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ABSTRACT

Imperfect Competition, Market Size and Firm Turnover*

This paper is motivated by the empirical regularity that industries differ greatly
in the level of firm turnover, and that entry and exit rates are positively
correlated across industries. Our objective is to investigate the effect of sunk
costs and, in particular, market size on entry and exit rates. We analyse a
stochastic dynamic model of a monopolistically competitive industry. Each
firm’s marginal cost (or, alternatively, perceived quality) is assumed to follow a
Markov process. We show existence and uniqueness of a stationary
equilibrium with simultaneous entry and exit: efficient firms survive while
inefficient ones leave the market and are replaced by new entrants. We
perform comparative statics with respect to the level of sunk costs: entry costs
are positively, and fixed production costs negatively, related to entry and exit
rates. Another empirical prediction of the model is that the level of firm
turnover is increasing in market size. The intuition is as follows. In larger
markets price-cost margins are smaller since the number of active firms is
larger. This implies that the marginal surviving firm has to be more efficient
than in smaller markets. Hence, in larger markets, the expected life span of
firms is shorter. Moreover, firm profits and values are more skewed in larger
markets. In the empirical part, the prediction on market size and firm turnover
is tested on industries where firms compete in well-defined geographical
markets of different sizes. We use data on local services (driving schools) in
Sweden in the 1990s. The empirical results provide some support for the
prediction that hazard rates are increasing with market size.
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NON-TECHNICAL SUMMARY

Many empirical studies in industrial organization and labour economics have
shown that industries differ substantially in the level of firm turnover and gross
job reallocation. These differences are stable over time and similar across
countries. Most of the reallocation of inputs and outputs can be accounted for
by reallocation within narrowly defined industries. The open research agenda
is to explain these industry differences in turnover levels and relate them to
observable industry characteristics.

This paper studies the determinants of market turbulence and relates the level
of entry and exit rates to observable industry characteristics: sunk costs and,
in particular, market size. To this end, we analyze a stochastic dynamic model
of an imperfectly competitive industry. There is a continuum of atomistic firms
that offer differentiated products so that each firm faces a downward-sloping
demand curve. Moreover, firms differ in their marginal costs (or, alternatively,
perceived qualities), which are subject to idiosyncratic shocks. The Markov
process governing the evolution of incumbents’ costs exhibits persistency: the
more efficient the firm, the more likely it is to be efficient in the future. To enter
the market, new firms have to pay some entry fee. Furthermore, active firms
have to pay a fixed production cost in each period: this provides an incentive
for inefficient firms to leave the market. To allow for a large class of models
describing competition in the output market, we do not specify firms’ strategic
variables (prices or quantities) nor the details of the demand system. Instead,
each firm’s equilibrium profit is summarized by a reduced-form profit function.
The assumptions we impose on the profit function are satisfied by a large
class of oligopoly models. In a stochastic dynamic model, it is more
convenient to work with a continuum of (monopolistically competitive) firms
rather than with a finite number of (oligopolistic) players: (i) there are no
integer constraints; (ii) idiosyncratic uncertainty washes out at the aggregate
level; and (iii) the set of equilibria is greatly reduced.

In the stationary equilibrium, incumbent firms use a simple exit policy: firms
with a cost draw below a certain threshold stay in the market, while the other
firms leave the market and are replaced by new entrants. If entry costs are not
too large, there exists a unique stationary equilibrium exhibiting simultaneous
entry and exit. One central empirical prediction of the model is that the rate of
firm turnover is positively related to the size of the market. For a given
distribution of active firms, an increase in market size raises firms’ sales and
profits proportionally. But the distribution of firms is endogenous: free entry
implies that it increases with market size. An increase in the distribution of
firms causes price-cost margins to fall. This hurts all firms. The fractional
reduction in profits is, however, larger the less efficient the firm. This implies
that, in larger markets, efficient firms are better off and inefficient firms worse
off, while the profit of the average entrant remains unchanged. Hence, firms



have to be more efficient in larger markets in order to survive, and the
probability of failure is larger. It should be pointed out that the negative
relationship between market size and firm turnover would be absent in a
model with perfect competition (such as in Hopenhayn (1992)) or in a Dixit-
Stiglitz type model. In these models, firms’ output or pricing decisions are
independent of the number of rivals. Hence, in a free entry equilibrium, prices
are independent of market size and the number of active firms rises
proportionally with market size. This is in contradiction to the empirically well-
documented regularity (e.g. Bresnahan and Reiss (1991)) that the number of
active firms rises less than proportionally with market size (due to a decline in
price-cost margins as the number of firms increases).

