
Environmental and Ecological Statistics
https://doi.org/10.1007/s10651-022-00541-8

Abstract
This  study  sets  up  a  spatial  econometric  framework  to  explore  the  factors  that 
best  describe  land  consumption  in  Italy  at  the municipal  level.  By modelling  the 
GL൵HUHQW� W\SHV�RI� VSDWLDO� LQWHUDFWLRQV�DQG�JHRJUDSKLFDO�SUR[LPLW\�EHWZHHQ�DOO� ,WDO-
LDQ�PXQLFLSDOLWLHV�� WKH�GLUHFW�H൵HFWV�RI� ODQG�XVH�GULYHUV�DUH�DVVHVVHG� WRJHWKHU�ZLWK�
VSLOORYHU�H൵HFWV��/DQG�XVH�GDWD�DUH�GUDZQ�IURP�WKH�,635$�613$�������5HSRUW�DQG�
FRYHU�DOO�������,WDOLDQ�PXQLFLSDOLWLHV��7KH�UHVXOWV�KLJKOLJKW�WKH�H[LVWHQFH�RI�HQGRJ-
HQRXV� DQG� H[RJHQRXV� LQWHUDFWLRQ� H൵HFWV� DQG� WKH� FUXFLDO� UROH� RI� WKH� GHPRJUDSKLF��
socio-economic and institutional structure on land use intensity. Hence the need for 
a planning policy  aimed at:  i)  strengthening  institutional  cooperation  to deal with 
excessive administrative fragmentation; ii) improving institutional and governmen-
tal quality to trigger virtuous mechanisms for sustainable land use management.
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1 Introduction

7KH�SURJUHVVLYH�DUWL¿FLDOL]DWLRQ�RI�QDWXUDO�VRLOV�KDV�VHYHUH�LPSOLFDWLRQV�IRU�ODQG�GHJ-
UDGDWLRQ��ZKLFK�HQWDLOV�D�JUHDWHU�ULVN�RI�ÀRRGLQJ��JOREDO�ZDUPLQJ��DQG�FOLPDWH�FKDQJH�
(Ferris and Frank ������$OGLHUL�DQG�9LQFL�����; Haines-Young ������3RODVN\�HW�DO��
�������$ZDUHQHVV�RI�WKH�GLVSURSRUWLRQ�RI�ODQG�FRQVXPSWLRQ�WR�WKH�DFWXDO�QHHGV�RI�WKH�
population, which violates every premise of sustainability with social and economic 
FRQVHTXHQFHV��KDV�RQO\� UDLVHG� LQ� UHFHQW�GHFDGHV� �8QLWHG�1DWLRQV��������(XURSHDQ�
(QYLURQPHQWDO�$JHQF\�����).

7KH�8QLWHG�1DWLRQV� �����$JHQGD� IRU� 6XVWDLQDEOH�'HYHORSPHQW�*RDOV� �6'*V��
HPSKDVL]HV�WKH�FUXFLDO�UROH�RI�ODQG�XVH�LQ�DFKLHYLQJ�PDQ\�6'*V�UHODWHG�WR�]HUR�KXQ-
JHU��JRRG�KHDOWK�DQG�ZHOO�EHLQJ��D൵RUGDEOH�DQG�FOHDQ�HQHUJ\��VXVWDLQDEOH�FLWLHV�DQG�
FRPPXQLWLHV��DQG�UHVSRQVLEOH�SURGXFWLRQ�DQG�FRQVXPSWLRQ��,Q�SDUWLFXODU��WKH�$JHQGD�
SODQV� WR� VWUHQJWKHQ� LQFOXVLYH� XUEDQL]DWLRQ� DQG� WKH� FDSDFLW\� IRU� SDUWLFLSDWRU\� DQG�
integrated planning and management of human settlement  in all countries, as well 
DV�ORQJ�WHUP�VXVWDLQDEOH�ODQG�XVH�E\�������7KHUHIRUH��LW�LV�GHVLUDEOH�WR�FUHDWH�PRUH�
sustainable land management systems to reverse current trends in land consumption 
�81(3���������7R�WKLV�HQG��LW�LV�QHFHVVDU\�WR�DVVHVV�WKH�IDFWRUV�XQGHUO\LQJ�ODQG�FRQ-
sumption that would help policy makers in evaluating existing planning tools or in 
developing new environmentally friendly policies for more sustainable urban devel-
RSPHQW��3XQ]R�HW�DO��������&KDNLU�DQG�/H�*DOOR�������'H�6i�HW�DO������). Knowledge 
of the factors that regulate land use processes is strategically important to combine 
community needs with the sustainable management of natural heritage and resources.
Based on the above, this study aims to investigate the main determinants of land 

FRQVXPSWLRQ� LQ� ,WDO\� IURP� D� VSDWLDO� SHUVSHFWLYH�� 8VLQJ� GDWD� RQ� DOO� ������ ,WDOLDQ�
PXQLFLSDOLWLHV��WKH�VWXG\�VSHFL¿FDOO\�FRQFHQWUDWHV�RQ�ODQG�FRQVXPSWLRQ��WKDW�LV��WKH�
DUWL¿FLDO�FRYHULQJ�RI�RULJLQDOO\�QRQ�DUWL¿FLDO�VXUIDFHV��H�J��DJULFXOWXUDO��IRUHVW��RWKHU�
QDWXUDO�RU�VHPLQDWXUDO�ODQG���DV�D�UHVXOW�RI�DQWKURSRJHQLF�DFWLYLWLHV��/DQG�FRQVXPS-
WLRQ�UDWH��/&���KHUHDIWHU��LV�R൶FLDOO\�GH¿QHG�DV�WKH�SHUFHQWDJH�RI�ODQG�FRQVXPHG�RQ�
WKH�WRWDO�VXUIDFH��QHW�RI�ZDWHU�ERGLHV��,635$�613$������).
Italy is an interesting case study due to its socio-economic, territorial and land use 

FKDUDFWHULVWLFV�WKDW�FRXOG�EULQJ�D�KLJK�YDOXH�WR�WKH�VFLHQWL¿F�GHEDWH�IRU�VHYHUDO�UHD-
VRQV��)LUVW��ODQG�FRQVXPSWLRQ�LQ�,WDO\�LV�RYHUVL]HG�FRPSDUHG�WR�WKH�UHDO�GHPDQG�DQG�
carrying capacity of the territories (Ispra �������FKDUDFWHUL]HG�E\�XUEDQ�VSUDZO�DQG�
dispersed settlements that have often blurred the boundaries between urban and rural 
DUHDV��6DOYDWL�DQG�&DUOXFFL��������:LWK�DERXW������RI�DUWL¿FLDO�ODQG�LQ�������DJDLQVW�
DQ�(8�DYHUDJH�RI��������,WDO\�UDQNV�¿IWK�DIWHU�0DOWD�DQG�WKH�%HQHOX[�FRXQWULHV�DQG�
DKHDG� RI� *HUPDQ\�� 'HQPDUN� DQG� WKH�8QLWHG�.LQJGRP� �(XURSHDQ� (QYLURQPHQWDO�
$JHQF\��������6HFRQG�� ,WDO\� KDV� KLVWRULFDOO\� EHHQ� FKDUDFWHUL]HG�E\� D� KXJH�QRUWK�
south economic gap (Ciccarelli and Fenoaltea �������LQHYLWDEO\�UHÀHFWLQJ�VLJQL¿FDQW�
WHUULWRULDO�GL൵HUHQFHV�LQ�ODQG�FRQVXPSWLRQ��,635$�613$���������,Q�������¿YH�RXW�
RI�HLJKW� UHJLRQV�ZLWK�/&��DERYH� WKH�QDWLRQDO�DYHUDJH�EHORQJHG� WR�QRUWKHUQ� ,WDO\��
Third, Italy has a large number of small and independent municipalities with deci-
sion-making autonomy regarding  territorial planning strategies,  regardless of  their 
VL]H�DQG�QXPEHU�RI�LQKDELWDQWV��7KH�GHWHFWLRQ�RI�VSDWLDO�VSLOORYHU�H൵HFWV�FRXOG�KHOS�
overcome the excessive administrative fragmentation regarding land use and identify 
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the key elements to trigger a virtuous circle that would limit urban sprawl in adjacent 
areas. The spatial dimension is considered in light of i) the assumption that human 
DFWLYLWLHV�LPSDFW�VSDWLDOO\�RQ�WKH�HQYLURQPHQW��0HOOLQR�DQG�8OJLDWL�����; Bateman et 
al. ����); ii) the scarcity of land resource, which causes its consumption to generate 
externalities readily (Wu et al. ����). Both the previous aspects give rise to a land use 
data generating process that makes the use of spatial econometrics particularly suit-
able. Our approach builds on aggregated land-use models using aggregate data at the 
PXQLFLSDOLW\�OHYHO��'HSHQGLQJ�RQ�WKH�W\SH�RI�VSDWLDO�H൵HFWV��GL൵HUHQW�VSDWLDO�HFRQR-
PHWULF�PRGHOV�DUH�SURSRVHG�WR�HVWLPDWH�ERWK�GLUHFW�DQG�LQGLUHFW��VSLOORYHU��H൵HFWV�DQG�
validate the results’ consistency. Fourth, to the best of our knowledge, this is one of 
WKH�¿UVW�VWXGLHV�LQYHVWLJDWLQJ�WKH�GHWHUPLQDQWV�RI�ODQG�FRQVXPSWLRQ�LQ�,WDO\�DW�VXFK�
D� KLJK� OHYHO� RI� JHRJUDSKLF� UHVROXWLRQ�� H[SOLFLWO\� FRQVLGHULQJ� VSDWLDO� H൵HFWV�ZKRVH�
RPLVVLRQ�FRXOG�OHDG�WR�ELDVHG�DQG�RU�LQH൶FLHQW�SDUDPHWHU�HVWLPDWHV�DQG�XQUHOLDEOH�
VWDWLVWLFDO� LQIHUHQFH� �$QVHOLQ��������$JJUHJDWHG�GDWD�PRGHOV�KHOS�SUHGLFW� FKDQJHV�
LQ�DJJUHJDWH�OHYHO�ODQG�XVH�SDWWHUQV�DQG�H[DPLQH�WKH�H൵HFWV�RI�SROLFLHV��&KDNLU�DQG�
/H�*DOOR��������6RPH�ZRUNV�KDYH�H[DPLQHG�ODQG�XVH�LQ�,WDO\��VHH��DPRQJ�RWKHUV��
%LPRQWH�DQG�6WDELOH�������6DOYDWL�HW�DO��������5RPDQR�HW�DO��������RU� LWV�VSHFL¿F�
territorial realities and regions (Guastella et al. ����; Fiorini et al. ������6DYLQL�DQG�
$DOEHUV�������6PLUDJOLD�HW�DO��������5RPDQR�DQG�=XOOR�����D, b��0D]]RFFKL�HW�DO��
������6DOYDWL�HW�DO��������3LOHUL�DQG�0DJJL�����). However, the vast majority have 
explored land use drivers by assuming spatial independence, while land use data gen-
erating processes are fundamentally spatial in nature (Overmars et al. ����).

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���GLVFXVVHV�WKH�WKHR-
UHWLFDO� IUDPHZRUN�DQG�WKH�PDLQ�FKDUDFWHULVWLFV�RI� WKH�VWXG\�DUHD��6HFWLRQV���DQG���
show the methodological details of the spatial econometric models and the data used, 
UHVSHFWLYHO\��7KH�PDLQ�UHVXOWV�DQG�SROLF\�LPSOLFDWLRQV�DUH�GLVFXVVHG�LQ�6HFWLRQV���DQG�
���6HFWLRQ���FRQFOXGHV�

2 Background

2.1 Theoretical framework

6LQFH�ODQG�LV�D�UHVRXUFH�FKDUDFWHUL]HG�E\�ORFDWLRQ�DQG�VFDUFLW\��ODQG�XVH�FKDQJHV�LQ�
a given area tend to spread to surrounding ones, inevitably generating externalities 
(Wu et al. ������$JXLDU�HW�DO���������6SLOORYHU�H൵HFWV�FDQ�UHVXOW�ZKHQ�QHLJKERXULQJ�
local authorities independently plan land use without multi-jurisdictional coordina-
WLRQ�PHFKDQLVPV��6FLDUD�����).

0XOWLSOH�HFRQRPLF�WKHRULHV�KDYH�EHHQ�GHYHORSHG�IRU�DQDO\]LQJ�ODQG�XVH�SDWWHUQV�
taking  spatial  interactions  into account  (Feng et  al. ������$\�HW� DO�� ������9HUEXUJ�
et al. ����D���$PRQJ�WKHVH��DJHQW�EDVHG�PRGHOOLQJ��,UZLQ�DQG�%RFNVWDHO�����) can 
H൵HFWLYHO\�KHOS�FDSWXUH�VSDWLDOO\�FRPSOH[�SURFHVVHV�GULYHQ�E\�ORFDO�DJHQWV��0RGHO-
ling spatial  land use processes associated with local agents allows one to consider 
WKH� H൵HFW� RI� ORFDO� DQG� QHLJKERXULQJ� IDFWRUV� RQ� ODQG� XVH� GHFLVLRQ�PDNHUV� DQG� WKH�
H൵HFW�RI�SRWHQWLDO�VSDWLDO�LQWHUDFWLRQV�EHWZHHQ�VSDWLDOO\�GLVWULEXWHG�ORFDO�DJHQWV��7KLV�
UHDVRQLQJ�¿QGV�HYHQ�PRUH�IRXQGDWLRQ�LQ�WKLV�VWXG\�ZKLFK�EXLOGV�WKH�DQDO\VLV�RQ�GDWD�
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ZLWK�D�KLJK�JHRJUDSKLFDO� UHVROXWLRQ� �PXQLFLSDOLWLHV���6LQFH� WKH�PXQLFLSDOLW\� LV� WKH�
administrative  division  corresponding  to  the  economic  reality  of  the  relationships 
between agents, agent-based modelling represents a sound theoretical framework for 
inferring the estimation results that can help explain the complexity of the land use 
processes resulting from the interactions between behavioural and structural factors 
(Briassoulis ������2YHUPDUV�DQG�9HUEXUJ�����).

