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1. Introduction

When thinking about socio-cultural 
IDFWRUV� LQÀXHQFLQJ� VHWWOHPHQW� ORFDWLRQ� FKRLFH��
the accessibility of places in the landscape is a 
SRWHQWLDOO\�LPSRUWDQW�YDULDEOH�WR�WDNH�LQWR�DFFRXQW��
$PRQJ�WKH�SRVVLEOH�IDFWRUV�GHWHUPLQLQJ�VHWWOHPHQW�
ORFDWLRQ��DFFHVV�WR�UHVRXUFHV�DQG�HDVH�RI�PRYHPHQW�
LQ�WKH�ODQGVFDSH�PD\�KDYH�EHHQ�LPSRUWDQW�HOHPHQWV��
)RU� H[DPSOH�� VHWWOHPHQWV� PLJKW� EH� SUHIHUHQWLDOO\�
ORFDWHG� LQ� DUHDV� WKDW� R̆HU� JRRG� DFFHVV� WR� SULPH�
DJULFXOWXUDO� ODQG�� DQG� WKDW� DOORZ� WKHP� WR� LQWHUDFW�
HDVLO\�ZLWK�QHLJKERXULQJ�VHWWOHPHQWV��+RZ�WR�GH¿QH�
DFFHVVLELOLW\�LQ�VXFK�D�ZD\�WKDW�LW�PLJKW�EH�XVHG�DV�
D� YDULDEOH� IRU� VLWH� ORFDWLRQ� DQDO\VLV� DQG� SUHGLFWLYH�
PRGHOOLQJ�LV�KRZHYHU�VWLOO�YHU\�PXFK�RSHQ�WR�GHEDWH��
Most published research considering landscape 
DFFHVVLELOLW\�OLPLWV�LW�WR�WKH�HDVH�ZLWK�ZKLFK�KXPDQV�
FDQ� UHDFK� D� FHUWDLQ� ORFDWLRQ�� 6R�FDOOHG� KLNLQJ�
Corresponding author: j.w.h.p.verhagen@vu.nl

equations are often used to obtain cost surfaces of 
DFFHVVLELOLW\��DQG�DFFXPXODWLYH�FRVW�VXUIDFHV�DUH�WKHQ�
DSSOLHG�WR�¿QG�WKH�WUDYHO�WLPH�RU�HQHUJ\�H[SHQGLWXUH�
QHHGHG�WR�UHDFK�D�VLQJOH�GHVWLQDWLRQ�IURP�DOO�SRLQWV�
�SL[HOV�� LQ� WKH� DUHD� VWXGLHG�� %\� DGGLQJ� XS� WKHVH�
DFFXPXODWHG�FRVW�VXUIDFHV�IRU�HDFK�DQG�HYHU\�SL[HO��
D�PDS�RI�GL̆HUHQWLDO� DFFHVVLELOLW\�RI� WKH� ODQGVFDSH�
FDQ� EH� REWDLQHG� �WRWDO� SDWK� FRVWV�� /OREHUD� �������
7KLV�DFFHVVLELOLW\�FDQ�DOVR�EH�DQDO\]HG�IRU�GL̆HUHQW�
WUDYHO�WLPHV��VKRUW�PHGLXP�ORQJ�GLVWDQFH��VHH�DOVR�
0OHNXå�DQG�9HUPHXOHQ�LQ�SUHVV��

+RZHYHU��WKHVH�PHWKRGV�GR�QRW�SURYLGH�PXFK�
LQIRUPDWLRQ� RQ� WKH� SRVVLEOH� IRFL� RI� PRYHPHQW� LQ�
WKH�ODQGVFDSH��:H�DUJXH�WKDW�WR�WKLV�SXUSRVH�VRPH�
DGGLWLRQDO� VWHSV� DUH� QHHGHG�� :H� GHSDUW� IURP� WKH�
creation and addition of least cost paths (LCPs) 
IURP�DQG�WR�PXOWLSOH�ORFDWLRQV�LQ�WKH�ODQGVFDSH��VHH�
H�J�� =DNãHN� HW� DO�� ������:KLWOH\� DQG� %XUQV� ������
0XUULHWD�)ORUHV�������9HUKDJHQ�LQ�SUHVV���7KLV�ZLOO�
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UHVXOW� LQ� VWUXFWXUHV� RI� FXPXODWLYH� OHDVW� FRVW� SDWKV�
WKDW� UHVHPEOH� QHWZRUNV� ZLWK� GL̆HUHQW� ZHLJKWV�
DWWDFKHG�WR�WKH�HGJHV��EXW�WKDW�GR�QRW�KDYH�DQ\�UHDO�
µQRGHV¶��:H�FDQ�WKHQ�DVVXPH�WKDW�HGJHV�ZLWK�D�KLJK�
ZHLJKW�ZLOO�KDYH�EHHQ�PRVW�DWWUDFWLYH�WR�WUDYHO��DQG�
WKXV�PD\� KDYH� EHHQ�PRUH� DWWUDFWLYH� WR� VHWWOHPHQW�
DV� ZHOO�� +RZHYHU�� VLQFH� WKHVH� µQHWZRUNV¶� DUH�
UDVWHU�EDVHG�� WKH\�GR�QRW�DOORZ�XV� WR�H[SORUH� WKHLU�
WRSRORJLFDO�FKDUDFWHULVWLFV��DV�FDQ�EH�GRQH�WKURXJK�
QHWZRUN� DQDO\VLV�� 7KH� DQDO\VLV� RI� WKH� FRQQHFWLRQV�
DQG� GLVWDQFHV� EHWZHHQ� QHWZRUN� QRGHV� FDQ� WHOO� XV�
VRPHWKLQJ�DERXW�WKHLU�SRWHQWLDO�IRU�LQWHUDFWLRQV��:H�
XVHG�VLPSOH�H[SORUDWRU\�QHWZRUN�DQDO\VLV�PHDVXUHV�
DQG� VSDFH� V\QWD[� WR� H[DPLQH� D� UDQJH�RI� VWUXFWXUDO�
IHDWXUHV�RI�WKH�MXQFWLRQV�LQ�WKH�ODQGVFDSH�WKDW�ZHUH�
LGHQWL¿HG�E\�WKH�PXOWLSOH�/&3V�

2. Case Study

$V�D� FDVH� VWXG\��ZH�KDYH� WDNHQ� WKH� UHJLRQ�RI�
=XLG�/LPEXUJ�LQ�WKH�1HWKHUODQGV��)LJ������7KLV�DUHD��
URXJKO\�PHDVXULQJ� ��� E\� ��� NPV�� LV� FKDUDFWHUL]HG�
E\�XQGXODWLQJ�KLOOV��GLVVHFWHG�E\�YDOOH\V��(OHYDWLRQ�
YDOXHV� UDQJH� EHWZHHQ� DSSUR[�� ��� P� D�V�O�� LQ� WKH�
0HXVH�9DOOH\�WR�PRUH�WKDQ�����P�LQ�WKH�VRXWKHDVW�
FRUQHU� RI� WKH� UHJLRQ� �)LJ�� ���� $FFHVVLELOLW\� RI� WKH�
ODQGVFDSH�LV�QRW�JUHDWO\�KDPSHUHG�E\�WHUUDLQ��EXW�WKH�
GL̆HUHQFHV�LQ�HOHYDWLRQ�DQG�VORSH�DUH�ODUJH�HQRXJK�WR�
VXSSRVH�WKDW�WHUUDLQ�FRQGLWLRQV�ZLOO�KDYH�LQÀXHQFHG�
PRYHPHQW�SUHIHUHQFHV��DV�LV�LQ�IDFW�ZLWQHVVHG�E\�WKH�
ORFDWLRQ�RI�URDGV�RQ�KLVWRULFDO�PDSV��7KH�HOHYDWLRQ�

