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;Wkh whvw zdv lpsohphqwhg lq UDWV xvlqj wkh Qhzh|0Zhvw surfhgxuh iru dgmxvwlqj iru khw0
hurvfhgdvwlflw| dqg iru dxwrfruuhodwlrq xs wr rughu 91 Iru wklv/ zh xvhg wkh UREXVWHUURUV
rswlrq zlwk GDPS@4 dqg ODJV@9 lq wkh UDWV uhjuhvvlrq surfhgxuh/ OLQUHJ1

<Wkhuh lv hylghqfh wkdw wkh U5 vwdwlvwlf pd| vsxulrxvo| lq�dwh wkh lpsruwdqfh ri ghwhuplqlvwlf
vhdvrqdov +Iudqvhv/ K|oohehuj/ dqg Ohh 4<<8,1 Wr dyrlg ehlqj plvohg e| wklv srvvlelolw|/ zh wdnh
wzr vwhsv1 Iluvw/ dv hpskdvl}hg deryh/ zh uhshdw rxu dqdo|vlv zlwk sxuho| lqghwhuplqlvwlf
uhsuhvhqwdwlrqv iru wkh h{rjhqrxv vkrfnv1 Vhfrqg/ Dsshqgl{ E ghyhorsv dgglwlrqdo vwdwlvwlfv iru
dvvhvvlqj wkh lpsruwdqfh ri d ghwhuplqlvwlf frpsrqhqw lq vhdvrqdolw|1

43Lq fdofxodwlrqv qrw uhsruwhg khuh/ zh yhul�hg wkdw vhwwlqj wr }hur doo lqvljql�fdqw frh�flhqwv
lq hvwlpdwhv ri htxdwlrq +61<, iru � +dqg dovr iru �, grhv qrw vljql�fdqwo| fkdqjh rxu uhvxowv rq
wkh h�hfwv ri vwdqgdug exvlqhvv f|foh sudfwlfh1

44Vwulfwo| vshdnlqj/ wklv fdslwdo vwrfn vhulhv lv lqdssursuldwh iru edfnlqj rxw d vhdvrqdo whfk0
qrorj| vkrfn/ ehfdxvh lw lv frqvwuxfwhg iurp vhdvrqdoo| dgmxvwhg gdwd1 Wkh vkrfn vhulhv zh
frqvwuxfw pd| wkxv h{djjhudwh wkh vhdvrqdolw| lq surgxfwlylw|/ dowkrxjk zh eholhyh wkh h�hfw lv
vpdoo ehfdxvh vhdvrqdo yduldwlrqv lq wkh fdslwdo vwrfn duh suredeo| yhu| vpdoo1
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45Wkh lpsruwdqfh ri zlqwhu zhdwkhu dv dq h{sodqdwlrq ri wkh �uvw txduwhu gls lq surgxfwlylw|
kdv ehhq fkdoohqjhg +Ehdxolhx dqg Plurq 4<<4,1

46Zkhq � lv frpsxwhg xvlqj wkh Eduvn|0Plurq krxuv zrunhg gdwd/ wkh lqwhusuhwdwlrq ri wkh
uhvxow dv h{rjhqrxv whfkqrorj| lv pruh sureohpdwlf1 Lq Dsshqgl{ D zh dujxh wkdw wkh sureohpv
vwhp ixqgdphqwdoo| iurp wkh idfw wkdw wkhlu krxuv zrunhg gdwd duh lqdssursuldwh lq wkh suhvhqw
frqwh{w1
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�t �?_i|ih4�?�t|�U� ì _L |��t M) �||�?} @�|Lhi}hitt��i hiThiti?|@|�L?tc ��|� UL?t|@?| |ih4t
M�| ?L _�44�itc |L i@U� t�LU! tih�itc �t�?} |�i t@4i _@|@ @?_ |�4i Tih�L_ @t MiuLhi� W?
ti*iU|�?} |�i *@} *i?}|� uLh |�iti hiThiti?|@|�L?tc �i �ti_ |�i 5U��@h3 E�b.H� Uh�|ih�L?�
AL UL?tih�i tT@Uic �i _L ?L| hiTLh| L�h hit�*|t �? _i|@�*� A�i 5U��@h3 Uh�|ih�L? ti*iU|i_
*@} *i?}|�t Lu Hc Hc @?_ bc hitTiU|��i*)c uLh |�i |@t|i t�LU!c |�i |iU�?L*L}) t�LU!c @?_ |�i
}L�ih?4i?| UL?t�4T|�L? t�LU!c @*|�L�}� @ e�*@} tTiU��U@|�L? uLh |iU�?L*L}) �@t @ U*Lti
tiUL?_� �t i TiU|i_c |�i ULi�U�i?|t L? ti@tL?@* *@}t �? |�iti @�|Lhi}hitt�L?t �ihi }i?ih@**)
TLt�|��i @?_ t|@|�t|�U@**) t�}?��U@?|� �L?�i?|�L?@* }LL_?itt�Lu��| 4i@t�hit t�}}it| |�@|
|�iti �?_i|ih4�?�t|�U 4L_i*t �| |�i _@|@ @ML�| @t �i** @t L�h M@ti*�?i t�LU!t 4L_i*t�

