T@|�i?|*)c M�|

|�i _it�hi uLh �?t|@?| }h@|��U@|�L? uhi^�i?|*) L�ih��i*4t L�h }LL_ �?|i?|�L?t�

A�i UL?|h@t| Mi|�ii? *L?}�h�? T@|�i?Ui @?_ t�Lh|�h�? �4T@|�i?Ui �@t Mii? 4L_�

i**i_ ��|� _�tUL�?| u�?U|�L?t |�@| |@!i @? @TThL �4@|i*) �)TihML*�U uLh4 E��?t*�i

�bb2c wLi�i?t|i�? @?_ �hi*iU �bb2c w@�MtL? �bb.@�� 5�U� Thiuihi?Uit �4T*) |�@|

|�i �?t|@?|@?iL�t _�tUL�?| h@|i _iU*�?it @t |�i �Lh�3L? �?Uhi@tit� A��t T@||ih? Lu

_�tUL�?|�?} ti|t �T @ UL?��U| Mi|�ii? |L_@)<t Thiuihi?Uit @?_ |�i Thiuihi?Uit ���U�

��** Mi �i*_ �? |�i u�|�hi� 6hL4 |�i TihtTiU|��i Lu Tih�L_ fc |�i _�tUL�?| h@|i Mi|�ii?

|�L _�t|@?| Tih�L_tc | @?_ |n �c �t @ *L?}�|ih4 *L� _�tUL�?| h@|i� OL�i�ihc uhL4 |�i

TihtTiU|��i Lu Tih�L_ |c |�i _�tUL�?| h@|i Mi|�ii? | @?_ | n � �t @ t�Lh|�|ih4 ��}�

_�tUL�?| h@|i�

O)TihML*�U UL?t�4iht ��** hiTLh| @ }@T Mi|�ii? ��@| |�i) uii* |�i) t�L�*_ t@�i

@?_ ��@| |�i) @U|�@**) t@�i� �hitUh�T|��i t@��?} h@|it ��** *�i @ML�i @U|�@* t@��

4Vrph ri Vwurw}*v lqvljkwv duh dqwlflsdwhg e| Udpvh| +4<5;,1
5Vhh Dlqvolh 4<<5 dqg Iuhghulfn hw do 5334/ iru uhylhzv ri wkh hylghqfh iru dqg djdlqvw k|shuerolf

glvfrxqwlqj1
6Wklv h{dpsoh lv iurp Wkdohu +4<;4,1



Q+OjiON,�W $�tWN�A|�A} BAa �NAt�6V|�NA e

�?}t h@|itc t�?Ui t�Lh|�h�? Thiuihi?Uit uLh �?t|@?|@?iL�t }h@|��U@|�L? ��** �?_ih4�?i

|�i UL?t�4ih<t _it�hi |L �4T*i4i?| *L?}�h�? T@|�i?| T*@?t� OL�i�ihc |�i �)TihML*�U

UL?t�4ih �t ?L| _LL4i_ |L hi|�hi �? TL�ih|)� W**�^��_ @tti|t U@? �i*T |�i �)TihML*�U

UL?t�4ih *LU! �? |�i T@|�i?|c �i*u@hi�i?�@?U�?} UL�hti Lu @U|�L?� Oi?Uic |�i @�@�*@M�*�

�|) Lu �**�^��_ @tti|t MiUL4it @ Uh�|�U@* _i|ih4�?@?| Lu �L�ti�L*_ t@��?}t @?_ �i*u@hi�

OL�i�ihc |LL 4�U� �**�^��_�|) U@? Mi ThLM*i4@|�U� �L?t�4iht u@Ui t�Mt|@?|�@* �?�?�

t�h@M*i *@MLh��?UL4i h�t!c @?_ ?ii_ |L �ti *�^��_ @tti|t |L t4LL|� |�i�h UL?t�4T|�L?�

O)TihML*�U @}i?|t tii! @? �?�it|4i?| TLh|uL*�L |�@| t|h�!it |�i h�}�| M@*@?Ui Mi|�ii?