PRGHO�XVHG�ZDV�FUHDWHG�XVLQJ�WKH�$UF*,6�����Topo 
to Raster tool2 on the basis of contour lines digitized 
IURP� ����V� WRSRJUDSKLFDO�PDSV�� VFDOH� ��� ��� ������
7KH� YHUWLFDO� DFFXUDF\� RI� WKH� FRQWRXU� OLQHV� LV� ����
PHWHUV��HOHYDWLRQ�SRLQW�PHDVXUHPHQWV�ZHUH�DGGHG�
ZKHUH� DYDLODEOH�� 7KH� KRUL]RQWDO� UHVROXWLRQ� XVHG� LV�
���[����P�

$�FXPXODWLYH�FRVW�SDWK�PDS�ZDV�WKHQ�FUHDWHG�
XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�9HUKDJHQ��LQ�SUHVV���
&RVW� VXUIDFHV� ZHUH� FDOFXODWHG� IRU� VDPSOH� SRLQWV�
����P�DSDUW��XVLQJ�7REOHU¶V��������KLNLQJ�HTXDWLRQ�
WR� VSHFLI\� WKH� FRVWV� RI� PRYHPHQW�4 For each cost 
VXUIDFH�� /&3V� ZHUH� WKHQ� FUHDWHG� GHSDUWLQJ� IURP�
���UDGLDOO\�GLVWULEXWHG�SRLQWV�DW�D�GLVWDQFH�RI���NP�
IURP�WKH�VDPSOH�SRLQW���7KH�/&3V�IRU�HDFK�VDPSOH�
SRLQW�ZHUH� WKHQ�DGGHG� WR� FUHDWH�D� FXPXODWLYH� FRVW�
SDWK� PDS�� WKDW� UHSUHVHQWV� WKH� DWWUDFWLYHQHVV� RI�
WKH� ODQGVFDSH� IRU�PRYHPHQW�ZLWKLQ�D���NP�UDGLXV�
�)LJ������,W�VKRZV�D�GHQVH�QHWZRUN�RI�SDWKV��ZLWK�D�

2  This is a discretized thin plate spline technique, for which the 

URXJKQHVV�SHQDOW\�KDV�EHHQ�PRGL¿HG�WR�DOORZ�WKH�¿WWHG�'(0�WR�IROORZ�
abrupt changes in terrain, such as streams and ridges.

�� � &KURPRWRSRJUD¿VFKH� .DDUW� GHV� 5LMNV� RU� %RQQHEODGHQ�� WKH� ¿UVW�
detailed topographical maps of the Netherlands, made between the 

1890s and 1930

4  W = 6e
3.5|s+0.05| ZKHUH

:� �ZDONLQJ�VSHHG�LQ�NP�K��H� �WKH�EDVH�RI�QDWXUDO�ORJDULWKPV�
V� �VORSH�LQ�P�P
��  These were created using the ArcGIS (anisotropic) PathDistance 

and CostPath modules
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Figure 1. Location of the study area in the Netherlands, and a general impression of the landscape in the area.
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FRQFHQWUDWLRQ�RI�PRYHPHQW�SRWHQWLDO�LQ�WKH�YDOOH\V�
DQG�RQ�ULGJHV��L�H��WKH�DUHDV�ZLWK�WKH�JHQWOHVW�VORSHV��

,Q�RUGHU�WR�LQYHVWLJDWH�WKH�SRWHQWLDO�RI�QHWZRUN�
DQDO\VLV�WHFKQLTXHV��WZR�DSSURDFKHV�KDYH�EHHQ�WHVWHG��
7KH�¿UVW�RQH�LV�EDVHG�RQ�VLPSOH�QRGH�EDVHG�QHWZRUN�
DQDO\WLFDO�WRROV�RQ�XQGLUHFWHG�DQG�XQZHLJKWHG�HGJHV�
�1HZPDQ� ������� 7KH� PHDVXUHV� XVHG� LQFOXGH� WKH�
QXPEHU�RI�QRGHV��FRQQHFWHG�FRPSRQHQWV��FOXVWHULQJ�
FRḢFLHQW��GHQVLW\��KHWHURJHQHLW\��GLDPHWHU��DYHUDJH�
VKRUWHVW� SDWK� OHQJWK�� DYHUDJH� GHJUHH�� FORVHQHVV�
FHQWUDOLW\�� DQG�EHWZHHQQHVV� FHQWUDOLW\�� WKH\�DUH�DOO�
GHVFULEHG� LQ� WKH� QH[W� VHFWLRQ�� :H� GHFLGHG� WR� XVH�
WKHVH�VLPSOH�QHWZRUN�PHDVXUHV�EHFDXVH�WKH\�UHÀHFW�
DQG�VXPPDULVH�NH\�VWUXFWXUDO�IHDWXUHV�RI�QHWZRUNV�
�H�J�WKH�UDWLR�RI�OLQNV�RYHU�QRGHV��WKH�GLVWULEXWLRQ�RI�
SDWKV��WKH�OHYHO�RI�FOXVWHULQJ���DQG�WKH\�DUH�WKHUHIRUH�
PRVW�FRPPRQO\�XVHG�WR�FRPSDUH�GL̆HUHQW�QHWZRUN�
VWUXFWXUHV��1HZPDQ��������7KLV�FDVH�VWXG\�DLPV�WR�
HYDOXDWH�ZKHWKHU� WKHVH�PHDVXUHV� FDQ�DOVR�EH�XVHG�
IRU�H[SORULQJ�QHWZRUN�VWUXFWXUHV�ZKHUH�JHRJUDSKLFDO�
GLVWDQFH� EHWZHHQ� QRGHV� SOD\V� DQ� LPSRUWDQW� UROH��
7KH�RSHQ�VRXUFH�VRIWZDUH�SODWIRUP�&\WRVFDSH6�ZDV�
XVHG�IRU�WKLV��6PRRW�HW�DO���������EXW�RWKHU�QHWZRUN�
DQDO\VLV� SDFNDJHV� FRXOG� EH� DSSOLHG� DV� ZHOO�7 This 
QRGH�EDVHG�DSSURDFK�ZDV�WKHUHIRUH�FRQIURQWHG�ZLWK�
D�VHFRQG�DSSURDFK�WKDW�IRFXVHV�RQ�WKH�FRQQHFWLRQV��
)RU� WKLV� ZH� DSSOLHG� PHDVXUHV� FRPPRQO\� XVHG� LQ�
VSDFH�V\QWD[��+LOOLHU�DQG�+DQVRQ�������%DIQD�������
6  www.cytoscape.org