In this paper, we also investigate the effects of changes in sunk costs on
turbulence: the equilibrium turnover rate is decreasing with entry costs and
increasing with fixed or opportunity costs. In an extension of the model, we
show that both entry and exit rates should tend to increase over time in
growing markets, and decrease in declining markets. The paper provides a
number of results in addition to those on market turbulence. In particular, the
model predicts that, in larger markets, firms are more efficient on average, and
the distribution of profits and firm values are more skewed than in smaller
markets.

In the empirical application of the paper, we set out to test the model’s
prediction on market size and firm turnover. The idea of the empirical test is to
study industries where firms compete in well-defined geographical (‘local’)
markets of different sizes. This should avoid the usual problems with cross-
industry studies since we compare turnover rates within the same industry.
Specifically, we use data on driving schools in Sweden that were active in the
1990s. The empirical results provide some support for the prediction that exit
rates are increasing with market size.
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@hi t|@|�L?@h)� ì _iuih |�i @?@*)t�t Lu |�i UL4T@h@|��i t|@|�Ut ThLTih|�itc ���U� *�i @|

|�i �i@h| Lu |��t T@Tihc |L |�i ?i | tiU|�L?�

W? @ t|@|�L?@h) i^��*�Mh��4c |�i �@*�i Lu @? �?U�4Mi?| Lu |)Ti S @| |�i t|@h| Lu |�i

i �| t|@}ic T ES�c U@? Mi �h�||i? @t

T ES� ' 4@ 

�
fc d7ZES(>�� �o n B

�
kT ES� n E� � k�

]
�

f

T E5�CE_5�

��
� Ee�

Wu |�i �h4 i �|t |�i 4@h!i|c �| }i|t @ 3ihL T@)Lg� Wuc L? |�i L|�ih �@?_c �| t|@)t �? |�i

4@h!i|c �|t U�hhi?| ThL�| �t 7ZES(>�� �( �? |�i uL**L��?} Tih�L_c �| ��** Mi Lu |�i t@4i

i�U�i?U) ��|� ThLM@M�*�|) kc @?_ LM|@�? @ ?i� _h@� uhL4 CE�� ��|� ThLM@M�*�|) � � k�

wi| SW Mi _i�?i_ M)

S
W

� t�T iS 5 dfc �o m T ES� : fj c

Lh SW � � �u T ES� : f uLh @** S 5 dfc �o�

A�i �@*�i u�?U|�L? T ES� �t UL?|�?�L�t L? dfc �oc @?_ UL?t|@?| L? dSE>�c �o� Wu ZEf(>� :

fc |�i? t|@?_@h_ @h}�4i?|t uhL4 _)?@4�U ThL}h@44�?} �4T*) |�@| T ES� �t t|h�U|*)

_iUhi@t�?} L? dfc4�?iSWc SE>�jo� Oi?Uic @ �h4<t i^��*�Mh��4 i �| t|h@|i}) |@!it |�i uLh4

Lu @ t�4T*i |�hit�L*_ h�*ic SWc @UULh_�?} |L ���U� |�i �h4 i �|t E% ' �� �u @?_ L?*)

�u S : S
W� wi| � _i?L|i |�i 4@tt Lu i?|ih�?} �h4t �? i@U� Tih�L_� W? @ t|@|�L?@h)

i^��*�Mh��4c

T ESW� � fc

��|� T ESW� ' f �u � : f� ED�

A�i �@*�i Lu @? i?|h@?| @| t|@}i �c T ec �t }��i? M)

T
e '

]
�

f

T ES�CE_S�� "� ES�

6hii i?|h) �4T*�it |�@|

T
e

� fc

��|� T
e ' f �u � : f� E.�

��



5�TTLti |�ihi �t t�4�*|@?iL�t i?|h) @?_ i �| �? |�i t|@|�L?@h) i^��*�Mh��4c ��i� � : f

