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�� )NTRODUCTION

'LOBAL CONCERNS SURROUNDING THE NEGATIVE EFFECTS OF
MODERN AGRICULTURAL PRACTICES ARE GROWING� DUE TO
ASSOCIATED BIODIVERSITY LOSS� WORSENING WATER AND AIR
QUALITY� AND INCREASED NUTRIENT LOADING� SOIL EROSION�
AND CLIMATE CHANGE �,AURANCE ET AL ����� ,EIP
ET AL ����� 5.%3#/ ����� "ECKMANN ET AL ����	�
-AINTAINING AGRICULTURAL PRODUCTIVITY AMIDST RAPID
ENVIRONMENTAL CHANGE REQUIRES INTEGRATED POLICY
RESPONSES� AND THE WIDESPREAD ADOPTION OF SUSTAIN

ABLE AGRICULTURAL PRACTICES IS A PATHWAY TO INCREASE
AGRICULTURAL OUTPUTS WHILE REDUCING ENVIRONMENTAL
IMPACTS �5. ����� "ENNETT ����� /%#$ �����
+REMEN AND -ERENLENDER ����� 0E�ER ET AL �����
7EBER ET AL ����	�

)N THE5NITED 3TATES �53	 AND THE %UROPEAN5NION
�%5	�TWO OF THE LARGEST AGRICULTURAL PRODUCERS AND
MARKETS GLOBALLY�A NUMBER OF POLICIES SEEK TO AMELI

ORATE THE NEGATIVE EFFECTS OF AGRICULTURAL PRODUCTION
AND TO SUPPORT ENVIRONMENTALLY FRIENDLY MANAGE

MENT� !MONG THESE� AGRI
ENVIRONMENTAL SUBSIDIES
�!%3	 ARE DESIGNED TO IMPROVE THE ENVIRONMENTAL
QUALITY OF AGRICULTURAL LANDSCAPES THROUGH MONETARY
COMPENSATION TO FARMERS� (ERE� WE USE !%3 AS AN
UMBRELLA TERM COVERING PUBLIC SCHEMES DEVOTED TO
THE VOLUNTARY UPTAKE AND IMPLEMENTATION OF ENVIR

ONMENTALLY SUSTAINABLE AGRICULTURAL PRACTICES� 4HESE
ARE GENERALLY KNOWN AS @BEST MANAGEMENT PRACTICES�
IN THE 53� AND @AGRI
ENVIRONMENT SCHEMES� IN THE %5�
3PECIFICALLY� IN THE 53 WE REFER TO THE %NVIRONMENTAL
1UALITY )NCENTIVES 0ROGRAM �%1)0	� DESIGNED TO @HELP
AGRICULTURAL PRODUCERS IN A MANNER THAT PROMOTES
AGRICULTURAL PRODUCTION AND ENVIRONMENTAL QUALITY AS
COMPATIBLE GOALS� �.2#3 ����	� )N THE %5� WE CON

SIDER TARGETED MEASURES OF THE %UROPEAN !GRICULTURAL
&UND FOR 2URAL $EVELOPMENT �%!&2$	 UNDER #OM

MON !GRICULTURAL 0OLICY �#!0	 0ILLAR )) AIMED AT @FOS

TERING AGRICULTURAL COMPETITIVENESS AND ENSURING SUIT

ABLE MANAGEMENT OF NATURAL RESOURCES AND CLIMATE
ACTION� �%UROPEAN 0ARLIAMENT ����	�

/VERALL� THE ECOLOGICAL EFFICACY OF MANY !%3 HAS
BEEN ESTABLISHED� HOWEVER� PREVIOUS LITERATURE SUG

GESTS HIGHLY CONTEXT
DEPENDENT RESULTS �7ALLANDER
AND(AND �����5THES AND-ATZDORF �����-OXEY AND
7HITE ����	� )N BOTH THE 53 AND THE %5� LACK OF SPA

TIAL TARGETING IS THOUGHT TO CHALLENGE !%3 EFFECTIVE

NESS� )N THE 53�7ARDROPPER ET AL �����	 AND 1IU ET AL
�����	 SHOWED SPATIAL INCONGRUENCE IN THE ALLOCATION
OF WATER
RELATED !%3 AND AREAS OF POOR WATER QUAL

ITY� )N 'ERMANY� &RÀH
-ÀLLER ET AL �����	 FOUND THAT
!%3 SHOWED VARIED EFFECTIVENESS INMATCHING ENVIRON

MENTAL NEEDS AND WERE NOT TARGETING HIGH RISK AREAS OF
NITROGEN IMBALANCE OR PEATLAND PROTECTION� 3IMILARLY�
5THES ET AL �����	 IDENTIFIED AMISMATCH BETWEEN !%3
TARGETING AND ENVIRONMENTAL NEEDS VIS
À
VIS EROSION
CONTROL AND GRASSLAND EXTENSIFICATION� 7HILE SEVERAL
STUDIES HAVE ASSESSED THE SPATIAL TARGETING OF !%3�
THEY TYPICALLY INVESTIGATE SPECIFIC COUNTRIES OR REGIONS�

RATHER THAN THE CONTINENTAL SCALE� !DDITIONALLY� STUD

IES IN THE 53 HAVE MORE FREQUENTLY FOCUSED ON FARMER
UPTAKE OF !%3 �E�G� 2EIMER ET AL ����� #ARLISLE ����	�

)N THIS STUDY WE THUS TAKE A BROADER PERSPECT

IVE� ANALYSING !%3 IN THE 53 �%1)0	 AND THE %5
�%!&2$	� ASKING� ARE !%3 GOING WHERE THEY ARE MOST
NEEDED TO ACHIEVE ENVIRONMENTAL GOALS� !S PREVIOUS
EMPIRICAL WORK INDICATES A POTENTIALMISMATCH OF PAY

MENTS AND ENVIRONMENTAL NEEDS� WE EXPLORE TO WHAT
EXTENT THIS MIGHT DIFFER IN THE 53 AND THE %5� AND
EXPAND ON PREVIOUS RESEARCH BY ANALYSING THE EXTENT
TO WHICH KEY SOCIO
ECONOMIC FACTORS MAY MODERATE
THE SPATIAL ALLOCATION OF !%3�

4HE SPATIAL DISTRIBUTION OF !%3 IS AFFECTED BY TWO
PRIMARY DRIVERS�FIRSTLY� BY THE TWO
TIER ALLOCATION
MECHANISMS WHICH DETERMINE THE AMOUNT OF FUNDS
DIRECTED TOWARDS 53 STATES AND %5 MEMBER STATES
�-3	 AND� SUBSEQUENTLY� TOWARDS FINER
SCALE AREAS�
SUCH AS COUNTIES IN THE 53 AND .543� REGIONS IN THE
%5 �SEE APPENDIX ! FOR MORE DETAILS	� 3ECONDLY� IT
IS DRIVEN BY FARMERS� PARTICIPATION� WHICH IS MOTIV

ATED BY SOCIAL AND ECONOMIC DRIVERS �,ASTRA
"RAVO
ET AL ����� -ALEK ET AL ����� "ROWN ET AL ����� 0I¬EIRO
ET AL ����	� 4HUS� WHILE THE OVERARCHING GOALS OF !%3
ARE ENVIRONMENTAL� PROGRAMS MAY PROVIDE ADDITIONAL
SUBSIDIES TO UNDERSERVED GROUPS TO SUPPORT RURAL
DEVELOPMENT AND SOCIAL EQUITY� &OR EXAMPLE� THE ����
53 &ARM"ILL ENABLES FARMERS FROM HISTORICALLY UNDER

SERVED GROUPS TO ACCESS ADDITIONAL RESOURCES THROUGH
%1)0 �.2#3 ����B	� 3IMILARLY� %!&2$ PROMOTES
SOCIAL ASPECTS THROUGH SUB
PROGRAM THEMES� PROVID

ING AVENUES TO ADDRESS SOCIAL DISADVANTAGE AND FOSTER
INCLUSION �%5 ����	� &ARMER�S DECISIONS AND ABILIT

IES TO APPLY FOR !%3 ARE ALSO INFLUENCED BY A VARIETY
OF NON
ENVIRONMENTAL FACTORS �-ALEK ET AL ����	�
HERE WE INCLUDE AGE� GENDER� AND TENANCY STATUS BASED
ON PREVIOUS LITERATURE �E�G� "ARBERCHECK ET AL �����
'IANNAKIS ����� !DUSUMILLI AND 7ANG ����	�

7E IDENTIFIED INDICATORS OF ENVIRONMENTAL NEED
THAT ARE SUPPORTED BY THE LITERATURE �TABLE �	 AND ARE
AT THE CORE OF %1)0 AND %!&2$ GOALS �TABLE �	� 7E
DEFINE @NEED� IN THE CONTEXT OF THE INTENDED IMPACTS OF
!%3 TO ENHANCE ENVIRONMENTAL AND SOCIO
ECONOMIC
SUSTAINABILITY OF RURAL LANDSCAPES� AS STATED IN THEIR
PROGRAMMATIC GOALS� 4HEN� WE USE LINEAR MIXEDMOD

ELS AND LINEAR MODELS TO EXPLORE THE ASSOCIATIONS
BETWEEN OUR INDICATOR VARIABLES AND !%3 FUNDING�
/UR CONSIDERATION OF 53 AND %5 SUBSIDIES� AS WELL
AS OUR INTERDISCIPLINARY APPROACH SPANNING SOCIO

ECONOMIC AND ENVIRONMENTAL DIMENSIONS� PRESENT A
COMPREHENSIVE FRAMEWORK TO ASSESS !%3 TARGETING
AND ITS POTENTIAL TO ACHIEVE SUSTAINABILITY GOALS�

�� #OMPARABILITY OF !%3 PROGRAMS

4HE ENVIRONMENTAL NEED INDICATORS IN TABLE � REFLECT
SIMILARITIES BETWEEN THE OVERARCHING GOALS OF %1)0
AND %!&2$� WHICH PRIORITIZE SOIL HEALTH� WATER
QUALITY� BIODIVERSITY� AND GREENHOUSE GASES �'('	