UL44�|4i?| @?_ �i �M�*�|)�

W? |��t T@Tih �i hi��i� @?_ i |i?_ |�i *�|ih@|�hi L? �)TihML*�U _�tUL�?|�?}
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uh�qhphqw kdv qr h�hfw rq rxu vlpxodwlrq uhvxowv1
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_i|ih4�?�t|�U� ì @TT*) M@U!�@h_t �?_�U|�L? @h}�4i?|t |L tL*�i uLh |�i i^��*�Mh��4

TL*�U�it�

6�ht|c UL?t�_ih |�i t|h@|i}) Lu ti*u A� Ah���@**)c ti*u A ti|t SA ' %A � 5i*u A UL?t�4it

@** @�@�*@M*i U@t� L? �@?_�

�L�c UL?t�_ih |�i ThLM*i4 Lu ti*u A � �� 5i*u A � � !?L�t |�@| @?) hitL�hUit *iu|

|L ti*u A ��** Mi UL?t�4i_ M) ti*u A� 5L ti*u A � � U�LLtit SA3� |L 4@ �4�3i

LESA3�� n qBLESA �

t�M�iU| |L |�i UL?t|h@�?|t

%A ' - E%A3� � SA3�� n +A c

SA3� � %A3�c

SA ' %A �

A�i �ht| UL?t|h@�?| �t |�i _)?@4�U M�_}i| UL?t|h@�?|� A�i tiUL?_ UL?t|h@�?| �t |�i

*�^��_�|) UL?t|h@�?|� A�i |��h_ UL?t|h@�?| hi�iU|t |�i i^��*�Mh��4 t|h@|i}) Lu ti*u A�

B��i? |��t ThLM*i4c �| �t t|h@�}�|uLh�@h_ |L t�L� |�@| ��i? |�i *�^��_�|) UL?t|h@�?|

4;Vhh Odlevrq +4<<:e, iru wkh ruljlqdo yhuvlrq ri wklv h{dpsoh1



Q+OjiON,�W $�tWN�A|�A} BAa �NAt�6V|�NA 2e

_Lit ?L| M�?_c ti*u A � � T�U!t SA3� t�U� |�@|

L �ESA3�� ' qB-L �E- � E%A3� � SA3�� n +A �

`�i? |�i *�^��_�|) UL?t|h@�?| M�?_t ti*u A�� ti|t SA3� ' %A3�� +iThiti?|t ti*u A���r

i^��*�Mh��4 TL*�U) u�?U|�L? @t �A3�E%A3���

�L� UL?t�_ih |�i ThLM*i4 Lu ti*u A � 2� 5i*u A � 2 U�LLtit SA32 |L 4@ �4�3i

LESA32� n qBLESA3�� n qB2LESA �c

t�M�iU| |L |�i UL?t|h@�?|t

%A3� ' - E%A32 � SA32� n +A3�c

SA32 � %A32c

SA3� ' �A3�E%A3��

SA ' %A �

A�i �ht| UL?t|h@�?| �t |�i _)?@4�U M�_}i| UL?t|h@�?|� A�i tiUL?_ UL?t|h@�?| �t |�i

*�^��_�|) UL?t|h@�?|� A�i |��h_ @?_ uL�h|� UL?t|h@�?|t hiThiti?| |�i t|h@|i}�it Lu ti*�it

A � � @?_ A�

AL _i�i*LT �?|��|�L? uLh |�i LT|�4@* TL*�U) Lu ti*u A �2c UL?t�_ih |�i UL?|�?�@|�L?

�@*�i u�?U|�L? Lu ti*u A � 2c

TA3�E%A3�� ' �E�A3�E%A3��� n B�E- E%A3� � �A E%A3��� n +A ��

6hL4 ti*u EA � 2�<t TihtTiU|��ic �i@*|� @| |�4i A � � �@t �@*�i qBTA3�E%A3��� A�ihi

i �t|t @ |�hit�L*_ �i@*|� *i�i* %A3� ' 	% @| ���U� |�i *�^��_�|) UL?t|h@�?| uLh ti*u

A � � Ui@tit |L M�?_� W? |�i hi}�L? |L |�i *iu| Lu 	% @** 4@h}�?@* �i@*|� �t UL?t�4i_



