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IQ UeceQW \eaUV a gURZiQg OiWeUaWXUe RQ VcieQce addUeVVeV Whe SURbOeP - VRPe Pa\ eYeQ caOO iW a cUiViV - Rf

VcieQce¶V SXbOic OegiWiPac\ (DRXgOaV 2009, OUeVNeV aQd CRQZa\ 2010, de MeOR-MaUWiQ aQd IQWePaQQ

2018). AQaO\VWV iQ WhiV OiWeUaWXUe Vee iQ VXch Pedia SheQRPeQa aV cOiPaWe chaQge deQiaO, YacciQe

heViWaQc\, aQd UeViVWaQce WR SXbOic heaOWh aQd eQYiURQPeQWaO PeaVXUeV PRUe geQeUaOO\ a gURZiQg WUeQd Rf

SXbOic dRXbW RYeU ZeOO-eVWabOiVhed, cRQVeQVXV geQeUaWiQg VcieQWific UeVeaUch. Each Rf WheVe aQaO\VeV haV

iWV RZQ diagQRViV Rf Whe SURbOeP aQd iWV RZQ VXggeVWiRQV fRU Whe VROXWiRQ, Zhich e[SOiciWO\ RU RWheUZiVe

XVXaOO\ iQcOXdeV a cOaUified XQdeUVWaQdiQg Rf Whe Za\ VcieQce ZRUNV aQd Whe Za\ WhaW iW iQWeUacWV ZiWh

VRcieW\ aQd SROiWicV. The SUeVeQW diVVeUWaWiRQ VeeNV WR add ZhaW VeePV WR Pe a PiVViQg aOWeUQaWiYe

aPRQg WheVe accRXQWV b\ fRcXVViQg RQ MXVW RQe Rf Whe cRPPRQ caVe VWXdieV iQ WhiV OiWeUaWXUe - SXbOic

UeVSRQVe WR cOiPaWe chaQge. I WaNe aV P\ SRiQW Rf deSaUWXUe Whe fUaPeZRUN fRU diVcXVViQg WhiV VeW Rf

iVVXeV RffeUed iQ Whe YaOXeV iQ VcieQce OiWeUaWXUe aQd e[ePSOified b\ HeaWheU DRXgOaV¶ (2009) accRXQW iQ

Science, Polic\ and Whe ValXe-Free Ideal. ThaW fUaPeZRUN SUeVXSSRVeV a diVWiQcWiRQ beWZeeQ eSiVWePic

aQd QRQ-eSiVWePic YaOXeV aQd aVNV ZhaW UROe Whe QRQ-eSiVWePic YaOXeV dR RU RXghW WR SOa\ ZiWhiQ

VcieQce¶V iQWeUQaO acWiYiW\.



The aiP Rf Whe diVVeUWaWiRQ iV WR chaOOeQge aQ RYeUORRNed ViVWeU dichRWRP\ WR WhaW beWZeeQ eSiVWePic aQd

QRQ-eSiVWePic YaOXeV, QaPeO\ WhaW beWZeeQ VRciaO aQd SROiWicaO YaOXeV. ChaOOeQgiQg Whe dichRWRP\ ZiWh

UeVSecW WR VcieQce PeaQV chaOOeQgiQg Whe YieZ Rf VcieQce aV aQ aXWRQRPRXV, fUee VRciaO aVVRciaWiRQ

ZhRVe SURSeU fXQcWiRQ iV WR RSeUaWe iQdeSeQdeQWO\ fURP SROiWicaO iQVWiWXWiRQV aQd SROiWicaO iQWeUeVWV.

ChaOOeQgiQg a cOeaQ VeSaUaWiRQ beWZeeQ VcieQce aQd SROiWicV UeYeaOV a cRPSOe[ bRUdeUOaQdV (WR bRUURZ a

PeWaShRU fURP Ph\OOiV RRRQe\ 2017) beWZeeQ Whe VRciaO aQd Whe SROiWicaO. The diVVeUWaWiRQ RffeUV VRPe

WRROV fRU QaYigaWiQg WheVe bRUdeUOaQdV begiQQiQg ZiWh aQ ROd ShiORVRShicaO ideaO cRPiQg fURP KaUO PRSSeU,

cRPiQg RXW Rf Whe PURgUeVViYe eUa aQd Whe eUa Rf eaUO\ e[SeUiPeQWV iQ CRPPXQiVP. ThaW ideaO, I aUgXe,

RffeUed a VRciaO dePRcUaWic YieZ Rf Whe UROe fRU VcieQce iQ SROiWicV aQd a YieZ Rf VcieQce aV UeVSRQVibOe WR

VRcieW\ WhURXgh dePRcUaWic iQVWiWXWiRQV UaWheU WhaQ a YieZ Rf VcieQce aV aXWRQRPRXV. FROORZiQg aQRWheU

YeiQ Rf WhRXghW fURP WhaW eUa aQd fURP PRSSeU, I cRQceiYe Rf infraVWrXcWXreV aV SROiWicaOO\ RUgaQi]ed VRciaO

e[SeUiPeQWV Zhich caQ be PRUe RU OeVV VcieQWific iQ chaUacWeU.

TheVe WRROV heOS Pe WR addUeVV ZhaW I cRQVideU a SURbOePaWic WeQdeQc\ iQ Whe OiWeUaWXUe RQ cOiPaWe deQiaO

WR cOaiP WhaW cOiPaWe VcieQce becaPe SROiWici]ed iQ Whe OaWe 20Wh ceQWXU\ ZiWh iQdXVWU\-VSRQVRUed aWWePSWV

WR XQdeUPiQe Whe cRQcOXViRQV Rf Whe IPCC (e.g. OUeVNeV aQd CRQZa\ 2010). SXch QaUUaWiYeV RYeUORRN

Whe facW WhaW Whe daWa aQd PRQiWRUiQg QeWZRUN XSRQ Zhich Whe VcieQce deSeQdV ZeUe deYeORSed XQdeU Whe

aXVSiceV Rf a SROiWicaO RUgaQi]aWiRQ - Whe UN - begiQQiQg iQ Whe 1950V. NaUUaWiYeV VXch aV EdZaUdV (2006)

Zhich SRUWUa\ WhiV aV aQ eUa iQ Zhich Whe QeWZRUN becaPe aQ infraVWrXcWXre aQd ceaVed WR be a fUee

aVVRciaWiRQ aUe PRUe aWWXQed WR Whe cRPSOe[ eQWaQgOePeQW Rf VcieQce aQd SROiWicV. The aiP Rf Whe fiQaO

chaSWeU iV WR RffeU aQ aOWeUQaWiYe hiVWRUiRgUaShic aQaO\ViV Zhich Sa\V cORVeU aWWeQWiRQ WR Whe UROe Rf SROiWicaO

iQVWiWXWiRQV WhURXgh fXQdiQg, aSSRiQWPeQWV aQd RWheU gRYeUQPeQW acWiYiW\ Zhich SURYided Whe cRQdiWiRQV fRU

cRQdXcWiQg VcieQWific UeVeaUch RQ cOiPaWe iQ Whe Pid 20Wh ceQWXU\. I fRcXV RQ Whe UeVeaUch WeaP Oed b\

DaYid KeeOiQg fRU PeaVXUiQg aQd caOibUaWiQg CO2. The WRROV deYeORSed iQ Whe diVVeUWaWiRQ aOORZ Pe WR

PaNe VRPe QRUPaWiYe SRiQWV abRXW Whe dePRcUaWic OegiWiPac\ Rf Whe VcieQce-Oed effRUW WR chaOOeQge Whe

hegePRQ\ Rf fRVViO fXeO eQeUg\ iQfUaVWUXcWXUe RQ Whe baViV Rf iWV cRQQecWiRQ ZiWh cOiPaWe chaQge.
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CKaSWHU 1: IQWURGXcWLRQ

IQ UeceQW \eaUV a gURZiQg OiWeUaWXUe RQ VcieQce addUeVVeV Whe SURbOeP - VRPe Pa\ eYeQ caOO iW a cUiViV - Rf

VcieQce¶V SXbOic OegiWiPac\ (DRXgOaV 2009, OUeVNeV aQd CRQZa\ 2010, de MeOR-MaUWiQ aQd IQWePaQQ

2018). AQaO\VWV iQ WhiV OiWeUaWXUe Vee iQ VXch Pedia SheQRPeQa aV cOiPaWe chaQge deQiaO, YacciQe

heViWaQc\, aQd UeViVWaQce WR SXbOic heaOWh aQd eQYiURQPeQWaO PeaVXUeV PRUe geQeUaOO\ a gURZiQg WUeQd Rf

SXbOic dRXbW RYeU ZeOO-eVWabOiVhed, cRQVeQVXV geQeUaWiQg VcieQWific UeVeaUch. Each Rf WheVe aQaO\VeV haV

iWV RZQ diagQRViV Rf Whe SURbOeP aQd iWV RZQ VXggeVWiRQV fRU Whe VROXWiRQ, Zhich e[SOiciWO\ RU RWheUZiVe

XVXaOO\ iQcOXdeV a cOaUified XQdeUVWaQdiQg Rf Whe Za\ VcieQce ZRUNV aQd Whe Za\ WhaW iW iQWeUacWV ZiWh

VRcieW\. The SUeVeQW diVVeUWaWiRQ VeeNV WR add ZhaW VeePV WR Pe a PiVViQg aOWeUQaWiYe aPRQg WheVe

accRXQWV b\ fRcXVViQg RQ MXVW RQe Rf Whe cRPPRQ caVe VWXdieV iQ WhiV OiWeUaWXUe - cOiPaWe chaQge deQiaO.

DiagQRVeV Rf Whe SXbOic SURbOeP OiNe DRXgOaV¶V (2009) WaNe aV WheiU SRiQW Rf deSaUWXUe aQ acadePic

WUadiWiRQ I ZiOO caOO VRciaO WheRU\ Rf VcieQce (e[ePSOified b\ BaUQeV aQd BORRU aQd Whe SRciRORg\ Rf

ScieQWific KQRZOedge RU SSK SURgUaP) VWePPiQg fURP VRciRORg\, hiVWRU\ aQd ShiORVRSh\ deSaUWPeQWV iQ

Whe 70V, 80V aQd 90V (e.g. Vee DRXgOaV 2009). TheVe diagQRVeV ZaQW WR VXggeVW WhaW VRPe Rf Whe

e[ceVVeV Rf WhiV acadePic WUadiWiRQ faciOiWaWed Whe WUeQd Rf SXbOic dRXbW, fRU iQVWaQce iWV iPSOiciW UeOaWiYiVP

aQd cRPPiWPeQW WR YieZiQg VcieQce aV VRciaOO\ cRQVWUXcWed. AccRUdiQgO\ Whe aQaO\VWV Rf VcieQWific

diVcRQWeQW OiVWed abRYe VeeN a WePSeUed YieZ Rf VcieQce¶V VRciaO diPeQViRQ, RQe WhaW dReVQ¶W cROOaSVe

iQWR UeOaWiYiVP RU geQeUaWe WRROV fRU cRUSRUaWe hiUed-gXQV. TheVe WePSeUed accRXQWV RfWeQ acNQRZOedge

WhaW VcieQce iV VRciaO iQ a OiPiWed VeQVe (e.g. aV aQ iQWeUVXbMecWiYe SUacWice) WhaW aOORZV WheP WR VWiOO cOaiP

Whe SURdXcWV Rf VcieQWific iQTXiU\ aQd SXbOicaWiRQ SURYide QeXWUaO RU RbMecWiYe iQfRUPaWiRQ ZiWhiQ Whe SXbOic

aUeQa. I fiQd WheVe WePSeUed VRciaO accRXQWV Rf VcieQce XQVaWiVfacWRU\ bRWh iQ aUWicXOaWiQg acWXaO

VcieQce-VRcieW\ UeOaWiRQV aQd iQ giYiQg dXe ZeighW WR a OiWeUaWXUe Rf QRUPaWiYe accRXQWV Rf VcieQce¶V UROe iQ
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VRcieW\ aQd SROiWicV WhaW SeUhaSV dReVQ¶W, aW OeaVW aV WUadiWiRQaOO\ XQdeUVWRRd, SURYide Uead\ aPPXQiWiRQ

fRU cRQWUaUiaQV. IQ Whe chaSWeUV WhaW fROORZ I ZiOO be cRQceUQed ZiWh aUWicXOaWiQg ZhaW I ZiOO caOO VcieQce¶V

Vocio-poliWical diPeQViRQ, Zhich iQcOXdeV bRWh a diPeQViRQ Rf aQaO\ViV iQ VcieQce-VRcieW\ UeOaWiRQV aQd a

VeW Rf aiPV aQd QRUPV WhaW, I PaiQWaiQ, aUe SaUW Rf VcieQce¶V SUacWice.

ESLVWHPLc aQG NRQ-HSLVWHPLc VaOXHV

I WaNe aV P\ SRiQW Rf deSaUWXUe Whe fUaPeZRUN fRU diVcXVViQg WhiV VeW Rf iVVXeV RffeUed iQ Whe YaOXeV iQ

VcieQce OiWeUaWXUe aQd e[ePSOified b\ HeaWheU DRXgOaV¶ (2009) accRXQW iQ Science, Polic\ and Whe

ValXe-Free Ideal. ThaW fUaPeZRUN SUeVXSSRVeV a diVWiQcWiRQ beWZeeQ eSiVWePic aQd QRQ-eSiVWePic

YaOXeV aQd aVNV ZhaW UROe Whe QRQ-eSiVWePic YaOXeV dR RU RXghW WR SOa\ ZiWhiQ VcieQce¶V iQWeUQaO acWiYiW\.

DRXgOaV fRcXVeV RQ Whe SURceVV Rf VcieQWific iQfeUeQce iWVeOf, aUgXiQg WhaW aSSUaiVaOV Rf Whe VRciaO

cRQVeTXeQceV Rf eUURU (a QRQ-eSiVWePic YaOXe) VhRXOd WePSeU VcieQWiVWV¶ UeVeaUch cRQcOXViRQV. IQ

DRXgOaV¶ haQdV, WhiV fUaPeZRUN VhedV iPSRUWaQW OighW RQ Whe UROe WhaW VcieQce SOa\V ZiWhiQ SROic\ adYiVRU\

iQVWiWXWiRQV aQd SURYideV a cRPSeOOiQg QRUPaWiYe accRXQW Rf Zh\ Whe YaOXe-fUee ideaO (RU UeaOO\ Whe ideaO

Zhich Va\V RQO\ eSiVWePic YaOXeV VhRXOd RSeUaWe iQ VcieQce¶V iQWeUQaO RSeUaWiRQV) iV a bad ideaO fRU

gXidiQg VcieQWific iQTXiU\. BXW WhiV diVVeUWaWiRQ WaNeV aQ eaUOieU SRiQW Rf deSaUWXUe ZiWh UeVSecW WR Whe

fUaPeZRUN, haUNeQiQg bacN WR eaUOieU diVcXVViRQV iQ Zhich ShiORVRSheUV Rf VcieQce (e.g. RRRQe\ 1989,

LRQgiQR 1996, LaXdaQ 2004) WRRN iVVXe ZiWh Whe diVWiQcWiRQ beWZeeQ eSiVWePic aQd QRQ-eSiVWePic YaOXeV

iWVeOf. AQ iPSOiciW WheViV Rf DRXgOaV¶ diagQRViV aQd VROXWiRQ ZRXOd aSSeaU WR be WhaW VXch accRXQWV aOigQ

WhePVeOYeV ZiWh SRVWPRdeUQ aQd UeOaWiYiVW UeMecWiRQV Rf WUadiWiRQaO accRXQWV Rf UaWiRQaOiW\ aQd WhaW a

ZRUNabOe XQdeUVWaQdiQg Rf VcieQce-VRcieW\ UeOaWiRQV ZiOO Qeed WR SUeVXSSRVe VRPe diVWiQcWiRQ beWZeeQ

eSiVWePic aQd QRQ-eSiVWePic YaOXeV. I diVagUee ZiWh WhiV aSSUaiVaO, RU aW OeaVW WhiQN WhaW SUeVXSSRViQg a

Uead\ diVWiQcWiRQ UiVNV igQRUiQg iPSRUWaQW cRQWUibXWiRQV Pade b\ WhRVe UeMecWiQg Whe diVWiQcWiRQ aQd WhXV

UiVNV VaddOiQg XV ZiWh aQ ideaO WhaW iV QRQ-ideaO iQ RWheU iPSRUWaQW UeVSecWV.
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IQ SaUWicXOaU, accRXQWV UeMecWiQg Whe eSiVWePic/QRQ-eSiVWePic YaOXe diVWiQcWiRQ RfWeQ SURbOePaWi]e Whe

aVVXPSWiRQ fRXQd iQ DRXgOaV WhaW iQdiYidXaO VcieQWific UeVeaUcheUV ZiOO be abOe WR PaNe accXUaWe

aSSUaiVaOV Rf Whe VRciaO cRQVeTXeQceV Rf WheiU cRQcOXViRQV. The aVVXPSWiRQ iV VXbMecW WR a cRPSXWaWiRQaO

feaVibiOiW\ RbMecWiRQ: Whe VRciaO cRQVeTXeQceV ZiOO be XQSUedicWabOe RU WRR cRPSOicaWed fRU iQdiYidXaOV WR

accXUaWeO\ SUedicW. BXW iW iV aOVR VXbMecW WR Whe RbMecWiRQ WhaW iQdiYidXaO VcieQWific UeVeaUcheUV ZiOO, fRU

SV\chRORgicaO RU VRciRORgicaO UeaVRQV, QRW be aSSURSUiaWeO\ ViWXaWed RU SUeSaUed WR PaNe UeSUeVeQWaWiYe

eYaOXaWiRQV Rf Whe VRciaO cRQVeTXeQceV. DRXgOaV RffeUV a PRdeO iQ Zhich iQdiYidXaO VcieQWiVWV PaNe VXch

aSSUaiVaOV, bXW Vhe diVcXVVeV VcieQWific UROeV ZiWhiQ dePRcUaWic iQVWiWXWiRQV fRU Zhich VXch iQdiYidXaO

aSSUaiVaOV aUe aUgXabO\ VXbMecW WR Whe addiWiRQaO cRQVWUaiQW WhaW Whe\ be repreVenWaWiYe Rf Whe dePRcUaWic

SXbOic. ThiV cRQVWUaiQW SXVheV XV iQWR Whe cRPSOe[ SROiWicaO aQd VRciaO SURMecW WhaW JRhQ DeZe\ (1927)

chaUacWeUi]ed aV diVceUQiQg Whe ³SXbOic aQd iWV SURbOePV.´ WiWhiQ WhiV debaWe, DeZe\ WRRN XS a SRViWiRQ

agaiQVW a PRUe cRQVeUYaWiYe, WechQRcUaWic e[WUePe UeSUeVeQWed b\ WaOWeU LiSSPaQQ (1922) ZhR aUgXed

WhaW iQ OaUge, cRPSOe[, WechQRORgicaOO\ VRShiVWicaWed, dePRcUaWic VRcieWieV, iW iV e[SeUWV ZhR ZiOO Qeed WR

ideQWif\ VRcieW\¶V PRVW SUeVViQg SURbOePV aQd Whe SXbOic WhaW Whe\ affecW. DeZe\ cRXQWeUed ZiWh a PRUe

cROOabRUaWiYe accRXQW WhaW he iOOXVWUaWed ZiWh a PeWaShRU: e[SeUWV ZeUe OiNe cRbbOeUV aQd Whe SXbOic OiNe

WheiU cXVWRPeUV. The cXVWRPeU NQRZV beVW WhaW Whe VhRe SiQcheV, bXW Whe cRbbOeU iV beVW SUeSaUed WR

UePed\ Whe iVVXe. SXbVeTXeQWO\, cRQVciRXVQeVV-UaiViQg WheRUiVWV (HaQiVch, SaUachiOd, MacKiQQRQ)

RffeUed a SRViWiRQ fXUWheU OefW WhaQ DeZe\, aUgXiQg WhaW WhURXgh SROiWicaO RUgaQi]aWiRQ SXbOicV cRXOd becRPe

cRQVciRXV Rf WheiU RZQ iVVXeV aQd WheiU VROXWiRQV iQdeSeQdeQWO\ fURP WUadiWiRQaO e[SeUWiVe (RU cRQVWiWXWiQg

WheiU RZQ e[SeUWiVe). GeRgUaSheU RXWh GiOPRUe RffeUV a cRPSeOOiQg ePSiUicaO caVe VWXd\ (2007) iQ WhiV

acWiYiVW WUadiWiRQ iQ Zhich Vhe WUaceV Whe RSSRViWiRQ WR PaVV iQcaUceUaWiRQ iQ CaOifRUQia fURP Whe

SeUVSecWiYe Rf acWiYiVW gURXSV cRPSRVed Rf PRWheUV Rf iQcaUceUaWed iQdiYidXaOV. IW iV WhURXgh a SURceVV Rf

RUgaQi]iQg WR cRPbaW Whe deOeWeUiRXV effecWV Rf iQcaUceUaWiRQ PRWiYaWed b\ Whe VhaUed SeUVRQaO e[SeUieQce

Rf PRWheUV deSUiYed Rf VRQV aQd daXghWeUV WhaW WheVe gURXSV fiUVW caOOed aWWeQWiRQ WR Whe SURbOeP Rf PaVV

iQcaUceUaWiRQ. The\ RfWeQ did VR, PRUeRYeU, iQ RSSRViWiRQ WR e[SeUW cUiPiQRORgiVWV, VRciRORgiVWV,

ecRQRPiVWV aQd dePRgUaSheUV. M\ RZQ SRViWiRQ (Zhich iV WaNeQ aV a bacNgURXQd aVVXPSWiRQ VR WhaW Whe

ePSiUicaO aQaO\ViV caQ geW Rff Whe gURXQd iQ Whe fiQaO chaSWeU) heZV cORVeU WR Whe acWiYiVW RU RUgaQi]eU
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SRViWiRQ - WhaW geQXiQe SXbOic SURbOePV aQd WheiU VROXWiRQV UeTXiUe a SXbOic RUgaQi]iQg iWVeOf aQd RfWeQ dRQ¶W

UeTXiUe e[SeUWV.

DRXgOaV¶ aVVXPSWiRQ Rf Whe WUaQVSaUeQc\ Rf SXbOic cRQVeTXeQceV WR VcieQWific e[SeUWV VeePV PRVW YiabOe

ZiWhiQ a fUaPeZRUN OiNe LiSSPaQQ¶V, ZheUeaV Whe fXUWheU OefW Ze gR, Whe OeVV SOaXVibOe iW VeePV WhaW

iQdiYidXaO VcieQWiVWV ZiOO be Whe RQeV aSSURSUiaWeO\ ViWXaWed WR ideQWif\ aQd eYaOXaWe SXbOic SURbOePV

iQcOXdiQg RQeV SUeciSiWaWed b\ SROic\ Whe\ WhePVeOYeV heOS WR cUeaWe.1 ThiV diVVeUWaWiRQ e[SORUeV aQ

RYeUORRNed SRViWiRQ VRPeZheUe iQ Whe PiddOe Rf Whe VSecWUXP hRYeUiQg aURXQd DeZe\¶V SRViWiRQ, bXW

aWWUibXWabOe WR KaUO PRSSeU. AV ZiWh DeZe\¶V PeWaShRU, PRSSeU iPagiQed WhaW Whe RQO\ Za\ WR WeOO hRZ a

SROic\ ZiOO iPSacW Whe SXbOic iV WR WU\ iW RQ fRU Vi]e aQd VROiciW SXbOic feedbacN. LiNe WU\iQg a VhRe RQ fRU Vi]e

befRUe UXQQiQg a PaUaWhRQ iQ iW, he VXggeVWed WhaW e[SeUiPeQWaO SROic\ iQWeUYeQWiRQV VhRXOd SURceed aW a

VPaOO VcaOe fiUVW aQd e[SaQd iQ VcRSe aQd VcaOe, RU cRQWUacW, RQ Whe baViV Rf SXbOic feedbacN abRXW OiYed

e[SeUieQce Rf Whe SROic\ iQWeUYeQWiRQ. PRSSeU¶V accRXQW, WhRXgh PXch OiNe DRXgOaV¶ iQ iWV cRQceUQ ZiWh Whe

cRQVeTXeQceV Rf VcieQWific eUURU, deSaUWV iQ a cRXSOe Ne\ Za\V WhaW Pa\ aOVR beaU VRPe PRUe geQeUaO

OeVVRQV fRU Whe YaOXeV iQ VcieQce OiWeUaWXUe. FiUVW iW RffeUV iQVWiWXWiRQaO PechaQiVPV fRU aYeUWiQg VRciaO UiVNV

UaWheU WhaQ UeO\iQg XSRQ iQdiYidXaO fRUeVighW RU cRQVcieQce. SecRQd iW eQYiViRQV aQ acWiYe UROe fRU Whe

SXbOic iQ Whe deWeUPiQaWiRQ Rf Whe VXcceVV RU faiOXUe Rf VcieQWific e[SeUiPeQWV Zhich aUe WR WeVW VcieQWific

h\SRWheVeV. TheVe diffeUeQceV geVWXUe WRZaUd Whe iQVXfficieQc\ Rf a fUaPeZRUN WhaW ZaQWV WR aUWicXOaWe

VcieQce-VRcieW\ UeOaWiRQV iQ WeUPV Rf Whe UeOaWiRQVhiS beWZeeQ VRciaO aQd eSiVWePic YaOXeV ZheUe WheVe

YaOXeV aUe XQdeUVWRRd aV deVideUaWa Rf WheRU\ RU h\SRWheViV chRice SRVVeVVed b\ iQdiYidXaO VcieQWiVWV.

The cOeaUeVW aUWicXOaWiRQ Rf WhiV aVVXPSWiRQ cRPeV fURP KXhQ (1977) ZhR iPagiQed VcieQce aV a VSace

SURWecWed fURP VRciaO aQd SROiWicaO iQfOXeQce aQd ZhR gaYe aQ iQfOXeQWiaO aUWicXOaWiRQ Rf Whe WheRUeWicaO

YaOXeV aV iQdiYidXaO deVideUaWa WhaW PeW WhiV Qeed.

The iQVWiWXWiRQaO feaWXUe WhaW iV VXSSRVed WR SOa\ a ViPiOaU UROe WR iQdiYidXaO aSSUaiVaOV Rf cRQVeTXeQce fRU

PRSSeU I caOO elecWoral riVk. JXVW aV eOecWed RfficiaOV ZiWhiQ a dePRcUac\ aUe VXbMecW WR aSSUaiVaO b\ Whe

1 DRXgOaV' WUeaWPeQW Rf WhiV iVVXe iV PRUe QXaQced WhaQ I aP SUeVeQWiQg iW heUe.  FRU heU eOecWed RfficiaOV ZiOO cRach VcieQWiVWV RQ
WheVe YaOXeV.  UOWiPaWeO\ hRZeYeU, VcieQWiVWV aUe Whe RQeV PaNiQg iQfeUeQceV iQWeUQaO WR VcieQWific SUacWice, WheVe iQfeUeQceV aUe
XbiTXiWRXV aQd RfWeQ dRQ¶W WaNe SOace ZiWhiQ a SROic\ cRQWe[W ZheUe VcieQWiVWV haYe acceVV WR eOecWed UeSUeVeQWaWiYeV.  FRU WheVe
iQfeUeQceV iW iV RfWeQ VcieQWiVWV¶ XQWXWRUed UeSUeVeQWaWiRQV Rf VRciaO cRQVeTXeQceV WhaW UXQ Whe VhRZ.  I aOVR ZiVh WR deYeORS a YieZ
WhaW iV cUiWicaO Rf acWXaO SROiWiciaQV¶ abiOiW\ WR UeSUeVeQW WheVe YaOXeV.
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SXbOic WhURXgh eOecWiRQV, VR WRR VhRXOd VcieQWific SURMecWV aQd e[SeUiPeQWV iQ Whe SXbOic aUeQa be VXbMecW

WR SXbOic aSSUaiVaO aQd eOecWiRQ. WheUe Whe SXbOic deePV a SROic\ e[SeUiPeQW a faiOXUe, Ze VhRXOd e[SecW

WR Vee Whe WeUPiQaWiRQ RU WUaQViWiRQ aZa\ fURP Whe SROic\, Zhich ZiOO iQcOXde Whe WeUPiQaWiRQ Rf fXQdiQg,

iQVWiWXWiRQaO SRViWiRQV, aQd RWheU fRUPV Rf VXSSRUW fRU VcieQWific SeUVRQQeO iQWegUaO WR Whe VRciaO e[SeUiPeQW.

I cOaiP WhaW Whe PRSSeUiaQ cUiWeUiRQ Rf faOVifiabiOiW\ VhRXOd be XQdeUVWRRd aV, iQ SaUW, a UeTXiUePeQW WhaW

VcieQWific SURMecWV be VXbMecW WR eOecWRUaO UiVN.

PHUVRQaO aQG PROLWLcaO MRWLYaWLRQ

The fRcXV RQ Whe iVVXe Rf SXbOic UeceSWiRQ aQd UeVSRQVe WR cOiPaWe chaQge VcieQce VWePV iQ SaUW fURP a

ORQg SeUVRQaO eQgagePeQW ZiWh Whe iVVXe bRWh iQ acadePic aQd acWiYiVW cRQWe[WV. AV aQ XQdeUgUadXaWe

VWXd\iQg Sh\VicV, I fiUVW eQcRXQWeUed Whe iVVXe Rf cOiPaWe chaQge aV aQ iVVXe ideQWified b\ VcieQWiVWV VXch

aV RRgeU ReYeOOe aQd JaPeV HaQVRQ aQd aPSOified b\ SROiWiciaQV VXch aV AO GRUe. FROORZiQg WheiU Oead, I

VaZ cOiPaWe chaQge aV RQe Rf Whe PRVW SUeVViQg iVVXeV faced b\ hXPaQiW\. BXW faced ZiWh Whe OacN Rf

SXbOic aQd SROiWicaO UeVSRQVe WR Whe iVVXe, I becaPe iPSaWieQW aQd WXUQed WRZaUd acWiYiVP aQd SXbOic

diVSOa\V Rf VXSSRUW fRU Whe iVVXe aQd SURWeVW agaiQVW Whe RbVWacOeV iQ Whe Za\ Rf iWV UeVROXWiRQ. M\

SaUWiciSaWiRQ iQ SURWeVWV agaiQVW ORcaO fRVViO fXeO iQfUaVWUXcWXUe SURMecWV RSeQed P\ e\eV WR aQRWheU

diPeQViRQ Rf SXbOic UeViVWaQce agaiQVW fRVViO fXeO iQfUaVWUXcWXUe WhaW K\Oe Wh\We chaUacWeUi]eV aV

UeViVWaQce WR Whe cRQWiQXiQg Oegac\ Rf VeWWOeU cRORQiaOiVP. NaWiRQaOO\ Whe cRQYeUgeQce Rf cOiPaWe chaQge

acWiYiVWV aQd NaWiYe APeUicaQ ZaWeU SURWecWRUV agaiQVW Whe cRQVWUXcWiRQ Rf QeZ fRVViO fXeO iQfUaVWUXcWXUe

UeceiYed Pedia UecRgQiWiRQ iQ Whe SWaQdiQg RRcN SiRX[¶V VWaQd-Rff ZiWh SiSeOiQe cRQVWUXcWiRQ cUeZV aQd

SROice. MRUe ORcaOO\, PePbeUV Rf Whe SeaWWOe chaSWeU Rf cOiPaWe chaQge acWiYiVW RUgaQi]aWiRQ, 350, VWRRd iQ

VROidaUiW\ ZiWh PePbeUV Rf Whe PX\aOOXS WUibe SURWeVWiQg Whe cRQVWUXcWiRQ Rf a OiTXified QaWXUaO gaV WeUPiQaO

iQ Whe SRUW Rf TacRPa. TR NaWiYe OaQd aQd ZaWeU SURWecWRUV, bRWh SURMecWV aUe a cRQWiQXaWiRQ Rf a Oegac\ Rf

VeWWOeU cRORQiaO OegaO aQd eQgiQeeUiQg SURMecWV WhaW haYe UadicaOO\ WUaQVfRUPed aQd diVUXSWed WheiU UeOaWiRQV

WR OaQd (Wh\We 2017). The facW WhaW Whe Ke\VWRQe SiSeOiQe ZaV WR caUU\ RiO, ZhiOe Whe LNG WeUPiQaO ZRXOd

caUU\ ZhaW PaQ\ VeQViWiYe WR Whe cOiPaWe chaQge iVVXe cRQVideU a bUidge RU WUaQViWiRQ fXeO iOOXVWUaWeV a
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deeSeU WeQViRQ O\iQg beQeaWh Whe VXUface Rf Whe cRQYeUgeQce beWZeeQ cOiPaWe chaQge acWiYiVP aQd

NaWiYe UeViVWaQce. OfWeQ Whe SURMecWV biOOed aV YiabOe aOWeUQaWiYeV WR RiO aQd cRaO iQfUaVWUXcWXUe - VRPe QeZ

OiNe e[SaQded QaWXUaO gaV iQfUaVWUXcWXUe, VRPe ROd VXch aV h\dURSRZeU daPV - aUe MXVW aV, if QRW PRUe,

diVUXSWiYe WR Whe ecRORgicaO UeOaWiRQVhiSV SUiRUiWi]ed b\ NaWiYe OaQd VWeZaUdV aQd VcieQWiVWV. OWheU WiPeV

UecRgQi]iQg QaWiYe VRYeUeigQW\ PeaQV acceSWiQg WhaW VRPe WUibeV VaQcWiRQ aQd SaUWiciSaWe iQ Whe

e[WUacWiRQ Rf SROOXWiQg fXeOV (cRaO, XUaQiXP) fURP WheiU RZQ WUibaO OaQdV. TheVe WeQViRQV cRQVWiWXWe a VeW Rf

SURbOePV WhaW ZhiWe aOOieV dRQ¶W RfWeQ WaNe VeUiRXVO\ eQRXgh (Wh\We 2018b).

A gURZiQg OiWeUaWXUe RQ UeOaWiRQV Rf aOO\VhiS VeeNV WR addUeVV WheVe WeQViRQV aQd geQeUaWe cUiWiTXe aQd

VRPeWiPeV QeZ SUeceSWV fRU iQWeOOecWXaO aQd acWiYiVW eQgagePeQW (Wh\We 2018b, JaPeV aQd MacN 2020,

SXOOiYaQ-COaUNe 2020). OQe SURbOeP deaOV ZiWh Whe SURMecW Rf iPagiQiQg a VhaUed fXWXUe. COiPaWe chaQge

iV RfWeQ cRQceiYed Rf aV aQ iVVXe WhaW ZiOO PRVW VeUiRXVO\ affecW fXWXUe geQeUaWiRQV. IW WhXV chaOOeQgeV XV

WR WhiQN VeUiRXVO\ abRXW Whe fXWXUe WhaW Ze hRSe WR cUeaWe. BXW ZhR iV Whe ³Ze´ eQYiViRQiQg WhiV fXWXUe aQd

WR ZhRP WhiV fXWXUe beORQgV? Wh\We (2018a) UePiQdV XV WhaW SUeVeQW WechQRORgieV aQd iQfUaVWUXcWXUeV aUe

RfWeQ Whe PaQifeVWaWiRQ Rf Whe XWRSiaQ YiViRQV Rf a SUiRU geQeUaWiRQ Rf ZhiWe, VeWWOeU aUchiWecWV aQd

SOaQQeUV. YeW, WheVe VaPe iQfUaVWUXcWXUeV heOS PaQifeVW aQ ecRORgicaO aQd eQYiURQPeQWaO ViWXaWiRQ WhaW

ZRXOd haYe VeePed UadicaOO\ d\VWopian WR SUiRU geQeUaWiRQV Rf iQdigeQRXV SeRSOeV. WhiWe aOOieV (P\VeOf

iQcOXded) WhXV Qeed WR WhiQN caUefXOO\ abRXW hRZ Whe\ gR abRXW fRUgiQg SOaQV fRU VhaUed acWiRQ ZiWh QaWiYe

aOOieV, Whe\ aOVR Qeed WR WhiQN cUiWicaOO\ abRXW e[iVWiQg ecRQRPic aQd SROiWicaO SOaQQiQg iQVWiWXWiRQV aQd Whe

OacN Rf WUibaO cRQVXOWaWiRQ ZiWhiQ Whe SURceVVeV WhaW adMXdicaWe OaQd aQd UeVRXUce XVe aQd RZQeUVhiS.

JaPeV aQd MacN (2020) RffeU aV a SUeceSW fRU acWiYiVW eQgagePeQW Whe deceQWeUiQg RU XQVeWWOiQg Rf VeWWOeU

fXWXUiW\. The fRUPXOa UecRgQi]eV WhaW accRUdiQg WR VeWWOeU iQVWiWXWiRQV, (e.g. VXch aV fiQaQciaO fXWXUeV

PaUNeWV) Whe fXWXUe iV OiWeUaOO\ aOUead\ VeWWOed (VRPeRQe¶V SUiYaWe SURSeUW\). UQVeWWOiQg Whe fXWXUe PeaQV

TXeVWiRQiQg aQd XVXUSiQg Whe OegiWiPac\ Rf WheVe cOaiPV, ZhiOe deceQWeUiQg VeWWOeU fXWXUeV UecRPPeQdV

fRVWeUiQg aQ egaOiWaUiaQ VSace fRU cROOabRUaWiYe VRciaO iPagiQaWiRQ aQd SOaQQiQg. ThiV diVVeUWaWiRQ VeeNV WR

iPSRUW WhiV OeVVRQ iQWR Whe diVcXVViRQ Rf VcieQWific YaOXeV, Zhich aUe WhePVeOYeV fXWXUe-RUieQWed deVideUaWa

WhaW deWeUPiQe Whe diUecWiRQ Rf deYeORSPeQW iQ VcieQce.2

2 JaPeV aQd MacN caOO WhiV SUiQciSOe aQ ³eWhic Rf iQcRPPeQVXUabiOiW\´ VXggeVWiQg WhaW cOiPaWe chaQge acWiYiVWV caQQRW hRSe WR UedXce
NaWiYe caWegRUieV aQd iVVXeV WR WheiU RZQ iQ RUdeU WR XQiOaWeUaOO\ decide XSRQ fXWXUe acWiRQ.  AV aQ iVVXe ideQWified b\ VcieQWiVWV, WhiV
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AQRWheU WeQViRQ haV WR dR ZiWh ideQWif\iQg Whe RbMecW Rf MRiQW cRQceUQ aQd UeViVWaQce WhaW bRWh ZaWeU

SURWecWRUV aQd cOiPaWe acWiYiVWV cRQYeUge WR UeViVW. FRU cOiPaWe acWiYiVWV Whe aQVZeU iV fRVViO fXeO

iQfUaVWUXcWXUe. BXW fRU UeaVRQV PeQWiRQed abRYe (VR-caOOed aOWeUQaWiYeV aUe RfWeQ MXVW aV bad, VRPe WUibeV

ZeOcRPe fRVViO fXeO deYeORSPeQW) WhiV faOOV VhRUW aV a XQif\iQg RbMecW Rf cRQceUQ fRU ZaWeU SURWecWRUV. AV

Wh\We (2017) QRWeV iW iV ecRORgicaO aQd eQYiURQPeQWaO UeOaWiRQVhiSV ZiWh Whe OaQd, ZaWeU aQd QRQ-hXPaQ

RWheUV WhaW ZaWeU SURWecWRUV VeeN WR SURWecW. SSice (2018) SURYideV a cRQYeUgeQW caWegRU\ ³iQYaViYe

iQfUaVWUXcWXUeV´ WhaW Pa\ dR beWWeU. IQYaViYe iQfUaVWUXcWXUe UecRgQi]eV Whe ORcaO diVUXSWiYe ecRORgicaO aQd

VRciaO effecWV Rf YaUiRXV iQfUaVWUXcWXUe SURMecWV (QRW MXVW fRVViO fXeO SiSeOiQeV) aQd eQcRXUageV XV WR WhiQN

abRXW Whe VRciaO aQd SROiWicaO diPeQViRQV Rf iQfUaVWUXcWXUeV, Zhich ViWXaWe WheP ZiWhiQ a Oegac\ Rf VeWWOeU

aQd ecRQRPic cRORQiaOiVP.

TRgeWheU ZiWh Whe SRViWiRQ WhaW gURXQd-XS RU acWiYiVW ideQWificaWiRQ Rf aQ iVVXe SURYideV gURXQdV fRU

cRQVideUiQg iW a geQXiQe SXbOic SURbOeP WhaW aUe aW OeaVW aV VWURQg aV e[SeUW ideQWificaWiRQ, WhiV VeW Rf

chaOOeQgeV fURP Whe acWiYiVW cRQWe[W OeadV Pe WR Uee[aPiQe Whe hiVWRUicaO geQeViV Rf Whe cOiPaWe chaQge

iVVXe aV aQ iVVXe ZiWh fRVViO fXeO iQfUaVWUXcWXUe iQ a cUiWicaO OighW VeaUchiQg fRU SURbOePaWic RPiVViRQV aQd

bacNgURXQd aVVXPSWiRQV aQd aVNiQg ZheWheU Whe aVSiUaWiRQV Rf gORbaO SROiWicaO RUgaQi]aWiRQV WR UegXOaWe

Whe gORbaO fRVViO fXeO ecRQRP\ RQ Whe baViV Rf cOiPaWe chaQge VcieQce aUe aSSURSUiaWeO\ cUiWicaO iQ OighW Rf

Whe cUiWiTXe. WiWh a VRciR-SROiWicaO OeQV WUaiQed RQ Whe d\QaPicV Rf fRVViO fXeO iQfUaVWUXcWXUe aQd cOiPaWe

daWa iQfUaVWUXcWXUe deYeORSPeQW, I fiQd a hRVW Rf RWheU iVVXeV ZiWh fRVViO fXeO iQfUaVWUXcWXUe deVeUYiQg

UecRgQiWiRQ ZiWhiQ Whe cUiWicaO dePRcUaWic diVcXVViRQ aQd Zhich SeUhaSV haYe QRW UeceiYed aV PXch

aWWeQWiRQ ZiWhiQ Whe VcieQWific OiWeUaWXUe - a facW Zhich iV UefOecWed iQ a OacN Rf iQfUaVWUXcWXUe fRU VWXd\iQg

WheP.3 I aP gXided b\ PRSSeUiaQ cUiWeUia fRU ZhaW ZRXOd cRXQW aV cUiWicaO deYeORSPeQW, i.e. deYeORSPeQW

WhaW caQ (aQd dReV) OeaUQ fURP iWV PiVWaNeV, Rf ecRQRPic iQfUaVWUXcWXUe.

