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1 d’Aspremont, Gabszewicz, and Thisse, 1979, demonstrate the problems with Hotelling’s proposed equilibrium.
2 Earlier work includes several case studies. See, in particular, Swann, 1985, on the microprocessor industry, and Shaw, 1982,

on the fertilizer industry. Both interpret the pattern of product characteristics to indicate a tendency towards clustering,
though products are generally not identical (that is, are not minimally differentiated).

3 Models in which price is exogenous are more likely to predict minimal differentiation. An exogenous price essentially
eliminates the market power effect; firms can reduce the distance between locations in order to attract customers from rivals
without an increase in the intensity of price competition.
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â ä(à ã Ü�á âpâ ë!Ü�è Ü å�â Ü Ý@äFæ�á(è ã Ý è ß!à á Ý5ô�á Ý ü�Ü â í�
$ä�è á â ã äFå
á à�Û�ã ÷
Ü Ý Ü å�â ã á â ã äFådã ådÜ áFè ë�� ô�á Ý ü�Ü â  oè á å
ù
ÜoÛ�Ü é è Ý ã ù
Ü Û	ù�ê	â ë!Ü�è ë
á Ý áFè â Ü Ý ã é â ã è é5äFæ8á à à8é â á â ã äFå
é@ã ådâ ë!Ü�ô�á Ý ü�Ü â ï+ù�ê	â ë!Ü�è ë
á Ý áFè â Ü Ý ã é â ã è é5äFæ

4 Indeed, several authors have characterized the literature on location choice as being more supportive of differentiation than
of clustering. See, e.g., Irmen, 1998, and Stuart, 1979.
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5 Relocation and exit are so costly because the station is legally responsible for the environmental clean-up of the site.
6 The exception is company-owned and operated stations. We describe the different contractual relationships between the

refiner and the station in detail in section 3.
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7 Economides, 1984, considers a similar issue by assuming that reservation prices are low; typically reservation prices are
assumed to be high enough that all consumers purchase the product. With low reservation prices, the market power effect
dominates and firms locate at a distance from each other.

8 Economides, 1986, considers a range of transport cost functions, from linear to quadratic. While not all equilibria are
maximally differentiated, firms always locate at some distance from each other.

9 The form of the heterogeneity considered involves brand preferences: at identical total prices (mill price plus transportation
costs), some consumers prefer one brand to another.

10 Free entry need not lead to zero profits. Rather, the equilibrium condition is that a potential entrant would earn negative
profits upon entry, which is consistent with existing firms earning small profits. Eaton, 1976, illustrates the issue in the
one-dimensional case.
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¾ · ½1¼ » ± ¹ Á ¶�´�Ç ãNä?± ¾ ³ · · Æ�°�µ Ø�± Ì�± ¹ Æ�» °1³ »�» °�± ¿H³�¼ ¼ ½�¸4±�» °1³ »CÀ�¹ Á ¾ ±�Á ¼?± ²'µ�´�± ¶�µ�½1¼ ÇCÈ�±�º'¶�µ Ø^Ê ¹ µ�¸Ù» °�±
· Á » ± ¹ ³ » ½�¹ ±�µ�¶�µ�¶�± Ý Å'Á ¸4± ¶1¼ Á µ�¶1³ ·�· µ'¾ ³ » Á µ�¶�¸4µ'Å'± · ¼	» °1³ »7± ¶1Å'µ�´�± ¶�Á É Á ¶�´CÀ�¹ Á ¾ ±�¸4Á » Á ´�³ » ± ¼	» °�±�Á ¶1¾ ± ¶'» Á Ì�±
» µ6· µ'¾ ³ » ±�¾ · µ�¼ ±%» µ�¹ Á Ì�³ · ¼ Ç

å µ�¹ ±�³ À�À�¹ µ�À�¹ Á ³ » ±�¸4µ'Å'± · ¼�Ê µ�¹�³ ¶1³ · ¿'É Á ¶�´6» °�±�· µ'¾ ³ » Á µ�¶Hµ�Ê7´�³�¼ µ�· Á ¶�±�¼ » ³ » Á µ�¶1¼�³�¼ ¼ ½�¸4±%À�¹ µ�Ý
°�Á Â�Á » Á Ì�±�¹ ± · µ'¾ ³ » Á µ�¶�¾ µ�¼ » ¼C³ ¶1ÅH¼ ± Ä�½�± ¶'» Á ³ ·0± ¶'» ¹ ¿�Ç?æCÁ Ì�± ¶4» °1³ »�± ³�¾ °�Ë�¹ ¸Ùº'¶�µ ØC¼?± ¶'» ¹ ¿4¸�³ ¿6µ'¾ ¾ ½�¹
Á ¶4» °�±�Ê ½�» ½�¹ ±�Æ'» °�±C· µ'¾ ³ » Á µ�¶H¾ °�µ�Á ¾ ±Cµ�Ê0» °�±�Ë�¹ ¸�» °1³ »?· µ'¾ ³ » ± ¼�Á ¶�Á » Á ³ · · ¿�¹ ± ç�± ¾ » ¼�³ ¶�Á ¶1¾ ± ¶'» Á Ì�±�» µ6Å'± Ý
» ± ¹?± ¶'» ¹ ¿4Á ¶�» °�±�Ê ½�» ½�¹ ±�Ç�×0µ6Á · · ½1¼ » ¹ ³ » ±%» °�±%Á ¼ ¼ ½�± ¼ Æ	¾ µ�¶1¼ Á Å'± ¹Cè7¹ ± ¼ ¾ µ�» »�³ ¶1Å�é�Á ¼ ¼ ¾ °�± ¹�Ð Ñ Ò�Ó�Ó�Õ Æ	Ø?°�µ
³ ¶1³ · ¿'É ±�± ¶'» ¹ ¿6Á ¶�³�¸4µ'Å'± ·1Ø?°�± ¹ ±�À�¹ Á ¾ ±�Á ¼�³�¼ ¼ ½�¸4± Å6» µ�Â1±�± ²'µ�´�± ¶�µ�½1¼ Æ1¼ µ�» °1³ »?» °�±�¸�³ ¹ º�± »�À1µ Ø�± ¹
± Ö1± ¾ »CÁ ¼�± · Á ¸4Á ¶1³ » ± Å	Ç�×�°�± ¿H¼ °�µ Ø^» °1³ »CÁ Ê7» °�± ¹ ±%Á ¼?µ�¶�· ¿�µ�¶�±�À1µ�» ± ¶'» Á ³ ·9± ¶'» ¹ ³ ¶'» Æ�¸4Á ¶�Á ¸�½�¸�Å'Á Ö1± ¹ Ý
± ¶'» Á ³ » Á µ�¶�Á ¼?µ�Â�» ³ Á ¶�± ÅH³6· Ú³6ÛCµ�» ± · · Á ¶�´�Ç�ê Ê9¸4µ�¹ ±%» °1³ ¶�µ�¶�±�À1µ�» ± ¶'» Á ³ ·0± ¶'» ¹ ³ ¶'»C± ²'Á ¼ » ¼ Æ�» °�±�Ë�¹ ¼ »C» Ø�µ

11 The uniform spacing of firms is driven in part by the assumption that consumers are uniformly distributed on the plane.
Assuming the insights of the one-dimensional literature carry over, we would expect, following Eaton and Lipsey, 1975,
that the distribution of firms would be clustered in a manner similar to the distribution of consumers if consumers are not
distributed uniformly.

12 A uniform distribution of firm locations arises because firms are able to relocate in response to entry. However, such a process
is not appropriate to the retail gasoline industry, where relocation is very costly, perhaps prohibitively so.

13 They allow each firm to enter sequentially, then allow each firm to relocate in the order in which the firm entered. For
example, with three firms, they allow firm 1 to enter, then firm 2, firm 3, then they allow firm 1 to relocate, then firm 2, etc.
Locations do not converge to an equilibrium.
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ë�ì í�î?ï ð'ñ ò ó ô6î õ'í4í4ô ó ì ö ñ ò ï ï õ4ò ÷1ø�ò ù?ò õHú ì ð�íûó ü�ô�í4ö ø'ý1ð�ö ÷'ó?ö ÷�ð�ì ø'ô ì�ó ðHø'ô ó ô ìCô ÷'ó ì õ�þ%ÿ�î î ��í4ö ÷��
ý�ì ö ñ ôCö î�ô ÷1ø'ð���ô ÷�ð��1î �1ÿC÷1ø'ô ì î ð�÷�� � ��	�
��?î ü�ð ùCî�ó ü1ò ó?ó ü�ô�ö ÷�ö ó ö ò ï�ë�ì í�ó ð�ô ÷'ó ô ì�ó ü�ô�í�ò ì 
�ô ó�ï ð'ñ ò ó ô î
ò ó�ó ü�ô�í4ö ø'ý1ð�ö ÷'ó �0ù?ü�ö ï ô4ó ü�ôHî ô ñ ð�÷1ø�ë�ì í­ó ü�ô ÷Nï ð'ñ ò ó ô î���ô ì õ�ñ ï ð�î ô4ó ð�ð�÷�ô�ð�úCó ü�ô�ô ÷1ø'ý1ð�ö ÷'ó î þ 14

