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AbsWracW 

We XVe cLWL]eQ VcLeQce eBLUd daWa WR LQYeVWLgaWe WKe LPSacW Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg acURVV 
Me[LcR. UWLOL]LQg deWaLOed daWa RQ LQdLYLdXaO WULSV UeSRUWed WR eBLUd, Ze cRQVWUXcW aQQXaO cRXQW daWa RQ 
YLVLWV WR 1,810 Me[LcaQ PXQLcLSaOLWLeV fURP 2008 WR 2016 WR e[aPLQe KRZ defRUeVWaWLRQ affecWV YLVLWaWLRQ 
SaWWeUQV. We fLQd WKaW a PXQLcLSaOLW\, e[SeULeQcLQg aQ LQcUeaVe LQ defRUeVWaWLRQ eTXLYaOeQW WR WKe aYeUage 
defRUeVWaWLRQ RYeU RXU VWXd\ SeULRd, ZRXOd Vee bLUdZaWcKLQg YLVLWV decUeaVe b\ 4.4% SeU \eaU. TKe UeVXOWV 
aOVR SURYLde aQ aSSOLcaWLRQ Rf cLWL]eQ VcLeQce daWa XVLQg aQ XQdeUXWLOL]ed VRXUce Rf LQfRUPaWLRQ RQ 
ecRQRPLc beKaYLRU LQ aQ RWKeUZLVe OLPLWed daWa eQYLURQPeQW. 
 
Appendix materials can be accessed online at: 
https://uwpress.wisc.edu/journals/pdfs/LE-ϵ8-1-02-Chen-app.pdf. 
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1. Introduction 

TKe SUeVeQce Rf fRUeVWV RffeULQg aeVWKeWLc aQd UecUeaWLRQaO RSSRUWXQLWLeV aWWUacWV WRXULVWV aQd 

geQeUaWeV UeYeQXe, \LeOdLQg cRQVLdeUabOe beQefLWV WR ORcaO gRYeUQPeQWV, fLUPV, aQd cRPPXQLWLeV (EdZaUdV 

eW aO. 2012; ZKaQg 2016.). BecaXVe WRXULVP LQ PaQ\ deYeORSLQg cRQWe[WV deSeQdV RQ fRUeVWV, QaWXUe-baVed 

UecUeaWLRQ LV RfWeQ KaLOed aV a Za\ WR SURPRWe VXVWaLQabOe deYeORSPeQW (GXUXQg aQd SeeOaQd 2011). 

GLYeQ WKe LQcUeaVLQgO\ LPSRUWaQW UROe Rf QaWXUe-baVed UecUeaWLRQ aQd aVVRcLaWed WRXULVP LQ PaQ\ 

ecRQRPLeV (e.g., NaLdRR aQd AdaPRZLc] 2005a, 2005b; HXWcKLQV 2007; BKXL\aQ eW aO. 2011; RaPRV aQd 

PULdeaX[ 2014; HXQW eW aO. 2015; EVKXQ aQd TagRe-DaUNR 2015; LLaQg 2016; SQ\PaQ 2017), UeVeaUcK LV 

Qeeded WR beWWeU XQdeUVWaQd KRZ WKe cKaUacWeULVWLcV Rf fRUeVW ecRV\VWePV affecW LQdLYLdXaOV¶ decLVLRQV RQ 

ZKeUe aQd KRZ PXcK WR UecUeaWe. UQdeUVWaQdLQg WKe dULYeUV Rf UecUeaWLRQ aQd WRXULVP cKRLceV SURYLdeV 

LPSRUWaQW LQVLgKWV LQWR WKe UROe Rf VXVWaLQabOe deYeORSPeQW LQ VeeNLQg WR baOaQce ecRQRPLc gURZWK aQd 

WKe SUeVeUYaWLRQ Rf Ne\ ecRORgLcaO feaWXUeV PaNLQg ORcaWLRQV aWWUacWLYe fRU WRXULVP. 

A OaUge QXPbeU Rf VWXdLeV LQ WKe QaWXUaO VcLeQceV eVWabOLVK WKaW defRUeVWaWLRQ aQd fRUeVW 

degUadaWLRQ UeVXOW LQ decUeaVeV LQ WUadLWLRQaO fRUeVW-dZeOOLQg VSecLeV ULcKQeVV aQd abXQdaQce aQd LQ 

LQcUeaVeV LQ LQYaVLYe aQd LQWURdXced VSecLeV (e.g., FaKULg 2003, 2017; LaXUaQce eW aO. 2014; 

OcKRa-QXLQWeUR eW aO. 2015; GLaP 2017).1 A KaQdfXO Rf VWXdLeV fRcXVLQg RQ WKe ecRQRPLc LPSacW Rf 

bLRdLYeUVLW\ (bURadO\ defLQed) RQ QaWXUe-baVed UecUeaWLRQ VXggeVW WRXULVWV KLgKO\ YaOXe bLRdLYeUVLW\ 

(NaLdRR aQd AdaPRZLc] 2005b; NaLdRR eW aO. 2011; BRRWK eW aO. 2011; KROVWRe aQd CaPeURQ 2017). IQ 

WKe VSecLfLc cRQWe[W Rf bLUdZaWcKLQg, VWXdLeV VKRZ WKaW QaWXUe-baVed UecUeaWRUV YaOXe WKe SUeVeQce Rf a 

gUeaWeU QXPbeU Rf VSecLeV (e.g., KROVWRe aQd CaPeURQ 2017) aV ZeOO aV UaUe VSecLeV (e.g., BRRWK eW aO. 

2011). WKLOe WKeUe LV a VXbVWaQWLaO bRd\ Rf WKeRUeWLcaO aQd ePSLULcaO OLWeUaWXUe RQ WKe LPSacW Rf 
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defRUeVWaWLRQ RQ VSecLeV ULcKQeVV aQd abXQdaQce, YeU\ OLWWOe LV NQRZQ abRXW KRZ OaUge-VcaOe defRUeVWaWLRQ 

aQd fRUeVW degUadaWLRQ affecW QaWXUe-baVed UecUeaWLRQ beKaYLRU, a WRSLc SaUWLcXOaUO\ UeOeYaQW LQ deYeORSLQg 

cRXQWU\ VeWWLQgV. 

We fRcXV RQ WKe LPSacW Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg LQ Me[LcR XVLQg aQ XQdeUXWLOL]ed VRXUce 

Rf cLWL]eQ VcLeQce daWa WR PRdeO bLUdeU beKaYLRU. BLUdZaWcKLQg KaV ORQg beeQ a SaVWLPe LQ deYeORSed 

cRXQWULeV ZKeUe RbVeUYLQg ZLOd bLUdV becaPe SRSXOaU LQ WKe OaWe 19WK ceQWXU\ (WeLdeQVaXO 2008). 

BLUdZaWcKLQg LV WKe faVWeVW gURZLQg VegPeQW LQ WKe WRXULVP PaUNeW aQd geQeUaWeV VLgQLfLcaQW UeYeQXe aV 

bLUdeUV aUe geQeUaOO\ ZeOO edXcaWed ZLWK abRYe-aYeUage LQcRPeV (CRUdeOO aQd HeUbeUW 2002; ùeNeUcLR÷OX 

2002; Lee eW aO. 2010; SWeYeQ eW aO. 2015; KURQeQbeUg 2016; OcaPSR-PeQXeOa aQd WLQWRQ 2017). FRU 

e[aPSOe, WKe UQLWed SWaWeV FLVK aQd WLOdOLfe SeUYLce UeSRUWed WKaW LQ 2011, APeULcaQ bLUdeUV¶ WRWaO 

e[SeQdLWXUe fRU bLUdLQg ZaV $40.94 bLOOLRQ, ZLWK $14.87 bLOOLRQ VSeQW RQ WULSV (CaUYeU 2013). AccRUdLQg WR 

WKe 2016 NaWLRQaO SXUYe\ Rf FLVKLQg, HXQWLQg aQd WLOdOLfe AVVRcLaWed RecUeaWLRQ (NSFHWAR), 45.1 

PLOOLRQ APeULcaQV aged RYeU 16 UeSRUWed WKePVeOYeV aV ZLOd bLUd RbVeUYeUV LQ 2016, ZKLOe 36% Rf WKeP 

(16.3 PLOOLRQ) WRRN bLUdLQg WULSV aZa\ fURP KRPe fRU aQ aYeUage Rf 16 da\V a \eaU.2 

MaQ\ bLUdeUV, NQRZQ aV ³OLVWeUV´, NeeS WUacN Rf WKeLU WULSV aQd WKe VSecLeV WKe\ RbVeUYe XVLQg 

RQOLQe WRROV VXcK aV eBLUd, a cKecNOLVW SURgUaP OaXQcKed b\ a OaUge cLWL]eQ-VcLeQce SURMecW aW WKe CRUQeOO 

UQLYeUVLW\ LabRUaWRU\ Rf OUQLWKRORg\ (FLQN eW aO. 2017). TKLV SURMecW LV VLPLOaU WR PaQ\ RWKeU YROXQWeeU 

eQYLURQPeQWaO PRQLWRULQg SURgUaPV ZKeUe cLWL]eQV cRQWULbXWe WR VcLeQWLfLc UeVeaUcK (EYaQV eW aO. 2005; 

RLcNeU eW aO. 2013; LX] eW aO. 2014; SWeSeQXcN aQd GUeeQ 2015; VeQWXUeOOL eW aO. 2017). WLWK WKe gURZLQg 

SRSXOaULW\ Rf bLUdLQg, aQ LQcUeaVLQg QXPbeU Rf bLUd ZaWcKeUV aUe ZLOOLQg WR WUaYeO ORQg dLVWaQceV fRU QeZ 

VSecLeV WKaW caQQRW be RbVeUYed eOVeZKeUe. EVWLPaWeV VXggeVW WKe aQQXaO QXPbeU Rf LQWeUQaWLRQaO WULSV 
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ZRUOdZLde ZLWK a PaLQ SXUSRVe Rf bLUdZaWcKLQg LV 3 PLOOLRQ. 3  AccRUdLQg WR APeULcaQ BLUdLQg 

AVVRcLaWLRQ¶V VXUYe\, 49% of its members would like to travel outside the US to observe birds.4 

IQ deYeORSLQg cRXQWULeV WRXULVP LV RfWeQ YLeZed aV a WRRO WR VLPXOWaQeRXVO\ acKLeYe ecRQRPLc 

deYeORSPeQW aQd cRQVeUYaWLRQ gRaOV. BLUdZaWcKLQg LQ SaUWLcXOaU KaV becRPe SRSXOaU aV LW LV cRQVLdeUed a 

VXVWaLQabOe fRUP Rf WRXULVP (BLggV eW aO. 2011; LL eW aO. 2013), L.e. bLUdeUV aUe geQeUaOO\ LQWeUeVWed LQ 

cRQVeUYaWLRQ (HYeQegaaUd aQd DeaUdeQ 1998; CRQQeOO 2009).5 Me[LcR LV WKe cRXQWU\ PRVW YLVLWed b\ U.S. 

QaWXUe-baVed WRXULVWV.6 LaUgeO\ LQfOXeQced b\ WKe deYeORSPeQW Rf bLUdZaWcKLQg acWLYLWLeV LQ WKe U.S., 

RbVeUYLQg bLUdV aV a SaVWLPe aSSeaUed LQ Me[LcR fURP aW OeaVW WKe begLQQLQg Rf WKe 20WK ceQWXU\ (GyPe] 

de SLOYa aQd AOYaUadR Re\eV 2010). CRQVLdeUed RQe Rf WKe Pega-dLYeUVe cRXQWULeV LQ WKe ZRUOd 

(LORUeQWe-BRXVTXeWV aQd OcegXeda 2008), Me[LcR LV eQdRZed ZLWK OaUge aUeaV Rf fRUeVWV (HeQdee eW aO. 

2012). AccRUdLQg WR BLUdLLfe IQWeUQaWLRQaO (deO HR\R aQd CROOaU 2014, 2016), Me[LcR is home to 10% of 

all bird species on the planet. Among these species, 10% are only observed in Mexico, making the 

country fifth in number of endemic bird species in the world. 

AV a UeVXOW Rf e[WeQVLYe bLRdLYeUVLW\ aQd UeOaWLYe SUR[LPLW\ WR U.S. bLUdeUV, Me[LcR LV UaSLdO\ 

becRPLQg RQe Rf WKe PRVW SRSXOaU deVWLQaWLRQV fRU bLUdZaWcKLQg LQ WKe ZRUOd (ReYROOR-FeUQiQde] 2015; 

PeWeUVRQ aQd NaYaUUR-SLg�eQ]a 2016). IQ WKe eBLUd daWabaVe, cKecNOLVWV WKaW UeSRUWed a bLUdZaWcKLQg WULS 

LQ Me[LcR LQcUeaVed fURP 8,366 eQWULeV WR 33,708 beWZeeQ 2012 aQd 2016. AW WKe VaPe WLPe, Me[LcR LV 

aOVR e[SeULeQcLQg ZLdeVSUead defRUeVWaWLRQ: WKe cRXQWU\ ORVW 5.8% Rf LWV fRUeVW cRYeUage beWZeeQ 2000 

aQd 2016 ZLWK a WRWaO ORVV aUea RYeU 30,000 NP2, ZKLcK LV eTXLYaOeQW WR 1.52% Rf WKe WRWaO OaQd aUea Rf WKe 

cRXQWU\ (HaQVeQ eW aO 2013; caOcXOaWLRQV b\ aXWKRUV). TKe cRPbLQaWLRQ Rf LQcUeaVLQg QaWXUe-baVed WRXULVP 

aQd aW-ULVN QaWXUaO UeVRXUceV PaNeV Me[LcR aQ LdeaO cRQWe[W WR LQYeVWLgaWe WKe LPSacW Rf defRUeVWaWLRQ RQ 
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bLUdZaWcKLQg. 