�
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EMISSIONS REDUCTION� !SIDE FROM THEIR PROGRAM

MATIC OBJECTIVES� THESE POLICIES EXHIBIT COMPARABLE
EFFORTS TO BALANCE TOP
DOWN DECISION
MAKING PRO

CESSES WITH LOCAL AUTONOMY� %1)0�S GOALS ARE OUT

LINED NATIONALLY BY THE 53$!� A FEDERAL AGENCY� 3TATES�
HOWEVER� CAN INCORPORATE LOCAL PRIORITIES� A SYSTEM
STRENGTHENED IN THE ���� &ARM "ILL �E�G� 3TATE #ON

SERVATIONISTS CAN DESIGNATE @HIGH
PRIORITY� PRACTICES
ELIGIBLE FOR INCREASED PAYMENTS� .2#3 ����	� 3IMIL

ARLY� %!&2$ PRIORITIES ARE SET BY THE %UROPEAN #OM

MISSION� BUT PARTS OF THE %!&2$ ARE IMPLEMENTED
NATIONALLY AND SUB
REGIONALLY BASED ON #OMMUNITY

,ED ,OCAL $EVELOPMENT MODELS �%# ����� 0ALMISANO
ET AL ����	�

7HILE %1)0 AND %!&2$ HAVE SIMILARITIES� THEY
ALSO DIFFER IN THEIR TARGETS AND DESIGN� &OR EXAMPLE�
WHILE %1)0 FOCUSES ON REDUCING NEGATIVE ENVIR

ONMENTAL EXTERNALITIES �"AYLIS ET AL ����	� THE RE

DISTRIBUTIVE GOALS OF %!&2$ PLACE MORE EMPHASIS ON
RURAL DEVELOPMENT AND PROVISION OF PUBLIC GOODS �E�G�
!%3 FOR WOMEN� YOUNG FARMERS� AND CULTURAL LAND

SCAPES� TABLE �	� -OREOVER� THEY INCREASE CONTRIBU

TIONS TO POORER REGIONS BY REDUCING DIRECT PAYMENTS
TO LARGER FARMS �*OHNSON ET AL ����	 AND GRANT GREATER
AUTONOMY TO LOCAL ENTITIES THAN %1)0 �(ANRAHAN AND
:INN ����� %# ����	�

)T IS IMPORTANT TO NOTE THAT %1)0 AND %!&2$
ARE PART OF BROADER SYSTEMS OF SUBSIDY PROGRAMS THAT
MAY INFLUENCE TRENDS IN !%3 PAYMENTS BY AFFECT

ING FARMER OPPORTUNITY COSTS� 4HESE INCLUDE DIR

ECT PAYMENTS �"RADY ET AL ����� -ATTHEWS ����	�
CROP INSURANCE� AND LAND RETIREMENT SCHEMES� SUCH
AS THE CONSERVATION RESERVE PROGRAM �#20	 IN THE
53 �-C,EAN
-EYINSSE ET AL ����� (ELLERSTEIN �����
APPENDIX "	� 4HIS STUDY FOCUSES ON WORKING FARMLAND
!%3 TO ENHANCE COMPARABILITY BETWEEN PROGRAMS�

�� -ETHODS

���� !GRI
ENVIRONMENTAL SUBSIDY DATA
7EANALYZED AVERAGE53%1)0 SPENDING BETWEEN ����
AND ����� AS THESE ARE THE MOST RECENT YEARS WITH
COMPLETE DATA AVAILABLE �%7' ����	� &OR THE %5
�INCLUDING THE 5+	� WE USED %UROPEAN #OMMISSION
DATA ON %!&2$ SPENDING FOR THE YEARS ���� AND
���� REPORTED AT .543� LEVEL �%# ����	� 4HESE YEARS
WERE CHOSEN TO REFLECT THE NEW FUNDING MECHANISMS
IN EFFECT SINCE THE ���� #!0 REFORM� BUT ARE CLOSE
ENOUGH TO THE %1)0 SPENDING YEARS TO WARRANT A COM

PARISON WITH THE 53�

%1)0 FOCUSES ON A SET OF OVER ��� PRACTICES� RAN

GING FROM NUTRIENT AND CROP RESIDUE MANAGEMENT TO
IRRIGATION AND GRAZING� 4O APPROXIMATE THE %!&2$
SPENDING ALLOCATED FOR COMPARABLE MEASURES� WE COR

RECTED TOTAL %!&2$ SPENDING BY THE PROPORTION OF
SPENDING FOR MEASURES -� �@)NVESTMENTS IN PHYS

ICAL ASSETS�	 AND -�� �@!GRI
ENVIRONMENT
CLIMATE�	
USING AN ADDITIONAL DATASET �%# ����A	� 4HESE MEAS

URES WERE DEEMED ANALOGOUS TO THOSE OF %1)0 AS

THEY PROMOTE SUSTAINABLE WORKING LAND AND LIVESTOCK
AGRICULTURAL PRACTICES WHILE LARGELY EXCLUDING FORESTRY
INVESTMENTS� )F SPENDING WAS REPORTED AT LOWER RES

OLUTION �OFTEN .543� LEVEL	� WE USED THE SAME PRO

PORTION FOR ALL UNDERLYING .543� REGIONS� 3INCE OUR
ANALYSIS FOCUSES ON SPATIAL TARGETING RATHER THAN TEM

PORAL ANALYSIS OF !%3 IMPACTS� WE CALCULATED !%3
AS THE AVERAGE SPENDING PER HECTARE OF AGRICULTURAL
LAND �TABLE �	 BY COUNTY IN THE 53 �� HA−�	 AND BY
.543� REGION IN THE %5 �E HA−�	� MODELLING ����53
COUNTIES AND ��� %5 .543� REGIONS�

���� )NDICATORS OF ENVIRONMENTAL NEED AND
CONTEXTUAL VARIABLES
7E SELECTED �� INDICATORS BASED ON THEIR ENVIR

ONMENTAL� SOCIO
ECONOMIC AND POLICY RELEVANCE
�TABLE �	� 4HESE INCLUDED� ��	 SIX ENVIRONMENTAL
INDICATORS TARGETED BY !%3 AND CAPTURING ENVIR

ONMENTAL NEED� ��	 THREE SOCIO
ECONOMIC VARIABLES
RELATED TO HOW SUBSIDIES ARE ALLOCATED AND APPLIED FOR
IN PRACTICE� AND ��	 FOUR CONTEXTUAL VARIABLES DESCRIB

ING REGIONAL AGRICULTURAL SYSTEMS� 4ABLE � DESCRIBES
THEIR POLICY RELEVANCE WITHIN !%3 FRAMEWORKS� 3EE
APPENDIX $ FOR INDICATORS� MAPS�

3PATIAL DATA WERE MASKED TO AGRICULTURAL AREAS
AND AVERAGED PER REGION �53 COUNTY OR %5 .543�	�
(IGH INDICATOR SCORES REFLECT HIGH ENVIRONMENTAL NEED
ACROSS ALL VARIABLES� 4HE DIRECTION OF SOIL ORGANIC CAR

BON �3/#	 AND LOCAL BIODIVERSITY INTACTNESS WERE
INVERTED TO ACHIEVE THIS� 3OCIO
ECONOMIC AND CONTEX

TUAL INDICATORS WERE INCLUDED AS DRIVERS OF ALLOCATION
AND FARMER PARTICIPATION THAT SHAPE ENVIRONMENTAL
OUTCOMES� 0REDICTORS WERE SCALED TO ZERO MEAN AND
UNIT STANDARD DEVIATION�

���� 3TATISTICAL ANALYSIS
7E CONDUCTED TWO SETS OF ANALYSES FOR THE CONTINENTAL
53 ��� STATES	 AND MOST REGIONS OF THE %5 ��� -3	
TO REFLECT THE TWO
TIER ALLOCATION SYSTEM OF THE SUB

SIDY PROGRAMS� &IRST� WE EVALUATED !%3 SPENDING PAT

TERNS AMONG STATES �@MULTI
3TATE MODELS�	� 4HEN� WE
ASSESSED SPENDING PATTERNS WITHIN STATES �@INDIVIDUAL

3TATE MODELS�	 TO EXAMINE HOW LOCAL SPENDING RELATED
TO THE GENERAL PATTERNS OBSERVED IN THE MULTI
3TATE
MODELS� !LL ANALYSES WERE CONDUCTED IN 2 �2 #ORE
4EAM ����	�

4HIS STUDY COVERS A LIMITED TIMESPAN AND HIS

TORICAL !%3 ALLOCATION MAY HAVE INFLUENCED THE PRE

DICTORS DUE TO CHANGES IN AGRICULTURAL MANAGE

MENT �4AYLOR AND -ORECROFT ����� -EALS ET AL �����
-AC$ONALD ET AL ����	� 4HUS� OUR FINDINGS REGARD

ING !%3 SPENDING ARE RELEVANT PRIMARILY FOR THE YEARS
ANALYSED�

������ -ULTI
STATE ANALYSIS
7E ANALYSED THE RELATIONSHIP BETWEEN !%3 SPEND

ING AND THE �� PREDICTORS WITH A GENERALIZED LINEAR
MIXEDMODEL �',--	 THAT INCLUDED STATE FACTORS �53
STATE� OR %5 -3	 AS A RANDOM EFFECT USING THE NLME

�
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%NVIRON� 2ES� ,ETT� �� �����	 ������ 3 "IFFI ET AL

PACKAGE IN 2 �0INHEIRO ET AL ����	� 7E FIRST RAN FULL
',--S INCLUDING ALL INDICATORS AS DESCRIBED ABOVE�
7E USED BACKWARD VARIABLE SELECTION BASED ON !)#
TO IDENTIFY THE MOST IMPORTANT VARIABLES USING THE
-!33 PACKAGE �6ENABLES AND 2IPLEY ����	� 7E THEN
COMPARED THEMOST IMPORTANT INDICATORS BETWEEN THE
53 AND %5� 2',-- WERE CALCULATED AS SUMMARY STAT