� ò õ�� � ��
 ����ñ ð�÷1î ö ø'ô ì î7ô ÷'ó ì õ�ù?ö ó ü4÷�ð%ô �'ð���ô ÷�ð��1î�ï ö í4ö ó0ð�÷4ó ü�ôC÷���í��1ô ì7ð�ú	ý1ð�ó ô ÷'ó ö ò ï1ô ÷'ó ì ò ÷'ó î þ � ô
î ü�ð ùCî�ó ü1ò ó�ó ü�ô�ô �'ý1ô ñ ó ô ø�ï ð'ñ ò ó ö ð�÷1ò ï	ý1ò ó ó ô ì ÷4ö ÷���ð�ï ��ô î7ò ÷4ô ��ô ÷4î ý�ì ô ò�ø6ð�ú9ë�ì í�î7ï ð'ñ ò ó ô ø4ò ó�ö ÷'ó ô ì �
��ò ï î�ì ð�����ü�ï õ4ó ù?ö ñ ô�ó ü�ô%í4ö ÷�ö í���í©í�ò ì 
�ô ó�î ö � ô�ì ô ����ö ì ô ø�ú ð�ìCý�ì ð�ë�ó ò ��ï ô%ô ÷'ó ì õ�þ 15 � ü��1î ��ý1ð�ó ô ÷'ó ö ò ï
ô ÷'ó ì õHñ ò ÷�í4ö ó ö ��ò ó ô�ñ ï �1î ó ô ì ö ÷��4ô ��ô ÷Hù?ü�ô ÷�ý�ì ö ñ ô�ö îCô �'ð���ô ÷�ð��1î �9ù?ü�ô ÷�ý�ì ö ñ ô�ö îCô ÷1ø'ð���ô ÷�ð��1î �0ó ü�ô
í�ò ì 
�ô ó�î ü1ò ì ô�ô �1ô ñ ó?ö î�ô ��ô ÷4ú ��ì ó ü�ô ì?ì ô ø��1ñ ô ø	þ

��ò�î ð�ï ö ÷�ô6î ó ò ó ö ð�÷1î�ï ð'ñ ò ó ô�÷�ð�ó%ð�÷�ï õHý�ü'õ�î ö ñ ò ï ï õ�����ó%ò ï î ð�ù?ö ó ü�ì ô î ý1ô ñ óCó ð�ð�ó ü�ô ì%ò ÷1ñ ö ï ï ò ì õ
î ô ì �'ö ñ ô î þ 16  ô ÷�� ÿ!
'ö ��ò��0ø'ô�"7ò ï í�ò��	ò ÷1ø � ü�ö î î ô�� � ��	����%ò�î î ��í4ô�ó ü1ò ó%ó ü�ô�ï ð'ñ ò ó ö ð�÷�ö ÷�ò�ñ ö ì ñ ��ï ò ì
��ì ò ÷1øMî ý1ò�ñ ôHö î�ô �'ð���ô ÷�ð��1î ï õ�ë��'ô ø#��ó ü1ò ó6ë�ì í�î%ë�ì î ó6ý1ô ì í�ò ÷�ô ÷'ó ï õ�ñ ü�ð�ð�î ô�ò�ý�ü'õ�î ö ñ ò ï?ï ð'ñ ò ó ö ð�÷
ò ï ð�÷���ò��1ð���÷1ø'ô ø�ï ö ÷�ô��0ò ÷1ø�ó ü�ô ÷�ñ ð�í4ý1ô ó ô�ö ÷�ý�ì ö ñ ô î þ�$�ð�÷1î ��í4ô ì î!�1ô ò ì�ï ö ÷�ô ò ì%ó ì ò ÷1î ý1ð�ì ó�ñ ð�î ó î
ö ÷���ô ð���ì ò ý�ü�ö ñ�î ý1ò�ñ ô�ò ÷1ø%���1ò�ø'ì ò ó ö ñ�ó ì ò ÷1î ý1ð�ì ó%ñ ð�î ó î?ö ÷���ì ò ÷1øHî ý1ò�ñ ô�þ  ò�î ô ø4ð�÷�ò ÷�ò�î î ��í4ý�ó ö ð�÷
ó ü1ò ó?ë�ì í�î�ò ì ô%ô �'ð���ô ÷�ð��1î ï õ���÷�ö ú ð�ì í4ï õ6î ý�ì ô ò�ø4ð ��ô ì�ó ü�ô&��ì ò ÷1ø�î ý1ò�ñ ô%ò ÷1ø�ó ü1ò ó�÷�ð�ô ÷'ó ì õ6ð'ñ ñ ��ì î �
í4ö ÷�ö í���í¨ø'ö �1ô ì ô ÷'ó ö ò ó ö ð�÷4ö ÷���ô ð���ì ò ý�ü�ö ñ�î ý1ò�ñ ô%ð���ó ò ö ÷1î þ 17 ' î î ô ÷'ó ö ò ï ï õ���ì ò ÷1øHø'ö �1ô ì ô ÷'ó ö ò ó ö ð�÷4ì ô �
ø��1ñ ô î7ý�ì ö ñ ôCñ ð�í4ý1ô ó ö ó ö ð�÷6î ��(4ñ ö ô ÷'ó ï õ%ó ü1ò ó�í4ö ÷�ö í���í^ø'ö �1ô ì ô ÷'ó ö ò ó ö ð�÷6ù?ö ó ü6ì ô î ý1ô ñ ó�ó ð&��ô ð���ì ò ý�ü�ö ñ
ï ð'ñ ò ó ö ð�÷Nñ ò ÷)�1ô4î �1î ó ò ö ÷�ô ø	þ+*�ô ��ô ì ò ï7í4ð�ì ô�ì ô ñ ô ÷'ó�ý1ò ý1ô ì î�� , ì í4ô ÷-�.� ����	���ÿC÷1î ò ì ö � ' ñ ð�÷�ð�í4ö ø'ô î �
ò ÷1ø%*�ó ô ñ 
�ô ï ��� ����	��1ò ÷1ø � ò ���1ñ ü�ö �#� ��� /���ô ÷1ø'ð���ô ÷�ö � ô�ï ð'ñ ò ó ö ð�÷1ò ï0ñ ü�ð�ö ñ ô�ö ÷4í���ï ó ö ý�ï ô�ü�ð�ì ö � ð�÷'ó ò ï ï õ��
ø'ö �1ô ì ô ÷'ó ö ò ó ô øHø'ö í4ô ÷1î ö ð�÷1î � 18 í�ò 
'ö ÷��6ï ò ì ��ô ï õ�ó ü�ô6î ò í4ô�ò�î î ��í4ý�ó ö ð�÷1î þ 19 � ü�ô î ô�ý1ò ý1ô ì î%ò ì ö î ô6ò ó
ó ü�ô�î ò í4ôHì ô î ��ï ó 0�ë�ì í�î�í�ò �'ö í�ò ï ï õ�ø'ö �1ô ì ô ÷'ó ö ò ó ôHð�÷jó ü�ô�ñ ü1ò ì ò�ñ ó ô ì ö î ó ö ñ4ó ü1ò óHñ ð�÷1î ��í4ô ì î�ñ ò ì ô
í4ð�î ó�ò �1ð���ó?ò ÷1ø6í4ö ÷�ö í�ò ï ï õ�ø'ö �1ô ì ô ÷'ó ö ò ó ô?ð�÷4ó ü�ôCì ô í�ò ö ÷�ö ÷��%ñ ü1ò ì ò�ñ ó ô ì ö î ó ö ñ î þ 20 1 21 � ò ���1ñ ü�ö	î ü�ð ùCî

14 Thus, endogenizing price eliminates the minimum differentiation equilibrium of Prescott and Visscher.
15 Then a firm entering between two existing firms will capture a market share not quite large enough to allow profitable entry.
16 Notice that locating in multiple dimensions in this setting is inherently different than a physical location in a two-dimensional

space. In the latter case, consumers care only how far the physical location is from them in Euclidean distance, regardless of
the direction of the distance. In the former case, consumers separately care about deviations from their most preferred point
in each dimension.

17 With 2 firms, a uniform distribution over the space is the analog of maximal differentiation.
18 Horizontal differentiation refers to differentiation on attributes over which consumers have different preferences (or most

preferred points); for example, sizes and colors.
19 These include: firms choose a permanent location in the first stage and compete in prices in the second stage; transportation

costs are quadratic in each dimension; transportation costs in each dimension can have different weights in the consumer’s
utility function; consumers are distributed uniformly over the 3 -dimensional product space; consumers have unit demands;
the 3 -dimensional space is bounded and represented by a hypercube; and that two firms locate simultaneously with no threat
of entry.

20 If consumers care equally about all dimensions, then multiple equilibria arise with maximum differentiation on one dimension
and minimum differentiation on the others.