$ORQJVLGH�DJHQW�EDVHG�PRGHOOLQJ��ZH�IROORZHG�WKH�WKHRUHWLFDO�DSSURDFK�GHYHORSHG�
by Turner et al. (�������D�ÀH[LEOH�DQG�RSHQ�IUDPHZRUN�FRPSRVHG�RI�NH\�HOHPHQWV�WR�
which  the potential determinants of  land consumption and  their  combinations can 
be traced. Its core consists of four main groups of characteristics – i.e. sociodemo-
graphic conditions, economic structure, institutions, and actors’ attributes – that can 
LQÀXHQFH�ODQG�GHPDQG��0H\IURLGW�����).

6LQFH�WKH�EHKDYLRXU�RI�HFRQRPLF�DJHQWV�LV�RIWHQ�UHODWHG�WR�GHPRJUDSKLF�DQG�VRFLDO�
FKDUDFWHULVWLFV��WKH�ODWWHU�FDQ�LQÀXHQFH�ODQG�SUHVVXUHV��LQFUHDVH�ODQG�XVH�GHPDQG�DQG�
XUEDQ�JURZWK��*HW]QHU�DQG�.DGL�����). Characteristics such as population density, 
IDPLO\�VL]H��DQG�DYDLODELOLW\�RI�VHUYLFHV��LQ�WXUQ��GHSHQG�RQ�WKH�ODQG�VXSSO\��DEVROXWH�
availability and relative access) and could contribute to changes in access to land or 
UHVRXUFHV��6DOYDWL�HW�DO������).
From  the  economic  perspective,  there  could  be  a  close  relationship  between 

HFRQRPLF� DFWLYLW\� DQG� ODQG� XVH� �VXFK� DV� EXLOW�XS� DUHDV��� (FRQRPLF� GHYHORSPHQW��
REVHUYHG�WKURXJK�OHYHOV�RI�HPSOR\PHQW��LQFRPH��DQG�OLYLQJ�VWDQGDUGV��FDQ�D൵HFW�ODQG�
GHPDQG�IRU�KRXVLQJ�DQG�LQGXVWULDO�DUHDV�DQG�LQFHQWLYLVH�KRXVLQJ�VXSSO\��*HW]QHU�DQG�
Kadi ������'HQJ�HW�DO������).
Institutions play a crucial role in land use management (Barbier and Tesfaw ����; 

:ROIHUVEHUJ�HW�DO���������DV�WKH\�DUH�WKH�SULPDU\�GHFLVLRQ�PDNHUV�LQ�ODQG�SODQQLQJ�E\�
addressing land access and regulating social interaction with territorial systems, both 
formal and informal (Tellman et al. �������6WDEOH�JRYHUQDQFH�V\VWHPV�FDQ�HQVXUH�H൶-
cient land control and natural resource protection policies. Otherwise, weaker institu-
WLRQV��FKDUDFWHUL]HG�E\�SROLWLFDO�LQVWDELOLW\��FRUUXSWLRQ�DQG�WKH�DEVHQFH�RI�DGHTXDWH�
regulatory interventions, could fail in regulating land access and guaranteeing sus-
tainable land management (Galinato and Galinato ����).
There is a not negligible interconnection between institutions and society’s demo-

JUDSKLF�DQG�HFRQRPLF�VWUXFWXUH��$FWRUV¶�DWWULEXWHV��PHDQW�DV�WKH�PDLQ�FKDUDFWHULVWLFV�
of local governments and institutions, are crucial for most land use explanations, such 
WKDW�D�FKDQJH� LQ�RQH�RI� WKHP�FDQ�D൵HFW�GHPDQG��DFFHVV�DQG�PDQDJHPHQW�RI� ODQG��
Therefore, the proposed framework cannot ignore that an actor’s land use decision 
PD\�EH�LQÀXHQFHG�E\�WKH�VRFLRGHPRJUDSKLF��HFRQRPLF�DQG�LQVWLWXWLRQDO�FKDUDFWHULV-
tics of spatially proximate decision-making units and their interaction.

,Q� OLJKW� RI� WKLV� IUDPHZRUN� DQG� ,WDOLDQ� OHJLVODWLRQ�� ZKLFK� UHFRJQL]HV� WKDW� HDFK�
municipality has autonomy in decision-making regarding land use, our analysis was 
carried out at the municipal level. In compliance with national legislation, the pri-
mary  role played by municipalities  in  spatial planning can produce multiple adja-
FHQW� MXULVGLFWLRQV� RI� QHLJKERXULQJ� DUHDV� �6FLDUD� ����; Towe  et  al. ����; Cho  and 
/LQQHPDQ�����). This means, for example, that local binding control of land use can 
D൵HFW�WKH�RXWFRPH�RI�VXUURXQGLQJ�FRPPXQLWLHV�DQG�WKDW�WKH�PRUH�RU�OHVV�UHVWULFWLYH�
UHJXODWLRQV�DGRSWHG�E\�D�PXQLFLSDOLW\�FDQ�LQÀXHQFH�WKH�GHFLVLRQV�RI�WKH�QHLJKERXU-
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LQJ�PXQLFLSDOLWLHV��FDXVLQJ�LQWHUOLQNHG�VSLOORYHU�H൵HFWV�WKDW�FDQQRW�EH�LJQRUHG�LQ�WKH�
estimation process (Ji and Tate ����; Wang et al. ����).

2.2 Study area

The high granularity of the administrative units (municipalities), which are in charge 
RI�ODQG�]RQLQJ��PDNHV�,WDO\�DQ�LQWHUHVWLQJ�FDVH�VWXG\��,Q�IDFW��WKH�UHSUHVHQWDWLRQ�RI�
national land consumption is the result of the programmatic choices made by about 
������PXQLFLSDOLWLHV�±�RI�ZKLFK�DSSUR[LPDWHO\�����KDYH� OHVV� WKDQ�������� LQKDE-
itants – with  the  same power  regardless of  their  surface or number of  inhabitants 
(Guastella et al. ����)�.

%\�DQDO\]LQJ�GDWD�IURP�,VSUD��,WDOLDQ�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�
5HVHDUFK��� /&�� DUH� TXLWH� GL൵HUHQWLDWHG� WKURXJKRXW� WKH� ,WDOLDQ� WHUULWRU\�� ,Q� ������
/&��YDOXHV�KLJKHU�WKDQ�WKH�QDWLRQDO�YDOXH���������PRVWO\�FRQFHUQHG�WKH�UHJLRQV�RI�
QRUWKHUQ�,WDO\��/RPEDUG\����������DQG�9HQHWR����������UHDFKHG�WKH�KLJKHVW�OHYHO�RI�
ODQG�FRQVXPSWLRQ��IROORZHG�E\�&DPSDQLD����������DQG�(PLOLD�5RPDJQD����������
%\�FRQWUDVW��$RVWD�9DOOH\����������%DVLOLFDWD����������6DUGLQLD����������DQG�0ROLVH�
�������� VKRZHG� WKH� ORZHVW�/&���7KH�SURYLQFHV�RI�QRUWKHUQ� ,WDO\� �H[FHSW� IRU� WKH�
$OSLQH�RQHV��VKRZHG�/&��DERYH�WKH�QDWLRQDO�YDOXH��DORQJ�ZLWK�FRDVWDO�SURYLQFHV�
RI�7XVFDQ\��/DWLXP��&DPSDQLD��0DUFKH��DQG�DERYH�DOO��VRXWKHUQ�6LFLO\�DQG�$SXOLD�
(except for Foggia).

6HYHUDO�PXQLFLSDOLWLHV� H[FHHG������DQG� VRPHWLPHV������RI� ODQG�FRQVXPSWLRQ��
7KHVH�DUH�VPDOO�RU�PLGGOH�VPDOO�VL]HG�PXQLFLSDOLWLHV�WKDW�RIWHQ�VKRZ�ODQG�XVH�OLQNHG�
WR�WKH�XUEDQL]DWLRQ�SURFHVV�RI�WKH�SURYLQFLDO�FLW\�WR�ZKLFK�WKH\�EHORQJ��RU�YHU\�VPDOO�
VL]H�FRPPXQLWLHV�ZLWK�FRLQFLGLQJ�DGPLQLVWUDWLYH�OLPLWV�ZLWK�WKH�XUEDQL]HG�DUHD��:LWK�
D�IHZ�H[FHSWLRQV��WKH����PXQLFLSDOLWLHV�ZLWK�WKH�KLJKHVW�/&���DERYH������EHORQJ�WR�
/RPEDUG\��HVSHFLDOO\�WKH�SURYLQFHV�RI�0LODQ�DQG�0RQ]D�DQG�%ULDQ]D��DQG�&DPSDQLD�
�1DSOHV��
Figure ��SORWV��D��WKH�VSDWLDO�GLVWULEXWLRQ�E\�GHFLOH�RI�/&��LQ�,WDO\�DW�WKH�PXQLFLSDO�

GHWDLO���E��WKH�JOREDO�VSDWLDO�DXWRFRUUHODWLRQ�RI�/&��DW�WKH�PXQLFLSDO�OHYHO���F��WKH�
ORFDO�LQGLFDWRUV�RI�VSDWLDO�DXWRFRUUHODWLRQ��/,6$���DQG��G��WKHLU�VLJQL¿FDQFH�OHYHO��$OO�
VSDWLDO�VWDWLVWLFV�ZHUH�REWDLQHG�XVLQJ�WKH�¿UVW�RUGHU�ELQDU\�FRQWLJXLW\�PDWUL[�LQ�URZ�
standardised  form  (W1);  thereby,  two municipalities  are  adjacent  (wij = 1)  if  they 
VKDUH�DQ�DGPLQLVWUDWLYH�ERXQGDU\�RI�QRQ�]HUR�OHQJWK�

:LWK�D�VLJQL¿FDQW�JOREDO�0RUDQ¶V�I�RI���������/&��DUH�KLJKO\�VSDWLDOO\�FRUUHODWHG��
This means  that  land use  levels  do not  occur  independently  in  each municipality, 
EXW�HDFK�GHYHORSPHQW�GLUHFWO\�D൵HFWV�WKH�EHKDYLRXU�RI�QHLJKERXULQJ�PXQLFLSDOLWLHV��
*UDSKLFDOO\��EHLQJ�WKH�YDVW�PDMRULW\�RI�PXQLFLSDOLWLHV� ORFDWHG�LQ� WKH�¿UVW�DQG�WKLUG�
TXDGUDQWV�RI�0RUDQ¶V�VFDWWHU�SORW��/&��DUH�FRQQHFWHG�DFFRUGLQJ�WR�D�µKLJK�KLJK¶�DQG�
µORZ�ORZ¶�UHODWLRQVKLS��7KDW�LV��PXQLFLSDOLWLHV�VKRZLQJ�KLJK��ORZ��/&��DUH�XVXDOO\�
surrounded by municipalities with as many high (low) levels of land consumption.

�  In Italy, the territorial planning authorities should operate hierarchically, and the regions should legislate 
within the national guidelines to outline the structure that local authorities follow in preparing statutory 
land use plans. However, Italy does not yet have organic land use regulation;  therefore,  the role of  the 
regions and provinces is often limited to providing general guidance.
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7KH�JOREDO�0RUDQ¶V�I�R൵HUV�RQO\�DYHUDJHV��JLYLQJ�DQ�RYHUDOO�SLFWXUH�RI�WKH�VSDWLDO�
pattern of land consumption in Italy; it may hide interesting territorial micro-concen-
WUDWLRQV�RI�VSDWLDO� LQWHUDFWLRQV�LQ� ODQG�XVH�SDWWHUQV��/,6$V�KHOS�XQGHUVWDQG�H[DFWO\�
which municipalities are similar  to those in their neighbourhood. In particular,  the 
ORFDO�0RUDQ¶V�I�GHWHFWV�VLJQL¿FDQW�VSDWLDO�FOXVWHUV�RI�VLPLODU�YDOXHV��LGHQWLI\LQJ�µKRW¶�
DQG�µFROG¶�VSRWV�ZKHUH�PXQLFLSDOLWLHV�ZLWK�KLJK�RU�ORZ�/&��DUH�DGMDFHQW��7KH�ORFDO�
0RUDQ¶V�I�DOVR�¿QGV�DUHDV�ZKHUH�DGMDFHQW�FRPPXQLWLHV�H[KLELW�VLJQL¿FDQWO\�GL൵HUHQW�
YDOXHV��WKDW�LV��PXQLFLSDOLWLHV�ZLWK�KLJK�/85V�DUH�VXUURXQGHG�E\�PXQLFLSDOLWLHV�ZLWK�
ORZ�/85V�DQG�YLFH�YHUVD���6LJQL¿FDQW�FOXVWHUV�RI�KLJK�/85V�DUH�GHWHFWHG�LQ�VSHFL¿F�
DUHDV�RI� WKH�FRXQWU\�� L�H��D�ZLGH� UDQJH�RI�PXQLFLSDOLWLHV�RI�/RPEDUG\�DQG�9HQHWR��
WKH� SURYLQFHV� RI�$VWL� DQG�7XULQ� �3LHGPRQW���0RGHQD� DQG� 5HJJLR� (PLOLD� �(PLOLD�
5RPDJQD���5RPH��/DWLXP���1DSOHV��&DPSDQLD��DQG�/HFFH��$SXOLD���DQG�FOXVWHUV�RI�
ORZ�/85V�DORQJ�DOPRVW�WKURXJKRXW�WKH�UHVW�RI�WKH�SHQLQVXOD�

3 Method

7KH�RFFXUUHQFH�RI�VSDWLDOO\�GHSHQGHQW�GDWD�FRXOG�LQYDOLGDWH�WKH�2/6�DVVXPSWLRQ�RI�
uncorrelated residuals, resulting in biased estimates of the model parameters. With 
this in mind, our empirical strategy was oriented towards spatial econometric models. 
%DVHG�RQ�WKH�W\SH�RI�VSDWLDO�LQWHUDFWLRQ��DOO�VSHFL¿FDWLRQV�RI�VSDWLDO�PRGHOV��(OKRUVW�
������ $QVHOLQ� ������ DUH� JHQHUDOL]HG� UHVWULFWLRQV� RI� WKH� *HQHUDO� 1HVWLQJ� 6SDWLDO�
�*16��PRGHO��0DQVNL�����):

  Y = ρWY + αiN +Xβ +WXθ + u � ���

  u = λWu + ε � ���

where ȕ is the vector of parameters for exogenous covariates X, α  is the intercept (iN  
is the vector of ones), W is the spatial weights matrix; ȡ is the scalar for the endog-
HQRXV�LQWHUDFWLRQ�H൵HFWV��WY) referred to as spatial autoregressive, ș for exogenous 
LQWHUDFWLRQ�H൵HFWV��WX), λ �IRU�WKH�VSDWLDO�FRUUHODWLRQ�H൵HFW�RI�HUURUV��u is the vector 
of auto-correlated errors, Wu�LV�WKH�LQWHUDFWLRQ�H൵HFWV�DPRQJ�WKH�GLVWXUEDQFH�WHUPV��
and İ�LV�WKH�YHFWRU�RI�LQGHSHQGHQWO\�DQG�LGHQWLFDOO\�GLVWULEXWHG�HUURU�WHUPV�ZLWK�]HUR�
mean and constant variance.