ISTICS USING THE -U-)N PACKAGE �"ARTOŃ ����	 TO
SUMMARIZE THE VARIANCE EXPLAINED BY FIXED EFFECTS
�MARGINAL 2�	 AND FIXED AND RANDOM EFFECTS TOGETHER
�CONDITIONAL 2�	�

7E ASSESSED THE STABILITY OF THE SELECTED VARIABLES
USING ���� BOOTSTRAP REPLICATIONS �(EINZE ET AL ����	
AND TESTED FOR SPATIAL AUTOCORRELATION IN THE RESIDUALS
BY RUNNING A -ONTE
#ARLO SIMULATION OF -ORAN�S )
STATISTIC USING THE SPDEP PACKAGE �"IVAND ET AL ����	�

������ )NDIVIDUAL
STATE ANALYSIS
7E RAN LINEAR REGRESSIONS FOR A SELECTED GROUP OF 53
STATES AND %5 -3� TO EXCLUDE POTENTIAL BIASES CAUSED
BY ALLOCATION PREFERENCES TOWARDS CERTAIN STATES AT THE
FEDERAL OR %5 LEVEL AND COMPARE ALLOCATION WITHIN
DIFFERENT AGRI
ECONOMIC SYSTEMS� /NLY STATES WITH AT
LEAST �� COUNTIES �53	 OR .543�
REGIONS �%5	 WERE
INCLUDED IN THIS ANALYSIS� )N THE %5� THIS RESTRICTED THE
ANALYSIS TO THE 5+� &RANCE� 'ERMANY AND )TALY� )N THE
53� OUT OF ALL STATES WITH MORE THAN FIFTEEN COUNTIES�
WE PICKED THE FIVE STATES WITH THE GREATEST AND WITH THE
LEAST ABSOLUTE DISTANCE FROM THE AVERAGE 0EARSON�S COR

RELATION COEFFICIENT� AS SUMMED ACROSS ALL VARIABLES�
4HUS� WE SELECTED STATES WITH THE MOST EXTREME AND
MOST REPRESENTATIVE PREDICTOR EFFECT ACROSS ALL VARI

ABLES� &OR EACH OF THESE STATES� WE RAN LINEAR MODELS
WITH THE SAME PREDICTORS AS THE REDUCED MODEL FROM
THE MULTI
3TATE ANALYSIS�

�� 2ESULTS

���� 3PATIAL PATTERNS OF ENVIRONMENTAL SUBSIDIES
)N THE 53� HIGH %1)0 SPENDING PER HECTARE WAS CON

CENTRATED IN THE COASTAL REGIONS� WHILE ALLOCATION IN
THE'REAT 0LAINS REGIONWAS STRIKINGLY LOWER �FIGURE �	�
)N THE %5� MOST REGIONS WITH THE HIGHEST !%3 SPEND

ING PER HECTARE ARE FOUND IN !USTRIA� .ETHERLANDS�
'ERMANY� )TALY� 0ORTUGAL� THE #ZECH 2EPUBLIC AND THE
5+ �FIGURE �	� 4OTAL AVERAGE YEARLY %!&2$ SPENDING
WAS ��� TIMES HIGHER THAN %1)0 SPENDING FOR THE YEARS
OF THIS STUDY �TABLE �	�

���� !%3 ALLOCATION PATTERNS IN THE MULTI
STATE
MODELS
&OR THE 53� . AND 0 BALANCE� SOIL EROSION� MANURE
RUNOFF� PROPORTION OF YOUNG FARMERS AND FARM
INCOME DID NOT REMAIN IN THE FINAL MODEL �FIGURE ��
APPENDIX %	� 4HE TOTAL VARIANCE EXPLAINED WAS REL

ATIVELY HIGH �2�

CONDITIONAL = ����	� BUT ONLY PARTIALLY
RELATED TO THE FIXED EFFECTS �2�

MARGINAL = ����	� 3/#
AND '(' EMISSIONS WERE POSITIVELY ASSOCIATED WITH

4ABLE �� 3PENDING COMPARISON OF SELECTED AGRI
ENVIRONMENT
SUBSIDY PROGRAMS BETWEEN THE 53 AND THE %5� TOTAL AVERAGE
SPENDING ACROSS THE YEARS OF THIS STUDY AND AVERAGE SPENDING BY
53 COUNTY AND %5 .543� REGION� 53 SPENDING IS IN 53$ ��	� %5
SPENDING IS IN %52 �E	�

3PENDING 53 %5

4OTAL ���� - ���� -
"Y 53
COUNTY AND
%5 .543�

PER CAPITA ����±��� ���± ���
PER AGRICULTURAL
AREA �HA	

���± ��� ����± ���

PER FULL
TIME
FARM WORKER

���± ���� ���± ����

RECEIPT OF SUBSIDIES� MEANING AREAS WITH LOW 3/# AND
HIGH '(' EMISSIONS RECEIVED MORE SUBSIDIES� (OW

EVER� AGRICULTURAL WATER STRESS �!73	 AND LOCAL BIOD

IVERSITYWERE NEGATIVELY ASSOCIATEDWITH SPENDING� SUG

GESTING A MISMATCH WITH THESE ENVIRONMENTAL NEEDS�
!LL SOCIO
ECONOMIC VARIABLES AND CONTEXTUAL FACTORS
WERE NEGATIVELY RELATED TO RECEIPT OF SUBSIDIES� !GRI

CULTURAL LAND COVER RATIO SHOWED THE LARGEST EFFECT SIZE�

)N THE %5� AVERAGE !73� BIODIVERSITY� MANURE
RUNOFF� FARM SIZE� AND PROPORTION OF RENTED LAND DID
NOT REMAIN IN THE FINAL MODEL �FIGURE �� APPENDIX
%	� 4OGETHER� FIXED AND RANDOM EFFECTS EXPLAINED HALF
OF THE VARIANCE �2�

MARGINAL = ����� 2�
CONDITIONAL = ����	�

/F THE ENVIRONMENTAL NEED INDICATORS� '(' EMIS

SIONS� . BALANCE AND 3/# WERE POSITIVELY ASSOCIATED
WITH RECEIPT OF SUBSIDIES� INDICATING A MATCH BETWEEN
SUBSIDIES AND THESE ENVIRONMENTAL NEEDS� WHILE SOIL
EROSION AND 0 BALANCE SHOWED A NEGATIVE ASSOCIATION�
SUGGESTING A MISMATCH IN ALLOCATION� 3IMILARLY TO THE
53� THE PROPORTION OF AGRICULTURAL LAND COVER HAD THE
LARGEST EFFECT SIZE� WITH A NEGATIVE RELATIONSHIP TO !%3
PAYMENTS� /F THE SOCIO
ECONOMIC VARIABLES AND CON

TEXTUAL FACTORS� AGRICULTURAL INCOME� '$0� AND PRO

PORTION OF YOUNG FARMERS WERE NEGATIVELY ASSOCIATED
WITH RECEIPT OF SUBSIDIES� 4HE OPPOSITE WAS TRUE FOR
THE PROPORTION OF FEMALE FARMERS�

4HE 53 AND %5 MODELS BOTH HAD SOME DEGREE OF
SPATIAL AUTOCORRELATION IN THE RESIDUALS� WITH -ORAN�S
) OF ���� AND ����� RESPECTIVELY� (OWEVER� THE INDICAT

ORS REMAINED RELATIVELY CONSTANT WHEN DIFFERENT SPA

TIALMODELLINGMETHODSWERE USED �SEE APPENDIX( FOR
RESULTS	�

3EE APPENDIX & FOR THE DISTRIBUTION OF CORRELATION
COEFFICIENTS BETWEEN SPENDING AND PREDICTORS�

���� !%3 ALLOCATION PATTERNS IN INDIVIDUAL
3TATE
MODELS
!VERAGE MODEL FIT IN THE 53 WAS HIGHER FOR STATES WITH
HIGHEST �MEAN2� = ����± ����� SEE APPENDIX'	 THAN
FOR STATES WITH LOWEST DISTANCE FROMMULTI
STATE CORREL

ATION �MEAN 2� = ����± ����	� '(' EMISSIONS WERE
SIGNIFICANT AND POSITIVELY ASSOCIATED WITH SUBSIDIES

�
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ALLOCATION IN !RKANSAS AND .ORTH #AROLINA� BUT NEG

ATIVELY ASSOCIATED IN -ONTANA� 7ATER STRESS AND BIOD

IVERSITY SHOWED NEGATIVE ASSOCIATIONS WITHMOST SELEC

TED STATES� AND WERE SIGNIFICANTLY NEGATIVELY ASSOCIATED
WITH ALLOCATION IN /REGON AND 7YOMING� AND .EW
-EXICO AND /KLAHOMA� RESPECTIVELY� 3UBSIDIES ALLOC

ATION IN .EBRASKA� )DAHO� AND 4ENNESSEE SHOWED NO
SIGNIFICANT ASSOCIATION WITH THE INDICATOR VARIABLES�

&OR THE %5-3MODELS� FEW INDICATORS SHOWED SIG

NIFICANT ASSOCIATIONS TO !%3 SPENDING PER AREA �SEE
APPENDIX '	� )N THE 5+� ONLY THE PROPORTION OF AGRI

CULTURAL LAND COVER WAS SIGNIFICANTLY NEGATIVELY ASSOCI

ATED WITH SUBSIDIES� AND THE POSITIVE ASSOCIATION WITH
'('EMISSIONS BORDERED ON SIGNIFICANCE �0= �����	�
)N &RANCE� AVERAGE FARM INCOME WAS SIGNIFICANTLY
POSITIVELY ASSOCIATED WITH SUBSIDIES ALLOCATION� -OD