21 The papers do not establish uniqueness; that is, other equilibria may obtain. They do show that locational patterns characterized
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by maximal differentiation in more than one dimension are not equilibria.
22 Vertical differentiation refers to differentiation on attributes over which, at identical prices, consumers have similar prefer-

ences; for example, at identical prices all consumers would prefer high quality to low quality.
23 Even if consumers do not use the other services, their availability may provide an option value.
24 If the two ranges are similar, both equilibria arise.
25 Aside from allowing multiple locations, the model is identical to Hotelling’s. Thus, the one-outlet equilibrium is characterized

by minimum differentiation.
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�Y� �7� � � �]� �7�s�����.� � ����� � � �[� ���7� � ��� ��� ��� � �[��� � � � � � �7� ���§�M��� �]� ����� � ����� � ¡ ����� � � ��� � � � � � � ��� �
~A��� � ����� ¥7� � � ��� � � � � ���%������� �7� � � � ��� �����7��� � � ��� � � � �����.� ��� � ��� � �7� � �!��� ���Y� ��� ��� � � ����� � ��� �M� � ��� � �
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� ��������� ¡ ����� � � ��� � � � � � � ��� ��¬�~A��� � ��� ����� ��� �����W������� ��� �����W��� ¥7� � � ��� � � � � ���)����� � � �7����� �7� �7���
� � �7� � � � � �����%� ������� � ������� � ���7�Y���.� ���&������� � �

« �[� ���7� � �7�����!~Y����� � � ����� �%� � ���{� ����� � � � � � � ��� �%� �7� � ����� ��� ��� �)� ������� � � � ��� � ��� �7� �%� � �
� ���7��� � � ���M��� � � � ��� �7� ��� �Y���Y� ��� � � � ����� ����� � ���&£!���M����� �G� �!� ��� ����� � � � � � � ��� ��� ��� ���&~A��� � ��� � �7� �
� ��� �7���7� � � �&~A��� � �Y� ���Y��� � ¨�� �#�7� ~Y� �K� ¥7� � �K� �-� ���7� � � � �M� �M�7�A ���� � �A� � � ��������� ���Y� �7� � �����K� � ���§� ���
� � � � � � � ��� �&� �7� �M��� ���A~A� � �K��� ¥7� � � ��� � � � ��� ��� � �!��� �����7� �M� �+� �+� ¥7��� �M� ��� ��� � � �+��� � � ��� �����7� � � � � ���
����� ��� � « ��� ��� ��� � � ��~A��� � ��� �G��� ��� �����­���Y��� ��� �����§��� ¥7� � � ��� � � � � ������� � ��� � ��~Y�&� � �!�7� � � � � ��� � � � �
� ��� � � � � � � ��� ����� ~]� ���A��� ��� � � �#��� ��� � �A���K� �����7� � � � � ����� ���M��� � ¨�� �.� ¥7� � � �.� ���!� ��� � � � ������� � � � � ���7�
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��� �7� �7�������­~A��� � ��� ��� ��� � �+� ���E� � �7��� �7� �[� � ~A� � ������� ��� �����°���%��� ��� �����r��� ¥7� � � ��� � � � � ���-�
�M�&��� � ����� �&� ��� ����� ���#� �����7� � � ����±!��� � � � � ����¤ �A��� ���7��� � ������� � ���������Y��� ��� �����p��� ¥7� � � ��� � � � � ���
~A� � �E� �������������7��� �)����� � ������� ������� � � ��� �7� � �G� �E� ��� ��������� � �.����� ��� �����7� � � � � ����� � ������� �+� � � �
� �7� � � � �&��� ¥7� � � ��� � � � � ���-�¦£!�]� ���+��� ��� ���7� �7�#�!������� � ��� �7� ����� � ��� � ����� ��� ��� �A��� ¥7� � � ��� � � � � ���-�

26 Stavins, 1995, empirically tests whether incumbents locate models in product space in order to deter entry in the market
for personal computers. She finds that entrants locate their products more closely to existing products than do incumbents,
which she interprets as evidence of preemption.

27 Such locations maximize the amount of consumer surplus that can be appropriated via a higher price.
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³ ´ µ�´ ¶M·#¸ ¹Mº »�¼ ½ ¾�¿�À�Á ¶&³ Â�Ã�Ä ´¦Å Æ Ç�È Ç�É ¶Mº Ê�Ë�Ë�½ º Á�Á Ì7Í Á�Í ÀsÎ À7Ï ¼ ½ Í�º ½%Î À]Ï ¿�¾�»7½ Á Î Á Î ¿�ÀEÐ ½ Í�·�º�Á ¿)¾�¿�¼ ½
·�Î Ñ7½ ¼ ½ À�Á Î Í Á Î ¿�À�Á Ì7Í À%ÒY¿�Ê�Ð ·�Ó7½�¿�Ó�Á Í Î À�½ ·�Ó�Ô�Í�¾�¿�À�¿�»7¿�Ð Î º Á ÕAÖYÌ�Ê7º ¶7ÒY½&½ ×�Í ¾�Î À�½!Á Ì�½�Î À�Ø�Ê�½ À7Ï ½&¿�Ù
Á Ì�½�Ë�½ À�½ ¼ Í ÐAÏ ¿�¾�»7½ Á Î Á Î Ú�½ À�½ º ºA¿�ÙAÁ Ì�½�¾�Í ¼ Û�½ ÁM¿�À)Ð ¿�Ï Í Á Î ¿�À[Ï Ì�¿�Î Ï ½�Õ�Ü ÙAÏ ¿�¾�»7½ Á Î Á Î Ú�½�Ý�¼ ¾�ºMÌ7Í Ú�½�Í
Á ½ À7·�½ À7Ï Ô%Á ¿ ÒAÍ ¼ ·�¾�Î À�Î ¾�Ê�¾p·�Î Ñ7½ ¼ ½ À�Á Î Í Á Î ¿�À-¶#Á Ì�½ À�Î À7Ï ¼ ½ Í�º ½ ºMÎ À�Ï ¿�¾�»7½ Á Î Á Î ¿�À+ÒAÎ Ð Ð.Ð ½ Í�·+Á ¿�¾�¿�¼ ½
Ï Ð Ê7º Á ½ ¼ Î À�Ë�¶7Ó�Ê�Á!Î Ù.Á Ì�½ ¼ ½�Î º!Í�Á ½ À7·�½ À7Ï Ô�Á ¿ ÒAÍ ¼ ·%¾�Í ×�Î ¾�Ê�¾¢·�Î Ñ7½ ¼ ½ À�Á Î Í Á Î ¿�À-¶7Í�º!ÒY½�½ ×�»7½ Ï Á!Î À%Á Ì�Î º
Î À7·�Ê7º Á ¼ Ô�¶�Á Ì�½ À%Î À7Ï ¼ ½ Í�º ½ ºGÎ À%Ï ¿�¾�»7½ Á Î Á Î ¿�À�ÒAÎ Ð Ð#Ð ½ Í�·�Á ¿�¾�¿�¼ ½&·�Î º »7½ ¼ º ½ ·�Ð ¿�Ï Í Á Î ¿�À7º Õ

Þ-ß&à�ásâMãEäKå æ å ç�è�é.ê-æ è�ãEë�ì�í7æ î

Ü À�Á Ì�Î ºYº ½ Ï Á Î ¿�À-¶�ÒY½M·�½ Ú�½ Ð ¿�»�Í À�½ ¾�»�Î ¼ Î Ï Í Ð�¾�¿�·�½ Ð7Á ¿�Î À�Ú�½ º Á Î Ë�Í Á ½AÁ Ì�½!Ð ¿�Ï Í Á Î ¿�À�·�½ Ï Î º Î ¿�À7ºG¿�Ù
Ë�Í�º ¿�Ð Î À�½�º Á Í Á Î ¿�À7º ÕYï�¿�¼AÍ À�Ô�º Á Í Á Î ¿�À�Î À�¿�Ê�¼Aº Í ¾�»�Ð ½M¿�Ù-½ Ú�½ ¼ Ô�Ë�Í�º ¿�Ð Î À�½�º Á Í Á Î ¿�À�Î À�Á Ì�½&ð#¿�º!¹!À�Ë�½ Ð ½ º
ñ Í�º Î À+Ù ¼ ¿�¾rÆ Ç�Ç�ò ó Æ Ç�Ç�ô�¶.ÒY½�·�½ Ý�À�½�Î Á º!¾�Í ¼ Û�½ ÁAÓ�Ô+·�¼ Í ÒAÎ À�Ë%Í�Ï Î ¼ Ï Ð ½�Í ¼ ¿�Ê�À7·+Î Á Õ�ÖYÌ�½�Á Ì�½ ¿�¼ ½ Á Î Ï Í Ð
ÒY¿�¼ Û�»�¼ ½ º Ê�¾�½ ºGÁ Ì7Í ÁMÁ Ì�½�º »7Í Á Î Í Ð.½ ×�Á ½ À�ÁY¿�Ù.Á Ì�½�¾�Í ¼ Û�½ ÁYÎ ºAÒY½ Ð Ð ó ·�½ Ý�À�½ ·#õ�Î À%¼ ½ Í Ð Î Á Ô�¶�½ º »7½ Ï Î Í Ð Ð Ô�Î À
Á Ì�½�¼ ½ Á Í Î Ð-Ë�Í�º ¿�Ð Î À�½�Î À7·�Ê7º Á ¼ Ô�¶7·�¼ Í ÒAÎ À�Ë�Á Ì�½�Ë�½ ¿�Ë�¼ Í »�Ì�Î Ï&Ó7¿�Ê�À7·�Í ¼ Ô%¿�ÙGÍ�¾�Í ¼ Û�½ ÁYÎ º!ö�Ê�Î Á ½�·�Î ÷�Ï Ê�Ð Á Õ
ø Í�º ¿�Ð Î À�½�º Á Í Á Î ¿�À7ºAÁ Ì7Í Á!Í ¼ ½&Ð ¿�Ï Í Á ½ ·�Í ÁAÁ Ì�½�º Í ¾�½MÎ À�Á ½ ¼ º ½ Ï Á Î ¿�À�¿�Ñ7½ ¼Mº Ê�Ó7º Á Î Á Ê�Á ½ ºYÁ ¿�Ï ¿�À7º Ê�¾�½ ¼ º õ 28