7 �$OWHUQDWLYHV�LQFOXGH�3DMHN��GH�1RR\�HW�DO���������8&,1(7��%RUJDWWL�
HW�DO���������DQG�*HSKL��%DVWLDQ�HW�DO��������

DQG� LPSOHPHQWHG� XVLQJ� 'HSWKPDS�� �IUHHZDUH��
7XUQHU��������QR�FRPSHWLQJ�SURGXFWV�DUH�DYDLODEOH�

,Q�RUGHU�WR�SUHSDUH�WKH�UDVWHU�EDVHG�FXPXODWLYH�
FRVW�SDWKV�IRU�DQDO\VLV�LQ�WKH�YHFWRU�EDVHG�QHWZRUN�
DQDO\VLV� SDFNDJHV�� VRPH� SUH�SURFHVVLQJ� KDG� WR�
EH�GRQH��:H�DVVXPHG� WKDW�RQO\� WKH�SDWKV� WKDW�DUH�
PRVW�IUHTXHQWO\�FKRVHQ�LQ�WKH�/&3�PRGHOOLQJ�ZRXOG�
KDYH� EHHQ� FDSDEOH� RI� VXSSRUWLQJ� ORQJ�GLVWDQFH�
FRQQHFWLRQV��:H�WKHUHIRUH�H[WUDFWHG�WKH�XSSHU�����
DQG�����RI�PRVW�IUHTXHQWO\�FKRVHQ�SDWKV�IURP�WKH�
FXPXODWLYH� FRVW� SDWKV� PDS�� 7KHVH� QHHGHG� WR� EH�
WKLQQHG�DQG�FRQYHUWHG�WR�SRO\OLQHV��EHIRUH�H[SRUWLQJ�
WKH�UHVXOWLQJ�HGJHV�WR�&\WRVFDSH�DQG�'HSWKPDS�

3. Cytoscape Results

2QO\� WKH� PRVW� FRPPRQ� QHWZRUN� DQDO\VLV�
PHDVXUHV�SURYLGHG�LQ�&\WRVFDSH�ZHUH�XVHG�IRU�WKLV�
FDVH�VWXG\��2Q�WKH�RQH�KDQG�� WKH�VRIWZDUH�R̆HUV�D�
QXPEHU� RI� JOREDO�PHDVXUHV� WKDW� KLQW� DW� VWUXFWXUDO�
FKDUDFWHULVWLFV� RI� WKH� WRWDO� QHWZRUN�� 2Q� WKH� RWKHU�
KDQG�� ORFDO� PHDVXUHV� DUH� DYDLODEOH� WKDW� SURYLGH�
LQIRUPDWLRQ�RQ�WKH�VWUXFWXUDO�SRVLWLRQ�RI�LQGLYLGXDO�
QRGHV� LQ� WKH� QHWZRUN�� 'H¿QLWLRQV� RI� PHDVXUHV�
DQG� WHUPV� LQ� QHWZRUN� DQDO\VLV� FDQ� GL̆HU� EHWZHHQ�
VRIWZDUH�SDFNDJHV��VR�WKH�GH¿QLWLRQV�JLYHQ�KHUH�DUH�
VSHFL¿F�WR�&\WRVFDSH�

7KH�GDWD�LQFOXGHG�D�ORW�RI�ORRSV��L�H��HGJHV�IURP�
RQH�QRGH�WR�LWVHOI���7KHVH�ZHUH�UHPRYHG�EHIRUH�DQ\�
DQDO\VLV�WRRN�SODFH��$�IHZ�HGJHV�DUH�DOVR�GXSOLFDWHG�
EHFDXVH� WKH\� DSSHDU� LQ� ERWK� GLUHFWLRQV� �H�J�� IURP�
$� WR� %� DQG� IURP� %� WR� $��� 6LQFH� WKH� /&3V� GR� QRW�
�� �ZZZ�YU�XFO�DF�XN�GHSWKPDS

Figure 2. Digital elevation map of the study area.

Figure 3. Cumulative cost path (or path density) map of 
the study region.
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OHQJWK�GLVWDQFH�EHWZHHQ�WZR�QRGHV��,I�D�QHWZRUN�
LV�GLVFRQQHFWHG��LWV�GLDPHWHU�LV�WKH�PD[LPXP�RI�
DOO�GLDPHWHUV�RI�LWV�FRQQHFWHG�FRPSRQHQWV�

• The average shortest path length is the 
DYHUDJH� RI� DOO� VKRUWHVW� SDWK� VFRUHV� EHWZHHQ� DOO�
SRVVLEOH�SDLUV�RI�YHUWLFHV�LQ�WKH�QHWZRUN�

7KH� DQDO\VLV� UHVXOWV� DUH� VKRZQ� LQ� 7DEOH� ���
%RWK�WKH�����DQG�����QHWZRUNV�FRQVLVW�RI�RQH�ELJ�
FRQQHFWHG�FRPSRQHQW�WKDW�LQFOXGHV�RYHU�����RI�DOO�
QRGHV��$OO� RWKHU�QRGHV� DUH� SDUW� RI� D� ODUJH�QXPEHU�
RI�VPDOO�FRPSRQHQWV�RU�DUH�LVRODWHG��,W�ZDV�GHFLGHG�
WR� RQO\� DQDO\]H� WKH� ODUJHVW� FRQQHFWHG� FRPSRQHQW�
RI�HDFK�QHWZRUN��7KH�QHWZRUNV�DUH�YHU\� OLQHDU�� L�H��
QRGHV�WHQG�WR�IROORZ�RQH�DIWHU�WKH�RWKHU�DQG�UDUHO\�
EUDQFK� R̆�� 7KLV� LV� UHÀHFWHG� LQ� WKH� ORZ� DYHUDJH�
GHJUHH��DQG�LV�D�GLUHFW�UHVXOW�RI�XVLQJ�WKH�FXPXODWLYH�
FRVW�SDWK�DSSURDFK��7KLV�LV�DOVR�WKH�UHDVRQ�ZK\�WKH�
GHQVLW\�VFRUH�DQG�FOXVWHULQJ�FRḢFLHQWV�DUH�ORZ��WKH�
GLDPHWHU�KLJK�DQG�WKH�DYHUDJH�VKRUWHVW�SDWK�OHQJWK�
YHU\�KLJK��7KH�RYHUDOO�VWUXFWXUH�GRHV�QRW�VHHP�WR�EH�
YHU\�PXFK�D̆HFWHG�E\�WKH�QHWZRUN�VL]H��VLQFH�ERWK�
WKH�����DQG�����QHWZRUNV�VKRZ�VLPLODU�UHVXOWV��7KLV�
QHWZRUN�VWUXFWXUH�PHDQV�WKDW�LW�LV�KLJKO\�OLNHO\�IRU�D�
QXPEHU�RI� ORFDO�PHDVXUHV� �OLNH�QRGH� FHQWUDOLW\�� WR�
HPSKDVL]H�RQH�RU�WZR�SDWKV��$OVR��WKH�JHRJUDSKLFDO�
DQG�OLQHDU�QDWXUH�RI�WKLV�QHWZRUN�PDNHV�LW�H[WUHPHO\�
VXVFHSWLEOH� WR� HGJH�H̆HFWV�� WKH� SHULSKHUDO� QRGHV�
ZLOO� DOPRVW� DOZD\V� EH� XQGHUUHSUHVHQWHG� DQG� ZLOO�
FRQWULEXWH� WR� WKH� RYHUUHSUHVHQWDWLRQ� RI� WKH� FRUH�
QRGHV�

3.2 Results local measures

$� QXPEHU� RI� ORFDO� PHDVXUHV� ZHUH� XVHG� EXW�
RQO\� WZR�RI� WKHP�SURYLGHG� LQWHUHVWLQJ� UHVXOWV��7KH�
IROORZLQJ� GH¿QLWLRQV� DSSO\� WR� WKH� ORFDO� PHDVXUHV�

Table 1. Results 
global measures 
Cytoscape.