TR eVWLPaWe WKe effecWV Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg YLVLWV LQ Me[LcR, Ze cRPbLQe cLWL]eQ 

VcLeQce daWa (WKe eBLUd daWabaVe) ZLWK KLgK-UeVROXWLRQ VaWeOOLWe daWa Rf fRUeVW cRYeUage (HaQVeQ eW aO. 

2013). UVLQg WKe eBLUd daWa, Ze cRQVWUXcW aQQXaO YLVLWaWLRQ cRXQWV fRU 1,810 Me[LcaQ PXQLcLSaOLWLeV7 

fURP 2008 WR 2016 WR e[aPLQe KRZ cKaQgeV LQ fRUeVW cRQdLWLRQV affecW bLUdZaWcKLQg YLVLWaWLRQ SaWWeUQV. TR 

ePSLULcaOO\ eVWLPaWe WKLV LPSacW, Ze fLUVW cRQVLdeU bLQaU\ SURbabLOLW\ PRdeOV WR e[aPLQe WKe UROe Rf 

defRUeVWaWLRQ LQ aOWeULQg YLVLWaWLRQ SaWWeUQV aORQg WKe e[WeQVLYe PaUgLQ b\ PRdeOLQg WKe SURbabLOLW\ WKaW a 

PXQLcLSaOLW\ UeceLYeV a QRQ-]eUR QXPbeU Rf bLUdZaWcKLQg YLVLWV. We WKeQ XVe cRXQW daWa PRdeOV WR 

LQYeVWLgaWe WKe effecW Rf defRUeVWaWLRQ RQ WKe LQWeQVLYe PaUgLQ b\ PRdeOLQg WKe QXPbeU Rf bLUdLQg YLVLWV a 

PXQLcLSaOLW\ UeceLYeV. OXU UeVXOWV LQdLcaWe WKaW defRUeVWaWLRQ QRW RQO\ decUeaVeV WKe SURbabLOLW\ Rf a 

PXQLcLSaOLW\ beLQg YLVLWed b\ bLUdeUV aORQg WKe e[WeQVLYe PaUgLQ, bXW aOVR UedXceV WKe QXPbeU Rf YLVLWV RQ 

WKe LQWeQVLYe PaUgLQ fRU PXQLcLSaOLWLeV ZLWK bLUdZaWcKLQg YLVLWV. SSecLfLcaOO\, RXU UeVXOWV LQdLcaWe WKaW 

dXULQg WKe SeULRd 2008-2016, Lf a PXQLcLSaOLW\ ORVeV RQe SeUceQW Rf LWV fRUeVW aUea, WKe QXPbeU Rf 

bLUdZaWcKLQg WULSV WR WKaW PXQLcLSaOLW\ ZRXOd decUeaVe b\ 29.4%, FHWHULV SDULEXV. 

TKLV SaSeU PaNeV WKUee SULPaU\ cRQWULbXWLRQV WR WKe OLWeUaWXUe. FLUVW, Ze SURYLde QeZ LQVLgKWV LQWR 

fRUeVW cRQVeUYaWLRQ aQd WRXULVP LQ a deYeORSLQg cRXQWU\ cRQWe[W. AOWKRXgK WKeUe KaYe beeQ PaQ\ VWXdLeV 

WKaW eYaOXaWe WKe effecWV Rf WRXULVP RQ fRUeVWV, feZ fRcXV RQ WKe TXaOLW\ Rf WKe fRUeVW aV a dULYeU Rf 

QaWXUe-baVed UecUeaWLRQ. SeYeUaO UeOaWed SaSeUV fRcXV RQ a VLQgOe bLUdZaWcKLQg KRWVSRW (e.g., NaLdRR aQd 

AdaPRZLc] 2005a) RU VLWeV LQ a VPaOO UegLRQ (e.g., KROVWRe aQd CaPeURQ 2017). IQ WKLV SaSeU, Ze cRQdXcW 

a cRPSUeKeQVLYe ePSLULcaO LQYeVWLgaWLRQ Rf defRUeVWaWLRQ aQd bLUdZaWcKLQg aW WKe PXQLcLSaOLW\ OeYeO 

acURVV Me[LcR RYeU a 9-\eaU SeULRd. 
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SecRQd, Ze dePRQVWUaWe WKe SRWeQWLaO UROe Rf cLWL]eQ VcLeQce daWa WR cRQdXcW ePSLULcaO UeVeaUcK LQ 

VeWWLQgV ZKeUe daWa aYaLOabLOLW\ fURP WUadLWLRQaO VRXUceV LV RfWeQ OacNLQg RU SURKLbLWLYeO\ e[SeQVLYe WR 

RbWaLQ acURVV OaUge aUeaV. ReceQW UeVeaUcK KaV VXggeVWed WKaW VRcLaO PedLa daWa caQ be XVed aV aQ 

aOWeUQaWLYe WR WUadLWLRQaO VXUYe\V WR beWWeU XQdeUVWaQd LQdLYLdXaO SUefeUeQceV fRU UecUeaWLRQ, aV WKeUe Pa\ 

be QR VLgQLfLcaQW dLffeUeQceV beWZeeQ WRXULVWV¶ VWaWed SUefeUeQceV LQ VXUYe\V aQd UeYeaOed SUefeUeQce 

LQfRUPaWLRQ gOeaQed fURP VRcLaO PedLa cRQWeQW (TeQNaQeQ eW aO. 2017; HaXVPaQQ eW aO. 2018). SeYeUaO 

VWXdLeV KaYe cRPSaUed WKe XVe Rf cURZd-VRXUced daWa (L.e. daWa fURP ceOO SKRQeV, RQOLQe fRUXPV, cLWL]eQ 

VcLeQce aSSOLcaWLRQV, eWc.) ZLWK cRQYeQWLRQaO daWa gaWKeULQg aSSURacKeV aQd fRXQd WKaW cURZd-VRXUced daWa 

SeUfRUPV VLPLOaUO\ ZKeQ PRdeOLQg YLVLWaWLRQ beKaYLRU (MeUULOO eW aO. 2020; MaUWLQ eW aO. 2014; PaSeQfXVV 

eW aO. 2015). IQ a deYeORSLQg cRXQWU\ cRQWe[W, WKeUe LV a VLgQLfLcaQW SRWeQWLaO fRU cLWL]eQ VcLeQce daWa WR SOa\ 

aQ LPSRUWaQW UROe LQ ePSLULcaO UeVeaUcK aV WKeVe daWa aUe UeadLO\ aYaLOabOe aQd a UeOaWLYeO\ LQe[SeQVLYe 

VXbVWLWXWe fRU WUadLWLRQaO RQ-WKe-gURXQd daWa cROOecWLRQ (e.g., KROVWRe & CaPeURQ 2017; RRbeUWV eW aO. 

2017; Arcanjo et al. 2016; KeeOeU eW aO. 2015; HaOe 2018; SSaOdLQg eW aO. 2017; DRQaKXe eW aO. 2018). OXU 

ZRUN SURYLdeV aQ aSSOLcaWLRQ Rf WKe XVe Rf cLWL]eQ-VcLeQce eBLUd daWa LQ Me[LcR WR VWXd\ QaWXUe-baVed 

UecUeaWLRQ. 

LaVWO\, Ze SURYLde QeZ LQfRUPaWLRQ RQ WKe SRWeQWLaO ecRQRPLc LPSacWV Rf defRUeVWaWLRQ RQ 

QaWXUe-baVed UecUeaWLRQ aQd WRXULVP acURVV Me[LcR b\ addLQg QeZ LQfRUPaWLRQ RQ WKe SRWeQWLaO VcaOe Rf 

WRXULVP UeYeQXe ORVV. OXU ePSLULcaO UeVXOWV VXggeVW WKaW defRUeVWaWLRQ dLVcRXUageV bLUdeUV fURP YLVLWLQg a 

PXQLcLSaOLW\ LQ Me[LcR, UedXcLQg bRWK WKe SURbabLOLW\ Rf YLVLWaWLRQ aQd WKe QXPbeU Rf YLVLWV. TKe ORVV LQ 

WRXULVP UeYeQXe aVVRcLaWed ZLWK decUeaVed YLVLWaWLRQ LV OLNeO\ WR affecW QRW RQO\ ORcaO ecRQRPLeV bXW aOVR 

gRYeUQPeQW Wa[ UeYeQXe, fXUWKeU UedXcLQg WKe bXdgeW fRU cRQVeUYaWLRQ aQd OeadLQg WR SRWeQWLaO QegaWLYe 
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feedbacN effecWV. TKXV, RXU UeVXOWV KaYe LPSRUWaQW LPSOLcaWLRQV fRU WKe deVLgQ Rf deYeORSPeQW aQd fRUeVW 

cRQVeUYaWLRQ SROLceV LQ WRXULVP-deSeQdeQW cRPPXQLWLeV VeeNLQg WR eQKaQce VXVWaLQabOe deYeORSPeQW. 

2. Data 

TKe daWa Ze XVe WR e[aPLQe QaWXUe-baVed UecUeaWLRQ beKaYLRU cRQVLVWV Rf cLWL]eQ VcLeQce eBLUd YLVLWaWLRQ 

UeSRUWV, UePRWe VeQVLQg daWa RQ fRUeVW cRYeUage aQd defRUeVWaWLRQ, aV ZeOO aV a QXPbeU Rf cRYaULaWeV WKaW 

aUe K\SRWKeVL]ed WR LPSacW YLVLWaWLRQ SaWWeUQV. IQ ZKaW fROORZV, Ze dLVcXVV eacK Rf WKeVe daWa VRXUceV aQd 

WKe UeSUeVeQWaWLYeQeVV Rf WKe cLWL]eQ-VcLeQce eBLUd daWa. 

eBird DaWaseW 

CXUaWed b\ CRUQeOO UQLYeUVLW\, WKe eBLUd daWaVeW (FLQN eW aO. 2017) aggUegaWeV bLUd VSecLeV UeSRUWV fURP 

gORbaO bLUdZaWcKLQg YROXQWeeUV ZKR XVe aQ RQOLQe cKecNOLVW SURWRcRO WR UeSRUW WKeLU VSecLeV VLgKWLQgV. 

AOWKRXgK WKe daWaVeW ZaV OaXQcKed LQ 2002, WKe eaUO\ eBLUd daWa ZaV OLPLWed XQWLO 2008 ZKeQ WKe QXPbeU 

Rf SaUWLcLSaQWV aQd RbVeUYaWLRQV LQcUeaVed UaSLdO\, cRLQcLdLQg ZLWK WKe PaVV PaUNeW UeOeaVe Rf VPaUW 

SKRQeV, LQcOXdLQg WKe LPKRQe LQ 2007, WKaW eQabOed bLUdeUV WR PRUe eaVLO\ UeSRUW WKeLU VLgKWLQgV ZKLOe LQ 

WKe fLeOd (SXOOLYaQ eW aO. 2009; KROVWRe aQd CaPeURQ 2017). WKLOe eBLUd LV a UeaO-WLPe RQOLQe daWaVeW, LW 

aOVR aOORZV LQSXW Rf KLVWRULc VLgKWLQgV WKaW RccXUUed befRUe a SaUWLcLSaQW begaQ XVLQg WKe UeSRUWLQg WRRO. TR 

aLd LQ LdeQWLfLcaWLRQ Rf WULS ORcaWLRQV, bLUdeUV aUe abOe WR SLcN fURP a QXPbeU Rf ³KRWVSRWV´ WKaW aUe SXbOLc 

bLUdLQg ORcaWLRQV QRPLQaWed b\ RWKeU eBLUd XVeUV. IQ addLWLRQ, bLUdeUV aUe aOVR abOe WR LQSXW WKeLU RZQ 

ORcaWLRQ daWa aQd cUeaWe QeZ KRWVSRWV. TR PLQLPL]e LQaccXUaWe UecaOO, Ze fRcXV RXU XVe Rf WKe eBLUd 

UecRUdV fRU YLVLWV RccXUULQg afWeU 2008 aV WKRVe aUe PRUe OLNeO\ WR UeSUeVeQW cRQWePSRUaQeRXV UeSRUWV 

aVVRcLaWed ZLWK YLVLWaWLRQ.8 
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EacK cKecNOLVW VXbPLWWed WR eBLUd LQcOXdeV deWaLOed LQfRUPaWLRQ fRU a bLUdLQg WULS, VXcK aV ORcaWLRQ, 

WLPe, dXUaWLRQ Rf RbVeUYaWLRQ SeULRd, dLVWaQce WUaYeOed, aV ZeOO aV LQdLYLdXaO aQd VSecLeV bLUd cRXQWV. 

BLUdeUV aUe aVNed WR UeSRUW WKe OaWLWXde aQd ORQgLWXde Rf WKe RbVeUYaWLRQ ORcaWLRQ (VWaUWLQg SRVLWLRQ Lf 

WUaYeOOLQg), ZKLcK Ze XVe WR OLQN LQdLYLdXaO RbVeUYaWLRQV WR VSecLfLc PXQLcLSaOLWLeV LQ Me[LcR. We RQO\ 

cRQVLdeU cRRUdLQaWeV RQ OaQd aQd e[cOXde Vea WRXUV, becaXVe Ze caQQRW XQaPbLgXRXVO\ OLQN WKeVe 

RbVeUYaWLRQV WR PXQLcLSaOLWLeV. 