3 OU, SeUhaSV PRUe accXUaWeO\, iWV SUiYaWi]aWiRQ, Zhich UeQdeUV VXch iQfRUPaWiRQ RSaTXe WR Whe SXbOic.

SUiQciSOe aOVR VXggeVWV iQcRPPeQVXUabiOiW\ beWZeeQ VcieQWific YaOXeV aQd NaWiYe YaOXeV (RU SXbOic YaOXeV PRUe geQeUaOO\) WhaW
ShiORVRSh\ Rf VcieQce haV VRPe WRROV fRU WhiQNiQg abRXW.
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CKaSWHU SXPPaULHV

BefRUe I VXPPaUi]e each chaSWeU, a feZ TXicN QRWeV RQ UeadiQg: FiUVW, each chaSWeU (ZiWh Whe e[ceSWiRQ Rf

4) caQ be Uead aV a UeOaWiYeO\ VeOf-cRQWaiQed SURMecW Zhich RffeUV a WheViV XS fURQW. WhiOe I dR dUaZ

cRQQecWiRQV beWZeeQ chaSWeUV aQd PaNe aWWePSWV WR ViWXaWe each chaSWeU ZiWhiQ Whe bURadeU fUaPiQg

VNeWched iQ WhiV iQWURdXcWiRQ, WhiV cRQVWiWXWeV a PiQiPaO aVSecW Rf chaSWeUV 2, 3 aQd 5. ThXV UeadeUV cRXOd

begiQ UeadiQg fURP aQ\ Rf WheVe chaSWeUV. SecRQd, Whe diVcXVViRQ begiQV ZiWh VRPe faiUO\ abVWUacW

diVcXVViRQV Rf WheRUeWicaO YaOXeV WhaW dRQ¶W fiQd aSSOicaWiRQ iQ aQ acWXaO caVe VWXd\ XQWiO chaSWeU 5. FRU Whe

UeadeU ZhR feeOV iPSaWieQW ZiWh Whe OacN Rf aSSOicaWiRQ XS fURQW RU ZhR ZiVheV WR haYe a VeQVe ahead Rf

WiPe fRU ZheUe Whe diVVeUWaWiRQ VWaQdV ZiWh UegaUdV WR acWXaO VcieQWific SUacWice, UeadiQg chaSWeU 5 fiUVW Pa\

be a beWWeU aSSURach. FiQaOO\, chaSWeU 4 SURYideV a bUidge beWZeeQ eaUOieU chaSWeUV, 2 aQd 3 aQd chaSWeU

5. The cOaiP iV WhaW Whe WRROV fRU aQaO\ViV VXPPaUi]ed iQ 2 aQd 3 aUe QRW TXiWe VXfficieQW RQ WheiU RZQ fRU

XQdeUVWaQdiQg Whe aQaO\ViV iQ 5. ThXV 4 e[SOicaWeV VRPe PiVViQg OiQNageV beWZeeQ Whe fiUVW aQd VecRQd

haOf Rf Whe diVVeUWaWiRQ. BXW fRU WhiV UeaVRQ iW iV OiNeO\ WR be OeVV iQWeOOigibOe if Uead iQ iVROaWiRQ fURP Whe RWheU

chaSWeUV.  TheVe TXicN QRWeV aVide, I QRZ WXUQ WR a VXPPaU\ Rf Whe fRXU PaiQ chaSWeUV.

ChaSWeU 2 aUWicXOaWeV Whe idea WhaW VcieQce haV Vocio-poliWical YaOXeV b\ diVcXVViQg HeOeQ LRQgiQR¶V

aUgXPeQW WhaW Whe OiVW Rf WUadiWiRQaO WheRUeWicaO YaOXeV haYe a SROiWicaOO\ cRQVeUYaWiYe YaOeQce. IQ ThRPaV

KXhQ¶V YieZ Whe WheRUeWicaO YaOXeV, Zhich iQcOXde VXch eOePeQWV aV ViPSOiciW\, cRQViVWeQc\, aQd ePSiUicaO

adeTXac\, SURYide SXbOic cUiWeUia Rf aSSUaiVaO ZiWhiQ Whe VcieQWific cRPPXQiW\, aObeiW cUiWeUia WhaW Pa\ be

iQWeUSUeWed aQd aSSOied diffeUeQWO\ b\ diffeUeQW SUacWiWiRQeUV eYeQ iQ UegaUdV WR Whe VaPe WheRU\. ThiV

deVcUiSWiRQ Rf Whe WheRUeWicaO YaOXeV ZaV PeaQW WR SUeVeUYe a VeQVe iQ Zhich VcieQce cRXOd be UaWiRQaO

ZhiOe VWiOO beiQg a VRciaO acWiYiW\ - RQe WhaW deSeQded XSRQ Whe iQWeUSOa\ Rf diffeUeQW SUacWiWiRQeUV ZiWh

diffeUeQW SeUVSecWiYeV. YeW LRQgiQR cUiWiTXeV Whe KXhQiaQ OiVW fRU RYeUORRNiQg Whe SROiWicaO YaOeQce Rf WheVe

YaOXeV aQd e[cOXdiQg VXch iWePV aV aSSOicaWiRQ WR VRciaO QeedV. LRQgiQR¶V cUiWiTXe Rf KXhQ WhXV SaiQWV hiV

YiViRQ Rf VcieQce aV VRciaO, bXW iQ a OiPiWed VeQVe e[cOXdiQg diUecW cRQVideUaWiRQ Rf VRciaO QeedV PRUe

bURadO\ aQd SROiWicV. The diVcXVViRQ Rf VcieQce¶V VRciaOiW\ RfWeQ fRXQdeUV iQ P\ YieZ RQ VXch aPbigXiW\,

ePSOR\iQg YagXe QRWiRQV Rf VRcieW\ aQd VRciaOiW\ WR deVcUibe ZhaW haSSeQV RXWVide Rf VcieQce aQd
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ePSOR\iQg abVWUacW aQd iQWeUQaOiVW deVcUiSWiRQV WR deVcUibe VcieQWific SUacWice aV VRciaO. TR UePed\ Whe

SaUWicXOaU aPbigXiW\ iQ Whe LRQgiQR-KXhQ diVcXVViRQ aQd WR begiQ WR addUeVV WhiV bURadeU SURbOeP iQ

VRciaO accRXQWV Rf VcieQce, I ORRN WR HaQQah AUeQdW¶V aUWicXOaWiRQV Rf Whe caWegRU\ VchePe diVWiQgXiVhiQg

Whe SeUVRQaO, Whe VRciaO aQd Whe SROiWicaO fRU SROiWicaO aQd VRciaO cRQWe[WV, i.e. iQ UeVSRQVe WR eYeQWV bURXghW

abRXW b\ (ciYiO UighWV aQd fePiQiVW) acWiYiVW PRYePeQWV iQ Whe 50V aQd 60V. I VeeN WR UeSXUSRVe WhiV

caWegRU\ VchePe WR ORcaWe VcieQce ZiWhiQ VRcieW\ aQd WR ideQWif\ iWV VRciR-SROiWicaO diPeQViRQ, ZheUe

VRciR-SROiWicaO PeaQV VRPeWhiQg OiNe Whe SXbOic PaQagePeQW Rf ecRQRPic iQVWiWXWiRQV RU SROiWicaO-ecRQRP\.

IQ ChaSWeU 3 I ORRN WR Whe ZRUN Rf KaUO PRSSeU WR ideQWif\ a VRciR-SROiWicaO YaOeQce WR Whe WheRUeWicaO YiUWXe

Rf faOVifiabiOiW\. The PRWiYaWiRQ fRU dRiQg VR iV WZR-fROd. The fiUVW PRWiYaWiRQ iQYROYeV PaNiQg a cRXSOe

SRiQWV iQ Whe hiVWRU\ Rf ShiORVRSh\ Rf VcieQce. FiUVW, PRSSeU iV e[cOXded fURP ceUWaiQ WiPeOiQeV Rf VRciaO

accRXQWV Rf VcieQce (Vee MiURZVNi 2004). SecRQd, WheUe iV a WeQdeQc\ iQ accRXQWV VXch aV MiURZVNi

(2004) aQd DRXgOaV (2009) WR YieZ Whe YaOXe-fUee ideaO Rf VcieQce aV caQRQicaO RU WUadiWiRQaO aQd aV

RYeUOaSSiQg VXbVWaQWiaOO\ ZiWh ORgicaO SRViWiYiVP. PRSSeU iV a figXUe VRPeWiPeV ORcaWed ZiWhiQ Whe SRViWiYiVW

WUadiWiRQ (eVSeciaOO\ fRU hiV eaUOieU ZRUN), bXW ZhR deYeORSV a VXbVWaQWiaO accRXQW Rf Whe VRciaO aQd SROiWicaO

diPeQViRQV Rf VcieQce (SeUhaSV NeXUaWh, ZhR ZaV diUecWO\ iQYROYed iQ SOaQQiQg Whe AXVWUiaQ ZaU-WiPe

ecRQRP\ iV RQe Rf Whe PRVW iQYROYed chaUacWeUV).4 ThiV iQcOXdeV a PXch PRUe VXbVWaQWiaO UROe fRU

VcieQWific WhRXghW iQ VWUXcWXUiQg ecRQRPic iQVWiWXWiRQV aQd WheiU deYeORSPeQW WhaQ PaQ\ cRQWePSRUaU\

accRXQWV. ThURXgh aQaO\ViV Rf We[WV VXch aV The PoYerW\ of HiVWoriciVm aQd ConjecWXreV and RefXWaWionV

I VeeN WR UecRYeU WhiV ORVW RU igQRUed diPeQViRQ Rf PRSSeU.

The VecRQd PRWiYaWiRQ Rf WhiV chaSWeU iV WR deYeORS VRPe WRROV fRU cRPbaWiQg cOiPaWe VNeSWicV fURP a

SeUVSecWiYe RQ VcieQce WhaW dReV QRW deQ\ iW iV deeSO\ iPbUicaWed iQ VRciaO aQd SROiWicaO SURMecWV. MaQ\

VNeSWicV UeO\, WaciWO\ RU e[SOiciWO\, XSRQ Whe idea WhaW VNeSWiciVP RU a cUiWicaO aWWiWXde aUe cRUe feaWXUeV Rf Whe

VcieQWific eWhRV aQd ViQce PRSSeU iV a ceQWUaO WheRUiVW Rf WhiV cUiWicaO aVSecW Rf VcieQce (RQe cRXOd SeUhaSV

aOVR ORRN WR MeUWRQ iQ VRciRORg\), I fiQd iQ WhiV UeaQaO\ViV Rf PRSSeU VRPe WRROV fRU UeWhiQNiQg Whe

cRQWUibXWiRQV Rf URgXe RU cRQWUaUiaQ cOiPaWe VcieQWiVWV ZhR SURYide VXSSRUW WR iQdXVWU\ SURSagaQda.

4 IQ ChaSWeU 3 I ZiOO WU\ WR PaNe cOeaUeU Zh\ I WhiQN chaUacWeUi]iQg PRSSeU aV a SRViWiYiVW iV SeUhaSV QRW accXUaWe; iQ bUief WheUe aUe
aVSecWV Rf hiV YieZ Rf VcieQce WhaW PRYe be\RQd a PiQiPaOiVW SRViWiYiVP VXch aV A\eU¶V.

9



The aQaO\ViV fRcXVeV RQ Whe facW WhaW faOVifiabOe WheRUieV aUe PeaQW, accRUdiQg WR PRSSeU, WR be riVk\. IQ

aQ aQaORg\ ZiWh Whe UiVN faced b\ SROiWiciaQV iQ dePRcUaWic VRcieWieV, I chaUacWeUi]e WhiV UiVN aV elecWoral

riVk, Zhich iQdicaWeV Whe SRVVibiOiW\ Rf ORViQg SRZeU aQd OeadeUVhiS SRViWiRQV aV a UeVXOW Rf e[SeUiPeQWaO

faiOXUeV.

ChaSWeU 4 deYeORSV VRPe WRROV aQd Ne\ cRQceSWV WhaW ZiOO be Qeeded fRU Whe aQaO\ViV Rf a caVe VWXd\ fURP

cOiPaWe VcieQce iQ chaSWeU 5. OQe Ne\ VhifW Rf Whe aQaO\ViV iV WRZaUd Whe aQaO\ViV Rf VcieQWific daWa UaWheU

WhaQ WheRU\. The diVcXVViRQ iQ chaSWeUV 2 aQd 3 ceQWeUV aURXQd WheRUeWicaO YaOXeV aV aUWicXOaWiQg Whe

QRUPV aQd d\QaPicV Rf deYeORSPeQW fRU VcieQWific SUacWice. BXW WheRUeWicaO YaOXeV VXch aV ePSiUicaO

adeTXac\ RU faOVifiabiOiW\ deSeQd eVVeQWiaOO\ XSRQ Whe ideQWificaWiRQ Rf aXWhRUiWaWiYe daWa WhaW caQ

cRUURbRUaWe RU faOVif\ WheRU\. The VRciaO aQd SROiWicaO diPeQViRQ Rf Whe SURdXcWiRQ Rf daWa iV WhXV aQ

eTXaOO\ iPSRUWaQW RbMecW Rf VWXd\ fRU XQdeUVWaQdiQg WheVe WheRUeWicaO YaOXeV (aOWhRXgh aV DRXgOaV 2013

QRWeV Whe\ aUe accRUdiQgO\ SeUhaSV beWWeU WhRXghW Rf aV UeOaWiRQaO YaOXeV beWZeeQ WheRU\ aQd eYideQce).

SecRQdO\, aQaO\VeV VXch aV EdZaUdV (2006) Rf Whe daWa QeWZRUN deYeORSed fRU PeaVXUiQg gORbaO cOiPaWe

YaUiabOeV iQ Whe 20Wh ceQWXU\ aUgXe WhaW Whe QeWZRUN iV beVW WhRXghW Rf aV aQ infraVWrXcWXre. SiQce cOiPaWe

chaQge iV geQeUaOO\ UegaUded aV aQ iVVXe aboXW fRVViO fXeO iQfUaVWUXcWXUe aV ZeOO, iQfUaVWUXcWXUe fRUPV a Ne\

caWegRU\ Rf aQaO\ViV fRU aQ\ VRciR-SROiWicaO accRXQW Rf cOiPaWe VcieQce. IQ SaUW WhiV iV becaXVe

iQfUaVWUXcWXUeV aUe diUecW RbMecWV Rf VWaWe PaQagePeQW WhaW aOVR SURYide ecRQRPic QeceVViWieV WR QaWiRQaO

SRSXOaWiRQV. I VXUYe\ VRPe Rf Whe OiWeUaWXUe fURP VRciRORg\, aQWhURSRORg\ aQd hiVWRU\ WR aUWicXOaWe ceUWaiQ

cRUe feaWXUeV Rf iQfUaVWUXcWXUe. SiQce iQfUaVWUXcWXUeV aUe RfWeQ WhRXghW Rf aV caVeV Rf applied Vcience, I

aUgXe WhaW Whe aOOeged faiOXUe Rf Whe VPRRWh fXQcWiRQiQg Rf fRVViO fXeO iQfUaVWUXcWXUe ideQWified b\ cOiPaWe

VcieQce iQWURdXceV aQRWheU SRVVibOe (cUXPbOiQg) SiOOaU Rf VcieQWific OegiWiPac\ aPRQgVW Whe SXbOic. FRU a

SXbOic WhaW iV SUiPed WR cRQVideU Whe SUacWicaO VXcceVV Rf WechQRORg\ eYideQce Rf Whe WUXWh Rf VcieQWific

WheRU\ aQd Whe efficac\ Rf VcieQWific PeWhRd, Whe cOaiP Rf cOiPaWe VcieQce WR haYe diVcRYeUed a PaMRU

ecRORgicaO aQd SUacWicaO faiOXUe Rf aQRWheU WechQRORgicaO V\VWeP Pa\ ViPXOWaQeRXVO\ XQdeUPiQe iWV RZQ

cUedibiOiW\.

10



ChaSWeU 5 aQaO\]eV a feZ Ne\ MXQcWXUeV iQ Whe deYeORSPeQW Rf Whe cOiPaWe daWa iQfUaVWUXcWXUe fURP Whe

1950V WhURXgh Whe 1990V. I fRcXV iQ SaUWicXOaU RQ Whe PeaVXUePeQW Rf bacNgURXQd CO2 b\ a WeaP Rf

UeVeaUcheUV Oed b\ DaYid KeeOiQg. I cRQWe[WXaOi]e WhiV deYeORSPeQW ZiWhiQ Whe bURadeU hiVWRU\ Rf Whe

gORbaO deYeORSPeQW Rf fRVViO fXeO iQfUaVWUXcWXUe. The SRiQW Rf Whe aQaO\ViV iV WR aVN ZheWheU Whe cOiPaWe

PRQiWRUiQg QeWZRUN, deYeORSed XQdeU Whe UN aQd Rf Zhich Whe PeaVXUePeQW Rf bacNgURXQd CO2 iV a cRUe

SaUW, accRPSOiVheV Whe gRaO Rf ideQWif\iQg aQd PiWigaWiQg VRciaO eQYiURQPeQWaO UiVNV VXUURXQdiQg fRVViO fXeO

iQfUaVWUXcWXUe. LRRNiQg WR Whe bURadeU cRQWe[W Rf VcieQWific UeVeaUch aQd Whe iQWeUeVWV VXVWaiQiQg WhaW

UeVeaUch, I fiQd WURXbOiQg RPiVViRQV aQd bacNgURXQd aVVXPSWiRQV Zhich VhRXOd PaNe XV TXeVWiRQ Whe

dePRcUaWic OegiWiPac\ Rf Whe VcieQWific caVe fRU cOiPaWe chaQge SROic\.

The aiP Rf WhiV QaUUaWiYe ZiWh UeVSecW WR Whe SURbOeP Rf SXbOic OegiWiPac\ fRU VcieQce iV QRW WR UeQdeU aQ

aQaO\ViV Rf VcieQce WhaW OeaYeV iWV cRQcOXViRQV aQd RSeUaWiRQV XQTXeVWiRQed. IQ WhiV I deSaUW fURP Whe

aXWhRUV PeQWiRQed aW Whe begiQQiQg Rf WhiV iQWURdXcWiRQ. I dR VR fRU WZR UeaVRQV. FiUVW, Whe hiVWRUicaO

aQaO\VeV Rf cOiPaWe chaQge VcieQce iQ WhiV WUadiWiRQ (Vee OUeVNeV aQd CRQZa\ 2011, WeaUW 2022) ZaQW WR

SRUWUa\ VcieQce aV becRPiQg SROiWici]ed OaWe iQ Whe 20Wh ceQWXU\ (e.g. URXghO\ begiQQiQg iQ Whe 80V RU 90V).

BXW WhiV igQRUeV Whe facW WhaW cOiPaWe VcieQce begaQ WR becRPe deeSO\ ePbedded ZiWhiQ VWaWe VWUXcWXUeV

begiQQiQg iQ Whe 1950V. I fiQd cOaiPV WhaW WhiV cRQQecWiRQ ZiWh gRYeUQPeQWV eiWheU OeaYeV VcieQce

aXWRQRPRXV RU UeQdeUV iW beWWeU abOe WR accRPSOiVh iWV VRciR-SROiWicaO aiPV XQcRQYiQciQg iQ OighW Rf aQ

aQaO\ViV Rf Whe hiVWRUicaO UecRUd ZiWh SaUWicXOaU ePShaViV RQ Whe VRciaO aQd ecRORgicaO SURbOePV

VXUURXQdiQg fRVViO fXeO iQfUaVWUXcWXUe ideQWified b\ acWiYiVW gURXSV RQ Whe gURXQd.

IQ VXPPaU\ Whe aiP Rf Whe diVVeUWaWiRQ iV WR chaOOeQge aQ RYeUORRNed ViVWeU dichRWRP\ WR WhaW beWZeeQ Whe

eSiVWePic aQd Whe VRciaO, QaPeO\ WhaW beWZeeQ Whe VRciaO aQd Whe SROiWicaO. ChaOOeQgiQg Whe dichRWRP\

ZiWh UeVSecW WR VcieQce PeaQV chaOOeQgiQg Whe YieZ Rf VcieQce aV aQ aXWRQRPRXV, fUee VRciaO aVVRciaWiRQ

ZhRVe SURSeU fXQcWiRQ iV WR RSeUaWe iQdeSeQdeQWO\ fURP SROiWicaO iQVWiWXWiRQV aQd SROiWicaO iQWeUeVWV.

ChaOOeQgiQg a cOeaQ VeSaUaWiRQ beWZeeQ VcieQce aQd SROiWicV UeYeaOV a cRPSOe[ bRUdeUOaQdV (WR bRUURZ a

PeWaShRU fURP Ph\OOiV RRRQe\ 2017) beWZeeQ Whe VRciaO aQd Whe SROiWicaO. The diVVeUWaWiRQ RffeUV VRPe
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WRROV fRU QaYigaWiQg WheVe bRUdeUOaQdV begiQQiQg ZiWh aQ ROd ShiORVRShicaO ideaO cRPiQg fURP KaUO PRSSeU,

cRPiQg RXW Rf Whe SURgUeVViYe eUa aQd Whe eUa Rf eaUO\ e[SeUiPeQWV iQ CRPPXQiVP. ThaW ideaO, I aUgXe,

RffeUed a VRciaO dePRcUaWic YieZ Rf Whe UROe fRU VcieQce iQ SROiWicV aQd a YieZ Rf VcieQce aV UeVSRQVibOe WR

VRcieW\ WhURXgh dePRcUaWic iQVWiWXWiRQV UaWheU WhaQ a YieZ Rf VcieQce aV aXWRQRPRXV. FROORZiQg aQRWheU

YeiQ Rf WhRXghW fURP WhaW eUa aQd fURP PRSSeU, I cRQceiYe Rf iQfUaVWUXcWXUeV aV SROiWicaOO\ RUgaQi]ed VRciaO

e[SeUiPeQWV Zhich caQ be PRUe RU OeVV VcieQWific iQ chaUacWeU.

TheVe WRROV heOS Pe WR addUeVV ZhaW I cRQVideU a SURbOePaWic WeQdeQc\ iQ Whe OiWeUaWXUe RQ cOiPaWe deQiaO

WR cOaiP WhaW cOiPaWe VcieQce becaPe SROiWici]ed iQ Whe OaWe 20Wh ceQWXU\ ZiWh iQdXVWU\-VSRQVRUed aWWePSWV

WR XQdeUPiQe Whe cRQcOXViRQV Rf Whe IPCC. SXch QaUUaWiYeV RYeUORRN Whe facW WhaW Whe daWa aQd PRQiWRUiQg

QeWZRUN XSRQ Zhich Whe VcieQce deSeQdV ZeUe deYeORSed XQdeU Whe aXVSiceV Rf a SROiWicaO RUgaQi]aWiRQ -

Whe UN - begiQQiQg iQ Whe 1950V. NaUUaWiYeV VXch aV EdZaUdV (2006) Zhich SRUWUa\ WhiV aV aQ eUa iQ

Zhich Whe QeWZRUN becaPe aQ infraVWrXcWXre aQd ceaVed WR be a fUee aVVRciaWiRQ aUe PRUe aWWXQed WR Whe

cRPSOe[ eQWaQgOePeQW Rf VcieQce aQd SROiWicV. The aiP Rf Whe fiQaO chaSWeU iV WR RffeU aQ aOWeUQaWiYe

hiVWRUiRgUaShic aQaO\ViV Zhich Sa\V cORVeU aWWeQWiRQ WR Whe UROe Rf SROiWicaO iQVWiWXWiRQV WhURXgh fXQdiQg,

aSSRiQWPeQWV aQd RWheU gRYeUQPeQW acWiYiW\ Zhich SURYided Whe cRQdiWiRQV fRU cRQdXcWiQg VcieQWific

UeVeaUch RQ cOiPaWe iQ Whe Pid 20Wh ceQWXU\. I fRcXV RQ Whe UeVeaUch WeaP Oed b\ DaYid KeeOiQg fRU

PeaVXUiQg aQd caOibUaWiQg CO2. The WRROV deYeORSed iQ Whe diVVeUWaWiRQ aOORZ Pe WR PaNe VRPe

QRUPaWiYe SRiQWV abRXW Whe dePRcUaWic OegiWiPac\ Rf Whe VcieQce-Oed effRUW WR chaOOeQge Whe hegePRQ\ Rf

fRVViO fXeO eQeUg\ iQfUaVWUXcWXUe RQ Whe baViV Rf iWV cRQQecWiRQ ZiWh cOiPaWe chaQge.

The diVVeUWaWiRQ dUaZV RQ a diYeUVe OiWeUaWXUe WUaQVceQdiQg WUadiWiRQaO ShiORVRSh\ Rf VcieQce. IQYeUWiQg a

WUadiWiRQaO hieUaUch\ WhaW SOaceV Sh\VicV aW Whe WRS Rf a hieUaUch\ Rf Whe VcieQceV, I XQdeUWaNe aQ aQaO\ViV

Rf aWPRVSheUic Sh\VicV WhaW iV Oed b\ iQVighWV fURP Whe fieOdV Rf aQWhURSRORg\, hiVWRU\, VRciRORg\, geRgUaSh\

aQd aUchaeRORg\. WhiOe Whe faiOXUeV Rf WheVe diVciSOiQeV WR cRQfRUP WR Whe PRdeO Rf Sh\VicV (e.g. iWV

PaWhePaWi]aWiRQ, SUedicWiYe VXcceVV, eWc.) aUe RfWeQ WUeaWed aV gURXQdV fRU cRQVideUiQg WheP OeVV

³VcieQWific,´ Whe diVVeUWaWiRQ e[SORUeV aQRWheU cUiWeUiRQ fRU VcieQWific VWaWXV RQ Zhich Whe\ aUe aUgXabO\

VXSeUiRU - QaPeO\, VXVceSWibiOiW\ WR dePRcUaWicaOO\ deWeUPiQed cUiWeUia Rf aSSUaiVaO. PaVW dePRcUaWic
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cUiWiTXeV, Zhich chaOOeQged WheVe diVciSOiQeV¶ UROeV iQ V\VWePV Rf RSSUeVViRQ, haYe aUgXabO\ chaQged WheiU

SUacWice aQd WheRU\ iQ a Za\ WhaW haV \eW WR WaNe SOace iQ ³haUd´ VcieQceV OiNe aWPRVSheUic Sh\VicV. I aOVR

dUaZ RQ OiWeUaWXUe aQaO\]iQg aQd WheRUi]iQg acWiYiVW eQgagePeQW iQ Whe SROiWicV Rf cOiPaWe chaQge aQd fRVViO

fXeO iQfUaVWUXcWXUe, ViQce I cRQceiYe Rf acWiYiVW aQaO\ViV aV Whe gXidiQg YRice fRU cUiWiTXe Rf VcieQce. IQ WhiV

fRcXV, I aP Oed b\ a WUadiWiRQaO aiP Rf ShiORVRSh\ Rf VcieQce - WR ORRN WR Whe VcieQceV aQd VcieQWiVWV fRU aQ

aQaO\ViV Rf VcieQce - bXW ZiWh a diffeUeQW VRciaO aQd dePRcUaWic cUiWeUiRQ fRU ZhaW cRXQWV aV a SURSeU

VcieQce - a caSaciW\ WR OeaUQ fURP SaVW VRciaO PiVWaNeV.

RHIHUHQcHV:

de MeOR-MaUWtQ, I., & IQWePaQQ, K. (2018). The FighW AgainVW DoXbW: HoZ Wo Bridge Whe Gap beWZeen

ScienWiVWV and Whe PXblic. O[fRUd UQiYeUViW\ PUeVV.

DeZe\, J. (1927). The PXblic and IWV ProblemV.  SZaOORZ PUeVV: OhiR UQiYeUViW\.

DRXgOaV, H. (2009). Science, Polic\, and Whe ValXe-Free Ideal. UQiYeUViW\ Rf PiWWVbXUgh PUeVV.

EdZaUdV, P. N. (2006). MeWeRURORg\ aV IQfUaVWUXcWXUaO GORbaOiVP. OViriV, 21(1), 229-250.

GiOPRUe, R. W. (2007). Golden GXlag: PriVonV, SXrplXV, CriViV, and OppoViWion in Globali]ing California.

UQiY Rf CaOifRUQia PUeVV.

HaQiVch, C. (1969). The PeUVRQaO IV PROiWicaO. NRWeV fURP Whe SecRQd YeaU: WRPeQ¶V LibeUaWiRQ.

hWWS://ZZZ.caUROhaQiVch.RUg/CHZUiWiQgV/PIP.hWPO

13



JaPeV, D. aQd MacN T. (2020). TRZaUd aQ EWhicV Rf DecRORQi]iQg AOO\VhiS iQ COiPaWe OUgaQi]iQg:

RefOecWiRQV RQ E[WiQcWiRQ RebeOOiRQ VaQcRXYeU. IQ From SWXdenW SWrikeV Wo Whe E[WincWion Rebellion (SS.

32-53). EdZaUd EOgaU PXbOiVhiQg.

LaXdaQ, L. (2004). The ESiVWePic, Whe CRgQiWiYe, aQd Whe SRciaO. Science, ValXeV, and ObjecWiYiW\, 14-23.

LiSSPaQQ, W. (1922). PXblic Opinion.  HaUcRXUW, BUace, CR.

LRQgiQR, H. E. (1995). GeQdeU, PROiWicV, aQd Whe TheRUeWicaO ViUWXeV. S\nWheVe, 104(3), 383-397.

MiURZVNi, P. (2004). The ScieQWific DiPeQViRQV Rf SRciaO KQRZOedge aQd TheiU DiVWaQW EchReV iQ

20Wh-ceQWXU\ APeUicaQ PhiORVRSh\ Rf ScieQce. SWXdieV in HiVWor\ and PhiloVoph\ of Science ParW A, 35(2),

283-326.

OUeVNeV, N., & CRQZa\, E. M. (2010). MerchanWV of DoXbW: HoZ a handfXl of VcienWiVWV obVcXred Whe WrXWh

on iVVXeV from Wobacco Vmoke Wo global Zarming. BORRPVbXU\ PXbOiVhiQg USA.

RRRQe\, P. (1992, JaQXaU\). OQ VaOXeV iQ ScieQce: IV Whe ESiVWePic/NRQ-ESiVWePic DiVWiQcWiRQ UVefXO?. IQ

PSA: ProceedingV of Whe Biennial MeeWing of Whe PhiloVoph\ of Science AVVociaWion (VRO. 1992, NR. 1, SS.

13-22). PhiORVRSh\ Rf ScieQce AVVRciaWiRQ.

RRRQe\, P. (2017). The BRUdeUOaQdV BeWZeeQ ESiVWePic aQd NRQ-ESiVWePic VaOXeV. IQ CXrrenW

ConWroYerVieV in ValXeV and Science. EOOiRWW, K. C., & SWeeO, D. (EdV.). SS. 31-46. RRXWOedge, Ta\ORU &

FUaQciV GURXS.

SXOOiYaQ-COaUNe, A. (2020). DecRORQi]iQg ³AOO\VhiS´ fRU IQdiaQ CRXQWU\: LeVVRQV fURP# NODAPL. H\paWia,

35(1), 178-189.

14



SSice, A. (2018). FighWiQg iQYaViYe iQfUaVWUXcWXUeV: IQdigeQRXV UeOaWiRQV agaiQVW SiSeOiQeV. EnYironmenW

and SocieW\, 9(1), 40-56.

WeaUW, S. R. (2003). The DiVcoYer\ of Global Warming. HaUYaUd UQiYeUViW\ PUeVV.

WeaUW, S. R. (2022). The DiVcoYer\ of Global Warming. OQOiQe h\SeUWe[W YeUViRQ aW:

hWWSV://hiVWRU\.aiS.RUg/cOiPaWe/iQde[.hWP

Wh\We, K. (2017). The DaNRWa AcceVV PiSeOiQe, EQYiURQPeQWaO IQMXVWice, aQd US CRORQiaOiVP. Red Ink: An

InWernaWional JoXrnal of IndigenoXV LiWeraWXre, ArWV, & HXmaniWieV, (19.1).

Wh\We, K. (2018a). IQdigeQRXV VcieQce (ficWiRQ) fRU Whe AQWhURSRceQe: AQceVWUaO d\VWRSiaV aQd faQWaVieV

Rf cOiPaWe chaQge cUiVeV. NaWXre and Space, 1 (1-2), SS. 224-242.

Wh\We, K. (2018b). WhiWe AOOieV, LeW¶V Be HRQeVW AbRXW DecRORQi]aWiRQ. YeV! Maga]ine. The DecRORQi]e

IVVXe.

15



CKaSWHU 2: TKH SRcLR-PROLWLcaO VaOXHV RI ScLHQcH

IQWURGXcWLRQ

IQ heU 1995 aUWicOe ³GeQdeU, PROiWicV aQd Whe TheRUeWicaO ViUWXeV´ HeOeQ LRQgiQR chaOOeQged Whe idea WhaW

WheRUeWicaO YiUWXeV VXch aV ViPSOiciW\, cRQViVWeQc\ aQd e[SOaQaWRU\ SRZeU aUe SXUeO\ cRgQiWiYe YaOXeV. The

aOWeUQaWiYe YieZ Vhe SUeVVed fRU ZaV WhaW, cRQWe[WXaOi]ed, each Rf WheVe YaOXeV cRXOd be VhRZQ WR haYe a

VSecific, RfWeQ SaWUiaUchaO RU cRQVeUYaWiYe SROiWicaO YaOeQce. ThiV cRXOd be PRVW cOeaUO\ VeeQ b\

MX[WaSRViQg aQ aOWeUQaWiYe VeW Rf feminiVW WheRUeWicaO YiUWXeV. FRU e[aPSOe ZheUe Whe WUadiWiRQaO OiVW Rf

WheRUeWicaO YaOXeV VeeV cRQViVWeQc\ ZiWh RWheU WheRUieV (e[WeUQaO cRQViVWeQc\) aV a YiUWXe, a fePiQiVW

aQaO\ViV accRUdiQg WR LRQgiQR VeeV e[WeUQaO cRQViVWeQc\ aV a SURbOePaWic cUiWeUiRQ ZheQ Whe RWheU

WheRUieV iQ TXeVWiRQ WhePVeOYeV Pa\ e[hibiW Ve[iVW biaVeV. ThXV fRU iQVWaQce WU\iQg WR VTXaUe aQ

aQWhURSRORgicaO WheRU\ abRXW Whe XVe Rf gUiQd-VWRQeV fRU SURceVViQg gUaiQ ZiWh Whe WheRU\ WhaW aQcieQW

VRcieWieV SUiPaUiO\ hXQWed fRU VXbViVWeQce (ZheUe WhiV iV aVVXPed WR be a PaOe acWiYiW\ aQd ZheUe WhiV

WheRU\ haV beeQ chaPSiRQed b\ PeQ aQWhURSRORgiVWV) ZiOO OiNeO\ Oead WR aQ aQdURceQWUic e[SOaQaWiRQ.

AOWeUQaWiYeO\, Whe fePiQiVW WheRUeWicaO YiUWXe Rf noYelW\ ZRXOd aOORZ fRU deYeORSPeQW Rf a WheRU\ Rf Whe XVe

Rf gUiQd-VWRQeV XQcRQVWUaiQed b\ Whe cRQVeUYaWiYe aQd aQdURceQWUic PaQ-Whe-hXQWeU h\SRWheViV.

IQ WhiV chaSWeU I WU\ WR UecaSiWXOaWe Whe PRWiYaWiRQV fRU WhiV SaSeU Rf LRQgiQR¶V, Zhich iV iQ VRPe Za\V

WUaQViWiRQaO beWZeeQ heU eaUOieU aQaO\ViV Rf Whe VRciaO VWUXcWXUe Rf VcieQce aQd heU OaWeU SOXUaOiVP. Wh\ did

Whe debaWe beWZeeQ fePiQiVW aQd WUadiWiRQaO eSiVWePRORgieV Rf VcieQce fRcXV RQ Whe WheRUeWicaO YiUWXeV?

Wh\ did iW WaNe Whe fRUP Rf a debaWe abRXW WheiU cRgQiWiYe QaWXUe aQd SROiWicaO YaOeQceV? AQVZeUiQg WheVe

TXeVWiRQV ZiOO UeTXiUe bRWh WhaW Ze dig iQWR Whe ShiORVRSh\ Rf VcieQce OiWeUaWXUe aQd VSecificaOO\ ThRPaV

KXhQ¶V ZRUN iQ Whe EVVenWial TenVion, bXW aOVR WhaW Ze ORRN WR Whe VRciaO aQd SROiWicaO cRQWe[W Rf Whe
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fePiQiVW aQd ciYiO UighWV PRYePeQWV begiQQiQg iQ Whe 1950¶V. The hRSe iV WhaW WhiV deWRXU iQWR SROiWicaO

cRQWe[W ZiOO UeYeaO PRUe Rf ZhaW iV aW VWaNe iQ aQaO\VeV Rf VcieQce aV haYiQg a Vocial RU poliWical

diPeQViRQ. M\ aiP ZiOO be WR UecaSiWXOaWe ideRORgicaO debaWeV cRQceUQiQg Whe caWegRUieV Rf Whe SeUVRQaO,

Whe VRciaO aQd Whe SROiWicaO WhaW gaYe UiVe WR Whe fePiQiVW VORgaQ ³Whe SeUVRQaO iV SROiWicaO´ aQd WR VhRZ hRZ

a YeUViRQ Rf Whe VORgaQ iQfRUPV LRQgiQR¶V diVWiQcWiYe aQaO\ViV Rf VcieQce aV VRciaO aQd SROiWicaO aQd heU

iPSOiciW cUiWiTXe Rf ThRPaV KXhQ¶V accRXQW Rf VcieQce. TheUe aUe PaQ\ diffeUeQW, RfWeQ cURVV-cXWWiQg

VeQVeV iQ Zhich VcieQce iV caOOed VRciaO RU SROiWicaO. The hRSe heUe iV WR eVWabOiVh a VeW Rf cRRUdiQaWeV

WhaW iV PRUe cORVeO\ aWWXQed WR XQdeUVWaQdiQgV fURP SXbOic, SROiWicaO cRQWe[WV, UaWheU WhaQ iQWeUQaO

diVcRXUVe iQ Whe ShiORVRSh\ Rf VcieQce. IQ bUief, I aUgXe WhaW KXhQ¶V SicWXUe Rf VcieQWific iQTXiU\ SRUWUa\V iW

aV a fUee VRciaO aVVRciaWiRQ WR be NeSW fUee Rf bURadeU VRciaO aQd SROiWicaO iQWeUfeUeQce. LRQgiQR aQd

OiNe-PiQded WheRUiVWV chaOOeQge Whe QaVceQW dichRWRP\ beWZeeQ Whe VRciaO aQd Whe SROiWicaO WhaW VeeNV WR

SUeVeUYe WhiV aXWRQRP\ RQ Whe gURXQdV Rf VcieQce¶V cRQVeTXeQWiaO UROe iQ SROiWicV.

TKH PROLWLcaO VaOHQcH RI TKHRUHWLcaO VaOXHV

LeW¶V begiQ ZiWh Whe ShiORVRSh\ Rf VcieQce hiVWRU\. ThRPaV KXhQ¶V The SWrXcWXre of ScienWific ReYolXWionV

(1962) iV VRPeWiPeV cUediWed ZiWh iQWURdXciQg (RU UeSRSXOaUi]iQg iQ iWV cRQWePSRUaU\ cRQWe[W) Whe QRWiRQ

WhaW VcieQce iV a Vocial acWiYiW\ caUUied RXW b\ gURXSV Rf SUacWiWiRQeUV ZhRVe ZRUN iV gXided b\ VcieQWific

SaUadigPV Zhich iQcOXde cRPPRQ beOiefV aQd deVideUaWa fRU gRRd VcieQWific ZRUN. ScieQce iV VRciaO iQ

SaUW becaXVe ZhaW deWeUPiQeV Whe WUaQViWiRQV beWZeeQ diffeUeQW WheRUieV dXUiQg VcieQWific UeYROXWiRQV (e.g.

Whe WUaQViWiRQ fURP NeZWRQiaQ WR EiQVWeiQiaQ PechaQicV) iV Whe VRciaO SURceVV b\ Zhich SUacWiWiRQeUV aOigQ

WhePVeOYeV - WheiU beOiefV, YaOXeV aQd SUacWicaO acWiYiW\ - ZiWh a QeZ SaUadigP. KXhQ¶V iQViVWeQce iQ

SWrXcWXre WhaW QeZ SaUadigPV ZeUe incommenVXrable ZiWh ROd SaUadigPV iQ SaUW becaXVe SaUadigPV

iQcOXde Whe deVideUaWa XVed WR MXdge caQdidaWe WheRUieV RSeQed Whe dRRU WR aQaO\VeV Rf UeYROXWiRQaU\

WUaQViWiRQV aV dUiYeQ b\ SXUeO\ VRciaO RU SROiWicaO facWRUV (e.g. QaWiRQaO UiYaOUieV, iQWeUSeUVRQaO UeOaWiRQVhiSV).