UHSUHVHQW� GLUHFWHG� QHWZRUNV� WKHVH� PXOWLSOH� HGJHV�
DUH� PHDQLQJOHVV� DQG� WKH\� ZHUH� UHPRYHG� EHIRUH�
SHUIRUPLQJ�DQ\�DQDO\VLV�

3.1 Results global measures

7KH� IROORZLQJ� GH¿QLWLRQV� DSSO\� WR� WKH� JOREDO�
PHDVXUHV�FDOFXODWHG�E\�WKH�1HWZRUN�$QDO\]HU�SOXJ�
LQ�LQ�&\WRVFDSH�

• A component� LV� D� FRQQHFWHG� VXEQHWZRUN�� L�H��
QRGHV� LQ� RQH� FRPSRQHQW� DUH� QRW� FRQQHFWHG� WR�
QRGHV�LQ�RWKHU�FRPSRQHQWV�

• The average degree� LV� WKH� DYHUDJH� RI� WKH�
QXPEHU�RI�QHLJKERXUV�RI�DOO�QRGHV�

• The density� LV� D� QRUPDOL]HG� YHUVLRQ� RI� WKH�
DYHUDJH�GHJUHH�WKDW�UHSUHVHQWV�WKH�IUDFWLRQ�RI�DOO�
possible connections that are actually present 
�VHOI�ORRSV�DQG�GXSOLFDWHG�HGJHV�DUH�LJQRUHG��

• The network heterogeneity� UHÀHFWV� WKH�
WHQGHQF\�RI�D�QHWZRUN�WR�FRQWDLQ�KXE�QRGHV�WKDW�
DUH�OLQNHG�WR�PDQ\�RWKHU�QRGHV�

• The FOXVWHULQJ� FRḢFLHQW calculates the 
DYHUDJH� SUREDELOLW\� WKDW� WZR� QHLJKERXUV� RI� D�
YHUWH[� DUH� WKHPVHOYHV� QHLJKERXUV�� DV� D� UDWLR� RI�
WKH� QXPEHU� RI� HGJHV� EHWZHHQ� WKH� QHLJKERXUV�
RI� D� JLYHQ� QRGH� DQG� WKH� PD[LPXP� QXPEHU� RI�
HGJHV� WKDW� FRXOG� SRVVLEO\� H[LVW� EHWZHHQ� WKHVH�
QHLJKERXUV� �:DWWV� DQG� 6WURJDW]� ������� 7KH�
QHWZRUN� FOXVWHULQJ� FRḢFLHQW� XVHG� KHUH� LV� WKH�
DYHUDJH�RI�WKH�FOXVWHULQJ�FRḢFLHQWV�IRU�DOO�QRGHV�
LQ�WKH�QHWZRUN�

• The network diameter is the largest path 

Network 10% Network 
10% largest 
connected 

component

Network 
20%

Network 
20% largest 
connected 

component

Number of nodes ����� ����� ����� �����

Connected components  74 �� ��� ��

Density ������ ������ ������ ������

Heterogeneity ������ ������ ������ ������

&OXVWHULQJ�FRḢFLHQW ������ ������ ������ ������

Diameter  67  67 ���� ����

Average shortest path length ������� ������� ������� �������

Average degree ������ ������ ������ ������
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FDOFXODWHG� E\� WKH� 1HWZRUN� $QDO\]HU� SOXJLQ� LQ�
&\WRVFDSH�

The closeness centrality of a node is “the 
QXPEHU�RI�RWKHU�YHUWLFHV�GLYLGHG�E\�WKH�VXP�RI�DOO�
>WRSRORJLFDO@� GLVWDQFHV� EHWZHHQ� WKH� YHUWH[� DQG�
DOO� RWKHUV´� �GH� 1RR\� HW� DO� ������ ������ &ORVHQHVV�
FHQWUDOLW\�LV�RIWHQ�FRQVLGHUHG�D�PHDVXUH�RI�KRZ�IDVW�
LQIRUPDWLRQ� VSUHDGV� IURP� D� JLYHQ� QRGH� WR� RWKHU�
UHDFKDEOH�QRGHV�LQ�WKH�QHWZRUN�

The betweenness centrality of a node is the 
SURSRUWLRQ�RI�DOO�VKRUWHVW��WRSRORJLFDO��SDWKV�EHWZHHQ�
SDLUV� RI� RWKHU� YHUWLFHV� WKDW� LQFOXGH� WKLV� YHUWH[� �GH�
1RR\�HW�DO� ������������7KH�EHWZHHQQHVV�FHQWUDOLW\�RI�
D�QRGH�LV�RIWHQ�WDNHQ�WR�UHÀHFW�WKH�DPRXQW�RI�FRQWURO�
WKDW�WKLV�QRGH�H[HUWV�RYHU�WKH�LQWHUDFWLRQV�RI�RWKHU�
QRGHV� LQ�WKH�QHWZRUN��7KLV�PHDVXUH�IDYRXUV�QRGHV�
WKDW�MRLQ�FRPPXQLWLHV��GHQVH�VXEQHWZRUNV���UDWKHU�
WKDQ�QRGHV�WKDW�OLH�LQVLGH�D�FRPPXQLW\�

The results of the analysis are displayed 
LQ� )LJXUHV� �� DQG� ��� )RU� WKH� ���� QHWZRUN� WKH�
FORVHQHVV� FHQWUDOLW\� VFRUHV� DUH� JHQHUDOO\� ORZ�� DQG�
WKHLU� IUHTXHQF\� IROORZV� D� QRUPDO� GLVWULEXWLRQ�� $�
VXEVWDQWLDO� QXPEHU� RI� QRGHV� KDV� D� KLJKHU� VFRUH��
WKHVH� VHHP� WR� OLH� DW� WKH� FHQWUH� RI� WKH� UHJLRQ� DQG�
SDUWO\� LQ�WKH�1:�FRUQHU��7KH� ORZHVW�VFRUHV�DUH� IRU�
QRGHV�DW�WKH�SHULSKHU\�RI�WKH�QHWZRUN��SDUWLFXODUO\�
WKRVH�DW�WKH�HDVWHUQ�DQG�VRXWKHUQ�HGJHV��7KLV�HQWLUH�
SDWWHUQ�LV�D�UHVXOW�RI�WKH�VHQVLWLYLW\�WR�HGJH�H̆HFWV�RI�
WKLV�PHDVXUH�

7KH�IUHTXHQFLHV�RI�WKH�EHWZHHQQHVV�FHQWUDOLW\�
VFRUHV�DUH�PRUH�H[WUHPHO\�GLVWULEXWHG�WKDQ�IRU�WKH�
FORVHQHVV� VFRUHV��0DQ\�QRGHV�KDYH�D� VFRUH�RI���RU�
DQ� H[WUHPHO\� ORZ� VFRUH�� 6RPH� KDYH� D� UHODWLYHO\�
KLJK�VFRUH��ZKLFK�DUH�WKH�QRGHV�WKDW�DUH�IUHTXHQWO\�
WUDYHUVHG�� 7KHVH� KLJKHU� VFRUHV� VHHP� WR� IROORZ� D�
QXPEHU�RI�GLVWLQFW�SDWKV�SLFNHG�XS�E\�WKH�OHDVW�FRVW�
SDWK�DQDO\VLV�

Figure 5. Closeness and betweenness centrality for the 
20% network, obtained from Cytoscape and plotted on a 
hillshaded relief map of the study region.