Á Ì�½ ¼ ½%Î º ¶YÌ�¿ ÒY½ Ú�½ ¼ ¶YÍ�Ï ¼ Î Á Î Ï Í Ð!·�Î º Á Í À7Ï ½+Í Á�ÒAÌ�Î Ï Ì]Í+Ë�Í�º ¿�Ð Î À�½�º Á Í Á Î ¿�À[Î º�Á ¿�¿EÙ Í ¼�Í ÒAÍ ÔEÁ ¿)¿�Ñ7½ ¼
Í À�½ Ñ7½ Ï Á Î Ú�½�º Ê�Ó7º Á Î Á Ê�Á ½�Ù ¿�¼MÁ Ì�½�Ï ¿�À7º Ê�¾�½ ¼ Õ ñ ½ Ï Í Ê7º ½�Á Ì�½�½ ×�Á ½ À�Á!¿�ÙYÁ Ì�½�¾�Í ¼ Û�½ Á!Î ºMÍ À�½ ¾�»�Î ¼ Î Ï Í Ð
Î º º Ê�½�¶�ÒY½AÙ ¿�Ð Ð ¿ Ò[Á Ì�½!Ð Î Á ½ ¼ Í Á Ê�¼ ½MÅ º ½ ½&ù�Ì�½ »7Í ¼ ·#¶7Æ Ç�Ç�Æ�¶7Í À7· ñ Í ¼ ¼ ¿�À-¶�ÖKÍ Ô�Ð ¿�¼ ¶�Í À7·�ú!¾�Ó7½ Ï Û#¶�Æ Ç�Ç�û�É.Î À
Ê7º Î À�Ë�¾�Í ¼ Û�½ ÁY¼ Í�·�Î ÎK¿�ÙG¿�À�½ ó Ì7Í Ð ÙG¾�Î Ð ½�¶�¿�À�½�¾�Î Ð ½�¶�Í À7·%Á ÒY¿�¾�Î Ð ½ º Õ!ù�»7Í Á Î Í Ð.·�Î Ñ7½ ¼ ½ À�Á Î Í Á Î ¿�À%Î ºAÁ Ì�½ À
¾�½ Í�º Ê�¼ ½ ·�Í�ºYÁ Ì�½MÍ Ú�½ ¼ Í Ë�½Mü.Ê7Ï Ð Î ·�½ Í À�·�Î º Á Í À7Ï ½MÓ7½ Á ÒY½ ½ À�Á Ì�½&Ï ½ À�Á ½ ¼Gº Á Í Á Î ¿�À�Í À7·�½ Í�Ï Ì�¿�Ù-Î Á º.¼ Î Ú�Í Ð º
Î À�Á Ì�½�·�½ Ý�À�½ ·�¾�Í ¼ Û�½ Á Õ 29

ý ½�Ï ¿�À7º Î ·�½ ¼�Á ÒY¿Eº Í ¾�»�Ð ½ º�þ­ÿ ½ À�Á ¼ Ô��)º Á Í Á Î ¿�À7º�Í À7·¦ÿ º Á Í Ó�Ð ½ ó ¾�Í ¼ Û�½ Á ��º Á Í Á Î ¿�À7º Õ§ü.À�Á ¼ Ô
º Á Í Á Î ¿�À7ºMÍ ¼ ½�º Á Í Á Î ¿�À7ºAÁ Ì7Í Á&Í ¼ ½&À�½ Ò­Î À+Í À�Ô�Ë�Î Ú�½ À%º Í ¾�»�Ð ½&Ô�½ Í ¼ Õ 30 � Ê�¼ Î À�Ë�¿�Ê�¼Mº Í ¾�»�Ð ½&»7½ ¼ Î ¿�·#¶#Í
Á ¿�Á Í Ð-¿�Ù�����ò�Ë�Í�º ¿�Ð Î À�½�º Á Í Á Î ¿�À7ºA½ À�Á ½ ¼ ½ ·�Á Ì�½&ð-¹­¾�Í ¼ Û�½ Á �	��Õ Æ 
pÅ Æ È�È�ÉY¿�ÙKÁ Ì�½�º Á Í Á Î ¿�À7ºYÎ À%ð-¹­ÒY½ ¼ ½
À�½ Ò]Î À+Æ Ç�Ç���¶-Æ�Õ È�
¢Å È ò�ÉGÎ À+Æ Ç�Ç ��¶-Æ�Õ Æ 
¢Å ��û�ÉGÎ À%Æ Ç�Ç���¶#Í À7·+Æ�Õ ��
¢Å ����É.Î À+Æ Ç�Ç�ô�Õ
�!½ ×�Á ¶�ÒY½MÎ ·�½ À�Á Î Ù Ô
Í À�¿�Á Ì�½ ¼&º ½ Á!¿�ÙYº Á Í Á Î ¿�À7ºMÁ Ì7Í Á!ÒY½�Ï Ì7Í ¼ Í�Ï Á ½ ¼ Î � ½&Í�º!Ó7½ Ð ¿�À�Ë�Î À�Ë�Á ¿�ÿ º Á Í Ó�Ð ½ ��¾�Í ¼ Û�½ Á º ÕAÖYÌ�Î º!º Í ¾�»�Ð ½

28 This may be true in varying degrees as well. Traffic patterns may prevent two stations from competing effectively if it is
difficult for a consumer to travel between two stations located at the same intersection.

29 A second measure of differentiation, defined as the average of squared distances between the center station and each of its
rivals, was also examined. This measure incorporates the assumption that closer stations offer more competition than more
distant stations. The qualitative results are unaffected by this variation of the dependent variable.

30 Because we have a complete census of gasoline stations, a station appearing in any year that did not appear in previous years
is identified as an entry station. These stations may not represent de novo entry, in the sense that the station may have simply
changed hands. It appears, however, that less than 1% of entry stations are those that simply changed hands.
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31 The number of firms in a market is a traditional, rough, measure of the degree of competition. An alternative measure of
competition, the Herfindahl index, is inappropriate because stations that fly the same brand-name flag operate, to a large
degree, independently. Since we do not have information on stations that are operated by the same manager, a Herfindahl
index for each market would simply be an inverse monotonic transformation of the number of firms.

32 There are seven major brands in our sample: Arco, Chevron, Exxon, Mobil, Shell, Texaco, and Unocal. All other stations
are treated as independents.

33 Controlling for demand and cost considerations, Barron et al., 1998, find that branded (major) stations charge significantly
higher prices than do independent (non-major) stations.
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34 By externality, we refer to the fact that a station’s location and price choices affect the profits of its rivals.
35 While it is the station that is making the sales, sales at each station influence the amount the refiner can extract from the

station via rental payments or franchise charges.
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36 The proportion of stations requiring prepayment may serve as a proxy for crime rates which are likely to be correlated with
land values.
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37 We consider differentiation based on offering the following services: full service, repair service, a car wash, a convenience
store, and pumps that accept credit cards.
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38 This may not be true for all services. For example, consumers with a high value for time may not like stations with
convenience stores because convenience stores slow transaction times.L ^
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42 This was performed using the Census Bureau’s Landview II GIS software. This software also allowed us to calculate each

station’s distance to the closest major road.
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(1) Estimated using city fixed effects. (2) Estimated controlling for spatial correlation.F F F � F F � F