)ROORZLQJ�WKH�FRPELQHG�DSSURDFK�SURSRVHG�E\�(OKRUVW������) to select the most 
DSSURSULDWH�VSDWLDO�PRGHO��ZH�¿UVW�UXQ�WKH�/0�WHVWV��$QVHOLQ�����) and their robust 
�5/0��YHUVLRQV� �$QVHOLQ�HW�DO������)  to  formally verify  the spatial autoregressive 
(ρ != 0�� DQG�RU� UHVLGXDO� DXWRFRUUHODWLRQ� VWUXFWXUHV� (λ != 0��� 7KHQ�� ZH� SHUIRUP� /5�

���&RQWUDU\� WR� WKH�0RUDQ¶V� VFDWWHU�SORW��ZKLFK� IDLOV� WR�EH� IXOO\�H[SODQDWRU\�� WKH�/,6$�FOXVWHU�PDS�ZHOO�
LOOXVWUDWHV�WKDW�PRVW�RI�WKH�,WDOLDQ�PXQLFLSDOLWLHV�DUH�VLJQL¿FDQWO\�FRQQHFWHG�WR�HDFK�RWKHU�DFFRUGLQJ�WR�D�
µORZ�ORZ¶����������UDWKHU�WKDQ�µKLJK�KLJK¶�UHODWLRQVKLSV�����������$�YHU\�ORZ�VKDUH�RI�PXQLFLSDOLWLHV�LV�
VLJQL¿FDQWO\�FRQQHFWHG�DFFRUGLQJ�WR�D�µORZ�KLJK¶���������RU�µKLJK�ORZ¶���������UHODWLRQVKLSV��ZKLOH�WKH�
UHPDLQLQJ�VKDUH�LV�PDGH�XS�RI�PXQLFLSDOLWLHV�WKDW�DUH�QRW�VLJQL¿FDQWO\�FRQQHFWHG�WR�HDFK�RWKHU����������
DQG�QHLJKERXUOHVV���������
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tests (θ != 0;θ + ρβ != 0) to detect the presence of a potential spatial autocorrelation 
in the covariates�, which would also imply exogenous interactions.

$OWKRXJK�WHFKQLFDOO\�WKH�*16�PRGHO�FDQ�EH�HVWLPDWHG��WKH�SDUDPHWHUV�FDQQRW�EH�
PHDQLQJIXOO\�LQWHUSUHWHG�DV�WKH�GL൵HUHQW�W\SHV�RI�LQWHUDFWLRQ�H൵HFWV�FDQQRW�EH�GLVWLQ-
JXLVKHG�IURP�HDFK�RWKHU�GXH�WR�RYHUSDUDPHWHUL]DWLRQ��%XUULGJH�HW�DO��������(OKRUVW�
������/H6DJH�DQG�3DFH�����). To overcome this limitation, we followed the procedure 
VXJJHVWHG�E\�PRVW�RI�WKH�HPSLULFDO�OLWHUDWXUH��+DOOHFN�9HJD�DQG�(OKRUVW�����), which 
UHPRYHV�RQH�RI�WKH�WKUHH�W\SHV�RI�VSDWLDO�LQWHUDFWLRQ�H൵HFWV��7KHUHIRUH��ZH�HVWLPDWHG�
WKUHH�W\SHV�RI�PRGHOV�GHGXFHG�IURP�WKH�*16�PRGHO��GHSHQGLQJ�RQ�WKH�FRQVWUDLQW�XVHG�

���%RWK�FODVVLF�DQG�UREXVW�YHUVLRQV�RI�WKH�/DJUDQJH�0XOWLSOLHU��/0��WHVWV�DUH�EDVHG�RQ�WKH�UHVLGXDOV�RI�WKH�
2/6�PRGHO�DQG�IROORZ�D�FKL�VTXDUHG�GLVWULEXWLRQ�ZLWK�RQH�GHJUHH�RI�IUHHGRP��0RUHRYHU��WKH�¿UVW�/LNHOL-
KRRG�5DWLR��/5��WHVW�H[DPLQHV�ZKHWKHU�WKH�6SDWLDO�'XUELQ�0RGHO��6'0��FDQ�EH�VLPSOL¿HG�WR�WKH�6SD-
WLDO�/DJ�0RGHO��6$5���LQ�ZKLFK�WKH�VWUXFWXUH�VSDWLDO�H൵HFW�HQWHUV�RQO\�HQGRJHQRXVO\�WKURXJK�WKH�VSDWLDO�
DXWRUHJUHVVLYH�WHUP��7KH�VHFRQG�/5�WHVW�YHUL¿HV�ZKHWKHU�WKH�6'0�FDQ�EH�VLPSOL¿HG�WR�WKH�6SDWLDO�(UURU�
0RGHO��6(0���LQ�ZKLFK�WKH�VSDWLDO�H൵HFW�FRQFHUQV�RQO\�WKH�UHVLGXDO�DXWRFRUUHODWLRQ�VWUXFWXUH��%RWK�/5�
tests follow a chi-squared distribution with k degrees of freedom.

Fig. 1� /&��LQ�,WDO\���������6SDWLDO�GLVWULEXWLRQ�E\�GHFLOH��D���0RUDQ�VFDWWHUSORW��E���/,6$�FOXVWHU�PDS��F���
/,6$�VLJQL¿FDQFH�PDS��G�
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First, placing the constraint on the residual autocorrelation structure (λ = 0), the 
6SDWLDO�'XUELQ�0RGHO��6'0��ZDV�HVWLPDWHG��7KH�VWUXFWXUH�VSDWLDO�H൵HFWV�HQWHU�ERWK�
HQGRJHQRXVO\� WKURXJK� WKH�VSDWLDO�DXWRUHJUHVVLYH� WHUP�WR�UHÀHFW� WKH� LPSDFW�RI� ODQG�
FRQVXPSWLRQ�LQ�QHLJKERXUV�DQG�H[RJHQRXVO\�WR�UHÀHFW�WKH�FRQVHTXHQFH�IRU�HDFK�XQLW�
RI�WKH�FKDQJH�LQ�DQ�H[RJHQRXV�YDULDEOH��/H6DJH�DQG�3DFH��������7KH�6'0�GRHV�QRW�
LPSRVH� SULRU� UHVWULFWLRQV� RQ� WKH�PDJQLWXGH� RI� VSDWLDO� VSLOORYHU� H൵HFWV��ZKLFK� FDQ�
EH�JOREDO�RU�ORFDO�DQG�EH�GL൵HUHQW�IRU�GL൵HUHQW�FRYDULDWHV��PRUHRYHU��WKH�6'0�SUR-
YLGHV�XQELDVHG�FRH൶FLHQW�HVWLPDWHV�HYHQ�LQ�WKH�SUHVHQFH�RI�VSDWLDO�HUURU�GHSHQGHQFH�
�(OKRUVW�����).

6HFRQG��SODFLQJ�WKH�FRQVWUDLQW�RQ�WKH�VSDWLDO�DXWRUHJUHVVLYH�VWUXFWXUH��ρ = 0), the 
6SDWLDO�'XUELQ�(UURU�0RGHO��6'(0��ZDV�REWDLQHG��LQ�ZKLFK�WKHUH�LV�QR�HQGRJHQRXV�
interaction, and the focus is on neighbourhood externalities.

7KLUG�� FRQVWUDLQLQJ� RQO\� H[RJHQRXV� LQWHUDFWLRQV�� WKH� .HOHMLDQ�3UXFKD� �������
������PRGHO��DOVR�UHIHUUHG�WR�DV�6SDWLDO�$XWRUHJUHVVLYH�&RQIXVHG��6$&���SURYLGHG�
the double spatial component, i.e. a spatial autoregressive model with autoregressive 
disturbances.

$V�WKH�VSDWLDO�ODJJHG�GHSHQGHQW�YDULDEOH�LV�XVXDOO\�FRUUHODWHG�ZLWK�WKH�GLVWXUEDQFH�
WHUP��WKH�6'0�DQG�6$&�VX൵HU�IURP�HQGRJHQHLW\��ZKLFK�FDQ�EH�DGGUHVVHG�E\�XVLQJ�D�VHW�
RI�LQVWUXPHQWV��$QVHOLQ�����), i.e. variables that are correlated with the spatially lagged 
variable (instrument relevance) and independent of the errors (instrument exogeneity).

7LPH�ODJJHG�YDOXHV�RI�HQGRJHQRXV�YDULDEOHV�DUH� OHVV� OLNHO\� WR�EH� LQÀXHQFHG�E\�
FXUUHQW�G\QDPLFV��HQVXULQJ�QR�FRUUHODWLRQ�ZLWK�WKH�HUURU�WHUP��$QVHOLQ�����). Fol-
lowing this reasoning, we used as instruments the time lag of the potentially endog-
HQRXV�GHSHQGHQW�YDULDEOH��/&����7KH�FRH൶FLHQW�RI�WKH�VSDWLDOO\�ODJJHG�GHSHQGHQW�
YDULDEOH�ZDV�HVWLPDWHG�WKURXJK�WKH�WZR�VWDJH�OHDVW�VTXDUHV��76/6��HVWLPDWRU��.HOH-
MLDQ�DQG�5RELQVRQ�������.HOHMLDQ�DQG�3UXFKD�����, ������/HH�����, ����), using 
WKH�WLPH�ODJ�RI�IRXU�SHULRGV��\HDU�������RI�WKH�VSDWLDO�ODJ�RI�/&��WR�LQVWUXPHQW�WKH�
HQGRJHQRXV�YDULDEOH��5HHG�������$QVHOLQ�DQG�/R]DQR�*UDFLD�����; Fingleton and 
/H�*DOOR��������7KH�VWUHQJWK�RI�WKH�LQVWUXPHQWDO�YDULDEOH�ZDV�YHUL¿HG�XVLQJ�WKH�¿UVW�
stage F-test. The F�VWDWLVWLFV����������ZDV�DERYH�WKH�UXOH�RI�WKXPE�WKUHVKROG�RI����
SURSRVHG�E\�6WDLJHU�DQG�6WRFN������).
The presence of spatially lagged variables implies that the parameters associated 

with  the  covariates  cannot  be  interpreted  as  in  the  usual  framework  of  the  linear 
model. Because of spatial interactions, the change in a covariate in a given munici-
pality directly� D൵HFWV� WKH�GHSHQGHQW� YDULDEOH� LQ� WKDW� DUHD� DQG� indirectly� D൵HFWV� WKH�
GHSHQGHQW�YDULDEOH�LQ�DOO�RWKHU�PXQLFLSDOLWLHV��(OKRUVW�������/H6DJH�DQG�3DFH�����). 
,Q� WKH�SUHVHQFH�RI� WKH� VSDWLDO� DXWRUHJUHVVLYH� WHUP� �6'0�DQG�6$&�PRGHOV�� LQ� WKLV�
SDSHU���EHLQJ�GL൵HUHQW�IRU�HDFK�XQLW�� WKH�GLUHFW�DQG�LQGLUHFW��VSLOORYHU��H൵HFWV�ZHUH�
¿UVW�FRPSXWHG�IRU�HDFK�PXQLFLSDOLW\��DQG�WKHQ�WKH�DYHUDJH�ZDV�SURSRVHG��:KLOH�WKH�
DYHUDJH�GLUHFW�H൵HFW�FDQ�EH�LQWHUSUHWHG�VLPLODUO\�WR�WKDW�RI�WKH�ȕ�FRH൶FLHQWV�RI�OLQHDU�
2/6�PRGHOV��WKH�DYHUDJH�WRWDO�H൵HFW�LV�WKH�DYHUDJH�RI�WKH�n�H൵HFWV�E\�WKH�FKDQJH�RI�D�
unit of variable X in the ith�DUHD�DFURVV�DOO�DUHDV��)LQDOO\��WKH�DYHUDJH�LQGLUHFW�H൵HFW�LV�
JLYHQ�E\�WKH�GL൵HUHQFH�EHWZHHQ�WKH�DYHUDJH�WRWDO�H൵HFW�DQG�WKH�DYHUDJH�GLUHFW�H൵HFW��
,Q�WKH�SUHVHQFH�RI�H[RJHQRXV�LQWHUDFWLRQV�ZLWKRXW�HQGRJHQRXV�LQWHUDFWLRQ��6'(0���
WKH�GLUHFW�DQG�LQGLUHFW�H൵HFWV�RI�D�FRYDULDWH�DUH�JLYHQ�E\�WKH�YHFWRU�RI�WKH�UHVSRQVH�
FRH൶FLHQWV��ȕ) and that of its spatial lag (ș���7KHUHIRUH��6'(0�KDV�DQ�LPSRUWDQW�FKDU-
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DFWHULVWLF�RI�VSLOORYHU�H൵HFWV��ZKLFK�DUH�local and not global, as they only occur in 
areas that, according to W, are connected to each other without involving all the other 
DUHDV�WKDW�DUH�XQFRQQHFWHG��$QVHOLQ�������+DOOHFN�9HJD�DQG�(OKRUVW�����). The direct 
DQG�LQGLUHFW�H൵HFWV�RI�WKH�PRGHO�VSHFL¿FDWLRQV�XVHG�LQ�WKLV�SDSHU�DUH�VKRZQ�LQ�7DEOH��.