ELS FOR )TALY AND 'ERMANY SHOWED NO SIGNIFICANT
ASSOCIATIONS�

�� $ISCUSSION

/UR RESULTS SUGGEST SOME LEVEL OF INEFFICACY OF !%3 IN
TARGETING AREAS WITH THE HIGHEST ENVIRONMENTAL NEEDS
UNDER CURRENT PROGRAM DESIGNS IN THE 53 AND THE
%5� 7HILE WE FOUND AGREEMENT BETWEEN SPENDING
AND LOW 3/# AND HIGH '(' EMISSIONS IN BOTH THE
53 AND THE %5� AND SPENDING AND . SURPLUS IN THE
%5� OUR FINDINGS SUGGEST A MISMATCH OF PAYMENTS
WITH OTHER ENVIRONMENTAL VARIABLES� INCLUDING !73
AND LOCAL BIODIVERSITY LOSS IN THE 53 AND SOIL EROSION
AND 0 BALANCE IN THE %5� 4HIS PARTIALLY CONFIRMS OUR
HYPOTHESIS OF A MISMATCH BETWEEN !%3 AND ENVIR

ONMENTAL NEED WHEN ACCOUNTING FOR SOCIO
ECONOMIC
FACTORS THAT MAY MODERATE ALLOCATION� 4HESE FIND

INGS SUPPORT THE GROWING BODY OF LITERATURE ADVOC

ATING FOR MORE ROBUST SPATIAL TARGETING OF !%3� AS
WELL AS INCREASED CONSIDERATION OF LANDSCAPE MULTI

FUNCTIONALITY� SYNERGIES AND TRADE
OFFS IN !%3 ALLOC

ATION �3HORTLE ET AL ����� 'ALLER ET AL ����� :ASADA
ET AL ����� 0E�ER ET AL ����� 3EPPELT ET AL ����	�

3ELECTED MODELS FOR THE 53 AND THE %5 RETAINED
MANY OF THE ORIGINAL ENVIRONMENTAL AND SOCIO

ECONOMIC INDICATOR VARIABLES� CONFIRMING THAT BOTH
!%3 PROGRAMS RELY ON SIMILAR UNDERLYING PRINCIPLES
AND UTILISE COMPARABLE FUNDING MECHANISMS �"AYLIS
ET AL ����	� (OWEVER� DIFFERENCES WERE FOUND IN THE
AMOUNT OF VARIANCE EXPLAINED BY THEMODELS� WITH DIF

FERENCES AMONG STATES ACCOUNTING FOR MORE VARIATION
IN THE 53 THAN IN THE %5� 4HIS SUGGESTS GREATER VARIAB

ILITY IN ALLOCATION FORMULAS AMONG 53 STATES THAN %5
-3� 4HIS MAY BE EXPLAINED BY THE %5�S MANDATE THAT
��� OF THE -3 BUDGET MUST BE ALLOCATED TO !%3 �%5
����	� 4HE UNIFORMITY OF !%3 SPENDING IN THE %5WAS
ALSO CONFIRMED BY THE LACK OF WITHIN
-3 VARIATION IN
ALLOCATION EMERGING FROM THE INDIVIDUAL
3TATE MOD

ELS� 4HESE MODELS MAY HAVE BENEFITTED FROM FINER RES

OLUTION !%3 DATA� HOWEVER� DATA FOR .543� REGIONS
IS ONLY AVAILABLE FROM -3
SPECIFIC DATABASES AND WAS
THUS NOT ACCESSIBLE HERE�

���� 3UCCESSFUL !%3 ALLOCATION FOR ENVIRONMENTAL
GOALS
/UR ANALYSES SHOWED SUCCESS OF BOTH %1)0 AND
%!&2$ IN TARGETING AREAS OF HIGH '('S� REFLECTING
THE PROGRAMS� GOALS REGARDING AGRICULTURAL EMISSIONS
REDUCTION AND CARBON SEQUESTRATION� 4HIS ALIGNMENT
WAS ALSO REFLECTED IN THEMODELS OF.ORTH#AROLINA AND
!RKANSAS� LARGE PRODUCERS OF LIVESTOCK� RICE� SOYBEANS�
FEED GRAINS� AND COTTON�ALL STRONG DRIVERS OF AGRI

CULTURAL '('S �%0! ����� &4- ����� .!33 ����	�
#ROPLAND AND LIVESTOCK EMISSIONS REDUCTION ARE FUN

DAMENTAL FOR MEETING 0ARIS #LIMATE !GREEMENT OF
MITIGATION TARGETS �2EISINGER AND #LARK ����� 2OGELJ
ET AL ����	� AND OUR RESULTS SUGGEST THAT !%3 MAY BE
SUCCESSFULLY TARGETING AREAS OF GREATEST NEED� !LTHOUGH
BOTH PROGRAMMES SHOWED A POSITIVE ASSOCIATION WITH
3/#� THIS WAS ONLY SIGNIFICANT IN THE 53� !S IMPROVED
3/# SEQUESTRATION AND AGRICULTURAL '(' EMISSIONS
MITIGATION ARE LINKED �&RANK ET AL ����	� THIS MAY BE A
POTENTIAL WIN
WIN SCENARIO FROM THE SAME !%3 MEAS

URES� 4HESE RESULTS ARE PROMISING AND WARRANT FURTHER
INVESTIGATION TO UNDERSTAND THE DRIVERS OF THIS SUCCESS

FUL TARGETING� WHICH COULD BE APPLIED TO OTHER AREAS OF
ENVIRONMENTAL NEED�

4HE %5MODEL ILLUSTRATED %!&2$�S SUCCESS IN TAR

GETING AREAS OF GREATEST . SURPLUS� 4HE %5 HAS BEEN
ADDRESSING ISSUES OF . IMBALANCE SINCE THE ����S WITH
THE NITRATES DIRECTIVE �%5 ����	� AND OUR RESULTS INDIC

ATE THAT THE SPATIAL DISTRIBUTION OF !%3 FUNDING MAY
HELP FURTHER REDUCE . SURPLUS� )N CONTRAST� THIS MATCH
WAS NOT MIRRORED BY 0 SURPLUS� WHICH WAS NEGAT

IVELY ASSOCIATED WITH !%3 SPENDING� 4HIS RESULT WAR

RANTS FURTHER EXPLORATION� AS THE %5 LACKS A COMMON
0 MANAGEMENT STRATEGY �2ONCHI ET AL ����	�

���� -ISMATCHES OF !%3 ALLOCATION AND
ENVIRONMENTAL NEED
-ORE SO THAN SUCCESSES� CLEAR MISMATCHES OF FUND

ING AND ENVIRONMENTAL NEEDS EMERGED FROM OUR RES

ULTS� HIGHLIGHTING POTENTIAL MISDIRECTION OF !%3 AND
GAPS IN ENVIRONMENTAL TARGETING OF %1)0 AND %!&2$�
!LTHOUGH INDICATORS OF SOIL EROSION� BIODIVERSITY LOSS�
WATER STRESS� AND NUTRIENT MANAGEMENT ARE EXPLICITLY
FEATURED IN!%3 PROGRAMS� GOALS �TABLE �	� BOTH THE53
AND THE %5 SHOWED MISMATCHES BETWEEN POLICY PRI

ORITIES AND FUNDING ALLOCATION� 3OIL EROSION WAS NEG

ATIVELY ASSOCIATED WITH !%3 IN THE %5� AND DID NOT FEA

TURE IN THE 53 MODEL� WHILE THE OPPOSITE WAS TRUE FOR
LOCAL BIODIVERSITY�

)N THE %5� THE DISCREPANCY BETWEEN FUNDING ALLOC

ATION AND SOIL EROSION COMPORTS WITH PREVIOUS STUD

IES HIGHLIGHTING HOW THE LACK OF A COMMON BIND

ING STRATEGY HAS INHIBITED SOIL CONSERVATION EFFORTS
�4URPIN ET AL ����� (ELMING ET AL ����	� A SHORT

COMING THAT THE NEW (EALTHY 3OIL )NITIATIVE STRIVES
TO MITIGATE �%# ����B	� -OREOVER� THE ABSENCE OF
AN ASSOCIATION WITH BIODIVERSITY CONFORMS WITH EXIST

ING LITERATURE HIGHLIGHTING INSUFFICIENT SPATIAL TAR

GETING OF CONSERVATION MEASURES �0E�ER ET AL �����

��
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"ATÁRY ET AL ����	� )N THE %5� ����� OF %!&2$
FUNDING IS RESERVED FOR .ATURA ���� SITES �-EAS

URE ��� $WYER ET AL ����	� HOWEVER� THE AGRICUL

TURAL MATRIX SURROUNDING PROTECTED AREAS IS CRUCIAL
IN SUPPORTING BIODIVERSITY �'ONTHIER ET AL ����	 AND
BIODIVERSITY CONSERVATION IS AMONG THE SUPPORTING
ECOSYSTEM SERVICES FINANCED WITHIN -EASURE -��
�@!GRI
ENVIRONMENT CLIMATE�	�

7E FOUND THAT SUBSIDY ALLOCATION IN THE 53 CON

CENTRATED IN AREAS OF REDUCED WATER STRESS NEED�
WHILE THE VARIABLE WAS EXCLUDED FROM THE %5 MODEL�
!GRICULTURE IS A MAJOR CAUSE OF FRESHWATER ECOSYS

TEMS DEGRADATION �!LLAN ����� 0OOLE ET AL ����	 AND
WATER EFFICIENCY IS BECOMING INCREASINGLY IMPORTANT
IN LIGHT OF CLIMATE CHANGE AND GROUNDWATER DEPLETION
�-ARSHALL ET AL ����� #OTTERMAN ET AL ����	� 4HUS� THIS
MISMATCH WARRANTS FURTHER POLICY ATTENTION� 7HILE IT
IS POSSIBLE THAT HIGH WATER STRESS AND AT
RISK BIOD