OL�i�ihc u�h|�ih |it|t i iU�|i_ �? �TTi?_� � _iU�t��i*) hi�iU| |�i @*|ih?@|��i t�LU!
4L_i* uLh |@t|i t�LU!t� A�i @*|ih?@|��i t�LU! 4L_i* �t }i?ih@**) @*tL hi�iU|i_ uLh |�i |iU��
?L*L}) t�LU!tc @*|�L�}� ?L| M) @** |�i |it|t� 6�?@**)c �i UL�*_ ?L| hi�iU| |�i @*|ih?@|��i t�LU!
4L_i* �t�?} }L�ih?4i?| UL?t�4T|�L? t�LU!t� W? *�}�| Lu |�iti �?_�?}t @?_ L�| Lu UL?Uih?
uLh hLM�t|?ittc �i @?@*)3i @*|ih?@|��i ti@tL?@* 4L_i*t �? ���U� |�i i L}i?L�t t�LU!t @hi
hiThiti?|i_ M) |�i @*|ih?@|��i t�LU! 4L_i*t�

e�e� A�4i�|L����*_ ì�}�|t
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47E| qrq0vwrfkdvwlf vwhdg| vwdwh/ zh phdq wkh prgho yduldeohv dorqj d ghwhuplqlvwlf jurzwk
sdwk lq zklfk doo vkrfn lqqrydwlrqv duh khog htxdo wr wkhlu xqfrqglwlrqdo phdq ri }hur1
Wr frpsxwh wkh prgho*v lpsolfdwlrqv iru KS0�owhuhg/ orj lqyhvwphqw lq qrqvwrfkdvwlf vwhdg|

vwdwh/ zh surfhhg dv iroorzv1 Ohw j+O, ghqrwh wkh odj0rshudwru uhsuhvhqwdwlrq ri wkh KS �owhu
dv ghulyhg lq/ vd|/ Nlqj dqg Uhehor +4<<6,1 Khuh/ O lv wkh odj rshudwru/ vr wkdw Om{w � {w�m1
Wkhq/ frpsxwh wkh zhljkwv/ jm / lq wkh wzr0vlghg/ lq�qlwh0rughuhg h{sdqvlrq/ j+O, @