BecaXVe WKe daWeV Rf WKe bLUdLQg WULSV aUe UeSRUWed LQ WKeVe cKecNOLVWV, WKe eBLUd daWabaVe aOORZV 

XV WR VeSaUaWe RbVeUYaWLRQV RccXUULQg RQ dLffeUeQW da\V. TKe dXUaWLRQ Rf WKe acWXaO bLUdZaWcKLQg SeULRd LV 

UecRUded LQ WKe cKecNOLVWV aQd LV XVXaOO\ VeYeUaO KRXUV bXW QeYeU e[ceedV 24 KRXUV. IQ RWKeU ZRUdV, eBLUd 

XVeUV aUe UeTXLUed WR VXbPLW a VeSaUaWe cKecNOLVW eacK da\ ZLWK a cRUUeVSRQdLQg ORcaWLRQ Lf WKe\ VSeQW 

PRUe WKaQ a VLQgOe da\ SaUWaNLQg LQ bLUdZaWcKLQg acWLYLW\. AV a UeVXOW, a PXOWLSOe-da\ WULS ZRXOd UeVXOW LQ 

PXOWLSOe cKecNOLVWV, eQabOLQg XV WR cRXQW eacK cKecNOLVW aV a da\ WULS. If a bLUdeU UeSRUWed VeYeUaO WULSV LQ 

dLffeUeQW ORcaWLRQV ZLWKLQ a VLQgOe da\, Ze RQO\ cRQVLdeU WKe WULS ZLWK WKe ORQgeVW dXUaWLRQ, WKe ORQgeVW 

WUaYeO dLVWaQce, RU WKe OaUgeVW QXPbeU Rf bLUdV RbVeUYed, LQ WKaW RUdeU9. DXULQg RXU VWXd\ SeULRd, WKe eBLUd 

daWaVeW cRQWaLQV LQfRUPaWLRQ RQ 64,572 da\ WULSV RccXUULQg LQ Me[LcR (FLgXUe 1). MRVW WULSV RccXUUed LQ 

WKe VRXWKeUQ SaUW Rf WKe cRXQWU\, aV PXcK Rf WKe QRUWK LV aULd aQd VXSSRUWV feZeU bLUd VSecLeV.  

We aggUegaWe LQdLYLdXaO WULSV LQWR aQ aQQXaO cRXQW Rf aOO da\ WULSV LQ eacK Me[LcaQ PXQLcLSaOLW\ 

aQd XVe WKLV cRXQW aV RXU SULPaU\ PeaVXUe Rf bLUdZaWcKLQg LQ WKe ecRQRPeWULc aQaO\VLV WKaW fROORZV. TKe 

UeaVRQV Ze aggUegaWe WKe daWa WR a PXQLcLSaO OeYeO LV WZRfROd. FLUVW, a PXQLcLSaOLW\ LV WKe VPaOOeVW 

adPLQLVWUaWLYe XQLW LQ Me[LcR fRU ZKLcK PaQ\ LPSRUWaQW ecRQRPLc cRQWURO YaULabOeV aUe UeSRUWed. SecRQd, 

WKe eBLUd daWa LV VSaUVe acURVV PXcK Rf WKe cRXQWU\. AW WKe PXQLcLSaOLW\ OeYeO, 77.59% Rf RXU 
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PXQLcLSaOLW\-b\-\eaU RbVeUYaWLRQV e[SeULeQced ]eUR YLVLWV. SPaOOeU VSaWLaO XQLWV WKaQ PXQLcLSaOLWLeV ZLOO 

Oead WR a VLgQLfLcaQW LQcUeaVe LQ LQcUeaVe LQ XQLWV ZLWK ]eUR YLVLWV. If aggUegaWed OaUgeU WKaQ PXQLcLSaOLW\ 

XQLWV, Ze LQcUeaVLQgO\ VPRRWK RXW YaULaWLRQ LQ fRUeVW cRYeUage Qeeded fRU LdeQWLfLcaWLRQ.   

eBird Sample RepresenWaWiYeness 

AV Ze RQO\ RbVeUYe a da\ WULS Lf a bLUdeU UeSRUWed LW WR eBLUd, WKe PagQLWXde Rf UecUeaWLRQ YLVLWV b\ eBLUd 

SaUWLcLSaQWV dReV QRW caSWXUe WKe WRWaO bLUdLQg acWLYLW\ b\ aOO WRXULVWV. E[aPLQLQg WKLV LVVXe LQ PRUe deWaLO, 

VeYeUaO VWXdLeV KaYe aVVeVVed WKe VSaWLaO UeSUeVeQWaWLYeQeVV Rf WKe eBLUd daWa. CaOcXOaWLQg bLUdLQg da\V LQ a 

VLPLOaU Za\ WR RXU VWXd\, WaUQeOO (2019) cRPSaUeV WKe eBLUd aQd NSFHWAR (See SecWLRQ I) daWa 

fRcXVLQg RQ WKe VRXWKeaVWeUQ US LQ 2011, ZKeUe WKe OaWWeU VXUYe\ SURYLdeV WKe beVW aYaLOabOe eVWLPaWeV Rf 

WKe WRWaO aPRXQW Rf UecUeaWLRQaO bLUdLQg b\ VWaWe. ReVXOWV VKRZ WKaW bLUdLQg da\V UeSRUWed b\ eBLUd 

SaUWLcLSaQWV cRQVLVWeQWO\ accRXQW fRU 0.1%-0.5% Rf WKe RYeUaOO NSFHWAR eVWLPaWeV acURVV VWaWeV, 

VXggeVWLQg WKaW bLUdLQg acWLYLW\ caSWXUed b\ eBLUd daWa LV URXgKO\ SURSRUWLRQaO WR WRWaO YLVLWaWLRQ acURVV 

dLffeUeQW ORcaWLRQV10. PURYLdLQg a VLPLOaU cRPSaULVRQ fRU RXU Me[LcaQ VWXd\ aUea, CaQW~ aQd SiQcKe] 

(2011) eVWLPaWe WKaW WKe cRXQWU\ UeceLYed 78,820 bLUd ZaWcKeUV LQ 2006. MeaQZKLOe, WKe eBLUd daWa 

cRQWaLQV LQfRUPaWLRQ fURP 215 XQLTXe RbVeUYeUV YLVLWLQg Me[LcR LQ 2006, accRXQWLQg fRU 0.27% Rf CaQW~ 

aQd SiQcKe]¶V (2011) eVWLPaWe Rf WKe WRWaO QXPbeU Rf bLUdeUV dXULQg WKaW \eaU. AV WKe QXPbeU Rf bLUdeUV 

SaUWLcLSaWLQg LQ eBLUd e[SaQded UaSLdO\ begLQQLQg LQ 2008, Ze e[SecW WKaW WKe VKaUe Rf RYeUaOO bLUdeUV 

caSWXUed b\ eBLUd dXULQg RXU VWXd\ SeULRd LV OLNeO\ VLgQLfLcaQWO\ KLgKeU WKaQ LQ 2006.  

OQe Rf WKe eBLUd SURMecW¶V gRaOV LV WR Pa[LPL]e SXbOLc SaUWLcLSaWLRQ, aQd WKe UeSRUWLQg SOaWfRUP LV 

deVLgQed WR aSSeaO WR WKe bURadeU bLUdLQg cRPPXQLW\ UaWKeU WKaQ beLQg UeVWULcWed WR SURfeVVLRQaO e[SeUWV 
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(SXOOLYaQ eW aO. 2014). TKLV LQcOXVLYe VWUaWeg\ Pa\ KaYe a QegaWLYe LPSacW RQ WKe daWa TXaOLW\ LQ WeUPV Rf 

WKe accXUac\ Rf RbVeUYed bLUd VSecLeV; KRZeYeU, RXU VWXd\ fRcXVeV RQ YLVLWaWLRQ da\V aQd QRW VSecLfLc 

UecaOOV Rf VSecLeV RbVeUYed. AccRUdLQg WR WKe 2016 NSFHWAR, aPRQg 23.7 PLOOLRQ aZa\-fURP-KRPe 

ZLOdOLfe ZaWcKeUV LQ WKe US (aged RYeU 16; 72% aUe bLUd ZaWcKeUV), LQdLYLdXaOV ZKR aUe PaOe, ZKLWe, aged 

RYeU 45, RU KaYe UeceLYed a cROOege edXcaWLRQ accRXQW fRU 67%, 95%, 53% RU 72%, UeVSecWLYeO\. MRUeRYeU, 

WKe PedLaQ LQcRPe Rf WKeVe UecUeaWRUV LV $79,000, ZKLcK LV KLgKeU WKaQ WKe cRQWePSRUaQeRXV QaWLRQaO 

PedLaQ Rf $71,000 LQ WKe US. GLYeQ WKe acceVVLbLOLW\ Rf eBLUd WR dLYeUVe XVeUV, LW LV OLNeO\ WKaW RXU VaPSOe 

KaV VLPLOaU dePRgUaSKLc SURSeUWLeV WR WKRVe UeSRUWed LQ NSFHWAR. 

IQ addLWLRQ WR XVLQg WKe eBLUd daWa WR e[aPLQe YLVLWaWLRQ, Ze XVe WKe SaQeO QaWXUe Rf WKe daWa WR 

LQfeU WKe SRSXOaWLRQ cRPSRVLWLRQ Rf eBLUd SaUWLcLSaQWV LQ RXU VaPSOe. TKe eBLUd cKecNOLVWV LdeQWLfLed aV 

da\ WULSV LQ Me[LcR dXULQg RXU VWXd\ SeULRd cRQWaLQ 4,432 XQLTXe bLUdeUV UeSRUWLQg 16,290 da\ WULSV LQ 

Me[LcR. EacK Rf WKeVe bLUdeUV KaV beeQ WR Me[LcR aW OeaVW RQce bXW Pa\ aOVR UeSRUW bLUdLQg WULSV WR RWKeU 

ORcaWLRQV. FRU URbXVWQeVV Ze aOVR e[aPLQe VeQVLWLYLW\ WR e[cOXdLQg UeVLdeQW eBLUd XVeUV. TR UePRYe 

UeVLdeQW bLUdeUV, Ze LdeQWLf\ aOO gORbaO da\ WULSV UeSRUWed b\ eacK bLUdeU LQ RXU VaPSOe SeULRd aQd caOcXOaWe 

WKe PedLaQ ORQgLWXde aQd OaWLWXde fRU eacK bLUdeU (ASSeQdL[ A FLgXUe A1). TKe UeVXOWLQg PaS LOOXVWUaWeV 

WKaW 61.2% Rf WKe bLUdeUV¶ PedLaQ cRRUdLQaWeV aUe ORcaWed RXWVLde Rf Me[LcR aQd WKaW PRVW Rf WKeVe aUe 

cRQceQWUaWed LQ WKe U.S. TR LdeQWLf\ UeVLdeQW eBLUd SaUWLcLSaQWV Ze e[aPLQe WKe 38.8% Rf UeVLdeQWV ZLWK 

PedLaQ cRRUdLQaWeV LQVLde Me[LcR XVLQg WZR addLWLRQaO cULWeULa: a) bLUdeUV ZKRVe QXPbeU Rf da\ WULSV 

ORcaWed LQ Me[LcR e[ceedV WKRVe LQ RWKeU cRXQWULeV aQd b) bLUdeUV ZKR UeSRUW WULSV LQ Me[LcR acURVV 

PXOWLSOe \eaUV. UVLQg WKeVe cULWeULa, Ze XOWLPaWeO\ LdeQWLf\ 12.9% Rf WKe eBLUd XVeUV LQ WKe RULgLQaO VaPSOe 

aV UeVLdeQWV, OeaYLQg a fLQaO VaPSOe Rf 3,860 LQWeUQaWLRQaO bLUdeUV ZKR UeSRUW 19,893 da\ YLVLWV LQ Me[LcR.   
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ForesW CoYariaWes 

We XVe WKe HaQVeQ daWaVeWV RQ SeUceQW WUee cRYeU aQd aQQXaO defRUeVWaWLRQ (HaQVeQ eW aO. 2013) WR UecRYeU 

LQfRUPaWLRQ RQ fRUeVWV.11 TR cRQYeUW WKe RULgLQaO SeUceQW WUee cRYeU LQ 2000 WR SeUceQW fRUeVW cRYeU LQ 

2000, Ze XVe a cXWRff Rf 25% WR defLQe fRUeVWV (Se[WRQ eW aO. 2015) aQd UeWaLQ RQO\ defRUeVWaWLRQ eYeQWV 

WKaW RccXUUed RQ fRUeVWed ceOOV LQ WKe baVe \eaU Rf 2000. UVLQg WKLV daWa, Ze caOcXOaWe aQQXaO fRUeVW ORVV 

aUea LQ eacK Me[LcaQ PXQLcLSaOLW\ fURP 2008 WR 2016 (FLgXUe 2).12 AV RXU SULPaU\ YaULabOe Rf LQWeUeVW, 

Ze defLQe defRUeVWaWLRQ aV WKe UaWLR Rf defRUeVWed aUea LQ a \eaU UeOaWLYe WR PXQLcLSaOLW\ VL]e. MXQLcLSaOLW\ 

aUeaV aUe caOcXOaWed baVed RQ WKe GADM daWabaVe Rf gORbaO adPLQLVWUaWLYe aUeaV (GADM 2009).  

BecaXVe WKe fRUeVW cRQfLgXUaWLRQ LV OLNeO\ WR affecW bLRdLYeUVLW\, Ze LQcOXde cRYaULaWeV UeOaWed WR 

cRUe aQd edge fRUeVWV (FaKULg 2003; FaKULg eW aO 2017). SSecLfLcaOO\, Ze cRQVWUXcW a UaWLR Rf fRUeVW edge WR 

cRUe fRUeVW XVLQg a UecOaVVLfLed YeUVLRQ Rf WKe HaQVeQ daWa ZLWK 90 PeWeUV WR defLQe aQ edge (DaYLeV eW aO. 