ELhc i^���@*i?|*)c SW 	 ��� Nt�?} i^�@|�L?t Ee�c ES�c @?_ E.�c �i U@? UL4T�|i |�i �@*�i

u�?U|�L?t �? U*Lti_ uLh4 @t

T ES� '
�

�� kB
id7ZES(>�� �o n BE�� k�"j c S 5 dfc SW�c EH�

@?_

T e '
�

� � kB

�]
S
W

f

d7ZES(>�� �n BE�� k�"oCE_S�� E�� kB�"

�
' f�

AL t�4T*�u) |�i i TLt�|�L?c *i| �t ?i}*iU| �? |��t tiU|�L? |�i ?L?�}i?ih�U U@ti ��ihi

� ' BE�� k�"� Wu SW 5 Efc ��c |�i i?|h) @?_ i �| UL?_�|�L?t U@? Mi hi��h�||i? @t

� ESW(>� �

]
S
W

f

d7ZES(>�� �n BE�� k�"oCE_S�� E�� kB�" ' fc E,�

7ZESW(>�� �n BE�� k�" ' fc SW 5 Efc �� c Ej�

Lh t�4T*) @t

� ESW(>� ' fc E,<�

@?_
Y

YSW
� ESW(>� ' f� Ej<�

�L|i |�@| �ES(>� �t ThLTLh|�L?@* |L |�i �@*�i Lu @? i?|h@?| ��L �tit i �| TL*�U) S �? |�i
Tih�L_ Lu i?|h) @?_ Mi�@�it LT|�4@**) |�ihi@u|ih� �i |c LMtih�i |�@| |�i i �| UL?_�|�L?
�t t�4T*) |�i _ih��@|��i Lu |�i i?|h) UL?_�|�L? ��|� hitTiU| |L |�i i �| TL*�U)� A��t
4@|�i4@|�U@* t|h�U|�hi �t @ UL?ti^�i?Ui Lu |�i @tt�4i_ ti^�i?Ui Lu 4L�it� 5�?Ui @?)

?i� i?|h@?| �t |hi@|i_ @t @? �?U�4Mi?| @| |�i i �| t|@}ic |�i i^��*�Mh��4 i �| TL*�U)
Lu @? �?U�4Mi?|c SWc 4�t| 4@ �4�ti |�i �@*�i Lu @? i?|h@?|� Oi?Uic ML|� |�i �@*�i
Lu @ ?i� i?|h@?| @?_ |�i _ih��@|��i Lu |��t �@*�i ��|� hitTiU| |L |�i i �| TL*�U) �@�i
|L Mi 3ihL� 6hL4 i �| UL?_�|�L? Ej�c �| U@? Mi tii? |�@| |�i U�hhi?| ?i| ThL�| Lu |�i
4@h}�?@* �?U�4Mi?| �h4c 7ZESW(>�� �c �t ?i}@|��i� A�i *@t| |ih4 �? Ej� U@T|�hit |�i

LT|�L? �@*�i uhL4 t|@)�?} �? |�i 4@h!i|� W?_ii_c ��|� ThLM@M�*�|) � � kc |�i �h4 }i|t
@ ?i� _h@� uhL4 CE��� W? @ t|@|�L?@h) uhii i?|h) i^��*�Mh��4 ��|� t�4�*|@?iL�t i?|h)
@?_ i �|c |�i �@*�i Lu @ ?i� _h@� 4�t| Mi i^�@* |L |�i i?|h) ULt| "� �LhiL�ihc t�?Ui

� 9' BE� � k�"c @ ?iUitt@h) UL?_�|�L? uLh @ t|@|�L?@h) i^��*�Mh��4 ��|� i?|h) @?_ i �| �t

� : BE��k�"c ���U� 4i@?t |�@| |�i U�hhi?| }hLtt ThL�| Lu |�i 4@h}�?@* �?U�4Mi?| �h4

4�t| Mi t|h�U|*) TLt�|��ic ��i� SW 	 SE>��

wi| �t UL?t�_ih |�i ThLTih|�it Lu |�i u�?U|�L? � ES(>�c ���U� @hi �**�t|h@|i_ �? 6�}�hi
�� �L|i �ht| |�@| � E�(>� �t E}i?ih�U@**)� t�?}*i�Ti@!i_ L? dfc �o��e ,�|�ih � E�(>� �t

47Dq| jhqhulf uhvxow uhihuv wr ! 9@ �+4� �,�1

�2



�

!