ThiV, VRPe WUadiWiRQaO cUiWicV ZRUUied, Pade VcieQWific chaQge RXW WR be aQ a-UaWiRQaO RU eYeQ iUUaWiRQaO

SURceVV.
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IQ a OaWeU eVVa\, ³ObMecWiYiW\, VaOXe JXdgPeQW, aQd TheRU\ ChRice,´ cRQWaiQed iQ Whe The EVVenWial

TenVion (1977), KXhQ VRXghW WR PROOif\ WheVe cUiWicV b\ aUgXiQg WhaW VcieQWiVWV iQ diffeUeQW SaUadigPV cRXOd,

iQ facW, cRPe WR UaWiRQaO agUeePeQW RQ bURad cUiWeUia KXhQ WeUPed WheoreWical YalXeV, OiVWiQg ViPSOiciW\,

cRQViVWeQc\, VcRSe, accXUac\ aQd fUXiWfXOQeVV aV e[aPSOeV. TheVe cUiWeUia ZeUe aPeQabOe WR diffeUeQW

UeaVRQabOe iQWeUSUeWaWiRQV. ThXV VcieQWiVWV ZiWh diffeUeQW UeVeaUch hiVWRUieV Pa\ haYe UeaVRQabOe

diVagUeePeQWV abRXW Zhich ePSiUicaO iPSOicaWiRQV aUe PRVW ceQWUaO WR aVVeVViQg a WheRU\¶V accXUac\. He

WhRXghW Whe cUiWeUia ZeUe QRW ViPXOWaQeRXVO\ VaWiVfiabOe aQd WhaW RQe cRXOd QRW deYeORS aQ aOgRUiWhP WR

Zeigh WheP agaiQVW each RWheU. ThXV, iQ PaQ\ Za\V, Whe OiVW aQd iWV aSSOicaWiRQ WR hiVWRU\ Rf VcieQce

SUeVeUYed aQ ePShaViV XSRQ Whe VRciaO cRPSOe[iWieV Rf hiVWRUicaO VcieQWific diaORgXe aQd SUeVeUYed VRPe

Rf Whe fOaYRU Rf hiV eaUOieU aQaO\ViV iQ SWrXcWXre (UecaOO: ZheUe SaUadigPV iQcOXde diffeUeQW cUiWeUia Rf

aQaO\ViV aQd WheVe aUe iQcRPPeQVXUabOe). YeW aW Whe VaPe WiPe, KXhQ WhRXghW WhaW, iQ Whe ORQg UXQ aQd

WhURXgh diVcXVViRQ, VcieQWiVWV ZRXOd eYeQWXaOO\ cRQYeUge RQ Zhich WheRU\ ZaV beVW iQ WeUPV Rf WheVe

cUiWeUia, PaNiQg Whe WUaQViWiRQ beWZeeQ SaUadigPV aW OeaVW SaUWO\ UaWiRQaO (RQe cRXOd XOWiPaWeO\ SRiQW fRU

MXVWificaWiRQ WR MXdgPeQWV VXch aV RQe WhaW Whe QeZ WheRU\ ZaV PRUe accXUaWe).

LRQgiQR¶V ZRUN caQ be ViWXaWed ZiWhiQ WZR geQeUaO OiQeV Rf UeVSRQVe WR KXhQ. OQe OiQe Rf UeVSRQVe

chaOOeQged KXhQ¶V VROXWiRQ RQ iWV RZQ WeUPV, dRXbWiQg WhaW Whe OiVW cRXOd UeaOO\ Oead WR a UaWiRQaO

cRQVeQVXV RU WhaW WheVe YaOXeV ZeUe SURSeUO\ epiVWemic. APRQg WheVe, PhiOOiV RRRQe\ (1992)

(caQYaVViQg Whe OiNeV Rf KXhQ, LRQgiQR, LaXdaQ aQd McMXOOiQ) QRWed Whe VeePiQg OacN Rf cRQYeUgeQce RQ

a VSecific OiVW Rf WheRUeWicaO YaOXeV. SiQce Whe OiVW ZaV iQ SaUW PeaQW WR VeUYe Whe fXQcWiRQ Rf dePaUcaWiQg

aSSURSUiaWe YV. iQaSSURSUiaWe cUiWeUia Rf aVVeVVPeQW, Vhe WhRXghW Whe OacN Rf cRQVeQVXV RQ WhiV OiVW

UeYeaOed a OacN Rf a cOeaU diVWiQcWiRQ beWZeeQ eSiVWePic aQd QRQ-eSiVWePic YaOXeV. LaWeU, LaUU\ LaXdaQ

(2004) aUgXed WhaW SaUWicXOaU YaOXeV RQ Whe OiVW, fRU iQVWaQce VcRSe, ZeUe QeiWheU QeceVVaU\ QRU VXfficieQW

fRU a WheRU\ WR be WUXe. IQ OighW Rf WhiV facW, he dRXbWV ZheWheU Whe WheRUeWicaO YaOXeV ZiOO RSeUaWe ZiWhiQ

VcieQWific diVcRXUVe WR VeOecW WUXe WheRUieV (WhRXgh he iV RSWiPiVWic WhaW Whe\ Pa\ VWiOO be raWional iQ a

bURadeU VeQVe).
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The RWheU OiQe Rf UeVSRQVe caPe fURP Whe fePiQiVW ShiORVRSheUV Rf VcieQce ZhR e[WeQded Whe eaUOieU

KXhQiaQ SURgUaP Rf ideQWif\iQg VRciaO RU SROiWicaO iQfOXeQceV RQ Whe cRXUVe Rf VcieQWific debaWe WR caVeV

ZheUe WheVe iQfOXeQceV iQcOXded aQdURceQWUic RU Ve[iVW bacNgURXQd iQfOXeQceV (Vee MeUchaQW 1984) RU

ZheUe Whe\ iQcOXded aOWeUQaWiYe fePiQiVW XQdeUSiQQiQgV (KeOOeU 1984). APRQg Whe fRUPeU ZeUe We[WV VXch

aV CaURO\Q MeUchaQW¶V The DeaWh of NaWXre (1980) Zhich SRUWUa\ed OeadiQg figXUeV Rf Whe eQOighWeQPeQW

aQd VcieQWific UeYROXWiRQ aV PRWiYaWed b\ Whe ideQWificaWiRQ Rf QaWXUe aV fePiQiQe, Zhich bURXghW ZiWh iW

YaUiRXV VWeUeRW\SicaO aVVXPSWiRQV VXch aV WhaW QaWXUe ZaV eVVeQWiaOO\ SaVViYe ZhiOe PaOe VcieQWiVWV ZeUe

acWiYe. APRQg Whe OaWWeU aUe ZRUNV VXch aV EYeO\Q KeOOeU¶V SRUWUa\aO Rf BaUbaUa McCOiQWRcN¶V ZRUN RQ

DNA WUaQVPXWaWiRQ iQ cRUQ (1984). BOeieU (1984) aUgXed WhaW KeOOeU¶V SRUWUa\aO VXggeVWed a

chaUacWeUiVWicaOO\ fePiQiQe aWWiWXde WRZaUd QaWXUe aW ZRUN iQ McCOiQWRcN¶V UeVeaUch. IQ ideQWif\iQg eSiVRdeV

Rf VcieQce ZheUe diffeUeQW SROiWicaO beOiefV e[eUciVed aQ iQfOXeQce RQ Whe cRXUVe Rf VcieQWific WheRUi]iQg,

WheVe aXWhRUV e[WeQded Whe eaUOieU KXhQiaQ SURgUaP Rf ViWXaWiQg VcieQce ZiWhiQ a VRciaO cRQWe[W Rf debaWe.

APRQg fePiQiVW ShiORVRSheUV Rf VcieQce, Whe aWWiWXde WRZaUd Whe OaWeU KXhQiaQ aWWePSW WR UeVcXe Whe

UaWiRQaOiW\ Rf VcieQce ZaV VSOiW. IQ a UeYieZ Rf fePiQiVW aWWiWXdeV WRZaUd Whe cRQceSW Rf VcieQWific UaWiRQaOiW\,

LRQgiQR (1989) QRWed a diYiViRQ beWZeeQ WhRVe ZhR VaZ Whe QRWiRQ Rf VcieQWific UaWiRQaOiW\ aV VR

WhRURXghO\ iQfXVed ZiWh SaWUiaUchaO biaV WhaW iW ZaV iUUedeePabOe (e.g. LXce IUigaUa\ 1987) aQd WhRVe ZhR

WhRXghW VRPe QRWiRQ Rf VcieQWific UaWiRQaOiW\ cRXOd VWiOO be VaOYaged (WhRXgh hRZ WR VTXaUe WhiV QRWiRQ ZiWh

VcieQWific VRciaOiW\ ZRXOd Qeed WR be UeVcXed fURP KXhQ¶V bacNVOide). LRQgiQR iQcOXdeV heUVeOf aPRQg Whe

OaWWeU caPS aQd iQ heU 1990 bRRN Science aV Social KnoZledge Vhe VRXghW WR aUWicXOaWe cRQdiWiRQV WhaW

chaUacWeUi]e a UaWiRQaO VcieQWific cRPPXQiW\ caSabOe Rf SURdXciQg RbMecWiYe NQRZOedge, aUgXiQg WhaW Whe\

iQcOXde feaWXUeV Rf Whe Vocial RUgaQi]aWiRQ Rf VcieQce. OQe VXch feaWXUe, echRiQg KXhQ, iV Whe SUeVeQce Rf

VhaUed RU SXbOic VWaQdaUdV b\ Zhich WheRUieV aUe aVVeVVed.5 HeUe Vhe UecRgQi]ed VRPe Rf Whe WheRUeWicaO

YaOXeV WhaW KXhQ OiVWed, bXW Vhe VRXghW aW WhiV eaUOieU MXQcWXUe WR PaNe URRP RQ Whe OiVW fRU ³eSiVWePic, aV

ZeOO aV VRciaO YaOXeV´ (LRQgiQR 1990, S.77), WheUeb\ iQcOXdiQg QeZ iWePV VXch aV ³UeOeYaQce WR RU

VaWiVfacWiRQ Rf SaUWicXOaU VRciaO QeedV´ (ibid).

5 FRU Whe XQfaPiOiaU UeadeU, Whe RWheU WhUee cRQdiWiRQV aUe: 1) UecRgQi]ed aYeQXeV fRU cUiWiciVP iQcOXdiQg SeeU UeYieZed MRXUQaOV aQd
cRQfeUeQceV; 2) XSWaNe aQd cRPPXQiW\ UeVSRQVe WR cUiWiciVP; aQd 3) eTXaOiW\ Rf iQWeOOecWXaO aXWhRUiW\ aPRQg SeeUV.
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LaWeU aUWicXOaWiRQV Rf Whe OiVW Rf VhaUed VWaQdaUdV (1992, 1995, 1996) SURYided SRiQW-b\-SRiQW alWernaWiYe

WheRUeWicaO YaOXeV WR Whe KXhQiaQ OiVW aQd VRXghW WR e[SOaiQ hRZ Whe aOWeUQaWiYe OiVW ZaV chaUacWeUiVWicaOO\

fePiQiVW. ThXV LRQgiQR MX[WaSRVeV noYelW\ ZiWh cRQViVWeQc\, onWological heWerogeneiW\ ZiWh ViPSOiciW\ aQd

VR RQ, aV ZeOO aV addiQg iWePV VXch aV (agaiQ) aSSOicaWiRQ WR VRciaO QeedV aQd diffXViRQ Rf SRZeU. The

fXQcWiRQ Rf Whe OiVW Rf aOWeUQaWiYe YaOXeV ZaV WhaW ³Whe ideRORgicaO diPeQViRQ Rf PaiQVWUeaP WheRU\ aSSUaiVaO

Pa\ be UeYeaOed b\ cRPSaUiVRQ ZiWh aQ aOWeUQaWiYe VeW´ (LRQgiQR 1992, S. 339) aQd WhaW - PRUe VSecific WR

Whe fePiQiVW ShiORVRSh\ Rf VcieQce - Whe YaOXeV RQ WhiV OiVW ³SUeYeQW geQdeU fURP beiQg diVaSSeaUed´ (ibid)

RU ³UeYeaO geQdeU´ (LRQgiQR 1995, S.391). ThXV WR UeWXUQ WR Whe e[aPSOe Rf Whe iQWURdXcWiRQ, aQ

aQWhURSRORgiVW ZhR ceQWeUV Whe YaOXe Rf WheRUeWicaO QRYeOW\ WR SURYide aQ accRXQW Rf Whe SUacWicaO UROe fRU

gUiQdVWRQeV PighW VXggeVW WhaW Whe VRcieW\ XQdeU VWXd\ UeOied heaYiO\ RU eYeQ SUedRPiQaQWO\ XSRQ gUaiQ

WhaW ZaV haUYeVWed aQd SURceVVed b\ ZRPeQ UaWheU WhaQ haYiQg WR PaNe WheiU cRQMecWXUeV cRQViVWeQW ZiWh

Whe PaiQVWUeaP PaQ-Whe-hXQWeU h\SRWheViV, Zhich ceQWeUV hXQWiQg aV Whe SUiPaU\ PeaQV Rf VXbViVWeQce.

DeSOR\iQg Whe aOWeUQaWiYe YaOXe OeadV WR aQ aOWeUQaWiYe WheRU\ Zhich WhURXgh cRQWUaVW ZiWh Whe PaiQVWUeaP

VWaQdaUd caQ be VeeQ WR UeYeaO aQ aQdURceQWUic biaV aPRQg Whe SUeVeQW fieOd. LRQgiQR did QRW QeceVVaUiO\

WhiQN WheUe ZaV VRPeWhiQg inherenWl\ fePiQiVW abRXW Whe abVWUacW YaOXeV Vhe OiVWV bXW UaWheU WhaW WheiU

fePiQiVW chaUacWeU ZaV UeYeaOed ZheQ cRQWe[WXaOi]ed, iQWeUSUeWed aQd deSOR\ed aV aQ aOWeUQaWiYe WR Whe

PaiQVWUeaP OiVW. CRQWe[WXaOi]ed YeUViRQV Rf Whe YaOXeV UeYeaOed ZhaW LRQgiQR caOOed WheiU ³SROiWicaO

YaOeQce´ aOVR chaOOeQgiQg Whe idea (e.g. McMXOOiQ 1982) WhaW Whe YaOXeV RQ Whe OiVW ZeUe SXUeO\ eSiVWePic

aQd WhXV PRUe geQeUaOO\ WhaW RQO\ eSiVWePic YaOXeV ZeUe UeOeYaQW WR Whe aSSUaiVaO Rf VcieQWific WheRUieV.

The QRWiRQ WhaW VcieQWific YaOXeV haYe a poliWical YaOeQce diVWiOOV ZhaW I cRQVideU WR be a WZR-SaUW fePiQiVW

cUiWiTXe Rf Whe RUigiQaO VeW. BRWh cUiWiTXeV caQ be XQdeUVWRRd aV UeMecWiQg cRQceSWXaO dXaOiVPV WhaW aUe

WUadiWiRQaOO\ aVVRciaWed ZiWh a biQaU\ XQdeUVWaQdiQg Rf geQdeU. OQ Whe RQe haQd iV Whe dXaOiVP beWZeeQ

Whe VRciaO aQd Whe UaWiRQaO (RU eSiVWePic). OQ Whe RWheU iV Whe dXaOiVP beWZeeQ Whe SeUVRQaO (RU VRciaO)

aQd Whe SROiWicaO.

The UROe Rf Whe fiUVW dXaOiVP aQd iWV cUiWiTXe UeceiYeV PRUe e[SOiciW aWWeQWiRQ iQ Whe OiWeUaWXUe RQ Whe fePiQiVW

ShiORVRSh\ Rf VcieQce aQd ZiWhiQ LRQgiQR¶V ZRUN. TR Vee Whe caWegRU\ VchePe XVed WR deVcUibe a
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diffeUeQce beWZeeQ ZRPeQ aQd PeQ UeVSecWiYeO\, RQe cRXOd ORRN WR LaZUeQce KhRObeUg¶V VWageV Rf PRUaO

deYeORSPeQW aQd CaURO GiOOigaQ¶V (1977) cUiWiTXe. KhRObeUg aVVeUWV WhaW a deWached UaWiRQaO

XQdeUVWaQdiQg Rf PRUaOiW\ (iQ WeUPV Rf SUiQciSOeV aQd UighWV) fRUPV Whe higheVW VWage Rf PRUaO deYeORSPeQW

iQ chiOdUeQ (VWage 6) ZhiOe aQ XQdeUVWaQdiQg Rf PRUaOiW\ iQ WeUPV Rf UeOaWiRQVhiS caUe aQd UeSaiU (a Vocial

XQdeUVWaQdiQg) fRUPV a SUiRU VWage (VWage 3 iQ hiV VchePa). ThiV WheRU\ aOVR fRXQd, QRW cRiQcideQWaOO\,

WhaW bR\V ZeUe cRQViVWeQWO\ ³PRUe deYeORSed´ WhaQ giUOV becaXVe Whe\ Pade iW WR fiQaO UaWiRQaO VWageV PRUe

TXicNO\ RU PRUe RfWeQ WhaQ giUOV ZhR ZeUe RfWeQ ³VWXcN´ aW Whe VRciaO VWage. GiOOigaQ SRiQWV RXW aQd

chaOOeQgeV Whe iQheUeQW PaOe VXSUePaciVW aVVXPSWiRQ Rf KhRObeUg¶V VWage WheRU\ aQd ZiWh iW Whe dXaOiVP

beWZeeQ VRciaO aQd UaWiRQaO aQd iWV aVVRciaWiRQ ZiWh ZRPeQ aQd PeQ. ThRXgh GiOOigaQ¶V cUiWiTXe Pa\ be

VeeQ, RQ VRPe OeYeO, aV NeeSiQg Whe dXaOiVP iQWacW ZhiOe VeeNiQg WR deQ\ iWV cRUUeVSRQdeQce WR aQ

eYaOXaWiYe dXaOiVP (UaWiRQaOiVW XQdeUVWaQdiQgV Rf PRUaOiW\ aUe ³PRUe deYeORSed´ WhaQ VRciaO RQeV),

LRQgiQR iQ heU 2002 bRRN The FaWe of KnoZledge heZed cORVeU WR Whe WhiUd ZaYe Rf fePiQiVW cUiWiTXe Rf Whe

dXaOiVPV iQ VeeNiQg WR diVVROYe Whe biQaU\ beWZeeQ UaWiRQaO aQd VRciaO b\ aUWicXOaWiQg a VRciaO accRXQW Rf

VcieQWific UaWiRQaOiW\. The VRciaO accRXQW Rf UaWiRQaOiW\ Vhe deYeORSV PRUe WhRURXghO\ iQ FaWe iV QaVceQW iQ

heU ZRUN RQ Whe WheRUeWicaO YaOXeV Zhich Vhe chaUacWeUi]eV aV bRWh eSiVWePic aQd, RQce cRQWe[WXaOi]ed,

VRciaO (LRQgiQR 1996).

ThXV WhiV fiUVW cUiWiTXe iQViVWV WhaW caOOiQg Whe WheRUeWicaO YaOXeV eSiVWePic RU UaWiRQaO dReV QRW SUecOXde

WhiQNiQg Rf WheP aV aOVR VRciaO. The VecRQd cUiWiTXe UecRgQi]eV WhaW fRU KXhQ Whe WheRUeWicaO YaOXeV ZeUe

aOZa\V PeaQW WR be VRciaO iQ a ceUWaiQ VeQVe (WhaW KXhQ didQ¶W bacNWUacN aOO Whe Za\ WR aQ iQdiYidXaO

accRXQW Rf VcieQWific iQfeUeQce), bXW WhaW WhiV VeQVe Rf Whe VRciaO ZaV QaUURZ aQd cRQVeUYaWiYe, aQd

iQWeQded WR bORcN Whe cOaiP WhaW VcieQce iV SROiWicaO RU VRciaO iQ a bURad VeQVe. TR beWWeU XQdeUVWaQd WhiV

cUiWiTXe iW ZiOO be QeceVVaU\ WR XQdeUVWaQd Whe cRQceSW Rf Whe VRciaO aV iQWeUPediaWe beWZeeQ Whe SeUVRQaO

aQd Whe SROiWicaO.

ThaW Whe dichRWRP\ beWZeeQ Whe SeUVRQaO aQd Whe SROiWicaO (aQd iWV UeMecWiRQ b\ fePiQiVW WheRUiVWV) iQfRUPV

LRQgiQR¶V WheViV WhaW Whe WheRUeWicaO YaOXeV haYe a SROiWicaO YaOeQce caQ be VeeQ iQ heU 1995 SaSeU, iQ heU

diVcXVViRQ Rf Whe RQe YaOXe RQ Zhich LRQgiQR¶V OiVW agUeeV ZiWh Whe KXhQiaQ RUigiQaO - ePSiUicaO
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adeTXac\.6 LRQgiQR VeeNV WR diVWiQgXiVh a fePiQiVW QRWiRQ Rf ePSiUicaO adeTXac\ fURP Whe PaiQVWUeaP

YeUViRQ. The PaiQ diffeUeQce iV WhaW Whe fRUPeU Sa\V cORVeU aWWeQWiRQ WR conWe[WXali]ed YeUViRQV Rf

YaUiabOeV RU WR Whe cRQWe[W iQ Zhich PeaVXUePeQWV Rf TXaQWiWieV ZeUe Pade. LRQgiQR ZUiWeV, ³[W]he

decRQWe[WXaOi]aWiRQ Rf e[SeUiPeQWaO YaUiabOeV iV aQaORgRXV WR Whe Za\ iQ Zhich acWiYiW\ iQ Whe SXbOic

dRPaiQ Rf PRdeUQ iQdXVWUiaO VRcieWieV iV aQaO\WicaOO\ deWached fURP Whe PaWeUiaO cRQdiWiRQV Rf iWV SRVVibiOiW\

iQ Whe SUiYaWe dRPaiQ´ (LRQgiQR, S.395). A cRQWe[WXaO YeUViRQ Rf ePSiUicaO adeTXac\ ZRXOd b\ aQaORg\

UeMecW Whe aQaO\Wic deWachPeQW Rf e[SeUiPeQWaO YaUiabOeV aQd cRQWe[W aORQg ZiWh Whe deWachPeQW Rf

SeUVRQaO aQd SROiWicaO. IQ Whe fiQaO VecWiRQ I VeeN WR PaNe Whe cRQQecWiRQ beWZeeQ Whe SeUVRQaO-SROiWicaO

dichRWRP\ aQd Whe YaUiabOe-cRQWe[W dichRWRP\ (heUe biOOed aV MXVW aQ aQaORg\) cOeaUeU.

BecaXVe Whe WUichRWRP\ beWZeeQ Whe SeUVRQaO, Whe VRciaO aQd Whe SROiWicaO haV UeceiYed OeVV aWWeQWiRQ

ZiWhiQ Whe OiWeUaWXUe RQ Whe WheRUeWicaO YaOXeV, aQd becaXVe LRQgiQR¶V deVcUiSWiRQ Rf a cRQWe[WXaO YeUViRQ

Rf ePSiUicaO adeTXac\ dReV QRW iQcOXde Whe iQWeUPediaWe caWegRU\ Rf Whe VRciaO, I VSeQd Whe Qe[W VecWiRQ

SURYidiQg cRQWe[W fRU XQdeUVWaQdiQg iWV UeOeYaQce. I ZiOO deaO ZiWh a WUiSaUWiWe VchePa iQYROYiQg Whe

SeUVRQaO, Whe SROiWicaO aQd Whe VRciaO aV deYeORSed iQ Whe cRQWe[W Rf Whe VRciaO PRYePeQWV Rf Whe 50¶V, 60¶V

aQd 70¶V aQd ZheUe Whe cRQceSW Rf Whe VRciaO iV QRW ideQWicaO WR Whe VeQVe RfWeQ MX[WaSRVed ZiWh Whe

UaWiRQaO aV iQ fRU iQVWaQce Whe GiOOigaQ/KhRObeUg debaWe (Whe VRciaO aV UeOaWiRQaO) RU iQ LRQgiQR¶V FaWe (Whe

VRciaO aV iQWeUacWiRQaO) WhRXgh Whe\ aUe UeOaWed iQ Za\V I hRSe ZiOO becRPe cOeaUeU. I e[SaQd Whe VchePa

becaXVe iW iV eVVeQWiaO WR XQdeUVWaQdiQg RWheU VRciaO cUiWiTXeV Rf VcieQce aQd WR XQdeUVWaQdiQg a VSecific

cUiWiTXe Rf KXhQ ZhR Pa\ be Vaid WR UecRgQi]e ceUWaiQ iQheUeQWO\ VRciaO aVSecWV Rf VcieQce ZhiOe deQ\iQg

WhaW iW iV a SROiWicaO RU bURadO\ VRciaO acWiYiW\.

TKH PHUVRQaO, WKH SRcLaO aQG WKH PROLWLcaO

6 The diVWiQcWiRQ iV WUeaWed iQ PaQ\ cRQWe[WV aV V\QRQ\PRXV ZiWh Whe diVWiQcWiRQ beWZeeQ Whe SUiYaWe aQd Whe SXbOic.  The
aVVRciaWiRQ ZiWh Whe geQdeU biQaU\ iV caSWXUed b\ JeaQ EOVhWaiQ¶V WiWOe PXblic Man/PriYaWe Woman (1981) (Vee Sa[RQhRXVe 2015 fRU
a cRQWe[WXaOi]aWiRQ).
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The VORgaQ ³Whe SeUVRQaO iV SROiWicaO´ ZaV SRSXOaUi]ed b\ CaUROe HaQiVch (1969)7 iQ a Siece Rf Whe VaPe

QaPe ZUiWWeQ abRXW cRQVciRXVQeVV UaiViQg ciUcOeV ZiWhiQ Whe fePiQiVW PRYePeQW (fRU fXUWheU acWiYiVW

diVcXVViRQ Vee SaUachiOd 1973). IQ cRQVciRXVQeVV UaiViQg PeeWiQgV SaUWiciSaQWV (W\SicaOO\ MXVW ZRPeQ)

ZRXOd fRcXV RQ TXeVWiRQV SRVed WR Whe gURXS b\ SaUWiciSaQWV (HaQiVch¶V e[aPSOeV: ³Which dR/did \RX

SUefeU, a giUO RU a bR\ bab\ RU QR chiOdUeQ, aQd Zh\? WhaW haSSeQV WR \RXU UeOaWiRQVhiS if \RXU PaQ PaNeV

PRUe PRQe\ WhaQ \RX? LeVV WhaQ \RX?´ (HaQiVch, S.3)). Each SaUWiciSaQW WaNeV a WXUQ aQVZeUiQg, gRiQg

aURXQd iQ a ciUcOe, aQd WheQ aW Whe eQd SaUWiciSaQWV aWWePSW WR VXPPaUi]e RU geQeUaOi]e abRXW ZhaW haV

beeQ Vaid. SRPeWiPeV WheVe PeeWiQgV Oed WR SROiWicaO acWiRQV VXch aV SURWeVWiQg aW a MiVV APeUica

SageaQW. IQ Whe aUWicOe HaQiVch VRXghW WR aQVZeU cUiWicV ZhR OabeOed WheVe VeVViRQV aV Wherap\ ZheUe WhiV

cRQQRWed a VSecificaOO\ SeUVRQaO SUacWice UegaUdiQg SeUVRQaO iVVXeV. FURP Whe SeUVSecWiYe Rf WhiV

(SaWUiaUchaO) cUiWiTXe, cRQVciRXVQeVV UaiViQg ciUcOeV ZeUe SeUVRQaO bRWh becaXVe Whe iVVXeV diVcXVVed

RfWeQ iQYROYed Whe faPiO\ aQd Whe dRPeVWic VSheUe a SaUadigPaWic SeUVRQaO RU SUiYaWe cRQWe[W (MacKiQQRQ

1982), bXW aOVR becaXVe aQ\ diVaffecWiRQ RU cUiWiciVP Rf d\QaPicV aUiViQg ZiWhiQ WheVe cRQWe[WV ZeUe VeeQ

aV Whe UeVSRQVibiOiW\ Rf iQdiYidXaO ZRPeQ WR deaO ZiWh WhURXgh Wherap\. HaQiVch iQViVWV RQ Whe RWheU haQd

WhaW cRQVciRXVQeVV UaiViQg VeVViRQV aUe bRWh WheUaS\ and SROiWicV, deQ\iQg aQ\ eaV\ diVWiQcWiRQ beWZeeQ

ZhaW iV SeUVRQaO aQd ZhaW SROiWicaO. DeQ\iQg Whe diVWiQcWiRQ, HaQiVch VRXghW WR PaNe ZRPeQ¶V iVVXeV a

SaUW Rf Whe SROiWicaO debaWe, aWWePSWiQg WR RYeUcRPe SUeVVXUeV WRZaUd iVROaWiRQ.

HaQiVch aQd RWheU fePiQiVWV fRXQd iQVSiUaWiRQ aQd SUecedeQW fRU Whe SUacWice Rf cRQVciRXVQeVV UaiViQg

ciUcOeV fURP BOacN acWiYiVW gURXSV iQ Whe ciYiO UighW¶V PRYePeQW (HaQiVch, S.4) (VRPe SUacWiceV aQd

WUaiQiQgV UXQ b\ SNCC Pa\ haYe beeQ eVSeciaOO\ iQfOXeQWiaO). IQ MaUWiQ LXWheU KiQg JU.¶V 1967 VSeech WR

Whe APeUicaQ PV\chRORgicaO AVVRciaWiRQ (APA) he VRXghW WR addUeVV a ViPiOaU cUiWiTXe WR Whe RQe

addUeVVed b\ HaQiVch. KiQg WaUgeWed Whe cRQceSW Rf ³PaOadMXVWPeQW´ aV a faYRUiWe e[SOaQaWiRQ Rf

SV\chRORgiVWV aQd VRciRORgiVWV fRU BOacN XQUeVW iQ Whe 1960¶V US. KiQg ZURWe WhaW, ³«WheUe aUe VRPe

WhiQgV« WR Zhich Ze VhRXOd QeYeU be adMXVWed« We PXVW QeYeU adMXVW RXUVeOYeV WR UaciaO diVcUiPiQaWiRQ

aQd UaciaO VegUegaWiRQ«WR UeOigiRXV bigRWU\«WR ecRQRPic cRQdiWiRQV WhaW WaNe QeceVViWieV fURP Whe PaQ\

WR giYe OX[XUieV WR Whe feZ« WR Whe PadQeVV Rf PiOiWaUiVP aQd Whe VeOf-defeaWiQg effecWV Rf Sh\VicaO

7 I aP gUaWefXO WR A.Y. Odede\i fRU RUigiQaOO\ VXggeVWiQg WhiV Siece fRU WhiQNiQg abRXW Whe UROe Rf SROiWicaO YaOXeV iQ VcieQce.
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YiROeQce´ (KiQg 1967). The cRQceSW Rf PaOadMXVWPeQW iPSOieV WhaW Whe UeVSRQVibiOiW\ fRU XQUeVW OieV SUiPaUiO\

ZiWh iQdiYidXaOV fURP Whe bOacN cRPPXQiW\ aQd b\ e[WeQViRQ Whe bOacN cRPPXQiW\ iWVeOf. IW iPSOieV WhaW Whe

SURbOePV bOacN cRPPXQiWieV addUeVVed iQ Whe 60¶V ZeUe SURSeUO\ ³SeUVRQaO´ RU ³VRciaO´ (iQ a VeQVe WhaW

e[cOXdeV Whe SROiWicaO aQd ZiOO becRPe cOeaUeU VhRUWO\) UaWheU WhaQ SROiWicaO. A ViPiOaU VXbWe[W e[iVWed iQ Whe

iQViVWeQce RQ caOOiQg Whe XSUiViQgV iQ BOacN cRPPXQiWieV ³UebeOOiRQV´ iQVWead Rf ³UiRWV.´ The OaWWeU WeUP

SRUWUa\V WheVe eYeQWV aV ³deYRid Rf aQ\ SROiWicaO PRWiYaWiRQ RU cRQWeQW´ (HiQWRQ 2021, S.3).

TR geW a cOeaUeU gUaVS RQ Whe SRViWiRQ WhaW bRWh HaQiVch aQd KiQg cUiWici]e iW ZiOO be heOSfXO WR ORRN aW a

PRUe SUiQciSOed deYeORSPeQW Rf Whe caWegRU\ VchePe WhaW VeSaUaWeV Whe SeUVRQaO, Whe VRciaO aQd Whe

SROiWicaO. AV VRPeRQe ZhR ZURWe bRWh ShiORVRShicaO PaQXVcUiSWV aQd cRQWUibXWed aV a SXbOic iQWeOOecWXaO

WR Whe SRSXOaU debaWe RYeU WheVe cRQceSWV, HaQQah AUeQdW iV ZeOO SRViWiRQed WR SURYide a gXidiQg accRXQW

Rf WhiV VchePa. IQ 1959, AUeQdW SXbOiVhed ReflecWionV on LiWWle Rock (RLR) iQ DiVVenW, a SRSXOaU SROiWicaO

MRXUQaO, ZheUe Vhe WRRN Whe cRQWURYeUViaO SRViWiRQ cUiWiTXiQg Whe EiVeQhRZeU AdPiQiVWUaWiRQ¶V deciViRQ WR

VeQd Whe fedeUaO gXaUd WR AUNaQVaV WR eVcRUW VWXdeQWV WR Whe QeZO\ deVegUegaWed LiWWOe RRcN CeQWUaO High

SchRRO RYeU Whe SURWeVWaWiRQV Rf AUNaQVaV¶ gRYeUQRU aQd ZhiWe ciWi]eQV. AUeQdW cUiWici]ed Whe deciViRQ RQ

Whe gURXQdV WhaW Whe VchRROV ZeUe a SaUW Rf Whe VRciaO VSheUe aQd aV VXch VhRXOd be NeSW VeSaUaWe fURP

SROiWicaO iQWeUfeUeQce. TR aUWicXOaWe heU WheRUeWicaO fUaPeZRUN diYidiQg Whe SeUVRQaO, VRciaO aQd SROiWicaO

VSheUeV I ZiOO dUaZ fURP heU SUiRU ShiORVRShicaO ZRUNV The HXman CondiWion (HC), The OriginV of

ToWaliWarianiVm (OT 1951), aQd On ReYolXWion (OR 1963) aV ZeOO aV aQRWheU SRSXOaU aUWicOe The CriViV in

EdXcaWion (CE 1954). The aQaO\ViV Rf AUeQdW¶V fUaPeZRUN WhaW fROORZV iV gXided b\ KaWhU\Q GiQeV¶V ZRUN

Zhich WaNeV a cUiWicaO ORRN aW AUeQdW¶V aQaO\VeV Rf BOacN SROiWicaO VWUXggOe iQ Whe APeUicaV (Vee heU 2014

bRRN fRU a PRUe e[WeQViYe WUeaWPeQW). The aiP heUe iV QRW VR PXch WR giYe aQ e[WeQViYe WUeaWPeQW Rf

AUeQdW aV WR SRiQW WRZaUd Whe aVSecWV Rf heU YieZ WhaW fiQd a UeVRQaQce ZiWhiQ Whe SRSXOaU debaWe,

VXbVeTXeQW ShiORVRShicaO aQaO\VeV aQd SROiWicaO cRQVWiWXWiRQV. IQ SaUWicXOaU, fRU AUeQdW, Whe VRciaO VSheUe

iV Whe ecRQRPic VSheUe aQd Whe VSheUe Rf fUeedRP Rf aVVRciaWiRQ. AQd aV Ze ZiOO Vee, iQ OibeUaO VRcieWieV,

heU YieZ iV WhaW WheVe WZR VeQVeV RYeUOaS.
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FRU AUeQdW Whe SUiYaWe VSheUe iV URXghO\ WhaW Rf Whe hRPe, Whe VRciaO VSheUe WhaW Rf Whe ecRQRP\ aQd Whe

SROiWicaO VSheUe WhaW Rf gRYeUQPeQW iQVWiWXWiRQV. IQ aQcieQW VRcieWieV (AUeQdW¶V PaiQ fRcXV iQ The HXman

CondiWion iV RQ GUeeN VRcieW\), Whe hRPe aQd ecRQRPic VSheUeV ZeUe iQdiVWiQgXiVhabOe - Whe hRXVehROd

aQd faPiO\, iQ aQ e[WeQded VeQVe iQcOXdiQg QRW MXVW heUediWaU\ UeOaWiRQV bXW aOVR VeUYaQWV aQd VOaYeV,

SURYided Whe PaWeUiaO QeceVViWieV Rf Oife (aQRWheU chaUacWeUi]aWiRQ Rf Whe SUiYaWe VSheUe iQ aQcieQW VRcieW\

iV WhaW iW iV Whe dRPaiQ Rf QeceVViW\ RU Rf PaiQWaiQiQg hXPaQ Oife (AUeQdW HC, S.12, S.35) iQ cRQWUaVW WR Whe

SROiWicaO VSheUe Zhich iV Whe VSheUe Rf fUeedRP fURP QeceVViW\, acWiRQ aQd VSeech (AUeQdW HC, S.12,

S.25)). IQ facW, AUeQdW cRXQWV RQO\ Whe WZR VSheUeV, Whe SUiYaWe aQd Whe SROiWicaO, aV haYiQg e[iVWed. The

ePeUgeQce Rf Whe VRciaO UeaOP cRiQcided URXghO\ ZiWh Whe diYiViRQ Rf OabRU WhaW SUedaWed Whe iQdXVWUiaO

UeYROXWiRQ aQd Whe UiVe Rf PRdeUQ VRcieWieV ZheUe iQdiYidXaOV Qeeded WR OeaYe Whe hRPe iQ RUdeU WR VecXUe

a Zage aQd WhURXgh iW Whe PaWeUiaO QeceVViWieV Rf OiYiQg. ThiV ecRQRPic VSheUe iQ Zhich SeRSOe WaNe caUe

Rf WheiU QeedV b\ SeUfRUPiQg a MRb cRQVWiWXWeV Whe h\bUid SXbOic-SUiYaWe VSheUe AUeQdW caOOV Whe Vocial RU

VRcieW\. IQ VRcieW\ ³«SUiYaWe iQWeUeVWV aVVXPe SXbOic VigQificaQce«´ (HC, S. 35). The UiVe Rf VRcieW\

cRUUeVSRQdV WR ³«Whe UiVe Rf Whe ³hRXVehROd´ (RiNia) RU Rf ecRQRPic acWiYiWieV WR Whe SXbOic UeaOP«[ZheUe

Whe\] becRPe a ³cROOecWiYe´ cRQceUQ´ (HC, S.33). FRU AUeQdW WhiV cROOecWiYe cRQceUQ becaPe SROiWicaO

e[SOiciWO\ iQ Whe FUeQch ReYROXWiRQ Zhich VRXghW WR addUeVV Whe VRciaO SURbOeP Rf SRYeUW\ WhRXgh iW

aSSeaUed eaUOieU iQ Whe YeU\ QRWiRQ Rf a ³QaWiRQ.´ IW ZaV aUWicXOaWed WheRUeWicaOO\ b\ Whe ³SROiWicaO

ecRQRPiVWV´ fiUVW iPSOiciWO\ b\ SPiWh, WheQ e[SOiciWO\ b\ MaU[ (S.33). AUeQdW QRWeV WhaW fRU Whe GUeeNV, Whe

QRWiRQ Rf ³SROiWicaO ecRQRP\´ ZRXOd haYe beeQ a cRQWUadicWiRQ iQ WeUPV cRPbiQiQg QRWiRQV Rf poliV aQd

oikia WhaW ZeUe XQdeUVWRRd aV PXWXaOO\ e[cOXViYe (HC, S.29).

ThRXgh Whe WhUee VSheUeV haYe PeOded WRgeWheU hiVWRUicaOO\, AUeQdW iQ SOaceV VeePV WR UegUeW WhiV facW

(GiQeV QRWeV a ViPiOaU WhePe iQ AUeQdW¶V deadSaQ aQaO\VeV Rf RSSUeVViRQ aQd cRORQi]aWiRQ iQ heU CH 6),

aQd VWiOO WhiQNV Whe\ cRQVWiWXWe VeSaUabOe dRPaiQV WhaW RXghW WR be NeSW fUee Rf iQWeUfeUeQce ZiWh each

RWheU. The dRPaiQV aUe VeSaUabOe iQ SaUW becaXVe each haV a XQiTXe gRYeUQiQg SUiQciSOe: fRU Whe SROiWicaO

VSheUe Whe gRYeUQiQg SUiQciSOe iV eTXaOiW\ (eTXaO fUaQchiVe, SXbOic RfficeV aUe eTXaOO\ RSeQ WR aOO), Whe

gXidiQg SUiQciSOe Rf Whe VRciaO VSheUe iV diVcriminaWion aQd WhaW Rf Whe SUiYaWe VSheUe iV e[clXVion (RLR,

SS.51-52). ThXV, fRU iQVWaQce ZhiOe ZhaWeYeU ciWi]eQV haYe iQ Whe SROiWicaO UeaOP (e.g. Whe UighW WR YRWe, WR
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VSeaN SXbOicO\, eWc.) each PXVW haYe eTXaOO\, iQ Whe VRciaO UeaOP iQdiYidXaOV RXghW WR be abOe WR fUeeO\

chRRVe ZhR Whe\ VhaUe WheiU WiPe aQd UeVRXUceV ZiWh diVcUiPiQaWiQg beWZeeQ iQdiYidXaOV (AUeQdW XVeV Whe

e[aPSOe Rf decidiQg ZhR WR YacaWiRQ ZiWh RLR S.52) aQd OeadiQg WR QRQ-eTXaO RXWcRPeV (eYeU\RQe iV QRW

eTXaOO\ eQWiWOed WR YacaWiRQ ZiWh AUeQdW). AUeQdW QRWeV WhaW fRU Whe RRPaQV VocieWaV RUigiQaOO\ had a

³OiPiWed SROiWicaO PeaQiQg; iW iQdicaWed aQ aOOiaQce beWZeeQ SeRSOe fRU a VSecified SXUSRVe´ (HC S.23). IQ

WhiV VeQVe Whe SaUadigPaWic VRciaO RUgaQi]aWiRQV Pa\ be iQWeUeVW gURXSV ZhRVe PePbeUVhiS iV

deWeUPiQed b\ Whe SUeVeQce Rf VhaUed aiPV aQd YaOXeV.