Significant at 1%, 5%, and 10% level, respectively.
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­;®�¯�° ± ² ¯#± ³ ¬�´�µ ¶�¬ ³�· ¶#µ ¬ · ¸ ª ¸ µ · ª ¹ ¹ ¹º¬�»�»#µ ¼�»�¹ ¹ ¹ ª ¬�¼ · µ ¸ »�¹ ¹ ¹½¼�»�¾#µ ¶�¶�¹ ¹ ¹
¿ À Á Â Ã Ä Å ¿ Æ Ç Â È Æ Å ¿ È É Â Ç Ç Å ¿ È À Â È Ê Å ¿ Ã Ã È Â É Á Å ¿ Ã Ã Á Â É Æ ÅË�± ² ± Ì ®�¯�° Í ¾#µ ¾�´ ¹ ¹ ¹ Í ¾#µ ´ ¬�¹ ¹ ¹ ª Í µ ´�´ ¹ ¹ ¹Î¬#ª�µ ´ · ¹ ¹ ¹ Í µ ´�´ ¹ ¹Ï´�µ ´ ¸ ¹ ¹ ¹
¿ Á Â Ê Ê Å ¿ È Â À Á Å ¿ Æ Â À Ê Å ¿ Æ Â À Ã Å ¿ Ê Â Ä Ã Å ¿ Ê Â Ä À ÅÐ_Ñ ¯�Ò#Ó Ô ¾#µ · » ¾#µ ¸ ª ¹ ¹ ª�µ ¸ Í ¹ ¹ ¾#µ ¶ ¸ ¹ ´�µ ¶ ¸ ¹ ¹ ¹Õ¾#µ ¸ ¬
¿ Ä Â Æ È Å ¿ Ä Â Ê À Å ¿ Ä Â Á Ä Å ¿ Ä Â À Á Å ¿ Ã Â À Ê Å ¿ Ã Â Ã À ÅÐ Ë#² ÖfÓ�×�Ø ² ¯�ÒÙ¸ µ »�»�¹ ¹ ¹ ¸ µ ¬ Í ¹ ¹ ¹ »#µ ¶�¾�¹ ¹ ¹y»#µ ¶ Í ¹ ¹ ¹ »#µ » · ¹ ¹ ¹y»#µ »�´ ¹ ¹ ¹
¿ Ä Â Á Ã Å ¿ Ä Â È Ä Å ¿ Ä Â Ç Ä Å ¿ Ä Â Á Á Å ¿ Ã Â Ä Á Å ¿ Ã Â Ä Ã ÅÚ Ó ² ØmÛfÜ ØmÝmÒÕ³�Í ¶#µ ¶�´ ¹ ¹ ¹ ³�¸ »#µ · Í ¹ ¹ ¹ ³ ª ¾�´�µ ¼ ¸ ¹ ¹ ¹ ³ ¶�¼#µ ¬�¼�¹ ¹ ¹ ³ ª · Í µ ´ Í ¹ ¹ ¹ ³ ¼ Í µ ´ ¬�¹ ¹ ¹
¿ Ã È Â È Á Å ¿ Ã Ê Â À Á Å ¿ Ê Ä Â Æ Ä Å ¿ Ã Þ Â Ç Ê Å ¿ Ê Þ Â Æ Æ Å ¿ Ê È Â Þ Ã ÅÑ ¯�ß ®�ÖfÓ ³ ¾#µ ´ Í ³ ª�µ ¬#ª ¹ ¹ ³�Í µ ¾ Í ¹ ¹ ¹ ³ ¾#µ · ¾ ³ ª�ª�µ · ¼ ¹ ¹ ¹ ³ ¬#µ · ¼
¿ Ä Â É Á Å ¿ Ä Â È É Å ¿ Ã Â À Ç Å ¿ Ã Â Ã Þ Å ¿ Ê Â Æ È Å ¿ Ê Â Ê Þ ÅÛ,Ó Ò µ
à ² á â�Ó ³ ¾#µ ¬ ¸ ¹ ¹ ³ ¾#µ ª ¸ ¹ ³ ¾#µ · ¬�¹ ¹ ³ ¾#µ ª�ª ³ ¾#µ ¾�¶ ¾#µ ¾�¾
¿ Ä Â Ã Ã Å ¿ Ä Â Ä Þ Å ¿ Ä Â Ã È Å ¿ Ä Â Ã Æ Å ¿ Ä Â Ê Ä Å ¿ Ä Â Ã Ç Åã ² ä�Ó�Ë�Ó Ø ä µ ¬ · µ ´ »�¹ ¹ · ¶#µ ¬ ¸ ¹ ¹ ¹ · µ ª ¶ Í µ ·�¸ ¶�¼#µ ´ »�¹ ¹ ¹å´ ¶#µ ª�ª ¹ ¹ ¹
¿ Ã Ã Â À Æ Å ¿ Þ Â Á È Å ¿ Ã Á Â Á Ê Å ¿ Ã À Â À É Å ¿ Ê Á Â È Ã Å ¿ Ê È Â Á È Åæ ®�¯/ç ± ã ² ä�Ó · ´�µ ¶�¾�¹ ¹ ¹ Í ¾#µ » ¸ ¹ ¹ ¹ »�´�µ ´ Í ¹ ¹ ¹Î» Í µ ¾ · ¹ ¹ ¹ ª ¬ ¸ µ ´�ª ¹ ¹ ¹èª�ª�ª�µ ´ ¶�¹ ¹ ¹
¿ Þ Â Á Ä Å ¿ Á Â É Ä Å ¿ Ã Ã Â Þ Ä Å ¿ Ã Ä Â Á Ã Å ¿ Ê Ä Â Ç È Å ¿ Ã É Â Þ Á Åé ¾#µ ª »�¹ ¾#µ ¸�¸ ¹ ¹ ¹ ¾#µ ´ »�¹ ¹ ¹

¿ Ä Â Ä É Å ¿ Ä Â Ä È Å ¿ Ä Â Ä Æ Åêmë�° Ó Ø ä�² ± Ì ®�¯�° ·�¸ ¬ ·�¸ ¬ ·�¸ ¬ ·�¸ ¬ ·�¸ ¬ ·�¸ ¬
(1) Estimated using city fixed effects. (2) Estimated controlling for spatial correlation.¹ ¹ ¹ ì ¹ ¹ ì ¹

Significant at 1%, 5%, and 10% level, respectively.

² Ø Ó ª ¾#µ ´�Ð ² ¯�Ò ¬�Ðfµ 43 í á ± Ó Ø ¯�² ± Ì ä�Ó á î�ï�ð
ñ�Ó ¯�± ñ�Ó}¯#â�Ö~ë�Ó Øm®�ò
° ± ² ± Ì ®�¯�°�Ì ¯�²fÖ*² Ø ó�Ó ±mÌ ¯�ß Ø Ó ²�° Ó °�ë#î
®�¯�Óf° ± ² ¯�Ò�² Ø Ò{Ò#Ó ä#Ì ² ± Ì ®�¯4Ø Ó á ² ± Ì ä�Ó�± ®*± ñ�Ó~ÖfÓ ² ¯,¯#â�Ö~ë�Ó Øm®�ò
° ± ² ± Ì ®�¯�°�ò ®�Ø�± ñ�Ó}Ó ¯#± Ø î4° ² ÖfÔ�á Ó ° ï�± ñ�Ó
² ä�Ó Ø ² ô�Ó4Ò#Ó ô�Ø Ó Ó,®�ò�° Ô�² ± Ì ² á�Ò#Ì õ�Ó Ø Ó ¯#± Ì ² ± Ì ®�¯�Ì ¯�ß Ø Ó ²�° Ó °}ë#î�² Ô�Ô�Ø ® ö#Ì Ö*² ± Ó á î ¬#ª�µ Í Ð ò ®�Øf± ñ�Ó 1

2 ÷
ÖfÌ á Ó

Ö*² Ø ó�Ó ± ï/² Ô�Ô�Ø ® ö#Ì Ö*² ± Ó á î ª�ª Ð ò ®�Ø�± ñ�Ó ª
÷
ÖfÌ á Ó�Ö*² Ø ó�Ó ± ï"² ¯�Ò{² Ô�Ô�Ø ® ö#Ì Ö*² ± Ó á î*Í µ »�Ð ò ®�Ø�± ñ�Ó ¬

÷
ÖfÌ á Ó

Ö*² Ø ó�Ó ± µ/ø ñ�Ómß ®�ÖfÔ�² Ø ² ë�á Ó;¯#â�Ö~ë�Ó Ø °"ò ®�Ø�± ñ�Ó 1
2 ÷
² ¯�Ò ª
÷
ÖfÌ á Ó;° ± ² ë�á Ó

÷
Ö*² Ø ó�Ó ±�° ² ÖfÔ�á Ó °�² Ø Ó ª ´�µ ¬�Ð ² ¯�Ò

»#µ Í Ð ï�Ø Ó ° Ô�Ó ß ± Ì ä�Ó á î µ Ë�®~ð�Ó�° Ó Ó�± ñ�² ±m± ñ�Ó�Ö*² ô�¯�Ì ± â�Ò#Ó�®�ò�± ñ�Ó�Ì ÖfÔ�²�ß ±;Ì °
° ®�ÖfÓ ð
ñ�² ±m° Ö*² á á Ó Ø;ò ®�Ø
± ñ�Ó
° ± ² ë�á Ó
÷
Ö*² Ø ó�Ó ±m° ± ² ± Ì ®�¯�°�± ñ�² ¯4ò ®�Ø�± ñ�Ó�Ó ¯#± Ø î,° ± ² ± Ì ®�¯�° µ}ø ñ�Ì °mÖ*² îfØ Ó ù�Ó ß ±�ß ®�¯#± Ì ¯#â�Ó Ò*Ó ¯#± Ø î µ�ø ñ�² ±