�ES(>�

S
f �

�ES(>�

�ES(>��

SW

�E� � Bk�"

6�}�hi �G A�i igiU| Lu @? �?Uhi@ti �? |�i _�t|h�M�|�L? Lu �h4t E> " >�� L? |�i �@*�i Lu
@? i?|h@?| ��|� i �| TL*�U) S�

�?Uhi@t�?} �? S L? dfc �oc _iUhi@t�?} L? dfc �oc Lh |�ihi i �t|t @ �?�^�i eSE>� t�U� |�@|
� E�(>� �t �?Uhi@t�?} �? S L? dfceSE>�o @?_ _iUhi@t�?} L? deSE>�c �o��D 6�h|�ih4Lhic � �t
UL?|�?�L�tc @?_ UL?|�?�L�t*) _�gihi?|�@M*i ��|� hitTiU| |L �|t �ht| @h}�4i?|� �Mtih�i
@*tL |�@| � Ef(>� ' � E�� kB� " 	 f� Oi?Uic �u > }��it |�i ULt| _�t|h�M�|�L? �? |�i
t|@|�L?@h) i^��*�Mh��4c @?_ SW |�i i^��*�Mh��4 i �| TL*�U)c |�i? � E�(>� |@!it �|t �?�^�i
4@ �4�4 @| eSE>� ' SW� A��t �4T*�it |�@| �u |�ihi i �t|t @ �?�^�i t|@|�L?@h) _�t|h�M�|�L?c
|�ihi U@? Mi @| 4Lt| L?i t|@|�L?@h) i^��*�Mh��4 ��|� t�4�*|@?iL�t i?|h) @?_ i �|� �L|i
�?@**) |�@|c uLh @** S 5 Efc �oc � ES( �� �t _iUhi@t�?} �? > E@t *L?} @t SE>�� : f��

A�i _�t|h�M�|�L? Lu @U|��i �h4t �t i?_L}i?L�t� wi| >dSWc� o _i?L|i |�i �?�@h�@?|
4i@t�hi Lu �h4t< i�U�i?U�it @| t|@}i e �u @** �h4t uL**L� i �| TL*�U) SWc SW 5 Efc��c @?_

48Lq wkh qrq0jhqhulf fdvh ! @ �+4��,�/ #+�>�, lv lqfuhdvlqj lq f rq ^3> f+�,` dqg frqvwdqw rq ^f+�,>4`1

��



|�i 4@tt Lu i?|h@?|t �? i@U� Tih�L_ �t � � A��t 4i@t�hi �t �?�^�i*) _i�?i_ M)

>dSWc� o Edfc 5o� '
�

E� � k� E� �CESW��
CE4�?i5c SWj�c ;5 5 dfc �o� E#�

A�i t|@|�L?@h) _�t|h�M�|�L? �@t |��t |�i t�@Ti Lu CE��c |h�?U@|i_ @| SWc @?_ tU@*i_ M)

u@U|Lh �* dE�� k� E� �CESW��o� A�i t|@|�L?@h) i^��*�Mh��4 ��|� t�4�*|@?iL�t i?|h) @?_

i �| U@? ?L� Mi _i�?i_ @t |�i |h�T*i E>c�c SW� t@|�tu)�?} i^�@|�L?t E,�c Ej�c @?_ E#��

W? @ t|@|�L?@h) i^��*�Mh��4 ��|�L�| t�4�*|@?iL�t i?|h) @?_ i �|c �i �@�i � ' fc

SW ' �c @?_ |�i t|@|�L?@h) _�t|h�M�|�L? �t }��i? M)

>bEdfc 5o� ' bCE5�c b : fc ;5 5 dfc �o� Eb�

A�i t|@|�L?@h) i^��*�Mh��4 ��|�L�| i?|h) @?_ i �| �t }��i? M) E>bc fc �� t@|�tu)�?} ED�c

E.�c @?_ Eb�� �L|i |�@| @?) t|@|�L?@h) i^��*�Mh��4 _�t|h�M�|�L? 4�t| Mi @? i*i4i?| Lu

P
Wc PW

� i> 5 P m ;5 5 dfc �oc > Edfc 5o� ' &CE4�?i5c SWj�c & : fc SW 5 Efc �oj�

�iuLhi �i |�h? |L |�i �tt�it Lu i �t|i?Ui @?_ �?�^�i?itt Lu i^��*�Mh��4c *i| �t T@�ti

uLh @ 4L4i?|� A�i t|@|�L?@h) i^��*�Mh��4 ��|� i?|h) @?_ i �| �@t @ ui� ui@|�hit ���U�

@hi UL?t�t|i?| ��|� t|)*�ti_ u@U|t L? �?_�t|h) _)?@4�Ut� A�i ThLM@M�*�|) Lu �44i_�@|i

i �| Lu @ ?i� i?|h@?| �t ��CESW�c ��ihi@t @? �?U�4Mi?| *i@�it |�i 4@h!i| ��|� @ t4@**ih

ThLM@M�*�|)c ?@4i*) E� � k�E� �CESW��� ,4T�h�U@* t|�_�it �@�i �?_ii_ t�L�? |�@| ?i�

�h4t @hi |�i L?it 4Lt| *�!i*) |L i �| |�i 4@h!i|� �LhiL�ihc |�i 4L_i* �4T*�it |�@| ?i�

i?|h@?|t @hi L? @�ih@}i 4Lhi i�U�i?| |�@? i �|�?} �h4tc M�| *itt i�U�i?| |�@? t�h����?}

�?U�4Mi?|t� A��t �t @}@�? UL?t�t|i?| ��|� |�i i4T�h�U@* i��_i?Ui� 6�?@**)c �u �h4 t�3i

Ei�}� 4i@t�hi_ M) L�|T�|� _iUhi@tit ��|� 4@h}�?@* ULt| Sc |�i t�4T*i t|LU�@t|�U ThLUitt

}��i? M) E�� �4T*�it |�@| �h4 }hL�|� �t ?i}@|��i*) hi*@|i_ |L �h4 t�3ic @t uL�?_ M) ,�@?t

E�bH.� @?_ L|�iht� W? 5iU|�L? Sc �i hi�UL?t�_ih |�i 4L_i* @?_ @**L� uLh @ *@h}i U*@tt

Lu �@h!L� ThLUittit� A��t Tih4�|t |�i 4L_i* |L Mi UL?t�t|i?| ��|� @ ?�4Mih Lu L|�ih

i4T�h�U@* �?_�?}t�

A�i uL**L��?} *i44@ ��** ThL�i �i*Tu�* �? t�L��?} i �t|i?Ui @?_ �?�^�i?itt�

wi44@ � �L?t�_ih @?) |�L TLt�|��i 4i@t�hit > @?_ >�

�? P
W

t�U� |�@| Z Ef(>� @?_

Z Ef(>�� @hi TLt�|��i� A�i?c |�ihi i �t|t @ �?�^�i �c � : fc t�U� |�@| 4i@t�hit �> @?_

>�

@hi i^���@*i?|c ��i� �> � >�

�

�hLLu� 5�?Ui > @?_ >� @hi i*i4i?|t Lu PWc �i �@�i

>� Edfc 5o� ' &�CE4�?i5c ,�j�c &� : fc ,� 5 Efc �o

@?_

> Edfc 5o� ' &CE4�?i5c ,j�c & : fc , 5 Efc �o

uLh 5 5 dfc �o� �tt�4i ��*�L�}� |�@| , � ,�� A�i?c uhL4 UL?_�|�L? ��2c �> ! >� �u �& 	 &�c

@?_ �> " >� �u �&CE,� : &�CE,��� �L?|�?��|) Lu Z E��e� @?_ ��2 �4T*) |�@| |�ihi i �t|t

@ �?�^�i � t�U� |�@| �> � >��

�e



�LhL**@h) � �L?t�_ih @?) TLt�|��i 4i@t�hi >� �? PW t�U� |�@| Z Ef(>�� : fc @?_ � @?

@hM�|h@h) i �| TL*�U) S
W �? Efc ��� A�i?c |�ihi i �t|t @ �?�^�i 4@tt Lu i?|h@?|tc � c t�U�

|�@| |�i t|@|�L?@h) _�t|h�M�|�L? > dSWc� oc }i?ih@|i_ M) S
W @?_ � c @?_ _i�?i_ M) E#�c �t

i^���@*i?| |L >
�c ��i� > dSWc� o � >

��

�hLLu� A��t �t @? �44i_�@|i �4T*�U@|�L? Lu wi44@ � @?_ i^�@|�L? E#��
AL t�4T*�u) |�i ThLLu Lu i �t|i?Ui @?_ �?�^�i?ittc �i �4TLti @ |iU�?�U@* UL?_�|�L?
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ì @hi ?L� �? |�i TLt�|�L? |L t|@|i L�h |�L 4@�? hit�*|t L? �h4 |�h?L�ih ��i?