Each Rf WheVe VSheUeV PXVW be aOORZed WR RSeUaWe b\ WheiU gRYeUQiQg SUiQciSOeV, iQ RUdeU WR eQVXUe VWabOe

SROiWicaO iQVWiWXWiRQV (OR, S.92), a UecRgQi]abOe fRUP Rf VRcieW\ ZiWh Whe SRVVibiOiW\ Rf gURXS fRUPaWiRQ aQd

fUee aVVRciaWiRQ (RLR S.51) aQd a dRPaiQ Rf iQWiPac\ aQd beORQgiQg iQ Whe hRPe (OR S.96, HC S.70).

AccRUdiQg WR AUeQdW UeYROXWiRQaU\ SROiWicaO aWWePSWV WR addUeVV SURbOePV iQ Whe VRciaO VSheUe VXch aV

SRYeUW\ - Vhe ciWeV Whe FUeQch aQd RXVViaQ UeYROXWiRQV - iQeYiWabO\ Oead WR WeUURU (WeUURU becRPeV

iQVWiWXWiRQaOi]ed iQ WRWaOiWaUiaQiVP) aQd Whe faiOXUe Rf Whe UeYROXWiRQ WR eVWabOiVh VWabOe SROiWicaO iQVWiWXWiRQV

(Vee OR, S.112). SXcceVVfXO UeYROXWiRQV (Vhe ciWeV Whe APeUicaQ UeYROXWiRQ) haYe VWXcN WR eQVXUiQg a biOO

Rf UighWV WhaW iV cRQceUQed SUiPaUiO\ ZiWh eQVXUiQg fUeedRP fURP SROiWicaO iQWeUfeUeQce (OR, S.108) RU

VR-caOOed ³QegaWiYe´ fUeedRPV ZiWhiQ QRQ-SROiWicaO VSheUeV. WiWhiQ Whe US BiOO Rf RighWV, Ze fiQd UighWV

cRUUeVSRQdiQg WR Whe SURWecWiRQ Rf AUeQdW¶V SUiYaWe aQd VRciaO VSheUeV aQd WheiU gRYeUQiQg SUiQciSOeV. FRU

iQVWaQce Whe UighW WR e[clXde OaZ eQfRUcePeQW e[ceSW XQdeU YeU\ VSecific cRQdiWiRQV (e.g. haYiQg a

ZaUUaQW) fURP RQe¶V hRPe cRdifieV RQe fUeedRP Rf Whe SUiYaWe VSheUe - aQ e[clXViYe UighW WR Whe XVe Rf

SUiYaWe SURSeUW\. FUeedRP Rf aVVRciaWiRQ heOSV cRdif\ a fUeedRP Rf Whe VRciaO VSheUe - Whe UighW WR

diVcriminaWe iQ RQe¶V VRciaO UeOaWiRQV chRRViQg WR aVVRciaWe ZiWh VRPe iQdiYidXaOV bXW QRW RWheUV.8

AUeQdW¶V cUiWiTXe Rf fedeUaO iQWeUfeUeQce iQ LiWWOe RRcN iV WhaW ZhiOe Whe cRXUWV ZeUe iQ Whe UighW WR abROiVh aOO

OegaOO\- RU SROiWicaOO\-VaQcWiRQed diVcUiPiQaWiRQ (e.g. JiP CURZ LaZV, Whe BOacN CRdeV), Whe SUiQciSOe XSRQ

Zhich Whe\ had dRQe VR ZaV Whe VRYeUeigQW\ Rf Whe VRciaO VSheUe aQd Whe Qeed ZiWhiQ OibeUaOiVP WR SURWecW

8 WhiOe VRPe aVSecWV Rf AUeQdW¶V diVWiQcWiRQV aUe XQiTXe WR heU aQaO\ViV, PaQ\ fiQd UeVRQaQce ZiWhiQ OibeUaO SROiWicaO WheRU\.  See fRU
iQVWaQce Whe PRdeUQ iPPigUaWiRQ debaWe iQ Zhich WeOOPaQ (2008) aUgXeV ciWi]eQV Pa\ haYe a UighW WR e[cOXde fRUeigQeUV fURP
iPPigUaWiQg RQ Whe baViV Rf fUeedRP Rf aVVRciaWiRQ.  See aOVR BOaNe¶V (2012) UeVSRQVe.
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iW fURP VWaWe iQWeUfeUeQce. AUeQdW cRXQWV aWWeQdiQg Whe VchRRO Rf RQe¶V chRice - OiNe aQd UeOaWed WR Whe

deciViRQ Rf ZhaW cRPPXQiW\ WR OiYe iQ - aV a fUeedRP Rf Whe VRciaO VSheUe aQd Whe VchRROV aV a VRciaO

iQVWiWXWiRQ. ThiV cOaiP iV cRPSOicaWed b\ Whe facW WhaW, aV Vhe UecRgQi]eV, edXcaWiRQaO iQVWiWXWiRQV SeUfRUP

Whe SROiWicaO UROe Rf edXcaWiQg fXWXUe ciWi]eQV (OR S.73). IW iV aQ iQVWiWXWiRQ WhaW VeeNV WR faciOiWaWe Whe

WUaQViWiRQ beWZeeQ Whe SUiYaWe aQd Whe SXbOic ZRUOd iQ chiOdUeQ¶V deYeORSPeQW aQd aWWeQdaQce iV UeTXiUed

b\ Whe VWaWe (CE S.9). SWiOO edXcaWiRQ iV aOVR SUiPaUiO\ (aQd RUigiQaOO\) aQ e[WeQViRQ Rf SaUeQWiQg, a SUiYaWe

VSheUe acWiYiW\. PaUeQWV chRRVe WR bUiQg chiOdUeQ iQWR Whe ZRUOd, hRZ WR UaiVe WheP aQd Zhich VRciaO ZRUOd

Whe\ ZiOO eQcRXQWeU (CE, S.8). IQ PaQ\ Za\V edXcaWiRQ iV aOVR cRQceUQed ZiWh VRciaO adYaQcePeQW, VRciaO

VWaWXV aQd Whe deYeORSPeQW Rf VNiOOV (OR S.73). AQd WheUe iV a Za\ iQ Zhich Whe idea Rf edXcaWiRQ iV

iQiPicaO WR Whe SROiWicaO VSheUe ZheUe Whe idea WhaW VRPe adXOWV Qeed WR be edXcaWed (SUeVXPabO\ b\ RWheU

adXOWV) ZRXOd XQdeUPiQe Whe QRWiRQ WhaW iQ SROiWicV aOO adXOWV eQcRXQWeU RQe aQRWheU aV eTXaOV (CE, S.3).

TR VXPPaUi]e WheQ: fRU AUeQdW, Whe VchRROV aUe a VRciaO iQVWiWXWiRQ. SRciaO iQVWiWXWiRQV RXghW WR be

gRYeUQed b\ Whe SUiQciSOe Rf fUee chRice (iQ WhiV caVe Rf SaUeQWV). AQd WheVe fUee chRiceV RXghW WR be

SURWecWed fURP SROiWicaO iQWeUfeUeQce. ASSO\iQg WhiV aUgXPeQW WR Whe EiVeQhRZeU adPiQiVWUaWiRQ¶V

iQWeUYeQWiRQ PeaQW WhaW Whe fedeUaO gRYeUQPeQW ZaV ZURQg aV ZeOO WR eQfRUce inWegraWion ZiWhiQ a VRciaO

iQVWiWXWiRQ b\ SROiWicaO PeaQV.

WiWh Whe WhUee VSheUeV iQ cOeaUeU YieZ, Ze caQ WXUQ WR VRPe ShiORVRShicaO aWWePSWV WR aUWicXOaWe Whe

RbMecWiRQV QaVceQW iQ HaQiVch aQd KiQg¶V cUiWiTXeV. OQe OiQe Rf RbMecWiRQ QRWeV a QeceVVaU\ UeOaWiRQ

beWZeeQ Whe VXbMXgaWiRQ Rf VRPe ZiWhiQ Whe SUiYaWe (RU VRciaO) VSheUe aQd WheiU QRQ-eTXaOiW\ iQ Whe SROiWicaO

VSheUe. BeUQaVcRQi (1996) cUiWici]eV AUeQdW fRU e[WROOiQg aQcieQW VRcieW\ aQd a caWegRU\ VchePe WhaW fiQdV

iWV SUiPaU\ aSSOicaWiRQ iQ a ciYic RUdeU WhaW UeOied XSRQ Whe XQMXVW iQVWiWXWiRQV Rf VOaYeU\ aQd ZRPeQ¶V

e[cOXViRQ fURP Whe SROiWicaO VSheUe. AUeQdW fXOO\ UecRgQi]eV Whe UeOiaQce XSRQ ZRPeQ, chiOdUeQ aQd VOaYeV

iQ GUeeN VRcieW\ fRU cUeaWiQg Whe cRQdiWiRQ Rf fUeedRP UeTXiUed fRU SURSeUWied, PaOe ciWi]eQV WR SaUWiciSaWe

iQ SROiWicV aUgXiQg WhaW WR Whe GUeeNV VXSSUeVViRQ Rf VRPe WR achieYe WhiV fUeedRP ZRXOd haYe VeePed

fXOO\ MXVWified (HC S.31). CaUROe PaWePaQ (1988) PaNeV a ViPiOaU cUiWiTXe Rf OibeUaO WheRU\ ZheQ Vhe

aUgXeV WhaW ZRPeQ¶V dRPeVWic OabRU SURYideV Whe cRQdiWiRQV fRU PeQ WR eQMR\ OibeUaO SROiWicaO fUeedRPV iQ
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PRdeUQ VRcieWieV. ChaUOeV MiOOV e[WeQdV WhiV OiQe Rf WhRXghW iQ The Racial ConWracW (1997) b\ QRWiQg hRZ

Whe US VRciaO cRQWUacW - Whe CRQVWiWXWiRQ - e[SOiciWO\ Pade Whe e[cOXViRQ aQd VXbMXgaWiRQ Rf AfUicaQ

APeUicaQV a baViV fRU Whe fUeedRP Rf SURSeUWied ZhiWeV fURP cRdificaWiRQV Rf VOaYeU\ (Whe fXgiWiYe VOaYe

acW) WR aWWUibXWiRQV Rf SaUWiaO SeUVRQhRRd (Whe WhUee fifWhV cOaXVe). ThiV OiQe Rf WhRXghW heOSV WR aUWicXOaWe

SaUW Rf Whe HaQiVch/KiQg cUiWiTXe - SeUVRQaO RU VRciaO iVVXeV ZheUe Whe\ iQhibiW cRPSUeheQViYe aSSOicaWiRQ

Rf Whe gXidiQg SUiQciSOe Rf Whe SROiWicaO UeaOP, eTXaOiW\, aUe aQ aSSURSUiaWe WaUgeW Rf SROiWicaO cUiWiTXe. CaOO

WhiV Whe SRViWiYe cUiWiTXe iQ WhaW iW aWWePSWV WR VhRZ hRZ ZRPeQ¶V VXbMXgaWiRQ ZiWhiQ Whe SUiYaWe VSheUe RU

AfUicaQ APeUicaQV¶ VXbMXgaWiRQ ZiWhiQ Whe VRciaO VSheUe (WhaW iV WheiU iQeTXaOiW\ aQd XQfUeedRP) aUe UeOaWed

WR aQd fRUP Whe SUecRQdiWiRQV fRU VR caOOed (bXW iQaXWheQWic) SROiWicaO ³eTXaOiW\´ aQd ³fUeedRP´ Rf RWheUV.

The RWheU SaUW Rf Whe cUiWiTXe iV QegaWiYe iQ WhaW iW aWWePSWV WR VhRZ hRZ aWWePSWV WR dUaZ Whe OiQe beWZeeQ

Whe SeUVRQaO, VRciaO aQd SROiWicaO aUe RfWeQ UegUeVViYe iQ UeiQVcUibiQg SaWUiaUchaO aQd ZhiWe VXSUePiVW

hieUaUch\ ZiWhiQ WheiU cRQWe[WV Rf SRZeU. IQ cOaiPiQg WhaW Whe iVVXeV ZRPeQ diVcXVVed iQ cRQVciRXVQeVV

UaiViQg ciUcOeV ZeUe SURSeUO\ SUiYaWe, Whe UegUeVViYe cUiWiTXe aW RQce PaNeV Whe iVVXe Whe UeVSRQVibiOiW\ Rf

Whe iQdiYidXaO ZRPaQ aORQe, ZhiOe ViPXOWaQeRXVO\ UeOegaWiQg Whe iVVXe WR a cRQWe[W iQ Zhich SaWUiaUchaO

UeOaWiRQV Rf dRPiQaWiRQ Pa\ cRQWiQXe WR RSeUaWe XQiPSeded b\ e[WeUQaO cUiWiTXe. MacKiQQRQ 1983 PaNeV

Whe UeVRQaQW SRiQW WhaW SROiWicaO UeOaWiRQV Rf dRPiQaWiRQ - fRU iQVWaQce WhRVe cRdif\iQg UaSe OaZ aQd iWV

deWeUPiQaWiRQ b\ Whe PaOe OegiVOaWRUV aQd MXdgeV - PiUURU aQd UeiQfRUce SUiYaWe UeOaWiRQV Rf dRPiQaWiRQ,

aUgXiQg, iQ a VWeS be\RQd PaWePaQ WhaW Whe OibeUaO VWaWe iV iQheUeQWO\ SaWUiaUchaO, aQd WhaW Whe WUadiWiRQaO

faPiO\ cRQVWiWXWeV a ciWe Rf SROiWicaO SRZeU UeOaWiRQV (Sa[RQhRXVe 2015). IQ a OegaO cRQWe[W ZheUe Whe WZR

VSheUeV aUe PXWXaOO\ VXSSRUWiYe, RQe caQ e[SecW a defeQVe Rf PaOe cRQWURO iQ Whe SUiYaWe VSheUe agaiQVW

iWV OegaO chaOOeQge. GiQeV (2014) QRWeV hRZ AUeQdW¶V cUiWiTXe RYeUORRNV hRZ VRciaO iQVWiWXWiRQV OiNe Whe

VchRROV, bXW UeOaWedO\ ZRUNSOaceV aQd QeighbRUhRRdV, haYe beeQ VhaSed b\ bRWh de jXre aQd de facWo

SUacWiceV Rf ZhiWe VXSUePac\. AUeQdW faiOV WR Vee hRZ WhRURXghO\ Oife iQ Whe VegUegaWed SRXWh iV VhaSed b\

WheVe SUacWiceV aQd iPSOiciWO\ SURYideV cRYeU aQd VaQcWiRQ fRU WheP b\ UeiQVcUibiQg VegUegaWiRQ ZiWhiQ Whe

VRciaO VSheUe. ThRXgh AUeQdW aUgXeV fRU Whe abROiWiRQ Rf aOO de MXUe VegUegaWiRQ, Vhe dReV QRW UecRgQi]e

Whe Za\V iQ Zhich XQified SUacWiceV Rf VRciaO diVcUiPiQaWiRQ (fURP hRPeRZQeUV aVVRciaWiRQV ZiWhiQ
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QeighbRUhRRdV, SUacWiceV eQVXUiQg ePSOR\eU diVcUeWiRQ RYeU hiUiQg, adPiVViRQV deciViRQV aW XQiYeUViWieV)

cRXOd acW iQ WaQdeP WR XQdeUPiQe Whe abiOiW\ fRU bOacN ciWi]eQV WR UeaOi]e VRciaO aQd SROiWicaO eTXaOiW\.

AUeQdW¶V diVcXVViRQ aOVR VeePV WR igQRUe Whe facW WhaW fRU AfUicaQ APeUicaQV, Whe NeZ DeaO cRQVWiWXWed aQ

eUa Rf PaVViYe de jXre diVcUiPiQaWiRQ. The NeZ DeaO VaZ eQRUPRXV SROiWicaO iQYROYePeQW iQ VRciaO

VSheUeV Rf edXcaWiRQ (e.g. Whe GI biOO), hRXViQg (e.g. Whe fedeUaO ORaQV SURgUaP) aQd ePSOR\PeQW (e.g.

WhURXgh SXbOic ZRUNV SURMecWV). BXW WheVe SURgUaPV ZeUe QRWRUiRXVO\ diVcUiPiQaWRU\ (fRU iQVWaQce iQ

hRXViQg WhURXgh SUacWiceV Rf Ued OiQiQg Zhich deVigQaWed ceUWaiQ, W\SicaOO\, QRQ-ZhiWe QeighbRUhRRdV aV

e[cOXded fURP fedeUaO hRXViQg ORaQ aVViVWaQce - RRWhVWeiQ 2017). IQdeed, Whe UeaVRQ Zh\ Whe SROiWicaO

VORgaQ ³Whe VRciaO iV SROiWicaO´ QeYeU had Whe VaPe UeVRQaQce aV ³Whe SeUVRQaO iV SROiWicaO´ ZaV WhaW ZhiOe

Whe 1950¶V US NeSW a faiUO\ Wid\ diYiViRQ beWZeeQ faPiO\ aQd SROiWicaO Oife cRXQWOeVV ZhiWe APeUicaQV

UeceiYed VRPe fRUP Rf fedeUaO ecRQRPic aVViVWaQce dXUiQg WhiV eUa RU agUeed ZiWh WheVe SURgUaPV. FRU

WheVe gURXSV iW ZRXOd haYe VeePed RbYiRXV WhaW Whe VRciaO iV SROiWicaO (iQ Whe Qe[W chaSWeU I diVcXVV hRZ

Whe NeZ DeaO ZaV iQVSiUed b\ SXbOic ZRUNV SURgUaPV fROORZiQg Whe e[SOiciWO\ VRciaO RXVViaQ ReYROXWiRQ iQ

Whe SRYieW UQiRQ). The NeZ DeaO cRQVeQVXV fRUPed VXch aQ iQgUaiQed feaWXUe Rf Whe SROiWicaO OaQdVcaSe

WhaW iW ZaV a RepXblican SUeVideQW (EiVeQhRZeU) WhaW AUeQdW cUiWici]ed fRU e[ceVViYe fedeUaO iQWeUfeUeQce iQ

Whe VRciaO dRPaiQ. IW ZaV aOVR EiVeQhRZeU ZhR RYeUVaZ RQe Rf Whe OaUgeVW fedeUaO SXbOic ZRUNV SURgUaPV

Rf Whe OaVW ceQWXU\ iQ Whe cRQVWUXcWiRQ Rf Whe iQWeUVWaWe highZa\ V\VWeP - a facW e[SORiWed b\ OeadeUV Rf Whe

ciYiO UighWV PRYePeQW iQ WheiU RccXSaWiRQ Rf Whe VWUeeWV aV a SXbOic VSace (iQ Whe bURadeVW, i.e. fedeUaO

VeQVe). The abVeQce Rf aQ\ cUiWiTXe Rf WheVe SURgUaPV aV Whe\ aSSOied WR ZhiWe APeUicaQV iQ AUeQdW¶V

aQaO\ViV Rf Whe LiWWOe RRcN iQWeUYeQWiRQ cRQVWiWXWeV aQRWheU highO\ SURbOePaWic RYeUVighW.

HaYiQg Oaid RXW Whe WUiSaUWiWe VchePe beWZeeQ Whe SeUVRQaO, Whe VRciaO aQd Whe SROiWicaO, Ze aUe iQ a beWWeU

SRViWiRQ WR XQdeUVWaQd ZhaW chaOOeQgiQg Whe WUichRWRP\ (Whe aVVXPSWiRQ Rf WheiU cRQceSWXaO VeSaUaWiRQ)

eQWaiOV. EYeQ WhRXgh AUeQdW¶V caWegRUieV haYe becRPe WhRURXghO\ bOeQded hiVWRUicaOO\, aQd WheUe iV

VRPeWhiQg Rf a WaciW cRQVeQVXV RQ Whe OefW deQ\iQg Whe VRciaO/SROiWicaO dichRWRP\, Whe\ heOS XV WR Vee PRUe

Rf ZhaW iV eQWaiOed b\ deQ\iQg Whe diVWiQcWiRQV aQd SeUhaSV SOaceV ZheUe Whe cUiWiTXe haV QRW \eW beeQ

fROORZed WhURXgh WR iWV ORgicaO cRQcOXViRQ.
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CKaOOHQJLQJ FUHHGRP RI IQTXLU\ aV SRcLaO AVVRcLaWLRQ

IQ Whe OaVW WZR VecWiRQV Ze haYe VeeQ hRZ Whe caWegRU\ Rf ³Whe VRciaO´ iV PXOWi-faceWWed aQd aPbigXRXV. IQ

OiVWiQg Whe WheRUeWicaO YaOXeV aV a VRciaO feaWXUe Rf VcieQce, LRQgiQR UecRgQi]eV KXhQ¶V accRXQW aV VRciaO

iQ a ceUWaiQ VeQVe. YeW, iQ heU ideQWificaWiRQ Rf a VRciaO RU VRciR-SROiWicaO diPeQViRQ Rf Whe KXhQiaQ YaOXeV,

Vhe RffeUV a cUiWiTXe Rf KXhQ aV faiOiQg WR UecRgQi]e Whe YaOXeV aV VRciaO iQ aQRWheU VeQVe. AW WiPeV AUeQdW

XVeV Whe caWegRU\ Rf Whe VRciaO WR dePaUcaWe aQ acWiYiW\ aV VeSaUaWe fURP Whe SROiWicaO RU SXbOic VSheUe - aV

iQ heU SaSeU RQ fedeUaO iQYROYePeQW iQ LiWWOe RRcN. IQ RWheU cRQWe[WV Whe VRciaO QaPeV WhRVe aVSecWV Rf

SUiYaWe Oife WhaW haYe aOUead\ becRPe a VXbMecW Rf SXbOic RU SROiWicaO cRQceUQ. GRiQg fRUZaUd, I VXggeVW Ze

diVWiQgXiVh beWZeeQ a QaUURZ VeQVe Rf VRciaO Zhich iV aW hRPe iQ OibeUaO VRcieWieV aQd a bURad QRWiRQ Rf

VRciaO aV Whe cRQceSW figXUeV iQ VocialiVW SROiWicaO UegiPeV. The fRUPeU VeQVe WUeaWV aV VRciaO WhRVe

acWiYiWieV SURSeUO\ gRYeUQed b\ QRUPV Rf VRciaO aVVRciaWiRQV, Zhich I e[SaQd XSRQ iQ Whe Qe[W VecWiRQ bXW

Zhich iQYROYe fUee aVVRciaWiRQ aQd e[SecWaWiRQV Rf cRQfRUPiW\ cRQdiWiRQaO XSRQ PePbeUVhiS. The OaWWeU

VeQVe WUeaWV aV VRciaO WhRVe acWiYiWieV Zhich aUe Rf bURadeU SXbOic aQd SROiWicaO cRQceUQ - aV ZheQ fRU

iQVWaQce gRYeUQPeQWV UegXOaWe RU RSeUaWe ecRQRPic iQVWiWXWiRQV fRU Whe SXbOic gRRd. SRciaOiVW WheRUiVWV

(ZheUe Whe ³VRciaO´ iQ ³VRciaOiVW´ iV XQdeUVWRRd aV bURad) dR QRW UecRgQi]e a Wid\ diYiViRQ beWZeeQ

ecRQRP\ aQd SROiWicV aQd fRU WhiV UeaVRQ, Whe\ Pa\ XVe ShUaVeV (aV LRQgiQR dReV) VXch aV

³VRciR-SROiWicaO´ WR deVcUibe ceUWaiQ iVVXeV RU acWiYiWieV. (I fiQd WhaW caOOiQg Whe YaOXeV ³SROiWicaO´ RU

³VRciR-SROiWicaO´ UaWheU WhaQ ³VRciaO iQ a bURad VeQVe´ iV OeVV cRQfXViQg aQd fRU WhiV UeaVRQ ePSOR\ WheVe

ShUaVeV iQ Whe Qe[W chaSWeU). IQ WhiV VecWiRQ, I e[SOaiQ hRZ WhiV diVWiQcWiRQ bRUURZed fURP AUeQdW iQ a PRUe

WhRURXgh-gRiQg SROiWicaO diVcXVViRQ caQ be aSSOied WR cOaUif\ LRQgiQR¶V cUiWiTXe Rf KXhQ aV WaciWO\, bXW

iQaSSURSUiaWeO\ UeO\iQg RQ Whe VRciaO-SROiWicaO dichRWRP\ aV aSSOied WR VcieQce WR SRUWUa\ iW aV a fUee

aVVRciaWiRQ.

AV I VXggeVWed abRYe, LRQgiQR¶V 1995 cUiWiTXe Rf Whe cRQceSWiRQ Rf WheRUeWicaO YaOXeV iQheUiWed fURP KXhQ

VhRXOd be WhRXghW Rf aV cRQWaiQiQg a dRXbOe cUiWiTXe. The fiUVW OieV cORVeU WR Whe VXUface iQ heU SaSeU aQd
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ZaV aUWicXOaWed PRUe e[SOiciWO\ iQ heU 2002 bRRN - Whe deQiaO Rf Whe dichRWRP\ beWZeeQ cRgQiWiYe (RU

eSiVWePic RU UaWiRQaO) aQd VRciaO YaOXeV. The VecRQd caQ be aUWicXOaWed aV aQ iPSOiciW deQiaO Rf Whe

WUichRWRP\ beWZeeQ Whe SeUVRQaO, Whe VRciaO aQd Whe SROiWicaO aQd Pa\ be VXPPed XS b\ Whe WZR VORgaQV:

Whe ³SeUVRQaO iV SROiWicaO´ aQd Whe ³VRciaO iV SROiWicaO.´ The OaWWeU Rf WheVe WZR cUiWiTXeV caQ heOS WR e[SOaiQ

hRZ LRQgiQR caQ acNQRZOedge Whe KXhQiaQ SicWXUe aV VRciaO iQ a ceUWaiQ (aV Ze ZiOO Vee QaUURZ) VeQVe

ZhiOe faiOiQg WR UecRgQi]e iW aV VRciaO iQ aQRWheU (bURad) VeQVe. BecaXVe Whe cUiWiTXe Rf Whe WUiSaUWiWe

VchePa geWV OeVV diVcXVViRQ aQd becaXVe I WhiQN iQ PaQ\ Za\V iW UePaiQV iPSOiciW iQ heU SaSeUV RQ Whe

WheRUeWicaO YaOXeV, I ZiOO fRcXV SUiPaUiO\ RQ iW heUe.

TR begiQ, Ze caQ Vee Whe UeOeYaQce Rf Whe VORgaQ ³Whe SeUVRQaO iV SROiWicaO´ WR Whe ShiORVRSh\ Rf VcieQce

aQd XQdeUVWaQd LRQgiQR¶V aQaORg\ beWZeeQ Whe Za\ WhaW ePSiUicaO eYideQce iV decRQWe[WXaOi]ed aQd Whe

Za\ iQ Zhich SUiYaWe aQd SXbOic VSheUeV geW aQaO\WicaOO\ VeSaUaWed b\ cRQVideUiQg Whe SRViWiYiVW diVWiQcWiRQ

beWZeeQ Whe cRQWe[W Rf diVcRYeU\ aQd Whe cRQWe[W Rf MXVWificaWiRQ (RRRQe\ (2017) caOOV WhiV aQ aQceVWRU

diVWiQcWiRQ WR Whe eSiVWePic/QRQ-eSiVWePic diVWiQcWiRQ). The diVWiQcWiRQ ZaV iQWURdXced b\ ReicheQbach

(1938), bXW fRXQd faiUO\ bURad acceSWaQce aPRQg SRViWiYiVWV (iQcOXdiQg iQ eaUOieU ZUiWiQgV PRSSeU, ZhR I

diVcXVV iQ Whe Qe[W chaSWeU). The conWe[W of diVcoYer\ UefeUV WR Whe ciUcXPVWaQceV iQ Zhich aQ iQdiYidXaO

UeVeaUcheU fiUVW deYeORSV RU haSSeQV XSRQ a h\SRWheViV. IW Pa\ iQcOXde VXch facWRUV aV Whe UeVeaUcheU¶V

SeUVRQaO hiVWRU\, RbVeUYaWiRQV aQd e[SeUieQce, WheiU cRgQiWiYe iQWeUeVWV aQd Whe VSecific ciUcXPVWaQceV

WhaW faciOiWaWed WheiU iQVighW (e.g. WaNiQg a baWh RU VWaUiQg iQWR a fiUe). The cRQWe[W Rf diVcRYeU\ iV PeaQW WR

be VeW aVide (RU aW OeaVW SXW iQWR aSSURSUiaWe SeUVSecWiYe) ZheQ aSSUaiViQg Whe geQeUaO YaOidiW\ Rf Whe

h\SRWheViV. ThiV SURceVV Rf geQeUaO aSSUaiVaO cRQVWiWXWeV Whe conWe[W of jXVWificaWion, Zhich iQYROYeV iWV

SXbOicaWiRQ, diVcXVViRQ aQd e[SeUiPeQWaO WeVW ZiWhiQ Whe VcieQWific cRPPXQiW\ aQd Zhich PXVW WaNe iQWR

cRQVideUaWiRQ QRW PeUeO\ Whe SeUVRQaO e[SeUieQce Rf Whe h\SRWheViV¶ RUigiQaO adYRcaWe bXW iQ addiWiRQ Whe

eYideQce fRU RU agaiQVW iW VWePPiQg fURP RWheU UeVeaUcheU¶V e[SeUieQce aQd effRUWV. IW iV iQ Whe cRQWe[W Rf

MXVWificaWiRQ WhaW Whe h\SRWheViV eQcRXQWeUV cUiWeUia Rf pXblic aSSUaiVaO. IQ PaQ\ caVeV iW iV VeeQ aV

iQaSSURSUiaWe WR bUiQg aVSecWV Rf Whe cRQWe[W Rf Whe diVcRYeU\ iQWR iWV SXbOic aSSUaiVaO. IQ Whe e[WUePe,

PRSSeU ZUiWeV WhaW dRiQg VR OeadV WR SV\chRORgiVP RU Whe UedXcWiRQ Rf Whe h\SRWheViV WR idiRV\QcUaWic

iQdiYidXaO bacNgURXQd facWRUV Rf Whe UeVeaUcheU Zhich aUe WaNeQ WR e[SOaiQ aZa\ Whe h\SRWheViV aV aQ
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iQdiYidXaO ZhiP. PV\chRORgiVP bORcNV Whe h\SRWheViV fURP beiQg cRQVideUed aV a YaOid SRVVibOe

geQeUaOi]aWiRQ, i.e. aV a caQdidaWe fRU SXbOic acceSWaQce ZiWhiQ Whe cRQWe[W Rf MXVWificaWiRQ. The VWUicW

VeSaUaWiRQ beWZeeQ diVcRYeU\ aQd MXVWificaWiRQ heOSV e[SOaiQ Whe SRViWiYiVW aYeUViRQ WR Whe NiQd Rf

cRQWe[WXaOi]aWiRQ Rf VcieQWific h\SRWheVeV WhaW OaWeU cUiWiTXeV Rf SRViWiYiVP (VXch aV LRQgiQR¶V) aWWePSW.

AQd aV caQ be VeeQ, Whe diVWiQcWiRQ aOVR RfWeQ cRiQcideV ZiWh facWRUV WhaW aUe SUiYaWe aQd SXbOic

UeVSecWiYeO\. AV Ze ZiOO Vee iQ Whe Qe[W chaSWeU aQd aV aOOXded WR iQ Whe SUeYiRXV VecWiRQ - Whe SRViWiYiVWV,

PaQ\ Rf ZhRP ZeUe aOVR fOeeiQg Whe SeUVecXWiRQ Rf WRWaOiWaUiaQ UegiPeV iQ EXURSe - had a SROiWicaO

PRWiYaWiRQ fRU NeeSiQg VeSaUaWe Whe SUiYaWe aQd Whe SXbOic VSheUeV. TheiU SeUVecXWiRQ iQ VRPe caVeV

cRXOd eYeQ be chaUacWeUi]ed aV PaNiQg WheiU SeUVRQaO OiYeV aQd ideQWiWieV gURXQdV fRU WheiU SROiWicaO

e[cOXViRQ.9

WhiOe LRQgiQR¶V aQaORg\ RQO\ UefeUeQceV Whe SUiYaWe/SXbOic RU SeUVRQaO/SROiWicaO diVWiQcWiRQ, WheUe aUe aOVR

VRPe Za\V iQ Zhich heU cUiWiTXe caQ be VeeQ WR chaOOeQge Whe OaWeU KXhQ (Rf Whe EVVenWial TenVion) aV

PaNiQg VcieQce RXW WR be a VRciaO acWiYiW\ iQ Whe QaUURZ VeQVe UaWheU WhaQ aOVR a SROiWicaO acWiYiW\ (RU VRciaO

iQ Whe bURad VeQVe). IQ SOace Rf a hiVWRUiRgUaSh\ Rf gUeaW iQdiYidXaOV VWaUiQg iQWR fiUeV b\ Whe baWhWXb,

KXhQ¶V SWrXcWXre VXbVWiWXWed a SicWXUe Rf VcieQce aV a VRciaO eQWeUSUiVe RUgaQi]ed accRUdiQg WR SaUadigPV

WhaW aUWicXOaWe a cRPPRQ ZRUOdYieZ, VeW Rf WechQicaO VNiOOV, SedagRgicaO cRPPiWPeQWV aQd WheRUeWicaO

VWaQdaUdV fRU a UeVeaUch cRPPXQiW\. BXW WhiV SicWXUe deYeORSed a YieZ Rf VcieQce aV VRciaO iQ a QaUURZ

UaWheU WhaQ a bURad VeQVe. AccRXQWV OiNe DRXgOaV (2009), FXOOeU (2000) aQd LRQgiQR (1995) aUWicXOaWe

Za\V iQ Zhich KXhQ PaiQWaiQed a YiViRQ Rf VcieQce aV iQVXOaWed fURP bURadeU VRciaO aQd SROiWicaO iVVXeV.

KXhQ¶V cRQceSWiRQ Rf VcieQce iV QaUURZO\ VRciaO, RU VRciaO iQ Whe PiQiPaO VeQVe Rf a VRciaO aVVRciaWiRQ iQ aW

OeaVW WZR VeQVeV - iW SRUWUa\V VcieQce aV cRQfRUPiVW aQd aV VeOf-eOecWiQg - WZR cRUe feaWXUeV Rf a VRciaO

aVVRciaWiRQ.  I WXUQ WR deVcUibiQg WheVe feaWXUeV beORZ.

FRU AUeQdW VRciaO RUgaQi]aWiRQV aUe fUeTXeQWO\ chaUacWeUi]ed b\ a cRQYeUgeQce Rf aiPV RU iQWeUeVWV. ThiV

PaNeV iW VR WhaW VRciaO gURXSV e[SecW conformiW\ (HC 39-41). ThRVe ZhR dR QRW VhaUe Whe aiPV, YaOXeV RU

9 TUaQVfeUUed WR Whe APeUicaQ cRQWe[W (ZheUe Whe SUiPaU\ iVVXe cRXOd SeUhaSV be chaUacWeUi]ed aV Whe dRPiQaWiRQ Rf Whe SROiWicaO
VSheUe b\ Whe VRciaO RU SUiYaWe VSheUeV UaWheU WhaQ dRPiQaWiRQ Rf Whe SUiYaWe RU VRciaO VSheUeV b\ Whe SROiWicaO VSheUe aV iQ
WRWaOiWaUiaQiVP) WhiV dRcWUiQe Rf NeeSiQg Whe SUiYaWe VeSaUaWe fURP Whe SXbOic RfWeQ caUUied a cRQVeUYaWiYe YaOeQce WhaW RYeUORRNV Whe
Za\V iQ Zhich, fRU iQVWaQce, dRPiQaWiRQ PaVTXeUadeV aV ³fUeedRP´ iQ Whe SUiYaWe VSheUe.
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iQWeUeVWV Rf a giYeQ VRciaO gURXS Pa\ fRUP WheiU RZQ gURXS, bXW Whe\ haYe QR baViV RQ Zhich WR dePaQd a

UeRUdeUiQg Rf Whe gURXS¶V YaOXeV. ThiV iV iQ VhaUS cRQWUaVW WR Whe SROiWicaO VSheUe Zhich iV chaUacWeUi]ed b\

a SOXUaOiW\ Rf YRiceV aQd YieZSRiQWV (HC S.7) aQd ZheUe iW iV aSSURSUiaWe RU eYeQ defiQiWiYe Rf Whe SROiWicaO

dRPaiQ WR aWWePSW WR SeUVXade RWheUV WR chaQge WheiU PiQdV (SeUVXaViYe diVcRXUVe iV ZhaW AUeQdW

cRQVideUV ³VSeech´ Zhich defiQeV Whe SROiWicaO dRPaiQ aQd Zhich Vhe cRQWUaVWV ZiWh commanding, faPiOiaU

WR Whe SUiYaWe dRPaiQ (HC S.26)). KXhQ¶V 1977 aWWePSW WR aUWicXOaWe YaOXeV XSRQ Zhich aOO VcieQWiVWV PXVW

(eYeQWXaOO\) agUee, WhXV PaNeV iW RXW WR be a VRciaO RUgaQi]aWiRQ iQ Whe QaUURZ VeQVe.

AQRWheU feaWXUe Rf VRciaO RUgaQi]aWiRQV cRQQecWed ZiWh WheiU beiQg fUee aVVRciaWiRQV iV WheiU SUeURgaWiYe WR

be VeOf-eOecWiQg aQd VeOf-gRYeUQiQg - WhaW iV cXrrenW PePbeUV Pa\ decide aPRQgVW WhePVeOYeV (aQd iQ

cRQVXOWaWiRQ RQO\ ZiWh WhePVeOYeV) ZhR ZiOO becRPe a QeZ PePbeU Rf Whe RUgaQi]aWiRQ aQd XSRQ Whe

diUecWiRQ fRU Whe RUgaQi]aWiRQ ZiWhRXW UefeUeQce WR WhRVe RXWVide Whe RUgaQi]aWiRQ. IQ WhiV VeQVe aV ZeOO,

KXhQ¶V aUWicXOaWiRQ Rf Whe WheRUeWicaO YaOXeV aV deWeUPiQed b\ iWV hiVWRUicaO SUacWiWiRQeUV aQd SaVVed dRZQ

WhURXgh Whe SedagRgicaO cRPPiWPeQWV Rf a SaUadigP PaNeV VcieQWific ³UeYROXWiRQV´ RXW WR be aQ iQVXOaU

affaiU aQd VcieQce RXW WR be a QaUURZO\ VRciaO RUgaQi]aWiRQ.

CRPPeQWaUieV OiNe DRXgOaV (2009) aQd FXOOeU (2000) chaUacWeUi]e KXhQ aV PaNiQg Whe QeZ deVideUaWa

e[SOaiQiQg VcieQWific WUaQViWiRQV SUiPaUiO\ deVideUaWa WhaW VcieQWiVWV aQd VcieQWiVWV aORQe aUe eTXiSSed WR

aSSUaiVe aQd diVcXVV, SURPRWiQg a YiViRQ Rf VcieQce aV aXWRQRPRXV fURP bURadeU VRciaO aQd SROiWicaO

iQfOXeQce. FXOOeU 2000 diVcXVVeV iWV iQWeQded iPSOicaWiRQV fRU VcieQce aQd hiVWRU\ Rf VcieQce SedagRg\ aW

HaUYaUd ZheUe KXhQ WaXghW - iQWeQded WR WUaiQ adPiQiVWUaWRUV Rf VcieQce WR aSSUaiVe bXW QRW TXeVWiRQ

MXdgePeQWV Rf VcieQWiVWV UegaUdiQg Zhich VcieQWific SURMecWV deVeUYed fXQdiQg. IQ geVWXUiQg WRZaUd Whe

PaQ\ cRQWe[WV iQ Zhich VcieQWiVWV PaNe VRciaOO\ aQd SROiWicaOO\ cRQVeTXeQWiaO MXdgPeQWV, DRXgOaV (2009)

chaOOeQgeV Whe YieZ WhaW VcieQce RXghW WR be fUee Rf e[WeUQaO VRciaO cRQVideUaWiRQV. LRQgiQR¶V 1995

cUiWiTXe iV ViPiOaU iQ ORRNiQg WRZaUd aUeaV Rf UeVeaUch (e.g. iQ VRciR-biRORg\) ZheUe Whe VRciaO aQd SROiWicaO

UaPificaWiRQV Rf VcieQWific WheRU\ aUe cOeaUeU WR PaNe Whe aUgXPeQW WhaW Whe WheRUeWicaO YaOXeV haYe a

SROiWicaO YaOeQce. SWiOO, Whe QRWiRQ WhaW Whe SROiWicaO UaPificaWiRQV Rf VcieQWific WheRU\ iQ RQe aUea Rf UeVeaUch

UeQdeU VcieQce eOVeZheUe aOVR SROiWicaO deSeQdV XSRQ a OiQgeUiQg XQiW\ Rf VcieQce WheViV WhaW iV VRPeZhaW
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aW RddV ZiWh LRQgiQR¶V iQWURdXcWiRQ Rf aQ aOWeUQaWiYe YaOXe-VeW aQd cRXOd VeeP VRPeZhaW RXW Rf VWeS ZiWh

heU OaWeU cRPPiWPeQW WR SOXUaOiVP. ThaW XQiW\ iV e[SUeVVed b\ Whe idea WhaW Whe WheRUeWicaO YaOXeV aUe

VhaUed cUiWeUia (acURVV Whe VcieQceV) Rf SXbOic aSSUaiVaO. TaNeQ WRgeWheU - Whe idea WhaW iQ VRPe aUeaV Whe

WheRUeWicaO YaOXeV haYe a cOeaU SROiWicaO YaOeQce aQd Whe cOaiP WhaW WheVe aUe YaOXeV VhaUed acURVV Whe

VcieQceV - Ze haYe aQ aUgXPeQW fRU cRQVideUiQg Whe YaOXeV WhePVeOYeV aV haYiQg a SROiWicaO YaOeQce.10

IQ VhRUW, Whe SicWXUe Rf VcieQWific UeVeaUch RffeUed b\ KXhQ ZaV Rf a VRciaO aVVRciaWiRQ ZhRVe RUgaQi]iQg

aiP ZaV Whe diVcRYeU\ Rf Whe beVW VecXOaU PeWaSh\VicaO WheRU\ baVed RQ ePSiUicaO eYideQce. HiV QRWiRQ Rf

a cRPPXQiW\ Rf UeVeaUcheUV iQVXOaWed fURP bURadeU VRciaO RU SROiWicaO iQfOXeQce aOVR UeVXUUecWed Whe

SRViWiYiVW SURWecWiRQ Rf a SUiYaWe fUeedRP WR iQYeVWigaWe ZhaWeYeU RQe OiNeV aQd iQ Whe PaQQeU RQe SUefeUV

aV a fUeedRP Rf SUacWiWiRQeUV WR aVVRciaWe ZiWh RWheU PePbeUV Rf a SaUadigP - i.e. aV a VRciaO fUeedRP Rf

aVVRciaWiRQ iQ UeVeaUch.