Ì ° ï#± ñ�Ó�Ø Ó ° â�á ± °;ò Ø ®�Öú± ñ�Ó�Ó ¯#± Ø îf° ² ÖfÔ�á ÓmÌ ¯�Ò#Ì ß ² ± Óm± ñ�² ±m²�û�Ø Ö_Ô�Ø Ó ò Ó Ø °;Öf®�Ø Ó�° Ô�² ± Ì ² á�Ò#Ì õ�Ó Ø Ó ¯#± Ì ² ± Ì ®�¯
Ì ¯{± ñ�Ó*ò ²�ß Óf®�ò�ß ®�ÖfÔ�Ó ± Ì ± Ì ®�¯ µ ­;®�¯#± Ì ¯#â�Ó Ò�Ó ¯#± Ø î�ï�ð
ñ�Ì ß ñ�ð
Ì á á;ë�Ó*Ø Ó ù�Ó ß ± Ó Ò�Ì ¯{± ñ�Ó,° ± ² ë�á Ó

÷
Ö*² Ø ó�Ó ±

° ² ÖfÔ�á Ó�ï�ñ�® ð�Ó ä�Ó Ø ï#Ø Ó Ò#â�ß Ó °�± ñ�Ó�Ò#Ó ô�Ø Ó Ó�± ®~ð
ñ�Ì ß ñ,²�û�Ø ÖúÌ °
² ë�á Ó�± ®f° Ô�² ± Ì ² á á îfÒ#Ì õ�Ó Ø Ó ¯#± Ì ² ± Ó µ
í °;± ñ�Ómò Ø ²�ß ± Ì ®�¯f®�ò�± ñ�ÓmÖ*² Ø ó�Ó ±;° â�Ô�Ô�á Ì Ó Ò~ë#î}Ì ¯�Ò#Ó Ô�Ó ¯�Ò#Ó ¯#± °�Ì ¯�ß Ø Ó ²�° Ó ° ï#Ì ¯�Ò#Ì ß ² ± Ì ¯�ô�²�ñ�Ì ô�ñ�Ó Ø

43 We ignore the 2-mile stable-market sample since the point estimates across the two estimation techniques are so widely
different.
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44 Recall that, except for company-owned and operated stations, price-setting authority is largely delegated to the owner/operator
of the station. Thus, an increase in the proportion of the market served by the same brand does not indicate a reduction in
price competition, since most of the stations carrying the same brand will have independent authority to set prices.

45 The results from the variable indicating the fraction of the market that is rental housing are not very informative. Of the
twelve alternative specifications, the estimate is statistically significant in only four cases, and we consider two of the cases
(in the stable-market 2-mile sample) to be unreliable. Of the remaining two significant results, one is positive and one is
negative. We therefore make no inferences from this sample.
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\�a2I Q�J F V J L2^�V c�H O H T�F V J F V \�T�a \�O�F G�H	H T�F O X�I J N	Q�L H I�J T�^�F G�H 1

2
M N	V L H�I F J K�L H M N&J O P+H F�I J N	Q�L H+R&`%G�H

k�p



q%r�s-t u6v
w�x?y r�s-t u+z {@r�| }�u+y�x?y r�y ~ ���-�
������y ~ �?�-���-�&{@u�r�� �-| u����,��y y | ~ s-�
y u��&~ �%u�| u���y ~ r�y ~ ���

(Standard errors in parentheses.)

����� {@~ t u � {@~ t u � {@~ t u
� � � � �+� � � � � �+� � � � � �+�

������� � � ��� �+��� ��� ��� � � � ����� ����� � ����� ��� ��� � � � � ����� � � ��� � � ����� � � � � � �
¡ ¢ £ ¤ ¥ ¦ § ¡ ¦ £ ¤ £ ¨ § ¡ £ © ¤ ª « § ¡ « ¨ ¤ ¬ ¢ § ¡ © ¨ ¨ ¤ ¨ ¥ § ¡ ¨ ¬ ¥ ¤ ª « §

­+� � � ® ����� � ��� � � � � �¯� ��� � � � � � �+� ��� � �°��� � � � � � � ± �+� � � ��� � ����� � �
¡ ¢ ¤ ¢ ¢ § ¡ ¦ ¤ « ¦ § ¡ ¢ ¤ ¥ © § ¡ ¢ ¤ ¦ ¥ § ¡ ¨ ¨ ¤ ¥ ª § ¡ © ¤ « ¢ §²m³ ��´�µ ¶ � � ��� � � � ��� ��� � � � � � � � � � ��� ��� �+� � ��� � � ��� ��� � � �
¡ · ¤ ¦ ¨ § ¡ · ¤ ¨ ¬ § ¡ · ¤ ¥ ¬ § ¡ · ¤ ¥ £ § ¡ ¦ ¤ £ ¦ § ¡ ¦ ¤ ¦ ¥ §² ­�� ¸	µ�¹%º � ��´»��� ��� � � � ��� ����� � � ��� � � � � ��� � � � � � � � � � �
¡ · ¤ ¦ ª § ¡ · ¤ ¦ ¦ § ¡ · ¤ ¥ ¬ § ¡ · ¤ ¥ « § ¡ ¦ ¤ · £ § ¡ ¨ ¤ « « §

¼ µ � º2½	¾ º2¿2´ ±�� � � ��� � ±�� � � ��� � � � ±+� �+� ��� � � � ±+� �+� � � � � � ±�� ����� � � � � � ±�� � ��� � � � � �
¡ ª ¤ ¬ ¨ § ¡ © ¤ £ © § ¡ ¨ ¥ ¤ ¦ ¥ § ¡ ¨ ¢ ¤ ¨ ¢ § ¡ ª © ¤ ¥ © § ¡ © ¦ ¤ ¦ ¦ §³ ��À ��¸	µ ± ��� � � ��� � � ±�� � � ��� �Á± ��� � � ± ��� � � ��� ��� � �
¡ · ¤ ¥ ¢ § ¡ · ¤ ¢ ¨ § ¡ · ¤ £ ª § ¡ · ¤ £ ¨ § ¡ ª ¤ ¦ « § ¡ ¨ ¤ ¥ £ §²mÂ º µ ¶�� Ã ± ��� �+� � �Ä± ��� � � ±�� � � ��� � �Å± ��� ��� � � ± ��� � � ��� � �
¡ · ¤ ¨ ª § ¡ · ¤ ¨ ¢ § ¡ · ¤ ¢ © § ¡ · ¤ ¢ ¥ § ¡ ¨ ¤ © © § ¡ · ¤ ¬ £ §² ¿/µ ��� � Æ ± ��� � � ��� � ��� � � ��� ± ��� � � ��� � � ��� ��� �
¡ · ¤ ¦ ¢ § ¡ · ¤ ¨ ¬ § ¡ · ¤ ª ¨ § ¡ · ¤ ª · § ¡ ª ¤ « © § ¡ ¦ ¤ ¦ ¥ §

Ç�È Æ Æ-­+µ º É+µ ± � � ��� � � � ±�� � � � � �Á± ��� ��� ��� � � ±�� � �+�
¡ · ¤ ¢ ¬ § ¡ · ¤ © ¢ § ¡ · ¤ © ª § ¡ ª ¤ « © § ¡ ¦ ¤ · ¥ §

¼ � Ç�È Æ Æ ��� � � � � � ��� � � � � � ± ��� � � ��� � � ��� � � ±�� � ���
¡ · ¤ ¨ ¨ § ¡ · ¤ · £ § ¡ · ¤ ¦ ª § ¡ · ¤ ¦ ¢ § ¡ ¦ ¤ © ¦ § ¡ ¨ ¤ ¨ « §

�%� º2Ê"��� Ë ��� �+� � � � ��� ��� � � � ��� � � ��� � � ±+� � � � � �Ì± ��� � �
¡ · ¤ ¨ ¦ § ¡ · ¤ ¨ ¦ § ¡ · ¤ ¦ ª § ¡ · ¤ ¦ ¢ § ¡ ¨ ¤ ¨ « § ¡ ¨ ¤ · ¥ §

¼ ��Ê"��� Ë � � � � � � �Í� � �+� � � � ��� � � � ��� � � ±+� � ��� � �Î± ��� � ���
¡ · ¤ ¨ ¥ § ¡ · ¤ ¨ ¨ § ¡ · ¤ ¢ « § ¡ · ¤ ¢ ª § ¡ ¨ ¤ ¨ ¢ § ¡ ¨ ¤ ª · §

¿/µ ¶�� ® º ��� ��� ��� � � ��� � � ± ��� � � ± ��� � ��� ��� �+�
¡ · ¤ ¨ · § ¡ · ¤ · £ § ¡ · ¤ ¦ ¢ § ¡ · ¤ ¦ ¦ § ¡ ¦ ¤ © ¬ § ¡ ¨ ¤ · ¦ §

¼ ��¿/µ ¶�� ® º ��� ����� � ��� � � � � ��� � ��� ��� ��� ��� ��� � � � � �
¡ · ¤ ¨ ¨ § ¡ · ¤ · £ § ¡ · ¤ ¦ ª § ¡ · ¤ ¦ ¥ § ¡ ¨ ¤ ¦ ¦ § ¡ ¨ ¤ ¨ ¥ §

������É?�,­+� ��º µ ��� � � � � � ��� � � � � � ± ��� � � ± ��� � � ��� ��� � � � ±�� � � � � �
¡ · ¤ · ¬ § ¡ · ¤ · « § ¡ · ¤ ¦ ¢ § ¡ · ¤ ¦ · § ¡ ¨ ¤ ¢ · § ¡ · ¤ £ ª §