4@h!i| t�3i U�@?}it L�ih |�4i� 6�ht|c �i UL?t�_ih @ }��i? ti^�i?Ui i7|jc @?_ @?@*)ti |�i

igiU| Lu U�@?}�?} 4@h!i| t�3i �? @ t�?}*i Tih�L_� A�i?c �i @?@*)ti |�i UL�4L�i4i?|t

Mi|�ii? i7|jc i#|jc @?_ i�|j�

�hLTLt�|�L? H �L?t�_ih |�L ti^�i?Uit Lu 4@h!i| t�3ic i7|j @?_ i7 �

|
jc ��ihi 7o 	 7 �

o
c

@?_ 7| ' 7 �

|
uLh @** | 9' o� A�i?c |�i hit�*|�?} i^��*�Mh��4 ti^�i?Uit Lu i?|h) h@|it @hi

t�U� |�@| #| ' #�
|
uLh @** | 	 o @?_ | : o n �c #o 	 #�

o
c @?_ #on� : #�

on� �u @?_ L?*) �u

>o Edfc S
W

o
o� 	 >�

o
Edfc SW�

o
o�� ,^��*�Mh��4 i �| h@|it @hi U�@h@U|ih�ti_ M) �| ' ��

|
uLh @** | 9' oc

@?_ �o 	 ��

o
�

�hLLu� �t TL�?|i_ L�| @ML�ic |�i u�|�hi i?|iht |�i i^��*�Mh��4 UL?_�|�L?t L?*) |�hL�}�

|�i UL?t|@?| LT|�L? �@*�i B" �? E,|� @?_ Ej|�� �L?ti^�i?|*)c |�i U�@?}i �? 4@h!i| t�3i

�? Tih�L_ o �@t ?L igiU| L? i?_L}i?L�t �@h�@M*it �? Tih�L_t MiuLhi o� �LhiL�ihc @}@�?

uhL4 |�i _�tU�tt�L? @ML�ic SW
|
@?_ |�i i^���@*i?Ui U*@tt Lu >| @hi �?_iTi?_i?| Lu u�|�hi

2.



@?_ T@t| �@*�it Lu 4@h!i| t�3i� A�i t@4i @TT*�it |L �| n >|3�

��
fc SW

|3�

��
� Nt�?} L�h

UL4T@h@|��i t|@|�Ut hit�*| L? 4@h!i| t�3ic �hLTLt�|�L? Sc �i |�i? LM|@�? |�i uL**L��?}

U�@h@U|ih�t@|�L? Lu i?_L}i?L�t �@h�@M*itG SW
|
' SW�

|
uLh @** | 9' oc @?_ SW

o
: SW�

o
c >| ' >�

|
uLh

@** | 9' oc @?_ >o ! >�
o
c #| ' #�

|
uLh @** | 	 o @?_ | : o n �c �o 	 � �

o
c @?_ �on� : � �

on�

�u @?_ L?*) �u >o Edfc S
W

o
o� 	 >�

o
Edfc SW�

o
o�� A�i Thi_�U|�L? L? |�i i�L*�|�L? Lu i �| h@|it

uL**L�t �44i_�@|i*)� wi| �t ?L� t�L� |�@| #o 	 #�
o
� �L?_�|�L? E#|�c >o3� ' >�

o3�c @?_

SW
o3� ' SW�

o3� �4T*)

�
� �

o
n >o3�

��
fc SW

o3�

���
C ESW�

o
�

>�
o
Edfc SW�

o
o�

' � '

�
�o n >o3�

��
fc SW

o3�

���
C ESW

o
�

>o Edfc SWoo�
�

5�?Ui �o 	 � �

o
c L?i LM|@�?t

� �

o
C ESW�

o
�

>�
o
EdfceSW

o
o�
:

�oC ESW
o
�

>o Edfc SWoo�
c

@?_ �i?Ui
� �

o

>�
o
EdfceSW

o
o�
:

�o

>o Edfc SWoo�
c

���U� �t |�i _it�hi_ hit�*|�
2f

A�i hi4@�?�?} U�@h@U|ih�t@|�L? Lu |�i i�L*�|�L? Lu i?|h)

h@|it uL**L�t uhL4 |�i _�tU�tt�L? @ML�i�

�LhL**@h) e �L?t�_ih @? @hM�|h@h) ti^�i?Ui Lu 4@h!i| t�3ic i7|j� W? i^��*�Mh��4c i �|

h@|it @hi TLt�|��i*) ULhhi*@|i_ ��|� U�hhi?| 4@h!i| t�3i� �Lhi ThiU�ti*)c �| �t �?Uhi@t�?} �?