Figure 4. Closeness and betweenness centrality for the 
10% network, obtained from Cytoscape and plotted on a 
hillshaded relief map of the study region.
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)RU� WKH� ����QHWZRUN� WKH� FRUH� DUHD�ZLWK� WKH�
highest closeness scores is still situated at the centre 
RI�WKH�UHJLRQ��EXW�QR�ORQJHU�LQ�WKH�1:�FRUQHU��7KH�
UHVXOWV�DUH�YHU\�VLPLODU�WR�WKRVH�RI�WKH�����QHWZRUN��
DJDLQ�VWUHVVLQJ�WKH�LQÀXHQFH�RI�HGJH�H̆HFWV�RQ�WKLV�
PHDVXUH�

7KH� EHWZHHQQHVV� FHQWUDOLW\� VFRUHV� VKRZ� D�
VLPLODU�GLVWULEXWLRQ�RI�VFRUHV�DV�IRU�WKH�����QHWZRUN��
7KH�DQDO\VLV�DJDLQ�VHHPV�WR�SLFN�XS�D�QXPEHU�RI�PRUH�
SURPLQHQW�SDWKV��$OWKRXJK�WKH\�DUH�PRUH�RU�OHVV�LQ�
WKH�VDPH�DUHD�DV�WKRVH�RI�WKH�SUHYLRXV�QHWZRUN��WKH�
SDWKV�GR�VHHP�WR�EH�GL̆HUHQW��,W�VHHPV�WKHQ�WKDW�WKLV�
PHDVXUH�LV�TXLWH�VHQVLWLYH�WR�QHWZRUN�VL]H�DQG�PRVW�
LPSRUWDQWO\� WR� WKH�SUHVHQFH�RU�DEVHQFH�RI�SRVVLEOH�
VKRUWFXWV�ZKLFK�FDXVH�NH\�SDWKV�WR�EH�GLYHUWHG�

4. Depthmap Results

6SDFH� V\QWD[� DSSOLHV� D� GL̆HUHQW� WHUPLQRORJ\�
WKDQ�PDQ\�QHWZRUN� DQDO\VLV� DSSURDFKHV�� DOWKRXJK�
WKHUH�LV�VWURQJ�VLPLODULW\�LQ�WKH�PHDVXUHV�XVHG�VLQFH�
ERWK� DSSURDFKHV� DUH� URRWHG� LQ� JUDSK� WKHRU\�� 7KH�
'HSWKPDS� PHDVXUHV� XVHG� KHUH� DUH� FDOFXODWHG� IRU�
WKH�HGJHV�RI�QHWZRUNV�DQG�GR�QRW�SURYLGH�DQ\�GLUHFW�
LQIRUPDWLRQ� RQ� WKH� FKDUDFWHULVWLFV� RI� WKH� QRGHV�
WKHPVHOYHV��6RPH�RI�WKH�PHDVXUHV�DUH�YHU\�VLPLODU�
WR�WKRVH�XVHG�LQ�&\WRVFDSH��KRZHYHU��EXW�DSSOLHG�WR�
HGJHV� UDWKHU� WKDQ� QRGHV�� ,W� WKHUHIRUH� EHFRPHV� DQ�
LQWHUHVWLQJ� H[HUFLVH� WR� FRPSDUH� UHVXOWV� RI� D� QRGH�
EDVHG�QHWZRUN�DQDO\VLV�LQ�&\WRVFDSH�ZLWK�DQ�HGJH�
EDVHG�VSDFH�V\QWD[�DQDO\VLV�LQ�'HSWKPDS��7KLV�ZLOO�
DOORZ� XV� WR� HYDOXDWH� ZKLFK� DSSURDFK� XVLQJ� IUHHO\�
DYDLODEOH� XVHU�IULHQGO\� VRIWZDUH� LV� PRVW� VXLWDEOH�
IRU�H[SORULQJ�JHRJUDSKLFDO�/&3�QHWZRUNV��:H�KDYH�
FDOFXODWHG�WKH�IROORZLQJ�PHDVXUHV�LQ�'HSWKPDS�

• Step depth� LV�WKH�WRSRORJLFDO�GLVWDQFH�FRYHUHG�
EHWZHHQ� WZR� QRGHV�� ZKHQ� SDVVLQJ� WKURXJK� DOO�
WKH�QRGHV�EHWZHHQ�WKHP��VLPLODU�WR�FDOFXODWLQJ�D�
SDWK�LQ�&\WRVFDSH�

• Mean depth� LV� WKH� WRSRORJLFDO� GLVWDQFH� IURP�
D�QRGH� WR� DOO� RWKHU�QRGHV� VXPPHG�DQG�GLYLGHG�
E\� WKH�QXPEHU�RI�QRGHV�PLQXV�RQH��7KLV� LV� WKH�
LQYHUVH� RI� FORVHQHVV� FHQWUDOLW\� LQ� &\WRVFDSH��
ZKHUH�WKH�QXPEHU�RI�QRGHV�LV�GLYLGHG�E\�WKH�VXP�
RI�DOO�SDWKV�

• Relative/relativised asymmetry is the 
QRUPDOL]HG�PHDQ�GHSWK�RQ�D�VFDOH�RI�����

0HDQ�GHSWK�DQG�UHODWLYH�DV\PPHWU\�DUH�XVHG�
to analyze the integration�RI�WKH�QHWZRUN��$�KLJKO\�
LQWHJUDWHG� QHWZRUN� KDV� D� ODUJH� QXPEHU� RI� GLUHFW�
FRQQHFWLRQV��LW�LV�V\PPHWULF��$�VHJUHJDWHG�QHWZRUN�
KDV�IHZ�GLUHFW�FRQQHFWLRQV��LW�LV�DV\PPHWULF�

• Control� LV� WKH� QXPEHU� RI� QRGHV� WKDW� DUH�
FRQQHFWHG� WR� D� QRGH� UHODWLYH� WR� WKH� QXPEHU� RI�
QRGHV�WKDW�WKHVH�KDYH�FRQQHFWHG�WR�WKHPVHOYHV�

• Controllability�LV�WKH�UDWLR�RI�QRGHV�ZLWK�GHSWK�
��DQG�QRGHV�ZLWK�GHSWK���IURP�D�QRGH

Control is used to calculate the 
distributedness� RI� WKH� QHWZRUN�� L�H�� LI� QRGHV�
GRPLQDWH�WKH�VWUXFWXUH�RI�WKH�QHWZRUN�ORFDOO\��,I�WKH�
VWUXFWXUH� GHSHQGV� RQ� D� UHODWLYHO\� ODUJH� QXPEHU� RI�
QRGHV��WKHQ�WKH�QHWZRUN�LV�GLVWULEXWHG��,I�IHZ�QRGHV�
GRPLQDWH�WKH�QHWZRUN��WKHQ�LW�LV�QRQ�GLVWULEXWHG�

• Degree centrality or connectivity is the 
QXPEHU�RI�QHLJKERXUV�RI�D�QRGH��L�H��WKH�GHJUHH�
RI�D�QRGH��

• Closeness centrality�LV�WKH�DYHUDJH�WRSRORJLFDO�
GLVWDQFH�IURP�RQH�QRGH�WR�DOO�RWKHU��OLNH�WKH�VDPH�
PHDVXUH�LQ�&\WRVFDSH�

• Choice�LV�QXPEHU�RI�VKRUWHVW�SDWKV�WKDW�SDVVHV�
WKURXJK� D� QRGH� �L�H�� WKH� VDPH� DV� EHWZHHQQHVV�
FHQWUDOLW\�LQ�&\WRVFDSH��

1RWH� WKDW� WKH� GH¿QLWLRQV� DUH� JLYHQ� KHUH� DV�
PHDVXUHV� IRU� QRGHV�� )URP� WKH� GRFXPHQWDWLRQ� LW�
LV� QRW� LPPHGLDWHO\� FOHDU� KRZ� WKH� PHDVXUHV� DUH�
FDOFXODWHG�� L�H�� LI� PHDVXUHV� GHULYHG� IURP� QRGHV�
DUH�DWWDFKHG�WR�HGJHV��RU�FDOFXODWHG�GLUHFWO\�RQ�WKH�
HGJHV��WKH�UHVXOWV�REWDLQHG�KRZHYHU�VXJJHVW�WKDW�WKH�
PHDVXUHV� DUH� FDOFXODWHG� RQ� WKH� HGJHV�� 6RPHZKDW�
FRQIXVLQJO\�� WKH� WHUP� µQRGH� FRXQW¶� LQ� 'HSWKPDS�
UHIHUV�WR�WKH�QXPEHU�RI�HGJHV�

,W� LV� QRW� SRVVLEOH� WR� DQDO\]H� VXEQHWZRUNV�
VHSDUDWHO\� LQ� 'HSWKPDS� ZLWKRXW� EUHDNLQJ� XS�
WKH� QHWZRUN�� DQG� UXQQLQJ� D� QHZ� DQDO\VLV� RQ� WKH�
VXEQHWZRUN�� 6LQFH� 'HSWKPDS� RSHUDWHV� RQ� HGJHV�
WKDW�DUH�SODFHG�LQ�D��JHRJUDSKLFDO��FRRUGLQDWH�JULG��
UDWKHU� WKDQ� RQ� QRGHV� WKDW� RQO\� KDYH� WRSRORJLFDO�
FRQQHFWLRQV��LW�FDQ�DOVR�LQFOXGH�QRGH�WR�QRGH�PHWULF�
GLVWDQFHV� LQ� LWV� DQDO\VLV��7RSRORJLFDO�GLVWDQFH�RQO\�
WDNHV� LQWR� DFFRXQW� WKH� QXPEHU� RI� VWHSV� LW� QHHGV�
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WR� PRYH� IURP� QRGH� $� WR� QRGH� %�� 'HSWKPDS� FDQ�
DOVR� FDOFXODWH� WKH� DFWXDO� PHWULF� GLVWDQFH� LW� WDNHV�
WR�PRYH�IURP�$�WR�%�ZKHQ�SDVVLQJ�WKURXJK�DOO� WKH�
QRGHV�EHWZHHQ�WKHP��DQG�LQ�WKLV�ZD\�REWDLQ�PHWULF�
PHDVXUHV�DV�ZHOO��7KLV�OHDGV�WR�VRPH�GL̆HUHQFHV�LQ�
WKH� DQDO\VLV� UHVXOWV�� 'HSWKPDS� FDQ� DOVR� SHUIRUP�
DQDO\VHV� DW� GL̆HUHQW� VFDOH� OHYHOV�� E\� VHWWLQJ� WKH�
UDGLXV� RI� DQDO\VLV� WR� D� PD[LPXP� WRSRORJLFDO� RU�
PHWULF�GLVWDQFH�

4.1 Global results

7KH�JOREDO�PHDVXUHV�REWDLQHG�ZLWK�'HSWKPDS�
DUH� VKRZQ� LQ�7DEOH� ��� 7KH� UHVXOWV� DUH� LQ� OLQH�ZLWK�
WKRVH�REWDLQHG�WKURXJK�&\WRVFDSH��7KH�FRQQHFWLYLW\�
RI� WKH� QHWZRUN� LV� ORZ�� QRGHV� ZLOO� KDYH� IHZ� GLUHFW�
FRQQHFWLRQV��UHVXOWLQJ�LQ�D�ORZ�DYHUDJH�LQWHJUDWLRQ��
,Q� RUGHU� WR� UHDFK� QRGHV� LQ� WKH� QHWZRUN�� D� ODUJH�
QXPEHU� RI� RWKHU� QRGHV� KDV� WR� EH� SDVVHG�� 7KLV� LV�
WKH�FRQVHTXHQFH�RI�XVLQJ�WKH�FXPXODWLYH�FRVW�SDWK�
DSSURDFK�

4.2 Local results

The results for closeness centrality are 
FRPSDUDEOH�WR�WKRVH�REWDLQHG�ZLWK�&\WRVFDSH��0RUH�
LQWHUHVWLQJ� DUH� WKH� UHVXOWV� IRU� WKH� PHWULF� FKRLFH�
PHDVXUH� �)LJ�� ���� ,W� VKRZV� YHU\� FOHDU� SUHIHUUHG�
SDWKZD\V� IRU� WKH� ���� QHWZRUN�� IRU� WKH� ����
QHWZRUN� SDWWHUQV� DUH� OHVV� FOHDU� ZLWK� D� UHODWLYHO\�
HYHQ� GLVWULEXWLRQ� RI� SUHIHUUHG� SDWKZD\V� RYHU� WKH�
DUHD�� ,Q�ERWK�FDVHV�� WKH�FHQWUDOO\� ORFDWHG�DUHDV�DUH�
JLYHQ� D� KLJKHU� ZHLJKW�� DV� D� FRQVHTXHQFH� RI� HGJH�
H̆HFWV��)RU�WKH�����QHWZRUN��LW�LV�YHU\�FOHDU�WKDW�WKH�
SUHIHUUHG�SDWKV�IROORZ�WKH�YDOOH\V��$�SUHIHUUHG�URXWH�
is also present on the north side of the region; this 

LV� UHODWHG� WR� WKH� H̆HFW� GLVFXVVHG�
LQ� ����� ZLWK� WKH� FRQFHQWUDWLRQ�
RI� KLJK� FORVHQHVV� YDOXHV� LQ� WKH�
1:� FRUQHU� RI� WKH� DUHD�� 2Q� WKH�
EDVLV� RI� WKH� 'HSWKPDS� UHVXOWV��
ZH� FDQ� FRQFOXGH� WKDW� WKLV� LV� GXH�
to the lack of a direct connection 
LQ� WKH� FHQWUDO� YDOOH\� RI� WKH� ULYHU�
*HXO�� IRUFLQJ� URXWHV� WR� WKH� QRUWK�
LQVWHDG� RI� IROORZLQJ� WKH� PRUH�
GLUHFW� HDVW�ZHVW� FRQQHFWLRQ�� ,Q�
WKH�����QHWZRUN��WKLV�FRQQHFWLRQ�
is present and therefore the high 
FORVHQHVV�DQG�PHWULF�FKRLFH�YDOXHV�
are concentrated in the centre of 
WKH�DUHD�

7KH�GL̆HUHQFHV�EHWZHHQ�WKH�FKRLFH��QRW�VKRZQ�
LQ� WKH� ¿JXUH�� DQG� PHWULF� FKRLFH� SDUDPHWHUV� DUH�
QRW�YHU\�FRQVSLFXRXV�ZKHQ�YLVXDOO\�FRPSDULQJ�WKH�

Network 10% Network 20%

Node count (number of edges) ���� ������

Average connectivity �������� ��������

Maximum connectivity ��  6

Average step depth �������� ��������

Maximum step depth ���� ���

Average mean depth �������� ��������

Maximum mean depth �������� ��������

Average integration ��������� ���������

Average control �� ��

Average controllability ��������� ���������

Table 2. Results global measures Depthmap.

