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1. Introduction

In this work I present parameter estimates of a labor demand function derived from a

dynamic optimization model with adjustment costs. The estimates are unique in two respects:

they are based on large, firm-level panels of monthly data which come from an economy

undergoing a rapid and successful transition from central planning to a market system -- the

Czech Republic. 

Labor demand estimates based on monthly data from a large number of firms have been

virtually nonexistent. The first studies, published in the early 1960s, estimate a dynamic model

of labor demand on aggregate annual or quarterly data.��)URP�WKH�ODWH�����V�RQZDUG��WKH�QXPEHU

RI�VWXGLHV�EDVHG�RQ�DJJUHJDWH�GDWD�LQFUHDVHG�GUDPDWLFDOO\�DV�LQGLFDWHG�E\�+DPHUPHVK
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H[SHFWDWLRQV�DQG�WKH�FRUUHVSRQGLQJ�HFRQRPHWULF�PHWKRGRORJ\��$OWKRXJK�WKH�GHULYDWLRQ�RI�WKH

HPSLULFDO�VSHFLILFDWLRQ�LQ�1LFNHOO�>����@�LV�EDVHG�RQ�D�PRGHO�RI�D�UHSUHVHQWDWLYH�ILUP��WKH�PRGHO

QHHGV�DGGLWLRQDO�DVVXPSWLRQV�WR�KROG�RQ�DJJUHJDWHG�GDWD���WKHUH�ZHUH�QR�PLFUR�OHYHO�FRXQWHUSDUWV
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D�UHVXOW��WKH�ILQGLQJV�EDVHG�RQ�DQQXDO�GDWD�KDYH�WR�EH�LQWHUSUHWHG�ZLWK�JUHDW�FDXWLRQ��,Q�WXUQ��WKH
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LQGXVWULDO�ILUPV�WKDW�ZHUH�LQ�H[LVWHQFH�GXULQJ�WKLV�SHULRG��7KH�GDWD�HQDEOHV�XV�WR�HVWLPDWH�ODERU

GHPDQG�HTXDWLRQV�ZKLFK�DOORZ�IRU�FRPSOH[�G\QDPLF�SURFHVVHV�LQ�ODERU�GHPDQG��DQG�FDSWXUH

VKRUW�WHUP�YDULDWLRQV�LQ�ODERU�LQSXW�LQ�D�WUDQVLWLRQ�HFRQRP\���)RU�D�FRPSDUDWLYH�VWXG\�RI�ODERU

GHPDQG�LQ�VHYHUDO�WUDQVLWLRQ�HFRQRPLHV�EDVHG�RQ�D�VLPSOHU�VSHFLILFDWLRQ�DQG�DQQXDO�GDWD�VHH
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,Q�WKLV�VWXG\��,�ILUVW�HVWLPDWH�WKH�PRVW�FRPPRQ�VSHFLILFDWLRQ�RI�

G\QDPLF�ODERU�GHPDQG�IRU������������7KHQ�,�HVWLPDWH�WKH�VDPH�HTXDWLRQ�VHSDUDWHO\�IRU�HDFK
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YDULDEOHV�DQG�FXUUHQW�RXWSXW�DQG�,�GR�QRW�UHMHFW�WKHLU�H[RJHQHLW\�

7KH�VWXG\�LV�RUJDQL]HG�DV�IROORZV��LQ�6HFWLRQ���,�GLVFXVV�WKH�HPSLULFDO�VSHFLILFDWLRQ�RI

ODERU�GHPDQG�IXQFWLRQV��WKH�LQVWUXPHQWV�DQG�WKH�HVWLPDWLRQ�PHWKRGRORJ\��7KH�GDWD�LV�GHVFULEHG

LQ�6HFWLRQ���DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�LQ�6HFWLRQ����&RQFOXVLRQV�DQG�IXWXUH�UHVHDUFK�WRSLFV
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7KH�HVWLPDWHG�HTXDWLRQV�DUH�EDVHG�RQ�D�VWDQGDUG�WKHRU\�RI�G\QDPLF�ODERU�GHPDQG�ZLWK

DGMXVWPHQW�FRVWV��3UREDEO\�WKH�PRVW�FRPPRQO\�HVWLPDWHG�PRGHO�EHJLQV�ZLWK�WKH�PLQLPL]DWLRQ

RI�GLVFRXQWHG�IXWXUH�FRVWV�

JLYHQ�WKDW�SURGXFWLRQ�HTXDOV�GHPDQG�
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RI�ODERU��H�FRVWV�RI�DGMXVWPHQW�RI�FDSLWDO��DQG�4�RXWSXW�GHPDQG�

7KH�PRGHO�WKXV�DVVXPHV�WKDW�WKH�ILUP�IDFHV�TXDGUDWLF�FRVWV�RI�FKDQJLQJ�HPSOR\PHQW��7KH

KLUHV�DQG�ILUHV�DUH�DVVXPHG�WR�EH�IXOO\�FDSWXUHG�E\�FKDQJHV�LQ�HPSOR\PHQW�L�H���ILUPV�FDQQRW�ILUH

DQG�KLUH�VLPXOWDQHRXVO\�LQ�RQH�SHULRG��7KLV�LV�FOHDUO\�DQ�XQUHDOLVWLF�DVVXPSWLRQ�WKDW�LV�HDVLO\
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RU�ILUHV��$OVR��WKH�SDUWLFXODU�IRUP�RI�DGMXVWPHQW�FRVWV��HVSHFLDOO\�LWV�V\PPHWU\��KDV�EHHQ�WKH

VXEMHFW�RI�VKDUS�FULWLFLVP��DJDLQ�VHH��H��J��+DPHUPHVK�>����@���EXW�WKH�PRGHO�LV�FRQVLGHUHG

VWDQGDUG�LQ�WKLV�W\SH�RI�DQDO\VLV��*LYHQ�WKDW�PRQWKO\�FKDQJHV�DUH�QRW�ODUJH�LQ�FRPSDULVRQ�WR

TXDUWHUO\�DQG�DQQXDO�FKDQJHV��WKH�DVVXPSWLRQ�RI�V\PPHWU\�LV�QRW�WRR�UHVWULFWLYH�LQ�P\�DQDO\VLV�

7KH�HTXDWLRQ�GHULYHG�XQGHU�WKHVH�DVVXPSWLRQV�LV�

ZKHUH�/��GHQRWHV�ODERU��/�GHQRWHV�WKH�H[SHFWDWLRQ�RI�WKH�ORQJ�WHUP�HTXLOLEULXP�OHYHO�RI�ODERU��

��� >� DQG�R� DUH� SDUDPHWHUV�� 7KH� ORJDULWKPLF� IRUP� RI� WKH� HTXDWLRQ� LV� XVXDOO\� GHULYHG� E\� D

ORJDULWKPLF�DSSUR[LPDWLRQ�RI�VPDOO�GHYLDWLRQV�RI�DFWXDO�ODERU�IURP�WKH�ORQJ�WHUP�HTXLOLEULXP�

7KH�H[SUHVVLRQ�IRU�WKH�H[SHFWHG�ORQJ�WHUP�HTXLOLEULXP�RI�HPSOR\PHQW�LV�XVXDOO\�IRUPXODWHG�DV

WKH�ORJ�OLQHDU�IRUP�RI�WKH�H[SHFWDWLRQV�RI�GHPDQG��4��DQG�WKH�UDWLR�RI�ZDJHV��Z��DQG�FRVWV�RI

FDSLWDO��LQWHUHVW�UDWH����F��DQG�D�WLPH�GXPP\��G��SUR[\LQJ�WHFKQRORJLFDO�FKDQJH�DQG�RWKHU�WLPH�

VSHFLILF�IDFWRUV�

,I�WKH�ORJV�RI�ODERU�DQG�WKH�UDWLR�RI�ZDJH�DQG�FDSLWDO�FRVWV�ERWK�IROORZ�DQ�$5����SURFHVV��WKH

W\SLFDO�HTXDWLRQ�GHULYHG�LQ�WHUPV�RI�REVHUYDEOH�YDULDEOHV�LV�
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EH�HVWLPDWHG�

7KLV�HTXDWLRQ�KDV�EHHQ�IXUWKHU�JHQHUDOL]HG��1LFNHOO�>����@�KDV�VKRZQ�WKDW�LI�ILUPV�GR�QRW

WUHDW�ODERU�DV�KRPRJHQRXV��PRUH�ODJJHG�YDOXHV�RI�ODERU�VKRXOG�EH�SXW�LQWR�WKH�HTXDWLRQ��,Q�WKH

W\SLFDO�FDVH�RI�WZR�JURXSV�RI�ZRUNHUV��H�J���ZKLWH�DQG�EOXH�FROODU�RQHV���WKH�HTXDWLRQV�GHULYHG

E\�DJJUHJDWLQJ�ODERU�RYHU�WKH�ZKLWH�FROODU�DQG�EOXH�FROODU�FDWHJRULHV�DOVR�LQYROYH�WKH�VHFRQG�ODJ

RI�WKH�GHSHQGHQW�YDULDEOH���$FFRXQWLQJ�IRU�WKLV�SKHQRPHQRQ�OHDGV�WR�WKH�HTXDWLRQ�

6LQFH�,�HVWLPDWH�WKH�PRGHO�RQ�SDQHO�GDWD��,�XVH�VXEVFULSW�L�LQ�HTXDWLRQ�����WR�GHQRWH�ILUPV�

,Q�RUGHU�WR�PDNH�WKH�HTXDWLRQ�DEOH�WR�EH�HVWLPDWHG��,�QHHG�WR�ILQG�LQIRUPDWLRQ�RQ�WKH�FDSLWDO�FRVWV�

FLW��IRU�DQ�LQGLYLGXDO�ILUP�L�LQ�WLPH�W��6LQFH�VXFK�GDWD�DUH�YLUWXDOO\�XQDYDLODEOH��WKH�XVXDO�DSSURDFK

LV�WR�DSSUR[LPDWH�WKH�FDSLWDO�FRVWV�ZLWK�WLPH�GXPPLHV�

(TXDWLRQ�����FDQ�DOVR�EH�GHULYHG�IURP�D�GLIIHUHQW�PRGHO��,Q�WKH�DEVHQFH�RI�DGMXVWPHQW

FRVWV��D�SULFH�VHWWLQJ�ILUP�IDFLQJ�D�FRQVWDQW�HODVWLFLW\�GHPDQG�FXUYH�FKRRVHV�WR�VHW�HPSOR\PHQW

DFFRUGLQJ�WR�WKH�VWDWLF�ORJ�OLQHDU�GHPDQG�HTXDWLRQ�ZLWK�WKH�H[SHFWHG�RXWSXW�RQ�WKH�ULJKW�KDQG
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VLGH��+RZHYHU��RQFH�WKH�IRUPDWLRQ�RI�H[SHFWDWLRQV�DQG�WKH�GHFLVLRQ�SURFHVV�LQVLGH�WKH�ILUP�DUH