2000); Ze caOcXOaWe WKe fRUeVW edge aQd cRUe aUeaV XVLQg WKe LaQdVcaSe FUagPeQWaWLRQ TRRO (LFT) (VRgW 

eW aO. 2007). TKe edge WR cRUe UaWLR LV a PeaVXUe Rf SaWcK-OeYeO fRUeVW fUagPeQWaWLRQ aQd dLVWXUbaQce, 

ZKLcK LV NQRZQ WR affecW SaWcK-OeYeO bLRdLYeUVLW\ (GUaKaP aQd BOaNe, 2001), ZLWK PRUe fUagPeQWed 

fRUeVWV KaYLQg KLgKeU UaWLRV. FRU RXU aSSOLcaWLRQ, Ze e[SecW WKaW PRUe fUagPeQWed fRUeVWV ZLOO KaYe feZeU 

cRUe aQd eQdePLc VSecLeV aQd Pa\ KaYe PRUe LQWURdXced RU LQYaVLYe VSecLeV WKaW Pa\ QRW be Rf YaOXe WR 

bLUdeUV (KUebV 1972; FaKULg 2003). HRZeYeU, fRUeVW edgeV aOVR RfWeQ SURYLde eaVLeU YLeZLQg Rf VSecLeV 

ORcaWed LQ caQRSLeV WKaW aUe dLffLcXOW WR RbVeUYe ZKeQ LQ WKe LQWeULRU VecWLRQV Rf fRUeVW WUacWV, PaNLQg WKe 

RYeUaOO effecW aQ ePSLULcaO TXeVWLRQ.  

IQ addLWLRQ WR WKe edge WR cRUe UaWLR, Ze aOVR caOcXOaWe abRYe-gURXQd ZRRd\ bLRPaVV (aYeUage 

deQVLW\ SeU PXQLcLSaOLW\) baVed RQ BaccLQL eW aO. (2012). TKLV YaULabOe LQdLcaWeV WKe SUeVeQce Rf ROd 
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gURZWK (L.e. KLgK caUbRQ YaOXe) fRUeVWV YV. \RXQgeU OeVV PaWXUe fRUeVWV. We e[SecW WKaW ROdeU fRUeVWV aUe 

OLNeO\ WR cRQWaLQ PRUe VSecLeV, eVSecLaOO\ UaUe VSecLeV (JeQNLQV eW aO. 2013), PaNLQg WKeP PRUe OLNeO\ WR 

aWWUacW bLUdeUV. 

AddiWional CoYariaWes 

IQ addLWLRQ WR fRUeVW cRYaULaWeV, Ze cRQVWUXcW a VeULeV Rf addLWLRQaO cRYaULaWeV WKaW aUe OLNeO\ WR affecW 

bLUdZaWcKLQg beKaYLRU. We dLYLde WKeVe LQWR gURXSV LQcOXdLQg cOLPaWe aQd geRgUaSK\ cRYaULaWeV aQd 

ecRQRPLc aQd LQfUaVWUXcWXUe cRYaULaWeV. TR accRXQW fRU WKe LPSacW Rf cOLPaWe, Ze LQcOXde PeaVXUeV Rf bRWK 

SUecLSLWaWLRQ aQd WePSeUaWXUe. TKeVe aUe OLNeO\ WR SOa\ aQ LPSRUWaQW UROe LQ WRXULVP beKaYLRU b\ affecWLQg 

WKe dePaQd fRU RXWdRRU UecUeaWLRQ aV ZeOO aV WKe SUeVeQce aQd OLNeOLKRRd Rf RbVeUYLQg ceUWaLQ bLUd VSecLeV. 

TKe WePSeUaWXUe daWa aUe VRXUced fURP WKe COLPaWe PUedLcWLRQ CeQWeU aQd fURP NaWLRQaO OceaQLc aQd 

AWPRVSKeULc AdPLQLVWUaWLRQ (FaQ aQd VaQ deQ DRRO 2008). We fRcXV RQ WKe WePSeUaWXUe LQ JaQXaU\ aQd 

JXO\ WR dLVWLQgXLVK VeaVRQaO effecWV. PUecLSLWaWLRQ daWa aUe RbWaLQed fURP COLPaWe Ha]aUdV GURXS IQfUaRed 

PUecLSLWaWLRQ ZLWK SWaWLRQ daWa (CHIRPS, FXQN eW aO. 2015). IQ addLWLRQ, Ze cRQVWUXcW aQ LQdLcaWRU YaULabOe 

WR LdeQWLf\ PXQLcLSaOLWLeV ORcaWed aORQg WKe cRaVWV. TKeVe cRaVWaO UegLRQV cRQWaLQ beacKeV WKaW OLNeO\ 

aWWUacW a bURad VeW Rf UecUeaWRUV, LQcOXdLQg bLUdeUV. 

We cRQVWUXcW cRQWUROV fRU ecRQRPLc aQd LQfUaVWUXcWXUe facWRUV fURP a YaULeW\ Rf VRXUceV. AW WKe 

PXQLcLSaOLW\ OeYeO, Ze cRQWURO fRU GDP (LQ 2005, PeaVXUed LQ US dROOaUV) (INAFED 2005), aQd 

SRSXOaWLRQ (LQ 2005) (INEGI 2005). We fXUWKeU cRQVLdeU WKe OeQgWK Rf UaLOZa\ (LQ 2000) (INEGI 2000), 

ZKLcK PaLQO\ SURYLdeV fUeLgKW VeUYLce, aV a cRQWURO fRU ORcaO ecRQRPLc acWLYLW\.13 We aOVR LQcOXde WKe 

SUR[LPLW\ WR OaUge XUbaQ aUeaV aV WKRVe aUe PRUe OLNeO\ WR be LQfOXeQced b\ XUbaQL]aWLRQ, SRWeQWLaOO\ 
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dLVcRXUagLQg bLUdeUV fURP YLVLWLQg. SSecLfLcaOO\, Ze cRQWURO fRU WKe EXcOLdeaQ dLVWaQce WR WKe QeaUeVW PaMRU 

XUbaQ ceQWeU, ZKLcK LV defLQed aV WKe geRPeWULc ceQWeU Rf aQ XUbaQ aUea ZLWK SRSXOaWLRQ gUeaWeU WKaQ 

500,000 LQ 2000. UVLQg WKLV SRSXOaWLRQ WKUeVKROd,14 Ze caOcXOaWe dLVWaQce WR WKe QeaUeVW Rf 17 XUbaQ 

ceQWeUV baVed RQ a PaS Rf XUbaQ aUeaV fURP WKe NaWLRQaO IQVWLWXWe Rf SWaWLVWLcV aQd GeRgUaSK\ Rf Me[LcR 

(INEGI b\ LWV QaPe LQ SSaQLVK: IQVWLWXWR NacLRQaO de EVWadtVWLca \ GeRgUafta) (INEGI 2000). FRU 

WUaQVSRUWaWLRQ LQfUaVWUXcWXUe, Ze PeaVXUe dLVWaQce WR WKe QeaUeVW aLUSRUW XVLQg WKe Me[LcaQ aLUSRUW PaS LQ 

1998 fURP WKe NRUWK APeULcaQ TUaQVSRUWaWLRQ AWOaV (BXUeaX Rf TUaQVSRUWaWLRQ SWaWLVWLcV 1998). We aOVR 

PeaVXUe WKe OeQgWK Rf KLgKZa\V (LQ 2014) (INEGI 2014).  

TR fXUWKeU cRQWURO fRU WRXULVW LQfUaVWUXcWXUe, Ze cRQVLdeU WKe QXPbeU Rf gORbaO cKaLQ-bUaQded 

KRWeOV LQ eacK PXQLcLSaOLW\. TKe daWa LV gaWKeUed fURP KRWeO cKaLQ ZebVLWeV accRXQWLQg fRU 8 PaLQVWUeaP 

KRWeO cKaLQV LQcOXdLQg BeVW WeVWeUQ, CKRLce, COXb CaUOVRQ, HLOWRQ, H\aWW, IQWeUcRQWLQeQWaO, MaUULRWW, aQd 

W\QdKaP. We LdeQWLf\ ZKeWKeU WKeUe LV aQ aUcKaeRORgLcaO VLWe RU QaWLRQaO SURWecWed aUea ZLWKLQ a 

PXQLcLSaOLW\ baVed RQ WKe RffLcLaO PaSV fURP INEGI (INEGI 2000) aQd Me[LcR¶V NaWLRQaO CRPPLVVLRQ 

Rf NaWXUaO PURWecWed AUeaV (CONANP 2018). We RQO\ cRQVLdeU QaWLRQaO SURWecWed aUeaV WKaW ZeUe cUeaWed 

befRUe 2000 WR e[cOXde aQ\ eQdRgeQRXV facWRUV caXVed b\ OaWeU defRUeVWaWLRQ aQd WRXULVP. FLQaOO\, Ze 

cRQWURO fRU WKe UaWLR Rf fRUeVW eMLdR aUea WR PXQLcLSaOLW\ VL]e. AQ eMLdR LV aQ aUea Rf cRPPXQaOO\ RZQed 

OaQd fRU agULcXOWXUe aQd fRUeVWU\. AccRUdLQg WR BUa\ eW aO. (2010), eMLdRV cRYeU aW OeaVW 69% Rf WKe fRUeVWV 

LQ Me[LcR, aQd VWXdLeV VKRZ WKaW WKe\ cRUUeOaWe ZLWK a geQeUaOO\ a SRVLWLYe LPSacW RQ fRUeVW cRQVeUYaWLRQ 

ZKLOe SURYLdLQg ecRQRPLc RSSRUWXQLWLeV fRU ORcaO UeVLdeQWV (EOOLV aQd PRUWeU-BROOaQd 2008; CRRSeU aQd 

HXff 2017). We XWLOL]e PaSV Rf cRPPRQ XVe OaQdV SXbOLVKed b\ Me[LcR¶V NaWLRQaO AgUaULaQ RegLVWU\ WR 

caOcXOaWe WKe aUea Rf fRUeVW eMLdRV LQ eacK PXQLcLSaOLW\ (RAN 2019).15 
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TabOe 1 SURYLdeV a OLVW Rf aOO WKe YaULabOeV aQd WKeLU deVcULSWLYe VWaWLVWLcV. OQ aYeUage, eacK Rf WKe 

1,810 Me[LcaQ PXQLcLSaOLWLeV LQ RXU VaPSOe UeceLYed 3.84 da\ WULSV SeU \eaU. HRZeYeU, a VLgQLfLcaQW 

QXPbeU Rf PXQLcLSaOLWLeV, 77.59% Rf RXU PXQLcLSaOLW\-b\-\eaU RbVeUYaWLRQV, e[SeULeQced ]eUR YLVLWV. 

APRQg WKe PXQLcLSaOLWLeV WKaW UeceLYed bLUdZaWcKLQg YLVLWV, WKeUe LV VLgQLfLcaQW KeWeURgeQeLW\, ZLWK VRPe 

KaYLQg aV PaQ\ aV 848 YLVLWV LQ a VLQgOe \eaU. DefRUeVWaWLRQ LV aOVR XQeYeQO\ dLVWULbXWed acURVV RXU VaPSOe. 

TKe KLgKeVW aQQXaO defRUeVWaWLRQ LQ a PXQLcLSaOLW\ ZaV 6.52%, ZKLOe WKe aYeUage ZaV 0.13% Rf OaQd aUea. 

MRUeRYeU, 21.63% Rf WKe PXQLcLSaOLW\-b\-\eaU RbVeUYaWLRQV dLd QRW e[SeULeQce aQ\ defRUeVWaWLRQ. TKeVe 

VWaWLVWLcV aUe VXggeVWLYe Rf WKe VLgQLfLcaQW KeWeURgeQeLW\ LQ RXU defRUeVWaWLRQ PeaVXUe acURVV PXQLcLSaOLWLeV 

aQd \eaUV ZKLcK fRUP WKe baVLV fRU RXU ecRQRPeWULc aQaO\VLV. 