7|c @?_ �?_iTi?_i?| Lu 7oc o 9' |� ,^��*�Mh��4 i?|h) h@|it @hi TLt�|��i*) hi*@|i_ |L U�hhi?|

4@h!i| t�3ic |LLc M�| L?*) �u UL?|hL**�?} uLh *@t| Tih�L_<t 4@h!i| t�3iG �L*_�?} 7|3� � i_c

i?|h) h@|i #| �t �?Uhi@t�?} �? 7|c @?_ �?_iTi?_i?| Lu 7oc o 9' |c |� �� �LhiL�ihc �L*_�?}

7| � i_c #| �t ?i}@|��i*) ULhhi*@|i_ ��|� |�i 4@tt Lu @U|��i �h4t �? |� ��

wi| �t TL�?| L�| |�@| |�i Thi_�U|�L?t Lu �hLTLt�|�L? H @?_ �LhL**@h) e �L�*_ hi4@�?

�?U�@?}i_ �u �i @tt�4i_ |�@| 4@h!i| t�3i uL**L�i_ tL4i t|LU�@t|�U ThLUittc @?_ |�i

hi@*�t@|�L? Lu U�hhi?| 4@h!i| t�3i MiU@4i UL44L? !?L�*i_}i @| |�i t|@h| Lu i@U� Tih�L_

ETh�Lh |L i?|h) _iU�t�L?t�� A�i hit�*|t Lu |��t tiU|�L? ThL��_i �t ��|� @ �tiu�* Mi?U�4@h!�

��| �| t�L�*_ Mi !iT| �? 4�?_ |�@| |�i) �@�i Mii? LM|@�?i_ �?_ih |�i @tt�4T|�L? |�@|

�?U�4Mi?|t< ULt| _h@�t @hi ����_�c ��i� k ' f� � 4Lhi }i?ih@* |hi@|4i?| Lu }hL��?} @?_

_iU*�?�?} 4@h!i|t �t *iu| uLh u�|�hi hiti@hU��

53Revhuyh wkdw wkh �uvw lqhtxdolw| lpsolhv wkdw wkh uhvxow dovr krogv zkhq xvlqj wkh dowhuqdwlyh hqwu|
phdvxuh e�w @ J+f�,�w1

2H



S +LM�t|?itt Lu +it�*|t

W? |��t tiU|�L?c �i i T*Lhi |�i hLM�t|?itt Lu L�h hit�*|t @*L?} |�L _�4i?t�L?tc ?@4i*) |�i

ti^�i?Ui Lu 4L�it @?_ |�i i�L*�|�L? Lu �h4t< i�U�i?U�it� 5L u@hc �i �@�i @tt�4i_ |�@|

i �| _iU�t�L?t |@!i T*@Ui @u|ih �?U�4Mi?|t @?_ i?|h@?|t *i@h? |�i�h U�hhi?| |)Ti� A��t

}@�i h�ti |L @ t�4T*i 4@|�i4@|�U@* t|h�U|�hi� �LhiL�ihc �| U@T|�hi_ |�i LMtih�@|�L? |�@|c

�? 4@?) 4@h!i|tc @ t�Mti| Lu ?i� i?|h@?|t 4@!i �?�|�@* �?�it|4i?|t M�| ?i�ih hi@U� |�i

ThL_�U|�L? t|@}i @?_c �i?Uic i �| @}@�?� A�i LM��L�t ^�it|�L? �t ��i|�ih L�h hit�*|t

@hi ti?t�|��i |L |�i ti^�i?Ui Lu 4L�it� A�i |�4�?} �i �@?| |L @?@*)ti �ihi �t @t �?