:H�DOVR�UXQ�JOREDO�0RUDQ¶V�I and spatial econometric models using three other 
ZHLJKW�PDWUL[�FRQ¿JXUDWLRQV��6WDNKRY\FK�DQG�%LMPROW�����; Case et al. ����). They 
are:  i�� URZ�VWDQGDUGLVHG� VHFRQG� RUGHU� ELQDU\� FRQWLJXLW\�PDWUL[� LQFOXGLQJ� WKH� ¿UVW�
order neighbours  as well  (W2),  in which  two municipalities  are  considered neigh-
bours (wij = 1��LI�WKH\�VKDUH�DQ�DGPLQLVWUDWLYH�ERXQGDU\�RI�QRQ�]HUR�OHQJWK�RU�KDYH�
ERUGHUV� WKDW� WRXFK� WKH� ¿UVW�RUGHU� QHLJKERXUV�� ii)  row-standardised  distance-band 
weight matrix based on the centroid distance (W3) in which two municipalities are 
treated as neighbours (wij = 1��ZKHQHYHU�WKH\�IDOO�ZLWKLQ�WKH�FULWLFDO�GLVWDQFH�FXW�R൵�
(dij ≤ δ ���7KH�FULWLFDO�GLVWDQFH�FXW�R൵��δ ) was set such that each municipality had at 
least one neighbour���7KH�GLVWDQFH�EDQG�PDWUL[�UHÀHFWV�WKH�K\SRWKHVLV�WKDW�WKH�LQWHQ-
VLW\�RI�D�VSLOORYHU�H൵HFW�GHFUHDVHV�ZLWK�WKH�GLVWDQFH��iii) k-nearest neighbour matrix 
(row-standardised) (W4) where k is the number of neighbours that is set equal to the 
mean of the neighbours in the binary contiguity matrix (k =����

4 Data and variables

7KH�GDWD�DUH�GUDZQ�IURP�R൶FLDO�VWDWLVWLFDO�VRXUFHV�DQG�FRYHU�DOO�������,WDOLDQ�PXQLFL-
SDOLWLHV��1876���/$8���OHYHO�RI�WKH�(XURVWDW�FODVVL¿FDWLRQ��IRU�������2൶FLDO�ODQG�
use data were merged with a set of information taken from Istat (Italian Institute of 
6WDWLVWLFV��DQG�6,(3,��,WDOLDQ�6RFLHW\�RI�(FRQRPLFV�DQG�,QGXVWULDO�3ROLF\���7KH�FKRLFH�
RI�SRWHQWLDO�H[SOLFDWLYH�YDULDEOHV�ZDV�EDVHG�RQ�WKH�GRPLQDQW�OLWHUDWXUH�LQ�WKLV�¿HOG�
while considering the constraints related to the data availability at such a high level 
RI�JHRJUDSKLF�UHVROXWLRQ��$FFRUGLQJ�WR�7XUQHU�HW�DO�������) conceptual framework, 
the selected variables concern the three main groups of sociodemographic, economic 
and institutional characteristics while controlling for the geomorphological elements 
WKDW�FDQ�LQÀXHQFH�SHRSOH¶V�DELOLW\�WR�WUDQVIRUP�WKH�ODQG�
Table � details all selected variables that could help explain land use patterns in 

Italy, also including references to the relevant literature and their expected relation-
VKLS�ZLWK�/&��

������PXQLFLSDOLWLHV��LVODQGV�PDGH�XS�RI�RQH�PXQLFLSDOLW\��ZHUH�QHJOHFWHG��VLQFH�WKH�FULWHULRQ�µWKH�ODUJHVW�
of the nearest neighbour distances’ would have meant choosing a distance-band too long causing compu-
tational problems.

Table 1 'LUHFW�DQG�LQGLUHFW�H൵HFWV�RI�GL൵HUHQW�PRGHO�VSHFL¿FDWLRQV
'LUHFW�H൵HFWV ,QGLUHFW�H൵HFWV

2/6 βk �
6'0 'LDJRQDO�HOHPHQWV�RI

(I − ρW )−1 (βk +Wθk)
2൵�GLDJRQDO�HOHPHQWV�RI

(I − ρW )−1 (βk +Wθk)
6'(0 βk θk
6$& 'LDJRQDO�HOHPHQWV�RI

(I − ρW )−1βk
2൵�GLDJRQDO�HOHPHQWV�RI

(I − ρW )−1βk
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'LPHQVLRQV 9DULDEOHV 'HVFULSWLRQ ([SHFWDWLRQ 5HIHUHQFHV
Geomorphologic Overall 

6XUIDFH
6TXDUH�NLORPHWUHV�RI�
the entire municipality

Negative: land use 
is higher in smaller 
areas

Guastella et al. 
����.

(OHYDWLRQ
above 
mean sea 
level

$�PHDVXUHPHQW�LQ�PH-
tres of the elevation of 
a location in reference 
to the mean sea level

Negative��LW�D൵HFWV�
the operational com-
plexity of the land 
use activities

Huang et al. 
������6LOYHLUD�DQG�
'HQWLQKR�����; 
9HUEXUJ�HW�DO��
����E; Overmars 
et al. ����.

Demographic 3RSXODWLRQ�
'HQVLW\

5DWLR�EHWZHHQ�WKH�WRWDO�
population and the total 
square kilometres of the 
municipality

Positive: land use 
is greater in more 
populous areas

Handavu et 
al.,2019;�6KX�HW�
al. ����; Wolfers-
berg et al., 2015; 
6NRQKRIW�DQG�
6ROHP�����

3HU�FDSLWD�
housing

5DWLR�EHWZHHQ�WKH�WRWDO�
number of houses (i.e. 
buildings, apartments) 
and the total population

Positive��$Q�LQFUHDVH�
in the demand for 
housing generates an 
increase in land use

Guastella et al. 
����.

0HWURSROL-
WDQ�$UHD

'XPP\�IRU�WKH�PHW-
URSROLWDQ�DUHD����LI�WKH�
municipality belongs 
to a metropolitan area 
�5RPH��0LODQ��1DSOHV��
Turin, Bari, Florence, 
%RORJQD��*HQRD��9HQ-
LFH��5HJJLR�&DODEULD��
3DOHUPR��&DWDQLD��
0HVVLQD��&DJOLDUL��DQG�
��RWKHUZLVH

Positive��$�KLJKHU�
GHJUHH�RI�XUEDQL]D-
tion leads to greater 
land consumption
Negative��$�KLJKHU�
cooperation favour 
DJJORPHUDWLRQ�H൵HFWV

(XURSHDQ�&RP-
mittee of the 
5HJLRQV������; 
Guastella et al. 
������0D]]RFFKL�
et al. ����.

Socio-Economic (PSOR\-
PHQW�5DWH

6KDUH�RI�HPSOR\HG�
SHRSOH�DJHG���±���RXW�
of the working-age 
population

Positive: high level 
of employment 
implies a higher 
propensity to invest-
ments in land for 
business or housing

0H\IURLGW�HW�DO��
����; Bradshaw 
DQG�0XOOHU�����.

3HU�FDSLWD�
*'3

9DOXH�RI�DOO�JRRGV�DQG�
services produced in 
one year in the country 
divided by the total 
population

Positive��(FRQRPL-
cally more prosper-
ous areas may 
¿QDQFH�ODQG�XVH
Negative: Higher 
levels of economic 
prosperity may lead 
to a more rational 
land use

*HW]QHU�DQG�.DGL�
����; Handavu et 
al. ������6KX�HW�DO��
����; Wolfersberg 
et al., 2015; Gali-
nato and Galinato 
������6NRQKRIW�
DQG�6ROHP�����; 
Bradshaw and 
0XOOHU�����

3HU�FDSLWD�
enterprises

Total number of enter-
prises out of the total 
population

Positive��$�KLJK�OHYHO�
of economic activity 
requires more land 
availability

0H\IURLGW�HW�DO��
����; Bradshaw 
DQG�0XOOHU�����.

Table 2 ([SODQDWRU\�YDULDEOHV
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7KH�,QVWLWXWLRQDO�4XDOLW\�,QGH[��,4,��LV�D�PHDVXUH�RI�WKH�TXDOLW\�RI�,WDOLDQ�LQVWLWX-
WLRQV�SURSRVHG�E\�1LIR� DQG�9HFFKLRQH� �����),  inspired by  the World Governance 
Indicator  (Kaufmann  et  al. ������� ,4,� LV� D� FRPSRVLWH� LQGLFDWRU� WKDW� LQYROYHV� ¿YH�
GLPHQVLRQV��HDFK�PHDVXULQJ�D�VSHFL¿F�DVSHFW�RI� WKH�TXDOLW\�RI� ORFDO�JRYHUQPHQWV��
i) Corruption, as a measure of the degree of corruption of those who perform public 
functions and crimes against the public administration; ii��*RYHUQPHQW�H൵HFWLYHQHVV�
that evaluates the quality of public service and the policies of local governments; iii) 
5HJXODWRU\�TXDOLW\��UHSUHVHQWLQJ�WKH�JRYHUQPHQW¶V�DELOLW\�WR�SURPRWH�DQG�IRUPXODWH�
H൵HFWLYH� UHJXODWRU\� LQWHUYHQWLRQV�� iv��5XOH�RI� ODZ� WKDW�TXDQWL¿HV� WKH�FULPH� OHYHOV��
shadow economy, police force, and magistrate productivity; v��9RLFH�DQG�DFFRXQWDELO-
LW\��DVVHVVLQJ�WKH�GHJUHH�RI�IUHHGRP�RI�WKH�SUHVV�DQG�DVVRFLDWLRQ��,4,�UDQJHV�EHWZHHQ�
��DQG����7KH�FORVHU�WKH�,4,�LV�WR����WKH�KLJKHU�WKH�TXDOLW\�RI�WKH�ORFDO�LQVWLWXWLRQ�
Table ��VKRZV�WKH�VXPPDU\�VWDWLVWLFV�RI�WKH�RXWFRPH�YDULDEOH�/&��DQG�WKH�H[SODQ-

DWRU\�YDULDEOHV�DQG�WKH�JOREDO�0RUDQ¶V�I according to the four spatial weight matrix 
FRQ¿JXUDWLRQV��$OO� GHVFULSWLYH� VWDWLVWLFV�ZHUH� FRPSXWHG� RQ� WKH� RULJLQDO� YDULDEOHV��
without any transformation or pre-processing of the data. The logarithmic transfor-
mation was performed for the purpose of spatial econometric models. For metropoli-
tan area we report  the percentage of municipalities belonging  to metropolitan city 
(metropolitan area =����DQG�QRW�EHORQJLQJ�WR��PHWURSROLWDQ�DUHD�=�����)RU�WKH�YDULDEOH�

'LPHQVLRQV 9DULDEOHV 'HVFULSWLRQ ([SHFWDWLRQ 5HIHUHQFHV
Institutional Quality ,4, $�PHDVXUH�RI�,WDOLDQ�

institutional quality. 
,W�LV�FRPSRVHG�RI�¿YH�
dimensions:
��9RLFH�DQG�
accountability
- Government 
H൵HFWLYHQHVV
��5HJXODWRU\�TXDOLW\
��5XOH�RI�ODZ
- Corruption

Negative: Greater 
institutional and 
governmental qual-
ity leads to a more 
rational land use

Barbier and 
Tesfaw ����; 
Wolfersberg et 
al., 2015; Gali-
nato and Galinato 
����;
6FKQHLGHU�DQG�
3RQWLXV�����.