Q+OjiON,�W $�tWN�A|�A} BAa �NAt�6V|�NA 2D

�? Tih�L_ A � �c �4T*)�?}c

T �

A3�E	%�� ' L �E�A3�E	%���

W? |�i hi}�L? |L |�i h�}�| Lu 	% tL4i 4@h}�?@* �i@*|� �t T@tti_ L? |L Tih�L_ Ac �4T*)�?}c

T �

A3�E	%n� ' � �

A3�E	%� � L �E�A3�E	%�� n B-
�
�� � �

A3�E	%�
�
L �E�A E	%���

�L|i |�@| @| %A3� ' 	%c ti*u A � � �t �?_�gihi?| Mi|�ii? 4@h}�?@* UL?t�4T|�L? �?

Tih�L_ A � �c @?_ 4@h}�?@* UL?t�4T|�L? �? Tih�L_ A � 5Lc

L �E�A3�E	%�� ' -qBL �E�A E	%���

5�Mt|�|�|�?} |��t hi*@|�L?t��T �?|L |�i Thi��L�t i Thitt�L? )�i*_t

T �

A3�E	%n� '

�
� �

A3�E	%� n
�

q

�
�� � �

A3�E	%�
��

L �E�A3�E	%��

: L �E�A3�E	%�� ' T �

A3�E	%���

Oi?Ui |�i UL?|�?�@|�L? �@*�i u�?U|�L? TA3� �@t @ !�?! @| %A3� ' 	%� �| |��t TL�?| |�i

t*LTi Lu |�i �@*�i u�?U|�L? _�tUhi|i*) h�tit�

A��t !�?! �4T*�it |�@| |�i i^��*�Mh��4 UL?t�4T|�L? u�?U|�L? Lu ti*u A � 2 ��**

�@�i @ _L�?�@h_ _�tUL?|�?��|)� AL �?_iht|@?_ ��)c ?L|i |�@| ti*u A � 2 ��** ?i�ih

ti*iU| @ �@*�i Lu SA32 : f t�U� |�@| -E%A32 � SA32� n +An� ' %A3� ' 	%� Wu %A3� ' 	%

_�_ �L*_c ti*u A � 2 UL�*_ h@�ti �ih �i*u@hi M) i�|�ih U�||�?} Lh h@�t�?} UL?t�4T|�L?�

Wu

L �ESA32� 	 qB-T �

A3�E	%n�

ti*u A � 2 UL�*_ �?Uhi@ti �i*u@hi M) U�||�?} UL?t�4T|�L? Q ��|� 4@h}�?@* ULt|



Q+OjiON,�W $�tWN�A|�A} BAa �NAt�6V|�NA 2S

L �ESA32� Q @?_ h@�t�?} t@��?} Q ��|� 4@h}�?@* Mi?i�| qB-T �
A3�E	%n�� Wu

L �ESA32� � qB-T �

A3�E	%n�

ti*u A � 2 UL�*_ �?Uhi@ti �i*u@hi M) h@�t�?} UL?t�4T|�L? Q ��|� 4@h}�?@* Mi?i�|

L �ESA32� Q @?_ *L�ih�?} t@��?}Q��|� 4@h}�?@* ULt| qB-T �
A3�E	%�� 	 qB-T �

A3�E	%n� �
L �ESA32��

5i*u A � 2 4@!it i^��*�Mh��4 U�L�Uit |�@| @�L�_ |�i hi}�L? Lu *L� UL?|�?�@|�L?