¼ �	­+� ��º µ ��� � � � � � ��� ��� � � � ± ��� �+� ± ��� � � ±+� � ��� � � �Ï± ��� � �
¡ · ¤ ¨ ¨ § ¡ · ¤ · £ § ¡ · ¤ ¦ « § ¡ · ¤ ¦ © § ¡ ¨ ¤ · ¢ § ¡ ¨ ¤ ¨ ¬ §

��º µ ´?�,�%� º ´ ��� � � � � ��� � � � � ± ��� � � ± ��� � � ±+� � � � ± ��� ���
¡ · ¤ · ¬ § ¡ · ¤ · £ § ¡ · ¤ ¦ ¢ § ¡ · ¤ ¦ ¨ § ¡ ¨ ¤ « ¦ § ¡ · ¤ £ ¨ §

¼ �	�/� ��� ��� � � � ��� � � � � � ��� � � ��� �+� ±�� � ��� ± ��� ���
¡ · ¤ ¨ · § ¡ · ¤ · £ § ¡ · ¤ ¦ © § ¡ · ¤ ¦ ¢ § ¡ · ¤ ¬ ¢ § ¡ · ¤ ¬ © §

Ð ��� � � � � � ��� � ��� � � ��� �+� � � �
¡ · ¤ · ¢ § ¡ · ¤ · ¢ § ¡ · ¤ · ¬ §
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(1) Estimated using city fixed effects. (2) Estimated controlling for spatial correlation.� � � Ó � � Ó �
Significant at 1%, 5%, and 10% level, respectively.
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ð%å�Û Ø,Û Ø,Ü Ô�Õ�Ø Û Ø Ù ß Õ�Ù,â/Û Ù å6Ô�è�ä�æ�ä Û Ô�ä Ø ï�þ ã%Ú&Ø Ù Ú Ù Û Ô�Õ"á�Ô+ß Ø,Õ�Ô�Ù�Ô�é�ß ä�Ú�æ�Ú ä Ù Û Ü è�Ö Ú ä�Ø ß ä à�Û Ü ß+î�Û Ù�Ø ß ß ì&Ø
Ö ß Ø Ø%Ö Û í+ß Ö ×�Ù Ô	Ú Ù Ù ä Ú�Ü Ù2Ü è�Ø Ù Ô�ì	ß ä Ø/Ú â/Ú ×	ã ä Ô�ìfÛ Ù Ø%ä Û à�Ú Ö Ø%Ù å�Ú Ù,á�Ô�Ô�é�ß ä2Ù å�ß�Ø ß ä à�Û Ü ß+ï0þ Õ�Ú�á�á�Û Ù Û Ô�Õ
î�Û Ù
ì&Ú ×	ç�ß�ì	Ô�ä ß�Û Õ�Ù ß ä ß Ø Ù ß á&Û Õ�ì	Û Ù Û Ý+Ú Ù Û Õ�Ý�æ�ä Û Ü ß�Ü Ô�ì	æ�ß Ù Û Ù Û Ô�Õ�Ø Û Õ�Ü ß�Û Ù�Ü Ú Õ�Õ�Ô�Ù,æ�ä Ô�Þ�Ù,ã ä Ô�ì÷Ø Ú Ö ß Ø2Ô�ã
Ô�Ù å�ß ä,Ø ß ä à�Û Ü ß Ø ï0ð%å�è�Ø î�Ù å�ß�Ø Ù Ú Ù Û Ô�Õ6Ø æ�Ú Ù Û Ú Ö Ö ×&á�Û é�ß ä ß Õ�Ù Û Ú Ù ß Ø�Û Ù Ø ß Ö ã-Ù Ô�Ú�å�Û Ý�å�ß ä,á�ß Ý�ä ß ß�ç�ß Ü Ú è�Ø ß�Û Ù Ø
ì&Ú ä í+ß Ù%Ø å�Ú ä ß�ß é�ß Ü Ù/Û Ø/á�Û ì	Û Õ�Û Ø å�ß á�Ú Õ�á	Û Ù Ø%ì&Ú ä í+ß Ù%æ�Ô â%ß ä/ß é�ß Ü Ù/Û Ø/Ø Ù ä ß Õ�Ý�Ù å�ß Õ�ß á?ï

ó Ø2æ�ä ß á�Û Ü Ù ß á�ç�×�Ù å�ß�Ù å�ß Ô�ä ×+î-Ø Ù Ú Ù Û Ô�Õ�Ø,Ö Ô�Ü Ú Ù ß á6Û Õ�Ü Ö Ô+Ø ß�æ�ä Ô ÿ�Û ì	Û Ù ×	Ù Ô�Ú	ì&Ú�� Ô�ä,ä Ô+Ú�á�Ú ä ß
Ö ß Ø Ø,Ø æ�Ú Ù Û Ú Ö Ö ×6á�Û é�ß ä ß Õ�Ù Û Ú Ù ß á?î�Ô�Ù å�ß ä,Ù å�Û Õ�Ý+Ø,ß �+è�Ú Ö ï�ð%å�Û Ø2ä ß ñ�ß Ü Ù Ø2Ù å�ß�ã Ú�Ü Ù,Ù å�Ú Ù�Ø Ù Ú Ù Û Ô�Õ�Ø�Ù ß Õ�á�Ù Ô
Ö Ô�Ü Ú Ù ß&â/å�ß ä ß�Ü Ô�Õ�Ø è�ì	ß ä Ø�Ú ä ß&Ö Ô�Ü Ú Ù ß á?ï ó Ø�Ù å�ß�á�Û Ø Ù ä Û ç�è�Ù Û Ô�Õ!Ô�ã2æ�Ô�Ù ß Õ�Ù Û Ú Ö2Ü Ô�Õ�Ø è�ì	ß ä Ø�ç�ß Ü Ô�ì	ß Ø
ì	Ô�ä ß�Ü Ö è�Ø Ù ß ä ß á?î�Ø Ù Ú Ù Û Ô�Õ�Ø,Ú ä ß�â/Û Ö Ö Û Õ�Ý�Ù Ô	Ö Ô�Ü Ú Ù ß�Ü Ö Ô+Ø ß ä2Ù Ô�ä Û à�Ú Ö Ø ï2ð%å�Û Ø2ä ß Ø è�Ö Ù/ß ÿ�æ�Ö Ú Û Õ�Ø/Ù å�ß�Ô�ã Ù ß Õ
Ü Û Ù ß á!ß ÿ�Û Ø Ù ß Õ�Ü ß&Ô�ã�Ý+Ú�Ø Ô�Ö Û Õ�ß�Ø Ù Ú Ù Û Ô�Õ�Ø&Ú Ù	Ù å�ß�Ü Ô�ä Õ�ß ä Ø�Ô�ã�Ú Õ�×�ì&Ú�� Ô�ä�Û Õ�Ù ß ä Ø ß Ü Ù Û Ô�Õ
î%á�ß Ø æ�Û Ù ß6Ô�è�ä
Þ�Õ�á�Û Õ�Ý�Ù å�Ú Ù/Ú Õ	Û Õ�Ü ä ß Ú�Ø ß/Û Õ�Ù å�ß2á�ß Ý�ä ß ß2Ô�ã
Ü Ô�ì	æ�ß Ù Û Ù Û Ô�Õ�â/Û Ö Ö�Ö ß Ú�á�Þ�ä ì&Ø-Ù Ô�Ø æ�Ú Ù Û Ú Ö Ö ×�á�Û é�ß ä ß Õ�Ù Û Ú Ù ß+ï

46 One coefficient out of ten in the 1-mile, stable-market sample, when estimated with city fixed effects, is also statistically
significantly negative.

47 In the case of the 2-mile stable sample, where an increase in attribute differentiation leads to less spatial differentiation, firms
cluster to a larger degree when they do not offer a service.
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� ���{� �]��� � � � � ��� � � � � � � ��� �{�����(����� �%  ������¡�� ¢�� ¡�� ��� �_�� k� � ��� � � � � ��£�¤(¥z����� ¢��{� ����� � � ¦���� � ¡%� �]� ���
� �]��� � � � � ��� � � � � � � ��� �(¦��{� §�� �]� ��� ��£_� ��� � � � ����� ����� � � � � ������ 	£���� ��� � ���_� � � � � ������� �]� ���_¨����d©d��£�� � � �
ª ��� � �*� � � � � ��£���� ��� � �����*� � «�� � ¬�­k��� � �_� ���_�*� � «�� �5��� ­�� �k� ®�� � �k� �k¯���� � �(� � «�� � �{� �]¡����]� ��� � ��¤