Table 2 (continued) 

Table 3 'HVFULSWLYH�VWDWLVWLFV
9DULDEOH 0LQ 0D[ 0HDQ 6W��GH-

viation
0RUDQ¶V�,�
(W�)

0RUDQ¶V�,
(W�)

0RUDQ¶V�,
(W�)

0RUDQ¶V�,
(W�)

/&�
2YHUDOO�6XUIDFH�
(OHYDWLRQ�DERYH�VHD
3RSXODWLRQ�'HQVLW\
3HU�FDSLWD�KRXVLQJ
(PSOR\PHQW�5DWH
3HU�FDSLWD�*'3
3HU�FDSLWD�
enterprises
,4,

�����
������
�

�����
�����
������

���������
�����
�

������
����������
�����
�������
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�����
�����

�����
�����
�����
�����
�����
�����
�����
�����
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'XPP\�YDULDEOH �
0HWURSROLWDQ�$UHD � � �����

�����
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µPHWURSROLWDQ�DUHD¶��WKH�SHUFHQWDJH�RI�PXQLFLSDOLWLHV�EHORQJLQJ�WR�WKH�PHWURSROLWDQ�
city (metropolitan area =����DQG�QRW�EHORQJLQJ�WR��PHWURSROLWDQ�DUHD�=����LV�UHSRUWHG�

5 Results

7KH�UHVXOWV�RI�/0�WHVWV�DQG�WKHLU�UREXVW�YHUVLRQV�SURYLGHG�VLJQL¿FDQW�HYLGHQFH�IRU�
ERWK� WKH�DXWRUHJUHVVLYH� WHUP�DQG� WKH�DXWRFRUUHODWLRQ�VWUXFWXUH��PRUHRYHU��ERWK�/5�
WHVWV�SRLQW�WR�D�VLJQL¿FDQW�VSDWLDO�DXWRFRUUHODWLRQ�LQ�WKH�FRYDULDWHV�DV�ZHOO��7DEOH��). 
Therefore, the existence of all three forms of spatial relationships is proved: i) endog-
enous interaction, i.e. the patterns of land use in a given municipality depend on its 
neighbours, ii) exogenous interaction, i.e. these patterns also depend on the observ-
able  characteristics  of  neighbours;  iii�� VSDWLDO� FRUUHODWLRQ� RI� WKH� H൵HFWV� GXH� WR� WKH�
unobserved characteristics.
Table �� VKRZV� WKH� HVWLPDWLRQ� UHVXOWV� RI� WKH� WKUHH� VSDWLDO�PRGHOV� XVLQJ� WKH�¿UVW�

RUGHU�ELQDU\�FRQWLJXLW\�PDWUL[�LQ�URZ�VWDQGDUGLVHG�IRUP��6'0��6'(0��6$&���(VWL-
PDWLRQV�RI�WKH�OLQHDU�PRGHO�ZLWKRXW�VSDWLDO�H൵HFWV��2/6��DUH�DOVR�SUHVHQWHG��7KH�ORJ�
ORJ�VSHFL¿FDWLRQ�DOORZV�WKH�FRH൶FLHQWV�WR�EH�LQWHUSUHWHG�DV�SHUFHQWDJH�YDULDWLRQV�DQG�
the derivative is the elasticity, i.e. the percentage change in land use rates for a unit 
percentage change in a given covariate. Table � shows the direct, indirect and total 
H൵HFWV�RI�HDFK�H[SODQDWRU\�YDULDEOH�

&RPSDULQJ�WKH�WKUHH�VSDWLDO�PRGHOV�VXJJHVWV�WKDW�WKH�6'(0�JLYHV�WKH�EHVW�VSHFL-
¿FDWLRQ�� ,W� VKRZV� WKH� KLJKHVW� ORJ� OLNHOLKRRG� IXQFWLRQ� YDOXH�� DOORZV� D� GLUHFW� LQWHU-
SUHWDWLRQ�RI�VSLOORYHU�H൵HFWV�DQG�FRUUHFWV�WKH�RPLVVLRQ�RI�SRWHQWLDO�VSDWLDOO\�UHODWHG�
attributes of municipalities from the model.

)ROORZLQJ�6WDNKRY\FK� DQG�%LMPROW� �����)  and Case  et  al.  (����), we  also  run 
VSDWLDO�PRGHOV�XVLQJ�WKH�RWKHU�WKUHH�GH¿QLWLRQV�RI�VSDWLDO�ZHLJKWV��VHH�6HFW������ZKRVH�
UHVXOWV�DUH�VKRZQ�LQ�7DEOHV�$��$��$��$��$��$���$SSHQGL[�$��. The comparison 
between  the  estimation  results  of  the  three  spatial models,  on  the  one  hand,  and 
EHWZHHQ� WKH�HVWLPDWLRQ�UHVXOWV�RI� WKH�VDPH�PRGHOV�ZLWK� WKH�IRXU�FRQ¿JXUDWLRQV�RI�
WKH�VSDWLDO�ZHLJKW�PDWUL[��RQ�WKH�RWKHU�RQH��FRQ¿UPV�WKH�RYHUDOO�FRQVLVWHQF\�RI�WKH�
HVWLPDWHV��ZKLFK�LV�DOVR�SURYHQ�E\�DOO�GLDJQRVWLF�WHVWV��/H6DJH�DQG�3DFH�����).

���7DEOHV�$��$��VKRZ��UHVSHFWLYHO\��WKH�HVWLPDWLRQ�UHVXOWV�RI�WKH�WKUHH�VSDWLDO�PRGHOV�DQG�WKH�GLUHFW��LQGL-
UHFW��DQG�WRWDO�H൵HFWV�RI�HDFK�H[SODQDWRU\�YDULDEOH�REWDLQHG�XVLQJ�WKH�VHFRQG�RUGHU�ELQDU\�FRQWLJXLW\�PDWUL[�
LQ� URZ�VWDQGDUGLVHG� IRUP��7DEOHV�$��$�� VKRZ� WKH� HVWLPDWLRQ� UHVXOWV� REWDLQHG�XVLQJ� WKH�GLVWDQFH�EDQG�
ELQDU\�PDWUL[�EDVHG�RQ�WKH�FHQWURLG�GLVWDQFH�LQ�URZ�VWDQGDUGLVHG�IRUP��7DEOH�$��$��VKRZ�WKH�HVWLPDWLRQ�
results obtained using the k-nearest neighbour matrix in row-standardised form.

Table 4 6SDWLDO�GHSHQGHQFH�WHVWV
2/6�YV��6(0
H�: Ȝ =��

2/6�YV��6$5
H�: ȡ =��

2/6�YV��6$&
H�: Ȝ = ȡ =��

/0�ODJ�
5/0�ODJ�

������



�������




/0�HUURU�
5/0�HUURU�

�������



�����




/0�ODJ�+ error: ������




6'0�YV��6$5
H�: ș =��

6'0�YV��6(0
H�: ș + ȡȕ =��

/5�6'0�YV��6$5� ������


 /5�6'0�YV��6(0� �������
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$FFRUGLQJ� WR� D� VWHSZLVH�SURFHGXUH�� DOO� WKH�SUHVHQWHG�FRYDULDWHV� �7DEOH��) were 
DGHTXDWHO\�WHVWHG��$ERXW�WKH�VSDWLDO�H൵HFWV��DV�H[SHFWHG��ERWK�WKH�VSDWLDO�DXWRFRUUHOD-
tion  (ȡ) and autoregressive  (Ȝ��FRH൶FLHQWV�DUH�KLJKO\�VLJQL¿FDQW�DQG�SRVLWLYH��DQG�
DOO�PRGHOV�ZLWK�H[RJHQRXV�LQWHUDFWLRQV�VKRZ�VLJQL¿FDQW�VSLOORYHU�FRH൶FLHQWV��7KLV�
means that  interactions between municipalities play a crucial role  in sketching the 
DFWXDO�SUR¿OH�RI� ODQG�FRQVXPSWLRQ� LQ� ,WDO\��DQG� ORFDO�SDWWHUQV�PXWXDOO\�GHSHQG�RQ�
those of neighbouring municipalities.

7KH�HVWLPDWHG�GLUHFW�H൵HFWV�RI�SRSXODWLRQ�GHQVLW\�DUH�FRQVLVWHQW�WKURXJKRXW�WKH�
models and indicate that, on average, an increase in population density causes an 
LQFUHDVH�LQ�ODQG�FRQVXPSWLRQ��,Q�SDUWLFXODU��EHLQJ�WKH�SRSXODWLRQ�VL]H�FRUUHFWHG�IRU�
the space it occupies, the results imply that the response of municipalities to popu-
ODWLRQ�LQFUHDVHV�DV�WKH�DYHUDJH�VL]H�RI�WKH�PXQLFLSDOLW\�GHFUHDVHV��KLJKOLJKWLQJ�WKDW�
land consumption directly depends on low-density spatial settlement (Guastella et 
al. �������7KH�6$&�UHVXOWV�DOVR�VKRZ�D� WUHQG� WRZDUGV�JURZLQJ� ODQG�XVH�ZLWK� WKH�
increasing population of adjacent municipalities. This implies that  land consump-
WLRQ�LV�JUHDWO\�LQÀXHQFHG�E\�FURZGLQJ�LQ�D�EURDG�VHQVH��6NRQKRIW�DQG�6ROHP�����) 
LQ�OLQH�ZLWK�WKH�OLWHUDWXUH�WKDW�UHFRJQL]HV�GHPRJUDSKLF�DQG�VRFLDO�GHYHORSPHQWV�DV�
GHWHUPLQDQWV�RI�ODQG�XVH��6DOYDWL�HW�DO������; Wolfersberger et al. ����). The con-

Table 6 'LUHFW�� LQGLUHFW� DQG� WRWDO� H൵HFWV� RI� VSDWLDO� PRGHOV� XVLQJ� ¿UVW� RUGHU� ELQDU\� FRQWLJXLW\� PDWUL[��
row-standardised

6'0 6'(0 6$&
'LUHFW�HৼHFWV
(OHYDWLRQ�DERYH�VHD
3RSXODWLRQ�GHQVLW\
3HU�FDSLWD�KRPHV
0HWURSROLWDQ�DUHD
(PSOR\PHQW�UDWH
*'3�SHU�FDSLWD
3HU�FDSLWD�HQWHUSULVHV
,4,
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3RSXODWLRQ�GHQVLW\
3HU�FDSLWD�KRPHV
0HWURSROLWDQ�DUHD
(PSOR\PHQW�UDWH
*'3�SHU�FDSLWD
3HU�FDSLWD�HQWHUSULVHV
,4,
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(OHYDWLRQ�DERYH�6HD
3RSXODWLRQ�GHQVLW\
3HU�FDSLWD�KRPHV
0HWURSROLWDQ�DUHD
(PSOR\PHQW�UDWH
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First order binary contiguity matrix, row-standardised
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VLVWHQF\�RI�WKH�HVWLPDWLRQ�UHVXOWV�LV�DOVR�YHUL¿HG�IRU�SHU�FDSLWD�KRXVLQJ��DV�WKH�FRHI-
¿FLHQWV�DUH�FRQVLVWHQWO\�SRVLWLYH�IRU�DOO�VSDWLDO�PRGHOV�DQG�WKHLU�PDJQLWXGH�YDULHV�
little.

7KLV�GLUHFW�UHODWLRQVKLS�EHWZHHQ�UHVLGHQWLDO�GHPDQG�DQG�ODQG�FRQVXPSWLRQ��=RSSL�
DQG�/DL�������DOVR�¿QGV�KLVWRULFDO�UHDVRQV�LQ�WKDW�WKH�JURZWK�RI�FLWLHV�DQG�DOPRVW�DOO�
human settlements have been determined by population and, more recently, by the 
LQFUHDVHG�GHPDQG� IRU� KRXVLQJ� �%LPRQWH� DQG�6WDELOH� ����; Guastella  et  al. ����). 
0RUHRYHU��WKH�DJHLQJ�RI�VRFLHW\��WKH�JUHDWHU�SUHVHQFH�RI�VPDOOHU�IDPLOLHV�RU�WKH�KLJKHU�
QXPEHU�RI�VLQJOHV�LQ�KRXVHKROGV��*HW]QHU�DQG�.DGL�����; Colsaet et al. ����) are just 
some of the main social changes that can lead to an increase in land consumption. 
+RZHYHU��ERWK�GLUHFW�DQG�LQGLUHFW��VSLOORYHU��H൵HFWV�FRQ¿UP�WKH�QHJDWLYH�LPSDFW�RI�
DOWLPHWU\�RQ�ODQG�XVH��VKRZLQJ�WKH�GL൶FXOW\�RI�VRUWLQJ�RSHUDWLRQV�LQ�DGYHUVH�PRUSKR-
ORJLF�DUHDV��*LYHQ�WKH�VWUXFWXUDO�DQG�QRQ�PRGL¿DEOH�QDWXUH�RI�WKH�PRUSKRORJ\��WKHVH�
WHUULWRULHV�DUH�XVXDOO\�FKDUDFWHUL]HG�E\�D�ORZHU�SRSXODWLRQ�GHQVLW\��D�JUHDWHU�KRXVLQJ�
GLVSHUVLRQ�DQG�D� ORZHU�HFRQRPLF�DFWLYLW\� WKDW�QHJDWLYHO\�D൵HFW� ODQG�FRQVXPSWLRQ��
The results show that belonging  to a metropolitan area – meant as a set of neigh-
bouring and independent municipalities  that gravitate around one or more densely 
SRSXODWHG� XUEDQ� FRUHV� LQ� FRPPXWLQJ�FRQMXQFWLRQ�ZLWK� WKH� VXEXUEDQ� ]RQH� ±� WHQGV�
WR�GHFUHDVH�ODQG�FRQVXPSWLRQ�ERWK�GLUHFWO\�DQG�LQGLUHFWO\��0HWURSROLWDQ�UHJLRQV�DUH�
LQWHUQDOO\�PRUH�LQWHJUDWHG��DV�PXQLFLSDOLWLHV�ZRXOG�IDYRXU�FRRSHUDWLRQ�WR�PD[LPL]H�
WKH�SRVLWLYH�H൵HFWV�RI�DJJORPHUDWLRQ�DGYDQWDJHV��$�SROLF\�RUJDQLVLQJ�XUEDQ�GHYHORS-
ment in a metropolitan region is challenged to enable development on adequate sites 
while exerting less pressure on land, which allows metropolitan areas to be recog-
QL]HG�D�SRWHQWLDO�PRUH�H൶FLHQF\�LQ�ODQG�XVH�PDQDJHPHQW��(XURSHDQ�&RPPLWWHH�RI�
WKH�5HJLRQV������; Guastella et al. ����).