3. Empirical Models 

TR ePSLULcaOO\ PRdeO WKe LPSacW Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg, Ze fLUVW eVWLPaWe a bLQaU\ SURbabLOLW\ 

PRdeO Rf eBLUd YLVLWaWLRQ. UVLQg a ORgLVWLc dLVWULbXWLRQ, Ze caOcXOaWe WKe e[WeQVLYe PaUgLQ SURbabLOLW\ Rf a 

PXQLcLSaOLW\ UeceLYLQg QRQ-]eUR YLVLWV aV: 

𝑃ሺ𝑦௜௧ ൌ 1|𝐱௜௧ሻ ൌ
1

1 ൅ 𝑒−𝐱೔೟
ᇲ 𝛃

ZKeUe 𝑦௜௧ LV a bLQaU\ YaULabOe eTXaO WR 1 Lf a PXQLcLSaOLW\ L UeceLYed aW OeaVW 1 YLVLW LQ a \eaU W, 𝐱௜௧  LV a 

YecWRU Rf WKe PXQLcLSaOLW\ cKaUacWeULVWLcV WKaW Pa\ affecW WKe OLNeOLKRRd Rf UeceLYLQg bLUdLQg YLVLWV, aQd 𝛃 

LV a YecWRU Rf cReffLcLeQWV.16 TR aLd LQ LQWeUSUeWaWLRQ, Ze UeSRUW WKe aYeUage PaUgLQaO effecWV Rf WKe 

eVWLPaWed cReffLcLeQWV. We caOcXOaWe WKe PaUgLQaO effecW aW eacK RbVeUYaWLRQ aQd XVe WKe PeaQ Rf WKe 

eVWLPaWed PaUgLQaO effecWV fRU eacK PXQLcLSaOLW\ cKaUacWeULVWLc WR UeYeaO KRZ WKe cKaUacWeULVWLc affecWV WKe 

SURbabLOLW\ Rf WKe PXQLcLSaOLW\ beLQg YLVLWed. 
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IQ addLWLRQ WR PRdeOLQg WKe SURbabLOLW\ Rf UeceLYLQg YLVLWV, Ze XVe cRXQW daWa PRdeOV WR PeaVXUe 

WKe LQWeQVLYe PaUgLQ LPSacW Rf defRUeVWaWLRQ RQ WKe QXPbeU Rf YLVLWV RccXUULQg LQ a PXQLcLSaOLW\. We 

cRQVLdeU VeYeUaO cRXQW daWa PRdeOV WR addUeVV bRWK RYeUdLVSeUVLRQ LQ WKe daWa aQd WKe OaUge QXPbeU Rf 

]eUR YLVLWV RbVeUYed acURVV PXQLcLSaOLWLeV. SWaQdaUd PRLVVRQ UegUeVVLRQ PRdeOV Pa\ Oead WR LQeffLcLeQW 

eVWLPaWeV Lf WKe dLVWULbXWLRQ Rf WKe cRXQW daWa LV RYeUdLVSeUVed (GaUdQeU eW aO. 1995). TR addUeVV WKe 

SRWeQWLaO fRU RYeUdLVSeUVLRQ, QegaWLYe bLQRPLaO (NB) UegUeVVLRQ PRdeOV LQWURdXce aQ LdLRV\QcUaWLc eUURU 

WeUP WR caSWXUe XQRbVeUYed cKaUacWeULVWLcV (VKRZQ LQ WKe ASSeQdL[ A).  

GLYeQ WKe OaUge QXPbeU Rf PXQLcLSaOLWLeV ZLWK QR da\ WULS YLVLWV, Ze aOVR eVWLPaWe ]eUR-LQfOaWed 

QegaWLYe bLQRPLaO (ZINB) PRdeOV (GUeeQe 1994), ZKeUe YLVLWaWLRQ LV PRdeOed aV a WZR-VWage SURceVV b\ 

e[SUeVVLQg WKe cRXQW YaULabOe 𝑦௜௧ aV a SURdXcW Rf WZR OaWeQW YaULabOeV 

𝑦௜௧ ൌ ℎ௜௧𝑦௜௧
∗

ZKeUe ℎ௜௧ LV a bLQaU\ YaULabOe, ZLWK 0 LQdLcaWLQg 𝑦௜௧ LV a cRQVWaQW ]eUR aQd 1 LQdLcaWLQg 𝑦௜௧ fROORZV a 

dLVcUeWe dLVWULbXWLRQ ZKeUe 𝑦௜௧
∗  fROORZV a NB dLVWULbXWLRQ. IQ WKe fLUVW VWage, Ze XVe a ORgLW PRdeO WR 

caSWXUe WKe SURbabLOLW\ Rf 𝑦௜௧ beLQg a cRQVWaQW ]eUR cRXQW, L.e. WKe PXQLcLSaOLW\ LV QRW LQ bLUdeUV¶ cKRLce 

VeW. IQ WKe fLUVW VWage ORgLW PRdeO, a SRVLWLYe cReffLcLeQW LQdLcaWeV WKaW WKe cRUUeVSRQdLQg cKaUacWeULVWLc 

LQcUeaVeV WKe SURbabLOLW\ Rf UeceLYLQg ]eUR YLVLWV, deQRWed aV 𝑞௜௧.  

FRU VecRQd VWage eVWLPaWLRQ, Ze aVVXPe 𝑦௜௧ fROORZV a NB dLVWULbXWLRQ, aV WKLV dLVWULbXWLRQ aOORZV 

𝑦௜௧ WR be ]eUR. TKLV LV LPSRUWaQW LQ RXU aSSOLcaWLRQ aV VRPe deVWLQaWLRQV aUe OLNeO\ WR UeceLYe ]eUR YLVLWV 

deVSLWe beLQg LQ bLUdeUV¶ cKRLce VeWV. TR eVWLPaWe WKe PRdeO, WKe dLVWULbXWLRQ Rf 𝑦௜௧ LV gLYeQ aV fROORZV: 

𝑃ሺ𝑦௜௧ ൌ 0|𝐱௜௧ሻ ൌ 𝑃ሺℎ௜௧ ൌ 0|𝐱௜௧ሻ ൅ 𝑃ሺℎ௜௧ ൌ 1, 𝑦௜௧
∗ ൌ 0|𝐱௜௧ሻ ൌ 𝑞௜௧ ൅ ሺ1 െ 𝑞௜௧ሻ𝐹ሺ0ሻ [3] 

𝑃ሺ𝑦௜௧ ൌ 𝑘|𝐱௜௧ሻ ൌ ሺ1 െ 𝑞௜௧ሻ𝐹ሺ𝑘ሻ, 𝑘 ൒ 1
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ZKeUe 𝐹ሺ∙ሻ LV WKe SURbabLOLW\ dLVWULbXWLRQ Rf 𝑦௜௧
∗  aQd 𝐱௜௧  LV a YecWRU Rf PXQLcLSaOLW\ cKaUacWeULVWLcV. 

EPbeddLQg WKe feaWXUeV Rf WKe NB PRdeO WKaW caSWXUe RPLWWed XQRbVeUYabOe cKaUacWeULVWLcV, WKe ZINB 

PRdeO SOaceV addLWLRQaO ZeLgKW RQ WKe SURbabLOLW\ Rf RbVeUYLQg ]eUR cRXQWV WKURXgK WKe added bLQaU\ 

SURceVV WR addUeVV e[ceVV ]eURV. CRQVeTXeQWO\, WKe ZINB PRdeO LV OeVV OLNeO\ WR VXffeU fURP 

RYeUdLVSeUVLRQ, UeVXOWLQg LQ PRUe effLcLeQW eVWLPaWeV. 

TKe PagQLWXdeV Rf WKe cReffLcLeQWV LQ cRXQW daWa PRdeOV caQQRW be aV dLUecWO\ LQWeUSUeWed aV WKRVe 

LQ WKe bLQaU\ PRdeOV. TR LQWeUSUeW WKeVe cReffLcLeQWV, Ze caOcXOaWe WKe LQcLdeQce UaWe UaWLR (IRR) Rf WKe 

eVWLPaWeV WR LOOXVWUaWe WKe effecWV Rf eacK LQdeSeQdeQW YaULabOe RQ WKe YLVLWaWLRQ cRXQWV. WKeQ WKe NWK 

PXQLcLSaOLW\ cKaUacWeULVWLc LQcUeaVeV b\ a XQLW, WKe e[SecWaWLRQ Rf WKe cKaQge LQ YLVLW cRXQW UeOaWLYe WR 

baVeOLQe LV defLQed aV WKe IRR fRU WKaW cKaUacWeULVWLc. A YaOXe gUeaWeU WKaQ 1 LQdLcaWeV aQ LQcUeaVe LQ 

YLVLWaWLRQ aQd a YaOXe OeVV WKaQ 1 LQdLcaWeV a UedXcWLRQ LQ YLVLWaWLRQ. 

WKeQ eVWLPaWLQg bRWK bLQaU\ PRdeOV Rf YLVLWaWLRQ aQd cRXQW daWa PRdeOV, 𝐱௜௧
ᇱ 𝛃 LV VSecLfLed aV: 

𝐱௜௧
ᇱ 𝛃 ൌ 𝛽0 ൅ 𝛽1𝑥௜௧

ሺ1ሻ ൅ 𝛽ଶ𝑥௜௧
ሺଶሻ ൅ ⋯ ൅ 𝛽௠𝑥௜௧

ሺ௠ሻ ൅ 𝛽௠+1𝑥௜
ሺ௠+1ሻ ൅ ⋯ ൅ 𝛽௄𝑥௜

ሺ௄ሻ ൅ 𝛍௦ ൅ 𝛕௧ [5] 

ZKeUe 𝑥௜௧
ሺ1ሻ deQRWeV defRUeVWaWLRQ LQ PXQLcLSaOLW\ 𝑖 LQ \eaU 𝑡, 𝑥௜௧

ሺଶሻ, ..., 𝑥௜௧
ሺ௠ሻ deQRWe RWKeU WLPe-YaU\LQg 

cRYaULaWeV; 𝑥௜
ሺ௠+1ሻ, ..., 𝑥௜

ሺ௄ሻ aUe WLPe-LQYaULaQW. 𝛽0 LV a cRQVWaQW, ZKLOe 𝛽1, ..., 𝛽௄ aUe cReffLcLeQWV RQ 

WKe LQdeSeQdeQW YaULabOeV. We aOVR LQcOXde VWaWe fL[ed effecWV, 𝛍௦, aQd \eaU fL[ed effecWV17, 𝛕௧ (V = 1, «, 

32 aQd W = 2008, «, 2016). 𝛃 ൌ  ሼ𝛽0, 𝛽1, … , 𝛽௄, 𝛍௦, 𝛕௧ሽ aUe WKe eVWLPaWed SaUaPeWeUV Rf LQWeUeVW.18  

4. Results 

We dLYLde RXU UeVXOWV dLVcXVVLRQ LQWR VeYeUaO VecWLRQV. We UeSRUW UeVXOWV fURP bLQaU\ YLVLWaWLRQ SURbabLOLW\ 

PRdeOV fROORZed b\ cRXQW daWa PRdeOV. We cRQcOXde b\ UeSRUWLQg eVWLPaWeV Rf defRUeVWaWLRQ LPSacWV 
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XQdeU VeYeUaO K\SRWKeWLcaO VceQaULRV.   

ProbabiliW\ of VisiWaWion 

CROXPQ (1) LQ TabOe 2 UeSRUWV WKe eVWLPaWed cReffLcLeQWV fURP WKe ORgLW YLVLWaWLRQ PRdeO. TKe QegaWLYe 

cReffLcLeQW RQ defRUeVWaWLRQ LQdLcaWeV WKaW a PXQLcLSaOLW\ ZLWK LQcUeaVLQg fRUeVW ORVV LV VLgQLfLcaQWO\ OeVV 

OLNeO\ WR be YLVLWed b\ bLUdeUV. IQ WeUPV Rf WKe PagQLWXde, WKe PaUgLQaO effecWV LQ CROXPQ (2) VXggeVW WKaW, 

RQ aYeUage, bLUdZaWcKLQg YLVLWRUV aUe 10.6% OeVV OLNeO\ WR YLVLW a PXQLcLSaOLW\ ZLWK aQ addLWLRQaO 

SeUceQWage SRLQW Rf defRUeVWaWLRQ. TKe cRYaULaWeV RQ PXQLcLSaOLW\ VL]e, fRUeVW aUea, bLRPaVV deQVLW\, WKe 

QXPbeU Rf bLUd VSecLeV aV ZeOO aV WKUeaWeQed VSecLeV aQd cRaVWaO aUea aOO LQcUeaVe WKe SURbabLOLW\ Rf a 

PXQLcLSaOLW\ beLQg YLVLWed. TKe UeVXOWV aOVR LQdLcaWe WKaW bLUdeUV YaOXe WKe OeYeO Rf ecRQRPLc deYeORSPeQW, 

WUaQVSRUWaWLRQ LQfUaVWUXcWXUe aQd SUeVeQce Rf RWKeU WRXULVW aWWUacWLRQV ZKeQ PaNLQg ORcaWLRQ cKRLceV. We 

Vee WKLV b\ RbVeUYLQg WKaW bLUdeUV aUe PRUe OLNeO\ WR YLVLW PXQLcLSaOLWLeV WKaW KaYe KLgKeU GDP, aUe cORVeU 

WR aLUSRUWV, aQd cRQWaLQ PRUe UaLOZa\V aQd KLgKZa\V, aUcKaeRORgLcaO VLWeV, aQd QaWLRQaO SURWecWed aUeaV.  

We aOVR eVWLPaWe a bLQaU\ SURbLW PRdeO aQd UeSRUW UeVXOWV LQ ASSeQdL[ A TabOe A1. We adRSW WKe 

ANaLNe LQfRUPaWLRQ cULWeULRQ (AIC) WR cRPSaUe WKe TXaOLW\ Rf dLffeUeQW PRdeOV, ZKeUe WKe PRdeO ZLWK a 

VPaOOeU AIC YaOXe beWWeU fLWV WKe daWa. TKe AIC YaOXe Rf WKe ORgLW PRdeO, 12,804.44 (LQ TabOe 2), LV VPaOOeU 

WKaQ WKaW Rf WKe SURbLW PRdeO, 12,847.67 (LQ ASSeQdL[ A TabOe A2), LQdLcaWLQg WKaW WKe ORgLW PRdeO LV 

SUefeUUed. CRPSaULQg WKe WZR PRdeOV, WKe PaUgLQaO effecWV fURP WKe SURbLW PRdeO aUe TXaOLWaWLYeO\ VLPLOaU 

WR WKRVe fURP WKe ORgLW PRdeO. 