ThRVe ZhR QRWe hRZ VcieQce SOa\V SXbOicO\ (VRciaOO\, SROiWicaOO\) cRQVeTXeQWiaO UROeV VXggeVW a Za\ WR

SURbOePaWi]e Whe QRWiRQ WhaW VcieQce iV RU RXghW WR be a fUee aVVRciaWiRQ (e.g. LRQgiQR 1990 fRcXVeV RQ

Whe iPSRUWaQce Rf acadePic VcieQce WR SXbOic debaWe; DRXgOaV 2009 fRcXVeV RQ Whe UROe WhaW VcieQWiVWV

SOa\ iQ SROic\PaNiQg; OUeVNeV aQd CRQZa\ 2010 diVcXVV iWV UROe ZiWhiQ Whe Pedia). IQ dRiQg VR Whe\

SURYide gURXQdV fRU UeMecWiQg Whe VRciaO-SROiWicaO dichRWRP\ WhaW aWWePSWV WR SUeVeUYe WhiV fUeedRP ZiWhiQ

VcieQWific iQVWiWXWiRQV aQd SURPRWiQg Whe aOWeUQaWiYe YieZ WhaW Whe VRciaO iV SROiWicaO.

10 TheUe iV a OiQgeUiQg TXeVWiRQ ZheWheU LRQgiQR WaNeV Whe aOWeUQaWiYe VeW WR be a beWWeU VeW - WR PRdif\ RU UeSOace Whe RUigiQaO - RU
PeUeO\ a VeW WhaW cRXOd YiabO\ RUgaQi]e aQ aOWeUQaWiYe (fePiQiVW) UeVeaUch SURgUaP.  IQ heU OaWeU ZUiWiQgV iW VRPeWiPeV VeePV aV if Vhe
OeaQV WRZaUd Whe OaWWeU, Zhich XQdeUPiQeV Whe XQiW\ Rf VcieQce WheViV XSRQ Zhich Whe cOaiP abRXW Whe SROiWicaO YaOeQce Rf WheRUeWicaO
YaOXeV deSeQdV.  I chRRVe WR UeVXUUecW Whe SURMecW Rf cOaiPiQg WhaW ceUWaiQ YaOXeV haYe a SROiWicaO YaOeQce b\ iQ SaUW UeMecWiQg Whe
YiabiOiW\ Rf WRR fiQe-gUaiQed a SOXUaOiVP abRXW VcieQWific SUacWice.  ThiV iV fRU a QXPbeU Rf UeaVRQV.  FRU RQe WhiQg WheUe VeePV WR be QR
a priori Za\ Rf diVWiQgXiVhiQg Zhich bUaQcheV Rf VcieQce ZiOO be UeOeYaQW WR SROiWicaO RU VRciaO TXeVWiRQV.  The aQaO\ViV Rf cOiPaWe
chaQge WheRU\ Zhich iV iWVeOf aQ aSSOicaWiRQ Rf PRUe geQeUaO WheRUieV VXch aV WheUPRd\QaPicV aQd caUbRQ chePiVWU\ iQ Whe fiQaO
chaSWeU iOOXVWUaWeV Whe SRiQW.  PUiRU WR WhaW chaSWeU I diVcXVV a geQeUaO WhePe chaUacWeUi]iQg Whe Za\ iQ Zhich eQYiURQPeQWaO VcieQce
Pa\ becRPe iPSOicaWed iQ SROiWicV - iQ adMXdicaWiQg SUiYaWe fURP SXbOic gRRdV - bXW WhiV WhePe iV WeaVed RXW Rf hiVWRUicaO aQaO\ViV
UaWheU WhaQ SURgUaPPaWic Rf eQYiURQPeQWaO VcieQceV.  IQ geQeUaO WheUe aUeQ¶W Uead\ SUiQciSOeV fRU diVceUQiQg ZheQ aQd ZheUe VcieQce
Pa\ becRPe UeOeYaQW WR SROiWicV, VR WhaW VcieQce ZRXOd dR ZeOO WR haYe geQeUaO QRUPV fRU QaYigaWiQg WheVe iQWeUacWiRQV.  FRU aQRWheU
WhiQg, hiVWRUicaO aQaO\ViV Rf VcieQce UeYeaOV aQ iQWeUZeaYiQg Rf iQfOXeQceV fURP diYeUVe fieOdV aQd aUgXPeQWV fURP e[WeUQaO
cRQViVWeQc\ WhaW becaXVe a PeWhRd RU WheRU\ ZRUNV iQ RQe fieOd iW RXghW WR ZRUN iQ aQRWheU.  SR Whe QRWiRQ WhaW PeWhRdRORgieV aUe
UadicaOO\ SaUWicXOaU Pa\ QRW hROd XS WR ePSiUicaO VcUXWiQ\.  FiQaOO\, aUgXPeQWV WhaW a SaUWicXOaU aUea Rf VcieQce iV aXWhRUiWaWiYe RfWeQ
UeO\ WaciWO\ RU e[SOiciWO\ XSRQ Whe aXWhRUiW\ Rf RWheU aUeaV Rf VcieQce iQ YiUWXe Rf WheVe VhaUed PeWhRdV RU iQfOXeQceV.  ThRVe ZhR
defeQd Whe aXWhRUiW\ Rf cOiPaWe chaQge VcieQce dRQ¶W dR VR RQ Whe gURXQdV Rf, Va\, Whe SaVW ePSiUicaO VXcceVV Rf cOiPaWe PRdeOV
aORQe, bXW RQ Whe gURXQdV fRU iQVWaQce WhaW iW iV aQ aSSOicaWiRQ Rf WheRUieV WhaW aUe cRQfiUPed iQ a diYeUVe UaQge Rf RWheU SheQRPeQa
aQd diVciSOiQeV.
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FRU RQe WhiQg, WhiV UROe Pa\ be iQheUeQWO\ SURbOePaWic cRQVideUiQg Whe aSSURSUiaWe UROe fRU VRciaO

aVVRciaWiRQV ZiWhiQ a dePRcUaWic VRcieW\ geQeUaOO\. We RfWeQ WhiQN VXch aVVRciaWiRQV Pa\ fRUP iQWeUeVW

gURXSV Zhich ORbb\ RU caPSaigQ fRU WheiU iVVXeV Rf cRQceUQ WR UeceiYe XSWaNe ZiWhiQ SROiWicaO iQVWiWXWiRQV.

BXW aQ\ cORVeU cRQQecWiRQ (diUecW adYiViQg, SROic\ aXWhRUVhiS, SURYidiQg SeUVRQQeO) iV RfWeQ WUeaWed aV aQ

iQaSSURSUiaWe capWXre Rf dePRcUaWic iQVWiWXWiRQV b\ SaURchiaO iQWeUeVWV. ThiV iV iQ VhaUS cRQWUaVW WR Whe

UROe SOa\ed b\ VcieQWific SeUVRQQeO iQ Whe eUa fURP WWII WhURXgh Whe SUeVeQW. JaVaQRff (1990) aUgXeV WhaW

iQ WheiU UegXOaWRU\ aQd adYiVRU\ UROeV, VcieQWiVWV fRUP Whe fRXUWh aQd fifWh bUaQcheV Rf gRYeUQPeQW

UeVSecWiYeO\. HRZ caQ WhiV SUiYiOeged SROiWicaO UROe be MXVWified aORQgVide Whe cOaiP WhaW VcieQce iV RU RXghW

WR be aQ e[cOXViYe, \eW VeOf-aSSRiQWiQg RU VeOf-gRYeUQiQg iQVWiWXWiRQ, aVSecWV WhaW SURSeUO\ beORQg WR a VRciaO

aQd QRW a SROiWicaO RUgaQi]aWiRQ?

OQe Rf Whe eaUOieVW aWWePSWV WR UecRQciOe WhiV WeQViRQ, VaQQeYaU BXVh¶V EndleVV FronWier (1945) - a PePR

ZUiWWeQ fRU FDR aQd SURYidiQg Whe iQVWiWXWiRQaO bOXe-SUiQW fRU Whe NSF - VXggeVWed a cRiQcideQWaO haUPRQ\.

IW MXVW VR haSSeQed WhaW b\ aOORZiQg VcieQce WR SXUVXe baVic RU pXre UeVeaUch, i.e. UeVeaUch Rf iQWUiQVic

VcieQWific iQWeUeVW WR Whe cRPPXQiW\ (RSeUaWiRQaOi]ed iQ a UeYieZ SURceVV b\ Zhich caQdidaWe SURMecWV fRU

fedeUaO fXQdiQg aUe aSSUaiVed b\ VcieQWific SeeUV aORQe), Whe dePRcUaWic SXbOic ZRXOd aOVR UeceiYe Whe

gUeaWeVW SRVVibOe beQefiW fURP VcieQce. ThiV haSS\ haUPRQ\ iV UePiQiVceQW Rf AdaP SPiWh¶V inYiVible

hand SUiQciSOe Zhich PaNeV a ViPiOaU aUgXPeQW fRU fUee aVVRciaWiRQV ZiWhiQ ecRQRPic affaiUV RQ Whe

gURXQdV Whe\ ZiOO SURPRWe Whe PRVW RYeUaOO beQefiW. BXW WR bRUURZ a OiQe fURP AUeQdW ZhR SiWhiO\ e[SOaiQV

Whe MaU[iVW UeVSRQVe WR SPiWh: ³«Whe diffeUeQce beWZeeQ MaU[ aQd hiV fRUeUXQQeUV ZaV RQO\ WhaW he WRRN

Whe UeaOiW\ Rf cRQfOicW, aV iW SUeVeQWed iWVeOf iQ Whe VRcieW\ Rf hiV WiPe, aV VeUiRXVO\ aV Whe h\SRWheWicaO ficWiRQ

Rf haUPRQ\´ (HC S.44). The RWheU OiQe Rf cUiWiTXe ZiWhiQ ShiORVRSh\ Rf VcieQce VeaUcheV Whe ePSiUicaO

UecRUd fRU BXVh¶V cRiQcideQWaO haUPRQ\ RffeUiQg a hiVWRUicaO aQaO\ViV Rf Whe VRciR-SROiWicaO YaOeQce Rf

aOOegedO\ aXWRQRPRXV VcieQce. ThiV cUiWiTXe iV e[ePSOified b\ Whe VW\Oe Rf aQaO\ViV VXPPaUi]ed fURP

LRQgiQR abRYe. ThiV diVVeUWaWiRQ aWWePSWV WR PRYe be\RQd chaOOeQgeV VXch aV DRXgOaV¶ (2009), Zhich

chaOOeQge Whe YaOXe fUee ideaO iQ Whe abVWUacW, aQd VeeNV WR ORRN aW Whe hiVWRUicaO Oegac\ aQd SROiWicaO

YaOeQce Rf Whe iQVWiWXWiRQaO cRXQWeUSaUW WR Whe ideaO - baVic VcieQce. The fiQaO chaSWeU iQYeVWigaWeV aQ

eSiVRde fURP cOiPaWe VcieQce ZiWh WhiV aiP.
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TR VXPPaUi]e, WhiV chaSWeU haV VRXghW WR MX[WaSRVe a SaUadigPaWic VeQVe Rf Whe VRciaO dUaZQ fURP

RXWVide Rf VcieQce - Whe VRciaO aV Whe ecRQRPic VSheUe aQd Whe VSheUe Rf fUee aVVRciaWiRQ - ZiWh VRPe

iQWeUQaO VeQVeV Rf Whe VRciaO aV VWUXcWXUiQg Whe diUecWiRQ Rf iQTXiU\ aQd VcieQWific cRPPXQicaWiRQ aQd

debaWe (PaQifeVW iQ Whe geQeUaO caWegRU\ Rf WheRUeWicaO YaOXeV). I haYe aUgXed WhaW KXhQ¶V YiViRQ Rf

VcieQce-VRcieW\ UeOaWiRQV SRUWUa\V VcieQce aV a fUee aVVRciaWiRQ WR be SURWecWed fURP SROiWicaO iQWeUfeUeQce

iQ a Za\ WhaW iV iQaSSURSUiaWe giYeQ iWV UROe ZiWhiQ gRYeUQPeQW iQVWiWXWiRQV aQd SROiWicV PRUe geQeUaOO\. I

YieZ WheRUiVWV VXch aV LRQgiQR ZhR dUaZ RXU aWWeQWiRQ WR Whe Za\ WhaW VcieQce RSeUaWeV iQ SROiWicaO

cRQWe[WV aV chaOOeQgiQg Whe aSSOicaWiRQ Rf Whe VRciaO-SROiWicaO dichRWRP\ WR VcieQce QaVceQW iQ iWV SRUWUa\aO

aV a fUee aVVRciaWiRQ.

BXW befRUe WXUQiQg WR aQ aQaO\ViV WhaW aWWePSWV WR PRYe be\RQd Whe VRciaO-SROiWicaO dichRWRP\, I RffeU aQ

e[WeQViRQ Rf LRQgiQR¶V aUgXPeQW UegaUdiQg Whe WheRUeWicaO YaOXeV WR a YaOXe WhaW ZaVQ¶W RQ KXhQ¶V RUigiQaO

OiVW (fRU gRRd UeaVRQ), bXW Zhich iQ VRPe fRUP RU aQRWheU PaNeV iW RQWR OaWeU OiVWV - faOVifiabiOiW\. I diVcXVV

WhiV YaOXe becaXVe iW eQcaSVXOaWeV ZhaW VRPe VcieQWiVWV WaNe WR be a YaOid baViV fRU VcieQWiVW-Oed deQiaOiVP

abRXW gORbaO ZaUPiQg - Whe cUiWicaO RU VNeSWicaO VSiUiW Rf VcieQce. LRQgiQR QRWeV hRZ VcieQWific YaOXeV caQ

haYe eiWheU a cRQVeUYaWiYe RU OibeUaWRU\ YaOeQce. IQ Whe Qe[W chaSWeU I diVcXVV Whe WheRUeWicaO YaOXe Rf

faOVifiabiOiW\ aV deYeORSed b\ KaUO PRSSeU aUgXiQg WhaW iW ZaV iQWeQded WR haYe a SROiWicaOO\ OibeUaWRU\

YaOeQce. PRSSeU aUWicXOaWed a YiViRQ Rf VcieQce aV SROiWicaO iQVRfaU aV iW ZaV QRW cRPSOeWeO\ aXWRQRPRXV

bXW UaWheU RSeQ WR ZhaW I VhaOO caOO elecWoral riVk. EOecWRUaO UiVN chaOOeQgeV Whe QRWiRQV Rf bRWh VeOf-eOecWiRQ

RU Whe abiOiW\ fRU Whe cRPPXQiW\ aORQe WR decide PePbeUVhiS aQd VeOf-gRYeUQaQce RU Whe abiOiW\ Rf Whe

cRPPXQiW\ WR decide RQ a diUecWiRQ fRU UeVeaUch. IW iV WhiV YaOeQce, Zhich I aUgXe ZaV a cRUe cRPSRQeQW

Rf Whe YaOXe aV PRSSeU XQdeUVWRRd iW, aQd Zhich XQdeUPiQeV iPSOiciW aSSeaOV WR aQ eWhRV Rf VNeSWiciVP

(diVcXVVed iQ OUeVNeV aQd CRQZa\ 2010) fURP cOiPaWe deQiaOiVP¶V VcieQWific VXSSRUWeUV.
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CKaSWHU 3: FaOVLILabLOLW\ aQG EOHcWRUaO RLVN

IQWURGXcWLRQ

The SUeVeQW chaSWeU haV bRWh a VSecific aQd a bURad aiP. The VSecific aiP iV WR deYeORS Whe idea

PeQWiRQed iQ Whe iQWURdXcWiRQ WhaW cOiPaWe chaQge deQiaOiVWV fURP Whe VcieQWific cRPPXQiW\ caQ aQd

SeUhaSV RXghW WR be XQdeUVWRRd aV dRiQg bad VcieQce QRW becaXVe Rf faiOXUeV WR adheUe WR PeWhRdRORgicaO

QRUPV (e.g. SeeU UeYieZ) Zhich aUe PeaQW WR deSROiWici]e VcieQce, bXW becaXVe Whe SROiWicaO YaOeQce Rf WheiU

ZRUN iV aQWidePRcUaWic aQd aQWi-ePaQciSaWRU\. ThiV OaWWeU cUiWiTXe UeVWV RQ Whe idea WhaW Whe QRUPaWiYe

caWegRU\ Rf ³VcieQce´ caUUieV ZiWh iW dePRcUaWic RU ePaQciSaWRU\ cRQQRWaWiRQV. I deYeORS WhiV cUiWiTXe Rf

Whe cOiPaWe deQiaOiVWV PeQWiRQed iQ accRXQWV OiNe OUeVNeV aQd CRQZa\ (2010) b\ XQdeUcXWWiQg aQ aSSeaO

WR Whe VNeSWicaO RU cUiWicaO VSiUiW Rf VcieQce Zhich giYeV Whe cRQWUaUiaQ acWiRQV Rf Whe cOiPaWe deQiaOiVWV a

YeQeeU Rf OegiWiPac\. WheWheU iW be SXbOiVhiQg iQ aQ RiO iQdXVWU\ VSRQVRUed (QRQ-SeeU UeYieZed) MRXUQaO, RU

bORggiQg XQdeU Whe baQQeU Rf SaVW VcieQWific heUReV (Vee Whe AXVWUaOiaQ ³GaOiOeR SRcieW\´) VeeQ aV

cRQWUaUiaQV Rf WheiU WiPe, RU acceSWiQg e[ceSWiRQaO SROiWicaO QRPiQaWiRQV WR adYiVRU\ cRPPiWWeeV XSRQ

Zhich Whe\ adaPaQWO\ iQViVW XSRQ aQ iQWeUSUeWaWiRQ Rf Whe VcieQWific eYideQce aW RddV ZiWh Whe UeVW Rf Whe

cRPPiWWee, WheVe acWRUV iPSOiciWO\ aSSeaO WR Whe idea WhaW Whe VcieQWific eWhRV iQcOXdeV a VNeSWicaO,

cRQWUaUiaQ RU cUiWicaO VSiUiW.11 PeUhaSV Whe PRVW ZeOO-NQRZQ ShiORVRShicaO WheRUiVW Rf WhiV idea iV KaUO

PRSSeU, ZhRVe YiViRQ Rf VcieQce dePaQded WhaW VcieQWific WheRUieV aOZa\V be aW OeaVW caSabOe Rf beiQg

RYeUWXUQed aQd ZhRVe PeWhRdRORgicaO SicWXUe Rf VcieQce UeTXiUed WhaW SUacWiWiRQeUV deYRWe WhePVeOYeV WR

aWWePSWed UefXWaWiRQV Rf cRPPXQaOO\ SURSRVed cRQMecWXUeV. PRSSeU¶V ZRUN iV a WRXchVWRQe fRU

ShiORVRSheUV Rf VcieQce ZhR aWWePSW WR aUWicXOaWe ZhaW iV iQYROYed iQ VcieQWific cUiWiciVP (LRQgiQR 2002) aV

11 ThRXgh I WaNe WhiV aV iPSOiciW iQ Whe acWiRQV Rf deQiaOiVWV, iW iV RSeQO\ defeQded b\ MiOOiaQ WheRUiVW VXch aV IQWePPaQQ aQd DePeOR
MaUWiQ (2018) ZhR aUgXe WhaW aOORZiQg VNeSWicaO RU cUiWicaO cRQWUibXWiRQV iV eVVeQWiaO fRU VcieQWific SURgUeVV aQd WheUefRUe QRW Whe URRW
Rf Whe SURbOeP ZiWh cOiPaWe deQiaOiVP.  ThiV chaSWeU caQ aOVR be VeeQ aV aUWicXOaWiQg a PRUe aSSURSUiaWe QRWiRQ Rf VcieQWific cUiWiTXe.
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ZeOO aV SRSXOaU XQdeUVWaQdiQgV Rf Whe VcieQWific eWhRV. ThiV chaSWeU WaNeV a cORVeU ORRN aW PRSSeU¶V

aUWicXOaWiRQ Rf WhiV aVSecW Rf Whe VcieQWific iQTXiU\, aUgXiQg WhaW fRU PRSSeU Whe VNeSWicaO VSiUiW Rf VcieQce

aOZa\V had a OibeUaO SeUhaSV eYeQ VRciaO dePRcUaWic VRciR-SROiWicaO caVW WhaW iV aW RddV ZiWh iWV iQYRcaWiRQV

b\ OibeUWaUiaQ VNeSWicV.

The bURadeU aiP iV WR Zeigh iQ RQ a cRQWURYeUV\ ZiWhiQ Whe hiVWRU\ Rf ShiORVRSh\ Rf VcieQce RYeU Whe

WiPeOiQe Rf diVciSOiQaU\ WhiQNiQg abRXW Whe ³VRciaO diPeQViRQ´ Rf VcieQce. AccRXQWV OiNe MiURZVNi¶V (2004)

e[SOiciWO\ ZiVh WR RPiW PRSSeU fURP Whe WiPeOiQe RQ Whe gURXQdV WhaW he didQ¶W haYe a URbXVW VRciaO

eSiVWePRORg\ RU WaON PXch abRXW e[iVWiQg VcieQWific iQVWiWXWiRQV. YeW, RWheU aXWhRUV OiNe LRQgiQR (2002) Vee

WhePVeOYeV aV caUU\iQg RQ a VeW Rf TXeVWiRQV aQd a WUadiWiRQ Rf VRciaO eSiVWePRORg\ from PRSSeU. M\

hRSe iQ WhiV chaSWeU iV WR cRQYiQce Whe UeadeU WhaW Whe VRciaO diPeQViRQ Rf PRSSeU¶V WhRXghW iV VXbVWaQWiaO,

WhRXgh iW iV aOVR cUiWicaO - QRW SaUWicXOaUO\ iQWeUeVWed iQ OeaYiQg Whe bRXQdaUieV Rf Whe VcieQWific cRPPXQiW\

ZheUe Whe\ VWRRd.

IQ ZhaW fROORZV I ZiOO WU\ WR VhRZ hRZ PRSSeU¶V YieZ iV PRWiYaWed b\ Whe TXeVWiRQ: ZhaW aUe Whe aSSURSUiaWe

cRQdiWiRQV fRU VeWWiQg XS aQd UXQQiQg VcieQWific VRciaO e[SeUiPeQWV? IQ cRQVideUiQg WhiV TXeVWiRQ Ze ZiOO

Vee WhaW PRSSeU cRQVideUed bRWh WUadiWiRQaO eSiVWePic cUiWeUia and PRUaO aQd SROiWicaO cUiWeUia. The

UeVXOWaQW UROe WhaW PRSSeU iPagiQeV fRU VcieQce iQ VRcieW\ UeSUeVeQWV aQ addiWiRQ WR DeZe\¶V V\QWheViV,

diVcXVVed iQ MiURZVNi, Rf dePRcUaWic aQd VcieQWific iQVWiWXWiRQV - a V\QWheViV Rf dePRcUaWic, VcieQWific and

OibeUaO ecRQRPic iQVWiWXWiRQV. ThURXghRXW We[WV OiNe The Open SocieW\ and IWV EnemieV (OS 1945), The

PoYerW\ of HiVWoriciVm (PH 1956) aQd ConjecWXreV and RefXWaWionV (CR 1963) PRSSeU VRXghW WR diVPaQWOe

a YieZ Rf VcieQce aV caSabOe Rf acWiQg iQ a ceQWUaO ecRQRPic SOaQQiQg caSaciW\ aQd iQVWead VXggeVWed,

giYeQ Whe SURSeU VcieQWific RUieQWaWiRQ WRZaUd VRciaO UiVN, OibeUaO dePRcUacieV ZiWh WheiU gXaUaQWee Rf fUee

VSeech aQd ecRQRPic iQVWiWXWiRQV WhaW aUe VPaOO-VcaOe becaXVe SUiYaWeO\ RZQed SURYide Whe beVW VeWWiQg

fRU Whe SURgUeVV Rf VcieQce. WhiOe VRPe haYe VeeQ iQ WhiV V\QWheViV aQ XQabaVhed aSRORgeWicV fRU a CROd

WaU OibeUWaUiaQ ideRORg\ VSeOOed RXW b\ WhiQNeUV VXch aV FUiedUicN Ha\eN RU MiOWRQ FUiedPaQ (Vee ThRUVeQ

2011), I fiQd iQ PRSSeU¶V ZRUN aQ accRXQW WhaW giYeV SUiRUiW\ WR cRQVideUaWiRQV Rf VRciaO accRXQWabiOiW\ RYeU

OibeUWaUiaQ iQVWiWXWiRQaO SUeceSWV Rf fUee VSeech aQd SURSeUW\ UighWV. WhiOe PaiQWaiQiQg Whe\ aUe QRW SeUfecW
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aQd ZiOO Qeed a cUiWicaO VXSSOePeQW, PRSSeU WhiQNV WhaW OibeUaO ecRQRPic iQVWiWXWiRQV aUe Whe beVW aQVZeU WR

Whe SUiRU dePaQdV fRU VRciaO accRXQWabiOiW\ ZiWhiQ hiV YieZ Rf VcieQce-VRcieW\ UeOaWiRQV. ThiV PeaQV WhaW

fRU PRSSeU VcieQWific cUiWiTXe iV MXVWified b\ a dePaQd fRU VRciaO UeVSRQVibiOiW\ UaWheU WhaQ aV aQ iQdiYidXaO

UighW Rf VSeech RU iQdXVWUiaO e[SeUiPeQW (i.e. a SUiYaWe SURSeUW\ UighW). IQ VhRUW PRSSeU OeaYeV XV ZiWh VRPe

cUiWicaO WRROV WhaW dR QRW VWUaighWfRUZaUdO\ UaWiRQaOi]e Whe VWaWXV TXR Rf caSiWaOiVW VRcieWieV, aQd a YieZ ZRUWh

cUiWici]iQg iQVRfaU aV WhiV ZiOO bUiQg XV cORVeU WR aQ adeTXaWe XQdeUVWaQdiQg Rf VcieQce-VRcieW\ UeOaWiRQV.

AccRUdiQgO\, I RffeU VRPe cUiWiTXe iQ Whe SUeVeQW chaSWeU aQd a UeRUieQWaWiRQ iQ Whe Qe[W chaSWeU iQ

SUeSaUaWiRQ fRU a VRciR-SROiWicaO cUiWiTXe Rf cOiPaWe VcieQce iQ Whe fiQaO chaSWeU.

The cRPPRQ URXWe WaNeQ WRZaUd eVWabOiVhiQg WheVe WZR aiPV bXiOdV RQ Whe diVcXVViRQ Rf Whe WheRUeWicaO

YaOXeV fURP Whe OaVW chaSWeU. I fRcXV RQ PRSSeU¶V cUiWeUiRQ Rf faOVifiabiOiW\ RU degUee Rf faOVifiabiOiW\ aV

aQRWheU YiUWXe Rf VcieQWific WheRUieV RfWeQ SOaced RQ Whe OiVW Rf WheRUeWicaO YiUWXeV. FRU e[aPSOe, PRSSeU

RffeUV aQ iQWeUSUeWaWiRQ Rf ViPSOiciW\ - a YaOXe RQ Whe SaUadigPaWic KXhQiaQ OiVW - iQ WeUPV Rf faOVifiabiOiW\,

VXggeVWiQg he WhRXghW Whe OaWWeU VhRXOd be UeSOaced RU UedXced WR Whe fRUPeU aV a cUiWeUiRQ Rf WheRU\

aSSUaiVaO. OWheU PRdeUQ accRXQWV VeeN WR add eOePeQWV Rf faOVifiabiOiW\ WR Whe caQRQicaO OiVW - Vee fRU

iQVWaQce SchiQdOeU¶V addiWiRQ Rf QRQ-ad-hRcQeVV WR hiV accRXQW (2018). I bRUURZ Whe fUaPiQg fURP

LRQgiQR¶V aQaO\ViV WR aUgXe WhaW faOVifiabiOiW\ iV QRW SXUeO\ eSiVWePic (iQ Whe WUadiWiRQaO VeQVe WR be

e[SOaiQed VhRUWO\) bXW haV a diVWiQcWiYe VRciR-SROiWicaO YaOeQce. TR dR VR I RffeU a cRQWe[WXaOi]aWiRQ Rf

PRSSeU¶V ZRUN aQd hiV ceQWUaO e[aPSOeV. The SUiRU chaSWeU RffeUed aQ aQaO\ViV Rf ZhaW iV PeaQW b\

VRciR-SROiWicaO. TR begiQ Whe SUeVeQW chaSWeU I RffeU aQ accRXQW Rf ZhaW iV PeaQW b\ caOOiQg WhiV YaOeQce

³QRQ-eSiVWePic.´ ThiV ZiOO be iPSRUWaQW fRU diVWiQgXiVhiQg Whe accRXQW RffeUed heUe fURP a QXPbeU Rf

accRXQWV WhaW aUe PRUe SXUeO\ ³eSiVWePic´ aQd WhXV RPiW Whe VRciR-SROiWicaO diPeQViRQ Rf PRSSeU¶V WhRXghW.

ESLVWHPLc YV. NRQ-HSLVWHPLc VaOXH

I haYe iQWURdXced Whe idea WhaW a WheRUeWicaO YaOXe Pa\ haYe a ³QRQ-eSiVWePic´ YaOeQce iQ Whe OaVW

chaSWeU¶V diVcXVViRQ Rf LRQgiQR¶V 1995 Siece RQ Whe WheRUeWicaO YaOXeV. ThiV diVWiQcWiRQ beWZeeQ
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eSiVWePic aQd QRQ-eSiVWePic YaOXeV iV diVcXVVed iQ a bURadeU OiWeUaWXUe WhaW VeeNV WR VRUW YaOXeV RQWR RQe

Vide RU aQRWheU RU WR ideQWif\ Whe aSSURSUiaWe UROeV fRU VXch YaOXeV ZiWhiQ VcieQce (Vee RRRQe\ 1992,

LaXdaQ 2004, DRXgOaV 2009, RRRQe\ aQd Lace\ 2017). TheUe aUe aOVR Whe QeaUb\ diVWiQcWiRQV beWZeeQ

cRgQiWiYe/QRQ-cRgQiWiYe (LRQgiQR 1996, DRXgOaV 2013) aQd UaWiRQaO/aUaWiRQaO (LRQgiQR 2001). The

diVWiQcWiRQ UeVWV XSRQ a SaUWicXOaU, WUadiWiRQaO YieZ Rf eSiVWePRORg\ iQheUiWed fURP Whe ORgicaO SRViWiYiVWV aQd

aQaO\Wic eSiVWePRORgiVWV. (FRU Whe SXUSRVeV Rf WhiV chaSWeU I ZiOO XQdeUVWaQd ³eSiVWePic´ aV haYiQg WhiV

WUadiWiRQaO VeQVe, WhRXgh I aP PRUe V\PSaWheWic ZiWh Whe idea fURP VRciaO eSiVWePRORg\, e.g. LRQgiQR

2002, WhaW Whe eSiVWePic RXghW WR iQcOXde VRciaO aQd VRciR-SROiWicaO cRQVideUaWiRQV). The ORgicaO SRViWiYiVWV

cOaiPed, URXghO\, WhaW VcieQWific NQRZOedge ZaV MXVWified b\ a cRPbiQaWiRQ Rf baVic ePSiUicaO RbVeUYaWiRQV

aQd ORgicaO RSeUaWiRQV RQ Whe WheRUieV WhaW UecRYeUed WheP - RbVeUYaWiRQ aQd ORgic. The aQaO\Wic

eSiVWePRORgiVWV WeQded WR WXUQ WheiU VighWV WRZaUd VcieQWific PeWhRdV aQd UeVXOWV WR diVceUQ geQeUaO

SUeceSWV Rf MXVWificaWiRQ aQd iQVWaQceV Rf WUXWh aQd iQ dRiQg VR Whe\ iPSOiciWO\ VaQcWiRQed (WhRXgh iQ VRPe

iQVWaQceV OiNe A\eU 1936 Whe\ ZeUe e[SOiciW) a YieZ Rf eSiVWePRORg\ aV e[haXVWed b\ aQ ideaO ePSiUiciVW

XQdeUVWaQdiQg Rf VcieQce. The QaUURZ YieZ Rf eSiVWePRORg\ WhaW UeVXOWV fURP cRPbiQiQg WheVe ZRXOd WUeaW

aQ\WhiQg WhaW dReVQ¶W fROORZ fURP baVic ePSiUicaO RbVeUYaWiRQV aQd ORgicaO RSeUaWiRQV iQYROYiQg WhRVe

RbVeUYaWiRQV aV QRQ-eSiVWePic (iQ A\eU¶V accRXQW WhiV iQcOXdeV aOO PRUaO aQd SROiWicaO cOaiPV). ThiV iV,

eYeQ b\ hiVWRUicaO VWaQdaUdV, TXiWe a QaUURZ YieZ Rf eSiVWePRORg\.

AQRWheU aSSURach WhaW haV a baViV gRiQg bacN aW OeaVW aV faU aV KaQW aQd Zhich HabeUPaV (1968) UeYiYed

iQ Whe 20Wh ceQWXU\ UecRgQi]eV VeYeUaO W\SeV Rf UaWiRQaOiW\ aQd NQRZOedge. FRU KaQW WheUe ZaV VSecXOaWiYe

UeaVRQ, PRUaO/SUacWicaO UeaVRQ, aQd aeVWheWic UeaVRQ. FRU HabeUPaV WheUe ZeUe WechQicaO, PRUaO aQd

aeVWheWic cRgQiWiYe iQWeUeVWV ePbRdied iQ Whe VRciaO iQVWiWXWiRQV Rf VcieQce, OaZ aQd aUW. Each Rf WheVe

W\SeV Rf UeaVRQ geQeUaWeV iWV RZQ NiQd Rf WUXWh b\ a diVWiQcWiYe PeWhRd. IQ KaQW, ZhiOe VSecXOaWiYe UeaVRQ

RSeUaWeV XViQg Whe geQeUaO caWegRUieV Rf RbVeUYaWiRQaO e[SeUieQce, PRUaO UeaVRQiQg XVeV Whe deYice Rf

Whe caWegRUicaO iPSeUaWiYe, Zhich aVNV UeaVRQeUV WR iPagiQe Whe cRPPXQiW\ Rf ageQWV ZhR acW RQ WheiU

Pa[iP. The cRQWePSRUaU\ fieOd Rf VRciaO eSiVWePRORg\ Rf VcieQce, Zhich VWaUWV fURP Whe aVVXPSWiRQ WhaW

Whe PeWhRdV b\ Zhich VcieQWific cRPPXQiWieV aUUiYe aW WUXWh aUe WhePVeOYeV VRciaO, VWXd\ a cRQYeUgeQce

SRiQW fRU diffeUeQW QRUPaWiYe SUacWiceV Rf WheRUi]iQg. A UXOe WhaW Va\V: ³aQ\WiPe a cROOeagXe UeSRUWV a diUecW
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RbVeUYaWiRQ WhaW cRQWUadicWV a SUiRU, cRPPXQaOO\-acceSWed geQeUaOi]aWiRQ Ze RXghW WR abaQdRQ Whe

geQeUaOi]aWiRQ´ haV bRWh a ORgicaO aQd a PRUaO VRXUce. The ORgicaO VRXUce haV WR dR ZiWh Whe facW WhaW

geQeUaOi]aWiRQV aUe WUXe RQO\ VR ORQg aV aOO Rf WheiU iQVWaQceV aUe. The PRUaO VRXUce haV WR dR ZiWh

WUXVWiQg aQd UeVSecWiQg feOORZ SUacWiWiRQeUV aV iQ VRPe iPSRUWaQW VeQVe eTXaOO\ caSabOe Rf geQeUaWiQg

aXWhRUiWaWiYe RbVeUYaWiRQ UeSRUWV aQd Rf dUaZiQg iQfeUeQceV fURP WheP.12 TheVe WZR YaOeQceV aUe iQ WXUQ

iQWeUacWiYe aQd PXWXaOO\ UeiQfRUciQg - SUacWiWiRQeU¶V XQdeUVWaQdiQg Rf ORgic Pa\ VeW Whe bacNgURXQd Rf

e[SecWaWiRQV fRU aSSURSUiaWe aQd UeVSecWfXO diaORgXe ZiWhiQ Whe fieOd. AQd VRPeWiPeV a gURZiQg VeQVe Rf

biaV, RPiVViRQ, diVUeVSecW RU diVUegaUd caXVeV XV WR Uee[aPiQe fRUPaO UXOeV WhaW aSSeaU WR SURYide cRYeU

fRU PRUaOO\ VXVSecW diVcXUViYe iQWeUacWiRQV. OQ Whe YieZ deYeORSed iQ WhiV chaSWeU, bRWh PRUaO aQd

WUadiWiRQaOO\ eSiVWePic cUiWeUia aUe QeceVVaU\ fRU geQeUaWiQg VcieQWific NQRZOedge WhaW caQ acW aV a baViV fRU

SXbOic acWiRQ.13

SRPe haYe aWWePSWed WR chaUacWeUi]e Whe PRUaO aQd SROiWicaO YaOeQce Rf VRciaO eSiVWePRORg\ XQdeU Whe

UXbUicV Rf eSiVWePic MXVWice aQd iQMXVWice (FUicNeU 2007). BXW WhiV chaUacWeUi]aWiRQ iV aOVR, fRU P\ SXUSRVeV,

QRW eQWiUeO\ heOSfXO. FRU Whe aUWicXOaWed NiQdV aUe RfWeQ VSeOOed RXW iQ WeUPV Rf a bacNgURXQd WUXWh WhaW iV

eiWheU XQaUWicXOaWed RU XQacNQRZOedged, bXW Zhich caQ aOUead\ VeUYe aV a UefeUeQce SRiQW. OU, UeOaWedO\,

Whe\ aUe VSeOOed RXW aV chaOOeQgiQg iQdiYidXaO¶V ideQWiWieV aV knoZerV (i.e. aV SeRSOe ZhR aOUead\ NQRZ).

The SRiQW iV WhaW Whe YeU\ QRUPV chaOOeQged b\ eSiVWePic iQMXVWice, (ZheUe WheVe iQMXVWiceV aUe VSeOOed RXW

iQ a VOighWO\ defOaWiRQaU\ Za\, QRW aV deQiaOV Rf WUXWh RU QRQUecRgQiWiRQ Rf NQRZeUV, bXW cORVeU WR Whe Za\

DRWVRQ 2011 dReV aV deQiaOV Rf e[SeUieQce, WeVWiPRQ\, RSiQiRQ, RbVeUYaWiRQ UeSRUWV RU iQfeUeQceV ZiWhiQ a

VRciaO eQWeUSUiVe Rf eSiVWePic SURdXcWiRQ) aUe conVWiWXWiYe of eSiVWePic cRPPXQiWieV aQd Whe NQRZOedge

Whe\ aUUiYe aW. WhaW SOa\V Whe UefeUeQce Rf WUXWh iQ a PRUe WhRURXghO\ diVcXUViYe eSiVWePRORg\ (e.g. OiNe

LRQgiQR¶V 2002, TXaVi-PieUciaQ eSiVWePRORg\) iV SUeciVeO\ Whe eQd UeVXOW Rf a cRQYeUVaWiRQ Zhich dReV QRW

haSSeQ ZheQ iQMXVWice iV SUeVeQW, a cRQYeUVaWiRQ WhaW dReV QRW YiROaWe Whe PRUaO QRUPV Rf diVcRXUVe.