IVERSITY AREAS ARE MORE LIKELY TO BE ENROLLED IN THE
#20 PROGRAM IN THE 53 DUE TO ITS FOCUS ON ENVIR

ONMENTALLY SENSITIVE LANDS� OR IN COMPLEMENTARY INI

TIATIVES LIKE THE #ONSERVATION 2ESERVE %NHANCEMENT
0ROGRAM� THIS RESULT ALSO HIGHLIGHTS THE LACK OF GEO

GRAPHICAL TARGETING BY %1)0 SINCE ITS ���� REFORM
�3HORTLE ET AL ����� $REVNO ����� (ELLERSTEIN ����	�
!T THE STATE LEVEL� WATER STRESS EMERGED AS A STRONG
NEGATIVE PREDICTOR IN /REGON� INDICATING A MISMATCH
BETWEEN %1)0 SPENDING AND ENVIRONMENTAL NEED�
/REGON�S WATER SUPPLY IS THREATENED BY DROUGHTS AND
IRRIGATION DEMANDS� WITH REPERCUSSIONS FOR AGRICUL

TURE AND PUBLIC HEALTH �/%# ����� 3CHIMPF AND #UDE
����	� )N THE %5� THE POST
���� #!0 REFORM REVISED
THE WATER EXPLOITATION INDEX TO RELATE WATER STRESS
TO AVAILABILITY OF RENEWABLE WATER RESOURCES� POSSIBLY
ENABLING MORE EFFICIENT !%3 ALLOCATION IN THE FUTURE
�%%!� ����	�

.UTRIENT SURPLUS AND RUNOFF� ESPECIALLY WHEN TIED
WITH WATER STRESS AND FLOODING� HAVE SERIOUS SOCIO

ENVIRONMENTAL REPERCUSSIONS THAT CAN BE AMELIOR

ATED WITH SUSTAINABLE PRACTICES �*ONES ET AL �����
"LANCO
#ANQUI ����� 2OY ET AL ����	� HOWEVER� THEY
DID NOT REMAIN IN THE 53 MODEL� !S THE 53 ACCOUNTS
FOR LARGE PROPORTIONS OF GLOBAL LIVESTOCK PRODUCTION
AND CROPLAND. SURPLUS �7EST ET AL ����� &!/ ����B	�
NUTRIENTS ARE KNOWN THREATS TO THE 53 WATER SUPPLY
�'RANT ET AL ����� (OWARTH ET AL ����	� %1)0 SUB

SIDIZES NUTRIENT MANAGEMENT PLANS AND INFRASTRUC

TURE DEVELOPMENT TO IMPROVE SURFACE WATER QUALITY�
AND MANDATES ��� OF TOTAL SPENDING TO LIVESTOCK
PRODUCERS �.2#3 ����	� .OTABLY� IT PROVIDES WASTE
MANAGEMENT ASSISTANCE TO CONCENTRATED ANIMAL FEED

ING OPERATIONS� LEADING SOURCES OF NONPOINT WATER
POLLUTION DUE TO CHEMICAL INPUTS AND MANURE RUN

OFF FROM ANIMAL FEED CROPS �"URKHOLDER ET AL �����
-ARTIN ET AL ����	� 7HILE CONSERVATION PRACTICES
HAVE BEEN SHOWN TO REDUCE NONPOINT SOURCE LOAD

INGS LOCALLY �0OUDEL ����� ,IU ET AL ����� 3NEERINGER
ET AL ����	� SIGNIFICANT AMOUNTS OF AGRICULTURAL LAND

ARE OVER
FERTILISED AND NEED IMPROVED NUTRIENT MAN

AGEMENT �*ACKSON ET AL �����.2#3����� ����� ����A�
,ONG ET AL ����	� -OREOVER� THESE @PAY
THE
POLLUTER�
INITIATIVES HAVE BEEN CRITICISED DUE TO INSUFFICIENT
RESOURCES� AS WELL AS THEIR FULL RELIANCE ON VOLUNTARY
COMPLIANCE �#OLLINS ����� 3HORTLE ET AL ����� 3HORTLE
AND 5ETAKE ����� $REVNO ����	� )T SHOULD BE NOTED
THAT DEMAND FOR %1)0 FUNDING CONSISTENTLY EXCEEDS
ALLOCATION �3TUBBS ����	� THUS� FUNDING LIMITATIONS
MAY CONSTRAIN !%3� ABILITY TO OPTIMIZE SPATIAL TARGET

ING� OUR RESULTS HIGHLIGHT A POTENTIAL GAP IN !%3 TAR

GETING WHICH SHOULD BE FURTHER INVESTIGATED� PARTIC

ULARLY DUE TO THE SEVERE IMPACTS OF NUTRIENT SURPLUS
AND MANURE RUNOFF ASSOCIATED WITH 53 HIGH LIVESTOCK
DENSITIES�

���� !%3 ALLOCATION AND SOCIO
ECONOMIC VARIABLES
)N SOME CASES� SOCIAL CONTEXT MAY EXPLAIN THE MIS

MATCH BETWEEN FUNDING AND ENVIRONMENTAL NEED� )N
THE %5� !%3 WERE ALLOCATED TO AREAS WITH HIGHER PRO

PORTIONS OF FEMALE PRODUCERS� SUGGESTING THAT %!&2$
PROGRAM GOALS REGARDING GENDER EQUALITY AND RURAL
DEVELOPMENT SUCCESSFULLY INFLUENCED FUNDING ALLOCA

TION� DESPITE� OR PERHAPS IN COMPETITION WITH� ENVIR

ONMENTAL NEED� )N THE 53� INSTEAD� THE PROPOR

TION OF FEMALE PRODUCERS WAS NEGATIVELY ASSOCIATED
WITH COUNTY SPENDING� 4HIS COULD BE DUE TO GENDER
INEQUALITY NOT BEING A MAIN FOCUS OF %1)0 PER SE�
BUT ONLY OF OVERARCHING 53$! POLICIES �.2#3 ����	�
4HERE MAY BE OPPORTUNITIES FOR %1)0 TO LEARN FROM
%!&2$�S FOCUS ON SOCIAL INCLUSION� ESPECIALLY CONSID

ERING THE PROPENSITY OF WOMEN FARMERS TO FARM IN SUS

TAINABLE� CONSERVATION
ORIENTED WAYS IN LINE WITH !%3
PROGRAM GOALS �0AUL AND &REMSTAD ����	�

.EITHER PROGRAM WAS SUCCESSFUL AT TARGETING
YOUNGER FARMERS� ALTHOUGH ONLY THE %5 INCLUDES ADDI

TIONAL BENEFITS FOR YOUNG FARMERS IN POLICY TARGETS
�TABLE �	� 4HIS SUPPORTS THE FINDINGS FROM AN %5 AUDIT
THAT DESPITE POLICY PRIORITIES� YOUNG FARMER PARTICIPA

TION IS DECLINING DUE TO POORLY DEFINED INTERVENTIONS
AND UNSATISFACTORY MONITORING SYSTEMS �%#! ����	�
2ENTED LAND DID NOT REMAIN IN THE %5 MODEL� AND
OUR FINDINGS SUGGEST A NEGATIVE ASSOCIATION BETWEEN
TENANCY AND !%3 IN THE 53� 7HILE 2EIMER ET AL
�����	 ARGUED THAT %1)0 FUNDING MAY BE PREFERRED
OVER #20 IN STATES WITH LARGER PROPORTIONS OF REN

TED LAND� OTHER STUDIES INDICATED LAND OWNERSHIP AS
A POSITIVE PREDICTOR OF %1)0 PARTICIPATION AT LOCAL
SCALES �0ARKER ET AL ����� .YAUPANE ET AL ����� :HONG
ET AL ����	� 2ENTED LAND IS NOT AN EXPLICIT TARGET OF
EITHER !%3 PROGRAM� HOWEVER� PREVIOUS STUDIES HAVE
EVIDENCED LOWER UPTAKE OF SUSTAINABLE PRACTICES BY
TENANT FARMERS� PARTICULARLY IN CONVENTIONAL SYSTEMS
�3KLENICKA ET AL ����� 7ALMSLEY AND 3KLENǏCKA �����
2ANJAN ET AL ����	� ,OCAL %1)0 INITIATIVES AND SELEC

TED %!&2$ MEASURES COULD THUS BE TAILORED TOWARDS
TENANTS TO INCREASE WIDESPREAD ADOPTION OF SUSTAIN

ABLE PRACTICES IN CONVENTIONAL LANDSCAPES�

��
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'IVEN %!&2$�S RE
DISTRIBUTIVE GOALS� IT IS SOME

WHAT SURPRISING THAT FARM INCOME WAS NOT SIGNI

FICANTLY ASSOCIATED WITH !%3 ALLOCATION IN THE %5�
ALTHOUGH A NEGATIVE ASSOCIATION DID EXIST� 4HIS COULD
BE DUE TO OUR FOCUS ON MEASURES -� �@)NVESTMENTS
IN PHYSICAL ASSETS�	 AND -�� �@!GRI
ENVIRONMENT

CLIMATE�	� WHILE EXCLUDING OTHER %!&2$ FUNDS� &UR

THERMORE� THERE ARE MYRIADS OF DRIVERS WHICH COULD
MOTIVATE FARMER !%3 APPLICATIONS THAT WE DO NOT
CAPTURE HERE� INCLUDING PERSONAL BELIEFS� PREVIOUS
EXPERIENCES AND CROP PRICES �-C#RACKEN ET AL �����
0AVLIS ET AL ����� (OLLAND ET AL ����	� 7ITHOUT
DETAILED INFORMATION ON THE APPLICATIONS RECEIVED AND
APPROVED� WE CANNOT ISOLATE DRIVERS OF FARMER ADOP