Figure 6. Metric choice for the 10% and 20% network, 
obtained from Depthmap and plotted on a hillshaded 
relief map of the study region.
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UHVXOWV��DOWKRXJK�WKH\�DUH�PRUH�VWULNLQJ�IRU�WKH�����
WKDQ�IRU�WKH�����QHWZRUN��7KLV�LV�SDUWO\�EHFDXVH�RI�
WKH�SUHVHQFH�RI�DUWHIDFWV�RI�WKH�/&3�PRGHOOLQJ��WKDW�
creates tightly packed clusters of nodes in places 
ZKHUH�PDQ\�/&3V�PHHW��7KLV�H̆HFW� LV� VWURQJHU� IRU�
WKH� ���� QHWZRUN�� 3DVVLQJ� WKHVH� FOXVWHUV� RI� QRGHV�
ZLOO�LQFUHDVH�WKH�WRSRORJLFDO�GLVWDQFH�PXFK�TXLFNHU�
WKDQ�PHWULF�GLVWDQFH�

5. Discussion

7KHUH�DUH�VRPH�FOHDU�GL̆HUHQFHV�EHWZHHQ�WKH�
WZR�DSSURDFKHV�XVHG�LQ�WKLV�FDVH�VWXG\�

&\WRVFDSH�ZDV�XVHG�WR�RQO\�FDOFXODWH�PHDVXUHV�
IRU�QRGHV��'HSWKPDS� IRU� HGJHV�� ,W�GHSHQGV�RQ� WKH�
DSSOLFDWLRQ�ZKHWKHU�RQH� LV�SUHIHUDEOH� WR� WKH�RWKHU��
,Q�DUFKDHRORJ\��WKH�FKDUDFWHULVWLFV�RI�VHWWOHPHQWV�LQ�
D�QHWZRUN�PLJKW�EH�LQWHUHVWLQJ�WR�DQDO\]H��EXW�LW�FDQ�
DOVR�EH�XVHIXO�WR�VHH�ZKHUH�WKH�PDMRU�FRQQHFWLRQV�DUH��
,Q�WKH�¿UVW�FDVH��D�QHWZRUN�SDFNDJH�OLNH�&\WRVFDSH�LV�
WR�EH�SUHIHUUHG��LQ�WKH�VHFRQG�FDVH�LW�LV�EHWWHU�WR�XVH�
VSDFH�V\QWD[��([SRUWLQJ�GDWD�IURP�*,6�WR�'HSWKPDS�
LV�HDVLHU�VLQFH�LW�RQO\�QHHGV�DQ�H[SRUW�WR�0,)�0,'�
IRUPDW��)RU�XVH�LQ�&\WRVFDSH��D�OLVW�RI�FRQQHFWLRQV�LQ�
WKH�IRUPDW�RI�VRXUFH�QRGHV�DQG�WDUJHW�QRGHV�KDV�WR�
EH�SURGXFHG�

9LVXDOLVDWLRQ� LQ� ERWK� SDFNDJHV� LV� FRPSOHWHO\�
GL̆HUHQW��'HSWKPDS�LV�YHU\�PXFK�FRPSDUDEOH�WR�D�
*,6�� DQG� UHWDLQV� WKH� RULJLQDO� VSDWLDO� FRQ¿JXUDWLRQ�
RI� WKH� HGJHV�� ZKLFK� PDNHV� LQWHUSUHWDWLRQ� RI� WKH�
patterns easier (at least for the purposes of this 
FDVH� VWXG\��� 7KH� OD\�RXW� DOJRULWKPV� HPEHGGHG� LQ�
&\WRVFDSH� FDQ� GLVSOD\� WKH� QRGHV� LQ� D� ZLGH� DUUD\�
RI� FRQ¿JXUDWLRQV�� QRQH� RI� ZKLFK� WDNH� WKH� VSDWLDO�
FRQ¿JXUDWLRQ�LQWR�DFFRXQW��7KLV�KDV�WKH�DGYDQWDJH�
RI�HPSKDVL]LQJ�DQG�YLVXDOO\� LGHQWLI\LQJ�WRSRORJLFDO�
IHDWXUHV� WKURXJK� GL̆HUHQW� OD\�RXWV�� ,Q� WKLV� FDVH�
VWXG\�� KRZHYHU�� WKH� QHWZRUNV� ZHUH� WRR� ODUJH� DQG�
WKH�QHWZRUN�DQDO\VLV�UHVXOWV�QRW�VWULNLQJ�HQRXJK�WR�
PRWLYDWH� D� YLVXDO� WRSRORJLFDO� H[SORUDWLRQ�� ,Q�RUGHU�
WR� YLVXDOO\� FRPSDUH� WKH� DQDO\VLV� UHVXOWV� IURP�ERWK�
SDFNDJHV��WKH�GDWD�KDV�WR�H[SRUWHG�EDFN�WR�*,6�

%RWK� &\WRVFDSH� DQG� 'HSWKPDS� R̆HU� JOREDO�
DQG� ORFDO� QHWZRUN� DQDO\VLV� PHDVXUHV�� 7KHVH� DUH�
QRW�IXOO\�FRPSDUDEOH��HYHQ�ZKHQ�VWURQJ�VLPLODULWLHV�
DUH� IRXQG��:H�KDYH�QRW� XQGHUWDNHQ� DQ� H[KDXVWLYH�
VXUYH\�RI�DOO�WKH�GL̆HUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ�
WKH� WHFKQLTXHV�� HYHQ� ZKHQ� WKLV� ZRXOG� EH� D� XVHIXO�

H[HUFLVH�LQ�LWVHOI��,W�VHHPV�WKDW�'HSWKPDS�LV�OHVV�ZHOO�
GRFXPHQWHG��PHDVXUHV�LQ�WKH�PDQXDO��7XUQHU�������
DUH� XVXDOO\� GHVFULEHG� LQ� IDLUO\� JHQHUDO� WHUPV��ZLWK�
UHIHUHQFHV� WR� WKH� FRUUHVSRQGLQJ� VFLHQWL¿F� SDSHUV��
7KH� DQDO\VLV� RI� JHQHUDO� QHWZRUN� VWUXFWXUH� DQG� WKH�
LGHQWL¿FDWLRQ�RI�WKH�PRVW�LPSRUWDQW�FRQQHFWLRQV�FDQ�
HTXDOO\�ZHOO�EH�GRQH�LQ�ERWK�SDFNDJHV��&\WRVFDSH�LV�
VRPHZKDW�VWURQJHU�RQ�WKH�JOREDO�PHDVXUHV��WKH\�DUH�
HDVLHU�WR�H[WUDFW�XVLQJ�WKH�1HWZRUN�$QDO\]HU�SOXJLQ�
DQG�R̆HU�D�ZLGHU�UDQJH�RI�RSWLRQV��7KH�FDOFXODWLRQ�
RI� WKH� FRQWURO� PHDVXUH� KRZHYHU� LV� VSHFL¿F� WR�
'HSWKPDS�� 7KH� FOXVWHULQJ� FRḢFLHQW� RI� QRGHV�
FDOFXODWHG�LQ�&\WRVFDSH�LV�VLPLODU� LQ�WKDW� LW�UHÀHFWV�
ORFDO�GL̆HUHQFHV�LQ�GHJUHH��EXW�WKLV�PHDVXUH�GLG�QRW�
SURYLGH�LQWHUHVWLQJ�UHVXOWV�IRU�WKLV�FDVH�VWXG\�

7KH� VWURQJHVW� SRLQW� RI� 'HSWKPDS� LV� WKDW� LW�
R̆HUV�WKH�RSSRUWXQLW\�WR�FDOFXODWH�PHWULF�PHDVXUHV�
DORQJVLGH� WKH� WRSRORJLFDO� RQHV�� ,Q� JHRJUDSKLFDO�
VSDFH�� UHDO� GLVWDQFH� LV� DQ� LPSRUWDQW� IDFWRU� WR�
WDNH� LQWR� DFFRXQW� ZKHQ� FDOFXODWLQJ� QHWZRUN�
FKDUDFWHULVWLFV��1HWZRUN�DQDO\VLV�VRIWZDUH�SDFNDJHV�
GR�QRW�R̆HU�PDQ\� VSDWLDO� DQDO\VLV� WHFKQLTXHV� DV� D�
VWDQGDUG� IHDWXUH�� $Q� DOWHUQDWLYH� DSSURDFK� ZRXOG�
EH�WR�DGG�JHRJUDSKLFDO�GLVWDQFH�WR�HGJHV��EXW�VLQFH�
WKHVH� GLVWDQFHV� DUH� UHODWLYH� WR� FRRUGLQDWH� V\VWHPV�
DQG�SURMHFWLRQV�D�*,6�LPSRUW�WRRO�ZRXOG�PDNH�PRUH�
VHQVH��RU�D�FRPELQDWLRQ�RI�D�VSDWLDO�GDWDEDVH�ZLWK�D�
QHWZRUN�DQDO\VLV�H[WHQVLRQ�

)XUWKHUPRUH�� 'HSWKPDS� FDQ� OLPLW� WKH�
FDOFXODWLRQ� RI� FHQWUDOLW\� PHDVXUHV� WR� D� FHUWDLQ�
GLVWDQFH��VR�FHQWUDOLW\�ZLOO�WKHQ�EH�PHDVXUHG�ZLWKLQ�
D� VHW� UDGLXV�� LQVWHDG� RI� WKH� ZKROH� UHJLRQ�� 7KLV�
UHGXFHV�HGJH�H̆HFWV��DQG�HPSKDVL]HV�WKH�ORFDO�DUHDV�
RI� WKURXJK�PRYHPHQW�� R̆HULQJ� D� ZLGHU� UDQJH� RI�
QHWZRUN�IHDWXUHV�WR�H[SORUH�

7KH� � UHVXOWV� REWDLQHG� � VKRZ� � WKDW� QHWZRUN�
DQDO\VLV� � WHFKQLTXHV� R̆HU� VRPH� DGGLWLRQDO�
LQIRUPDWLRQ� RQ� WKH� QHWZRUN� VWUXFWXUH� RI� WKH�
FXPXODWLYH�FRVW�SDWK�PDSV�WKDW�FDQQRW�EH�REWDLQHG�
IURP�WKH�UDVWHU�EDVHG�PDSV��7KH�QHWZRUNV�FUHDWHG�
IURP� WKH� FXPXODWLYH� FRVW� SDWKV� VKRZ� D� ZHDN�
LQWHJUDWLRQ� DQG� KLJK� GLVWULEXWHGQHVV��PDQ\� QRGHV�
KDYH�WR�EH�SDVVHG�WR�JR�IURP�RQH�ORFDWLRQ�WR�WKH�RWKHU��
DQG� MXQFWLRQV� XVXDOO\� FRQQHFW� RQO\� WKUHH� HGJHV��
7KLV� LV�D�FRQVHTXHQFH�RI�XVLQJ�WKH�FXPXODWLYH�FRVW�
SDWK�DSSURDFK��XVLQJ�D�GL̆HUHQW�VHW�RI�FRQQHFWLRQV��
H�J�� EHWZHHQ� VHWWOHPHQW� ORFDWLRQV�� ZRXOG� OHDG� WR�
GL̆HUHQW�UHVXOWV�
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7KH� PDMRU� FRQQHFWLRQV� WKDW� DUH� REWDLQHG�
WKURXJK� WKH� FDOFXODWLRQ� RI� EHWZHHQQHVV� FHQWUDOLW\�
�FKRLFH�� IROORZ� WKH� YDOOH\V� UDWKHU� WKDQ� WKH� ULGJHV��
7KLV�LV�EHFDXVH�WKH�SDWKZD\V�FUHDWHG�RQ�WKH�ULGJHV�
DUH�QRW�YHU\�ZHOO�FRQQHFWHG�WR�WKH�UHVW�RI�WKH�SDWKV��
7KH� VWHHS� VORSHV� RQ� WKH� YDOOH\� VLGHV�SUHYHQW� WKRVH�
URXWHV�RI� EHFRPLQJ�ZHOO�FRQQHFWHG� WR�RWKHU�SDWKV��
DQG�WKXV�WKURXJK�PRYHPHQW�LV�FRQFHQWUDWHG�LQ�WKH�
YDOOH\V� LQVWHDG�� +RZHYHU�� WKH� FHQWUDOLW\� PHDVXUHV�
FDOFXODWHG� IRU� WKH� ZKROH� UHJLRQ� DOVR� WHQG� WR�
HPSKDVL]H�WKH�FHQWUDOO\�ORFDWHG�QRGHV��WKH\�DUH�YHU\�
VHQVLWLYH�WR�HGJH�H̆HFWV��)XUWKHUPRUH��WKH�FKRLFH�RI�
QHWZRUN�VL]H� �����RU�����PRVW� IUHTXHQWO\� FKRVHQ�
SDWKV� IURP� WKH� FXPXODWLYH� FRVW� SDWK� PDS�� KDV� D�
VWURQJ� LQÀXHQFH� RQ� WKH� EHWZHHQQHVV� FHQWUDOLW\��
:KHQ� OHVV� IUHTXHQWO\�XVHG�SDWKV� DUH� LQFOXGHG�� WKH�
JHQHUDO�VWUXFWXUH�RI�WKH�QHWZRUN�EHFRPHV�OHVV�FOHDU�

7KH�UHVXOWV�DOVR�VKRZ��KRZHYHU��WKDW�QHWZRUN�
PHDVXUHV�LQFRUSRUDWLQJ�JHRJUDSKLFDO�VSDFH�SURYLGH�
WKH� PRVW� LQWHUHVWLQJ� UHVXOWV�� 7KH� JOREDO� QRQ�
JHRJUDSKLFDO� QHWZRUN� DQDO\VLV� UHVXOWV� KHOSHG� WR�
LGHQWLI\� WKH� JHQHUDO� VWUXFWXUH� RI� WKH� GDWDVHW�� WKH�
ORFDO�QHWZRUN�PHDVXUHV�WKDW�ZRXOG�EH�PRVW�VXLWDEOH�
DQG�WKH�NLQGV�RI�UHVXOWV�ZH�FRXOG�H[SHFW�WR�HPHUJH��
$OO�RI�WKH�UHVXOWV�RI�ORFDO�PHDVXUHV�ZH�GHULYHG�ZLWK�
&\WRVFDSH��KRZHYHU��IRXQG�DQ�HTXLYDOHQW�LQ�UHVXOWV�
GHULYHG� ZLWK� 'HSWKPDS�� ,W� VHHPV� WKHQ� WKDW� WKH�
VSDWLDO� QDWXUH� RI� QHWZRUNV� GHULYHG� E\� WKH� /&3V� LV�
QRW�WULYLDO�DQG�VLJQL¿FDQWO\�D̆HFWV�QHWZRUN�DQDO\VLV�
UHVXOWV�� ,Q� RUGHU� WR� DWWDLQ� QRQ�WULYLDO� QHWZRUN�
DQDO\VLV�UHVXOWV�WKH�QHWZRUNV�DQG�PHDVXUHV�QHHG�WR�
DGGUHVV�WKLV�VSDWLDO�QDWXUH�H[SOLFLWO\�
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