4@h}�?@* �|�*�|�it Q �? |�i ?i�}�MLh�LL_ |L |�i *iu| Lu %A3� ' 	% Q M) ��4T�?} |L |�i

hi}�L? Lu ��}� UL?|�?�@|�L? 4@h}�?@* �|�*�|�it |L |�i h�}�| Lu %A3� ' 	%� A��t @�L�_@?Ui

U@? L?*) Mi @U��i�i_ ��|� @? i^��*�Mh��4 UL?t�4T|�L? u�?U|�L? |�@| �@t @ _�tUhi|i

_L�?�@h_ _�tUL?|�?��|)� 6�}�hi � T*L|t |�i i^��*�Mh��4 UL?t�4T|�L? u�?U|�L?t uLh

ti*�it A � 2c A � �c @?_ A uLh |�i U@ti �? ���U� |�i �?t|@?|@?iL�t �|�*�|) u�?U|�L? �t

�tLi*@t|�U @?_ +| ' � uLh @** |�

W?|��|��i*)c |�i T@|�L*L}) _itUh�Mi_ �ihi @h�tit MiU@�ti Lu @ tTiU�@* !�?_ Lu t|h@|i�

}�U �?|ih@U|�L?� 5i*u A � 2�r UL?t�4T|�L? u�?U|�L? _�tUL?|�?�L�t*) _iU*�?it MiU@�ti

ti*u A � 2 �@t @? �?Ui?|��i |L T�t� ti*u A � � L�ih |�i �i@*|� |�hit�L*_ 	% @| ���U�

ti*u A � � �@t @ !�?! �? �|<t UL?t�4T|�L? u�?U|�L?� 5i*u A � 2 �t ��**�?} |L _�tUhi|i*)

U�| �|t L�? UL?t�4T|�L? |L T�t� A � � L�ih |�i 	% |�hit�L*_c MiU@�ti |�i 4@h}�?@*

hi|�h?t |L |�i h�}�| Lu 	% @hi }hi@|ih |�@? |�i 4@h}�?@* hi|�h?t |L |�i *iu| Lu 	% uhL4

ti*u EA � 2�<t TihtTiU|��i�

Wu |��t i @4T*i �ihi i |i?_i_ @?L|�ih Tih�L_c �i UL�*_ @*tL _i4L?t|h@|i |�@| |�i

LT|�4@* U�L�Uit Lu ti*u A � � ��** ��L*@|i |�i O)TihML*�U ,�*ih ,^�@|�L?� 6�?@**)c @**

Lu |�iti T@|�L*L}�it �L�*_ UL?|�?�i |L @h�ti i�i? �u @ t4@** @4L�?| Lu t4LL|� ?L�ti

�ihi @__i_ |L |�i �?UL4i ThLUitt�

.�2� 5��U�i?| UL?_�|�L?t uLh UL?|�?��|)c 4L?L|L?�U�|)c @?_ UL?U@��|) Lu

|�i UL?t�4T|�L? u�?U|�L?� A�i Thi��L�t t�MtiU|�L? ThL��_it @? i @4T*i Lu |�i

!�?_t Lu T@|�L*L}�it |�@| U@? @h�ti �? �)TihML*�U 4L_i*t� OL�i�ihc |�iti T@|�L*L}�it



Q+OjiON,�W $�tWN�A|�A} BAa �NAt�6V|�NA 2.

_L ?L| @h�ti ��i? |�i 4L_i* �t U@*�Mh@|i_ ��|� i4T�h�U@**) ti?t�M*i T@h@4i|ih �@*�it

Etii 6�}�hi 2�� W? |��t tiU|�L?c �i �_i?|�u) |�i T@h@4i|ih hi}�L?t |�@| }i?ih@|i |�i

T@|�L*L}�it�

6�ht|c ��i? q �t U*Lti |L L?ic |�i _�tUL?|�?��|�it @?_ ?L?�4L?L|L?�U�|�it �@?�t��

O@hh�t @?_ w@�MtL? E2ff�@� ThL�i |��t U*@�4 uLh4@**)� W?|��|��i*)c ��i? q �t U*Lti

|L L?ic |�i �)TihML*�U UL?t�4T|�L? u�?U|�L? UL?�ih}it |L |�i i TL?i?|�@* UL?t�4T�

|�L? u�?U|�L?c ���U� �t UL?|�?�L�t @?_ 4L?L|L?�U��b w�!i��tic ��i? q �t U*Lti |L

L?i |�i �)TihML*�U UL?t�4T|�L? u�?U|�L? 4@|U�it |�i UL?U@��|) Lu |�i i TL?i?|�@*

UL?t�4T|�L? u�?U|�L?� �@hhL** @?_ k�4M@** E�bbS� ThL��_i t��U�i?| UL?_�|�L?t uLh

i TL?i?|�@* UL?U@��|) EL �? |�i O�+� U*@tt�c |�L�}� |�i) _L ?L| �@?_*i |�i U@ti Lu