WDNHQ�LQWR�DFFRXQW��D�VSHFLILFDWLRQ�FORVH�WR�����DJDLQ�DULVHV��/D\DUG�DQG�1LFNHOO�>����@���

7KH�HVWLPDWLRQ�RI�HTXDWLRQ�����RQ�&]HFK�ILUP�OHYHO�SDQHO�GDWD�VXIIHUV�IURP�WKH�SUREOHPV

RI�HUURUV�LQ�YDULDEOHV�DQG�HQGRJHQHLW\��)LUVWO\��DV�,�KDYH�QRWHG��,�GR�QRW�KDYH�DFFXUDWH�GDWD�RQ

LQSXW�FRVW�UDWLRV��7KHUHIRUH��WKHUH�LV�WKH�SUREOHP�RI�DQ�HUURU�LQ�YDULDEOHV��6HFRQGO\��WKH�RXWSXW

RI�LQGLYLGXDO�ILUPV�PD\�EH�HQGRJHQRXV�HYHQ�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�DJJUHJDWH�RXWSXW�RI

WKH� HFRQRP\� LV� FRQVWUDLQHG� �DQ� DVVXPSWLRQ� ZKLFK� PD\� EH� UHDOLVWLF� IRU� WKH� WUDQVLWLRQDO

HFRQRPLHV���7KXV��HTXDWLRQ�����KDV�WR�EH�HVWLPDWHG�ZLWK��6/6�RU�*00�HVWLPDWRUV�

7KHUH�DUH�WZR�RWKHU�LVVXHV�UHODWHG�WR�WKH�HVWLPDWLRQ�RI�HTXDWLRQ�����RQ�SDQHO�GDWD��7KH�ILUVW

LV�ZKHWKHU� WKH� IRUP�RI� WKH� HVWLPDWHG� HTXDWLRQ� LV� FRUUHFWO\� VSHFLILHG�RU�ZKHWKHU� RQH� VKRXOG

HVWLPDWH�D�PRUH�FRPSOLFDWHG�IRUP��7KH�VHFRQG�LVVXH�LV�ZKHWKHU�RQH�VKRXOG�HVWLPDWH�WKH�HTXDWLRQ

RQ�OHYHOV�RU�WKH�ILUVW�GLIIHUHQFHV�RI�YDULDEOHV��,�DGGUHVV�WKH�ILUVW�TXHVWLRQ�E\�HVWLPDWLQJ�ORQJHU

VSHFLILFDWLRQV�VXFK�DV�

ZKHUH�'�GHQRWHV�D�YHFWRU�RI�WLPH�GXPPLHV�DQG�6�!����6XFK�IRUPV�REYLRXVO\�GR�QRW�DGGUHVV�RWKHU

SRVVLEOH� VRXUFHV� RI� LQFRUUHFW� VSHFLILFDWLRQ� RI� IXQFWLRQDO� IRUP� VXFK� DV� QRQOLQHDULWLHV�

1HYHUWKHOHVV��ORQJHU�VSHFLILFDWLRQV�VHHP�WR�EH�D�JRRG�VWDUWLQJ�SRLQW�ZLWK�PRQWKO\�GDWD�VLQFH�WKH

DGMXVWPHQW�FRVWV�GR�QRW�QHHG�WR�LQIOXHQFH�RQO\�RQH�SHULRG��)LUPV�PD\�DOVR�EH�RSWLPL]LQJ�PRUH

WKDQ�WZR�FDWHJRULHV�RI�ODERU��DQG�WKH�ULJKW�KDQG�VLGH�YDULDEOHV�LQ�HTXDWLRQ�����FRXOG�WKHUHIRUH

IROORZ�D�PRUH�FRPSOH[�$5�SURFHVV��)RU�D�QXPEHU�RI�UHDVRQV��ORQJHU�ODJV�RI�GHSHQGHQW�DQG�ULJKW

KDQG�VLGH�YDULDEOHV�PD\� WKXV�EHORQJ� WR� WKH�HVWLPDWLQJ� HTXDWLRQ�� ,� IRXQG��KRZHYHU�� WKDW� WKH

HVWLPDWLRQ�UHVXOWV�GLG�QRW�FKDQJH�VLJQLILFDQWO\��
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>����@��$UHOODQR�>����@��$QGHUVRQ�+VLDR�>����@�DQG�HVSHFLDOO\�.HDQH�5XQNOH�>����@�SURYLGH

D�OXFLG�GLVFXVVLRQ�RQ�WKH�WRSLF�DQG�LW�DSSHDUV�WKDW�D�FRQVHQVXV�LV�EHLQJ�IRXQG�RQ�WKH�FKRLFH

EHWZHHQ�HVWLPDWLRQ�RQ�OHYHOV�YV��ILUVW�GLIIHUHQFHV�RI�YDULDEOHV��%RWK�WKLV�FKRLFH�DQG�WKH�FKRLFH

RI�HVWLPDWLRQ�PHWKRG�DUH�JHQHUDOO\�GHSHQGHQW��XSRQ�WKH�DYDLODEOH�LQVWUXPHQWV�DQG�WKH�VWUXFWXUH

RI�WKH�HUURU�WHUP��7KH�XVXDO�DVVXPSWLRQ�DERXW�WKH�HUURU�VWUXFWXUH�LV�WKDW��

Tit ' ,it % 0i ���

6XSSRVH�RQH�ZDQWV�WR�XVH�LQVWUXPHQWV�=�WKDW�DUH�QRW�VWULFWO\�H[RJHQRXV�LQ�WKH�VHQVH�WKDW

(�=L�WTL�V�û���IRU�W$V��EXW�(�=L�W,L�V� ���IRU�W�V��,Q�WKLV�FDVH��LQVWUXPHQWV�DUH�WR�EH��FRUUHODWHG�ZLWK

WKH�LQGLYLGXDO�FRPSRQHQWV�DQG�FXUUHQW�ZKLWH�QRLVH�FRPSRQHQWV�RI�HUURU��EXW�WKHLU�ODJJHG�YDOXHV

DUH�QRW�FRUUHODWHG�ZLWK�WKH�ZKLWH�QRLVH�FRPSRQHQW�RI�HUURU�T��7\SLFDO�H[DPSOHV�DUH�PRUH�ODJJHG

YDOXHV�RI�GHSHQGHQW�YDULDEOHV�RQFH�,�FRQGLWLRQ�RQ�WKH�LQGLYLGXDO�FRPSRQHQW�LQ�WKH�HUURU��,Q�WKLV

FDVH��HYHQ�ODJJHG�YDOXHV�RI�WKH�GHSHQGHQW�YDULDEOH�FRQWDLQ�WKH�VDPH�LQGLYLGXDO�FRPSRQHQW�DQG

WKXV�DUH�FRUUHODWHG�ZLWK� WKH�HUURU�RI� WKH�HVWLPDWHG�HTXDWLRQ�DQG�WKHUHIRUH�FDQQRW�EH�XVHG�DV

LQVWUXPHQWV��

$QRWKHU�H[DPSOH�RI�WKH�SUREOHP�DULVHV�ZKHQ�YDULDEOHV�PHDVXUHG�ZLWK�DQ�HUURU�WKDW�KDV

DQ�LQGLYLGXDO�FRPSRQHQW�DV�LQ�WKH�FDVH�RI�WKH�ORJ�RI�LQSXW�FRVW�UDWLR��)RU�WKLV�FDVH��DVVXPH�WKDW�

ZKHUH�UW�LV�WKH�DYHUDJH�LQWHUHVW�UDWH�LQ�WLPH�W��8L�LV�WKH�LQGLYLGXDO�IDFWRU�RI�ILUP�L��XQREVHUYDEOH�

DQG�<LW�LV�WKH�HUURU�IRU�ILUP�L�LQ�WLPH�W��ZKLFK�KDV�D�PHDQ�HTXDO�WR�]HUR�DQG�LV�XQFRUUHODWHG�ZLWK

WKH�DYHUDJH�LQWHUHVW�UDWH���,Q�RWKHU�ZRUGV��,�DVVXPH�WKDW�WKH�ILUP
V�FDSLWDO�FRVWV�GLIIHU�IURP�WKH

HFRQRP\�ZLGH�LQWHUHVW�UDWH�E\�D�FRQVWDQW�SHUFHQWDJH�DQG�PXOWLSOLFDWLYH�UDQGRP�HUURU���,Q�WKLV

FDVH��VKRXOG�,�ZDQW�WR�XVH�ODJJHG�YDOXHV�DV�LQVWUXPHQWV��,�ZRXOG�KDYH�WR�HVWLPDWH�RQ�GLIIHUHQFHV�

7R�VXPPDUL]H��HVWLPDWLRQ�EDVHG�RQ�ILUVW�GLIIHUHQFHV�RI�YDULDEOHV�LV�JHQHUDOO\�FRQVLGHUHG

WR�EH�PRUH�UREXVW�WKDQ�HVWLPDWLRQ�RQ�OHYHOV�RQFH�,�DFFRXQW�IRU�DOO�WKH�ULJKW�KDQG�VLGH�YDULDEOHV

ZKLFK�FRXOG�FRQWDLQ�PHDVXUHPHQW�HUURUV�LQ�WKH�FDVH�RI�WKH�HVWLPDWLRQ�RQ�OHYHOV�DV�ZHOO�DV�RQ

GLIIHUHQFHV�

7KH�HVWLPDWLRQ�RQ�GLIIHUHQFHV�LV�RIWHQ�FRQVLGHUHG�OHVV�HIILFLHQW��+RZHYHU��WKLV�LV�WUXH�RQO\

LI�WKH�LQVWUXPHQWDO�VHWV�DUH�WKH�VDPH�IRU�HVWLPDWLRQ�RQ�ERWK�GLIIHUHQFHV�DQG�OHYHOV��,Q�SUDFWLFH�

WKLV�LV�RIWHQ�QRW�WKH�FDVH��0\�H[DPSOHV�VKRZHG�VRPH�FDVHV�LQ�ZKLFK�HVWLPDWLRQ�RQ�WKH�ILUVW



������,Q�DGGLWLRQ�WR�RXWSXW�ZH�KDG�GDWD�RQ�VDOHV�

�������:H�DOVR�DFFRXQWHG�IRU�FKDQJHV�RI�LQGXVWU\�UHSRUWHG�E\�D�ILUP��,I�D�ILUP�PRYHG�IURP
LQGXVWU\�$�WR�LQGXVWU\�%��LQGXVWU\�$�DYHUDJHV�ZHUH�QHYHU�XVHG�DV�LQVWUXPHQWV�IRU�WKH�ILUP�WKDW
PRYHG�WR�%�

�������1RWH�WKDW�VLQFH�ZH�RPLW�LQGXVWULDO�DQG�JHRJUDSKLFDO�HIIHFWV�LQ�HTXDWLRQ������WKH
HVWLPDWLRQ�RQ�GLIIHUHQFHV�LV�QHFHVVDU\�IRU�YDOLGLW\�RI�WKHVH�LQVWUXPHQWV�

GLIIHUHQFHV�HQDEOH�XV�WR�XVH�PRUH�LQVWUXPHQWV�WKDQ�HVWLPDWRUV�EDVHG�RQ�OHYHOV���+HQFH�QRWKLQJ

FDQ�EH�VWDWHG�DERXW�WKHLU�UHODWLYH�HIILFLHQF\��(VWLPDWLRQ�RQ�GLIIHUHQFHV�LV�DOVR�PRUH�UREXVW�ZLWK

UHVSHFW�WR�WKH�QHDU�PXOWLFROOLQHDULW\��ZKLFK�LV�WKH�XVXDO�SUREOHP�LQ�PRQWKO\�SDQHOV�

0\� LQLWLDO� HVWLPDWLRQV� GLG� QRW� SURGXFH� VLJQLILFDQW� HVWLPDWHV� GXH� WR� ERWK� WKH� ORZ

FRUUHODWLRQ�EHWZHHQ�P\�LQVWUXPHQWDO�VHWV�RI����WR����YDULDEOHV�ZKLFK�VKDOO�EH�GHILQHG�EHORZ�DQG

LQVWUXPHQWHG�YDULDEOHV��+RZHYHU��SRLQW�HVWLPDWHV�RI�P\�SDUDPHWHUV�GLG�QRW�GLIIHU�VLJQLILFDQWO\

IURP�WKH�YDOXHV�,�UHSRUW�LQ�WKH�6HFWLRQ����+HQFH��,�GHFLGHG�WR�LQWHUDFW�WKH�LQVWUXPHQWV�ZLWK�WLPH

GXPPLHV�DV�LQ�$UHOODQR�DQG�%RQG�>����@��DOORZLQJ�IRU�D�FKDQJH�RI�FRHIILFLHQWV�LQ�SURMHFWLQJ�WKH

LQVWUXPHQWHG�YDULDEOHV�RQ�LQVWUXPHQWV�LQ�WLPH�

,�KDYH�WKUHH�VHWV�RI�LQVWUXPHQWV��)RU�HDFK�ILUP��WKH�ILUVW�VHW�RI�LQVWUXPHQWV�FRQVLVWV�RI

DYHUDJH�PRQWKO\�GDWD�RQ�ULJKW�KDQG�VLGH�YDULDEOHV�DQG�VDOHV��IURP�DQRWKHU�WZR�GLJLW�LQGXVWU\��7KH

SDLUV�RI�LQVWUXPHQWHG�DQG�LQVWUXPHQWLQJ�LQGXVWULHV�ZHUH�VHOHFWHG�LQ�VXFK�D�ZD\�WKDW�,�REWDLQHG

SDLUV�ZKRVH�YDOXHV�RI��GLIIHUHQFHV�LQ��YDULDEOHV�ZHUH�SRVLWLYHO\�FRUUHODWHG��$V�DQ�H[DPSOH��DOO

VWHHO�ILUPV�ZHUH�LQVWUXPHQWHG�ZLWK�DYHUDJHV�IURP�FRDO��)RU�WKH�H[RJHQHLW\�RI�PRQWKO\�DYHUDJHV

RI�RWKHU�GRXEOH�GLJLW�LQGXVWULHV�ZLWK�UHVSHFW�WR�WKH�HVWLPDWHG�HTXDWLRQ��WKH�LQGHSHQGHQFH�RI�HUURUV

DFURVV�ILUPV�LV�UHTXLUHG��EXW�WKLV�LV�D�FRPPRQO\�DFFHSWHG�DVVXPSWLRQ����)RU�HDFK�YDULDEOH�LQ�WKH

HTXDWLRQ�,�WKXV�XVHG�DYHUDJHV�RI�WKH�VDPH�YDULDEOH�IURP�DQRWKHU�LQGXVWU\�DV�DQ�LQVWUXPHQW��7KH

VHFRQG�VHW�RI�LQVWUXPHQWV�XVHV�DYHUDJH�PRQWKO\�SULFH�DQG�RXWSXW�JURZWK�LQGLFHV�IRU�GRXEOH�GLJLW

LQGXVWULHV�IURP�)LQODQG�DQG�*HUPDQ\�LQ������DQG�������7KH�*HUPDQ�GDWD�LV�D�QDWXUDO�FKRLFH�DV

*HUPDQ\� LV� WKH�PDLQ� WUDGLQJ�SDUWQHU�RI� WKH�&]HFK�5HSXEOLF��)LQODQG�ZDV�VHOHFWHG�EHFDXVH�

DPRQJ�WKH�2(&'�FRXQWULHV��LW�ZDV��XQWLO�������WKH�PRVW�GHSHQGHQW�RQ�&0($�PDUNHWV��$IWHU�WKH

FROODSVH�RI�WKH�&0($��WKH�FRQGLWLRQV�IDFHG�E\�)LQQLVK�ILUPV�UHVHPEOHG�WKRVH�IDFHG�E\�WKH�&]HFK

ILUPV��7KH�WKLUG�VHW�RI�LQVWUXPHQWV�FRQVLVWV�RI�ODERU�IRUFH�SHU�GLVWULFW�DQG�DFWLYH�ODERU�PDUNHW

SROLF\�GDWD��WKH�QXPEHUV�RI�SHRSOH�LQ�UH�WUDLQLQJ��VRFLDOO\�SXUSRVHIXO�MREV�DQG�VWDWH�VSRQVRUHG

DSSUHQWLFHVKLSV��DW�WKH�GLVWULFW�OHYHO��5H�WUDLQLQJ�DQG�RWKHU�&]HFK�GLVWULFW�OHYHO�GDWD�DUH�LQGLFDWLYH

RI�WKH�VWDWH�RI�UHJLRQDO�ODERU�PDUNHWV�DQG��DV�VXFK��WKH\�KHOS�XV�WR�SUHGLFW�WKH�ULJKW�KDQG�VLGH

YDULDEOHV����,Q�DGGLWLRQ��,�XVHG�SUHGHWHUPLQHG�ULJKW�KDQG�VLGH�YDULDEOHV�DQG�ORJV�RI�VDOHV�XS�WR�W��



�������/DERU�IRUFH�GRHV�QRW�XVXDOO\�FKDQJH�ZLWKLQ�D�TXDUWHU�

�������2EYLRXVO\��WKH�QXPEHU�RI�SUHGHWHUPLQHG�YDULDEOHV�GHFUHDVHV�IRU�HTXDWLRQV�XVLQJ�KLJKHU
ODJV��2Q�WKH�RWKHU�KDQG��ZH�XVH�HYHQ�PRUH�ODJJHG�YDULDEOHV�IURP�RXU���PDLQ�LQVWUXPHQWDO�VHWV
�XS�WR�W���IRU�D���ODJV�HTXDWLRQ�DQG�W���IRU�D���ODJV�HTXDWLRQ���

DV� ZHOO� DV� WU\LQJ� WR� WUHDW� VDOHV� DQG� RXWSXW� YDULDEOHV� DV� H[RJHQRXV�� LQFOXGLQJ� WKHP� LQ� WKH

LQVWUXPHQWDO�YDULDEOH�VHWV�

,�WULHG�PRUH�VHWV�RI�LQVWUXPHQWDO�YDULDEOHV�WR�DVVHVV�WKH�UREXVWQHVV�RI�P\�UHVXOWV��7KH�WZR

VPDOOHVW�VHWV�RI�LQVWUXPHQWV�IRU�DQ�HVWLPDWLRQ�RI�HTXDWLRQ�����EDVHG�RQ��RWKHU�LQGXVWULDO�DYHUDJHV�

DQG��IRUHLJQ�LQGXVWULDO�DYHUDJHV��FRQWDLQ����LQVWUXPHQWV�SHU�SHULRG���2WKHU�LQGXVWULDO�DYHUDJHV�

FRQVLVWV�RI�FRQVWDQW�DQG����LQGXVWULDO�DYHUDJHV�IURP�D�GLIIHUHQW�LQGXVWU\��DYHUDJH�RI�ODERU�IURP

W���WR�W����DYHUDJH�RI�RXWSXW�IURP�W�WR�W����DYHUDJH�RI�LQSXW�FRVWV�UDWLR�IURP�W�WR�W�����)RUHLJQ

LQGXVWULDO�DYHUDJHV��DUH�IRUPHG�E\�FRQVWDQW�DQG����JURZWK�LQGH[HV�IURP�)LQODQG�DQG�*HUPDQ\

�*HUPDQ�DQG�)LQQLVK�RXWSXWV�DQG�)LQQLVK�SULFHV�IURP�W�XS�WR�W�����7KH�ZLGHVW�LQVWUXPHQWDO�VHW

WKDW�LQFOXGHV��UH�WUDLQLQJ��IRUHLJQ�LQGXVWULDO�DYHUDJHV��SUHGHWHUPLQHG�YDULDEOHV��RWKHU�LQGXVWULDO

DYHUDJHV�� VDOHV�� DQG� RXWSXWV�� XVHV� ��� LQVWUXPHQWV�� FRQVWDQW�� ��� �RWKHU� LQGXVWULDO� DYHUDJHV�

GHILQHG�DERYH�����SUHGHWHUPLQHG�YDULDEOHV��ODERU�IURP�W���WR�W����RXWSXW�VDOHV�DQG�LQSXW�FRVWV

UDWLRV�IURP�W���WR�W��������ODERU�SROLF\�YDULDEOHV��ODERU�IRUFH�LQ�GLVWULFW������DFWLYH�SROLF\�YDULDEOHV

IURP�W�WR�W���������IRUHLJQ�DYHUDJHV��GHILQHG�DERYH��VDOHV�IURP�W�WR�W���DQG�FKDQJHV�LQ�RXWSXW�DW

W�DQG�W������7KH�YDULDEOHV�LQ�WKHVH�VHWV�DUH�LQWHUDFWHG�ZLWK�PRQWKO\�GXPPLHV��,Q�WDEOHV�UHSRUWLQJ

WKH�HVWLPDWHV��GLVFXVVHG�LQ�6HFWLRQ�����,�OLVW�WKH�VHWV�RI�LQVWUXPHQWV�XQGHU�WKH�KHDGHU�RI�HDFK�WDEOH�

7R�VLPSOLI\�WKH�FRPSXWDWLRQDO�EXUGHQ�RI�P\�HVWLPDWLRQ�DQG�WR�DYRLG�WKH�FRPSXWDWLRQDO

HUURUV�LQ�DQ�LQYHUVLRQ�RI�WKH�UHVXOWLQJ�EORFN�GLDJRQDO�PDWUL[�RI�LQVWUXPHQWV��,�FDOFXODWHG�P\

HVWLPDWHV�E\�WKH�IROORZLQJ�SURFHGXUH�

���,�HVWLPDWHG�SUHGLFWHG�YDOXHV�IRU�LQVWUXPHQWHG�YDULDEOHV�E\�UHJUHVVLQJ�WKHP�E\�2/6

VHSDUDWHO\�IRU�HDFK�SHULRG�

���,�WKHQ�UDQ�D�QRUPDO��6/6�SURFHGXUH�ZLWK�WKH�SUHGLFWLRQV�IURP�WKH�ILUVW�VWHS�DV�WKH

LQVWUXPHQWV�=�DFFRUGLQJ�WKH�IRUPXOD�



�������7KLV�W\SH�RI�GLDJRQDO�PDWUL[�RI�LQVWUXPHQWV�LV�QHFHVVDU\�IRU�REWDLQLQJ�D�PRUH�HIILFLHQW
HVWLPDWRU�ZLWK�ZHDNO\�HQGRJHQRXV��SUHGHWHUPLQHG�YDULDEOHV�XVHG�DV�LQVWUXPHQWV�LQ�SDQHO�GDWD
�$UHOODQR�%RQG�>����@��

b ' (X )Z(Z )Z)&1Z )X)&1X )Z(Z )Z)&1Z )Y ' (X )Z)&1Z )Y ����

V(b) ' (X )Z(Z )Z)&1Z )X)&1[X )Z(Z )Z)&1Ŝ(Z )Z)&1Z )X
' (X )Z)&1Ŝ(Z )X)&1 ,

where Ŝ ' j
N

i'1
Z )

i EiE
)

i Zi

����

�%\�WKLV�SURFHGXUH�,�REWDLQHG�H[DFWO\�WKH�VDPH�UHVXOWV�DV�LQ�WKH�FDVH�RI�XVLQJ�WKH��6/6

HVWLPDWRU�ZLWK�D�EORFN�GLDJRQDO�PDWUL[�RI�LQVWUXPHQWV��LQVWUXPHQWV�LQWHUDFWHG�ZLWK�GXPPLHV

IRU�PRQWK��EXW�ZLWKRXW�WKH�QHFHVVLW\�RI�ZRUNLQJ�ZLWK�YHU\�ODUJH�PDWULFHV����

,�IXUWKHU�FDOFXODWHG�D�FRUUHFWHG�FR�YDULDQFH�PDWUL[�

The estimates Ei are the residuals from 2SLS. This co-variance matrix allows for errors to be

correlated over time for a particular firm (which is the consequence of an estimation on

differences) as well as for conditional heteroscedasticity of an arbitrary kind. Accordingly, I used

this correction for an estimation on differences and levels.

To test for the endogeneity of a subset of instruments, Keane-Runkle [1992] suggest first

estimating my parameters of interest with the set of instruments that are supposed to be

exogenous with respect to differences. These estimates are maintained to be consistent. The test

of consistency of estimates coming from regressions on levels (or regressions on differences

using wider sets of instruments) is then carried out by comparing the consistent coefficients with



�������0RGLILHG�+DXVPDQ�WHVWV�IRU�FRHIILFLHQWV�E��DQG�E��XVH�WKH�IROORZLQJ�IRUPXODH�IRU�9�E��
E���

ZKHUH�9�E���DQG�9�E���DUH�FDOFXODWHG�DV�LQ������DQG�

Cov(b 1,b 2) ' (X 1)

Z 1(Z 1)

Z 1)&1Z 1)

X 1)&1[X 1)

Z 1(Z 1)

Z 1)&1Ŝ12(Z 2)

Z 2)&1Z 2)

X 2

(X 2)

Z 2(Z 2)

Z 2)&1Z 2)

X 2)&1 ' (X 1)

Z 1)&1Ŝ12(Z 2)

X 2)&1,

where Ŝ12
' j

N

i'1
Z 1)

i E 1
i E 2)

i Z 2
i ,

ZKHUH�;���=��DQG�(��DUH�ULJKW�KDQG�VLGH�YDULDEOHV��LQVWUXPHQWV�DQG�UHVLGXDOV�DVVRFLDWHG�ZLWK
E���;���=���DQG�(��DUH�ULJKW�KDQG�VLGH�YDULDEOHV��LQVWUXPHQWV�DQG�UHVLGXDOV�DVVRFLDWHG�ZLWK�E��

V(b 1 &b 2) ' V(b 1) % V(b 2) & Cov(b 1,b 2) & Cov(b 1,b�

�������,Q�ZKDW�IROORZV��,�LJQRUH�VDPSOH�VHOHFWLRQ�SUREOHPV�

�������8QIRUWXQDWHO\��GLVWULFWV�UHIOHFW�WKH�DGGUHVV�RI�KHDGTXDUWHUV�DQG�QRW�HVWDEOLVKPHQWV�

�������7KLV�GHFXPXODWLRQ�DQG�ORJDULWKPLF�WUDQVIRUPDWLRQ�SUREDEO\�FDXVHG�WKH�VWUDQJH�UHVXOWV
RI�WKH�HVWLPDWLRQ�FDUULHG�RXW�XVLQJ������GDWD�DQG�WKH�FKDQJH�EHWZHHQ�SDUDPHWHU�HVWLPDWHV
FDOFXODWHG�XVLQJ�ERWK������DQG������GDWD�LQ�6LQJHU�>����@�

tested coefficients with the Hausman tests modified for the case of two inefficient estimators

(Hausman [1978]).��

��� 'DWD

6LQFH�ILUP�OHYHO�PRQWKO\�SDQHOV�DUH�VFDUFH�DQG�P\�SDQHO�UHSUHVHQWV�WKH�ILUVW�VXFK�ILOH

IURP�D�WUDQVLWLRQ�HFRQRP\��,�KDYH�UHVHUYHG�VRPH�VSDFH�IRU�WKH�GHVFULSWLRQ�RI�WKH�SDQHO��7KH�ILOHV

FRYHU�GDWD�RQ�&]HFK�LQGXVWULDO�ILUPV�IURP������������7KH�VDPSOH�LV�VXSSRVHG�WR�FRQWDLQ�DOO

LQGXVWULDO�ILUPV�ZLWK�PRUH�WKDQ����HPSOR\HHV��EXW�LW�FRQWDLQV�VRPH�VPDOOHU�ILUPV�DV�ZHOO����7KH

ILOHV�FRQWDLQ�LQIRUPDWLRQ�RQ�RXWSXW��WRWDO�VDOHV��H[SRUW�VDOHV��ZDJH�ELOO�DQG�ODERU��WRWDO�QXPEHU

RI�HPSOR\HHV��DV�ZHOO�DV�WKH�SUHFHGLQJ�\HDU
V�YDOXHV�RI�WKHVH�YDULDEOHV��,Q�DGGLWLRQ��WKH�ILOHV

FRQWDLQ�GDWD�RQ�HQWHUSULVH�LGHQWLILFDWLRQ�QXPEHUV��VFUDPEOHG���GLVWULFWV����RZQHUVKLS��VL[�GLJLW

LQGXVWULDO�FODVVLILFDWLRQV�DQG�WZR�RWKHU�OHVV�LPSRUWDQW�FODVVLILFDWLRQ�YDULDEOHV��6LQFH�������ILOHV

KDYH�FRQWDLQHG�WKH�YDOXHV�RI�YDULDEOHV�ZKLFK�DUH�FXPXODWHG�IURP�WKH�EHJLQQLQJ�RI�WKH�\HDU���L�H�

ODERU�UHSRUWHG�RQ�ILOH�IURP�-XQH������ZDV�WKH�DYHUDJH�ODERU�IURP�WKH�EHJLQQLQJ�RI������WR�-XQH�

DQG�WKHUHIRUH��EHIRUH�WKH�HVWLPDWLRQ��WKH\�ZRXOG�KDYH�KDG�WR�KDYH�EHHQ��GHFXPXODWHG�EDFN���7KH

RQO\�YDOXHV�XVHG�LQ�WKH�DQDO\VLV�DUH�WKH�FXUUHQW�RQHV�DQG�WKH�SUHYLRXV�RQHV�IURP��������



�������7KH�6WDWLVWLFDO�2IILFH�XQIRUWXQDWHO\�FRGHG�ERWK�]HURHV�DQG�PLVVLQJ�YDOXHV�DV�]HURHV�

)LJXUH�����6L]H�RI�(QWHUSULVHV

7KH�GDWD�VHW�ZDV�FOHDQHG�E\�HOLPLQDWLQJ�XQUHOLDEOH�REVHUYDWLRQV�ZKLFK�IDOO�XQGHU�WKH

IROORZLQJ�FDWHJRULHV�

�� /DERU��RXWSXW��WRWDO�VDOHV�RU�ZDJH�ELOO�EHLQJ�OHVV�WKDQ�RU�HTXDO�WR�]HUR

�� /DJJHG��WKH�SUHYLRXV�\HDUV
��RXWSXW��WRWDO�VDOHV��H[SRUW�VDOHV��RU�ODJJHG�H[SRUW

VDOHV�EHLQJ�OHVV�WKDQ�]HUR���

�� /DJJHG�RU�FXUUHQW�H[SRUW�VDOHV�JUHDWHU�WKDQ�WKH�FRUUHVSRQGLQJ�WRWDO�VDOHV

�� $YHUDJH�PRQWKO\�ZDJH� OHVV� WKDQ�������FURZQV� �WKH�PLQLPXP�ZDJH� LQ� HDUO\

������

�� $YHUDJH�PRQWKO\�ZDJH�KLJKHU�WKDQ���������FURZQV�����WLPHV�PRUH�WKDQ�WKH�

&]HFKRVORYDN�DYHUDJH�ZDJH�DW�WKH�WLPH��



�������,W�LV�QHFHVVDU\�WR�NHHS�LQ�PLQG�WKDW�WKHVH�DUH�ILUPV�ZKLFK�RQO\�H[SRUW�GLUHFWO\�

After dropping approximately 25-35% of the observations as unreliable, the panel

contains 31,451 observations, with 11,331 of them from 1992 and 20,120 from 1993. As I

mentioned earlier, this appears to be by far the largest available monthly panel of firm-level data.