TION FROM THOSE OF %1)0 AND %!&2$�S SELECTION CRI

TERIA WHEN INTERPRETING SOCIO
ECONOMIC PATTERNS OF
!%3 ALLOCATION�

���� )NFLUENCE OF FARMING CONTEXT ON !%3 ALLOCATION
#ONTEXTUAL FACTORS RELATED TO AGRICULTURAL PRODUCTION
SYSTEMS MAY ALSO EXPLAIN MISMATCHES BETWEEN !%3
SPENDING AND ENVIRONMENTAL NEED� AS PREVIOUS STUD

IES HAVE SUGGESTED THAT PRODUCTION SYSTEM TYPE AND
STRUCTURE ARE A LARGER DRIVER OF SUBSIDY ALLOCATION THAN
ENVIRONMENTAL CONDITIONS �2EIMER ET AL ����� 2EIMER
AND 0ROKOPY ����� :ASADA ET AL ����	� /UR FIND

INGS SUGGEST THAT THE POTENTIAL FOR !%3 TO REMEDIATE
ENVIRONMENTAL ISSUES MAY BE CURTAILED WITHIN POLICY
FRAMEWORKS BY LIMITED PARTICIPATION FROM FARMERS
ENGAGED IN HIGHLY INTENSIVE AND EXPANSIVE OPERATIONS�
4HIS MAY BE DUE TO HIGHER UTILISATION COSTS OF CER

TAIN CONSERVATION PRACTICES IN INTENSIVE FARMING� OR
A GREATER PREDISPOSITION FOR THESE PRACTICES IN LOWER
INTENSITY AREAS �SEE &RÀH
-ÀLLER ET AL ����	� 4HIS WAS
EVIDENCED BY SIGNIFICANT NEGATIVE ASSOCIATIONS WITH
THE PROPORTION OF AGRICULTURAL LAND COVER IN THE 53
AND %5� AND WITH FARM SIZE IN THE 53� )N THE 53�
!%3 SPENDING PER AREA WAS STRIKINGLY LOWER IN CENT

RAL REGIONS TYPICALLY DOMINATED BY LARGE FARMS� WHILE
COASTAL AREAS HAD HIGHER SPENDING� DESPITE BEING LESS
DOMINATED BY AGRICULTURE� 3IMILARLY� IN THE %5� PRE

DOMINANTLY AGRICULTURAL REGIONS SUCH AS CENTRAL 'ER

MANY AND &RANCE RECEIVED LOWER PAYMENTS PER AREA�

/UR RESULTS ALIGN WITH :ASADA ET AL �����	� WHO
ALSO FOUND THAT SMALLER FARMS WERE MORE LIKELY TO
RECEIVE HIGHER !%3 IN THE %5� (OWEVER� PREVIOUS
RESEARCH ON THE INFLUENCE OF FARM SIZE ON 53 CON

SERVATION PRACTICE ADOPTION REPORTS CONTRASTING RES

ULTS� WITH SOME FINDING LARGER FARMS MORE �"ARADI
����	 AND OTHER LESS �-C,EAN
-EYINSSE ET AL ����	
LIKELY TO ADOPT CONSERVATION PRACTICES� /THERS ASSERT
THAT THE INFLUENCE OF FARM SIZE VARIES DEPENDING ON
THE MANAGEMENT PRACTICE AND CONSERVATION PROGRAM
IN QUESTION �3OULE ET AL ����� ,AMBERT ET AL �����
2EIMER ����	� &UTURE RESEARCH SHOULD FURTHER EXPLORE
WHETHER THESE FARMS ARE LESS LIKELY TO ENGAGE WITH
!%3�PARTICULARLY SINCE THEY ARE DRIVERS OF SUSTAIN

ABILITY ISSUES AND EXPERIENCE ENVIRONMENTAL RISKS THAT
!%3 MAY HELP MITIGATE�

�� #ONCLUSIONS

/UR ANALYSIS IS NOVEL IN ITS APPROACH TO COMPARE
SUBSIDY SYSTEMS ACROSS CONTINENTS USING AN INTERDIS

CIPLINARY� HUMAN
ENVIRONMENT SYSTEMS PERSPECTIVE�
4HE DIFFERENCES BETWEEN 53 AND %5 !%3 SYSTEMS
ARE WELL DOCUMENTED� HOWEVER� BY DEVELOPING A CON

SISTENT FRAMEWORK TO ASSESS ENVIRONMENTAL NEED� WE
HAVE IDENTIFIED SUCCESSES ANDMISMATCHES IN SUBSIDIES
ALLOCATION� AND COMMON CHALLENGES AND OPPORTUNIT

IES FOR FUTURE POLICY DEVELOPMENT AND RESEARCH IN BOTH
THE 53 AND THE %5� 4HESE FINDINGS CAN HELP INFORM
REFINEMENTS TO %1)0 AND %!&2$ ALLOCATION MECHAN

ISMS AND IDENTIFY OPPORTUNITIES FOR IMPROVED SPATIAL
TARGETING OF !%3 SPENDING� &URTHERMORE� WE IDENTIFY
SEVERAL SOCIO
ECONOMIC FACTORS ASSOCIATED WITH !%3
ALLOCATION THAT BEAR FURTHER INVESTIGATION� INCLUDING
THE RELATIONSHIP BETWEEN PRODUCTION SYSTEM AND LIKE

LIHOOD OF APPLYING FOR AND RECEIVING PAYMENTS� &INER

SCALE ANALYSES COULD ASSESS FURTHER INDICATORS OF PAR

TICULAR INTEREST FOR THE 53 OR THE %5� WHICH WE DID
NOT INCLUDE FOR COMPARABILITY�FOR EXAMPLE� DEMO

GRAPHIC INDICATORS TO ACCOUNT FOR UNDERSERVED PRO

DUCERS� INCLUDING RACIAL MINORITIES AND FARMERS WITH
INCOME AT OR BELOW THE NATIONAL POVERTY LEVEL IN THE
53� AND TRADITIONAL FARMERS IN THE %5� -OREOVER�
WE DID NOT ACCOUNT FOR ENVIRONMENTAL AND SOCIO

ECONOMIC CLIMATE CHANGE RISKS IN THIS ANALYSIS� A CRIT

ICAL AREA FOR THE SECTOR� AND A STRONG OPPORTUNITY
FOR FUTURE RESEARCH� &INALLY� ALTHOUGH WE INVESTIG

ATE SPATIAL TARGETING OF SUBSIDIES� WE DID NOT ANALYSE
THE TEMPORAL IMPACT OF !%3� ,ONG
TERM MAINTEN

ANCE OF CONSERVATION PRACTICES IS CRITICAL TO AMELIORATE
THE NEGATIVE EXTERNALITIES OF AGRICULTURE� &OR EXAMPLE�
CHANGES IN SOIL CARBON CAN TAKE DECADES TO MANI

FEST� !DDITIONALLY� HISTORICAL !%3 PAYMENTS MAY SHOW
VARYING ASSOCIATIONS TO ENVIRONMENTAL NEEDS� DUE TO
CHANGES IN POLICY FRAMEWORKS AND ALLOCATION FORMU

LAS THAT HAVE OCCURRED IN RECENT DECADES�

4HIS RESEARCH CONTRIBUTES TO THE GROWING
EVIDENCE
BASE SURROUNDING SPATIAL TARGETING OF !%3
PROGRAMS� WITH IMPLICATIONS FOR FARMER ENGAGEMENT
AND ENVIRONMENTAL QUALITY� )DENTIFYING MISMATCHES
IN ALLOCATION IS PARTICULARLY RELEVANT IN LIGHT OF RECENT
AND UPCOMING REFORMS OF BOTH SUBSIDY PROGRAMS�
7HILE %1)0 IS INCREASING ITS FOCUS ON ADDRESSING
SOIL HEALTH AND CLIMATE RESILIENCE� BIODIVERSITY LOSS�
NUTRIENT MANAGEMENT� AND WATER STRESS WARRANT FUR

THER ATTENTION� 3IMILARLY� AS THE #!0 ���� REFORM
RECOGNISES THE NEED FOR FUNDAMENTAL APPROACHES TO
SUSTAINABLE AGRICULTURAL MANAGEMENT� WE IDENTIFIED
LOSS OF BIODIVERSITY� 0 SURPLUS� AND WATER STRESS AS
%!&2$ SUSTAINABILITY GOALS THAT MAY NEED ADDITIONAL
TARGETING�

$ATA AVAILABILITY STATEMENT

4HE DATA THAT SUPPORT THE FINDINGS OF THIS STUDY ARE
AVAILABLE UPON REASONABLE REQUEST FROM THE AUTHORS�

��
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!PPENDIX !� "RIEF OVERVIEW OF FUNDING
ALLOCATIONMECHANISMS

!��� %1)0
!LLOCATION IS ADMINISTERED BY THE 53$!�S .ATURAL
2ESOURCE #ONSERVATION 3ERVICE �.2#3	� DISTRIBUTED
FROM THE FEDERAL GOVERNMENT TO EACH STATE FIRST� AND
THEN DISTRIBUTED WITHIN EACH STATE TO ITS COUNTIES� &OR
THE NATIONAL ALLOCATION TO STATES� .2#3 DETERMINES
EACH STATE�S %1)0 FUNDS USING A FORMULA THAT REFLECTS
NATIONAL PRIORITIES AND AVAILABLE NATURAL RESOURCES�
INCLUDING� THE SIGNIFICANCE OF ENVIRONMENTAL AND
NATURAL RESOURCE CONCERNS AND THE OPPORTUNITY FOR
ENVIRONMENTAL IMPROVEMENT� THE WAYS THE PROGRAM
CAN BEST ASSIST PRODUCERS IN COMPLYING WITH &ED

ERAL� 3TATE� LOCAL� AND 4RIBAL ENVIRONMENTAL LAWS� AND
THE AMOUNT OF AGRICULTURAL LAND IN DIFFERENT LAND
USE CATEGORIES� &OR STATE
LEVEL FUND DISTRIBUTION� THE
3TATE #ONSERVATIONIST DEVELOPS AN ALLOCATION FORMULA�
CONSIDERING 3TATE AND LOCAL LEVEL RESOURCE CONCERNS�

SCIENCE
BASED INFORMATION ON ENVIRONMENTAL STATUS�
AND RELEVANT LOCAL PROGRAMS AND SPECIALIZED FARM

ING OPERATIONS �E�G� SPECIALTY CROPS� LIVESTOCK� ORGANIC�
SMALL
SCALE	� AMONG OTHER FACTORS �.2#3 ����	� 4HE
INCENTIVES PROVIDED INCLUDE TECHNICAL ASSISTANCE AND
COST
SHARES OF UP TO ��� OF IMPLEMENTATION COSTS�

!��� %!&2$
&UNDS ARE PROVIDED IN THE FORM OF LESS FAVOURED AREA
PAYMENTS� AGRI
ENVIRONMENT SCHEMES� AND INVEST

MENT SUPPORT TOWARDS RURAL DEVELOPMENT IN -3� 4HE
FRAMEWORK FOR FUND ALLOCATION IS BASED ON A TWO

TIER PROCESS� AT THE CENTRAL STAGE �%5 LEVEL	� THE OVER

ALL FRAMEWORK IS ESTABLISHED� FINANCIAL MODALITIES ARE
OUTLINED AND ELIGIBILITY CRITERIA ARE DEFINED� !DDI

TIONALLY� THE %5 OUTLINES A SET OF SIX PRIORITY AREAS�
INCLUDING FOSTERING KNOWLEDGE TRANSFER AND INNOVA

TION� ENHANCING VIABILITY AND COMPETITIVENESS OF AGRI

CULTURE� PROMOTING FOOD CHAIN ORGANIZATION� ANIMAL
WELFARE AND RISK MANAGEMENT� PROMOTING RESOURCE
EFFICIENCY� AND LOW
CARBON AND CLIMATE RESILIENT AGRI

CULTURE� PRESERVING AND ENHANCING ECOSYSTEMS� AND
PROMOTING SOCIAL INCLUSION� POVERTY REDUCTION� AND
ECONOMIC DEVELOPMENT IN RURAL AREAS� 4HE DISTRI

BUTION OF THE OVERALL AMOUNT FOR RURAL DEVELOP

MENT BETWEEN -3 IS BASED ON OBJECTIVE CRITERIA AND
PAST PERFORMANCE� !T THE SECOND LEVEL� -3 DEVELOP
NATIONAL STRATEGIC PLANS AND SET QUANTITATIVE OBJECT

IVES FOR PRIORITY AREAS� !T LEAST FOUR OF THESE NATIONAL
LEVEL PRIORITIES MUST ADDRESS THE %5 LEVEL PRIORIT

IES� ! MINIMUM VALUE OF ��� OF RURAL DEVELOPMENT
FUNDS MUST BE SET ASIDE FOR ENVIRONMENTAL MANAGE

MENT MEASURES� FALLING PRIMARILY WITHIN THE MEASURES
CONSIDERED IN THIS STUDY� -� @)NVESTMENTS IN PHYS

ICAL ASSETS�� WHICH RECEIVES THE HIGHEST SHARE OF %!&2$
BUDGET ����	� AND -�� �@!GRI
%NVIRONMENT #LI

MATE�	� WHICH RECEIVES THE THIRD HIGHEST SHARE �����
%.2$ #0 ����	� 4HERE ARE SEVERAL !%3S ACROSS DIF

FERENT %5-3� AND THE ALLOCATIONMECHANISMS FOR SPE

CIFIC SUBSIDIES TEND TO VARY DEPENDING ON THE FOCUS OF
THE SCHEME �%# ����	�

!PPENDIX "� "RIEF OVERVIEW OF THE
CONSERVATION RESERVE PROGRAM

!DMINISTERED BY THE 53$!�S &ARM 3ERVICE !GENCY
�&3!	� THE #20 IS A LAND RETIREMENT PROGRAM� )N
EXCHANGE FOR A YEARLY RENTAL PAYMENT FOR ��n�� YEARS�
FARMERS ENROLLED IN THE PROGRAM AGREE TO REMOVE
ENVIRONMENTALLY SENSITIVE LAND FROM AGRICULTURAL PRO

DUCTION AND PLANT SPECIES THAT WILL IMPROVE ENVIR

ONMENTAL HEALTH AND QUALITY �(ELLERSTEIN ����	� 4HE
LONG
TERM GOAL OF THE PROGRAM IS TO RE
ESTABLISH VALU

ABLE LAND COVER TO HELP IMPROVE WATER QUALITY� PREVENT
SOIL EROSION� AND REDUCE LOSS OF WILDLIFE HABITAT� 4HE
MAIN MECHANISM OF FARMER ENROLMENT IN THIS PRO

GRAM IS THROUGH A COMPETITIVE PROCESS KNOWN AS #20
'ENERAL 3IGN
UP�$URING A BIDDING PERIOD� ANY FARMER

��
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WITH HIGHLY ERODIBLE OR ENVIRONMENTALLY SENSITIVE CRO

PLAND CAN APPLY FOR THE PROGRAM BY INDICATING THE
PARCELS THEY WISH TO ENROL AND THE ANNUAL PAYMENTS
THEY REQUIRE TOGETHER WITH THE CONTRACT LENGTH� &3!
THEN DETERMINES ALLOCATION BASED ON NATIONAL RANK

INGS OF AN %NVIRONMENTAL "ENEFITS )NDEX �%")	 SCORE
AND BASED ON AN OVERALL BUDGET THAT VARIES YEAR BY
YEAR� !LL PARCELS WITH AN %") SCORE ABOVE THE CRITICAL
NATIONAL CUTOFF ARE ACCEPTED WHILE ALL PARCELS WITH AN
%") SCORE BELOW THE CUTOFF ARE REJECTED �(ELLERSTEIN
����	� "ECAUSE #20 IS LARGELY A LAND RETIREMENT PRO

GRAM� AND BECAUSE OF ITS DISTINCTLY BOTTOM
UP FUND

ING ALLOCATION MECHANISM AND DECISION
MAKING PRO

CESS� THIS PROGRAM IS FUNDAMENTALLY DIFFERENT FROM THE
FOCUS OF OUR STUDY�CONSERVATION PRACTICES USED ON
WORKING FARMLAND SUPPORTED BY %1)0 AND %!&2$
WITH LARGELY TOP
DOWN ALLOCATION STRATEGIES�

!PPENDIX #� -ANURE NITROGEN RUNOFF
VULNERABILITY INDEX

&OR EACH COUNTY� THE INDEX WAS CALCULATED FOLLOWING
+ELLOGG �����	�

6ULNERABILITY= . IN MANURE

× RUNOFF

NATIONAL AVERAGE RUNOFF

× CROP AREA+ PASTURE AREA

TOTAL AREA
.

3URFACE RUNOFF IS A MEASURE OF THE POTENTIAL FOR
WATER SOLUBLE NUTRIENTS TO RUN OFF FIELDS DURING PRE

CIPITATIONS AND FLOODING� 4HUS� THE INDEX ESTIMATES
THEMAXIMUMPOTENTIAL FOR LIVESTOCKMANURE NITROGEN
TO MOVE FROM FARMS TO THE WATER SUPPLY� 7E ESTIM

ATED THE AMOUNT OF NITROGEN EXCRETED BY EACH LIVESTOCK
TYPE FOLLOWING THE NITRATE VULNERABLE ZONES GUIDANCE
�$%&2! ����� ����	�

,IVESTOCK TYPE
4OTAL . PRODUCED BY �

LIVESTOCK UNIT �KG . YEAR−�	

!DULT BOVINE ���
!DULT SWINE ��
3HEEP ���
'OAT ��
0OULTRY ���

��
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&IGURE $��-APS OF THE PREDICTORS USED IN THIS STUDY FOR �� %5 MEMBER STATES AND THE 5+�

��
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!PPENDIX &� $ISTRIBUTION OF CORRELATION COEFFICIENTS WITH SPENDING

&IGURE &�� 6IOLIN PLOTS OF 0EARSON CORRELATION COEFFICIENTS BETWEEN �!	 %1)0 SPENDING PER HECTARE OF AGRICULTURAL AREA IN THE 53
AND �"	 %!&2$ SPENDING FOR SELECTED MEASURES PER HECTARE OF AGRICULTURAL AREA IN THE %5 AND THE INDICATOR VARIABLES� /NLY
CORRELATION COEFFICIENTS FOR STATES AND -3 WITH≥� REGIONS ARE SHOWN�

��
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4ABLE '�� %STIMATE MODEL RESULTS FOR INDIVIDUAL
STATE ANALYSIS IN THE 53 FOR THE FIVE STATES WITH THE GREATEST AND LEAST ABSOLUTE DISTANCE
FROM THE AVERAGE 0EARSON�S CORRELATION COEFFICIENT SUMMED ACROSS ALL MODEL VARIABLES� ∗0< �.��� ∗∗0< �.��� ∗∗∗0< �.����

3TATE 6ARIABLE %STIMATE 3% T
VALUE 3IG�

'REATEST DISTANCE
.EW -EXICO �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� ∗

,OCAL BIODIVERSITY −�.�� �.�� −�.�� ∗∗∗

3OIL ORGANIC CARBON �.�� �.�� �.�� ∗∗∗

'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS �.�� �.�� �.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� ∗

&ARM SIZE �.�� �.�� �.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� AGRICULTURAL LAND −�.�� �.�� −�.�� ∗∗

-ONTANA �N= ��	 2� = ���� )NTERCEPT −�.�� �.�� −�.�� NS
,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS −�.�� �.�� −�.�� ∗∗

7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS �.�� �.�� �.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� ∗∗

&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� AGRICULTURAL LAND �.�� �.�� �.�� NS

.EBRASKA �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� ∗∗

,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� NS
&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA �.�� �.�� �.�� NS
0ROP� AGRICULTURAL LAND −�.�� �.�� −�.�� NS