M�?_�?} *�^��_�|) UL?t|h@�?|t�

6�}�hi e }h@T��U@**) _i4L?t|h@|it |�i UL4T@h@|��i t|@|�U L? q� ì T*L| |�i UL?�
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66Wklv dyhudjh edodqfh lqfoxghv krxvhkrogv lq doo hgxfdwlrq fdwhjrulhv1 Lw lv fdofxodwhg rq wkh
edvlv ri djjuhjdwh lqirupdwlrq uhsruwhg e| wkh Ihghudo Uhvhuyh1 Wklv �jxuh lv frqvlvwhqw zlwk ydoxhv
iurp d sursulhwdu| dffrxqw0ohyho gdwd vhw dvvhpeohg e| Gdylg Jurvv dqg Qlfkrodv Vrxohohv +4<<<d/
4<<<e/ 5333,1 Vhh OUW +5333,1

67Iru h{dpsoh/ Kdoo dqg Plvknlq +4<;5, uhsruw d vwdwlvwlfdoo| vljql�fdqw frh�flhqw ri 1533/ Kd|dvkl
+4<;8, uhsruwv d vljql�fdqw frh�flhqw ri 148;/ Dowrqml dqg Vlrz +4<;:, uhsruw dq lqvljql�fdqw frhi0
�flhqw ri 13<4/ Dwwdqdvlr dqg Zhehu +4<<6, uhsruw dq lqvljql�fdqw frh�flhqw ri 144</ Dwwdqdvlr dqg
Zhehu +4<<8, uhsruw dq lqvljql�fdqw frh�flhqw ri 1433/ Vkhd +4<<8, uhsruwv d pdujlqdoo| vljql�fdqw
frh�flhqw ri 1;;;/ Oxvdugl +4<<9, uhsruwv d vljql�fdqw frh�flhqw ri 169;/ Vrxohohv +4<<<, uhsruwv
d vljql�fdqw frh�flhqw ri 1677/ dqg DOUWZ +5333, uhsruw d vljql�fdqw frh�flhqw ri 15;81 Vhh
Ghdwrq +4<<5, dqg Eurzqlqj dqg Oxvdugl +4<<9, iru glvfxvvlrq ri wkh h{fhvv vhqvlwlylw| olwhudwxuh1
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Figure 1: Exponential and hyperbolic discount functions
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Exponential: δt, with δ=.944. Hyperbolic: (1+αt)-γ/α, with α=4 and γ=1. Quasi-hyperbolic: {1,βδ,βδ2,βδ3,...}, with β=.7 and δ=.957.  
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Figure 2: Calibrated consumption function

45-degree line 

Consumption function 

The consumption function is based on simulations in which β = .7, δ = .9571, ρ = 2, R = 1.0375, a = 5.  
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Figure 3: Consumption functions in periods T-2, T-1 and T
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The consumption functions are based on simulations in which β = .7, δ = .9571, ρ = 2, R = 1.0375. 
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Figure 4: Variation in β
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The consumption functions are based on simulations in which δ = .9571, ρ = 2, R = 1.0375, a = 5. 
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Figure 5: Variation in the coefficient of relative risk aversion (ρ)
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The consumption functions are based on simulations in which ρ = 2, δ = .9571, R = 1.0375, a = 5. 
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Figure 6: Variation in income uncertainity (a)
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The consumption functions are based on simulations in which β = .7, δ = .9571, ρ = 2, R = 1.0375. 
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Figure 7: Simulated mean consumption profiles
 of hyperbolic and exponential households
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Source: Angeletos et al 2001. 
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Figure 8: Realization of discount function (α=0.7, γ=0.1)
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Figure 9: Expected value of discount function for λ ∈ {0,0.1,1,10,∞}
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λ = ∞ (instantaneous gratification; i.e., with jump at 0) 
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λ = 0 (exponential discounting)