0RYLQJ�WR�WKH�HFRQRPLF�GLPHQVLRQ��LW�LV�ZRUWK�QRWLQJ�WKDW�WKHUH�LV��DV�H[SHFWHG��D�
SRVLWLYH�H൵HFW�RI�HFRQRPLF�DFWLYLW\�RQ�ODQG�XVH�IRU�DOO�VSDWLDO�UHJUHVVLRQV��,Q�SDUWLFX-
ODU��SHU�FDSLWD�*'3��DSSHDUV�WR�EH�D�VLJQL¿FDQW�GLUHFW�GHWHUPLQDQW�RI�ODQG�FRQVXPS-
tion7��%LPRQWH� DQG�6WDELOH� �����)  found  that  increasing  land  use  is  coupled with 
income growth, meaning that the greater the developable land, the greater its con-
sumption. Consistent with the theoretical prediction, the positive impact of employ-
PHQW�UDWH�DQG�SHU�FDSLWD�HQWHUSULVHV�RQ�ODQG�FRQVXPSWLRQ�UDWH�FRQ¿UP�WKDW�ODQG�WHQGV�
to be converted into new developments when economic activity in the areas becomes 
ÀRXULVKLQJ� �6NRQKRIW� DQG�6ROHP��������$V�HPSOR\PHQW�DQG� LQFRPH� LQFUHDVH�� WKH�
general upgrading in  local  living conditions may incentive  the housing demand in 
WKRVH�DUHDV�DQG�� WKHUHIRUH�� ODQG�XVH�GHPDQG� IRU�EXLOW�XS�]RQHV�DQG� LQIUDVWUXFWXUHV�
�*HW]QHU�DQG�.DGL��������([FHSW�IRU�WKH�6$&�PRGHO��WKH�HVWLPDWHG�LQGLUHFW�H൵HFWV�RI�
WZR�RXW�RI�WKUHH�HFRQRPLF�YDULDEOHV�WXUQ�LQVLJQL¿FDQW��7KLV�PHDQV�WKDW�PXQLFLSDOL-

���$V�/&��DQG�*'3�FDQ�EH�FRGHWHUPLQHG��L�H��ODQG�FRQVXPSWLRQ�FDQ�EH�UHODWHG�WR�*'3�DQG�YLFH�YHUVD��
D���\HDU�ODJ��������LQ�WKH�PHDVXUHPHQW�RI�*'3�LV�XVHG�DV�DQ�LQVWUXPHQW�LQ�76/6�HVWLPDWLRQ�WR�DGGUHVV�
SRWHQWLDO�HQGRJHQHLW\�SUREOHPV��'HQJ�HW�DO��������5HHG�����; Jiang et al. ������6WDLJHU�DQG�6WRFN�����).
7��7KH�K\SRWKHVLV�WKDW�ODQG�XVH�ULVHV�DV�HFRQRPLF�JURZWK�LQFUHDVHV�XS�WR�D�JLYHQ�WXUQLQJ�SRLQW��*HW]QHU�
and Kadi ����; Wolfersberger et al. ����), after which economic growth can be further achieved while 
land use no longer increases or increases at a diminishing rate, was also tested by including a quadratic 
IXQFWLRQDO�IRUP�IRU�WKH�*'3�LQ�VSDWLDO�PRGHOV��+RZHYHU��WKH�HVWLPDWLRQ�UHVXOWV�GLG�QRW�SURYLGH�VLJQL¿FDQW�
HYLGHQFH�IRU�WKLV�VSHFL¿F�SDWWHUQ�LQ�RXU�GDWD�
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ties with a relatively high per capita economic activity are more likely to have a high 
DPRXQW�RI�ODQG�XVH��EXW�WKH�VDPH�ODQG�XVH�LQWHQVLW\�LV�OHVV�D൵HFWHG�E\�WKH�HFRQRPLF�
development of neighbouring municipalities.

,QVWLWXWLRQDO�TXDOLW\�PD\�KHOS�H[SODLQ�WHUULWRULDO�LPEDODQFH�GXH�WR�GL൵HUHQFHV�LQ�
WKH�VL]H�RI�WKH�LQIRUPDO�VHFWRU�DQG�VKDGRZ�HFRQRP\��'L�/LEHUWR�DQG�6LGHUL�����; 
5RGUtJXH]�3RVH��������7KH�GLUHFW�H൵HFWV�RI�,4,�DV�D�SUR[\�IRU�YLUWXRXV�PDQDJH-
PHQW�RI�SXEOLF�D൵DLUV�DUH�VLJQL¿FDQWO\�QHJDWLYH��LPSO\LQJ�WKDW�WKH�KLJKHU�WKH�LQVWL-
WXWLRQDO�TXDOLW\��WKH�ORZHU�WKH�ODQG�FRQVXPSWLRQ�LQ�,WDO\��,Q�JHQHUDO��D�PRUH�H൶FLHQW�
OHJDO�V\VWHP�DQG�D�ORZHU�SURSHQVLW\�WR�FRUUXSWLRQ�SOD\�D�VLJQL¿FDQW�UROH�LQ�SUHVHUY-
ing  land  use,  in  line with  the  strand  of  economic  literature  (Barbier  and Tesfaw 
����; Wolfersberger et al. ����; Galinato and Galinato ����) proving that better 
institutional and regulatory quality could curb the rise in land use. By contrast, the 
institutions’ weakness makes  the  local political bodies more vulnerable  to  illegal 
DFWLYLWLHV�DQG�VSHFXODWLYH� LQWHUHVWV��PDNLQJ� WKH� ODQG�XVH�SURFHVV�PRUH�GL൶FXOW� WR�
manage.

6 Discussion

,Q�UHFHQW�\HDUV��(XURSHDQ�LQVWLWXWLRQV�KDYH�LQFUHDVLQJO\�SHUFHLYHG�WKH�LVVXH�RI�ODQG�
XVH� DV� RQH� RI� WKH� PDMRU� FKDOOHQJHV� IDFLQJ� (XURSH� �(XURSHDQ� &RPPLWWHH� RI� WKH�
5HJLRQV������). However, the progressive increase in land consumption in Italy as 
ZHOO�DV�LQ�RWKHU�(XURSHDQ�FRXQWULHV�VKRZV�WKH�IUHTXHQW�LQDELOLW\�RI�ORFDO�LQVWLWXWLRQV�
WR�SXW�(8�FRQFHUQV�LQWR�SUDFWLFH�

7KLV�VWXG\�GHPRQVWUDWHG�WKH�SUHVHQFH�RI�VLJQL¿FDQW�GLUHFW�H൵HFWV�RI�ORFDO�FKDUDF-
WHULVWLFV�RQ�ODQG�XVH�SDWWHUQV�DQG�VLJQL¿FDQW�VSLOORYHU�H൵HFWV�IURP�DGMDFHQW�PXQLFL-
palities and neighbours of neighbours. In line with the agent-based approach (Irwin 
and Bockstael ������� WKLV�DOORZV� UHFRJQL]LQJ� WKH� LQWHUDFWLRQ�EHWZHHQ� WKH�GL൵HUHQW�
actors operating in space as a fundamental role in decision-making processes relating 
to land use.

)LQGLQJV�VXJJHVW�WKDW�ODQG�FRQVXPSWLRQ�LV�JUHDWO\�LQÀXHQFHG�E\�FURZGLQJ�LQ�WKH�
area; that is, the response of municipalities to land use depends directly on the demo-
graphic needs of the same municipality rather than on those of neighbouring areas. 
6LPLODUO\��ODQG�FRQVXPSWLRQ�DOVR�KHDYLO\�GHSHQGV�RQ�WKH�OHYHOV�RI�HFRQRPLF�GHYHO-
opment of the municipality and, albeit to a lesser extent, on those of neighbouring 
communities. In a nutshell, the expansion of population density and dwelling needs 
DQG�WKH�GHFHQWUDOL]DWLRQ�RI�SURGXFWLYH�DFWLYLWLHV�FDQ�EH�DVFULEHG�DV�WKH�PDLQ�IDFWRUV�
of the uncontrolled land use growth in Italy with expected negative impacts on the 
environment.
The integration of municipalities in a context of shared identity, such as the met-

ropolitan city, with a common perception of values, challenges and goals, seems to 
improve institutional cooperation, which in turn can help moderate land consumption. 
7KHVH�UHVXOWV�KLJKOLJKW�WKH�¿UVW�SRLQW�RI�FULWLFLVP�RI�ODQG�XVH�PDQDJHPHQW�LQ�,WDO\��
,I�WKH�WHUULWRULDO�GHFHQWUDOL]DWLRQ�IRU�ODQG�XVH�SODQQLQJ��ZKLFK�LV�WKH�UHVSRQVLELOLW\�RI�
the municipalities, could allow direct control of land consumption (Wolfersberger et 
al. ����), the high number of small and independent municipalities (approximately 
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������ZLWK�DQ�DYHUDJH�VL]H�RI����NP�)  leads  to excessive administrative  fragmen-
tation. Therefore, administrative coordination across municipalities could form the 
basis  for developing an  integrated system of  interaction among  the various agents 
WKDW�KHOSV�GHVLJQ�PRUH�H൵HFWLYH�VROXWLRQV�WR�KROG�XS�WKH�ODQG�WUDQVIRUPDWLRQ�DQG�SUH-
vent over-exploitation (Hytönen et al. �������*LYHQ�WKH�SUHVHQFH�RI�VSLOORYHU�H൵HFWV��
such an integrative approach could trigger a virtuous circle that would limit urban 
sprawl even in adjacent areas.

7KH�LQVWLWXWLRQDOL]DWLRQ�LQ�,WDO\�RI�WKH�PHWURSROLWDQ�FLWLHV��/DZ����������DV�D�QHZ�
government entity in charge of several functions, including strategic territorial plan-
ning, surely represents a fundamental step for structuring coordinated land use man-
agement systems and setting limits to municipal actions. However, while covering 
DOPRVW�����RI� WKH� WRWDO�PXQLFLSDOLWLHV� DQG�DERXW�����RI� WKH�QDWLRQDO�SRSXODWLRQ��
PHWURSROLWDQ�FLWLHV�FRQFHUQ�RQO\�WKH�PDLQ����,WDOLDQ�XUEDQ�FRQWH[WV��ZLWKRXW�FRQVLG-
ering the high heterogeneity in terms of wealth generated and the consistent gap to 
the detriment of southern cities. Therefore, further initiatives are called for promot-
ing coordination and cooperation between metropolitan cities and non-metropolitan 
DUHDV�WR�GHYHORS�D�PRUH�DZDUH�ODQG�XVH�PDQDJHPHQW�WR�DFKLHYH�WKH�JRDO�RI�]HURLQJ�
QHW�ODQG�FRQVXPSWLRQ��,635$�613$������). This would promote the rehabilitation 
of degraded land or the repurpose of land already taken to adapt to climate change 
�6PLUDJOLD�HW�DO��������DQG�WKH�FRPSHQVDWLRQ�IRU�VRLO�VHDOLQJ�ZLWK�WKH�UH�QDWXUDOL]D-
tion of other areas that could return to providing the ecosystem services of natural 
soils.

0RUHRYHU�� WKH�UHVXOWV�VXJJHVW� WKDW� WKH�H[WHQW�RI� ODQG�FRQVXPSWLRQ�DOVR�GHSHQGV�
on the quality of local institutions, stressing the second point of criticism of land use 
PDQDJHPHQW�LQ�,WDO\��3RRU�JRYHUQPHQW�TXDOLW\�PD\�KLQGHU�WKH�H൵HFWLYHQHVV�RI�ODQG�
GHYHORSPHQW�VWUDWHJLHV�DLPHG�DW�UDWLRQDOL]LQJ�ODQG�FRQVXPSWLRQ�DQG�¿JKWLQJ�DJDLQVW�
LOOHJDO�DFWLYLWLHV��5RPDQR�DQG�=XOOR��������,WDO\�LV�KLVWRULFDOO\�FKDUDFWHUL]HG�E\�KLJK�
heterogeneity in institutional performance, and the quality of local governments in 
VRXWKHUQ�,WDO\�LV�IDU�EHORZ�WKDW�RI�QRUWKHUQ�,WDO\��1LIR�DQG�9HFFKLRQH��������6WUHQJWK-
ening the qualitative characteristics of local institutions is an essential step to close 
the regional divides and better manage land use projects. Independently on the poli-
FLHV�DGRSWHG��WKH�H൵HFWLYHQHVV�RI�ODQG�XVH�DFWLRQV�SDVVHV�XQTXHVWLRQDEO\�WKURXJK�WKH�
GH¿QLWLRQ�RI�FOHDU�UXOHV�RI�ODZ��ORZ�OHYHOV�RI�FRUUXSWLRQ�LQ�ORFDO�DGPLQLVWUDWLRQV�DQG�
high capabilities of governments to implement land use planning capable of produc-
ing a good environment for the creation of new value.

7 Conclusions

The contribution of this study was twofold. First, we set up an econometric frame-
work to explore the main determinants of land consumption in Italian municipalities, 
thereby adding to the small number of studies that perform spatial econometric mod-
HOV��6HFRQG��WKLV�LV�RQH�RI�WKH�IHZ�VWXGLHV�LQYHVWLJDWLQJ�ODQG�XVH�GHWHUPLQDQWV�DW�VXFK�
¿QH�JHRJUDSKLF�UHVROXWLRQ�FRYHULQJ�WKH�HQWLUH�QDWLRQDO� WHUULWRU\��DOVR�WDNLQJ�VSDWLDO�
H൵HFWV�LQWR�DFFRXQW��,W�PD\�SURYLGH�LQVLJKWV�LQWR�ORFDO�SROLF\PDNHUV�ZKR�DUH�LQFUHDV-
ingly called upon to plan and manage the future of sustainable cities.
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We performed a set of spatial econometric models  that allowed the comparison 
EHWZHHQ�HVWLPDWHG�GLUHFW�DQG�VSLOORYHU�H൵HFWV��ZKLFK�DUH��LQ�VXEVWDQFH��PXWXDOO\�FRQ-
VLVWHQW�LQ�WHUPV�RI�WKH�VLJQ��PDJQLWXGH�DQG�VLJQL¿FDQFH�OHYHOV��HYHQ�ZKHQ�DGRSWLQJ�
GL൵HUHQW�VSDWLDO�ZHLJKW�PDWULFHV��7KH�HPSLULFDO�UHVXOWV�FRUURERUDWHG�WKH�LGHD�EHKLQG�
WKH�DJHQW�EDVHG�PRGHOV�WKDW�UHFRJQL]H�WKH�FUXFLDO�UROH�RI�LQWHUDFWLRQ��FROODERUDWLRQ�
DQG�FRPSHWLWLRQ�DPRQJ�YDULRXV�DFWRUV��L�H��ORFDO�DXWKRULWLHV��ODQGORUGV��¿UPV��LQYHV-
tors, developers)  in  land use decision-making processes, providing an approach  to 
modelling spatial complexity in land use patterns that takes care of the neighbour-
KRRG�DQG�RU�GLVWDQFH�EHWZHHQ�WHUULWRULDO�DUHDV�
While providing interesting food for thought for future research, the present work 

does not come without its limitations. First, the results enabled us to learn more about 
the main determinants of  land consumption  in  Italy without, however, demanding 
WKHLU�JHQHUDOL]DWLRQ�WR�RWKHU� OHYHOV�RI� WHUULWRULDO�GLVDJJUHJDWLRQ��H�J�� UHJLRQV��SURY-
inces). This means that the interpretation of the results is valid for the chosen geo-
graphic breakdown (Italian municipalities), which perfectly matches  the economic 
reality  of  relationships  between  agents,  even  though  the  procedure  can  be  easily 
DSSOLHG� WR�RWKHU�FRQWH[WV��6HFRQG��FRPSDULQJ�PXOWLSOH�VSDWLDO�HFRQRPHWULF�PRGHOV�
DOORZHG�WKH�FRQVLVWHQF\�RI�WKH�UHVXOWV�WR�EH�DVVHVVHG�E\�FRQWUROOLQJ�IRU�WKH�GL൵HUHQW�
forms of spatial relationship, although it cannot adequately address spatial heteroge-
neity, i.e. potential local variations due to the non-stationary of the spatial process. 
)LQDOO\��WKH�DQDO\VLV�GHDOW�ZLWK�ODQG�FRQVXPSWLRQ�LQ�JHQHUDO��UHJDUGOHVV�RI�LWV�VSHFL¿F�
XVH��&RPSDWLEO\�ZLWK�WKH�DYDLODELOLW\�RI�R൶FLDO�GDWD��XSFRPLQJ�IXUWKHU�UHVHDUFK�LV�
called for comparing land use drivers by type of use to establish best-practice guide-
lines for the management, control and direction of land use, e.g. the implementation 
RI�SURMHFWV�RI�µODQG�XVH�]RQLQJ¶��ZKLFK�ZRXOG�DOORZ�ODQGV�WR�EH�UDQNHG�EDVHG�RQ�WKHLU�
best uses. This study also calls for empirical validation in other countries at the same 
OHYHO�RI�JHRJUDSKLF�GHWDLO�LQ�RUGHU�WR�FRQWH[WXDOL]H�WKH�UHVHDUFK�IURP�DQ�LQWHUQDWLRQDO�
perspective and provide policymakers with practical guidance.
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8 Appendix A