13 See aOVR HabeUPaV¶ YieZ WhaW QRUPV Rf VcieQWific SURdXcWiRQ SUeVXSSRVe VRPe Rf Whe KaQWiaQ diVcXUViYe QRUPV WhaW aUe
WhRURXghO\ PRUaO.

12 OQe caQ Vee a PRUaO cRQceUQ ZiWh diVcXUViYe acWiRQ iQ KaQW¶V diVcXVViRQ Rf O\iQg.
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WhiOe bRWh Rf WheVe OiWeUaWXUeV haYe beeQ fRUPaWiYe iQ WhiQNiQg WhURXgh Whe VeW Rf iVVXeV I ZiVh WR e[SORUe

iQ Whe cXUUeQW chaSWeU, I RSW fRU XViQg LRQgiQR¶V OaQgXage Rf Whe ³SROiWicaO YaOeQce´ Rf WheRUeWicaO YaOXeV,

aSSO\iQg WhiV idea VSecificaOO\ WR faOVifiabiOiW\. The WheViV iV WhaW PRSSeU ZaV aZaUe WhaW faOVifiabiOiW\ had a

SROiWicaO YaOeQce, aQd WhaW WhiV SROiWicaO YaOeQce ZaV eVVeQWiaO fRU XQdeUVWaQdiQg Whe UROe he WhRXghW

aSSURSUiaWe fRU VcieQce iQ VRcieW\ RU Whe VRciaO diPeQViRQ Rf VcieQce.

TKH OWKHU FacHV RI FaOVLILabLOLW\

IQ WhiV VecWiRQ I diVcXVV VRPe iQWeUSUeWaWiRQV Rf faOVifiabiOiW\ WhaW aUe PRUe WhRURXghO\ eSiVWePic (iQ Whe

abRYe WUadiWiRQaO VeQVe) VR Ze haYe a cRQWUaVW cOaVV fRU WhiQNiQg abRXW iWV VRciR-SROiWicaO aVSecW. FRU

SXUSRVeV Rf WhiV diVcXVViRQ, I ZiOO deaO ZiWh Whe YaOXe Rf faOVifiabiOiW\, cRQVWUXed b\ PRSSeU aV haYiQg Whe

fROORZiQg Ne\ feaWXUeV aUWicXOaWed iQ hiV eaUOieVW accRXQW fURP The Logic of ScienWific DiVcoYer\ (LSD

1934).  A WheRU\ RU h\SRWheViV, T, iV (PRUe) faOVifiabOe if

(a)  IW eQWaiOV (PRUe) baVic RbVeUYaWiRQ VWaWePeQWV, O.

(b) The WheRU\ ZRXOd be UeMecWed XSRQ Whe RbVeUYed faOVehRRd Rf VRPe VXch VWaWePeQW.

(b1) IQ SaUWicXOaU SUacWiWiRQeUV ZiOO aYRid ad hoc PaQeXYeUV (LSD S. 81) RU SXUSRVe-VSecific

adMXVWPeQWV WR Whe WheRU\ Zhich aOORZ iW WR aYRid UefXWaWiRQ.

(b2) FaOVified WheRUieV (T) Pa\ be VaYed b\ iQWURdXciQg QeZ aX[iOiaU\ h\SRWheVeV (A), bXW Whe

QeZ cRQMXQcWiYe SUePiVe (T & A) Zhich eQWaiOV Whe SRWeQWiaO faOVifieU, O, VhRXOd be WUeaWed aV a ³QeZ

V\VWeP´ (LSD S. 82/83).

(c) The WheRU\ iV riVk\ (RU UiVNieU) (LSD S. 280, CR S. 36, S. 240).

FaOVificaWiRQiVP, WR UePiQd Whe UeadeU, iV Whe PeWhRdRORg\ Zhich SUiRUiWi]eV Whe SURSRViQg aQd WeVWiQg Rf

highO\ faOVifiabOe WheRUieV RU h\SRWheVeV - WheRUieV RU h\SRWheVeV ZiWh PaQ\ iPSOicaWiRQV WhaW caQ be

46



WeVWed aQd caQ WXUQ RXW faOVe. IW iQYROYeV aUWicXOaWiQg SUeciVeO\ Whe RbVeUYabOe iPSOicaWiRQV Rf a WheRU\ aQd

aOVR a cRPPiWPeQW WR UeMecWiQg Whe WheRU\ VhRXOd iWV WeVW iPSOicaWiRQV WXUQ RXW faOVe.

The fiUVW VW\Oe Rf accRXQW WR diVcXVV aUe Whe SXUeO\ fRUPaO RU ORgicaO accRXQWV. CRPbiQed, (a) aQd (b) caQ

be SaUaShUaVed aV Va\iQg WhaW a WheRU\ iV faOVifiabOe if iW iV caSabOe Rf fXQcWiRQiQg iQ a modXV WollenV

aUgXPeQW Rf Whe fROORZiQg fRUP:

1. If T WheQ O

2. NRW O

3. TheUefRUe QRW T

WheUe T iV Whe WheRU\ aQd O iV VRPe RbVeUYaWiRQ UeSRUW. FaOVifiabiOiW\ iV aOVR VXSSRVed WR cRPe iQ

degUeeV (iW iV QRW PeUeO\ Whe QeceVVaU\ cRQdiWiRQ Rf QRQ-WaXWRORg\) aQd WheUe aUe YaUiRXV fRUPaOi]aWiRQV Rf

WhiV SRVVibiOiW\ fURP WhaW degUee beiQg e[SUeVVed aV Whe QXPbeU Rf RbVeUYaWiRQ UeSRUWV WhaW a WheRU\

eQWaiOV (iQ PRSSeU 1934) RU Whe QXPbeU Rf fUee SaUaPeWeUV iQ a SRO\QRPiaO eTXaWiRQ WhaW deVcUibeV a

beVW-fiW cXUYe fRU daWa (FRUVWeU aQd SRbeU 1994). TheVe SXUeO\ fRUPaO QRWiRQV PaNe QR VSecificaWiRQ

UegaUdiQg hRZ WhiV aUgXPeQW fRUP RU Whe aQaO\ViV Rf Whe degUee Rf faOVifiabiOiW\ PaS RQWR VRciaO feaWXUeV Rf

VcieQWific SUacWice. IQ facW, Whe\ aUe SeUfecWO\ VaWiVfiabOe b\ a ViQgOe VcieQWific ageQW. FRU WhiV UeaVRQ VXch

accRXQWV haYe beeQ caOOed ³PRQRORgicaO´ (HabeUPaV, LRQgiQR). MRQRORgicaO accRXQWV Rf faOVifiabiOiW\

igQRUe iWV VRciaO diPeQViRQ, Zhich iV SUeVeQW iQ PRSSeU¶V eaUOieVW accRXQWV aV Whe UeTXiUePeQW WhaW

faOVificaWiRQ be aQ ³iQWeUVXbMecWiYe´ SheQRPeQRQ, bXW iV VSeOOed RXW PRUe cOeaUO\ aQd ZiWh e[aPSOeV iQ

ConjecWXreV and RefXWaWionV. TheUe iW becRPeV cOeaUeU WhaW PRSSeU iPagiQeV Whe SURceVV Rf faOVificaWiRQ

aV iQYROYiQg RQe ageQW ZhR SURSRVeV a WheRU\ aQd a VeSaUaWe ageQW ZhR aWWePSWV WR faOVif\ iW - aV iQ Whe

EiQVWeiQ-EddiQgWRQ caVe (diVcXVVed PRUe beORZ). TheVe caVeV PaNe iW cOeaU WhaW Whe SRVVibiOiW\ Rf

faOVificaWiRQ UeTXiUed fRU faOVifiabiOiW\ iV QRW PeUeO\ a ORgicaO bXW aOVR iQ VRPe VeQVe a VRciaO RQe, Yi]. aQ

iQWeUVXbMecWiYe SRVVibiOiW\. IW iV iPSRUWaQW WR QRWe WhaW PRQRORgicaO accRXQWV geQeUaOO\ dR QRW e[clXde Whe

SRVVibiOiW\ WhaW PXOWiSOe acWRUV aUe iQYROYed iQ Whe SURYiViRQ Rf WheRU\ aQd WeVW RbVeUYaWiRQV. BXW Whe\ dR

QRW aQd SeUhaSV caQQRW RffeU aQ accRXQW Rf Zh\ WhiV VRciaO diYiViRQ Rf OabRU PighW be iPSRUWaQW.
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The SURbOeP iV QRW XQiTXe WR formal deVcUiSWiRQV Rf faOVifiabiOiW\ RU iWV RSeUaWiRQ ZiWhiQ Whe PeWhRdRORg\ Rf

faOVificaWiRQiVP. LaWRXU (1983) RffeUV ZhaW Ze PighW cRQVideU a PRQR-Wechnical (aV iQ Wechne) QRWiRQ Rf

faOVifiabiOiW\ iQ hiV accRXQW Rf PaVWeXU¶V V\QWheViV Rf Whe aQWhUa[ YacciQe. IQ LaWRXU¶V ³GiYe Me a

LabRUaWRU\ aQd I ZiOO RaiVe Whe WRUOd,´ PaVWeXU PRYeV WhURXgh Whe VWageV Rf cRQMecWXUe aQd UefXWaWiRQ b\

hiPVeOf iQ a OabRUaWRU\ ZheUe he gURZV Whe aQWhUa[ bacWeUia aQd SRVVibOe YacciQeV iQ a PeWUe diVh. B\ Whe

WiPe he iV Uead\ WR deSOR\ Whe YacciQe aV SaUW Rf a VWaWe agUicXOWXUaO SURgUaP, he aQd a WeaP Rf

adPiQiVWUaWRUV aUe abOe WR SURceed iQ VePi-aXWhRUiWaUiaQ VW\Oe. The\ VWifOe SXbOic iQWeUSUeWaWiRQ Rf Whe

YacciQe¶V effecWiYeQeVV in ViWX WhURXgh SUiRU WeVWV aQd WhURXgh a V\VWeP Rf iQfRUPaWiRQ WhaW effecWiYeO\

VeQdV aOO cUiWiTXeV bacN WhURXgh Whe Oab fRU RfficiaO YaOidaWiRQ. LaWRXU¶V SRiQW abRXW Whe iPSRUWaQce Rf

PeaVXUePeQW deYiceV aQd aSSaUaWXVeV WhaW caQ VaQcWiRQ aQ RbVeUYaWiRQ UeSRUW aQd WR Zhich diffeUeQW

VRciaO acWRUV haYe diffeUeQWiaO acceVV iV aQ iPSRUWaQW cUiWiTXe Rf Whe SRViWiYiVWV, bXW Whe cUiWicaO VXggeVWiRQ

WhaW WheUe iV VRPeWhiQg ZURQg ZiWh Whe cUiWeUiRQ Rf faOVifiabiOiW\ becaXVe iW aOORZV PaVWeXU WR VeOf-VaQcWiRQ

Whe effecWiYeQeVV Rf Whe YacciQe WhURXgh WUiaO aQd eUURU cRQdXcWed b\ hiPVeOf iQ Whe OabRUaWRU\ PiVVeV Whe

PaUN. FaOVifiabiOiW\ fRU PRSSeU haV a VRciaO aVSecW WRR; iW deVcUibeV a SRWeQWiaOiW\ fRU cUiWiTXe aPRQg

diffeUeQW VRciaO ageQWV. ThiV iV cRQQecWed WR a fXUWheU aVSecW Rf faOVifiabiOiW\ WhaW WheVe accRXQWV eiWheU

igQRUe RU OeaYe XQe[SOaiQed - feaWXUe (c) OiVWed abRYe - faOVifiabiOiW\¶V cRQQecWiRQ ZiWh riVk. We heaU fURP

PRSSeU WhaW cRQMecWXUeV RXghW WR be ³bROd´, ³UiVN\´, ³e[SRVed WR Whe ha]aUdV Rf UefXWaWiRQ´ (LSD S. 280,

CR S. 36, S. 240) aQd VR RQ. The SURbOeP ZiWh eiWheU Whe PRQRORgicaO RU PRQRWechQicaO accRXQWV iV WhaW

Whe\ iPagiQe a WheRU\ caQ be faOVifiabOe ZiWhRXW QeceVVaUiO\ beiQg UiVN\ RU ZheUe Whe\ UedXce Whe UiVN WR

XSVeWWiQg aQ iQdiYidXaO SUacWiRQeU¶V SUiYaWe e[SecWaWiRQV.

AQRWheU YaUieW\ Rf accRXQW aW OeaVW RffeUV a PRdeO Rf Whe VRciaO VWUXcWXUe Rf iQTXiU\ WhaW Pa\ heOS WR

aUWicXOaWe PRSSeU¶V QRWiRQ Rf UiVN, bXW I fiQd iWV accRXQW Rf UiVN ZiWhiQ iQTXiU\ iQadeTXaWe fRU UeVROYiQg Whe

VRciaO SURbOePaWicV Rf iQTXiU\ Zhich PRSSeU SUeVeQWV iQ PH aQd CR. ThiV iV KiWcheU¶V (1990) accRXQW RQ

Zhich diffeUeQW VcieQWific acWRUV SXUVXe diffeUeQW RfWeQ cRPSeWiQg h\SRWheVeV aW Whe VaPe WiPe aV SaUW Rf

Whe PRVW efficieQW diYiViRQ Rf cRPPXQaO OabRU iQ SXUVXiW Rf WUXWh. OQ KiWcheU¶V accRXQW, iQdiYidXaO

UeVeaUcheUV eQgage iQ a UiVN caOcXOXV ZheUe Whe\ Zeigh Whe beQefiWV, XVXaOO\ aUWicXOaWed aV VRPe NiQd Rf

SUi]e fRU diVcRYeUiQg Whe WUXWh, aQd Whe chaQceV WhaW WheiU fROORZiQg diffeUeQW UeVeaUch aYeQXeV (cRQVWiWXWed
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b\ diffeUeQW PeWhRdRORgieV RU fRcXV RQ diffeUeQW h\SRWheVeV) ZiOO Oead WheP WR diVcRYeU Whe WUXWh.

PUacWiWiRQeU¶V caOcXOaWiRQV aUe UeVSRQViYe WR hRZ PaQ\ UeVeaUcheUV aUe SXUVXiQg a giYeQ aYeQXe aOUead\

(a VaWXUaWed aYeQXe OeadV WR a ORZeU iQdiYidXaO SURbabiOiW\ Rf diVcRYeU\). The UeVXOW Rf WheVe iQdiYidXaO

caOcXOaWiRQV OeadV WR a diYiViRQ Rf cRgQiWiYe OabRU aW Whe cRPPXQiW\ OeYeO WhaW iV PRUe efficieQW RU WaNeV OeVV

WiPe WR diVcRYeU Whe WUXWh.

AQ iPSOicaWiRQ Rf KiWcheU¶V accRXQW iV WhaW ViQce diffeUeQW UeVeaUcheUV RU WeaPV RfWeQ SXUVXe PXWXaOO\

iQcRPSaWibOe h\SRWheVeV, RQe UeVeaUch WeaP¶V VXcceVV aPRXQWV WR Whe faOVificaWiRQ RU faiOXUe Rf aQRWheU

WeaP¶V h\SRWheViV RU aSSURach. ThXV RQ KiWcheU¶V accRXQW iQdiYidXaO SUacWiWiRQeUV face a UiVN aVVRciaWed

ZiWh faiOXUe WR achieYe Whe SUi]e aZaUded WR Whe VXcceVVfXO WeaP aQd ZhaWeYeU UeVRXUceV Pa\ haYe beeQ

e[SeQded iQ Whe SURceVV (WhRXgh KiWcheU¶V diVcXVViRQ dReV QRW e[SOiciWO\ cRXQW WheVe aPRQgVW Whe cRVWV Rf

iQTXiU\). The UaWiRQaOe fRU WhiV UiVN iV WhaW iW dUiYeV iQdiYidXaO SUacWiWiRQeUV WR RUgaQi]e WhePVeOYeV iQ aQ

efficieQW Za\ aW Whe cRPPXQiW\ OeYeO fRU Whe SXUVXiW Rf WUXWh. IW iV PeaQW WR be a YiUWXe Rf KiWcheU¶V accRXQW

WhaW Whe loVV aVVRciaWed ZiWh Whe UiVN iV VeePiQgO\ a QRQ-eSiVWePic gRRd - a SUi]e, SUeVWige, VRciaO

gUaWificaWiRQ RU VRPeWhiQg Rf WhiV VRUW - ZhiOe Whe RYeUaOO fXQcWiRQ Rf Whe UiVN iV WR SURPRWe Whe WiPeO\

diVcRYeU\ Rf WUXWh, aQ eSiVWePic aiP. KiWcheU¶V accRXQW WhXV cRQVWiWXWeV a chaOOeQge WR accRXQWV

VXggeVWiQg VcieQce haV QRQ-eSiVWePic aiPV iQVRfaU aV WheVe aiPV Pa\ VWiOO be VhRZQ WR SURPRWe WUXWh

iQdiUecWO\ b\ a URXWe VXch aV he VNeWcheV. AW WhiV MXQcWXUe iW ZRXOd be difficXOW WR e[SOaiQ Zh\ I dR QRW WhiQN

KiWcheU¶V fRUPXOaWiRQ caQ be OeYeUaged WR SURYide aQ adeTXaWe accRXQW Rf Whe fXQcWiRQ fRU UiVN iQ

faOVifiabiOiW\. TR begiQ WR Vee Whe diffeUeQce Ze ZiOO Qeed WR deOYe iQWR Whe cRQWe[W aQd VRciaO SURbOePaWicV

VXUURXQdiQg PRSSeU¶V RZQ diVcXVViRQV Rf faOVifiabiOiW\.

TKH CRQWH[W aQG PURbOHPaWLcV

TR VWaUW, cRQVideU Whe cRUe e[aPSOeV Rf VcieQWific aQd SVXedR-VcieQWific WheRUieV PRSSeU ideQWifieV iQ

ConjecWXreV and RefXWaWionV: EiQVWeiQ¶V GeQeUaO TheRU\ Rf ReOaWiYiW\; aQd MaU[iVW SRciRORg\, FUeXdiaQ
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SV\chRaQaO\ViV, aQd AdOeUiaQ SV\chRORg\. AV aQ e[aPSOe Rf geQXiQe VcieQce, PRSSeU diVcXVVeV

EiQVWeiQ¶V geQeUaO WheRU\ Rf UeOaWiYiW\ Zhich Pade SUedicWiRQV Rf RbVeUYabOe VWeOOaU SRViWiRQV dXUiQg a VROaU

ecOiSVe cRQfiUPed b\ Whe EddiQgWRQ e[SediWiRQ Rf 1919. HiVWRUiaQV haYe iOOXVWUaWed hRZ UeOaWiYiW\ WheRU\

WRRN RQ aQ ideRORgicaO VigQificaQce WhURXgh SXbOic VcieQWific YeQXeV iQ iQcUeaViQgO\ QaWiRQaOiVW aQd

aQWi-VePiWic GeUPaQ\ SUiRU WR WWII (VaQ DRQgeQ 2007, JRVeShVRQ 1996), ZiWh accXVaWiRQV WhaW UeOaWiYiW\

UeSUeVeQWed a diVWiQcWiYeO\ JeZiVh bUaQd Rf Sh\VicV aiUed SXbOicO\ aW VcieQWific cRQfeUeQceV, aV ZeOO aV Whe

QRWiRQ Rf WhaW UeOaWiYiW\ acWed aV ideRORgicaO VXSSRUW fRU iQWeUQaWiRQaOiVP.14 IQ facW, EddiQgWRQ¶V

RbVeUYaWiRQV, Zhich PaUNed a cROOabRUaWiYe effRUW beWZeeQ BUiWiVh aQd GeUPaQ VcieQWiVWV XQdeUWaNeQ

agaiQVW a hiVWRUicaO bacNdURS Rf iQWeQVe QaWiRQaOiVW UiYaOU\, ZeUe WR VRPe degUee dUiYeQ b\ aQd cRQfiUPed

Whe YaOXe Rf VcieQWific iQWeUQaWiRQaOiVP, a YaOXe Zhich dRYeWaiOed ZiWh Whe SacifiVP Rf bRWh EddiQgWRQ aQd

EiQVWeiQ (SWaQOe\ 2003).

AV e[aPSOeV Rf SVeXdR-VcieQce, PRSSeU diVcXVVeV AdOeUiaQ SV\chRORg\, FUeXdiaQ SV\chRaQaO\ViV aQd

MaU[iVW VRciRORg\. AOO Rf WhUee Rf WheVe ³SVeXdR-VcieQceV´ ZeUe highO\ SROiWicaOO\ aQd VRciaOO\ iQfOXeQWiaO

befRUe PRSSeU¶V SXbOicaWiRQ Rf LSD iQ 1934. MaU[iVW VRciRORg\ fRUPed Whe aQaO\WicaO baViV Rf Whe gURZiQg

VRciaOiVW aQd cRPPXQiVW PRYePeQWV iQ cRQWiQeQWaO EXURSe aQd eYeQWXaOO\ Whe RXVViaQ ReYROXWiRQ Rf 1917

(JRVeShVRQ 1996). The langXage Rf MaU[iVP ZaV iWVeOf iQ SaUW Whe RXWcRPe aQd baViV Rf a VeUieV Rf

iQWeUQaWiRQaOiVW aVVePbOieV (e.g. Whe FiUVW, SecRQd aQd ThiUd IQWeUQaWiRQaOV), Zhich VeUYed aV a NiQd Rf

cRXQWeUSaUW WR WeVWeUQ iQWeUQaWiRQaO ecRQRPic iQVWiWXWiRQV dXUiQg Whe SRVW-ZaU SeUiRd. FUeXd¶V WheRU\ Rf

Whe VXbcRQVciRXV aQd iWV dUiYeV SURYided a baViV fRU SV\chRaQaO\ViV aPRQg Whe bRXUgeRiVie (ScXOO 2015)

aQd fRU QeZ PeWhRdV Rf SeUVXaViRQ becRPiQg SURPiQeQW iQ SURSagaQda caPSaigQV abURad aQd

adYeUWiViQg caPSaigQV dRPeVWicaOO\ (ZiWhiQ Whe US Vee BeUQa\V 1928). AdOeUiaQ SV\chRORg\ ZaV a

fRUPaWiYe dRcWUiQe iQ edXcaWiRQ SURgUaPV ZiWhiQ AXVWUiaQ VRcieW\. PeRSOe baVed iPSRUWaQW, eYeQ

VRPeWiPeV Oife-aQd-deaWh, deciViRQV RQ Whe aXWhRUiW\ Rf WheVe WheRUieV aQd SaUW Rf PRSSeU¶V aiP VeePV WR

be WR chaOOeQge Whe OegiWiPac\ Rf WhiV iQfOXeQce. A VWRU\ fURP PRSSeU¶V aXWRbiRgUaSh\, Unended QXeVW

(UQ 1974b) iOOXVWUaWeV Whe SRiQW ZiWh UeVSecW WR MaU[iVP.

14 GaOOiVRQ (2003) UePiQdV XV WhaW conYenWionaliVm, a VWaONiQg hRUVe Rf PRSSeU¶V, ZaV aOVR aQ iQWeUQaWiRQaO RUgaQi]aWiRQaO fRUPaW -
VcieQWific cRQYeQWiRQV fRU Whe eVWabOiVhPeQW Rf PeaVXUePeQW VWaQdaUdV WRRN SOace UegXOaUO\ beWZeeQ diffeUeQW EXURSeaQ QaWiRQV aQd
NRUWh APeUica iQ Whe 19Wh ceQWXU\.
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AV a WeeQageU iQ AXVWUia VhRUWO\ afWeU WWI PRSSeU SaUWiciSaWed iQ ORcaO VRciaOiVW PRYePeQWV (VRciaO

dePRcUaWic aQd cRPPXQiVW) WhURXgh SaUWiciSaWiRQ iQ YaUiRXV VWXdeQW aVVRciaWiRQV. He ZUiWeV WhaW he ZaV

SeUPaQeQWO\ diViOOXViRQed ZiWh cRPPXQiVP b\ aQ eYeQW WhaW RccXUUed VhRUWO\ befRUe hiV VeYeQWeeQWh

biUWhda\ (PRSSeU, UQ S.33). SeYeUaO \RXQg acWiYiVWV aWWePSWed WR fUee feOORZ SaUW\ PePbeUV fURP a ORcaO

SROice VWaWiRQ dXUiQg a dePRQVWUaWiRQ aQd ZeUe VhRW iQ Whe eQVXiQg VWUXggOe. FROORZiQg MaU[, PRSSeU

VeePV WR WhiQN, Whe PePbeUV Rf Whe SaUW\ beOieYed iQ Whe SUedicWiRQ Rf Whe cROOaSVe Rf caSiWaOiVP aQd Whe

UiVe Rf Whe SUROeWaUiaW WR SRZeU, Zhich ZRXOd iPSOePeQW a VRciaOiVW gRYeUQPeQW. MRUeRYeU, Whe\ VaZ WhiV

RXWcRPe aV iQeYiWabOe, aUiViQg fURP Whe QeceVVaU\ diaOecWicaO OaZV Rf hiVWRU\. IQ OighW Rf WhiV beOief, PRSSeU

WhRXghW WhaW PePbeUV Rf Whe PRYePeQW VaZ WheiU RQO\ aYaiOabOe hiVWRUicaO UROe aV SUeciSiWaWiQg Whe

UeYROXWiRQ. IQdiYidXaOV cRXOd, WhURXgh WheiU acWiRQ, haVWeQ RU deOiYeU Whe UeYROXWiRQ, WhRXgh Whe\ cRXOdQ'W

chaQge Whe cRXUVe Rf hiVWRU\ (ibid, S. 35).

LaWeU (iQ PH) PRSSeU ZRXOd ideQWif\ MaU[iVP¶V XQdeUO\iQg deWeUPiQiVWic YieZ Rf hiVWRU\ aV Whe cRUe Rf Whe

SURbOeP. ThiV hiVWoriciVW YieZ Oa\ aW Whe URRW Rf Whe acWiYiVW¶V deciViRQ WR UiVN aQd XOWiPaWeO\ ORVe WheiU OiYeV.

He QRWeV WhaW Whe SaUWicXOaU WheRU\ Rf hiVWRU\ had aOUead\ Pade SUedicWiRQV (UegaUdiQg Whe chaUacWeU Rf Whe

cRPiQg UeYROXWiRQ) WhaW had WXUQed RXW faOVe iQ Whe RXVViaQ ReYROXWiRQ Rf 1917 (PRSSeU, UQ S. 43).15 The

SURSeU WhiQg WR dR VXbVeTXeQW WR WhRVe faOVificaWiRQV, aQd ZhaW ZRXOd befiW WUXe VcieQce, ZRXOd haYe beeQ

WR PaUN Whe RUigiQaO WheRU\ diVSURYed. IQVWead iW ZaV NeSW aOiYe ZiWh aQ ad hoc PRdificaWiRQ ZiWh PRUe RU

OeVV Whe VaPe cRPPiWPeQW Rf iWV fROORZeUV. B\ cRQWUaVW, EiQVWeiQ e[SUeVVed a ZiOOiQgQeVV WR cRQVideU hiV

RZQ WheRU\ XQWeQabOe if ceUWaiQ SUedicWiRQV WhaW iW Pade VhRXOd WXUQ RXW faOVe. TheVe SUedicWiRQV ZeUe

WheQ WeVWed b\ aQ iQWeUQaWiRQaO VcieQWiVW fURP a hiVWRUicaOO\ UiYaO cRPPXQiW\.

IW iV aOVR iPSRUWaQW WR ViWXaWe PRSSeU¶V deYeORSPeQW Rf Whe cUiWeUiRQ Rf faOVifiabiOiW\ ZiWhiQ Whe SROiWicaO

cOiPaWe Rf Whe WiPe (1930'V WhURXgh Whe 1960'V), VSecificaOO\, ZiWh UeVSecW WR aQ ideRORgicaO VWUXggOe RYeU

Whe cRQceSWV Rf ³VcieQce´ aQd ³e[SeUiPeQW.´ AV AUeQdW (1951) QRWeV Whe WhUee SUiQciSaO SROiWicaO ideRORgieV

Rf Whe WiPe - Na]iiVP ceQWeUed iQ GeUPaQ\, CRPPXQiVP, e.g. iQ RXVVia, aQd LibeUaOiVP, e.g. e[ePSOified

b\ BUiWaiQ aQd Whe US - cOaiPed VcieQWific VWaWXV fRU WheiU ecRQRPic aQd SROiWicaO SURgUaPV iQ WheiU

SURSagaQda aQd iQVWiWXWiRQaO dRcWUiQeV. Na]iiVP SURPRWed eXgeQic aQd Uace VcieQce WhURXgh iQVWiWXWiRQV

15 SSecificaOO\, WhaW cRPPXQiVP ZRXOd fiUVW WaNe hROd iQ a caSiWaOiVW cRXQWU\.
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Rf SRSXOaWiRQ dePRgUaShicV aQd adPiQiVWUaWiRQ gURXQdiQg iWV cRQceSWiRQ Rf Whe GeUPaQ Volk aQd Whe

JeZiVh SeRSOe iQ cRQYeQieQW aQWhURSRORgicaO aQd eXgeQic WheRUieV (PaQ\ Rf Whe eXgeQic VWXdieV cRPiQg

RXW Rf Whe US) (JRVeShVRQ 1996). CRPPXQiVP baVed VWaWe SOaQQiQg PeaVXUeV RQ a MaU[iVW WheRU\ Rf

hiVWRU\, aQd MXVWified OaUge-VcaOe iQdXVWUiaO iQWeUYeQWiRQV dXUiQg Whe Pid 1930¶V iQcOXdiQg Whe cROOecWiYiVaWiRQ

Rf agUicXOWXUe RQ Whe baViV Rf L\VeQNR¶V diVWiQcWiYeO\ ³SUROeWaUiaQ´ UeYiYaO Rf LaPaUcNiaQ geQeWicV

(JRVeShVRQ 1996, EOOiRWW 2017) aQd iQfUaVWUXcWXUe SURMecWV VXch aV h\dUReOecWUic aQd iUUigaWiRQ SURMecWV iQ

Whe AUaO Sea (PeWeUVRQ 2016). LibeUaOiVP cRQWiQXed WR fiQd VRciaO bacNiQg fURP SRciaO DaUZiQiVW ideaV Rf a

VeOf-iQWeUeVWed VWUXggOe Rf aOO agaiQVW aOO OeadiQg WR eYeU gUeaWeU VRciaO SURgUeVV aQd fiWQeVV (AUeQdW, 1951

S. 330). AV PeQWiRQed abRYe, WheVe ideRORgicaO baWWOeV Ueached eYeQ iQWR Sh\VicV ZheUe QeZ WheRUeWicaO

adYaQceV VXch aV UeOaWiYiW\ WheRU\ RU TXaQWXP PechaQicV RfWeQ VeUYed aV a SUR[\ baWWOe gURXQd RYeU

ideRORgicaO aQd eSiVWePRORgicaO debaWeV cRQceUQiQg UeOaWiYiVP aQd PaWeUiaOiVP (JRVeShVRQ 1996, HeVVeQ

1971, GeURYiWch 2004).

BeVideV cOaiPiQg WR be gURXQded iQ ceUWaiQ aOUead\ UecRgQi]ed VcieQWific WheRUieV WhaW Whe\ WheQ SURPRWed

WR a SOace Rf SUeVWige ZiWhiQ gRYeUQPeQW aQd VcieQWific RUgaQi]aWiRQV, diffeUeQW QaWiRQaO ideRORgieV aOVR

WRRN a VWaQce RQ Whe VcRSe aQd UROe Rf VcienWific e[perimenWV aSSOied ZiWhiQ a VRciaO cRQWe[W. EaUO\

WUaYeOeUV fURP Whe US aQd EXURSe WR Whe SRYieW UQiRQ, bURXghW bacN e[ciWed UeSRUWV Rf Whe OaUge-VcaOe

VRciaO aQd ecRQRPic e[SeUiPeQWaWiRQ WhaW ZaV beiQg cRQdXcWed WheUe. The idea WhaW WheVe ZeUe

"e[SeUiPeQWV" VeePV WR haYe cRPe fURP WhiV WUaYeOeU SeUVSecWiYe (FeXeU 1962, NaPbRRdiUiSad 1991).16

PUagPaWiVW aQd SURgUeVViYe VRciaO UefRUPeUV VXch aV JRhQ DeZe\ aQd JaQe AddaPV WUaYeOiQg fURP Whe

UQiWed SWaWeV VaZ aQaORgV Rf WheiU RZQ ORcaO VRciaO e[SeUiPeQWV (e.g. DeZe\¶V OabRUaWRU\ VchRROV RU

AddaPV¶ HXOO HRXVe) beiQg caUUied RXW aW Whe OeYeO Rf QaWiRQaO SROic\ iQ Whe SRYieW UQiRQ. IQ Whe RWheU

diUecWiRQ, SRYieW UefRUPeUV RSeQO\ adPiUed Ta\ORUiVW aQd FRUdiVW17 fRUPV Rf VRciaO eQgiQeeUiQg ZiWhiQ Whe

US (PeWeUVRQ 2016).

17 FUedUicN Ta\ORU iQaXgXUaWed Whe SUacWice Rf VcieQWific PaQagePeQW Zhich VRXghW WR SURPRWe ZRUNeU efficieQc\ WhURXgh Whe
VXbdiYiViRQ Rf WaVNV aQd Whe VWXd\ Rf PaQXaO OabRU.  HeQU\ FRUd iPSOePeQWed QRYeO facWRU\-OiQe WechQiTXeV fRU PaVV SURdXcWiRQ aV
ZeOO aV VRciaO SURgUaPV VXch aV higheU ZageV WhaW aOORZed PePbeUV Rf hiV ZRUNfRUce WR SXUchaVe Whe caUV Whe\ Pade.  IW ZaV
accRPSaQied ZiWh a V\VWeP Rf caUefXO PRQiWRUiQg aQd VXUYeiOOaQce WhaW VRXghW WR eQVXUe UeciSieQWV Rf VRciaO beQefiWV cRQfRUPed WR a
PRUaO cRde Rf cRQdXcW aW hRPe.

16 HiVWRUiciVP, Zhich haV a deWeUPiQiVW YieZ Rf hiVWRUicaO SURgUeVViRQ, deQieV iWV acWiYiWieV aUe e[SeUiPeQWaO.  The caWegRU\ Rf
³e[SeUiPeQW´ iV PRUe aW hRPe aPRQg SURgUeVViYe RU SUagPaWiVW YieZV.
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US XQWiO Whe OaWe 20¶V, APeUicaQ iQWeOOecWXaO RSiQiRQ UegaUded OaUge-VcaOe SRYieW VRciaO e[SeUiPeQWaWiRQ iQ

a faYRUabOe OighW. ThaW RSiQiRQ begaQ WR VhifW aV iQfRUPaWiRQ abRXW Whe SWaOiQ eUa begaQ WR WUicNOe RXW.

SWaOiQiVP begaQ iQ Whe OaWe 20¶V. ThURXgh a VeUieV Rf 5 \eaU SOaQV, SWaOiQ RUcheVWUaWed a dUaVWic RYeUhaXO

aQd iQdXVWUiaOi]aWiRQ Rf Whe RXVViaQ ecRQRP\, aQd iWV SRYieWi]ed fedeUaWiRQV Zhich bURXghW abRXW PaVViYe

VRciaO aQd ecRORgicaO diVUXSWiRQ (PeWeUVRQ 2016) aV ZeOO aV beiQg accRPSaQied aQd dUiYeQ b\ a caPSaigQ

Rf SROiWicaO WeUURU aQd diVaSSeaUaQce aQd fRUced OabRU iQVWiWXWiRQaOi]ed iQ Whe SRYieW VecUeW SROice aQd Whe

GXOag V\VWeP (SRO]heQiWV\Q 1974). A ZeOO-NQRZQ e[aPSOe Rf Whe SURgUaPV iPSOePeQWed dXUiQg WhiV

SeUiRd ZaV Whe cROOecWiYi]aWiRQ Rf agUicXOWXUe Zhich fRUcibO\ WUaQVfRUPed a V\VWeP Rf VPaOO VhaUe-hROdeUV

iQWR iQdXVWUiaO cRPbiQeV. The WUaQViWiRQ RccaViRQed SeaVaQW UeYROWV aQd cURS faiOXUeV WhaW OefW PiOOiRQV dead

(JRVeShVRQ 1996). BiRORgiVW TURfiP L\VeQNR VWeSSed iQWR aQ RfficiaO caSaciW\ fRU Whe RXVViaQ VWaWe, iQ SaUW

SURPiViQg WR VROYe Whe ecRORgicaO faOORXW aQd UeVXOWiQg fRRd-VhRUWageV WhURXgh a WechQRORgicaO fi[. IQVWead

hiV faiOed UeYiYaO Rf LaPaUcNiVP, ePShaVi]iQg Whe iPSRUWaQce Rf eQYiURQPeQWaO YV. iQheUiWed facWRUV, RQO\

SURORQged Whe VhRUWageV aQd accRPSaQ\iQg VXffeUiQg.

TheUe ZaV WhXV a Qeed fRU WhRVe V\PSaWheWic WR Whe eaUOieU fUaPiQg Rf SRYieW effRUWV aV OegiWiPaWe VRciaO

e[SeUiPeQWV WR accRXQW fRU ZhaW had gRQe ZURQg iQ Whe SWaOiQiVW SOaQQiQg SeUiRd. TheUe iV aOVR gRRd

UeaVRQ WR Vee PRSSeU aV V\PSaWheWic ZiWh eaUOieU ORgicaO SRViWiYiVW YiViRQV VXch aV WhRVe Rf OWWR NeXUaWh

(CaUWZUighW eW aO. 1996) Rf a ceQWUaO UROe fRU Whe VRciaO VcieQceV iQ gRYeUQPeQW SROic\ PaNiQg.18 Read iQ

WhiV OighW PRSSeU¶V idea deYeORSed iQ The PoYerW\ of HiVWoriciVm WhaW e[SeUiPeQWaWiRQ iQ Whe VRciaO

VcieQceV VhRXOd aOZa\V iQYROYe ³Siece-PeaO eQgiQeeUiQg´ VeePV OiNe aQ aWWePSW WR aUWicXOaWe Whe bRXQdaU\

beWZeeQ OegiWiPaWe aQd iOOegiWiPaWe VRciaO iQWeUYeQWiRQ aQd RUgaQi]aWiRQ.

FiQaOO\, PRSSeU¶V RZQ VeaUch fRU aQ acadePic SRViWiRQ abURad aV Na]iiVP VSUead WhURXgh EXURSe Pa\ be

UeOeYaQW fRU WhiQNiQg WhURXgh Whe iVVXeV iQ LSD. PRSSeU ZaV aPRQg a ZaYe Rf acadePicV WhaW aOVR

iQcOXded EiQVWeiQ, ZhR VRXghW fRUeigQ acadePic SRVWV WR eVcaSe Na]iiVP aW hRPe. MRVW acadePic

SRViWiRQV UeTXiUed SXbOicaWiRQ Rf a PaQXVcUiSW aQd WhiV SURYided aQ iPSeWXV fRU PRSSeU WR SXbOiVh LSD

ZheQ he did (UQ). AV I ZiOO e[SOaiQ VhRUWO\, WhiV aOVR heOSV WR PRWiYaWe Whe SaUWicXOaU iQWeUSUeWaWiRQ Rf Whe

18 NeXUaWh WRRN a Oead UROe iQ SOaQQiQg Whe AXVWUiaQ ZaU-WiPe ecRQRP\ dXUiQg WWI) (aW OeaVW iQVRfaU aV PRSSeU VWiOO VeePV WR UeVeUYe
fRU VRciaO VcieQce a UegXOaWRU\ UROe Rf PRQiWRUiQg XQiQWeQded cRQVeTXeQceV Rf VRciaO acWiRQ.
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riVk iQYROYed iQ faOVifiabiOiW\ aV UeOaWed WR Whe UiVNV aW SOa\ iQ UeceiYiQg RU beiQg acceSWed WR acadePic SRVWV

ZiWhiQ Whe VcieQceV.

IQ VXPPaU\, WheVe cRQWe[WXaO facWRUV VXggeVW WhaW PRSSeU¶V diVcXVViRQ Rf VcieQce fRXQd cOeaU UeOeYaQce

iQ hiV cRQWePSRUaU\ VRciaO aQd SROiWicaO cRQWe[W, ZheUe WR caOO a WheRU\ VcieQWific ZaV RfWeQ WR gUaQW iW Whe

aXWhoriW\ WR acW aV a baViV fRU VRciaO acWiRQ aQd SROic\. IQdeed iQ OaWeU We[WV, PRSSeU hiPVeOf VeePV WR

ePbUace a VRciaO aQd SROiWicaO SURbOePaWicV fRU e[SOaiQiQg Whe PeUiWV Rf hiV eaUOieU eSiVWePRORg\. IQ Whe

iQWURdXcWiRQ Rf CR, fRU iQVWaQce, PRSSeU dUaZV YaUiRXV cRQQecWiRQV beWZeeQ eSiVWePRORg\ aQd SROiWicV iQ

aQ aWWePSW WR VhRZ hRZ hiV RZQ eSiVWePRORg\ aYRidV ceUWaiQ aXWhRUiWaUiaQ iPSOicaWiRQV aQd WeQdeQcieV Rf

RWheU eSiVWePic dRcWUiQeV (iQWeUeVWiQgO\ SUagPaWiVP iV OiVWed aPRQg Whe aXWhRUiWaUiaQ dRcWUiQeV).19 IQ Whe

Qe[W VecWiRQ I diVcXVV PRSSeU¶V YieZ WhaW OibeUaO ecRQRPic iQVWiWXWiRQV cRPe cORVeVW WR UeVROYiQg WhiV VeW Rf

SURbOePV becaXVe Whe\ RffeU aQ ecRQRPic V\VWeP Zhich PeeWV Whe PRUaO dePaQd RQ VRciaO e[SeUiPeQWV

WhaW Whe\ aYRid caXViQg XQQeceVVaU\ haUP.