CoXnW Models of VisiWs 

We UeSRUW eVWLPaWeV fRU WKe fLUVW aQd VecRQd VWageV Rf WKe ZINB PRdeO LQ TabOe 3, CROXPQV (1) aQd (2). IQ 
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cRPSaULVRQ WR WKe bLQaU\ ORgLW PRdeO dLVcXVVed SUeYLRXVO\ (TabOe 2), WKe eVWLPaWed VLgQV LQ WKe fLUVW VWage 

Rf WKe ZINB PRdeO aUe e[SecWed WR be WKe RSSRVLWe becaXVe WKe deSeQdeQW YaULabOeV (SURbabLOLWLeV) aUe 

defLQed dLffeUeQWO\. FRcXVLQg RQ WKe defRUeVWaWLRQ YaULabOe, Ze fLQd UeVXOWV WKaW aUe cRQVLVWeQW ZLWK RXU 

SULRU fLQdLQgV. TKe SRVLWLYe cReffLcLeQW RQ defRUeVWaWLRQ LQ CROXPQ (1) LQdLcaWeV WKaW defRUeVWaWLRQ OeadV WR 

a KLgKeU SURbabLOLW\ Rf a PXQLcLSaOLW\ e[SeULeQcLQg ]eUR YLVLWV. TKe LPSacWV Rf RWKeU PXQLcLSaOLW\ 

cKaUacWeULVWLcV RQ bLUdLQg WRXULVP aUe aOVR cRQVLVWeQW ZLWK e[SecWaWLRQV.  

TXUQLQg WR WKe LQWeQVLYe PaUgLQ cRXQW Rf YLVLWV, WKe eVWLPaWed cReffLcLeQW RQ defRUeVWaWLRQ LQ WKe 

VecRQd VWage Rf WKe ZINB PRdeO LV VLgQLfLcaQW aQd QegaWLYe, ZKLcK VXggeVWV WKaW YLVLW cRXQWV LQ a 

PXQLcLSaOLW\ decUeaVe ZKeQ defRUeVWaWLRQ LQcUeaVeV (TabOe 3, CROXPQ 2). IQ addLWLRQ, cRYaULaWeV fRU OaUgeU 

PXQLcLSaOLWLeV, bLRPaVV deQVLW\, aQd QXPbeU Rf WKUeaWeQed bLUd VSecLeV aUe fRXQd WR Oead WR LQcUeaVLQg 

QXPbeUV Rf YLVLW da\V. MXQLcLSaOLWLeV ZLWK KLgKeU JXO\ WePSeUaWXUeV UeceLYe feZeU YLVLWV.  

AV fRU addLWLRQaO cRQWURO YaULabOeV, Ze Vee WKaW KLgKeU GDP aQd WKe SUeVeQce Rf fUeLgKW UaLOZa\V 

aUe aVVRcLaWed ZLWK aQ LQcUeaVLQg QXPbeU Rf YLVLWV. IQ WeUPV Rf ORcaWLRQ, Ze fLQd WKaW bLUdZaWcKLQg WRXULVWV 

SUefeU WR YLVLW ORcaWLRQV faUWKeU fURP OaUge XUbaQ ceQWeUV aQd cORVeU WR aLUSRUWV, ZKLcK cRQfLUPV WKe 

K\SRWKeVLV WKaW bLUdZaWcKLQg acWLYLW\ LV OLNeO\ KLgKeU LQ PRUe UXUaO ORcaWLRQV. TKe OacN Rf VLgQLfLcaQce LQ 

2Qd VWage eVWLPaWeV fRU RWKeU WUaQVSRUWaWLRQ cRYaULaWeV LV LQWXLWLYe Lf acceVV SULPaULO\ LQfOXeQceV WKe 

e[WeQVLYe PaUgLQ SaUWLcLSaWLRQ decLVLRQ UaWKeU WKaQ WKe LQWeQVLYe PaUgLQ Rf YLVLW da\V.19 

TR aLd LQ LQWeUSUeWaWLRQ Rf WKe WZR-VWage ZINB PRdeO, Ze UeSRUW WKe IRR20 LQ CROXPQV (3) aQd (4) 

LQ TabOe 3. E[aPLQLQg WKe IRR eVWLPaWeV, Ze Vee WKaW WKe QXPbeU Rf YLVLWV LQ a PXQLcLSaOLW\ decUeaVeV b\ 

30.3% gLYeQ aQ addLWLRQaO XQLW Rf defRUeVWaWLRQ, ZKeUe WKe XQLW LV 1% LQ RXU VWXd\. TKe LQWeUSUeWaWLRQ fRU 

RWKeU cReffLcLeQWV LV VLPLOaU, ZKeUe aQ IRR VPaOOeU WKaQ 1 LQdLcaWeV a QegaWLYe SeUceQWage LPSacW RQ 

by
 g

ue
st

 o
n 

A
pr

il 
17

, 2
02

4.
 C

op
yr

ig
ht

 2
02

1
D

ow
nl

oa
de

d 
fr

om
 



20 

YLVLWaWLRQ da\V.  

IQ TabOe 4, Ze cRQdXcW URbXVWQeVV cKecNV b\ e[cOXdLQg aOO bLUdLQg acWLYLWLeV UeSRUWed b\ Me[LcaQ 

UeVLdeQWV aV deVcULbed LQ SecWLRQ II aQd UecaOcXOaWLQg WKe cRXQW Rf da\ WULSV LQ eacK PXQLcLSaOLW\ XVLQg WKe 

UePaLQLQg VaPSOe LdeQWLfLed aV LQWeUQaWLRQaO WRXULVWV. TKe UeVXOWLQg eVWLPaWe Rf defRUeVWaWLRQ LV Rf VLPLOaU 

PagQLWXde aQd VLgQLfLcaQce WR WKaW LQ RXU SULPaU\ VSecLfLcaWLRQ LQ TabOe 3. AQ addLWLRQaO XQLW Rf 

defRUeVWaWLRQ LV aVVRcLaWed ZLWK a decUeaVe LQ WKe QXPbeU Rf bLUdLQg YLVLWV b\ 33.3%. OWKeU UeVXOWV aUe aOVR 

TXaOLWaWLYeO\ VLPLOaU WR TabOe 3, WKRXgK QRWabO\, LQWeUQaWLRQaO WRXULVWV aUe PRUe OLNeO\ WR be aWWUacWed WR 

aUeaV ZLWK cKaLQ-bUaQded KRWeOV aQd SURWecWed aUeaV WKaQ WKe OaUgeU VaPSOe LQcOXdLQg ORcaO UeVLdeQWV.21 

AV ceUWaLQ aUeaV Rf Me[LcR aUe OeVV OLNeO\ WR be YLVLWed b\ WRXULVWV dXe WR VecXULW\ cRQceUQV, Ze 

eVWLPaWe a URbXVWQeVV PRdeO UePRYLQg WKeVe deVWLQaWLRQV XVLQg RXU RULgLQaO VaPSOe Rf eBLUd SaUWLcLSaQWV. 

TKe U.S. SWaWe DeSaUWPeQW LVVXeV ZaUQLQgV agaLQVW WUaYeO LQ Me[LcR. TKe adYLVRULeV aUe UaQNed RQ a VcaOe 

Rf 1 WR 4, ZKeUe LeYeO 4 adYLVeV ³DR QRW WUaYeO´. TKeUe aUe 5 Me[LcaQ VWaWeV cOaVVLfLed aV LeYeO 4 dXe WR 

ZLdeVSUead YLROeQW cULPe. TUaYeO fRU U.S. gRYeUQPeQW ePSOR\eeV LV OLPLWed LQ WKeVe aUeaV aQd WKe 

ZaUQLQgV aUe SXbOLcO\ aQQRXQced. TR e[aPLQe VeQVLWLYLW\ WR e[cOXdLQg WKeVe aUeaV, Ze e[cOXde VWaWeV ZLWK 

WUaYeO ZaUQLQgV fURP RXU daWa.22 TKe UeVXOWV aUe SUeVeQWed LQ ASSeQdL[ A TabOe A5, ZKeUe WKe QegaWLYe 

LPSacWV Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg UePaLQ VLgQLfLcaQW aQd WKe PagQLWXdeV aUe VLPLOaU WR WKe 

SUeYLRXV UeVXOWV XVLQg WKe QaWLRQZLde daWa LQ TabOe 3. 

DeforesWaWion PredicWions 

TR SOace RXU UeVXOWV LQ cRQWe[W ZLWK UeceQW defRUeVWaWLRQ LQ Me[LcR, Ze e[aPLQe a QXPbeU Rf VceQaULRV fRU 

defRUeVWaWLRQ RccXUULQg LQ a W\SLcaO Me[LcaQ PXQLcLSaOLW\ aQd SUedLcW WKe cRQVeTXeQW cKaQgeV LQ WKe 
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QXPbeU Rf YLVLWV baVed RQ RXU QRQOLQeaU ZINB PRdeO. TabOe 5 SUeVeQWV WKe UeVXOWV fRU WKeVe VLPXOaWLRQV. 

WKeQ a PXQLcLSaOLW\ e[SeULeQceV defRUeVWaWLRQ Rf 0.13%, ZKLcK LV WKe PeaQ defRUeVWaWLRQ dXULQg RXU 

VaPSOe SeULRd LQ Me[LcR, WKe QXPbeU Rf WRWaO YLVLWV LV e[SecWed WR decUeaVe b\ 4.6% SeU \eaU LQ 

cRPSaULVRQ ZLWK a baVeOLQe VceQaULR Rf QR defRUeVWaWLRQ. FRU defRUeVWaWLRQ Rf 0.36%, ZKLcK UeSUeVeQWV WKe 

90WK SeUceQWLOe Rf defRUeVWaWLRQ LQ RXU VaPSOe, WKe QXPbeU Rf YLVLWV LV e[SecWed WR decUeaVe b\ 12.2%. IQ aQ 

e[WUePe VceQaULR ZKeUe defRUeVWaWLRQ UeacKeV WKe Pa[LPXP LQ RXU VaPSOe Rf 6.52%, WKe QXPbeU Rf YLVLWV 

ZRXOd decUeaVe b\ 90.5%. FRU WKe QRQ-UeVLdeQW WRXULVW URbXVWQeVV PRdeO, WKe SUedLcWed SeUceQWage 

cKaQgeV LQ YLVLW QXPbeUV aUe VLPLOaU.  

5. Discussion 

UVLQg SXbOLcO\ aYaLOabOe cLWL]eQ VcLeQce daWa, Ze e[aPLQe WKe LPSacW Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg 

acURVV Me[LcR. We VKRZ WKaW defRUeVWaWLRQ KaV a QegaWLYe LPSacW RQ WKe SURbabLOLW\ WKaW bLUdeUV cKRRVe a 

PXQLcLSaOLW\ WR YLVLW, aV ZeOO aV WKe WRWaO QXPbeU Rf da\V VSeQW b\ bLUdeUV LQ a ORcaWLRQ. OXU UeVXOWV 

LQdLcaWe WKaW ZKeQ defRUeVWaWLRQ LQcUeaVeV b\ aQ addLWLRQaO SeUceQWage SRLQW, WKe SURbabLOLW\ Rf cKRRVLQg a 

PXQLcLSaOLW\ aV a deVWLQaWLRQ fRU bLUdLQg aQd WKe QXPbeU Rf YLVLWV decUeaVe b\ 10.6% aQd 30.3%, 

UeVSecWLYeO\. CRQVLdeULQg WKaW WKe aYeUage VL]e Rf a Me[LcaQ PXQLcLSaOLW\ LV 1,290 NP2, a ORVV Rf 1 NP2 Rf 

fRUeVWV LPSOLeV defRUeVWaWLRQ Rf 0.075% LQ aQ aYeUage PXQLcLSaOLW\ aQd ZRXOd Oead WR a decUeaVe LQ YLVLW 

cRXQWV b\ 2.8%. GLYeQ SRWeQWLaO UedXcWLRQV LQ YLVLW cRXQWV, WKe LPSacWV Rf defRUeVWaWLRQ RQ ORcaO WRXULVP 

aQd VXVWaLQabOe deYeORSPeQW aUe faU UeacKLQg. 

TKe decUeaVe LQ YLVLWaWLRQ da\V dXe WR defRUeVWaWLRQ LV OLNeO\ WR UeVXOW LQ VLgQLfLcaQW UeYeQXe ORVVeV 

WR ORcaO cRPPXQLWLeV, fLUPV, aQd gRYeUQPeQWV. TR LOOXVWUaWe WKe SRWeQWLaO ecRQRPLc LPSacW fRU a 
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PXQLcLSaOLW\, Ze WaNe XRcKLPLOcR, a PXQLcLSaOLW\ LQ WKe FedeUaO DLVWULcW Rf Me[LcR CLW\ aV aQ e[aPSOe. 

XRcKLPLOcR cRQWaLQV 26.57 NP2 Rf QaWXUaO SURWecWed aUea, ZKLcK SURYLdeV aQ LdeaO KabLWaW fRU PLgUaWRU\ 

bLUdV. ReYROOR-FeUQiQde] (2015) SURYLdeV aQ eVWLPaWe Rf WKe aQQXaO ecRQRPLc YaOXe Rf bLUdZaWcKLQg LQ 

WKLV ORcaWLRQ aW 8.75 PLOOLRQ US dROOaUV. SLQce WKe VL]e Rf XRcKLPLOcR LV 122 NP2, a ORVV Rf 1 NP2 Rf fRUeVWV 

LQ XRcKLPLOcR LPSOLeV defRUeVWaWLRQ Rf 0.82%. UVLQg RXU eVWLPaWeV, WKLV fRUeVW ORVV ZRXOd Oead WR 25.6% 

feZeU bLUdZaWcKLQg YLVLWV. If Ze fXUWKeU aVVXPe WKaW eacK bLUdeU¶V daLO\ e[SeQdLWXUe LV WKe VaPe aQd WKaW 

WKe ecRQRPLc LPSacW LV SURSRUWLRQaO WR YLVLW cRXQWV, WKLV ZLOO UeVXOW LQ aQ aQQXaO ORVV Rf 2.24 PLOOLRQ US 

dROOaUV fRU WKLV PXQLcLSaOLW\.  