° ���k� � � ��� � �	���������5�]� ��� ��� � ���� �� ���]��� � � � � ���{� � �d¯���� � �d� ����¢�� ��� � ��£�¤�¥z�d� � �k�_� � � ����£�� ��¡
� ����� � � � � ���5� � � � � � ����� ��� �{¦�� � ­�� � �{� ���(¡�� £�� � �k�� 	� ��� � � � ��¡�� ®�� � � ��� � � � � ���{��¦�� � � ��� ¡�� ��¡������5�*� � «�� �
� ���]��� � � � � ���{¢�� � � � ¦�� � � ¤ ° ���d� � � ��� � �5� � � ����£�� ��� ��¡�� � � � �k� ��� ��£���� ��� � ���(� � � � � �����5��� �   � �5� �{� ��� � � � � � �
¡�� ®�� � � ��� � � � �]� ��� �*� � � ¢�� �(���{� ���]��� � � � � ���z� ��� � � ��� � � ¤z¥z�*��������� ��� � � ± �]� ��� �{� ��� ��� ��¡����*� ��� ���
� §�� � � �]�d��� � ��� �_�� 	��� � � �_� ���]��� � � � � ���]� �*� ��� ��� ��¡���� � � ��²5� � ��� �(£���� ��� � ���{� � � � � �����d� � �_� � ¯���� � � ¡�� �
����� �d��� � � � � ¬��{� ����� ���]� ��� � �*� ��� � � ����¦�� � � ¢��(��� � � � �5�� 	��� � � ¦��]� � � � � ����� ¤ ° ����� ¬�­��(­������ ¡]� §���� � �
³_´�µ ¶ ·�µ ¶ � ��� �d� ���_�*� � «�� �5��� ­�� �d� ®�� � ��­������ ¡%¡����]� ��� � ��¬����k� ���_� �]��� � � � � ��� ¢�� ¡�� ��� �_� ����¸�� �*� ¤

¹ ���k� �]��� � � � � ��� � � ��� ��� ��� �(� �%� ��� � � ��� �(� �%� � � � � ¦���� ��¡�� ®�� � � ��� � � � � ���]� � ��¡���� �]� �%� ��� � � ��� �
� �z� ��� � � � ��¡�� ®�� � � ��� � � � � ���z� ��£�£�� � � �_� ��� �_�]��� �{� ��� ��� � � � � � �	­���� «�� �(��� � ¡�� ¡%� �*����¡�� � � � � ��¡�¸�� �
� ��� � � � ���*¡�� � � � � �����º� �]�_����� � � » ¡�� ��� ��� � ����� ��� ����� ��¤ ° �����5  � � ¬�� ���d� ��� ��� � � � � � ��� � � � � � � ��� �k� �5����� � � ¡
� ��¢�� � ­k� ��£(� ���d����� � ���]�k�� �� ���]��� � � � � ���{� ������� � � ��� ��¡�� �]� ��� � �����	���5� � ��¡�� ��£_� ���*� §�� �{����¡�� ®�� � »
� ��� � � � � ���]� �]�����_¡�� �]� ��� � ���]� ��¡]�]� ��� �]� ��¡�� ®�� � � ��� � � � � ����� �*� � ����� ��� �k¡�� �]� ��� � ����� ¬���� � � ��� ��� ��� �
� �(� ��� ����� � � � � ���(­k� � �z������� �]��� � � � � ��� � � ��� � � ¤{¥z����������� ��� � � ± �{� ��� � ¬º���_� ��� ��������� » ¡�� �]� ��� � ����� �
�]��¡�� � � ¬ � � � � §�� ��£k¢�� � � �����	� � � � � � � � � �����º¼ � ��� �����º¯�����¡�� � � � �º� � � ��� ����� � � � � ���]� ��� � � ¬ ¦�������¡�� ¡{� ����� � � ¬
�����   ��� �½¡�� � � � � ¦���� � ���]�� 5� ����� ���]� � � ¬�� � ��� � � �_¡�� �*� ��¡�¬��]��� �(� ��� �%� ­���¸�� �*� ¾º�*� ��� � ��¡]� ��� � � � � »
��� � � ¢��(� ¯���� � � ¦�� � ��¤ 48 ¿ �*��¡�¡�� � � ����¬�� ���_� ��� ��� �]� ������  � �d� ��� ­d�k� ��� �k­k��� � �(�*� §�» �]� �{� ��� � � � �����d� � �
� ¯���� � � ¦�� � �d� ��¡�� ��� ���*� §�» �*� §_� ��� � � � ������� � �(�����5� ¯���� � � ¦�� � ��¬�� �5�����5������� ��� ­k�]� ��� ��� ��� � � �]� ¡�� � � �
� ��� � � � ����� ������� � � � �����k� � �_�����k����� � � ¦�� ��¤5À	� � ��� ���5�����k� �]��� � � � � ��� � � ��� � ��� � �_� ��¡�� � � � � ¢��k� ��� �k��� ��� �
� ¯���� � � ¦�� � �(� §�� � � ¤

48 For example, Ansari, Economides, and Ghosh, 1994, show that the equilibrium location patterns in a product space with two
vertically differentiated dimensions vary greatly depending on the distribution of consumer preferences.
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[0,500] [0,500] [0,500]�	� � æ � � � � � � ÷ û í ù ÷ ÷�â í à�à ô ó í ô ñú â ù í ð û ü ú â ò í ó à ü ú â ô�í ó�ò ü

[0,100] [0,100] [0,100]� �kæ � � � å � � � û ô�í ÷ ò û�ñ í ñ�ð ð â í ð�òú â�â í à ô�ü ú à ù í û�ð ü ú à â í ò ô�ü
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� � �  5 ù í ÷ ù ù í ò û ù í ÷�â ô�í ô â ô�í û�ð ò í à òú â ô�í ò û ü ú â ò í ù ó ü ú â ò í ô â ü ú â û í ò�ð ü ú â ð í ó�ð ü ú â�à í û�ó ü
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ú â ó í à â ü ú â ô�í ñ û ü ú â ð í â ô�ü ú ð�ó í ù�ù ü ú ð û í ù ñ ü ú ð â í û�ñ ü
ýdþ �kæ � � ä � 5 û�û í û�ó õ ð�ù í ð�ù õ ð à í ÷ û ð�ñ í ñ â â ô�í ù�ù â ó í ô ðú û�ð í û�ù ü ú ð û í ÷ ô�ü ú â ù í û â ü ú û�ñ í ÷�â ü ú ð û í ð�ð ü ú ð�ù í ó ÷ ü
ÿ�� þ � æ 5 ð�ò í ù ÷ õ ð à í ù ô õéâ ò í ó�ó â ð í ô�ô â�à í ó�ñ â�÷ í à ÷

ú û�ò í â ð ü ú û�ñ í ù ô�ü ú ð�ð í ó�ò ü ú ð�ó í ô ñ ü ú ð�ò í ÷�÷ ü ú ð�ù í ó�ñ ü
ýdþ ÿ�� þ � æ 5 â�â í ð ÷ õøà ó í ñ�ù õ à ÷ í ñ�ó õ ð�ñ í ò à â ò í ó�ù â ô�í ñ�óú ð ô�í ñ�ñ ü ú â ô�í ÷ ù ü ú â�â í ô ð ü ú û�ñ í ô�ô�ü ú ð�ð í û â ü ú ð�ð í â ð ü
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C D E�F*G H IJC.F*G H I E�F*G H I C D E�F*G H IKC.F*G H ILE�F*G H I
MON I P7Q M�R N P 5 E S%Q T�U E�C�Q V�W C X�Q U�X=Y E�U�Q E�E E�T�Q U�T E�U�Q E�T

Z S�[�Q \ X�] Z T�U�Q X�U�] Z T�C�Q [ S�] Z T�X�Q U�W�] Z T S%Q E�V�] Z T�E�Q W�E�]
^�_ M`M 5 E�V�Q V�U E�T�Q T SaYbE�C�Q \ T=Y T�C�Q V�E E�\�Q [�\ T�C�Q C X

Z T�X�Q W�U�] Z E�X�Q V�\�] Z E S%Q W�C ] Z S�[�Q X�X�] Z T S%Q S�S�] Z T�\�Q V�U�]
c R d I�e�I N d G f I g 6 [�Q \ WhY [�Q W�X=Y [�Q S�ThY C�Q C U C�Q C S C�Q C X

Z [�Q X S�] Z [�Q V�W�] Z [�Q \ E�] Z [�Q X�\�] Z [�Q X�U�] Z [�Q V�X�]
[0,3] [0,3] [0,3] [0,5] [0,5] [0,3]i�_�j5k l�c R d I 6 C�Q T�\mY [�Q V�\hY [�Q W�WhY C�Q W�X C�Q C T C�Q E�[
Z C�Q W�W�] Z C�Q E�E�] Z [�Q X�[�] Z C�Q S�E�] Z C�Q E S�] Z C�Q W�U�]

[0,5] [0,5] [0,5] [0,5] [0,5] [0,5]n�o g Q T�W�E T�W�E T�W�E E�C [�C X�T�E C E�\
1The first entry is the mean, the second entry (in parentheses) the standard deviation, the third entry [in

brackets] the range.
2In thousandths of a mile.
3Dummy variable.
4In thousands of dollars.
5Dummy if station has (doesn’t have) the service p the proportion of rivals that do (don’t) have the service.

All range from 0 to 100 percent.
6An index measure indicating the extent to which the station offers (doesn’t offer) services that rivals do not

(do) offer. The index is defined over the range 0 to 5. See the explanation in the text for details.Y
Indicates that the mean for the entry and stable samples, for that radius, are statistically significantly diffe-

rent at the 5% level.
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