S
m jmO

m1
Ohw lw/ iru w @ �4> ===>4 ghqrwh wkh wzr0vlghg/ lq�qlwh vhtxhqfh ri orj/ vfdohg lqyhvwphqw1 Wklv
lv frqvwuxfwhg iurp irxu vhdvrqdo qxpehuv/ rqh iru hdfk txduwhu lq wkh |hdu/ uhshdwhg lq hdfk
|hdu1 Jlyhq wkh vlpsoh sdwwhuq lq lw dqg wkh jm*v/ lw lv vwudljkwiruzdug wr frpsxwh j+O,lw1 Wklv
lv dovr d grxeo| lq�qlwh vhtxhqfh/ frqvwuxfwhg iurp irxu qxpehuv/ rqh iru hdfk vhdvrq lq wkh
|hdu1 Wklv jlyhv xv KS0�owhuhg/ orj vfdohg lqyhvwphqw1 Wr xqgr wkh h�hfwv ri wkh vfdolqj/ zh dgg
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?L| hiTLh| i4T�h�U@* hit�*|t uLh |�i U@T�|@* |L L�|T�| h@|�Lc t�?Ui �i _L ?L| �@�i ti@tL?@**)
�?@_��t|i_ _@|@ L? |�i U@T�|@* t|LU!�� `�|� L?i i UiT|�L?c |�i 4@|U� Mi|�ii? 4L_i* @?_
_@|@ �t }LL_� A�i i UiT|�L?@* U@ti �t |�i �?�it|4i?| |L L�|T�| h@|�Lc ���U� �t ��}�ih �? |�i
4L_i* |�@? �? |�i _@|@� �h�4@h�*)c |��t hi�iU|t |�i @Mti?Ui Lu _�h@M*i }LL_t T�hU�@tit uhL4
|�i �@ht!)���hL? �?�it|4i?| _@|@�

A�i h�}�| t�_i Lu A@M*i D hiTLh|tc uLh |�i M@ti*�?i ti@tL?@* 4L_i*c |�i TihUi?| _i��@|�L?c
�? ?L?�t|LU�@t|�U t|i@_) t|@|ic Lu |�i �?_�U@|i_ �@h�@M*it uhL4 |�i�h O� |hi?_ �@*�it� A�i
*iu| t�_i hiTLh|t |�i i4T�h�U@* @?@*L}c ULT�i_ uhL4 A@M*i 2 uLh i@ti Lu UL4T@h�tL?� �L|i
|�@| |�i �?�it|4i?| ?�4Miht *�?i �T i @U|*)� A�@| t�4T*) hi�iU|t L�h 4i|�L_ uLh ti*iU|�?}
|�i |�4i�|L�M��*_ �i�}�|t� �Lhi t�}?��U@?|*)c |�i 4L_i* U@T|�hit 4@?) Lu |�i L|�ih M@t�U
ui@|�hit Lu |�i ti@tL?@* _@|@� 6Lh i @4T*ic L�|T�| �t �i@! �? |�i �ht| ^�@h|ih @?_ t|hL?} �?
|�i uL�h|�c |�i �L*@|�*�|) Lu |�i ti@tL?@* UL4TL?i?| Lu UL?t�4T|�L? hL�}�*) 4@|U�it |�@| Lu
L�|T�|c |�Lti |�L �@h�@M*it @hi ��}�*) ti@tL?@**) ULhhi*@|i_c @?_ �L�ht �Lh!i_ _�Tt �? |�i
|��h_ ^�@h|ih�

D�2� 5iUL?_ �L4i?|tG A�i 5i@tL?@* �)U*i

A@M*i S hiTLh|t �@h�L�t tiUL?_ 4L4i?| ThLTih|�it Lu ti@tL?@**) �?@_��t|i_ N5 _@|@ E�@?i*
�� @?_ Lu L�h M@ti*�?i ti@tL?@* 4L_i* E�@?i* ��� A�i tiUL?_ 4L4i?| ThLTih|�it Lu N5
ti@tL?@**) �?@_��t|i_ _@|@ �ihi LM|@�?i_ M) *L}}�?} |�i _@|@c O� �*|ih�?} |�i4c @?_ |�i?

�e



UL4T�|�?} |�i tiUL?_ 4L4i?|t t�L�?� 6Lh L�h M@ti*�?i ti@tL?@* 4L_i*c |�i hit�*|t �ihi
UL4T�|i_ M) @TT*)�?} |�i t@4i |h@?tuLh4@|�L?t |L @ t)?|�i|�U _@|@ ti| Lu 2cfff LMtih�@|�L?t
}i?ih@|i_ uhL4 L�h M@ti*�?i ti@tL?@* 4L_i*�

A�i 4L_i* �@t ML|� t|hi?}|�t @?_ �i@!?ittit� �? |�i t|hi?}|� t�_ic ?L|i |�@| |�i L�ih@**
�L*@|�*�|) Lu L�|T�| �? |�i 4L_i* @?_ |�i _@|@ @hi U*Ltic @hL�?_ ��D���H TihUi?|� A��t �t @
T*�t uLh |�i 4L_i*c t�?Ui |�i L�ih@** �L*@|�*�|) Lu L�|T�| T*@)i_ ?L _�hiU| hL*i �? ti*iU|�?} |�i
4L_i* T@h@4i|ih �@*�it� �L|i @*tL �L� UL?t�4T|�L? �t hL�}�*) @t �L*@|�*i @t L�|T�|c ML|� �?
|�i 4L_i* @?_ |�i _@|@� A�i �L*@|�*�|) Lu ti@tL?@**) �?@_��t|i_ UL?t�4T|�L?c _�tU�tti_ M)
B�)ti*t E�bbeM�c t�L�t �L� |�i ti@tL?@* U)U*i _�giht �? tL4i �4TLh|@?| hitTiU|t uhL4 |�i
M�t�?itt U)U*i� � !i) ui@|�hi Lu |�i *@||ih �t |�@| UL?t�4T|�L? �t UL?t�_ih@M*) t4LL|�ih |�@?
�?UL4i @?_ L�|T�| Etii Mi*L� uLh u�h|�ih _�tU�tt�L?�� Bi?ih@**)c |�i @MtL*�|i @?_ hi*@|��i
@4L�?|t Lu �L*@|�*�|) �? |�i 4L_i* �@h�@M*it @hi �? *�?i ��|� |�i _@|@�

A�i 4L_i* _Lit hi@tL?@M*) �i** L? _)?@4�Ut� �L|i �L� �| U@T|�hit |�i Tiht�t|i?Ui �?
L�|T�| @?_ |�i u@U| |�@| ThL_�U|���|) *i@_t �L�ht M) |�L ^�@h|iht�

� t�Lh|UL4�?} Lu |�i 4L_i* �t |�@| �| L�iht|@|it |�i UL?|i4TLh@?iL�t ULhhi*@|�L?t Mi�
|�ii? ThL_�U|���|) @?_ �L�ht @?_ Mi|�ii? }L�ih?4i?| tTi?_�?} @?_ L�|T�|� ì @hi *itt
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_�t|Lh|�L? �?|L |�i @?@*)t�tc t�?Ui Thit�4@M*) @? @U|�@* @?@*)t|<t it|�4@|it Lu |�i �i�}�|t
��** @*tL Mi �?��i?Ui_ tL4i��@| M) |�i t*�}�|*) _�gihi?| �i�}�|t |�@| @TT*) |L ThL�iU|t
�?�|�@|i_ �? |�i �ht| ^�@h|ih�

AL LM|@�? _@|@ ?ii_i_ uLh T�hTLtit Lu it|�4@|�?} |�i T@h@4i|iht Lu |�4i tih�it 4L_i*t
uLh |�i i L}i?L�t t�LU!tc |�i @?@*)t| �t @tt�4i_ |L uL**L� UL?�i?|�L?@* Th@U|�Ui� A�i t�LU!t
@hi _i_�Ui_ �t�?} |�i 4L_i* T@h@4i|iht @*hi@_) it|�4@|i_c |�i �?|h@|i4TLh@* ,�*ih i^�@�
|�L?c |�i ThL_�U|�L? u�?U|�L?c @?_ |�i ti@tL?@**) @_��t|i_ _@|@ L? UL?t�4T|�L?c L�|T�|c
i4T*L)4i?|c U@T�|@*c @?_ }L�ih?4i?| UL?t�4T|�L?� ,@U� t�LU! tih�it �@t 4L_i*i_ @t |�i
t�4 Lu @ UL?t|@?| |ih4 @?_ @? @�|Lhi}hitt�L?� 6Lh |�i UL?t|@?| |ih4c |�i @?@*)t| �tit |�i
t�4 Lu |�i ti@tL?@* _�44�it� A��t �t hL�}�*) |�i t@4T*i @�ih@}i |�@| |�i @?@*)t| �L�*_
it|�4@|i �t�?} @ *@h}i t@4T*i�

W? U�LLt�?} |�i *@} *i?}|� uLh |�i @�|Lhi}itt�L?t Lu |�i i L}i?L�t t�LU!tc �i �@�i |L UL?�
uhL?| @ |iU�?�U@* ThLM*i4� A�i |h�i @�|Lhi}hitt��i hiThiti?|@|�L? Lu |�i ti@tL?@**) @_��t|i_
t�LU!t �t �? u@U| Lu �ih) ��}��Lh_ih @?_ �@t @ ti@tL?@* T@||ih? �? �|t ULi�U�i?|t� 6�}�hit 2@
� 2U �ti _@|@ uhL4 |�i M@ti*�?i ti@tL?@* 4L_i* |L �**�t|h@|i |��t TL�?|� A�i �}�hit hiTLh|
*L} tTiU|h@ uLh *? �|c b|c @?_ *? }|� A�i *�?it �?_�U@|i_ M) 8<t @hi |�i tTiU|h@ Lu |�i ti@tL?@**)
@_��t|i_ _@|@ �ti_ M) |�i @?@*)t|� 6Lh UL4T@h�tL?c |�i tL*�_ *�?i �t |�i tTiU|h�4 Lu |�i
ti@tL?@**) �?@_��t|i_ _@|@� �L|� tTiU|h@ @hi UL4T�|i_ M@ti_ L? @? @h|��U�@* _@|@ ti| Lu
2cfff LMtih�@|�L?t }i?ih@|i_ �t�?} |�i M@ti*�?i ti@tL?@* 4L_i*��b �L|i |�i ti@tL?@* Ti@!t
�? |�i tTiU|h@ Lu |�i ti@tL?@**) �?@_��t|i_ _@|@� �Lhi t�}?��U@?|c uhL4 |�i Thiti?| t|@?_�

4<Wkh vshfwuxp zdv hvwlpdwhg e| wkh iroorzlqj surfhgxuh1 Ohw |w ghqrwh wkh orjjhg gdwd1 Zh

�.



TL�?|c @hi |�i ti@tL?@* _�Tt �? |�i tTiU|h@ Lu |�i ti@tL?@**) @_��t|i_ _@|@� A�@| t|@?_@h_
ti@tL?@* @_��t|4i?| 4i|�L_tc *�!i |�i �i?t�t j��� 4i|�L_ |�@| �i �tic ThL_�Ui |�iti _�Tt
�t �i** !?L�?c @?_ �?_ii_ �| �@t Mii? t�L�? |�@| t�U� _�Tt @hi U�@h@U|ih�t|�U Lu ti@tL?@*
@_��t|4i?| ThLUi_�hit |�@| @hi LT|�4@* �?_ih UL44L? @tt�4T|�L?t EBhi|�ih @?_ �ih*L�i
�b.f�� AL hiThiti?| _@|@ ��|� _�Tt *�!i |�iti hi^��hit ��}��Lh_ih *@}t ��|� ti@tL?@* T@||ih?t
�? |�i ULi�U�i?|t�2f

W? ��i� Lu |�i Thi��L�t UL?t�_ih@|�L?tc @ U@hiu�* |�4i tih�it @?@*)t| ��|� @ *@h}i t@4T*i
Lu ti@tL?@**) @_��t|i_ _@|@ �L�*_ �| ��}��Lh_ih @�|Lhi}hitt�L?t�2� W? |�i t�Lh|ih t@4T*it
@�@�*@M*i �? Th@U|�Uic ��}��Lh_ih ti@tL?@* ULi�U�i?|t �? @�|Lhi}hitt�L?t U@??L| Mi @UU�h@|i*)
it|�4@|i_ @?_ |�i TLtt�M�*�|) Lu ti@tL?@* _�Tt �? ti@tL?@**) @_��t|i_ _@|@ �t �}?Lhi_� �iU@�ti
�i �@?| |L t|�_) |�i UL?ti^�i?Uit Lu UL?�i?|�L?@* Th@U|�Uic �i �@�i L�h �)TL|�i|�U@* @?@*)t|
�}?Lhi ti@tL?@* _�Tt @?_ �?t|i@_ �| *L� Lh_ih @�|Lhi}hitt�L?t |L |�i i L}i?L�t t�LU! _@|@�
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Figure 2a: Tastes, τ
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Figure 2b: Technology growth, λ
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