IQ addLWLRQ WR dLUecW ORVVeV dXe WR UedXcWLRQV LQ WRXULVP UeYeQXe, LQ WKe cXUUeQW LQfRUPaWLRQ age, 

VRcLaO PedLa LV ZLdeO\ XVed aV aQ adYeUWLVLQg SOaWfRUP. AV feZeU WRXULVWV aUe SUeVeQW WR VKaUe WKeLU bLUdLQg 

e[SeULeQceV RQ SOaWfRUPV VXcK aV IQVWagUaP aQd FOLcNU (HaXVPaQQ eW aO. 2018), WKLV fRUP Rf 

ZRUd-Rf-PRXWK W\Se adYeUWLVLQg LV OLNeO\ WR fXUWKeU LPSeULO WRXULVP LQ WKeVe aUeaV RYeU WLPe. TKe UedXcWLRQ 

LQ WRXULVP LQcRPe affecWV QRW RQO\ WKe ORcaO ecRQRP\ aQd UeVLdeQWV¶ ZeOO-beLQg, bXW aOVR WKe fLVcaO bXdgeW 

fRU fRUeVW cRQVeUYaWLRQ (SXNVeUP eW aO. 2012; SaW\aQaUa\aQa eW aO. 2012). WLWK UedXced fXQdLQg WR SUeYeQW 

defRUeVWaWLRQ, WKe ORVV Rf fRUeVWV LV OLNeO\ WR cRQWLQXe. 

OXU aQaO\VLV aOVR dePRQVWUaWeV WKe SRWeQWLaO WR XVe cLWL]eQ VcLeQce daWa LQ daWa-OLPLWed VeWWLQgV 

cRPPRQ LQ PaQ\ deYeORSLQg cRXQWULeV. GLYeQ WKe OaUge cRVWV Rf acTXLULQg daWa LQ PaQ\ deYeORSLQg 

cRXQWULeV, WKLV LV a SURPLVLQg QeZ YeQXe WR addUeVV LVVXeV UeOaWed WR cRQVeUYaWLRQ aQd WRXULVP aQd deYeORS 

PRUe ULgRURXV aQaO\VLV WR aLd SROLc\PaNeUV VeeNLQg WR baOaQce VXVWaLQabOe deYeORSPeQW aQd WRXULVP. 

UVLQg QaWLRQZLde daWa fRU cLWL]eQ VcLeQce daWa RQ bLUdZaWcKLQg daWa LQ Me[LcR, Ze fLQd cOeaU OLQNageV 

beWZeeQ SaWWeUQV Rf defRUeVWaWLRQ aQd cKaQgeV LQ WRXULVP beKaYLRU.  
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TabOe 1. DeVcULSWLYe SWaWLVWLcV 
Variables (N = 16,290) Mean SD Min Max 
Annual count of day trips (#) 3.84 25.43 0 848 
Deforestation (%) 0.13 0.32 0 6.52 
Municipality size (1,000 km2) 1.29 3.16 0.011 69.71 
Forest area in 2000 (1,000 km2) 0.38 1.17 0 24.43 
Edge to core ratio 3.64 9.24 0 167.5 
Biomass density (Mg/ha) 46.62 41.71 0.039 185.49 
Bird species (#) 260.76 55.9 156 408 
Threatened bird species (#) 2.48 1.47 0 7.31 
Temperature in January (ºF) 61.55 9.56 37 91 
Temperature in July (ºF) 72.81 10.33 53 109 
Precipitation (1,000 mm) 1.06 0.62 0.054 5.27 
Coast (0/1) 0.09 0.28 0 1 
GDP (billion US dollars) 0.55 1.87 0.0013 22.9 
Population (100 thousand) 0.55 1.39 0.0024 18.21 
Length of railway (100 km) 0.10 0.24 0 2.98 
Distance to the nearest urban center (100 km) 1.56 1.39 0.015 7.52 
Distance to the nearest airport (100 km) 0.47 0.27 0.0087 1.99 
Length of highway (100 km) 0.95 1.28 0 14.45 
Number of chain-branded hotels (#) 0.19 1.16 0 17 
Archaeological site (0/1) 0.05 0.22 0 1 
Protected area (0/1) 0.14 0.34 0 1 
Forest ejido area ratio (%) 4.58 9.79 0 83.76 
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TabOe 2. ReVXOWV fURP LRgLW MRdeO 
 Estimate  Mean Marginal Effect 
 (1)  (2) 
Variables Probability of Visitation  Probability of Visitation 
Deforestation -0.867***  -0.106*** 
 (0.161)  (0.0202) 
Municipality size 0.0783***  0.00959*** 
 (0.0256)  (0.00313) 
Forest area in 2000 0.206*  0.0252* 
 (0.110)  (0.0133) 
Edge to core ratio 0.00176  0.000216 
 (0.00420)  (0.000515) 
Biomass density 0.00435**  0.000533** 
 (0.00216)  (0.000263) 
Bird species 0.00300***  0.000368*** 
 (0.00116)  (0.000141) 
Threatened bird species 0.163***  0.0199*** 
 (0.0614)  (0.00752) 
Temperature in January 0.00305  0.000374 
 (0.0194)  (0.00237) 
Temperature in July -0.0267  -0.00327 
 (0.0196)  (0.00236) 
Precipitation -0.0487  -0.00596 
 (0.172)  (0.0211) 
Coast 1.312***  0.161*** 
 (0.236)  (0.0274) 
GDP 0.339**  0.0416** 
 (0.155)  (0.0189) 
Population -0.186  -0.0228 
 (0.201)  (0.0246) 
Length of railway 0.608***  0.0745*** 
 (0.210)  (0.0266) 
Distance to the nearest urban center -0.0271  -0.00332 
 (0.125)  (0.0153) 
Distance to the nearest airport -1.201***  -0.147*** 
 (0.296)  (0.0349) 
Length of highway 0.383***  0.0469*** 
 (0.101)  (0.0116) 
Number of chain-branded hotels 0.0256  0.00314 
 (0.0792)  (0.00972) 
Archaeological site 0.569**  0.0697** 
 (0.271)  (0.0326) 
Protected area 0.684***  0.0837*** 
 (0.163)  (0.0191) 
Forest ejido area ratio 0.00649  0.000795 
 (0.00438)  (0.000537) 
Observations 16,254  16,254 
Method LRgLW  Logit 
Year FE (9) Yes  Yes 
State FE (32) Yes  Yes 
AOO UegUeVVLRQV LQcOXde a cRQVWaQW. RRbXVW VWaQdaUd eUURUV LQ SaUeQWKeVeV (cOXVWeUed b\ VWaWeV). *** S<0.01, ** S<0.05, * S<0.1. 

AOO WKe PXQLcLSaOLWLeV LQ WKe VWaWeV Rf BaMa CaOLfRUQLa aQd BaMa CaOLfRUQLa SXU UeceLYed QRQ-]eUR YLVLWV eYeU\ \eaU dXULQg WKe 

VaPSOe SeULRd. 36 RbVeUYaWLRQV aUe dURSSed gLYeQ QR ZLWKLQ-VWaWe YaULaWLRQ Rf WKe deSeQdeQW YaULabOe.  
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TabOe 3. ReVXOWV fURP ZINB MRdeO 
 Estimate  Incidence Rate Ratio 
 (1) (2)  (3) (4) 
Variables Constant zero Visit count  Constant zero Visit count 
Deforestation 0.878** -0.361*  2.406** 0.697* 
 (0.364) (0.204)  (0.875) (0.142) 
Municipality size -0.199*** 0.0337  0.819*** 1.034 
 (0.0721) (0.0241)  (0.0591) (0.0249) 
Forest area in 2000 -0.692** 0.120**  0.501** 1.128** 
 (0.321) (0.0478)  (0.161) (0.0539) 
Edge to core ratio 0.00735 0.0249  1.007 1.025 
 (0.0113) (0.0282)  (0.0113) (0.0289) 
Biomass density -0.00262 0.00556*  0.997 1.006* 
 (0.00293) (0.00310)  (0.00293) (0.00312) 
Bird species -0.00706** -0.00601**  0.993** 0.994** 
 (0.00334) (0.00275)  (0.00332) (0.00274) 
Threatened bird species -0.109 0.275***  0.897 1.316*** 
 (0.150) (0.0794)  (0.134) (0.105) 
Temperature in January -0.0180 0.0128  0.982 1.013 
 (0.0359) (0.0220)  (0.0352) (0.0223) 
Temperature in July 0.0253 -0.0493**  1.026 0.952** 
 (0.0351) (0.0240)  (0.0360) (0.0229) 
Precipitation -0.130 -0.0937  0.878 0.911 
 (0.213) (0.179)  (0.187) (0.163) 
Coast -2.046*** 0.396  0.129*** 1.486 
 (0.351) (0.254)  (0.0453) (0.378) 
GDP -1.382 0.185**  0.251 1.203** 
 (4.242) (0.0922)  (1.065) (0.111) 
Population 0.481 -0.116  1.618 0.890 
 (3.834) (0.127)  (6.205) (0.113) 
Length of railway -0.353 0.375*  0.702 1.455* 
 (0.458) (0.214)  (0.321) (0.312) 
Distance to the nearest urban center 0.695*** 0.489***  2.004*** 1.631*** 
 (0.191) (0.142)  (0.383) (0.231) 
Distance to the nearest airport 1.119*** -1.100***  3.063*** 0.333*** 
 (0.430) (0.293)  (1.316) (0.0976) 
Length of highway -1.331*** 0.0707  0.264*** 1.073 
 (0.302) (0.0520)  (0.0798) (0.0558) 
Number of chain-branded hotels 0.0554 0.0660  1.057 1.068 
 (0.611) (0.0520)  (0.646) (0.0556) 
Archaeological site -0.970 0.179  0.379 1.196 
 (0.690) (0.310)  (0.262) (0.371) 
Protected area -0.948*** 0.245  0.388*** 1.277 
 (0.286) (0.157)  (0.111) (0.200) 
Forest ejido area ratio -0.0247** -0.00926  0.976** 0.991 
 (0.0111) (0.00905)  (0.0108) (0.00897) 
OQ(Į)  1.130***   3.095*** 
  (0.0987)   (0.305) 
AIC  34355.33 

 
   

Observations 16,290 16,290  16,290 16,290 
Method ZINB ZINB  ZINB ZINB 
Year FE (9) Yes Yes  Yes Yes 
State FE (32) Yes Yes  Yes Yes 
AOO UegUeVVLRQV LQcOXde a cRQVWaQW. RRbXVW VWaQdaUd eUURUV LQ SaUeQWKeVeV (cOXVWeUed b\ VWaWeV). *** S<0.01, ** S<0.05, * S<0.1.  
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TabOe 4. ReVXOWV fURP ZINB MRdeO, E[cOXdLQg ReVLdeQW RecRUdV fRU VLVLWV 
 Estimate  Incidence Rate Ratio 
 (1) (2)  (3) (4) 
Variables Constant zero Visit count  Constant zero Visit count 
Deforestation 1.086*** -0.405**  2.961*** 0.667** 
 (0.333) (0.199)  (0.986) (0.133) 
Municipality size -0.127 0.0509  0.881 1.052 
 (0.0795) (0.0376)  (0.0700) (0.0395) 
Forest area in 2000 -0.334 0.0905*  0.716 1.095* 
 (0.341) (0.0477)  (0.244) (0.0522) 
Edge to core ratio -0.0222 -0.0109  0.978 0.989 
 (0.0247) (0.0115)  (0.0241) (0.0114) 
Biomass density -0.00533 0.00916**  0.995 1.009** 
 (0.00384) (0.00363)  (0.00382) (0.00366) 
Bird species -0.00266 -0.00282  0.997 0.997 
 (0.00372) (0.00382)  (0.00371) (0.00381) 
Threatened bird species -0.162 0.273***  0.850 1.314*** 
 (0.119) (0.0882)  (0.101) (0.116) 
Temperature in January -0.0610 -0.0343  0.941 0.966 
 (0.0422) (0.0358)  (0.0397) (0.0346) 
Temperature in July 0.0616 0.0105  1.064 1.011 
 (0.0398) (0.0373)  (0.0423) (0.0377) 
Precipitation -0.0847 -0.359  0.919 0.699 
 (0.217) (0.260)  (0.200) (0.182) 
Coast -1.978*** 0.478  0.138*** 1.613 
 (0.441) (0.337)  (0.0610) (0.543) 
GDP -2.507 0.108  0.0815 1.115 
 (1.707) (0.103)  (0.139) (0.115) 
Population 0.992 -0.118  2.695 0.888 
 (1.381) (0.111)  (3.721) (0.0987) 
Length of railway -0.761 0.280  0.467 1.323 
 (0.786) (0.273)  (0.367) (0.361) 
Distance to the nearest urban center 0.592** 0.241  1.807** 1.273 
 (0.234) (0.150)  (0.423) (0.191) 
Distance to the nearest airport 1.205** -0.917***  3.336** 0.400*** 
 (0.561) (0.340)  (1.870) (0.136) 
Length of highway -1.320*** -0.0880*  0.267*** 0.916* 
 (0.371) (0.0529)  (0.0990) (0.0485) 
Number of chain-branded hotels 0.688* 0.164***  1.990* 1.178*** 
 (0.400) (0.0536)  (0.795) (0.0631) 
Archaeological site -0.956 0.354  0.384 1.425 
 (0.848) (0.325)  (0.326) (0.464) 
Protected area -0.514* 0.454***  0.598* 1.574*** 
 (0.293) (0.167)  (0.175) (0.263) 
Forest ejido area ratio -0.0184** 0.00281  0.982** 1.003 
 (0.00797) (0.0144)  (0.00782) (0.0144) 
OQ(Į)  1.054***   2.868*** 
  (0.170)   (0.487) 
      