A simple description of the data in the 1992 and 1993 files during the 24 months of the

1992-93 period is provided in Figure 1. The total number of firms is denoted by the empty bars

and the number of exporting firms by filled bars. The solid line gives the average number of

employees per firm. As can be seen from the figure, the proportion of exporting firms in the file

is approximately 70-80% of the total in both 1992 and 1993. The division of Czechoslovakia at

the end of 1992 thus did not result in a significant increase of the number of exporting firms.��

$�QRWDEOH�IHDWXUH�RI�WKH�GDWD�LV�WKH�GHFUHDVLQJ�DYHUDJH�VL]H�RI�WKH�ILUPV
�ODERU�IRUFH��7KH�PDMRU

GURS�LQ�WKH�DYHUDJH�VL]H�WKH�ODERU�IRUFH�DW�WKH�VWDUW�RI������ZDV�JHQHUDOO\�QRW�EURXJKW�DERXW�E\

D�IDLOXUH�RI�&]HFK�HQWHUSULVHV�WR�UHSRUW�LQIRUPDWLRQ�RQ�WKHLU�6ORYDN�VXEVLGLDULHV�DIWHU�WKH�VSOLW�

5DWKHU��,W�LQVWHDG�UHIOHFWV�WKH�VXSHULRU�DELOLW\�RI�WKH�&62�WR�LQGXFH�UHSRUWLQJ�IURP�VPDOO��QHZO\

HVWDEOLVKHG��ILUPV�DQG�WKH�GLYLVLRQ�RI�VRPH�ODUJH�HQWHUSULVHV��VXFK�DV�PDLQ�XWLOLWLHV��LQWR�VHSDUDWH

&]HFK�DQG�6ORYDN�HQWLWLHV�

)LJXUH���GHSLFWV� WKH�DYHUDJH� WRWDO�DQG�H[SRUW�VDOHV�GXULQJ� WKH�VDPH���������SHULRG�

$YHUDJH�VDOHV�DUH�GHQRWHG�E\�WKH�HPSW\�EDUV��H[SRUW�VDOHV�E\�ILOOHG�RQHV�DQG�WKH�UDWLR�RI�H[SRUW

WR�DYHUDJH�VDOHV�E\�WKH�VROLG�OLQH��$YHUDJH�H[SRUW�VDOHV�FRQWULEXWH�DSSUR[LPDWHO\��������RI�WKH

DYHUDJH�WRWDO��VDOHV��7KH�OLQH�WKDW�H[SUHVVHV�WKH�UDWLR�RI�DYHUDJH�H[SRUWV�WR�DYHUDJH�WRWDO�VDOHV

VKRZV�VRPH�VHDVRQDOLW\�LQ�PRQWKO\�FKDQJHV��,W�MXPSHG�E\�DSSUR[LPDWHO\����DW�WKH�EHJLQQLQJ

RI������ZLWK�WKH�GLYLVLRQ�RI�&]HFKRVORYDNLD���$JDLQ��,�REVHUYH�WKH�GHFUHDVLQJ�DYHUDJH�ILUP�VL]H�

WKLV�WLPH�LQ�WHUPV�RI�WRWDO�VDOHV�

)LJXUH���GHSLFWV�WKH�DYHUDJH�RXWSXW�SHU�HPSOR\HH��GRWWHG�OLQH��DQG�DYHUDJH�ZDJH��VROLG

OLQH���$V�FDQ�EH�VHHQ�IURP�WKH�ILJXUH��WKH�DYHUDJH�ZDJH�



)LJXUH�����([SRUWV�RI�(QWHUSULVHV



)LJXUH�����:DJHV�DQG�2XWSXW�SHU�/DERU



�������7KH�QXPEHU�RI�GURSSHG�PRQWKV�LV�GULYHQ�E\�WKH�ORQJHVW�ODJ�RI�YDULDEOHV�LQ�HVWLPDWHG
HTXDWLRQV��7KXV��ZH�GURS�ILUVW�WKUHH�PRQWKV�IRU�WKH�HVWLPDWLRQ�RI�HTXDWLRQ������IRXU�IRU
HTXDWLRQ�����ZLWK�6 ��DQG�ILYH�IRU�HTXDWLRQ�����ZLWK�6 ��

LQ�LQGXVWULDO�HQWHUSULVHV�JUHZ�IDVWHU�WKDQ�WKH�RXWSXW�SHU�ZRUNHU�LQ������DQG�������7KH�JRYHUQPHQW

UHLQWURGXFHG�ZDJH�UHJXODWLRQV�LQ�WKH�IDOO�RI������WR�DUUHVW�WKLV�GHYHORSPHQW��EXW�WKH�JURZWK�RI

ZDJHV�UHODWLYH�WR�SURGXFWLYLW\�DFFHOHUDWHG�DIWHU�WKH�UH�LQWURGXFWLRQ�RI�WKH�ZDJH�FRQWUROV��7KH�ZDJH

UHJXODWLRQ�WKXV�DSSHDUV�QRW�WR�KDYH�EHHQ�YHU\�HIIHFWLYH�LQ�KROGLQJ�EDFN�ZDJH�JURZWK�

1H[W�,��FUHDWHG�HVWLPDWLRQ�SDQHOV�E\�NHHSLQJ�RQO\�WKRVH�REVHUYDWLRQV�WKDW�KDG�DOO�RI�WKH

QHFHVVDU\�LQVWUXPHQWV�ZLWK�ODJJHG�YDOXHV�H[WHQGLQJ�WR�W����7DEOH���SUHVHQWV�VXPPDU\�DQQXDO

FKDUDFWHULVWLFV� RI� WKH� HQWLUH� FOHDQHG� GDWD� ILOH� DV� ZHOO� DV� WKH� ILOH� FRQVWUXFWHG� IRU� HVWLPDWLRQ

SXUSRVHV�

$V�FDQ�EH�VHHQ�IURP�7DEOH����RQH�ORVHV�D�VLJQLILFDQW�SHUFHQWDJH�RI�REVHUYDWLRQV�E\�FUHDWLQJ

WKH�HVWLPDWLRQ�SDQHO�IURP�WKH�FOHDQHG�ILOH��7KH�ORVV�LV�OHVV�VHYHUH�LQ������WKDQ�LQ�������EHFDXVH

PDQ\�VPDOOHU�ILUPV�ZKLFK�H[LVW�LQ�WKH������ILOHV�GLG�QRW�UHSRUW�WR�&62�LQ�������,Q�WKH������GDWD

,�XVH�WKH�REVHUYDWLRQV�IURP�WKH�ILUVW�KDOI�RI�WKH�\HDU�DV�LQVWUXPHQWV�RU�ULJKW�KDQG�VLGH�YDULDEOHV�

ZKLOH�LQ�������,�LQVWUXPHQW�ZLWK������GDWD�DQG�GURS�RQO\�WKH�ILUVW�PRQWKV�RI�WKH�\HDU�VR�DV�QRW�WR

PL[�WKH�ODERU�GHPDQG�DGMXVWPHQWV�ZLWK�SRVVLEOH�HIIHFWV�RI�WKH�VSOLW�RI�&]HFKRVORYDNLD����

�� (VWLPDWLRQ�5HVXOW

'XH�WR�WKH�GLYLVLRQ�RI�&]HFKRVORYDNLD�DW�WKH�HQG�RI�������,�GLYLGHG�WKH�VDPSOH�LQWR�WZR

SDUWV�DQG�HVWLPDWHG�HTXDWLRQ�����QRW�RQO\�RQ�����������GDWD�EXW�DOVR�VHSDUDWHO\�IRU������DQG

������,Q�6HFWLRQ������,�GLVFXVV�WKH�HVWLPDWHV�EDVHG�RQ�MRLQW�HVWLPDWLRQ�RQ������DQG�������GDWD�

ZKLOH�WKH�UHVXOWV�IURP������GDWD�DUH�GLVFXVVHG�LQ�6HFWLRQ�����DQG�WKRVH�IURP������GDWD�LQ�6HFWLRQ

�����$OO�HVWLPDWHV�FRPH�IURP�WKH�VSHFLILFDWLRQ�XVLQJ�GLIIHUHQFHV�RI� ORJDULWKPV�ZLWK�PRQWKO\

GXPPLHV�

���� ����������5HVXOWV

7KH�UHVXOWV�RI�WKH�HVWLPDWLRQ�RI�HTXDWLRQ�����RQ�����������GDWD�DUH�VXPPDUL]HG�LQ�7DEOHV���DQG

���7DEOH���FRQWDLQV�WKH�UHVXOWV�IURP�HVWLPDWLRQV�ZKLFK�GR�QRW�DVVXPH�WKDW�VDOHV�DUH�H[RJHQRXV�

ZKLOH�7DEOH���FRQWDLQV�HVWLPDWHV�ZKLFK�FRQYHUVHO\�UHO\�RQ�WKLV�DVVXPSWLRQ��7KH�VHWV�RI�YDULDEOHV

WKDW�DUH�XVHG�DV�LQVWUXPHQWV�DUH�OLVWHG�LQ�WKH�KHDGHUV�RI�WKH�WDEOHV��/RQJ�WHUP�HODVWLFLWLHV�DQG�WKHLU



�������$V�,�KDYH�DOUHDG\�QRWHG��WKH�HVWLPDWHV�RI�ORQJHU�IRUPV�RI�HTXDWLRQ�����GLG��QRW�GLIIHU
VLJQLILFDQWO\��EXW�WKH\�DUH�OHVV�SHUFLFHO\�LGHQWLILHG�

DV\PSWRWLF�VWDQGDUG�HUURUV�DUH�UHSRUWHG�WRJHWKHU�ZLWK�DGMXVWHG�5��DW�WKH�HQG�RI�HDFK�WDEOH��$OO

HVWLPDWHV�KDYH�EHHQ�GHULYHG�ZLWK�GXPPLHV�IRU�PRQWKV�

7KH�UHVXOWV�GR�QRW�DSSHDU�WR�EH�DIIHFWHG�E\�WKH�FKRLFH�RI�LQVWUXPHQWV��7KH�SRLQW�HVWLPDWHV

RI� VKRUW�WHUP�HODVWLFLWLHV�RI� ODERU�GHPDQG�ZLWK� UHVSHFW� WR�RXWSXW�GR�QRW�H[FHHG����EXW� � DUH

QHYHUWKHOHVV�VLJQLILFDQWO\�SRVLWLYH��7KH�SRLQW�HVWLPDWHV�RI�ORQJ�WHUP�HODVWLFLWLHV�RI�ODERU�GHPDQG

ZLWK�UHVSHFW�WR�RXWSXW�DUH�DOVR�DOO�VLJQLILFDQWO\�SRVLWLYH��7KH\�KDYH�D�PHGLDQ�YDOXH�RI�DERXW����

DQG�GR�QRW�H[FHHG�����7KH�ORZHVW�HVWLPDWHV�DUH�IRXQG�LQ�WKH�PLGGOH�FROXPQ�RI�7DEOH���ZKLFK

FRQWDLQV�HVWLPDWHV�GHULYHG�ZLWK�FKDQJHV�LQ�RXWSXW�LQ�WKH�LQVWUXPHQWDO�YDULDEOH�VHW��7KH�UHVXOW

SUREDEO\�VLJQDOV�VRPH�PHDVXUHPHQW�HUURU�SURFHVV��EXW�WKH�H[WHQW�RI�WKH�SURFHVV�GRHV�QRW�DSSHDU

WR�EH�VHULRXV��,�WKXV�FRQFOXGH�WKDW�RXWSXW�SOD\V�D�VLJQLILFDQW�SRVLWLYH�UROH�DV�D�GHWHUPLQDQW�RI�ODERU

GHPDQG� LQ�ERWK� WKH�VKRUW�WHUP�DQG� ORQJ�WHUP��EXW� WKDW� WKH�RXWSXW�HODVWLFLW\� LV�TXLWH� ORZ��QRW

H[FHHGLQJ����SHUFHQW�

(VWLPDWHV�RI�WKH�FRHIILFLHQWV�RQ�WKH�ZDJH�DUH�DOVR�TXLWH�UREXVW��7KH�HVWLPDWHV�RI�WKH�VKRUW�

WHUP�HODVWLFLWLHV�RVFLOODWH�DURXQG�����DQG�WKH�DEVROXWH�YDOXHV�RI�ORQJ�WHUP�HODVWLFLW\�HODVWLFLWLHV

DUH�VOLJKWO\�KLJKHU��UDQJLQJ�IURP����WR�����SHUFHQW��/DERU�GHPDQG�LV�WKXV�PXFK�PRUH�VHQVLWLYH�WR

ZDJHV�WKDQ�RXWSXW�LQ�WKH�VKRUW��DV�ZHOO�DV�ORQJ�WHUP�

7KH�FRHIILFLHQWV�RQ� ODJJHG� ODERU� VXJJHVW� VLJQLILFDQW� VPRRWK� DQG�TXLWH� VORZ�G\QDPLF

DGMXVWPHQW�WR�WKH�ORQJ�WHUP�HTXLOLEULXP�YDOXHV��7KH�UHODWLYHO\��WKRXJK�QRW�H[FHSWLRQDOO\��ORZ�

DGMXVWHG�5�� VLJQDO� ORZ� FRUUHODWLRQ� RI�PRQWKO\� FKDQJHV� RI� ODERU�ZLWK� FKDQJHV� LQ�ZDJHV� DQG

FKDQJHV�LQ�RXWSXW����

7KH�PRGLILHG�+DXVPDQ�WHVWV�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�HVWLPDWHV�RI�FRHIILFLHQWV�IURP

HVWLPDWLRQV�ZLWK�GLIIHUHQW�VHWV�RI�LQVWUXPHQWV�DUH�SUHVHQWHG�LQ�7DEOHV������7KH�WHVWV�LQ�WKHVH�WDEOHV

DUH�FDUULHG�DJDLQVW�WZR�VHWV�RI�HVWLPDWHV�WKDW�DUH�DVVXPHG�WR�EH�FRQVLVWHQW��HVWLPDWHV�FDOFXODWHG

ZLWK�RQO\�RWKHU�LQGXVWU\�DYHUDJHV�DQG�HVWLPDWHV�FDOFXODWHG�ZLWK�IRUHLJQ�LQGXVWULDO�DYHUDJHV�LQ�WKH

LQVWUXPHQWDO� YDULDEOH� VHW�� �7KHVH� WZR� HVWLPDWHV� DUH� DOVR� FRPSDUHG� DJDLQVW� HDFK� RWKHU��� 7KH

UHMHFWLRQ�RI�HTXDOLW\�RI�WKH�FRHIILFLHQWV�FDOFXODWHG�ZLWK�WKH�WZR�VHWV�RI�LQVWUXPHQWV�ZRXOG�LPSO\

HQGRJHQHLW\�RI�WKH�ZLGHU�VHW�RI�LQVWUXPHQWV��7KH�LQVWUXPHQWDO�VHWV�DVVXPHG�WR�EH�H[RJHQRXV�DUH

OLVWHG�LQ�WKH�ILUVW�URZ�RI�WKH�KHDGHU��ZKLOH�WKH�WHVWHG�VHWV�RI�LQVWUXPHQWV�DUH�GHVFULEHG�LQ�WKH�VHFRQG

URZ��7KH�GHVFULSWLRQV�LQ�EUDFNHWV�GHQRWH�WKH�WDEOHV�DQG�FROXPQV�FRQWDLQLQJ�WKH�FRPSDUHG�VHWV�RI

FRHIILFLHQWV�� ,Q�FDOFXODWLQJ� WKHVH� WHVWV�� ,�KDG�SUREOHPV�ZLWK�QHDU� VLQJXODULW\�RI� WKH�YDULDQFH�

FRYDULDQFH�PDWUL[�RI�WKH�GLIIHUHQFHV�LQ�WKH�FRHIILFLHQWV��6LQFH�PRGLILHG�+DXVPDQ�WHVWV�UHTXLUH�WKH



�������7KH�QHDU�VLQJXODULW\�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�UHVXOWV�IURP�WKH�IDFW�WKDW�WKH
YDULDQFH�FRYDULDQFH�PDWUL[�LV�FDOFXODWHG�ZLWK�XVH�RI�ERWK�FRHIILFLHQW�HVWLPDWHV��:KLOH�WKLV
DSSURDFK�LV�DV\PSWRWLFDOO\�FRUUHFW��LW�RIWHQ�OHDGV�WR�SUREOHPV�LQ�ILQLWH�VDPSOHV�

�������,Q�P\�RSLQLRQ��WKH�GDQJHU�RI�JHWWLQJ�LQFRQVLVWHQW�UHVXOWV�GXH�WR�VXFK�FRUUHODWHG�VKRFNV
LQIOXHQFLQJ�REVHUYDWLRQV�LQ�D�VKRUW�SDQHO�PLJKW�EH�VOLJKWO\�RYHUVWDWHG�IRU�ZLGH�SDQHOV
FRQWDLQLQJ�UHODWLYHO\�KHWHURJHQRXV�REVHUYDWLRQV��,W�LV�GLIILFXOW�WR�VSHFXODWH�RQ�VKRFNV�KDYLQJ
WKH�VDPH�HIIHFWV�RQ�DOO�NLQGV�RI�LQGXVWULDO�ILUPV��L�H��EUHZHU\�DQG�D�PLQLQJ�IDFWRU\��

LQYHUVH�RI�WKH�PDWUL[��LQ�VRPH�FDVHV�,�KDG�WR�UHVWULFW�WKH�VHW�RI�FRHIILFLHQWV�XVHG�IRU�WKH�WHVWV�WR�WKH

FRHIILFLHQWV�RI�WKH�PRVW�UHFHQW�YDULDEOHV��WKH�GLIIHUHQFH�RI�ORJV�RI�ODERU�DW�W����RXWSXW�DW�W�DQG�LQSXW

FRVWV�UDWLR�DW�W�����7KH�+DXVPDQ�WHVWV�GLG�QRW�VLJQDO�HQGRJHQHLW\�RI�DQ\�LQVWUXPHQW�

,��DOVR�FDUULHG�RXW�WHVWV�RI�WKH�VWUXFWXUDO�FKDQJH�RI�FRHIILFLHQWV�RI�HTXDWLRQ�����IURP�����

WR�������OHDYLQJ�PRQWKO\��GXPPLHV�XQUHVWULFWHG���7KH�UHVXOWV�RI�WKHVH�:DOG�WHVWV�DUH�VXPPDUL]HG

LQ�7DEOHV���DQG����7KHVH�UHVXOWV�FRUUHVSRQG�WR�WKH�LQVWUXPHQWDO�VHWV�XVHG�LQ�7DEOHV���DQG�����7DEOH

��WKXV�UHSRUWV�WKH�WHVWV�ZKLFK�KDYH�QRW�XVHG�VDOHV�RU�RXWSXW�DV�LQVWUXPHQWV��,Q�7DEOH����WKH�WHVWV

WKDW�KDYH�EHHQ�FDUULHG�RXW�XVLQJ�VDOHV�DQG�RXWSXW�YDULDEOHV�LQ�WKH�VHWV�RI�LQVWUXPHQWV��$V�RSSRVHG

WR� WKH� SDUDPHWHU� HVWLPDWHV� UHSRUWHG� LQ� 7DEOHV� �� DQG� ��� WKH� UHVXOWV� RI� :DOG� WHVWV� GHSHQG

VLJQLILFDQWO\�RQ�WKH�FKRLFH�RI�LQVWUXPHQWV��7KH�UHVXOWV�UHSRUWHG�LQ�7DEOH���GLG�QRW�VLJQDO�D�FKDQJH

RI�SDUDPHWHUV�RI�HTXDWLRQ������EXW�WKH�UHVXOWV�LQ�7DEOH�����ZKLFK�DUH�GHULYHG�XVLQJ�DQ�DVVXPSWLRQ

RI�H[RJHQHLW\�RI�VDOHV�DQG�RXWSXW��VXJJHVW�WKDW�VXFK�FKDQJH�LQGHHG�WRRN�SODFH��7KHUH�LV�D�SUREOHP

ZLWK�WKH�WHVW�RI�FKDQJH��RI�SDUDPHWHUV�LQ�WLPH��6LQFH�WKH�HTXDWLRQ�����LV�GHULYHG�ZLWK�WKH�KHOS�RI

WKH�WKHRU\�RI�UDWLRQDO�H[SHFWDWLRQ��WKH�UHMHFWLRQ�RI�WKH�HTXDOLW\�RI�SDUDPHWHUV�LQ������DQG������FDQ

EH� FDXVHG��QRW�E\� WKH�JHQXLQH� FKDQJH�RI�SDUDPHWHUV�� EXW�E\� WKH�XQH[SHFWHG� UDQGRP�VKRFNV

FRUUHODWHG�DFURVV�WKH�SRSXODWLRQ�RI�ILUPV����7KHUHIRUH��WKH�UHVXOWV�RI�WKH�:DOG�WHVWV��DV�ZHOO�DV�WKH

HVWLPDWHV�EDVHG�RQ�VKRUWHU�SDQHOV�IURP������DQG�������RXJKW�WR�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ��DQG