LRRNiQg ahead, Whe aXWhRUiW\ Rf VcieQce caQ VWeP fURP iWV ORgicaO ePSiUicaO PeUiWV, bXW iW Pa\ aOVR haYe

RWheU QRUPaWiYe VRXUceV. IQ geQeUaO, Ze Pa\ aVN ZhaW giYeV VcieQWific e[SeUWV RU VcieQWific WheRUieV

legiWimaWe aXWhRUiW\ WR acW aV a baViV fRU VRciaO acWiRQ, ZheUe Whe cRQceSW Rf OegiWiPac\ Pa\ be baVed RQ

cRQVideUaWiRQV WhaW aUe QRQ-eSiVWePic iQ Whe WUadiWiRQaO VeQVe (aV I ZiOO VXggeVW iQ Whe Qe[W VecWiRQ RQe

Pa\ decide ZhaW WR dR fRU a gURXS OegiWiPaWeO\ becaXVe RQe¶V iQWeUeVWV aUe VXiWabO\ UeSUeVeQWaWiYe Rf Whe

gURXS).

The Qeed WR giYe aQ accRXQW Rf Whe aXWhRUiW\ Rf VcieQce ZheQ, RQ PRSSeU¶V YieZ, VcieQWiVWV aOZa\V RSeUaWe

XQdeU cRQdiWiRQV Rf SeUViVWeQW XQceUWaiQW\ - becaXVe Whe SURbOeP Rf iQdXcWiRQ iV iUUeVROYabOe - giYeV UiVe WR

a difficXOW YaUiaWiRQ Rf Whe VRciR-eSiVWePic SURbOeP: ZhaW aUe Whe aSSURSUiaWe cRQdiWiRQV fRU OegiWiPaWe

e[SeUW aXWhRUiW\ XQdeU XQceUWaiQW\? IW ZaV WhiV SURbOeP WhaW Oed PRSSeU WR cRQVideU Whe aSSURSUiaWe VcaOe

Rf VRciaO e[SeUiPeQWaWiRQ aQd Zhich I WhiQN OeadV WR aQ accRXQW Rf faOVifiabiOiW\ aV eOecWRUaO UiVN.

19 See aOVR LefeYUe¶V chaUacWeUi]aWiRQ Rf PRSSeU aV deYeORSiQg aQ eSiVWePRORg\ ³WhaW dReV QRW UeVXOW iQ aQ aXWRPaWic defeQVe Rf Whe
cORVed VRcieW\´ (S.96).
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FaOVLILabLOLW\ aV EOHcWRUaO RLVN

PeUhaSV Whe SOace WR begiQ WaONiQg abRXW hRZ PRSSeU¶V eSiVWePRORg\ Rf VcieQce aYRidV VRPe Rf Whe

aXWhRUiWaUiaQ WeQdeQcieV diVcXVVed iQ Whe OaVW VecWiRQ iV WR QRWe hiV UeSeaWed iQViVWeQce WhaW Whe aiPV Rf

VcieQce iQcOXde ideQWif\iQg aQd PiQiPi]iQg UiVNV, bURadO\ cRQVWUXed aV UiVN WR VRcieW\, iQcOXdiQg iQ

VcieQce¶V SXUVXiW Rf VROXWiRQV WR SaUWicXOaU VRciaO SURbOePV.20 ASSOied WR VRciaO e[SeUiPeQWV RU

eQgiQeeUiQg,21 PRSSeU WhRXghW WhaW VcieQce cRXOd RQO\ SURSeUO\ be XVed fRU VRciaO aSSOicaWiRQV iQ

VPaOO-VcaOe RU ZhaW he caOOed ³Siece-PeaO´ eQgiQeeUiQg. AV KReUWge (1972) SRiQWV RXW, WheUe VeePV WR be

aQ iQcRQViVWeQc\ beWZeeQ Whe accRXQW Rf VcieQce RUieQWed WRZaUd VRciaO iVVXeV iQ PH Zhich PaNeV a

cRQVeUYaWiYe dePaQd RQ Whe VcaOe Rf VcieQWific e[SeUiPeQWV - WhaW Whe\ be Siece-PeaO aQd VPaOO VcaOe -

aQd Whe accRXQW RffeUed iQ LSD Zhich PaNeV gRRd VcieQce RXW WR be a riVk\ eQdeaYRU. BecaXVe Rf

WeQViRQV VXch aV WhiV, aXWhRUV VXch aV KReUWge (1972) aQd LefeYUe (1974) haYe WeQded WR Vee PRSSeU¶V

OaWeU ZUiWiQgV aV aQ ideRORgicaO RYeUOa\ XSRQ aQ eaUOieU PRUe QeXWUaO eSiVWePRORg\. ReVROYiQg WhiV

aSSaUeQW WeQViRQ ZiOO UeTXiUe WhaW Ze WhiQN abRXW hRZ inVWiWXWionV caQ be cRQVWUXcWed Zhich haYe Whe aiP

Rf PiQiPi]iQg UiVN WR VRcieW\. IQ SaUWicXOaU, I VXggeVW Whe aSSURSUiaWe QRWiRQ Rf ³UiVN´ iQYROYed iQ faOVifiabiOiW\

iV Whe UiVN WR VcieQWiVWV aQd eQgiQeeUV Rf diVcRQWiQXiQg WheiU VcieQWific SURMecWV iQ face Rf SXbOic cUiWiciVP

abRXW WheiU iPSacWV. The UeVXOWaQW accRXQW I caOO ³eOecWRUaO UiVN´ afWeU Whe UiVN faced b\ SROiWicaO OeadeUV iQ

WheiU caSaciW\ aV eOecWed UeSUeVeQWaWiYeV.22

IQ SURYidiQg aQ accRXQW Rf faOVifiabiOiW\ WhaW ORRNV ³QRQ-eSiVWePic´ b\ WUadiWiRQaO cUiWeUia I hRSe WR VhRZ hRZ

RQe caQ dRXbOe dRZQ RQ Whe aVVeUWiRQ Rf Whe iUUeVROYabiOiW\ Rf Whe SURbOeP Rf iQdXcWiRQ, ZhiOe fiQdiQg

diUecWiRQ fRU iQTXiU\ WhURXgh cRQVideUaWiRQV Rf accRXQWabiOiW\, RSeQQeVV aQd VRciaO UeOeYaQce. I beOieYe Whe

UeVXOWaQW accRXQW deVeUYeV UeQeZed aWWeQWiRQ iQ cRQWePSRUaU\ diVcXVViRQV Rf VcieQce¶V VRciaO aQd

SROiWicaO diPeQViRQV.

22 ThRXgh eQgiQeeUiQg Pa\ cRQQRWe aSSOicaWiRQ Rf VeWWOed VcieQce, ZhiOe e[SeUiPeQW cRQQRWeV a cRQWiQXaWiRQ Rf iQTXiU\, dUaZiQg WhiV
diVWiQcWiRQ WRR VhaUSO\ ZRXOd cXW agaiQVW PRSSeU¶V iQViVWeQce WhaW eYeQ iQdiYidXaO SURSUieWRUV diVcXVVed OaWeU aUe cRQdXcWiQg
e[SeUiPeQWV.  WhaW eOVe ZRXOd SURYide Whe NiQd Rf ORZ-UiVN cRQWe[W aSSURSUiaWe fRU cRQdXcWiQg VRciaO e[SeUiPeQWV?

21 PRSSeU RfWeQ XVeV ³e[SeUiPeQW´ aQd ³eQgiQeeUiQg´ iQWeUchaQgeabO\.

20 PRSSeU WeQdV WR UeiWeUaWe Whe XQifRUPiW\ Rf Whe VRciaO SURbOeP Rf ideQWif\iQg aQd eOiPiQaWiQg XQiQWeQded cRQVeTXeQceV Rf iQdiYidXaO
acWiRQ, Zhich he WUeaWV aV Whe SURgUaPPaWic aiP Rf Whe VRciaO VcieQceV.  YeW hiV UeMecWiRQ Rf RYeUaUchiQg hROiVW, WeOeRORgicaO accRXQWV
Rf hXPaQ hiVWRU\ Pa\ aOVR e[SOaiQ hiV iQViVWeQce WhaW Whe SURbOeP be ³SaUWicXOaU´ RU ³VSecific´ VXggeVWiQg a DeZe\iaQ SicWXUe Rf a
SOXUaOiVW dePRcUaWic SXbOic WhaW diVceUQV iVVXeV fRU iWVeOf WhURXgh a UaWiRQaOO\ RUgaQi]ed Pedia.
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LeW XV VWaUW ZiWh Whe idea WhaW fRU PRSSeU, iW iV a ceQWUaO aiP Rf VcieQce WR PiQiPi]e UiVN WR Whe SXbOic.

IQ The Open SocieW\ and IWV EnemieV (1945), PRSSeU VXggeVWV aV RQe Rf hiV RZQ SUiQciSOeV fRU a

hXPaQiWaUiaQ eWhicV Whe SUiQciSOe Rf PiQiPi]iQg VXffeUiQg. He ZUiWeV, ³I VXggeVW«WR UeSOace Whe XWiOiWaUiaQ

fRUPXOa µAiP aW Whe gUeaWeVW aPRQg Rf haSSiQeVV fRU Whe gUeaWeVW QXPbeU¶ RU bUiefO\ µMa[iPi]e haSSiQeVV¶,

b\ Whe fRUPXOa µThe OeaVW aPRXQW Rf aYRidabOe VXffeUiQg fRU aOO¶, RU bUiefO\, µMiQiPi]e VXffeUiQg´ (OS S.235

Q.6). The figXUe Rf Whe SiecePeaO eQgiQeeU, ZhR e[ePSOified fRU PRSSeU Whe ideaO VcieQWific aWWiWXde WRZaUd

VRciaO e[SeUiPeQWaWiRQ RU Whe aSSOicaWiRQ Rf VcieQce WR SROic\, caUUieV RXW WhiV aiP b\ adRSWiQg ³...Whe

PeWhRd Rf VeaUchiQg fRU, aQd fighWiQg agaiQVW Whe gUeaWeVW aQd PRVW XUgeQW eYiOV Rf VRcieW\, UaWheU WhaQ

VeaUchiQg fRU, aQd fighWiQg fRU, iWV gUeaWeVW XOWiPaWe gRRd´ (OS S.158).

PRSSeU aOVR iQViVWV WhaW WheVe PRUaO SUiQciSOeV PXVW be VafegXaUded iQ SROiWicV ³...b\ iQVWiWXWiRQaO PeaQV Rf

OegiVOaWiRQ UaWheU WhaQ b\ Whe beQeYROeQce Rf SeUVRQV iQ SRZeU´ (OS S.235 Q.6). PRSSeU ZUiWeV WhaW fRU

SROiWicaO WheRU\, RQe cRUe RUgaQi]iQg TXeVWiRQ fRU iQVWiWXWiRQaO deVigQ iV WhXV: ³HRZ caQ Ze RUgaQi]e RXU

SROiWicaO iQVWiWXWiRQV VR WhaW bad RU iQcRPSeWeQW UXOeUV... caQQRW dR WRR PXch daPage?´ (CR, S.25). He

Va\V WhaW Whe aQaORgRXV TXeVWiRQ fRU ShiORVRSh\ Rf VcieQce iV: ³HRZ caQ Ze hRSe WR deWecW aQd eOiPiQaWe

eUURU?´ (CR, S.25). ThRXgh PRSSeU RffeUV Whe cRPSaUiVRQ aV aQ aQaORg\, I WhiQN Whe QRWiRQ Rf eUURU heUe

VhRXOd be cRQVWUXed bURadO\ WR iQcOXde VRciaO faiOXUeV Rf VcieQce-Oed VRciaO SURMecWV (Whe WeUUaiQ ZheUe

PRSSeU¶V SiecePeaO eQgiQeeU cRQVWiWXWeV Whe ideaO) aQd WhaW Whe ceQWUaO TXeVWiRQV fRU VcieQce aQd SROiWicV

aUe WhXV PRUe cORVeO\ UeOaWed.

PRSSeU aOVR iQViVWV WhaW iW ³...iV Whe WaVN Rf Whe WheRUeWicaO VcieQceV WR diVcRYeU Whe XQiQWeQded

cRQVeTXeQceV Rf RXU acWiRQV´ (CR, S.342). OQe Pa\ ZRQdeU heUe ZhRVe acWiRQV PRSSeU iV VSeaNiQg Rf -

VcieQWiVWV? VWaWe RfficiaOV? PePbeUV Rf Whe SXbOic? - bXW Whe SRiQW iV a cRUQeUVWRQe Rf hiV VRciaO

eSiVWePRORg\. WhiOe VRciaO VcieQWiVWV, aV SaUW Rf PeWhRdRORgicaO iQdiYidXaOiVP, caQ aVVXPe Whe behaYiRU Rf

iQdiYidXaOV iQVRfaU aV iW affecWV RQO\ WhePVeOYeV iV UaWiRQaO aQd iQWeQWiRQaO, Whe defaXOW ViWXaWiRQ ZheQ iW

cRPeV WR VRciaO acWiRQ - acWiRQ WhaW affecWV RWheUV - iV WhaW PXch Rf ZhaW haSSeQV iV XQiQWeQWiRQaO (PH

S.141, CR S.125).23

23 IQdiYidXaOV ZhR SeUfRUP e[SeUiPeQWV iQ OiYiQg WhaW affecW RQO\ WhePVeOYeV fRUP a NiQd Rf OiPiW caVe ZheUe Whe defaXOW aVVXPSWiRQ
VhRXOd be WhaW WheUe iV QR addiWiRQaO baViV fRU e[WeUQaO UegXOaWiRQ.  BXW WhiV OiPiW caVe dReV QRW iPSO\ WhaW RUgaQi]aWiRQV VXch aV
cRUSRUaWiRQV Zhich aUe RfWeQ cRQceSWXaOi]ed aV a caVe Rf SUiYaWe SURSeUW\ fiW WhiV PROd.
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FiQaOO\, aV PeQWiRQed iQ Whe OaVW VecWiRQ, WheUe iV Whe idea WhaW VcieQce RXghW WR be eQgaged RQO\ iQ

Siece-PeaO VRciaO eQgiQeeUiQg - a cRQVWUaiQW deYeORSed iQ UeVSRQVe WR Whe beOief WhaW OaUge-VcaOe,

UeYROXWiRQaU\ RYeUhaXOV VXch aV WhRVe RUcheVWUaWed iQ Whe SRYieW UQiRQ iQeYiWabO\ Oead WR PXch

XQQeceVVaU\ VXffeUiQg, WhXV YiROaWiQg Whe SUiQciSOe Rf PiQiPi]iQg haUP (CR S.343). ThiV aOVR VWePV fURP

Whe idea WhaW OaUge-VcaOe e[SeUiPeQWV aUe WRR cRPSOe[ WR fXQcWiRQ aV a PeaQV fRU e[WUacWiQg iQfRUPaWiRQ

fURP Whe e[SeUiPeQWaO ViWXaWiRQ (i.e. WheUe iV QR cRQWURO).

TheVe SaVVageV VXggeVW WhaW VcieQce haV aV aQ RYeUaUchiQg aiP Whe PiQiPi]aWiRQ Rf SXbOic UiVN. HRZ ZiOO

VcieQce, Zhich iV aOVR RfWeQ WaVNed ZiWh ideQWif\iQg WhiV UiVN, achieYe WhiV aiP? I fRcXV RQ WZR PaiQ

VXggeVWiRQV fRU VcieQWific SUacWice aQd iQVWiWXWiRQV: fiUVW VcieQce VhRXOd adRSW Whe accRXQWabiOiW\

PechaQiVP Rf dePRcUacieV WhaW hROdV UeSUeVeQWaWiYeV accRXQWabOe WhURXgh eOecWRUaO UiVN; VecRQd,

VcieQce, iQ Whe VWage Rf MXVWificaWiRQ VhRXOd UePaiQ RSeQ WR cUiWicaO cRQVideUaWiRQV Rf SUacWicaO aQd VRciaO

YaOXe ePaQaWiQg fURP PePbeUV Rf Whe SXbOic WhePVeOYeV (VcieQWific ³eOecWiRQV´ VhRXOd be RSeQ WR e[WeUQaO

SaUWiciSaWiRQ aQd iQfOXeQce).

BegiQQiQg ZiWh Whe fiUVW iQVWiWXWiRQaO feaWXUe, iQ a dePRcUac\, PRSSeU QRWeV, ³...UXOeUV ZiOO be cRPSeOOed b\

Whe WhUeaW Rf diVPiVVaO WR dR ZhaW SXbOic RSiQiRQ ZaQWV WheP WR dR´ (CR S.345). IQ Whe SROiWicaO cRQWe[W, WhiV

WhUeaW iV a riVk Rf dRiQg SROiWicV - caOO iW elecWoral riVk. SiPiOaUO\, iQ PH, PRSSeU dUaZV aQ aQaORg\ iQ Whe

RSSRViWe diUecWiRQ: ³ScieQWific PeWhRd iQ SROiWicV PeaQV WhaW Whe gUeaW aUW Rf cRQYiQciQg RXUVeOYeV WhaW Ze

haYe QRW Pade aQ\ PiVWaNeV, Rf igQRUiQg WheP, Rf hidiQg WheP, aQd Rf bOaPiQg RWheUV fRU WheP, iV UeSOaced

b\ Whe gUeaWeU aUW Rf acceSWiQg Whe UeVSRQVibiOiW\ fRU WheP, Rf WU\iQg WR OeaUQ fURP WheP aQd Rf aSSO\iQg WhiV

NQRZOedge VR WhaW Ze Pa\ aYRid WheP iQ Whe fXWXUe´ (PH S.88). The WhUeaW Rf diVPiVVaO RffeUV a

UeSeUcXVViRQ fRU RfficiaOV ZhR faiO WR OeaUQ fURP SaVW PiVWaNeV, ZhR RYeUVWeS Whe bRXQdV Rf acWiRQV WhaW

caQ be UePedied RU XQdRQe RU ZhRVe SURMecWV aQd SROiWicaO SOaWfRUP VRcieW\ ViPSO\ deePV XQVXcceVVfXO.

SRciaO iQWeUYeQWiRQV baVed RQ VcieQWific h\SRWheVeV PXVW be ViPiOaUO\ SRViWiRQed WR cOaVVif\ acWiRQV aV

baVed XSRQ a PiVWaNeQ h\SRWheViV aQd WR diVcRQWiQXe Whe iQWeUYeQWiRQ iQ TXeVWiRQ. EOecWiRQV iQ SROiWicV

heOS WR UXOe RXW SROiWicaO OeadeUV ZhR PaiQWaiQ SROiWicaO SRZeU deVSiWe SXbOic cUiWiciVP. IQ VcieQWific SUacWice

Whe\ heOS WR UXOe RXW h\SRWheVeV WhaW VXUYiYe eYeU\ SRVVibOe WeVW iQcOXdiQg WhURXgh ad hoc PRdificaWiRQ.
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TheVe cOaiPV abRXW SROiWicV RfWeQ VXggeVW Whe UXOeUV NQRZ hoZ WR dR ZhaW Whe SXbOic ZaQWV, aQd WhaW Whe\

NQRZ ZhaW Whe SXbOic ZaQWV. HRZ ZiOO Ze adaSW Whe UecRPPeQdaWiRQV WR Whe ViWXaWiRQ ZheUe Ze aUe WU\iQg

WR diVcRYeU WheVe WhiQgV? I beOieYe Whe aQVZeU WR WhiV TXeVWiRQ OieV iQ Whe RSeQQeVV Rf Whe VWage Rf

MXVWificaWiRQ WR cRQVideUaWiRQV Rf VRciaO UeOeYaQce aQd iPSRUWaQce - WUadiWiRQaOO\ QRQ-eSiVWePic cUiWeUia. ThiV

SRiQW UeTXiUeV PaNiQg PRUe ceQWUaO ceUWaiQ SUagPaWiVW eOePeQWV Rf PRSSeU¶V WhRXghW WhaW he hiPVeOf

Vide-OiQed.24

SaOPRQ (1981) RffeUV a VNeSWicaO aQaO\ViV Rf Whe SUacWicaO UaWiRQaOiW\ Rf XViQg cOaiPV WhaW SaVV WhURXgh Whe

gaXQWOeW Rf faOVificaWiRQiVP aV a baViV fRU acWiRQ. WhaW UeaVRQ, he aVNV, caQ Ze haYe fRU XViQg WheP aV a

baViV fRU acWiRQ if, aV PRSSeU iQViVWed, Whe\ aUe QRW beWWeU cRQfiUPed RU PRUe SURbabOe WhaQ WheiU UiYaOV?

SaOPRQ cRQVideUV a TXRWe fURP PRSSeU¶V UeSO\ WR hiV cUiWicV: ³DecidiQg WR cUiWici]e a SURSRVaO fURP Whe

VWaQdSRiQW Rf PRdeUQ PediciQe (UaWheU WhaQ, Va\, iQ ShUeQRORgicaO WeUPV) iV iWVeOf a NiQd Rf ³SUacWicaO´

deciViRQ (aQ\Za\ iW Pa\ haYe SUacWicaO cRQVeTXeQceV)´ (PRSSeU 1974b, S. 1026). WhaW deWeUPiQeV

ZheWheU a h\SRWheViV cRQWiQXeV WR be WeVWed iV, WhXV, QRW hRZ OiNeO\ iW iV WR be WUXe aORQe. TheUe iV aOVR

URRP cRQVideUiQg hRZ iPSRUWaQW iW iV iQ RWheU diPeQViRQV. IQ SaUWicXOaU, hRZ iPSRUWaQW iW iV aV a baViV fRU

acWiRQ. WiWhiQ Whe VcieQceV, WheUe iV a PRUe cRPSOe[ VeQVe iQ Zhich a h\SRWheViV WhaW iV beiQg WeVWed iV

XVed aV a baViV fRU Whe acWiRQ Rf deVigQiQg aQd caUU\iQg RXW aQ e[SeUiPeQW. IW Pa\ aOVR be XVed aV a baViV

fRU fXUWheU e[SeUiPeQWV ZheUe iW RSeUaWeV aV aQ aX[iOiaU\ RU bacNgURXQd h\SRWheViV. The SUacWicaO iPSRUW

Rf Whe h\SRWheViV Pa\ UedXce WR WhiV - iW iV YeU\ cRQVeTXeQWiaO fRU deWeUPiQiQg Whe fXWXUe diUecWiRQ Rf

UeVeaUch. BXW iW Pa\ iQcOXde beVideV Whe iPSRUWaQce Rf Whe h\SRWheViV fRU VRciaO acWiRQ RU SROic\ PRUe

bURadO\. AQ RQgRiQg aUea Rf UeVeaUch iQWR cXUeV fRU caQceU, RbYiRXVO\ fiQdV e[WeUQaO VXSSRUW iQ Whe fRUP Rf

fXQdiQg fURP gUaQW ageQcieV aQd WhURXgh iQdiYidXaO VcieQWiVWV¶ cRQceUQ fRU Whe VRciaO UeOeYaQce Rf WheiU

UeVeaUch. PRSSeU¶V cOaiP VXggeVWV WhaW VcieQce, iQ iWV cUiWicaO VWage, RXghW WR be RSeQ WR SUacWicaO

cRQVideUaWiRQV, Zhich Pa\ iQfOXeQce Whe deciViRQ WR cUiWici]e RU QRW cUiWici]e a h\SRWheViV.

The idea fiQdV addiWiRQaO VXSSRUW iQ PRSSeU¶V aWWePSW iQ CR WR deYeORS a QRWiRQ Rf conWenW WhaW iV ³UeOaWiYe

WR a h\SRWheViV RU WR a SURbOeP´ (S.231) RU WhaW accRXQWV fRU iPSOicaWiRQV WhaW aUe ³iQWeUeVWiQg aQd

UeOeYaQW´ (S.230). Which WeVW iPSOicaWiRQV aUe PRVW iQWeUeVWiQg, ceQWUaO RU UeOeYaQW ZiOO OiNeO\ cRPe bRWh

24 PRSSeU deVcUibeV hiPVeOf aV a criWical realiVW.
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fURP WhRVe ZhR SURSRVe h\SRWheVeV ZhR PaNe cOeaU ZhaW Whe\ cRQVideU Whe iPSOicaWiRQV Rf a h\SRWheViV

WhaW aUe PRVW ceQWUaO WR Whe SURbOeP aW haQd, aQd fURP WhRVe ZhR cUiWici]e h\SRWheVeV ZhR aUe fUee WR

chRRVe Zhich aPRQg WheVe WeVW iPSOicaWiRQV WR WeVW RU Pa\ dUaZ fXUWheU iPSOicaWiRQV Whe\ WhiQN PRUe

UeOeYaQW RU ceQWUaO WR Whe e[SOaQaWRU\ SURMecW aW haQd. H\SRWheVeV, PRSSeU ePShaVi]eV, aUe QeYeU ceUWaiQ

RU be\RQd SRVVibOe WeVW, VXggeVWiQg WheUe iV ViPSO\ a pracWical deciViRQ aW VRPe SRiQW WR VWRS WeVWiQg WheP

- Whe PRVW ceQWUaO, iQWeUeVWiQg, RU UeOeYaQW iPSOicaWiRQV haYe beeQ ideQWified aQd WeVWed.

FiQaOO\, iQ hiV cUiWiTXe Rf UWRSiaQ eQgiQeeUiQg (diVcXVVed fXUWheU beORZ) PRSSeU iQdicaWeV WhaW Whe

RSeQQeVV Rf VcieQWific iQTXiU\ WR pXblic iQWeUeVWV aQd YaOXeV iV a QeceVVaU\ cRQdiWiRQ fRU VcieQWific cUiWiTXe,

RU cUiWiTXe WhaW e[SRVeV eUURUV. He ZUiWeV WhaW UWRSiaQ eQgiQeeUV ZiOO iQYaUiabO\ Qeed WR VWifOe e[SUeVViRQV

Rf SXbOic diVVaWiVfacWiRQ aQd ³[W]hXV iW ZiOO be difficXOW WR aVceUWaiQ Whe facWV, i.e. Whe UeSeUcXVViRQV Rf Whe

SOaQ RQ Whe iQdiYidXaO ciWi]eQ; aQd ZiWhRXW WheVe facWV VcieQWific cUiWiciVP iV iPSRVVibOe´ (PH S.89).

TaNeQ WRgeWheU WheVe cRQVideUaWiRQV VXggeVW Whe cRQdiWiRQ WhaW faOVifiabiOiW\ iPSOieV VRPe degUee Rf riVk

caQ be XQdeUVWRRd aV eOecWRUaO UiVN. ScieQWiVWV ZhR SURSRVe aQd VWaQd WR gaiQ cUediW fRU geQeUaO

h\SRWheVeV, WheUeb\ VXggeVW WhRVe h\SRWheVeV aV a baViV fRU acWiRQ bRWh ZiWhiQ Whe VcieQWific cRPPXQiW\

aQd PRUe bURadO\. WheQ Whe\ aUe faOVified iW iV aQ iQdicaWiRQ WhaW Whe\ haYe faiOed WR SUedicW ceUWaiQ WUXWhV,

bXW aOVR WhaW WheVe aUe iQ VRPe VeQVe Whe PRVW iPSRUWaQW WUXWhV WR geW UighW. IW iV QRW WhaW Whe geQeUaO

h\SRWheViV cRXOd QRW be VaYed b\ PRdif\iQg aQ aX[iOiaU\ aVVXPSWiRQ, bXW UaWheU WhaW WR dR VR ZRXOd be WR

iQVXOaWe Whe VcieQWiVW iQaSSURSUiaWeO\ fURP UiVN. The UiVN WhaW Whe VcieQWiVW beaUV iV, WhXV, WR VRPe degUee

UeOaWed WR Whe degUee WhaW Whe\ UeSUeVeQW aQd UeSUeVeQW faiWhfXOO\ Whe SUacWicaO iQWeUeVWV geQeUaOO\ Rf WhRVe

ZhR VWaQd WR cUiWici]e WheiU ideaV, ZheUe WheVe iQWeUeVWV Pa\ iQcOXde PRUe geQeUaO VRciaO iQWeUeVWV iQ a

h\SRWheViV RU SURbOeP.

ThaW WhiV iV aQ aSSURSUiaWe VWaQdaUd WR hROd VcieQWiVWV WR iV VXggeVWed iQdeSeQdeQWO\ b\ WhiQNiQg abRXW

diffeUeQW QRUPaWiYe VRXUceV fRU aXWhRUiW\ PRUe geQeUaOO\. OQe VRXUce Rf OegiWiPaWe aXWhRUiW\ iV eSiVWePic iQ

a WUadiWiRQaO VeQVe. We agUee WR OeW compeWenW UXOeUV UXOe, becaXVe Whe\ NQRZ beVW ZhaW ZiOO haSSeQ

XQdeU YaUiRXV ciUcXPVWaQceV. BXW aQ aOWeUQaWiYe VRXUce Rf OegiWiPac\ iV baVed XSRQ UeSUeVeQWaWiRQ Rf RXU

iQWeUeVWV RU YaOXeV - Ze agUee WR OeW VRPeRQe PaNe a deciViRQ fRU XV, eYeQ XQdeU XQceUWaiQW\, becaXVe Ze

WhiQN Whe\ ZiOO PRdeO RXU RZQ eYaOXaWiYe RUieQWaWiRQ WRZaUd Whe ViWXaWiRQ. ThiV OaWWeU VRXUce Rf OegiWiPac\
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faPiOiaU fURP Whe SROiWicaO dePRcUacieV ZheUe Ze eOecW UeSUeVeQWaWiYeV VXbVWaQWiaOO\ RQ Whe baViV Rf WheiU

abiOiW\ WR UeSUeVeQW RXU iQWeUeVWV (BURZQ 2009) SURYideV aQ alWernaWiYe VRXUce Rf OegiWiPac\ ZheQ Whe PRUe

WUadiWiRQaO eSiVWePic VRXUce Rf ePSiUicaO WUXWh dReV QRW aSSO\. The VXggeVWiRQ Rf WhiV chaSWeU iV WhaW

faOVifiabiOiW\, aV a YaOXe Rf iQTXiU\, Pa\ SURYide a VRXUce Rf OegiWiPaWe aXWhRUiW\ iQVRfaU aV iW eQVXUeV

accRXQWabiOiW\ WR SXbOic SUacWicaO aQd VRciaO iQWeUeVWV.

ThRXgh VSecif\iQg aQd defeQdiQg cRQcUeWe iQVWiWXWiRQaO PechaQiVPV fRU eQfRUciQg eOecWRUaO UiVN iV be\RQd

Whe VcRSe Rf WhiV chaSWeU, ideQWif\iQg VXch iQVWiWXWiRQV ZRXOd VeeP WR be QeceVVaU\ fRU Whe aQaORg\ ZiWh

eOecWiRQV (aQ iQVWiWXWiRQaOi]ed SURceVV) WR ZRUN. IQdeed, ZhaW diVWiQgXiVheV Whe SUeVeQW accRXQW fURP

RWheUV WhaW WUeaW PRSSeU aV SUiPaUiO\ deVcUibiQg QRUPV Rf iQdiYidXaO UeVSRQVibiOiW\ iV WhiV iQVWiWXWiRQaO caVW. I

beOieYe WhaW WheUe aUe VXch PechaQiVPV iQ UeVeaUch fXQdiQg iQVWiWXWiRQV (gUaQW ageQcieV, fRXQdaWiRQV,

XQiYeUViWieV), WhURXgh SURPRWiRQ SURceVVeV ZiWhiQ acadePic, gRYeUQPeQW aQd iQdXVWUiaO VcieQWific

iQVWiWXWiRQV (e[WeQdiQg fURP gUadXaWiRQ iQ edXcaWiRQ XS WhURXgh hiUiQg deciViRQV aW XQiYeUViWieV, aQd iQ

gRYeUQPeQW aQd iQdXVWU\), aQd WhURXgh SXbOicaWiRQ aQd SOaWfRUP deciViRQV iQ cRQfeUeQceV, MRXUQaOV, aQd

SRSXOaU SXbOicaWiRQV.25 ChaSWeU 5 diVcXVVeV VRPe Rf WheVe PechaQiVPV iQ deSWh.

TR cORVe WhiV VecWiRQ, I RffeU VRPe addiWiRQaO PRWiYaWiRQ fRU Whe chRice Rf Whe ShUaVe ³eOecWRUaO UiVN´ b\

UeVSRQdiQg WR a feZ SRVVibOe RbMecWiRQV.

FiUVW, RQe Pa\ feeO diVVaWiVfied ZiWh Whe iQVWiWXWiRQaO aQaORg\ beWZeeQ SROiWicaO eOecWiRQV aQd Whe

PechaQiVPV b\ Zhich VcieQWiVWV aQd VcieQWific SURMecWV aUe VeOecWed. IQ RQe, PePbeUV Rf Whe SXbOic YRWe

diUecWO\ fRU SROiWicaO caQdidaWeV, ZhiOe iQ Whe RWheU iW iV PXch haUdeU WR diVceUQ Whe SaUWiciSaWRU\ UROe Rf Whe

cRPPRQ QRQ-VcieQWiVW ciWi]eQ iQ Whe VeOecWiRQ Rf VcieQWific SeUVRQQeO aQd SURMecWV - ceUWaiQO\ QRWhiQg OiNe a

diUecW YRWe WaNeV SOace. WhiOe RQ Whe VXUface, WhiV VeePV WUXe, I hRSe WR PaNe cOeaUeU iQ Whe hiVWRUicaO

diVcXVViRQ Rf chaSWeU 5 WhaW WheUe aUe iQdiUecW OiQNV beWZeeQ acWXaO SROiWicaO eOecWiRQV aQd Whe PechaQiVPV

b\ Zhich VcieQWific SURMecWV aQd SeUVRQQeO cRPe WR RSeUaWe. SWiOO, WhiV iV QRW Whe RQO\ RU eYeQ Whe SUiPaU\

SRiQW Rf Whe chRice WR caOO Whe UiVN Rf faOVifiabiOiW\ ³eOecWRUaO´ UiVN. ThiV ShUaVe aOVR caSWXUeV Whe idea WhaW

25 ThRXgh WR P\ NQRZOedge PRSSeU dReV QRW WaON e[SOiciWO\ abRXW WheVe iQVWiWXWiRQV, I haYe WUied WR PRWiYaWe Whe cOaiP WhaW fRU hiP
VRPe NiQd Rf iQVWiWXWiRQaO PechaQiVP Rf accRXQWabiOiW\ iV QeceVVaU\.  FURP Whe ideaO Rf a SiecePeaO eQgiQeeU Zhich PRSSeU WaONV
abRXW VR PXch, Ze PXVW UeYeUVe-eQgiQeeU Whe iQVWiWXWiRQaO cRQVWUaiQWV fRU iQVWaQce b\ aVNiQg hRZ WheiU SURMecWV ZiOO UePaiQ VPaOO
VcaOe.
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VcieQWiVWV aUe ³Whe eOecW´ RU Whe chRVeQ, Zhich cRQYe\V Whe idea WhaW WheiU SRZeU WR iQfOXeQce SROiWicV iV a

SUiYiOege ZiWh aWWeQdaQW UeVSRQVibiOiWieV UaWheU WhaQ a UighW Rf fUee VSeech aQd iQTXiU\. IW aOVR cRQYe\V Whe

idea WhaW Whe\ aUe UeVSRQVibOe WR aQ ³eOecWRUaWe´ aQd caSWXUeV Whe aSSURSUiaWe gUadieQW Rf UeVSRQVibiOiW\

aQd UiVN beWZeeQ Whe eOecW aQd WhiV eOecWRUaWe.

SecRQd, RQe Pa\ feeO WhaW Whe aQaORg\ ZiWh eOecWiRQV SOaceV XQdXe iPSRUWaQce RQ Whe VeOecWiRQ Rf Whe

SeUVRQ, RU iQdiYidXaO VcieQWiVW UaWheU WhaQ RQ Whe h\SRWheViV Whe\ WeVW. ThiV iV RXW Rf NeeSiQg ZiWh a YieZ Rf

VcieQce aV iQYROYiQg RbMecWiYe PeWhRdV iQ Whe VeQVe Rf WheiU beiQg iPSeUVRQaO aQd fRcXVVed RQ Whe WUXWh Rf

SURSRViWiRQV. WhiOe iQ acWXaO SUacWice, YRWeUV Pa\ RfWeQ VeOecW caQdidaWeV RQ Whe baViV Rf iQdiYidXaO

cUiWeUia - WheiU PRUaO fRUWiWXde, SaVW hiVWRU\, aWWUacWiYeQeVV, eWc. - SROiWicaO caQdidaWeV aUe aOVR

UeSUeVeQWaWiYeV Rf a SROic\ SOaWfRUP aQd a SROiWicaO SaUW\. B\ aQaORg\ iQdiYidXaO VcieQWiVWV acW aV

UeSUeVeQWaWiYeV Rf a h\SRWheViV RU UeVeaUch SURgUaP. TheiU iQdiYidXaO UeVeaUch hiVWRU\ aQd dePRQVWUaWed

caSaciWieV aUe aOVR RfWeQ QRW iUUeOeYaQW WR WheiU VeOecWiRQ WR SRViWiRQV Rf SRZeU aQd SUiYiOege.

FiQaOO\, RQe cRXOd RbMecW WhaW SROiWicaO eOecWiRQV aUe SURbOePaWic fURP Whe VWaQdSRiQW Rf WUXO\ dePRcUaWic

ideaOV. TR OiVW MXVW WZR e[aPSOeV, acWXaO eOecWiRQV cRPPRQO\ e[cOXde OaUge SRUWiRQV Rf Whe SRSXOaWiRQ

affecWed b\ SROic\ iQ YiUWXe Rf YaUiRXV baUUieUV WR YRWiQg VXch aV ciWi]eQVhiS VWaWXV, YRWeU ID UeTXiUePeQWV,

acceVV WR YRWiQg ORcaWiRQV, eWc.; Whe\ aUe aOVR VXVceSWibOe WR a W\UaQQ\ Rf Whe PaMRUiW\ RYeU PiQRUiWieV.

SiQce I haYe SRUWUa\ed PRSSeU aV chaPSiRQiQg a dePRcUaWic YiViRQ Rf VcieQce, acWXaO eOecWiRQV Pa\ VeeP

a SRRU caQdidaWe fRU UeaOi]iQg WhiV ideaO. GiYeQ WheVe cRQceUQV, RQe PighW ZiVh WR UeSOace

RQe-SeUVRQ-RQe-YRWe eOecWiRQV ZiWh a V\VWeP Rf ZeighWed SaUWiciSaWiRQ caSabOe Rf RYeUcRPiQg iQVWaQceV

Rf e[cOXViRQ aQd PiQRUiW\ dRPiQaWiRQ. WhiOe I aP V\PSaWheWic ZiWh WhiV cUiWiTXe, I ZRXOd aVN Zho iV WR

deWeUPiQe Whe V\VWeP Rf iQcOXViRQV aQd ZeighWV WhaW ZiOO cRXQWeUbaOaQce WheVe aQWi-dePRcUaWic

WeQdeQcieV. IQ NeeSiQg ZiWh cRPPiWPeQWV e[SUeVVed eaUOieU iQ Whe diVVeUWaWiRQ, I PaiQWaiQ iW PXVW be

affecWed iQdiYidXaOV aQd gURXSV WhePVeOYeV ³RQ Whe gURXQd´ ZhR UaiVe aQd deYeORS cRQVciRXVQeVV aURXQd

Whe iQadeTXacieV Rf WUadiWiRQaO eOecWiRQV. M\ accRXQW iV QRQ-cRPPiWaO RQ Whe e[acW fRUP WhaW eOecWiRQV

VhRXOd WaNe, bXW ZRXOd VWiOO cRQVideU VXch iQdiYidXaOV PePbeUV Rf aQ elecWoraWe WR Zhich Whe VcieQWific elecW

RXghW WR be heOd accRXQWabOe.
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TKH SWUXcWXUH RI SRcLaO E[SHULPHQW

WiWh WheVe WZR feaWXUeV fRU VcieQWific accRXQWabiOiW\ iQ PiQd - eOecWRUaO UiVN aQd RSeQQeVV OeW XV UeWXUQ WR

KReUWge¶V cRQceUQ WhaW PRSSeU¶V VRciaO accRXQW Rf VcieQce PighW be iQcRQViVWeQW ZiWh hiV eaUOieU accRXQW

Rf Whe QaWXUaO VcieQceV becaXVe Whe fRUPeU SRUWUa\V VcieQce aV cRQVeUYaWiYe ZheUe Whe OaWWeU SRUWUa\V iW

aV UiVN\.