/REGON �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� NS
,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON −�.�� �.�� −�.�� NS
'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS −��.�� �.�� −�.�� ∗

0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� NS
&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA �.�� �.�� �.�� NS
0ROP� AGRICULTURAL LAND −�.�� �.�� −�.�� NS

7YOMING �N= ��	 2� = ���� )NTERCEPT −�.�� �.�� −�.�� NS
,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS −�.�� �.�� −�.�� ∗

0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS −�.�� �.�� −�.�� ∗

&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA �.�� �.�� �.�� NS
0ROP� AGRICULTURAL LAND −�.�� �.�� −�.�� NS

�#ONTINUED�	

��
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4ABLE '�� �#ONTINUED�	

3TATE 6ARIABLE %STIMATE 3% T
VALUE 3IG�

,EAST DISTANCE
!RKANSAS �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� NS

,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS �.�� �.�� �.�� ∗

7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS −�.�� �.�� −�.�� NS
&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� !GRICULTURAL LAND −�.�� �.�� −�.�� NS

)DAHO �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� ∗

,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS −�.�� �.�� −�.�� NS
7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS −�.�� �.�� −�.�� NS
&ARM SIZE −�.�� �.�� −�.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� !GRICULTURAL LAND −�.�� �.�� −�.�� NS

.ORTH #AROLINA �N= ��	 2� = ���� )NTERCEPT −�.�� �.�� −�.�� NS
,OCAL BIODIVERSITY �.�� �.�� �.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS �.�� �.�� �.�� ∗∗

7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS �.�� �.�� �.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� NS
&ARM SIZE −��.�� �.�� −�.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� ∗

0ROP� !GRICULTURAL LAND −�.�� �.�� −�.�� NS
/KLAHOMA �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� ∗∗

,OCAL BIODIVERSITY −�.�� �.�� −�.�� ∗∗

3OIL ORGANIC CARBON �.�� �.�� �.�� ∗

'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS �.�� �.�� �.�� NS
&ARM SIZE �.�� �.�� �.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� !GRICULTURAL LAND −�.�� �.�� −�.�� NS

4ENNESSEE �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� NS
,OCAL BIODIVERSITY −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS �.�� �.�� �.�� NS
7ATER STRESS −�.�� �.�� −�.�� NS
0ROP� FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� RENTING FARMERS −�.�� �.�� −�.�� NS
&ARM SIZE �.�� �.�� �.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� !GRICULTURAL LAND −�.�� �.�� −�.�� NS

��
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4ABLE '�� %STIMATE MODEL RESULTS FOR INDIVIDUAL
3TATE ANALYSIS IN THE %5 FOR THE MEMBER STATES WITH MORE THAN �� .543�� ∗0< �.���
∗∗0< �.���∗∗∗0< �.����

-EMBER STATE 6ARIABLE %STIMATE 3% T
VALUE 3IG�

5NITED +INGDOM �N= ��	 2� = ���� )NTERCEPT ��.�� ��.�� �.�� ∗

0HOSPHOROUS BALANCE −��.�� ��.�� −�.�� NS
.ITROGEN BALANCE −��.�� ��.�� −�.�� NS
3OIL EROSION �.�� ��.�� �.�� NS
3OIL ORGANIC CARBON ��.�� �.�� �.�� NS
'(' EMISSIONS ��.�� ��.�� �.�� NS
0ROP� OF FEMALE FARMERS −�.�� ��.�� −�.�� NS
0ROP� OF YOUNG FARMERS −��.�� ��.�� −�.�� NS
&ARM INCOME −�.�� ��.�� −�.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� AGRICULTURAL LAND −��.�� �.�� −�.�� ∗∗∗

&RANCE �N= ��	 2� = ���� )NTERCEPT �.�� �.�� �.�� ∗

0HOSPHOROUS BALANCE �.�� �.�� �.�� NS
.ITROGEN BALANCE −�.�� �.�� −�.�� NS
3OIL EROSION −�.�� �.�� −�.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS −�.�� �.�� −�.�� NS
0ROP� OF FEMALE FARMERS −�.�� �.�� −�.�� NS
0ROP� OF YOUNG FARMERS �.�� �.�� �.�� NS
&ARM INCOME ��.�� �.�� �.�� ∗

'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� AGRICULTURAL LAND �.�� �.�� �.�� NS

)TALY �N= ��	 2� = ���� )NTERCEPT ��.�� ���.�� �.�� NS
0HOSPHOROUS BALANCE −���.�� ��.�� −�.�� NS
.ITROGEN BALANCE ��.�� ��.�� �.�� NS
3OIL EROSION −�.�� ��.�� �.�� NS
3OIL ORGANIC CARBON ��.�� ���.�� �.�� NS
'(' EMISSIONS ��.�� ��.�� �.�� NS
0ROP� OF FEMALE FARMERS ��.�� ��.�� �.�� NS
0ROP� OF YOUNG FARMERS ��.�� ��.�� �.�� NS
&ARM INCOME ��.�� ���.�� �.�� NS
'$0 PER CAPITA −�.�� ��.�� −�.�� NS
0ROP� AGRICULTURAL LAND ��.�� ��.�� �.�� NS

'ERMANY �N= ��	 2� = ���� )NTERCEPT ��.�� ��.�� �.�� NS
0HOSPHOROUS BALANCE �.�� �.�� �.�� NS
.ITROGEN BALANCE −�.�� �.�� −�.�� NS
3OIL EROSION ��.�� ��.�� �.�� NS
3OIL ORGANIC CARBON �.�� �.�� �.�� NS
'(' EMISSIONS −�.�� �.�� −�.�� NS
0ROP� OF FEMALE FARMERS −�.�� ��.�� −�.�� NS
0ROP� OF YOUNG FARMERS −�.�� �.�� −�.�� NS
&ARM INCOME �.�� �.�� �.�� NS
'$0 PER CAPITA −�.�� �.�� −�.�� NS
0ROP� AGRICULTURAL LAND �.�� �.�� �.�� NS

��
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!PPENDIX (� 3PATIAL MODELS

7E USED -ORAN�S ) STATISTIC TO DETERMINE THE RELA

TIONSHIP BETWEEN THE 53 AND %5 MODEL RESIDUALS
AND THEIR SURROUNDING VALUES� 7E TESTED THIS WITH
A -ONTE
#ARLO SIMULATION WITH ���� PERMUTATIONS
USING MORAN�MC IN THE SPDEP 2 PACKAGE� 4HIS COM

PARES THE OBSERVED VALUE OF-ORAN�S ) WITH A SIMULATED
DISTRIBUTION TO ASSESS THE LIKELIHOOD THAT THE OBSERVED
VALUES COULD BE OBSERVED AT RANDOM� 7E TESTED SEV

ERAL SPATIAL MODELS ON OUR DATA� AND PRESENT THE SPA

TIAL ERROR MODELS OBTAINED WITH ERRORSARLM FROM THE
SPATIALREG PACKAGE IN 2�

4HE 53 MODEL HAD A -ORAN�S ) OF ���� INDICAT

ING THAT THERE WAS SOME SPATIAL AUTOCORRELATION IN THE

RESIDUALS� 4HERE WAS A CORRELATION OF EACH COUNTY AND
THE ADJACENT COUNTIES OF ����� AND THE RANDOM INTER

CEPTS FOR EACH STATE REVEALED A PATTERN OF COASTAL STATES
HAVING POSITIVE RANDOM INTERCEPTS� &IGURE (� SHOWS
THE RESIDUALS OF THE MODEL� AND FIGURE (� THE RANDOM
INTERCEPTS� 4ABLE (� AND FIGURE (� PRESENT THE SPATIAL
ERROR MODEL�

4HE %5 MODEL ALSO HAD A -ORAN�S ) OF �����
4HE RANDOM INTERCEPTS DID NOT SHOW A CLEAR GEO

GRAPHIC PATTERN� HOWEVER� THERE WAS A CORRELATION
OF EACH .543� REGION AND THE ADJACENT REGIONS OF
����� &IGURE (� SHOWS THE RESIDUALS AT .543� LEVEL�
FIGURE (� THE RANDOM INTERCEPT FOR EACH COUNTRY� AND
TABLE (� THE SPATIAL ERROR MODEL OUTPUT SHOWN IN
FIGURE (���

��



%NVIRON� 2ES� ,ETT� �� �����	 ������ 3 "IFFI ET AL

4ABLE (�� 3PATIAL ERROR MODEL FOR THE 53� ∗0< �.���∗∗0< �.��� ∗∗∗0< �.����

6ARIABLE %STIMATE 3% Z
VALUE 3IG�

)NTERCEPT �.��� �.�� �.��� ∗∗∗

,OCAL BIODIVERSITY −�.��� �.�� −�.��� ∗

3OIL ORGANIC CARBON �.��� �.�� �.��� ∗∗∗

'(' EMISSIONS �.��� �.�� �.��� ∗∗∗

7ATER STRESS −�.��� �.�� −�.��� ∗

0ROP� FEMALE FARMERS −�.��� �.�� −�.��� ∗∗

2ENTING FARMERS −�.��� �.�� −�.��� ∗∗

&ARM SIZE −�.��� �.�� −�.��� ∗∗∗

'$0 PER CAPITA −�.�� �.�� −�.��� ∗∗∗

0ROP� AGRICULTURAL
LAND

−�.��� �.�� −�.��� ∗∗∗

4ABLE (�� 3PATIAL ERROR MODEL FOR THE %5� ∗0< �.���∗∗0< �.��� ∗∗∗0< �.����

6ARIABLE %STIMATE 3% Z
VALUE 3IG�

)NTERCEPT �.��� �.��� �.��� ∗∗∗

.ITROGEN BALANCE �.��� �.��� �.��� ∗
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�.��� �.��� �.��� NS
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0ROP� AGRICULTURAL
LAND

−�.��� �.��� −�.��� ∗∗∗
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