WKH�HVWLPDWHV�GHULYHG�RQ�����������GDWD�VKRXOG�QRW�EH�GLVFDUGHG��,�VSOLW�WKH�����������GDWD�DQG

HVWLPDWHG�WKH�HTXDWLRQ�����VHSDUDWHO\�IRU������DQG������WR�VHH�ZKLFK�GLUHFWLRQ�LQ�WKH�FKDQJH�RI

FRHIILFLHQW��LV�VXJJHVWHG�E\�WKHVH�HVWLPDWHV�

���� �����5HVXOWV

7KH�UHVXOWV�RI�HVWLPDWLRQ�RI�HTXDWLRQ�����RQ������GDWD�DUH�VXPPDUL]HG�LQ�7DEOHV���DQG���

7DEOH���FRQWDLQV�UHVXOWV�IURP�HVWLPDWLRQV�ZKLFK�GR�QRW�DVVXPH�WKDW�VDOHV�DUH�H[RJHQRXV��ZKLOH

7DEOH���FRQWDLQV�HVWLPDWHV�ZKLFK�DUH�GHULYHG�XVLQJ�WKLV�DVVXPSWLRQ�

/LNH�WKH�HVWLPDWHV�GHULYHG�XVLQJ������������GDWD��WKH������HVWLPDWHV�DUH�QRW�VLJQLILFDQWO\

DIIHFWHG�E\� WKH�FKRLFH�RI� LQVWUXPHQWV��7KH�SRLQW� HVWLPDWHV�RI� VKRUW�WHUP�HODVWLFLWLHV�RI� ODERU



�������7KH�SUREOHPV�RI�LGHQWLILFDWLRQ�RI�WKH�HVWLPDWHV�RI��WKH�ORQJHU�HTXDWLRQ�WKDW�KDYH�EHHQ
DOUHDG\�PHQWLRQHG�LQ�6HFWLRQ������DSSHDU�DJDLQ�

GHPDQG�LQ��UHVSHFW�WR�RXWSXW�GR�QRW�H[FHHG����DQG�WKH\�DSSHDU�WR�EH�DSSUR[LPDWHO\����KLJKHU

WKDW�WKRVH�HVWLPDWHG�XVLQJ�����������GDWD��7KH�SRLQW�HVWLPDWHV�RI��WKH�ORQJ�WHUP�HODVWLFLWLHV�RI

ODERU�GHPDQG�ZLWK�UHVSHFW�WR�RXWSXW�DOVR�DSSHDU�KLJKHU�WKDQ�WKRVH�LQ�6HFWLRQ������7KHLU�PHGLDQ

YDOXH�LV�DERXW�����DQG�WKH�KLJKHVW�DOPRVW�H[FHHG����

7KH�GLIIHUHQFH�EHWZHHQ�WKH�FRHIILFLHQWV�RQ��ZDJHV�GHULYHG�XVLQJ�����������GDWD�DQG�����

GDWD�DSSHDUV�WR�EH�HYHQ�KLJKHU��6RPH�HVWLPDWHV�RI�WKH�VKRUW�WHUP�HODVWLFLWLHV�H[FHHG�HYHQ�����

DQG�WKH�HVWLPDWHV�RI�ORQJ�WHUP�HODVWLFLW\��������/DERU�GHPDQG�LQ������WKXV�DSSHDUV�WR�EH�PXFK

PRUH�VHQVLWLYH�WR�ZDJHV�WKDQ�RXWSXW�LQ�ERWK�WKH�VKRUW�WHUP�DQG�WKH�ORQJ�WHUP�

7KH�VLJQLILFDQW�HVWLPDWHV�RI�FRHIILFLHQWV�RQ�ODJJHG�ODERU�GR�QRW�GLIIHU�IURP�WKRVH�GHULYHG

IURP�WKH�����������GDWD��DQG�VXJJHVW�D�VPRRWK�DGMXVWPHQW�WRZDUGV�HTXLOLEULXP��7KH�DGMXVWHG�5��

DUH�VDPH��RU�ORZHU�WKDQ�WKH�DGMXVWHG�5��LQ�7DEOHV���DQG����UHIOHFWLQJ�WKH�ORZ�FRUUHODWLRQ�EHWZHHQ

FKDQJHV�LQ�H[SODQDWRU\�YDULDEOHV�DQG�FKDQJHV�LQ�ODERU���

7KH�PRGLILHG�+DXVPDQ�WHVWV�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�HVWLPDWHV�RI�FRHIILFLHQWV�IURP

HVWLPDWLRQV�ZLWK�GLIIHUHQW�VHWV�RI�LQVWUXPHQWV�DUH�SUHVHQWHG�LQ�7DEOHV����DQG�����7KH�VWUXFWXUH�RI

WKHVH�WDEOHV�LV�WKH�VDPH�DV�WKH�VWUXFWXUH�RI��7DEOHV���DQG����7KLV�LV�H[SODLQHG�LQ�6HFWLRQ������7KH

+DXVPDQ�WHVWV�GLG�QRW�VLJQDO�HQGRJHQHLW\�RI�DQ\�LQVWUXPHQW�XVHG�IRU�HVWLPDWLRQ�RQ������GDWD�

���� �����5HVXOWV

7KH�HVWLPDWHV�RI�HTXDWLRQ�����IRU�WKH������GDWD�DUH�VXPPDUL]HG�LQ�7DEOHV����DQG�����7DEOH

���VXPPDUL]HV�WKH�UHVXOWV�REWDLQHG�ZLWKRXW�XVLQJ�VDOHV�DQG�RXWSXW�DV�LQVWUXPHQWDO�YDULDEOHV��7DEOH

���FRQWDLQV�WKH�UHVXOWV�RI�VHOHFWHG�VSHFLILFDWLRQV�ZLWK�VDOHV�DQG�RXWSXW�XVHG�DV�LQVWUXPHQWV��7KH

GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VHWV�RI�LQVWUXPHQWV�GR�QRW�VHULRXVO\�LQIOXHQFH�WKH�UHVXOWV��

7KH� HVWLPDWHV� RI� RXWSXW� HODVWLFLWLHV� DUH� ORZHU� WKDQ� WKRVH� IRXQG� LQ� WKH� ������ � DQG

DSSUR[LPDWHO\�HTXDO�WR�WKH�HVWLPDWHV�FDOFXODWHG�ZLWK�����������GDWD��6KRUW�WHUP�DQG�ORQJ�WHUP

HODVWLFLWLHV�RI�RXWSXW�GR�QRW�H[FHHG�����$OO�ORQJ�WHUP�HODVWLFLWLHV�DUH�VLJQLILFDQW�DQG�WKH�PHGLDQ

HVWLPDWH�RI�WKH�ORQJ�WHUP�HODVWLFLW\�LV�DERXW����

,QSXW�FRVW�HODVWLFLWLHV�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�REWDLQHG�IURP�HLWKHU�WKH������RU

����������GDWD��7KH�DEVROXWH�YDOXHV�RI�VKRUW�WHUP�HODVWLFLWLHV�DUH�DSSUR[LPDWHO\����ORZHU�WKDQ

WKRVH�FDOFXODWHG�ZLWK�����������GDWD�UDQJLQJ�IURP����WR������6LPLODUO\��WKH�HVWLPDWHV�RI�ORQJ�

WHUP�HODVWLFLWLHV�DUH�DW�OHDVW������ORZHU�WKDQ�WKRVH�XVLQJ�WKH�����������GDWD���7KHVH�UDQJH�IURP



�������7KH�HVWLPDWHV�RI�WKH�ORQJHU�HTXDWLRQV�GLG�QRW�GLIIHU�VLJQLILFDQWO\�IURP�WKH�UHVXOWV�LQ
7DEOHV����DQG����

����WR�������� �)XUWKHUPRUH��ZKLOH�PDQ\�RI� WKHP�SURYH� WR�EH�VLJQLILFDQW�DW�D������ OHYHO�RI

VLJQLILFDQFH��RQO\�RQH�LV�VLJQLILFDQW�DW�D�����VLJQLILFDQFH�OHYHO�

7KH�ODJJHG�YDOXHV�RI�ODERU�GHPDQG�GR�QRW�VHHP�WR�PDWWHU�PXFK��,Q�WKUHH�FDVHV�,�REVHUYH

ORZ� VLJQLILFDQW� SRVLWLYH� YDOXHV� RQ� ODJJHG� ODERU� UDQJLQJ� IURP� ����� WR� ������ 6XFK� SDUDPHWHU

HVWLPDWHV�VXJJHVW�D�VPRRWK�DQG�TXLWH� IDVW�DGMXVWPHQW�SURFHVV��DOWKRXJK� WKH� ODUJH�FRQILGHQFH

LQWHUYDOV�SUHYHQW�PH�IURP�GUDZLQJ�ILUP�FRQFOXVLRQV��$GMXVWHG�5��FORVH�WR�WKRVH�GLVFXVVHG�LQ

6HFWLRQV������DQG��������

$JDLQ�,�UDQ�PRGLILHG�+DXVPDQ�WHVWV�RI�WKH�H[RJHQHLW\�RI�LQVWUXPHQWV�IRU�WKH�HVWLPDWHV

FDOFXODWHG�ZLWK������GDWD��7KH�UHVXOWV�RI�WKHVH�WHVWV�DUH�UHSRUWHG�LQ�7DEOHV����DQG�����7KHVH�WHVWV

GLG�QRW�UHMHFW�H[RJHQHLW\�RI�DOO�LQVWUXPHQWV�XVHG�LQ�HVWLPDWLRQ�RI�UHVXOWV�UHSRUWHG�LQ�7DEOH����DQG

7DEOH�����

�� 6XPPDU\�DQG�&RQFOXVLRQV

,Q�WKLV�SDSHU�,�KDYH�SUHVHQWHG�SDUDPHWHU�HVWLPDWHV�RI�D�G\QDPLF�ODERU�GHPDQG�IXQFWLRQ

HVWLPDWHG�RQ�D�XQLTXH�GDWD�VHW��,Q�SDUWLFXODU��P\�HVWLPDWHV�DUH�WKH�ILUVW�RQHV�WR�EH�EDVHG�RQ�ODUJH

ILUP�OHYHO� SDQHOV� RI�PRQWKO\� GDWD�� 3UHYLRXV� VWXGLHV� DUH� HLWKHU� EDVHG� RQ� DQQXDO� SDQHOV�� WKXV

VPRRWKLQJ�LPSRUWDQW�YDULDWLRQ�LQ�WKH�GDWD��H�J���%UHVVRQ�HW�DO�>����@��$UHOODQR�DQG�%RQG�>����@�

-DUDPLOOR�HW�DO�>����@��RU�3UDVQLNDU�HW�DO�>����@���RU�WKH\�DUH�EDVHG�RQ�PRQWKO\�RU�TXDUWHUO\�SDQHOV

RI�YHU\�IHZ��H�J���VHYHQ��ILUPV��%\�XWLOL]LQJ�RYHU�WZR�WKRXVDQG�PRQWKO\�REVHUYDWLRQV�LQ�ERWK�����

DQG�������P\�VWXG\�SURYLGHV�D�XQLTXH�RSSRUWXQLW\�WR�HVWLPDWH�G\QDPLF�ODERU�GHPDQG�SDUDPHWHUV

DQG�UHFRYHU�ERWK�ORQJ�DQG�VKRUW�WHUP�HODVWLFLWLHV�RI�GHPDQG��)LQDOO\��WKLV�LV�WKH�ILUVW�VWXG\�WR

DQDO\]H�ODERU�GHPDQG�LQ�DQ�HFRQRP\�XQGHUJRLQJ�D�WUDQVLWLRQ�IURP�D�FHQWUDO�SODQQLQJ�WR�D�PDUNHW

V\VWHP�

,�IRXQG�WKDW�WKH�HFRQRPHWULF�PRGHO�H[SODLQV�RQO\�D�VPDOO�SDUW�RI�WKH�FKDQJHV�LQ�WKH�ODERU

GHPDQG�RI�&]HFK�LQGXVWULDO�HQWHUSULVHV�GXULQJ������������+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW

WKH�SHUIRUPDQFH�RI�WKH�PRGHO�LV�VLPLODU��WKRXJK�D�ELW�ZRUVH�WKDQ�WKH�SHUIRUPDQFH�RI�RWKHU�PRGHOV

HVWLPDWHG�RQ�ILUP�OHYHO�GDWD�LQ�WKH�VWXGLHV�PHQWLRQHG�LQ�6HFWLRQ����*LYHQ�WKDW�REVHUYHG�PRQWK�WR�

PRQWK�FKDQJHV�LQ�ODERU�DUH�XQGHQLDEO\�QRLVLHU� WKDQ�VLPLODU�FKDQJHV�IURP�\HDU�WR�\HDU�� WKHVH

UHVXOWV�DUH�QRW�WRR�VXUSULVLQJ��,�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW�VKRUW�WHUP�DQG�ORQJ�WHUP�HODVWLFLWLHV