OLTi?�@)?<t E�bb2� 4L_i*� �| |�i �ht| t|@}ic i?|h) @?_ i �| _iU�t�L?t |@!i T*@Ui� �|

|�i tiUL?_ t|@}ic |�i ?i� i?|h@?|t @?_ t�h����?} �?U�4Mi?|t *i@h? |�i�h U�hhi?| |)Ti�

6�?@**)c |�i @U|��i �h4t T*@) @ 4@h!i| }@4i @?_ hiUi��i ThL�|t�

W? |�i 4@�? T@h| Lu |��t T@Tihc �i @tt�4i_ |�@| |�i i�L*�|�L? Lu @? �?U�4Mi?|<t

i�U�i?U) �t }L�ih?i_ M) i^�@|�L? E��� A��t t|LU�@t|�U ThLUitt @**L�i_ �t |L LM|@�?

t�4T*i U*Lti_�uLh4 tL*�|�L?t uLh �h4t< �@*�i u�?U|�L?t @?_ |�i t|@|�L?@h) _�t|h�M�|�L?c

i Thitti_ L?*) �? |ih4t Lu |�i i �| TL*�U) SW @?_ |�i 4@tt Lu i?|h@?|t � � ì ?L� �@?|
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54Dv qrwhg lq wkh suhylrxv vhfwlrqv/ wkh sureohp zlwk furvv0lqgxvwu| gdwd olhv lq frqwuroolqj iru
gl�huhqfhv lq h1j1 hqwu| frvwv/ �{hg frvwv/ dqg wkh qdwxuh ri wkh vwrfkdvwlf vkrfnv1

55Lq lqgxvwulhv zkhuh vrph �upv duh dfwlyh lq vhyhudo pdunhwv/ wkh ghflvlrq wr hqwhu +ru h{lw, rqh
pdunhw lv olnho| wr eh uhodwhg wr wkh ghflvlrqv wdnhq iru vrph qhljkerxulqj pdunhwv1 Ixuwkhupruh/ lq
vxfk lqgxvwulhv lw lv riwhq wkh fdvh wkdw �upv kdyh vhyhudo vxevlgldulhv lq wkh vdph qhljkerxukrrg1 Wr
hpslulfdoo| frqwuro iru vxfk frpsoh{ vwudwhjlhv lv/ wr vd| wkh ohdvw/ sureohpdwlf1

56Wklv lv vxssruwhg e| wzr suhylrxv vwxglhv ri wkh lqgxvwu|1 Dvsoxqg dqg Vdqglq +4<<<d, irxqg d
+prqrwrqh, frqfdyh uhodwlrq ehwzhhq wkh qxpehu ri �upv dqg pdunhw vl}h1 Wkh dujxphqw/ dgydqfhg
e| Euhvqdkdq dqg Uhlvv +4<<4,/ lv wkdw dq lqfuhdvh lq pdunhw vl}h shuplwv d odujhu qxpehu ri �upv/ exw
wklv lv sduwo| r�vhw e| pruh lqwhqvh frpshwlwlrq +orzhu sulfh0frvw pdujlqv, vxfk wkdw hdfk �up qhhgv d
juhdwhu pdunhw vl}h wr fryhu �{hg frvwv1 Xvlqj sulfh gdwd/ Dvsoxqg dqg Vdqglq +4<<<e, irxqg d qhjdwlyh
uhodwlrq ehwzhhq sulfh ohyhov lq d pdunhw dqg wkh qxpehu ri dfwlyh �upv1
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Wr ghflgh zkhwkhu d �up kdv vxuylyhg ehwzhhq w� 4 dqg w zh xvh wkh �up*v qdph1 +Plqru fkdqjhv

lq d �up*v qdph/ vxfk dv dgglqj ru ghohwlqj d vx�{2�uvw qdph2idplo| qdph duh ljqruhg1,
58Lq uhodwlyh whupv/ wkh ghfuhdvh lq srsxodwlrq zdv derxw wkh vdph dfurvv pdunhwv lq erwk shulrgv1

Wkh phgldq V4<<8@V4<<3 zdv 31;; dqg wkh 43wk dqg <3wk shufhqwlohv zhuh 31;5 dqg 31<:/ uhvshfwlyho|1 Wkh

fruuhvsrqglqj qxpehuv iru V4<<<@V4<<8 zhuh 31;</ 31;6/ dqg 31<:1 Lq frpsdulvrq/ wkh phgldq V4<<3@V4<;8

zdv 4133 dqg wkh 43wk dqg <3wk shufhqwlohv 31<4 dqg 413<1
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