Observations 16,290 16,290  16,290 16,290 
Method ZINB ZINB  ZINB ZINB 
Year FE (9) Yes Yes  Yes Yes 
State FE (32) Yes Yes  Yes Yes 
AOO UegUeVVLRQV LQcOXde a cRQVWaQW. RRbXVW VWaQdaUd eUURUV LQ SaUeQWKeVeV (cOXVWeUed b\ VWaWeV).*** S<0.01, ** S<0.05, * S<0.1.  
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TabOe 5. IPSOLcaWLRQV Rf DefRUeVWaWLRQ 

Scenarios Deforestation Predicted number of visits decreases by 
All visitors Non-residents 

Mean deforestation in Mexico 0.13% 4.6% 5.1% 
Percentiles of deforestation in Mexico    

50th (Median) 0.013% 0.5% 0.5% 
75th 0.11% 3.9% 4.4% 
90th 0.36% 12.2% 13.6% 
95th 0.62% 20.1% 22.2% 
99th 1.38% 39.2% 42.8% 

Max deforestation in Mexico 6.52% 90.5% 92.9% 

AOO VceQaULRV aVVXPe defRUeVWaWLRQ RccXUV LQ a W\SLcaO Me[LcaQ PXQLcLSaOLW\ aQd SUedLcW WKe cKaQgeV LQ WKe QXPbeU Rf YLVLWV LQ WKe 

MXULVdLcWLRQ baVed RXU ZINB PRdeOV. SWaWLVWLcV Rf defRUeVWaWLRQ SeUceQWageV LQ Me[LcR aUe caOcXOaWed fURP RXU daWa VaPSOe. 
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FLgXUe 1. AggUegaWe eBLUd ReSRUWV Rf Da\ TULSV WR Me[LcR, 2008-2016  
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FLgXUe 2. FRUeVW cRYeU (2000) aQd defRUeVWaWLRQ (2008-2016) LQ Me[LcR baVed RQ HaQVeQ eW aO. (2013)  
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1 We UefeU WR ³bLRdLYeUVLW\´ aV WKe QXPbeU Rf VSecLeV aQd abXQdaQce aV WKe SRSXOaWLRQ Rf a gLYeQ VSecLeV. WLWK 
ORZ OeYeOV Rf fRUeVW dLVWXUbaQce, LW LV SRVVLbOe WKaW VSecLeV ULcKQeVV ZLOO LQcUeaVe dXe WR addLWLRQaO KabLWaWV 
cUeaWed; KRZeYeU, WKe QeZ VSecLeV aUe OeVV OLNeO\ WR be Rf OeVVeU cRQVeUYaWLRQ YaOXe (KUebV 2001). AW KLgK OeYeOV 
Rf fRUeVW dLVWXUbaQce, bLRdLYeUVLW\ LV e[SecWed WR decUeaVe. 
2 U.S. DeSaUWPeQW Rf WKe IQWeULRU, U.S. FLVK aQd WLOdOLfe SeUYLce, aQd U.S. DeSaUWPeQW Rf CRPPeUce, U.S. 
CeQVXV BXUeaX. 2016 NaWLRQaO SXUYe\ Rf FLVKLQg, HXQWLQg, aQd WLOdOLfe-AVVRcLaWed RecUeaWLRQ. 
3 CaULbbeaQ TRXULVP OUgaQL]aWLRQV: AcRUQ CRQVXOWLQg PaUWQeUVKLS, 2008. BLUd WaWcKLQg. DeYeORSLQg a NLcKe 
TRXULVP MaUNeW DaWabaVe fRU WKe CaULbbeaQ: 20 NLcKe MaUNeW PURfLOeV. 
4 APeULcaQ BLUdLQg AVVRcLaWLRQ, 1994. ABA MePbeUVKLS SXUYe\ 
5 TKeUe LV aQ e[WeQVLYe OLWeUaWXUe fRcXVLQg RQ bLUdZaWcKLQg WRXULVP LQ deYeORSLQg cRXQWULeV LQcOXdLQg SRXWK 
AfULca (CRQUadLe aQd YaQ Z\O 2013), PeUX (PXKaNNa eW aO. 2011), CRORPbLa (OcaPSR-PeQXeOa aQd WLQWRQ 
2017), Me[LcR (CaQW~ eW aO. 2011; ReYROOR-FeUQiQde] 2015), CKLQa (LL eW aO. 2013; Ma eW aO. 2013) aQd 
TKaLOaQd (HYeQegaaUd aQd DeaUdeQ 1998). 
6 WRUOd TRXULVP OUgaQL]aWLRQ, 2002. TKe U.S. EcRWRXULVP MaUNeW 
7 MXQLcLSaOLWLeV aUe WKe VecRQd-OeYeO adPLQLVWUaWLYe dLYLVLRQV beORZ VWaWeV. 
8 IQ 2012, eBLUd OaXQcKed aQ aSS caOOed "BLUd LRg" WKaW aOORZed XVeUV WR dLUecWO\ UeSRUW bLUdLQg WULSV, ZKLcK 
ZaV OLNeO\ WR fXUWKeU aWWUacW QeZ XVeUV. IQ WKe fROORZLQg ePSLULcaO aQaO\VLV, Ze adRSW dXPP\ YaULabOeV WR 
cRQWURO fRU \eaU fL[ed effecWV. 
9 28.8% Rf WKe da\ WULSV LQ RXU VaPSOe aUe aVVRcLaWed ZLWK PXOWLSOe cKecNOLVWV VXbPLWWed b\ a bLUdeU ZLWKLQ a 
da\. 
10 TKe deYLaWLRQ Rf eacK UaWLR b\ VWaWe LV cRQVLVWeQWO\ VPaOOeU WKaQ WZLce Rf WKe VWaQdaUd deYLaWLRQ Rf WKe 
VaPSOe. 
11 We XVe YeUVLRQ 1.5 XSdaWed afWeU WKe RULgLQaO MRXUQaO aUWLcOe ZaV SXbOLVKed. TKe YeUVLRQ LQcOXdeV PaSV Rf 
fRUeVW ORVV fURP 2000 WKURXgK 2017 aQd LV aYaLOabOe aV aQ RQOLQe UeSRVLWRU\. 
12 We dR QRW cRQVLdeU UefRUeVWaWLRQ dXe WR WKe UeOaWLYeO\ ORZ aPRXQW RccXUULQg dXULQg RXU VWXd\ SeULRd aQd 
cKaOOeQgeV LQ PeaVXULQg UefRUeVWaWLRQ fURP WKe HaQVeQ daWa. 
13 TKe Me[LcaQ UaLOZa\ V\VWeP KaV VXVSeQded SaVVeQgeU VeUYLce VLQce 1997 e[ceSW fRU a OLPLWed QXPbeU Rf 
WRXULVW WUaLQV VXcK aV CKLKXaKXa-PacLfLc RaLOZa\ (EO CKeSe) WUaYeUVLQg WKe CRSSeU CaQ\RQ, aQd WKXV LV QRW a 
SUeYaOeQW PRde Rf SXbOLc WUaQVSRUW. 
14 AOWeUQaWLYeO\, Ze aOVR cRQVLdeU RWKeU SRSXOaWLRQ WKUeVKROdV LQcOXdLQg 200,000 (41 ceQWeUV) aQd 100,000 (67 
ceQWeUV) WR caOcXOaWe dLVWaQce \LeOdLQg TXaOLWaWLYeO\ VLPLOaU UeVXOWV. 
15 ASSeQdL[ A TabOe A9 VKRZV WKe cRUUeOaWLRQ PaWUL[ Rf aOO RXU e[SOaQaWRU\ YaULabOeV. NRQe Rf WKe SaLUZLVe 
cRUUeOaWLRQ cReffLcLeQWV e[ceed 0.8 e[ceSW fRU RQe beWZeeQ GDP aQd SRSXOaWLRQ. 
16 AV a URbXVWQeVV cKecN, Ze aOVR eVWLPaWe a SURbLW PRdeO aQd UeSRUW WKRVe UeVXOWV LQ WKe ASSeQdL[ A. 
17 TR accRXQW fRU WKe baVeOLQe OeYeO Rf defRUeVWaWLRQ, Ze cRQVLdeU a URbXVWQeVV PRdeO LQ ASSeQdL[ A TabOe A7. 
We caOcXOaWe WKe aYeUage defRUeVWaWLRQ RYeU WKe \eaUV 2001-2007 befRUe RXU VaPSOe SeULRd fRU eacK 
PXQLcLSaOLW\ aQd VXbWUacW WKaW fURP WKe RbVeUYed defRUeVWaWLRQ. BaVed RQ WKLV, Ze Ue-eVWLPaWe WKe ZINB PRdeO 
aQd WKe UeVXOWV aUe QeaUO\ LdeQWLcaO WR RXU PaLQ UeVXOWV LQ TabOe 3. AOWeUQaWLYeO\, Ze aOVR cRQVLdeU a 
fLUVW-dLffeUeQce PRdeO WR eOLPLQaWe WKe WLPe WUeQd effecW LQ ASSeQdL[ A TabOe A8. TKe UeVXOWV aUe cRQVLVWeQW ZLWK 
RXU SUefeUUed PRdeO XVLQg \eaU fL[ed effecWV. 
18 NRWe WKaW WKLV OLQeaU cRPbLQaWLRQ Rf cReffLcLeQWV aQd cKaUacWeULVWLcV LV aQ e[SRQeQW Rf H LQ WKe PRdeO. WKeQ 
LQWeUSUeWLQg cReffLcLeQWV XVLQg IRRV, WKe PagQLWXdeV Rf LPSacWV aUe QRQ-OLQeaU ZLWK UeVSecW WR cKaUacWeULVWLcV. 
19 We UeSRUW UeVXOWV fURP PRLVVRQ aQd NB PRdeOV LQ ASSeQdL[ A TabOe A2. TKe AIC YaOXe Rf WKe ZINB PRdeO 
(LQ TabOe 3) LV VPaOOeU WKaQ WKaW Rf WKe NB PRdeO (LQ ASSeQdL[ A TabOe A2), VXggeVWLQg WKeUe aUe e[ceVV ]eURV 
LQ RXU YLVLW cRXQWV aQd WKe ZINB PRdeO LV SUefeUUed. MRUeRYeU, WKe VLgQLfLcaQW OQ(Į) LQ WKe ZINB PRdeO 
LQdLcaWeV RYeUdLVSeUVLRQ afWeU WKe e[ceVV ]eUR LVVXe LV addUeVVed, VKRZLQg WKaW a NB SURceVV LQ WKe VecRQd VWage 
fLWV RXU daWa beWWeU WKaQ a PRLVVRQ SURceVV. EYeQ WKRXgK WKeVe fLQdLQgV faYRU WKe ZINB PRdeO, WKe UeVXOWV LQ 
WeUPV Rf defRUeVWaWLRQ acURVV aOO WKe WKUee cRXQW daWa VSecLfLcaWLRQV aUe TXaOLWaWLYeO\ VLPLOaU. 
20 FRU e[aPSOe, aQ eVWLPaWed cReffLcLeQW Rf defRUeVWaWLRQ Rf -0.361 LV eTXLYaOeQW WR aQ IRR Rf 0.697 (ൌ
𝑒−0.ଷ଺1). 
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21 WKLOe WKLV SaSeU LV fRcXVed RQ WKe LPSacWV Rf defRUeVWaWLRQ RQ bLUdZaWcKLQg, WKeUe LV a SRWeQWLaO fRU 
bLUdZaWcKLQg affecWLQg defRUeVWaWLRQ VLPXOWaQeRXVO\, aQd WKe UeVXOWLQg UeYeUVe caXVaOLW\ ZRXOd bLaV RXU 
eVWLPaWeV. If VRPe fRUeVWV dR QRW aWWUacW VXffLcLeQW YLVLWRUV WR geQeUaWe UeYeQXe, WKe\ PLgKW KaYe a KLgKeU ULVN Rf 
beLQg defRUeVWed. OQ WKe RWKeU KaQd, SURVSeURXV WRXULVP accRPSaQLed ZLWK LQfUaVWUXcWXUe cRQVWUXcWLRQ LV aOVR 
OLNeO\ WR acceOeUaWe defRUeVWaWLRQ. TR addUeVV WKeVe eQdRgeQeLW\ LVVXeV, Ze aOVR cRQVLdeU VSecLfLcaWLRQV XVLQg 
Oagged defRUeVWaWLRQ b\ RQe \eaU, ZKLcK LV XQOLNeO\ WR be affecWed b\ bLUdeUV¶ YLVLWaWLRQV LQ WKe cXUUeQW \eaU. TKe 
UeVXOWV aUe VKRZQ LQ ASSeQdL[ A TabOeV A3 aQd A4 aQd aUe KLgKO\ cRQVLVWeQW ZLWK RXU SULPaU\ VSecLfLcaWLRQV. 
22 We aOVR eVWLPaWe a PRdeO WKaW LQcOXdeV LQdLcaWRU YaULabOeV WR LQdLcaWe VWaWeV ZLWK WUaYeO ZaUQLQgV aQd WKe 
UeVXOWV aUe VKRZQ LQ ASSeQdL[ A TabOe A6. 
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