RI�ZDJHV�GXULQJ������������(VWLPDWHV�RI�VKRUW�WHUP�HODVWLFLWLHV�FHQWHU�DURXQG��������UHSRUWHG



�������7KH�ORZ�RXWSXW�HODVWLFLWLHV�FDQ�EH�H[SODLQHG�E\�IDFWRUV�FRPPRQ��DPRQJ�WUDQVLWLRQ
HFRQRPLHV���7KHVH�LQFOXGH�LPSHUIHFW�FUHGLW�PDUNHWV��ODFN�RI�HIIHFWLYH�FRUSRUDWH�JRYHUQDQFH�
DQ�XQFHUWDLQ�DQG�UDSLGO\�FKDQJLQJ�HFRQRPLF�HQYLURQPHQW�LQ�ZKLFK�PRQWKO\�FKDQJHV�GR�QRW
KDYH�WR�EH�LQWHUSUHWHG�DV�D�VLJQDO�RI�DQ\�IXWXUH�SDWK��DQG�WKH�VLJQLILFDQW�DELOLW\�RI�LQVLGHUV�WR
FRQWURO�WKH�EHKDYLRU�RI�D�ILUP�

HVWLPDWHV�DERXW����������HVWLPDWHV�RI�ORQJ�WHUP�HODVWLFLWLHV�FHQWHU�DURXQG������,�IRXQG�ORZHU��\HW

VWDWLVWLFDOO\� VLJQLILFDQW� HODVWLFLWLHV� RI� RXWSXW� ZLWK� ERWK� VKRUW�WHUP� DQG� ORQJ�WHUP� HODVWLFLW\

HVWLPDWHV�UDQJLQJ�IURP�����WR�����7KH�HVWLPDWHV�RI�FRHIILFLHQWV�RQ�ODJJHG�ODERU�VXJJHVW�UHODWLYHO\

TXLFN�DGMXVWPHQW�RI�ODERU�GHPDQG�WR�LWV�ORQJ�WHUP�HTXLOLEULXP��6XFK�ORZ�YDOXHV�RI�HODVWLFLWLHV

WKXV�SUREDEO\�UHIOHFW�ODERU�KRDUGLQJ�

,� IRXQG� WKDW� WKH�:DOG� WHVWV� RI� XQUHVWULFWHG� FRHIILFLHQWV� FDOFXODWHG� DQ� DVVXPSWLRQ� RI

H[RJHQHLW\�RI�VDOHV�DQG�RXWSXW�ZLWK�VDOHV�DQG�RXWSXW�LQ�WKH�VHW�RI�LQVWUXPHQWV���7KLV�VXJJHVWV�D

FKDQJH�RI�VWUXFWXUDO�SDUDPHWHUV�IURP������WR�������(YHQ�WKRXJK�,�KDYH�RQO\�VKRUW�SDQHOV�WR�WHVW

IRU�WKH�FKDQJH�RI�FRHIILFLHQWV�RI�HTXDWLRQV�LQ�WLPH��,�GHFLGHG�WR�HVWLPDWH�HTXDWLRQ�����VHSDUDWHO\

IRU������DQG������GDWD��7KH�UHVXOWV�RI�WKHVH�HVWLPDWLRQV�VXJJHVW�WKDW�WKH�ERWK�RXWSXW�DQG�ZDJH

HODVWLFLWLHV�ZHUH�KLJKHU�LQ�������7KH�FKDQJH�LV�QRW�YHU\�VLJQLILFDQW�LQ�WKH�FDVH�RI�RXWSXW��LW�DSSHDUV

WKDW�RXWSXW�HODVWLFLWLHV�GURSSHG�E\�RQH�WKLUG�IURP������WR������DQG�WKH\�VWLOO�GLG�QRW�H[FHHG

�������2Q�WKH�FRQWUDU\��WKH�GLIIHUHQFH�EHWZHHQ������DQG������HVWLPDWHV�RI�ZDJH��HODVWLFLWLHV�LV

TXLWH�KLJK���7KH�DEVROXWH�YDOXHV�RI�VKRUW�WHUP�DQG�ORQJ�WHUP�HODVWLFLWLHV�FDOFXODWHG�RQ������GDWD

DUH�DERXW�WKUHH�WLPHV�KLJKHU�WKDQ�WKH�DEVROXWH�YDOXHV�RI�WKHVH�HODVWLFLWLHV�HVWLPDWHG�RQ������GDWD�

7KXV��VRPH�HVWLPDWHV�RI�ORQJ�WHUP�HODVWLFLW\�RI�ODERU�ZLWK�UHVSHFW�WR�ZDJHV�KDYH�H[FHHGHG�����

7KH�GLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�IURP������WR������LV�LQWULJXLQJ���$W�SUHVHQW��,�KDYH�WZR

SRWHQWLDO�H[SODQDWLRQV��7KH�ILUVW�QDWXUDO�H[SODQDWLRQ�RI�WKH�FKDQJH�LQ�UHVXOWV�FRPHV�WR�PLQG�ZKLOH

REVHUYLQJ� WKH� VXPPDU\� FKDUDFWHULVWLFV� RI�P\� VDPSOH�ZKLFK� DUH� UHSRUWHG� LQ� 7DEOH� ��� 7KHVH

VXPPDU\�FKDUDFWHULVWLFV�VXJJHVW�WKDW�LQ�FRPSDULVRQ�ZLWK�������WKH������GDWD�XVHG�IRU�HVWLPDWLRQ

SULPDULO\�FRYHUV�VPDOOHU� ILUPV��7KH�GLIIHUHQFH�EHWZHHQ� WKH� WZR�VDPSOHV�PD\� WKXV�FDXVH� WKH

GLIIHUHQFHV�EHWZHHQ�WKH������DQG������UHVXOWV�

7KH�VHFRQG�H[SODQDWLRQ�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH������DQG������UHVXOWV�LV�WKDW�WKH

-DQXDU\���������GLYLVLRQ�RI�&]HFKRVORYDNLD�DIIHFWHG�WKH�EHKDYLRU�RI�ILUPV��7KH�UHVXOWV�IURP�����

DUH�EDVHG�RQ�WKH�VHFRQG�KDOI�RI�WKH�\HDU�DQG�UHIOHFW�FKDQJHV�LQ�ODERU�GHPDQG�FDXVHG�E\�DQ[LHW\

RYHU�WKH�XQFHUWDLQ�FRQVHTXHQFHV�RI�WKH�GLYLVLRQ�RI�WKH�FRXQWU\��,W�PXVW�EH�UHPHPEHUHG�WKDW�WKH

H[SHFWDWLRQV� RI� LQGLYLGXDOV� DQG� ILUPV� ZHUH� JUHDWO\� LQIOXHQFHG� E\� � WKH� FRQVHTXHQFHV� RI� WKH

GLVLQWHJUDWLRQ�RI�ERWK� WKH�6RYLHW�8QLRQ�DQG�<XJRVODYLD��7KH�SRVVLELOLW\�RI�D� WUDGH�ZDU�ZLWK

6ORYDNLD�ZDV�GLVFXVVHG�DQG�WKH�XQWHQDEOH�QDWXUH�RI�D�VLQJOH�FXUUHQF\�ZDV�FRUUHFWO\�SUHGLFWHG�E\



�������2I�FRXUVH��WKH�SDQHOV�RQ�ZKLFK�HTXDWLRQV�XVLQJ���DQG���ODJV�ZHUH�HVWLPDWHG�VWDUW�DW�0D\
DQG�-XQH�UHVSHFWLYHO\�

PRVW�LQGLYLGXDOV��,Q�FRQWUDVW��WKH�UHVXOWV�IURP������UHSRUWHG�LQ�7DEOH���DQG�7DEOH���DUH�EDVHG�RQ

GDWD�IURP�WKH�VHFRQG�WR�WKH�IRXUWK�TXDUWHU�DV�WKH�ILUVW���PRQWKV�RI�GDWD�ZHUH�XVHG�IRU�ODJJHG

YDULDEOHV�DW�WKH�ULJKW�KDQG�VLGH�RI�WKH�HTXDWLRQ����7KHUHIRUH��WKH������UHVXOWV�FDSWXUH�WKH�SHULRG

DIWHU�WKH�SHDFHIXO�GLYLVLRQ�RI�WKH�FRXQWU\��7KH�FXUUHQF\�ZDV�GLYLGHG��DQG�WKH�&]HFK�HFRQRP\

DFKLHYHG�VWDELOLW\��,W� LV� WKHUHIRUH�SODXVLEOH�WR�K\SRWKHVL]H�WKDW�ILUPV�XQGHUWRRN�PLQLPDO�VWDII

WUDLQLQJ�LQ������EHFDXVH�RI�WKH�XQFHUWDLQW\��EXW�VWDUWHG�WR�LQYHVW�KHDYLO\�LQ������RQFH�PXFK�RI�WKLV

XQFHUWDLQW\�KDG�EHHQ��UHPRYHG����,Q�������HQWHUSULVHV�WKHUHIRUH�VWDUWHG�WR�LQFXU�FRVWV�DVVRFLDWHG

ZLWK�WUDLQLQJ�ZRUNHUV��DQG�GLG�QRW�YDU\�WKHLU�ODERU�LQSXW�LQ�UHVSRQVH�WR�PRQWK�WR�PRQWK�FKDQJHV

LQ�UHODWLYH�LQSXW�SULFHV�
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