Table A1 (VWLPDWHV�RI�VSDWLDO�PRGHOV�XVLQJ�VHFRQG�RUGHU�ELQDU\�FRQWLJXLW\�PDWUL[
6'0 6'(0 6$&

9DULDEOH Coef. 6W��HUURU Coef. 6W��HUURU Coef. 6W��HUURU
Intercept
(OHYDWLRQ�DERYH�VHD
3RSXODWLRQ�GHQVLW\
3HU�FDSLWD�KRXVLQJ
0HWURSROLWDQ�DUHD
(PSOR\PHQW�UDWH
3HU�FDSLWD�*'3
3HU�FDSLWD�HQWHUSULVHV
,4,
:
�(OHYDWLRQ�DERYH�VHD
:
3RSXODWLRQ�GHQVLW\
:
3HU�FDSLWD�KRXVLQJ
:
0HWURSROLWDQ�DUHD
:
(PSOR\PHQW�UDWH
:
3HU�FDSLWD�*'3
:
3HU�FDSLWD�HQWHUSULVHV
:
,4,
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Table A2 'LUHFW��LQGLUHFW�DQG�WRWDO�H൵HFWV�RI�VSDWLDO�PRGHOV�XVLQJ�VHFRQG�RUGHU�ELQDU\�FRQWLJXLW\�PDWUL[�
�LQFOXGLQJ�¿UVW�RUGHU�QHLJKERXUV���URZ�VWDQGDUGL]HG
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0.1237***
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-
-
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Table A3 (VWLPDWHV�RI�VSDWLDO�PRGHOV�XVLQJ�WKH�GLVWDQFH�EDQG�ELQDU\�PDWUL[�EDVHG�RQ�WKH�FHQWURLG�GLVWDQFH��
URZ�VWDQGDUGL]HG

6'0 6'(0 6$&
9DULDEOH Coef. 6W��HUURU Coef. 6W��HUURU Coef. 6W��HUURU

Intercept
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3HU�FDSLWD�HQWHUSULVHV
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Table A4 'LUHFW��LQGLUHFW�DQG�WRWDO�H൵HFWV�RI�VSDWLDO�PRGHOV�XVLQJ�WKH�GLVWDQFH�EDQG�ELQDU\�PDWUL[�EDVHG�RQ�
WKH�FHQWURLG�GLVWDQFH��URZ�VWDQGDUGL]HG

6'0 6'(0 6$&
'LUHFW�HৼHFWV
(OHYDWLRQ�DERYH�VHD
3RSXODWLRQ�GHQVLW\
3HU�FDSLWD�KRPHV
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-
-
-
-
-
-
-
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0.1246***
0.8156***

(.0155)
(.0139)

ρ
λ
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Table A5 (VWLPDWHV�RI�VSDWLDO�PRGHOV�XVLQJ�k�QHDUHVW�QHLJKERXU��NQQ��PDWUL[��URZ�VWDQGDUGL]HG
6'0 6'(0 6$&

9DULDEOH Coef. 6W��HUURU Coef. 6W��HUURU Coef. 6W��HUURU
Intercept
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0HWURSROLWDQ�DUHD
(PSOR\PHQW�UDWH
3HU�FDSLWD�*'3
3HU�FDSLWD�HQWHUSULVHV
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Table A6 'LUHFW�� LQGLUHFW� DQG� WRWDO� H൵HFWV� RI� VSDWLDO� PRGHOV� XVLQJ� k-nearest  neighbour  (knn)  matrix, 
URZ�VWDQGDUGL]HG
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3RSXODWLRQ�GHQVLW\
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λ
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-
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0.1570***
0.6284*** (.0139)
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DUHDV��$YDLODEOH�DW�KWWS���ZZZ�FRU�HXURSD�HX
(XURSHDQ�(QYLURQPHQWDO�$JHQF\��������/DQGVFDSHV�LQ�WUDQVLWLRQ��$Q�DFFRXQW�RI����\HDUV�RI�ODQG�FRYHU�

FKDQJH�LQ�(XURSH��YRO�����(($�5HSRUW
)HQJ�<��<DQJ�4��+RQJ�=��&XL�/��������0RGHOOLQJ�FRDVWDO�ODQG�XVH�FKDQJH�E\�LQFRUSRUDWLQJ�VSDWLDO�DXWRFRU-

UHODWLRQ�LQWR�FHOOXODU�DXWRPDWD�PRGHOV��*HRFDUWR�,QW����������±���
)HUULV�$(��)UDQN�(*��������/DERU�PDUNHW�LPSDFWV�RI�ODQG�SURWHFWLRQ��7KH�1RUWKHUQ�6SRWWHG�2ZO��-�(QYL-

URQ�(FRQ�0DQDJ�����������
)LQJOHWRQ�%��/H�*DOOR�-��������(VWLPDWLQJ�VSDWLDO�PRGHOV�ZLWK�HQGRJHQRXV�YDULDEOHV��D�VSDWLDO� ODJ�DQG�

VSDWLDOO\�GHSHQGHQW�GLVWXUEDQFHV��¿QLWH�VDPSOH�SURSHUWLHV��3DSHUV�LQ�5HJLRQDO�6FLHQFH����������±���
)LRULQL�/��=XOOR�)��5RPDQR�%��������8UEDQ�GHYHORSPHQW�RI�WKH�FRDVWDO�V\VWHP�RI�WKH�,WDOLDQ�ODUJHVW�LVODQGV��

6LFLO\�DQG�6DUGLQLD��2FHDQ�	�&RDVWDO�0DQDJHPHQW��������±���
*DOLQDWR�*,��*DOLQDWR�63��������7KH�VKRUW�UXQ�DQG� ORQJ�UXQ�H൵HFWV�RI�FRUUXSWLRQ�FRQWURO�DQG�SROLWLFDO�

VWDELOLW\�RQ�IRUHVW�FRYHU��(FRO�(FRQ�������±���
*HW]QHU�0��.DGL�-��������'HWHUPLQDQWV�RI�ODQG�FRQVXPSWLRQ�LQ�$XVWULD�DQG�WKH�H൵HFWV�RI�VSDWLDO�SODQQLQJ�

UHJXODWLRQV��(XU�3ODQ�6WXG�����������±����
*XDVWHOOD�*��3DUHJOLR�6��6FNRNDL�3��������$�VSDWLDO�HFRQRPHWULF�DQDO\VLV�RI�ODQG�XVH�H൶FLHQF\�LQ�ODUJH�DQG�

VPDOO�PXQLFLSDOLWLHV��/DQG�8VH�3ROLF\�������±���
+DLQHV�<RXQJ�5��������/DQG�XVH�DQG�ELRGLYHUVLW\�UHODWLRQVKLSV��/DQG�8VH�3ROLF\����6���±6���
+DOOHFN�9HJD�6��(OKRUVW�-3��������7KH�6/;�PRGHO��-�5HJ�6FL����������±���
+DQGDYX�)��&KLUZD�3:��6\DPSXQJDQL�6��������6RFLR�HFRQRPLF�IDFWRUV�LQÀXHQFLQJ�ODQG�XVH�DQG�ODQG�

FRYHU�FKDQJHV� LQ� WKH�PLRPER�ZRRGODQGV�RI� WKH�&RSSHUEHOW�SURYLQFH� LQ�=DPELD��)RU�3ROLF\�(FRQ�
������±��

+XDQJ�&��+XDQJ�;��3HQJ�&��=KRX�=��7HQJ�0��:DQJ�3��������/DQG�XVH�FRYHU�FKDQJH�LQ�WKH�7KUHH�*RUJHV�
5HVHUYRLU�DUHD��&KLQD��5HFRQFLOLQJ�WKH�ODQG�XVH�FRQÀLFWV�EHWZHHQ�GHYHORSPHQW�DQG�SURWHFWLRQ��&$7-
(1$��������±���

+\W|QHQ�-��0lQW\VDOR�5��3HOWRQHQ�/��.DQQLQHQ�9��1LHPL�3��6LPDQDLQHQ�0��������'HIHQVLYH�URXWLQHV�LQ�
ODQG�XVH�SROLF\�VWHHULQJ�LQ�)LQQLVK�XUEDQ�UHJLRQV��(XU�8UEDQ�5HJ�6WXG���������±��

,UZLQ�(*��%RFNVWDHO�1(��������,QWHUDFWLQJ�DJHQWV��VSDWLDO�H[WHUQDOLWLHV�DQG�WKH�HYROXWLRQ�RI�UHVLGHQWLDO�
ODQG�XVH�SDWWHUQV��-�(FRQ�*HRJU��������±��

,VSUD�������,O�FRQVXPR�GL�VXROR�LQ�,WDOLD��5DSSRUWL���������
,635$�613$��������4XDOLWj�GHOO¶DPELHQWH�XUEDQR�±�;,9�5DSSRUWR�,635$�6WDWR�GHOO¶$PELHQWH������
-L�+��7DWH�03��������6SLOORYHU�H൵HFWV�RI�FHQWUDO�FLWLHV�RQ�VXVWDLQDELOLW\�H൵RUWV� LQ�D�PHWURSROLWDQ�DUHD��

3ROLF\�6FL���������±���
-LDQJ�/��'HQJ�;��6HWR�.&��������7KH� LPSDFW�RI�XUEDQ�H[SDQVLRQ�RQ�DJULFXOWXUDO� ODQG�XVH� LQWHQVLW\� LQ�

&KLQD��/DQG�8VH�3ROLF\������±��
.DXIPDQQ�'��.UDD\�$��0DVWUX]]L�0��������7KH�:RUOGZLGH�*RYHUQDQFH�,QGLFDWRUV��0HWKRGRORJ\�DQG�

$QDO\WLFDO�,VVXHV��+DJXH�-�5XOH�/DZ������±���
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.HOHMLDQ�++��5RELQVRQ�'3��������$�VXJJHVWHG�PHWKRG�RI�HVWLPDWLRQ�IRU�VSDWLDO�LQWHUGHSHQGHQW�PRGHOV�
ZLWK�DXWRFRUUHODWHG�HUURUV��DQG�DQ�DSSOLFDWLRQ� WR�D�FRXQW\�H[SHQGLWXUH�PRGHO��3DSHUV� LQ�5HJLRQDO�
6FLHQFH�������±���

.HOHMLDQ� ++�� 3UXFKD� ,5� �������$� JHQHUDOL]HG� VSDWLDO� WZR�VWDJH� OHDVW� VTXDUHV� SURFHGXUH� IRU� HVWLPDW-
LQJ� D� VSDWLDO� DXWRUHJUHVVLYH�PRGHO�ZLWK� DXWRUHJUHVVLYH� GLVWXUEDQFHV�� -� 5HDO� (VWDWH� )LQDQFH� (FRQ�
��������±���

.HOHMLDQ�++��3UXFKD�,5��������6SDWLDO�PRGHOV�ZLWK�VSDWLDOO\�ODJJHG�GHSHQGHQW�YDULDEOHV�DQG�LQFRPSOHWH�
GDWD��-�*HRJU�6\VW����������±���

/HH�/)� �������%HVW� VSDWLDO� WZR�VWDJH� OHDVW� VTXDUHV� HVWLPDWRUV� IRU� D� VSDWLDO� DXWRUHJUHVVLYH�PRGHO�ZLWK�
DXWRUHJUHVVLYH�GLVWXUEDQFHV��(FRQRP�5HY�������±���

/HH�/)��������*00�DQG��6/6�HVWLPDWLRQ�RI�PL[HG�UHJUHVVLYH��VSDWLDO�DXWRUHJUHVVLYH�PRGHOV��-�(FRQ�
����������±���

/H6DJH�-3��3DFH�5.��������7KH�ELJJHVW�P\WK�LQ�VSDWLDO�HFRQRPHWULFV��(FRQRPHWULFV���������±���
/H6DJH�-��3DFH�5.��������,QWURGXFWLRQ�WR�VSDWLDO�HFRQRPHWULFV��&KDSPDQ�DQG�+DOO�&5&
0DQVNL�&)� ������� ,GHQWL¿FDWLRQ�RI�HQGRJHQRXV� VRFLDO� H൵HFWV��7KH� UHÀHFWLRQ�SUREOHP��5HY�(FRQ�6WXG�

���������±���
0D]]RFFKL�&��6DOL�*��&RUVL�6��������/DQG�XVH�FRQYHUVLRQ�LQ�PHWURSROLWDQ�DUHDV�DQG�WKH�SHUPDQHQFH�RI�

DJULFXOWXUH��6HQVLWLYLW\�,QGH[�RI�$JULFXOWXUDO�/DQG��6,$/���D�WRRO�IRU�WHUULWRULDO�DQDO\VLV��/DQG�8VH�
3ROLF\�������±���

0HOOLQR�6��8OJLDWL�6��������0DSSLQJ�WKH�HYROXWLRQ�RI�LPSHUYLRXV�VXUIDFHV�WR�LQYHVWLJDWH�ODQGVFDSH�PHWDE-
ROLVP��$Q�(PHUJ\±*,6�PRQLWRULQJ�DSSOLFDWLRQ��(FRO�,QI������±��

0H\IURLGW�3��������$SSURDFKHV�DQG�WHUPLQRORJ\�IRU�FDXVDO�DQDO\VLV�LQ�ODQG�V\VWHPV�VFLHQFH��-�/DQG�8VH�
6FL����������±���

0H\IURLGW�3��/DPELQ�()��(UE�.+��+HUWHO�7:��������*OREDOL]DWLRQ�RI� ODQG�XVH��GLVWDQW�GULYHUV�RI� ODQG�
FKDQJH�DQG�JHRJUDSKLF�GLVSODFHPHQW�RI�ODQG�XVH��&XUU�2SLQ�(QYLURQ�6XVWDLQ���������±���

1LIR�$��9HFFKLRQH�*��������'R�LQVWLWXWLRQV�SOD\�D�UROH�LQ�VNLOOHG�PLJUDWLRQ"�7KH�FDVH�RI�,WDO\��5HJ�6WXG�
�����������±����

2YHUPDUV�.3��'H�.RQLQJ�*+-��9HOGNDPS�$��������6SDWLDO�DXWRFRUUHODWLRQ�LQ�PXOWL�VFDOH�ODQG�XVH�PRGHOV��
(FRO�0RGHO������±������±���

2YHUPDUV�.3��9HUEXUJ�3+��������$QDO\VLV�RI�ODQG�XVH�GULYHUV�DW�WKH�ZDWHUVKHG�DQG�KRXVHKROG�OHYHO��OLQN-
LQJ�WZR�SDUDGLJPV�DW�WKH�3KLOLSSLQH�IRUHVW�IULQJH��,QW�-�*HRJU�,QI�6FL����������±���

3LOHUL�3��0DJJL�0��������6XVWDLQDEOH�SODQQLQJ"�)LUVW�UHVXOWV�LQ�ODQG�XSWDNHV�LQ�UXUDO��QDWXUDO�DQG�SURWHFWHG�
DUHDV��WKH�/RPEDUGLD�FDVH�VWXG\��,WDO\���-�/DQG�8VH�6FL���������±���

3RODVN\�6��&RVWHOOR�&��0F$XVODQG�&��������2Q�WUDGH��ODQG�XVH��DQG�ELRGLYHUVLW\��-�(QYLURQ�(FRQ�0DQDJ�
���������±���

3XQ]R�*��&DVWHOODQR�5��%UXQR�(��������8VLQJ�JHRJUDSKLFDOO\�ZHLJKWHG�UHJUHVVLRQV�WR�H[SORUH�VSDWLDO�KHW-
HURJHQHLW\�RI�ODQG�XVH�LQÀXHQFLQJ�IDFWRUV�LQ�&DPSDQLD��6RXWKHUQ�,WDO\���/DQG�8VH�3ROLF\�����������

5HHG� :5� ������� 2Q� WKH� SUDFWLFH� RI� ODJJLQJ� YDULDEOHV� WR� DYRLG� VLPXOWDQHLW\�� 2[I� %XOO� (FRQ� 6WDW�
���������±���

5RGUtJXH]�3RVH�$��������'R�LQVWLWXWLRQV�PDWWHU�IRU�UHJLRQDO�GHYHORSPHQW"�5HJ�6WXG�����������±����
5RPDQR�%��=XOOR�)��&LDEz�6��)LRULQL�/��0DUXFFL�$�������*HRJUD¿H�H�PRGHOOL�GL����DQQL�GL�FRQVXPR�GL�

VXROR�LQ�,WDOLD��6FLHQ]H�H�ULFHUFKH��Q������DSULOH��,661������±����
5RPDQR�%��=XOOR�)������D��/DQG�XUEDQL]DWLRQ� LQ�&HQWUDO� ,WDO\�����\HDUV�RI�HYROXWLRQ��-�/DQG�8VH�6FL�

��������±���
5RPDQR�%��=XOOR�)������E��7KH�XUEDQ�WUDQVIRUPDWLRQ�RI�,WDO\¶V�$GULDWLF�FRDVWDO�VWULS��)LIW\�\HDUV�RI�XQVXV-

WDLQDELOLW\��/DQG�8VH�3ROLF\������±��
5RPDQR�%��=XOOR�)��������+DOI�D�FHQWXU\�RI�XUEDQL]DWLRQ�LQ�VRXWKHUQ�(XURSHDQ�ORZODQGV��D�VWXG\�RQ�WKH�

3R�9DOOH\��1RUWKHUQ�,WDO\���8UEDQ�5HV�3UDFW���������±���
6DOYDWL�/��&DUOXFFL�0��������3DWWHUQV�RI�VSUDZO��7KH�VRFLRHFRQRPLF�DQG�WHUULWRULDO�SUR¿OH�RI�GLVSHUVHG�

XUEDQ�DUHDV�LQ�,WDO\��5HJ�6WXG�����������±����
6DOYDWL�/��3HULQL�/��6DEEL�$��%DMRFFR�6��������&OLPDWH�DULGLW\�DQG� ODQG�XVH�FKDQJHV��$�UHJLRQDO�VFDOH�

DQDO\VLV��*HRJUDSKLFDO�5HV����������±���
6DOYDWL�/��=DPERQ�,��&KHOOL�)0��6HUUD�3��������'R�VSDWLDO�SDWWHUQV�RI�XUEDQL]DWLRQ�DQG�ODQG�FRQVXPSWLRQ�

UHÀHFW�GL൵HUHQW�VRFLRHFRQRPLF�FRQWH[WV�LQ�(XURSH"�6FL�7RWDO�(QYLURQ��������±���
6DOYDWL�/��=LWWL�0��3HULQL�/��������)LIW\�\HDUV�RQ��ORQJ�WHUP�SDWWHUQV�RI�ODQG�VHQVLWLYLW\�WR�GHVHUWL¿FDWLRQ�

LQ�,WDO\��/DQG�'HJUDG�'HY���������±���
6DYLQL� )��$DOEHUV�0%� ������� 7KH� GH�FRQWH[WXDOLVDWLRQ� RI� ODQG� XVH� SODQQLQJ� WKURXJK� ¿QDQFLDOLVDWLRQ��

8UEDQ�UHGHYHORSPHQW�LQ�0LODQ��(XU�8UEDQ�5HJ�6WXG����������±���
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6FKQHLGHU�/&��3RQWLXV�5*�-U��������0RGHOLQJ�ODQG�XVH�FKDQJH�LQ�WKH�,SVZLFK�ZDWHUVKHG��0DVVDFKXVHWWV��
86$��$JULF�(FRV\VW�(QYLURQ�����±�����±��

6FLDUD�*&��������,PSOHPHQWLQJ�UHJLRQDO�VPDUW�JURZWK�ZLWKRXW�UHJLRQDO�DXWKRULW\��7KH�OLPLWV�RI�LQIRUPD-
WLRQ�IRU�QXGJLQJ�ORFDO�ODQG�XVH��&LWLHV�����������

6KX�&��;LH�+��-LDQJ�-��&KHQ�4��������,V�XUEDQ�ODQG�GHYHORSPHQW�GULYHQ�E\�HFRQRPLF�GHYHORSPHQW�RU�¿V-
FDO�UHYHQXH�VWLPXOL�LQ�&KLQD"�/DQG�8VH�3ROLF\�������±���

6LOYHLUD�3��'HQWLQKR�73��������$�VSDWLDO�LQWHUDFWLRQ�PRGHO�ZLWK�ODQG�XVH�DQG�ODQG�YDOXH��&LWLHV������±��
6NRQKRIW�$��6ROHP�+��������(FRQRPLF�JURZWK�DQG�ODQG�XVH�FKDQJHV��WKH�GHFOLQLQJ�DPRXQW�RI�ZLOGHUQHVV�

ODQG�LQ�1RUZD\��(FRO�(FRQ����������±���
6PLUDJOLD�'��&HFFDUHOOL�7��%DMRFFR�6��6DOYDWL�/��3HULQL�/��������/LQNLQJ�WUDMHFWRULHV�RI�ODQG�FKDQJH��ODQG�

GHJUDGDWLRQ�SURFHVVHV�DQG�HFRV\VWHP�VHUYLFHV��(QYLURQ�5HV��������±���
6WDLJHU�'2�� 6WRFN� -+� ������� ,QVWUXPHQWDO� YDULDEOHV� UHJUHVVLRQ�ZLWK�ZHDN� LQVWUXPHQWV�� (FRQRPHWULFD�

������±���
6WDNKRY\FK�6��%LMPROW�7+��������6SHFL¿FDWLRQ�RI�VSDWLDO�PRGHOV��$�VLPXODWLRQ�VWXG\�RQ�ZHLJKWV�PDWULFHV��

3DSHUV�LQ�5HJLRQDO�6FLHQFH����������±���
7HOOPDQ�%��(DNLQ�+��-DQVVHQ�0$��GH�$OED�)��7XUQHU�,,��%�/��������7KH�UROH�RI�LQVWLWXWLRQDO�HQWUHSUHQHXUV�

DQG�LQIRUPDO�ODQG�WUDQVDFWLRQV�LQ�0H[LFR�&LW\¶V�XUEDQ�H[SDQVLRQ��:RUOG�'HY�����������
7RZH�&$��.ODLEHU�+$��:UHQQ�'+��������1RW�P\�SUREOHP��*URZWK�VSLOORYHUV�IURP�XQFRRUGLQDWHG�ODQG�

XVH�SROLF\��/DQG�8VH�3ROLF\�������±���
7XUQHU�%/��0H\IURLGW�3��.XHPPHUOH�7��0�OOHU�'��&KRZGKXU\�5��5��������)UDPLQJ�WKH�VHDUFK�IRU�D�WKHRU\�

RI�ODQG�XVH��-�/DQG�8VH�6FL����������±���
8QLWHG�1DWLRQV�±�(FRQRPLF�DQG�6RFLDO�&RXQFLO��������6SHFLDO�HGLWLRQ��SURJUHVV�WRZDUGV�WKH�6XVWDLQDEOH�

'HYHORSPHQW�*RDOV��(���������(FRQRPLF�DQG�6RFLDO�&RXQFLO��KWWSV���XQGRFV�RUJ�HQ�(��������
8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH�±�81(3��������*(2���*OREDO�(QYLURQPHQW�2XWORRN���(QYL-

URQPHQW� IRU� WKH� )XWXUH� :H� :DQW�� 1DLUREL�� $YDLODEOH� IURP� KWWS���ZZZ�XQHS�RUJ�JHR�SGIV�JHR��
*(2�BUHSRUWBIXOOBHQ�SGI

9HUEXUJ�3+��6FKRW�33��'LMVW�0-��9HOGNDPS�$������D��/DQG�XVH�FKDQJH�PRGHOOLQJ��FXUUHQW�SUDFWLFH�DQG�
UHVHDUFK�SULRULWLHV��*HR-RXUQDO����������±���

9HUEXUJ�3+��YDQ�(FN�-55��GH�1LMV�7&��'LMVW�0-��6FKRW�3������E��'HWHUPLQDQWV�RI�ODQG�XVH�FKDQJH�SDW-
WHUQV�LQ�WKH�1HWKHUODQGV��(QYLURQ�3ODQ����������±���

:DQJ�-��:X�4��<DQ�6��*XR�*��3HQJ�6��������&KLQD¶V�ORFDO�JRYHUQPHQWV�EUHDNLQJ�WKH�ODQG�XVH�SODQQLQJ�
TXRWD��$�VWUDWHJLF�LQWHUDFWLRQ�SHUVSHFWLYH��/DQG�8VH�3ROLF\����������

:ROIHUVEHUJHU�-��'HODFRWH�3��*DUFLD�6��������$Q�HPSLULFDO�DQDO\VLV�RI�IRUHVW�WUDQVLWLRQ�DQG�ODQG�XVH�FKDQJH�
LQ�GHYHORSLQJ�FRXQWULHV��(FRO�(FRQ��������±���

:X�<��6KDQ�-��&KRJXLOO�&/��������&RPELQLQJ�EHKDYLRUDO�LQWHUYHQWLRQV�ZLWK�PDUNHW�IRUFHV�LQ�WKH�LPSOH-
PHQWDWLRQ�RI�ODQG�XVH�SODQQLQJ�LQ�&KLQD��$�WKHRUHWLFDO�IUDPHZRUN�HPEHGGHG�ZLWK�QXGJH��/DQG�8VH�
3ROLF\�����������

=RSSL�&��/DL�6��������'HWHUPLQDQWV�RI�ODQG�WDNH�DW�WKH�UHJLRQDO�VFDOH��$�VWXG\�FRQFHUQLQJ�6DUGLQLD��,WDO\���
(QYLURQ�,PSDFW�$VVHVV�5HY�����±��

Publisher’s Note� 6SULQJHU�1DWXUH�UHPDLQV�QHXWUDO�ZLWK�UHJDUG�WR�MXULVGLFWLRQDO�FODLPV�LQ�SXEOLVKHG�PDSV�
DQG�LQVWLWXWLRQDO�D൶OLDWLRQV�
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