TR cOeaU XS Whe aSSaUeQW cRQWUadicWiRQ Ze Qeed WR VSecif\ fXUWheU Zho beaUV Whe UiVN Rf faOVifiabiOiW\ aQd

ZhaW Whe aVVRciaWed ORVV RU cRVW iV WhaW Whe\ UiVN. The aQVZeU giYeQ abRYe iV WhaW adYRcaWeV Rf

h\SRWheVeV iQ Whe VcieQWific cRPPXQiW\ (WheVe Pa\ be iQdiYidXaOV RU gURXSV) beaU Whe UiVN aQd QRW VRcieW\

PRUe bURadO\. ThiV iQ WXUQ iV a PechaQiVP fRU eQVXUiQg WhaW VRcieW\ doeVn¶W beaU XQQeceVVaU\ UiVN aV a

UeVXOW Rf VcieQWific SUacWice aQd, PRUe SRViWiYeO\, hRZ VcieQce Pa\ acW WR PiQiPi]e UiVNV RWheU VRciaO acWRUV

SRVe (VcieQce iQ a UegXOaWRU\ UROe). MRUeRYeU, Whe UiVN iV RQe Rf QR ORQgeU haYiQg RQe¶V faYRUed h\SRWheViV

acW aV a baViV fRU VRciaO acWiRQ - ZheWheU ZiWhiQ VcieQce iQ Whe VWage Rf iQTXiU\ (QR RQe cRQWiQXeV WR bXiOd

RQ iW RU WeVW iW) RU RXWVide Rf acadePia iQ SROic\. I haYe aOVR QRWed hRZ Whe UiVN Rf ORViQg WhiV aXWhRUiW\ iV

UeOaWed WR Whe bURadeU VRciaO aQd SUacWicaO iPSRUW Rf Whe h\SRWheViV. WheQ Ze WaNe WheVe cRQVideUaWiRQV

WRgeWheU, Ze Vee WhaW h\SRWheVeV ZhRVe WeVWiQg ZRXOd be UiVNieU aUe PRUe OiNeO\ WR be cUiWici]ed aQd WR

ORVe SUacWiWiRQeUV fXQdiQg, Whe SRViWiRQV QeceVVaU\ WR caUU\ RQ WheiU UeVeaUch, RU acceVV WR SXbOicaWiRQ.

ThiV iQ WXUQ iV OiNeO\ WR eQVXUe WhaW SUacWiWiRQeUV ZhR ZiVh WR NeeS RU gaiQ fXQdiQg aQd SRViWiRQV Rf SRZeU

SXUVXe PRdeVW SURMecWV aW OeaVW WR VWaUW (Whe\ dRQ¶W gR cOaiPiQg WR haYe fRXQd a geQeWic baViV fRU

diffeUeQceV beWZeeQ UaceV iQ cRgQiWiYe WeVWiQg RQ Whe baViV Rf a cRUUeOaWiRQ).

TR deYeORS a cOeaUeU YieZ Rf PRSSeU¶V accRXQW Rf VRciaO e[SeUiPeQWaWiRQ aQd eQgiQeeUiQg iW ZiOO aOVR be

heOSfXO WR UeYieZ hiV diVcXVViRQ Rf Whe cRQWUaVWV WR Siece-PeaO OibeUaO ecRQRPic e[SeUiPeQWaOiVP (hiV

SUefeUUed PRdeO, Zhich I e[SaQd RQ beORZ) - UWRSiaQ aQd hiVWRUiciVW cRQceSWiRQV Rf VRciaO e[SeUiPeQW.

PRSSeU cOaiPV WhaW Whe UWRSiaQ eQdRUVeV OaUge VcaOe e[SeUiPeQWV ZheUe Whe hiVWRUiciVW deQieV Whe YaOidiW\
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Rf VXch aQ idea eQWiUeO\, WhRXgh Whe\ SURSRVe WR caUU\ RXW iQWeUYeQWiRQV aW a ViPiOaUO\ OaUge VcaOe. The

hiVWRUiciVW dRXbWV Whe YaOidiW\ Rf Whe cRQceSW Rf a OaUge-VcaOe VRciaO e[SeUiPeQW becaXVe hiVWRU\ QeYeU

UeSeaWV iWVeOf aQd Whe\ aUe hROiVWV - Whe iQVWaQce iV e[SOaiQed b\ Whe cRQWe[W, WhURXgh a cRQVideUaWiRQ Rf iWV

UROe aV a SaUW iQ aQ RUgaQic ZhROe. HiVWRUiciVWV aOVR WeQd WR be deWeUPiQiVWV abRXW hiVWRU\. TRgeWheU

PRSSeU WhiQNV WheVe ideaV cRQVSiUe WR cORVe Rff Whe SRVVibiOiW\ Rf WUaQVfRUPaWiYe cUiWiTXe aQd PXVW Oead WR a

fRUcefXO VXSSUeVViRQ Rf diVVeQW WhaW chaUacWeUi]eV WRWaOiWaUiaQ UegiPeV. HiV cUiWiTXe Rf Whe UWRSiaQ (Zhich

he UecRgQi]eV aV iQYROYiQg ³WechQicaO aV ZeOO aV PRUaO UeaVRQV´ (PH S.88)) iV UaWheU WhaW Whe e[SeUiPeQW iV

WRR cRPSOe[ WR gOeaQ iQfRUPaWiRQ fURP aQd PXVW iQeYiWabO\ iQYROYe ³cRQVideUabOe iQcRQYeQieQce´ (ibid

S.89) WR Whe SaUWiciSaQWV. The hiVWRUiciVW RU UWRSiaQ¶V deViUe WR SeUfRUP Whe e[SeUiPeQWV aQ\Za\ PXVW WheQ

iQYROYe aQ aWWePSW WR VXSSUeVV SXbOic cUiWiciVP (ibid S.92) RU WR aWWePSW WR PROd Whe iQdiYidXaO iQWR

cRQfRUPiW\ ZiWh SUecRQceiYed QRWiRQV Rf VXcceVV WhURXgh edXcaWiRQ aQd SURSagaQda (ibid SS.70, 80, 90).26

ThiV PiUURUV Whe VWUXcWXUe Rf a h\SRWheViV WhaW iV XQfaOVifiabOe - iW eOiPiQaWeV cUiWiTXe a priori WhURXgh Whe

PeWhRdRORgicaO SUiYiOege Rf ad hoc PRdificaWiRQV.27 Piece-PeaO e[SeUiPeQWaWiRQ RQ Whe RWheU haQd iV

UeceSWiYe WR cUiWiTXe aQd WhiV OeadV WR aQ RSeQQeVV aV WR Whe VcaOe Rf e[SeUiPeQWaWiRQ aV ZeOO (PH

SS.68-69).

The idea WhaW Whe VcaOe Rf Siece-PeaO e[SeUiPeQWaWiRQ iV QRW fi[ed aW aQ\ SaUWicXOaU OeYeO SURYideV aQ

iQdicaWiRQ WhaW a OibeUaO-ecRQRPic PRdeO (VPaOO VcaOe, aW Whe e[WUePe, iQdiYidXaO SURSUieWRUV) iV QRW aQ

ideRORgicaO SRVWXOaWe, bXW fROORZV fURP SUiQciSOed cRQVideUaWiRQV Rf VcieQce¶V VRciaO UeVSRQVibiOiW\. The

VcaOe caQ iQcUeaVe iQ UeVSRQVe WR UeSeaWed VXcceVVeV RU faiOed aWWePSWV WR faOVif\ aW a VPaOOeU VcaOe, aQd

iW caQ decUeaVe iQ UeVSRQVe WR UeSeaWed faOVificaWiRQV. HeUe iW iV iPSRUWaQW WR diVWiQgXiVh beWZeeQ a

SaUWicXOaU h\SRWheViV aQd a ceUWaiQ OeYeO RU VcaOe Rf h\SRWheViV. The h\SRWheViV Pa\ be WhaW a ceUWaiQ

ecRQRPic iQWeUYeQWiRQ - bXiOdiQg a facWRU\ - ZiOO UeVXOW iQ a gUeaWeU TXaQWiW\ Rf cRQVXPeU gRRdV fRU Whe ORcaO

SRSXOaWiRQ. The VcaOe Rf Whe h\SRWheViV Pa\ haYe WR dR ZiWh Whe QXPbeU Rf SeRSOe ZhR ZiOO be affecWed

b\ Whe SROic\ (RU Whe Vi]e Rf Whe iQdXVWU\ RU bXViQeVV iQ Zhich Whe iQWeUYeQWiRQ WaNeV SOace) aQd Whe degUee

WR Zhich Whe\ aUe affecWed (ZhaW aUe Whe iPSacWV aQd hRZ iPSRUWaQW aUe Whe\ WR SeRSOe¶V ZeOO beiQg?).

27 IW iV ZRUWh QRWiQg heUe WhaW PRSSeU¶V diVcXVViRQ VeePV WR eQWaiO WhaW hiV QRWiRQ Rf cUiWiTXe iV bURad eQRXgh VR aV WR iQcOXde Whe
YRiceV Rf UegXOaU ciWi]eQV aQd QRW MXVW VRciaO SOaQQeUV.

26 See heUe GeURYiWch 2007
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The h\SRWheViV Pa\ be defeaWed b\ a ViQgOe faOVif\iQg iQVWaQce - bXiOdiQg Whe facWRU\ OeadV WR a ORZeUiQg Rf

Whe aYeUage cRQVXPeU SacNage. BXW UeSeaWed faiOXUeV Rf h\SRWheVeV aW WhiV VaPe VcaOe VhRXOd Oead XV WR

TXeVWiRQ ZheWheU Whe SURMecW iWVeOf, cRQceiYed aV OiQNed WR a SaUWicXOaU VcaOe, iV RQO\ VXVWaiQabOe WhURXgh

Whe cRQWiQXaO VXSSUeVViRQ Rf faiOXUeV aV iVROaWed iQVWaQceV. IQ VcieQWific iQTXiU\, iW PXVW be VRPe SURceVV

OiNe WhiV WhaW OeadV eYeQWXaOO\ WR abaQdRQiQg diVciSOiQeV OiNe aVWURORg\ RU aOcheP\ aV SVeXdR-VcieQceV.

RaWheU WhaQ WaNiQg faiOed aVWURORgicaO SUedicWiRQV aV aQ iPSeWXV fRU a QeZ iQWeUSUeWaWiRQ Rf Whe heaYeQV, a

QeZ SURShec\, eYeQWXaOO\, VcieQWiVWV abaQdRQed Whe SURMecW Rf e[SOaiQiQg iQdiYidXaO aQd VRciaO hXPaQ

acWiYiW\ RQ Whe baViV Rf VWeOOaU aQd SOaQeWaU\ SRViWiRQV aOWRgeWheU. AW VRPe SRiQW, iQYeVWigaWRUV PXVW haYe

had Whe VeQVe WhaW Whe SURMecW ZaV beiQg NeSW aOiYe RQO\ b\ Whe cRQVWaQW managemenW Rf cUiWiTXe WhURXgh

ad hoc PaQeXYeUV.

IdeaV abRXW Whe VcaOe Rf VRciaO e[SeUiPeQWaWiRQ aUe, iQ WXUQ fRU PRSSeU cORVeO\ UeOaWed WR ZhaW RQe PighW

caOO a UaWiRQaOiVW OibeUaO iQVWiWXWiRQaOiVP - RU Whe idea WhaW iQVWiWXWiRQaO fRUPV Rf aXWhRUiW\ PXVW be MXVWified

aQd ZheUe Whe\ caQQRW be MXVWified RXghW WR be abROiVhed (CR S. 6 iV VXggeVWiYe iQ WhiV UegaUd:

³UaWiRQaOiVP haV«aOZa\V cOaiPed Whe UighW Rf UeaVRQ aQd Rf ePSiUicaO VcieQce WR cUiWici]e aQd UeMecW aQ\

WUadiWiRQ, aQd aQ\ aXWhRUiW\ aV beiQg baVed RQ VheeU XQUeaVRQ RU SUeMXdice RU accideQW´). IQ PH PRSSeU

deSOR\V WheVe ideaV UegaUdiQg e[SeUiPeQWaOiVP aQd UaWiRQaOiVW OibeUaO iQVWiWXWiRQaOiVP WR aUgXe WhaW RQO\

dePRcUaWic aQd OibeUaO ecRQRPic UegiPeV acWXaOO\ deVeUYe WR cOaiP VcieQWific VWaWXV fRU WheiU iQVWiWXWiRQV.

ThiV iV fXUWheU aUWicXOaWed iQ aQ accRXQW Rf Whe ³iQVWiWXWiRQaO WheRU\ Rf VcieQWific SURgUeVV´ aW Whe eQd Rf The

PoYerW\ of HiVWoriciVm (SS.152-159).

TheVe cRQVideUaWiRQV heOS WR e[SOaiQ Whe WhUee SaUW iQVWiWXWiRQaO cRQYeUgeQce PeQWiRQed iQ Whe

iQWURdXcWiRQ beWZeeQ VcieQce, VWaWe aQd OibeUaO ecRQRP\ iQ PRSSeU¶V aUWicXOaWiRQ Rf Whe QRUPV Rf VcieQce.

PRSSeU WUeaWV Whe eYeU\da\ e[SeUiPeQWaOiVP Rf SUiYaWe bXViQeVV RZQeUV iQ a OibeUaO ecRQRP\ aV

e[ePSOif\iQg Whe aSSURSUiaWe VcaOe fRU Siece-PeaO e[SeUiPeQWaWiRQ. He giYeV Whe e[aPSOe Rf a gURceU

RSeQiQg a QeZ VWRUe aV aQ eVSeciaOO\ cRQVeUYaWiYe e[aPSOe, bXW gReV RQ WR iQcOXde a PRQRSROiVW

chaQgiQg SUiceV, RU aQ iQVXUaQce cRPSaQ\ PaNiQg SROic\ chaQgeV aV ZiWhiQ Whe bRXQdV Rf SiecePeaO
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e[SeUiPeQW (PH S.86). BXW he aOVR gReV RQ WR VXggeVW WhaW iW iV QRW MXVW e[SeUiPeQW, bXW aOVR cUiWicaO

WhRXghW WhaW ZiOO be Qeeded befRUe WheVe iQVWaQceV becRPe caVeV Rf ³a PRUe VcieQWificaOO\ PiQded

WechQRORg\´ (ibid S.87). CUXciaOO\, iQ Whe SURceVV Rf WU\iQg WR VROYe VRPe SUacWicaO SURbOeP, cUiWicaO WhRXghW

iQYROYeV beiQg abOe WR OeaUQ fURP RXU PiVWaNeV.28

He aOVR aUgXeV WhaW OibeUaO dePRcUacieV ZiWh WheiU gXaUaQWee Rf fUee VSeech Pa\ be Whe RQO\ VRcieWieV iQ

Zhich aVSecWV Rf VcieQWific diVcRXUVe - SXbOicaWiRQ, cRQfeUeQceV, XQiYeUViW\ acWiYiWieV - ZiOO QRW be

VXSSUeVVed WR aQ e[WeQW WhaW ZRXOd OiPiW VcieQWific SURgUeVV (ibid SS.154-155). (ThRXgh if ZhaW I haYe Vaid

abRYe iV UighW, dePRcUaWic QRUPV Pa\ be cRQVWiWXWiYe Rf Whe aSSURSUiaWe VWUXcWXUe fRU iQTXiU\).

EaUOieU I PeQWiRQed hRZ MiURZVNi UeMecWV WiPeOiQeV Rf VRciaO ShiORVRSh\ Rf VcieQce WhaW iQcOXde PRSSeU RQ

Whe gURXQdV WhaW PRSSeU¶V accRXQW ZaV QRW adeTXaWeO\ VeQViWiYe WR acWXaO VcieQWific iQVWiWXWiRQV. ThiV iV

Rdd cRQVideUiQg he UeVeUYeV VXch a SURPiQeQW SOace fRU DeZe\ ZhR iPagiQed a ViPiOaU WhRXgh RQO\

WZR-SaUW V\QWheViV beWZeeQ VcieQWific aQd dePRcUaWic iQVWiWXWiRQV. DeZe\¶V V\QWheViV iV SRUWUa\ed aV

gRiQg agaiQVW Whe gUaiQ Rf Whe acWXaO hiVWRUicaO iQVWiWXWiRQaO VWUXcWXUeV iQ SaUW becaXVe iW iV aQ ideaO. FRU

iQVWaQce MiURZVNi ZUiWeV: ³DeZe\ cRQceUWedO\ aQd UeSeaWedO\ bOXUUed Whe defiQiWiRQV Rf ³dePRcUac\´ aQd

³VcieQce´ SUeYaOeQW iQ hiV OifeWiPe, VR WhaW he cRXOd cRQfOaWe Whe WZR aQd SURYide a cRXQWeUZeighW WR Whe

fRUceV dUaggiQg VcieQce aZa\ fURP iWV OibeUaO aQd OibeUaWiRQiVW SRWeQWiaO. AV he iQViVWed, ³dePRcUac\ iV QRW

aQ aOWeUQaWiYe WR RWheU SUiQciSOeV Rf aVVRciaWed Oife. IW iV Whe idea Rf cRPPXQiW\ Oife iWVeOf. AQd fURP Whe

RbYeUVe Vide, he VaZ hiPVeOf µUaiViQg Whe TXeVWiRQ Rf ZhaW VcieQce caQ dR iQ PaNiQg a diffeUeQW VRUW Rf

ZRUOd aQd VRcieW\«¶´ (MiURZVNi S.293). AQd ³«VcieQce ZRXOd ceaVe WR XQdeUPiQe OibeUaO dePRcUac\

aQd« Whe cRUSRUaWe VZa\ RYeU VcieQce ZRXOd be SURgUeVViYeO\ diPiQiVhed if and onl\ if Ze caPe WR

UegaUd VcieQce aQd dePRcUac\ aV iQVeSaUabOe SaUWV Rf Whe VaPe cRPPXQaO acWiYiW\; WhaW iV, a) Whe SUacWice

Rf dePRcUac\ ZRXOd cRPe WR UeVePbOe VcieQce aW iWV beVW, Zhich ZaV SURcedXUaOO\ QRQ-dRgPaWic aQd

e[SeUiPeQWaO; aQd b) PRUe VcieQce ZRXOd be UeRUgaQi]ed aQd cRQdXcWed iQ Whe cRPPXQaO dePRcUaWic

iQWeUeVW´ (ibid. S.294). PeUhaSV Whe PRSSeUiaQ V\QWheViV, becaXVe iW VeePV OiNe a YiQdicaWiRQ Rf Whe VWaWXV

28 PRSSeU diVWiQgXiVheV beWZeeQ WZR VeQVeV Rf e[SeUiPeQW bRWh Rf Zhich aUe QeceVVaU\ fRU Whe e[SeUiPeQW WR cRXQW aV VcieQWific: (a)
³aQ acWiRQ ZhRVe RXWcRPe iV XQceUWaiQ´ aQd (b) ³a PeaQV Rf acTXiUiQg NQRZOedge, b\ cRPSaUiQg Whe UeVXOWV RbWaiQed ZiWh Whe UeVXOWV
e[SecWed´ (PH S. 85)
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TXR ZiWhiQ OibeUaO ecRQRPieV dReVQ¶W cRPe Rff aV aQ ideaO RU UeYiViRQiVW accRXQW iQ Whe Za\ WhaW DeZe\¶V

dReV. PeUhaSV VXch YiQdicaWiRQV Rf iQVWiWXWiRQV aV Whe\ aUe haYe aQ addiWiRQaO bXUdeQ WR RffeU deVcUiSWiRQV

Rf acWXaO iQVWiWXWiRQV. BXW I hRSe WR haYe VhRZQ iQ WhiV chaSWeU WhaW ZiWhiQ aQ iQWeUQaWiRQaO cRQWe[W,

PRSSeU¶V accRXQW iV iQ facW UeYiViRQiVW aQd ideaOiVW.

I aOVR WhiQN WhaW Whe ideaV UegaUdiQg VRciaO e[SeUiPeQWaWiRQ SUeVeQWed abRYe dR QRW VWUaighWfRUZaUdO\

MXVWif\ e[iVWiQg OibeUaO ecRQRPic iQVWiWXWiRQV, SeUhaSV cRQWUaU\ WR a VXUface OeYeO UeadiQg Rf PRSSeU. A

QRQ-dRgPaWic UeadiQg Rf PRSSeU VXggeVWV aQ iQdeSeQdeQW SUiQciSOe fRU MXdgiQg Whe aSSURSUiaWe VcaOe Rf

VRciaO e[SeUiPeQWaWiRQ Zhich PaQ\ fRUPV Rf PRdeUQ caSiWaOiVP SURbabO\ faiO. The eYaViRQ Rf VRciaO

UeVSRQVibiOiW\ iQ gORbaOi]iQg SURdXcWiRQ; Whe XQdeUPiQiQg Rf ORcaO dePRcUac\ aQd cRPPXQiW\ RZQeUVhiS

aQd Whe UiVe Rf VXUYeiOOaQce caSiWaOiVP; aQd Whe gaUgaQWXaQ VcaOe Rf RSeUaWiRQV fRU PXOWiQaWiRQaO

cRUSRUaWiRQV aOO geVWXUe WRZaUd a SicWXUe Rf VRciaO eQgiQeeUiQg gRQe aXWhRUiWaUiaQ. If UeSRUWV RQ Whe Za\V

iQ Zhich caSiWaO haV beeQ UadicaOO\ XQaccRXQWabOe iQ Whe 21VW ceQWXU\ aUe WR be WaNeQ VeUiRXVO\, WhiV ZRXOd

be gURXQdV fRU fXUWheU SURceVVeV Rf VcaOiQg dRZQ RQ a PRSSeUiaQ accRXQW.29 PRSSeU¶V RZQ iQViVWeQce WhaW

SUiYaWe eQWeUSUiVeV SeUfRUP e[SeUiPeQWV aW aQ aSSURSUiaWe VcaOe, aObeiW RfWeQ ZiWhRXW cUiWicaO WhRXghW RU Whe

abiOiW\ WR UecRgQi]e eUURU, SURYideV a bOXeSUiQW fRU VXch cUiWiTXe. IQ chaSWeU 5, I iQYeVWigaWe ZheWheU e[iVWiQg

OibeUaO VRcieWieV Zhich VXSSOePeQW SUiYaWe iQdXVWU\ ZiWh UegXOaWRU\ ageQcieV Zhich PRQiWRU Whe SRVVibOe

deOeWeUiRXV effecWV Rf SUiYaWe iQdXVWU\ fXOfiOO Whe fXQcWiRQ Rf iQWURdXciQg cUiWicaO WhRXghW WR OibeUaO e[SeUiPeQW.

TKH cRQWH[W RI MXVWLILcaWLRQ aQG UHSUHVHQWaWLYH ULVN

OQ P\ iQWeUSUeWaWiRQ Rf PRSSeU, iQTXiU\ iV aOZa\V RSeQ WR SUagPaWic, VRciaO aQd cRQWe[WXaO facWRUV.

H\SRWheVeV aUe VXbMecW WR eOecWRUaO UiVN WhaW iV aWWXQed WR WheVe cRQWe[WXaO facWRUV aQd WhiV UiVN iV feOW b\

SUacWiWiRQeUV iQ Whe fRUP Rf diVcRQWiQXiQg VXSSRUW fRU UeVeaUcheUV ZhR SURPRWe Whe h\SRWheVeV (aW OeaVW iQ

WheiU caSaciW\ aV adYRcaWeV Rf Whe diVSURYed h\SRWheViV, WhRXgh aOVR SURbabO\ iQ Whe eYeQWXaO ZiWhdUaZaO

Rf VXSSRUW fRU cUiWiciVP WhaW VigQaOV Whe h\SRWheViV¶ acceSWaQce). OQe Pa\ ZRQdeU hRZ WhiV VTXaUeV ZiWh

29 OU aW Whe YeU\ OeaVW deQ\iQg Whe aXWhRUiW\ Rf WheiU VXcceVV cOaiPV.
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PRSSeU¶V cRPPiWPeQW WR a diYiViRQ beWZeeQ Whe cRQWe[W Rf MXVWificaWiRQ aQd Whe cRQWe[W Rf diVcRYeU\. The

aQVZeU iV aOPRVW aVVXUedO\: XQeaViO\. I haYe chRVeQ WR ZeaYe WRgeWheU VWUaiQV Rf PRSSeU¶V WhRXghW WhaW

cXW agaiQVW RWheU VWUaiQV iQ Zhich he VeePV WR SURPRWe Whe decRQWe[WXaOi]aWiRQ Rf h\SRWheVeV ZiWhiQ

iQTXiU\. TheUe iV a Za\ RXW Rf WhiV biQd WhaW iQYROYeV WhiQNiQg Rf Whe VWage Rf MXVWificaWiRQ aV a proceVV Rf

decRQWe[WXaOi]aWiRQ UaWheU WhaQ a VSace ZheUe cRQWe[WXaO cRQVideUaWiRQV aUe aXWRPaWicaOO\ Rff Whe WabOe.

OQ WhiV YieZ h\SRWheVeV PXVW eaUQ Whe UighW WR becRPe abVWUacW,  QRQ-cRQWe[WXaO, RU geQeUaO.

WhiOe PRSSeU SURPRWeV a YieZ Rf iQTXiU\ aV RSeQ WR e[WeUQaO cUiWiTXe, RQe Pa\ ZRQdeU hRZ ZeOO WhiV

WUaQVOaWeV iQWR Whe aiP Rf UeSUeVeQWiQg dePRcUaWic iQWeUeVWV iQ UeVeaUch WhaW cRQVWiWXWeV aQ aOWeUQaWiYe

QRUPaWiYe baViV fRU VcieQWific OeadeUVhiS. TheUe aUe cOeaUO\ VRPe SXUeO\ fRUPaO QRWiRQV Rf RSeQQeVV (aV

Whe abVeQce Rf e[SOiciW cRQVWUaiQWV) WhaW ZiOO PaNe iW XQOiNeO\ (ZheUe VXbVWaQWiaO SRViWiYe cRQdiWiRQV aUe

QeceVVaU\) WhaW ceUWaiQ iQWeUeVWV aUe UeSUeVeQWed. IQ RUdeU fRU iQTXiU\ WR be cRQVideUed ³RSeQ,´ Ze PighW

aVN ZheWheU iW iV eQRXgh fRU VcieQWiVWV WR OiVWeQ WR aQd aWWePSW WR PRdeO Whe VRciaO cUiWiciVP Whe\ heaU fURP

³RXWVide´ Rf VcieQWific iQVWiWXWiRQV (fRU iQVWaQce Yia Pedia RXWOeWV), RU ZheWheU aV fRU iQVWaQce VWaQdSRiQW

WheRUiVWV haYe aUgXed, VcieQce ZiOO Qeed WR eQcRXUage Whe acWiYe SaUWiciSaWiRQ Rf iQdiYidXaOV ZhR RccXS\

affecWed VRciaO ViWeV aQd ideQWiWieV iQ RUdeU WR SURSeUO\ aQWiciSaWe aQd iQcRUSRUaWe WheiU cUiWiciVP. I haYe

chRVeQ Whe QRWiRQ Rf eOecWRUaO UiVN deOibeUaWeO\ WR iQdicaWe WhaW ZhiOe PRSSeU WhRXghW VcieQce VhRXOd be

RSeQ iQ Whe fRUPeU VeQVe, I dRQ¶W WhiQN WheUe iV PXch iQ hiV accRXQW WR gXaUaQWee iW VhRXOd be RSeQ iQ Whe

OaWWeU VeQVe. IQTXiU\ ZaV fRU hiP VWiOO a NiQd Rf SURWecWed VSace PXch iQ Whe Za\ WhaW cRQWe[WV Rf VSeech

aUe SURWecWed ZiWhiQ OibeUaO iQVWiWXWiRQV. BXW PRSSeU¶V diVcXVViRQ Rf Whe UROe fRU h\SRWheVeV aQd WheRUieV iQ

VRciaO e[SeUiPeQW begiQV WR bOXU Whe OiQeV beWZeeQ VSeech aQd SROic\. IQ WhiV cRQWe[W iW QR ORQgeU PaNeV

VeQVe WR PaNe iQTXiU\ a ORZ-VWaNeV gaPe. The VWaNeV fRU iQTXiU\ PXVW be Pade cRPPeQVXUaWe WR Whe

VWaNeV Rf WhRVe affecWed b\ e[SeUiPeQWaO iQWeUYeQWiRQV. SWiOO WheUe iV a Za\ iQ Zhich eOecWRUaO UiVN UeQdeUV

iQTXiU\ VWiOO cRPSaUabO\ ORZ-VWaNeV. A VcieQWiVW ZhR UXQV a diVaVWURXV e[SeUiPeQW Zhich caXVeV VigQificaQW

VXffeUiQg UiVNV PeUeO\ Whe diVcRQWiQXaWiRQ Rf WheiU UeVeaUch SURgUaP. SWURQgeU accRXQWV Rf Whe aSSURSUiaWe

UiVN fRU SUacWiWiRQeUV WR face Pa\ be SRVVibOe aQd PRUe aSSURSUiaWe. AgaiQ, Whe SRVVibiOiW\ VXggeVWed b\

VWaQdSRiQW WheRU\ aQd Whe QRWiRQ Rf eOecWRUaO UiVN ZRXOd PaNe iW VR WhaW SUacWiWiRQeUV (WR Whe e[WeQW Whe\ aUe

XQiQVXOaWed b\ aQ acadePic RU SROiWicaO SRViWiRQ) VWaQd WR face PaQ\ Rf Whe VaPe UiVNV WhaW Whe\ aUe
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UeVSRQVibOe fRU VWXd\iQg (e.g. iQ YiUWXe Rf Whe hRXViQg aYaiOabOe WR WheP, Whe\ ZiOO UeWXUQ WR Whe VaPe

QeighbRUhRRdV aW QighW QeaU SROOXWiQg facWRUieV Whe\ aUe UeVSRQVibOe fRU UegXOaWiQg). AW Whe RWheU e[WUePe,

SUacWiWiRQeUV cRXOd UeceiYe aQ eTXaO VhaUe Rf Whe RXWcRPeV Rf e[SeUiPeQWaO deciViRQV - caOO iW egaOiWaUiaQ

UiVN. WhiOe aW Whe cRQVeUYaWiYe eQd Rf a VSecWUXP Rf YieZV Zhich VeeN WR UeSUeVeQW dePRcUaWic iQWeUeVWV

iQ iQTXiU\, PRSSeU¶V QRWiRQ Rf iQTXiU\ aQd VSecificaOO\ Rf cUiWiTXe WhaW iV RSeQ WR VXch SUagPaWic

deWeUPiQaWiRQV Rf iQWeUeVW iV VWiOO RffeUed aV a Za\ Rf addUeVViQg Whe XQdeUO\iQg caOO fRU VRciaO

accRXQWabiOiW\.

RHWXUQLQJ WR WKH OWKHU FacHV RI FaOVLILabLOLW\

WiWh a cOeaUeU YieZ Rf Whe SROiWicaO YaOeQce Rf faOVifiabiOiW\ aV eOecWRUaO UiVN, Ze aUe iQ a beWWeU SRViWiRQ WR

diVcXVV hRZ WhiV aVSecW aQd accRXQW Rf Whe YaOXe diffeUV fURP Whe RWheU faceV Rf faOVifiabiOiW\ PeQWiRQed aW

Whe begiQQiQg.  I ZiOO ZRUN iQ UeYeUVe RUdeU VWaUWiQg ZiWh KiWcheU.

WheUe KiWcheU iPagiQeV WhaW VcieQWific iQTXiU\ iV VWUXcWXUed accRUdiQg WR a cRQWeVW fRU diVcRYeU\ aQd Whe

VRciaO SUi]eV aVVRciaWed ZiWh iW XQdeU cRQdiWiRQV Rf XQceUWaiQW\, hiV QRWiRQ Rf UiVN haQgV fUeeO\ Rf aQ\

bURadeU cRQceSWiRQ Rf VRciaO UiVN. The UiVN WhaW iQTXiUeUV face iV caVhed RXW aV ViPSO\ ZiQQiQg RU faiOiQg WR

ZiQ a SUi]e fRU beiQg Whe fiUVW WR diVcRYeU. The VXSSRUW UeVeaUcheUV UeceiYe iQ Whe fRUP Rf gUaQWV,

eTXiSPeQW RU SeUVRQQeO iQ WheiU TXeVW fRU Whe WUXWh aUe QRW SaUW Rf Whe ZageU. The\ aUe ViPSO\ Whe

QeceVVaU\ cRQdiWiRQV fRU SeUfRUPiQg Whe gaPe XQWiO VRPeRQe haV ZRQ. WhiOe I dR QRW deQ\ WhaW he

caSWXUeV a UiVN Rf iQTXiU\, I dR QRW WhiQN Whe UiVN he diVcXVVeV ZiOO be VXfficieQW WR eQVXUe accRXQWabiOiW\ Rf

Whe VcieQWific cRPPXQiW\ WR Whe bURadeU VRcieW\. ThiV ZaV, aW OeaVW fRU PRSSeU, a Ne\ fXQcWiRQ Rf

faOVifiabiOiW\.

The SRiQW caQ be OeYeUaged iQWR a cUiWiTXe Rf Whe QRWiRQ Rf VXbMecWiYe SURbabiOiW\ PRUe geQeUaOO\, Zhich iV

RfWeQ RSeUaWiRQaOi]ed b\ aVNiQg ZhaW RddV iQTXiUeUV ZRXOd be ZiOOiQg WR WaNe fRU a ORZ-VWaNeV beW (e.g. if

\RX ZRXOd beW a dROOaU RQ Whe RccXUUeQce Rf X fRU Whe SRVVibiOiW\ Rf ZiQQiQg $2, \RXU VXbMecWiYe SURbabiOiW\

fRU eYeQW X iV 0.5). The SURbabiOiWieV ePSOR\ed b\ KiWcheU WR deWeUPiQe Whe UeOaWiYe OiNeOihRRd Rf VXcceVV
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fRU diffeUeQW UeVeaUch aYeQXeV PXVW be VXbMecWiYe SURbabiOiWieV RSeUaWiRQaOi]ed b\ Whe UeVeaUcheU¶V

ZiOOiQgQeVV WR deYRWe WiPe aQd UeVRXUceV WR YaUiRXV UeVeaUch aYeQXeV iQ hRSeV Rf achieYiQg a SUi]e.

HRZeYeU, if Whe VWaNeV aUe WRR ORZ, aV Whe\ VeeP WR be iQ KiWcheU¶V diVcXVViRQ (ZheUe agaiQ QRW eYeQ Whe

UeVRXUceV deYRWed WR Whe UeVeaUch SURMecWV UeSUeVeQWed iQ Whe cRQWeVW haQg iQ Whe baOaQce - iQTXiUeUV

ViPSO\ haYe a SRViWiYe iQceQWiYe - Whe SUi]e - WR SXUVXe WUXWh) RU aUe ViPSO\ iQdeSeQdeQW Rf Whe VRciaO

cRQVeTXeQceV Rf VcieQWific UeVeaUch, WheQ VXbMecWiYe SURbabiOiWieV ZiOO be a SRRU gXide WR PaNiQg VcieQWific

UeVeaUch accRXQWabOe. AV Whe fRUegRiQg diVcXVViRQ VXggeVWV, ZhaW iV Qeeded fRU accRXQWabiOiW\ iV PaNiQg

Whe UiVNV Rf iQTXiU\ cRPPeQVXUaWe ZiWh Whe UiVNV Rf VRciaO aSSOicaWiRQ.30

LaWRXU¶V accRXQW WUaceV hRZ ZhaW ORRN OiNe UiVN\ WeVWV Rf PaVWeXU¶V aQWhUa[ YacciQe aUe iQ facW caUefXO

e[WeQViRQV Rf WechQiTXeV OeaUQed fURP a ORQg SURceVV Rf WUiaO aQd RbVeUYaWiRQ cRQfiQed ZiWhiQ Whe

OabRUaWRU\ VeWWiQg. TR accRPSOiVh Whe e[WeQViRQ PaVWeXU PXVW aOVR, iQ VRPe Za\V, UecUeaWe aVSecWV Rf Whe

OabRUaWRU\ VeWWiQg ZiWhiQ Whe cRQWe[W Rf Whe YacciQe¶V aSSOicaWiRQ aW faUPV - e.g. WhURXgh Whe XVe Rf VWeUiOe

iPSOePeQWV, cRQWUROOiQg fRU RWheU SRVVibOe VRXUceV Rf diVeaVe, eWc.. WheUe WheVe e[WeQViRQV aUe OacNiQg

he haV a Uead\ e[cXVe fRU igQRUiQg aOOeged faiOXUeV Rf Whe YacciQe¶V XVe in ViWX. LaWRXU¶V defOaWiRQaU\

accRXQW Rf Whe ³UiVNiQeVV´ Rf VcieQWific cRQMecWXUeV PaNeV iW RXW WR be a caUefXOO\ PaQaged SURdXcWiRQ Rf a

VcieQWific eOiWe ZhR haYe Whe QeceVVaU\ PeaQV - a OabRUaWRU\ - Rf VcieQWific SURdXcWiRQ. PaVWeXU iV abOe WR

ZiQ RYeU SRSXOaU RSiQiRQ aQd SXbOic iQWeUeVW WhURXgh a SURSheWic SeUfRUPaQce. PaVWeXU¶V abiOiW\ WR

PaQage SRVVibOe cUiWiTXe iQ a RQe-Vided faVhiRQ RXghW WR be WURXbOiQg fRU a PRSSeUiaQ accRXQW. BXW I dRQ¶W

WhiQN aQ accRXQW Rf faOVifiabiOiW\ Zhich iQcOXdeV a VRciaO aQd SROiWicaO diPeQViRQ iV ZiWhRXW WRROV fRU

addUeVViQg Whe cUiWiTXe. AQ iQ deSWh aQaO\ViV Rf Whe PaVWeXU caVe iV be\RQd Whe VcRSe Rf WhiV chaSWeU. BXW

iW iV SRVVibOe WhaW PaVWeXU¶V iQWeUYeQWiRQ caXVed VeUiRXV QegaWiYe cRQVeTXeQceV in ViWX aQd WhaW e[SOaiQiQg

WheVe aZa\ aV faiOXUeV Rf e[WeQdiQg OabRUaWRU\ cRQdiWiRQV ZRXOd cRQVWiWXWe aQ iQaSSURSUiaWe iQVXOaWiRQ

fURP Whe UiVNV Rf iQTXiU\.

30 KiWcheU¶V OaWeU YieZV RQ VcieQce aQd dePRcUac\ (e.g. 2003, 2011)  gUaSSOe PRUe diUecWO\ ZiWh Whe UeSUeVeQWaWiRQ Rf dePRcUaWic
iQWeUeVWV iQ iQTXiU\, WhRXgh Whe\ aUe SURVcUiSWiYe iQVWead Rf UeWURVSecWiYe - PeaQiQg Whe idea Rf accRXQWabiOiW\ iV bXiOW iQWR aQ ideaO fRU
hRZ VcieQce RXghW WR SURceed ZiWh OiWWOe diVcXVViRQ Rf ZhaW haSSeQV ZiWh faiOXUeV.  The\ aOVR iQWURdXce a WhiUd eOePeQW - VigQificaQce
gUaShV - fRU PediaWiQg iQWeUQaO VcieQWific aQd e[WeUQaO SXbOic iQWeUeVWV Zhich giYe VigQificaQWO\ PRUe ZeighW WR VcieQWific deWeUPiQaWiRQV
Rf UeOeYaQce aQd iPSRUW.  FiQaOO\ Whe\ PediaWe SXbOic iQSXW ZiWh, agaiQ, Whe VXbMecWiYe SURbabiOiWieV Rf VcieQWiVWV UegaUdiQg hRZ OiNeO\
aQ\ giYeQ UeVeaUch aYeQXe iV WR VXcceed, Zhich aV PeQWiRQed Pa\ PaVN a fXUWheU SRVVibOe diPeQViRQ Rf iQVXOaUiW\ RU
QRQ-accRXQWabiOiW\.
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FiQaOO\ befRUe diVcXVViQg SRbeU aQd FRUVWeU, a bUief iQWeUOXde RQ KXhQ. EYeQ KXhQ, ZhR iV RfWeQ cUediWed

aV Oa\iQg RXW a fUaPeZRUN fRU Whe diVcXVViRQ Rf WheRUeWicaO YaOXeV, ZURWe WhaW Whe WheRUeWicaO YaOXeV Pa\

be ³«aQ iQdiVSeQVabOe PeaQV Rf VSUeadiQg Whe UiVN Zhich Whe iQWURdXcWiRQ RU VXSSRUW Rf QRYeOW\ aOZa\V

eQWaiOV´ (KXhQ 1977 S.332). BRWh KXhQ aQd PRSSeU iPagiQe WhaW Whe SURceVV fRU aOORcaWiQg UiVN iV

iQWeUVXbMecWiYe, i.e. WhaW VRPehRZ Whe SURceVV Rf iQTXiU\ iQYROYeV ZeighiQg Whe UiVNV faced b\ diffeUeQW

iQdiYidXaOV WhURXgh ZeighiQg Whe diffeUeQW WheRUeWicaO YaOXeV WhaW each SUacWiWiRQeU VeeV iQ Whe WheRUeWicaO

aOWeUQaWiYeV iQ diaORgXe. WheUe PRSSeU aQd KXhQ diVagUee iV RQ ZheWheU iW iV PeUeO\ Whe UiVNV WR Whe

iQTXiUeUV WhaW PaWWeU RU aOVR Whe UiVNV WR SeRSOe iQ VRcieW\ PRUe geQeUaOO\ ZhR aUe affecWed b\ VcieQWific

diVcRXUVe. ThiV diVagUeePeQW iV aOVR ceQWUaO WR WheiU diVagUeePeQW, aV I Vee iW, RQ ZheWheU VcieQce iV a

SXUeO\ VRciaO (iQ Whe QaUURZ VeQVe) RU a SaUWiaOO\ SROiWicaO acWiYiW\ - WR dUaZ RQ diVWiQcWiRQV Pade iQ Whe OaVW

chaSWeU.

The PRQRORgicaO accRXQWV Oie RQ Whe RWheU Vide Rf Whe VSecWUXP aV Whe\ RPiW eQWiUeO\ a diVcXVViRQ Rf Whe

UiVNV Rf iQTXiU\ aQd hRZ Whe\ aUe WR be VhaUed aPRQg diffeUeQW iQdiYidXaOV. SRbeU aQd FRUVWeU (1994)

diVcXVV hRZ WR baOaQce Whe accXUac\ Rf a beVW-fiW cXUYe agaiQVW a fRUPaO SUR[\ fRU faOVifiabiOiW\ - Whe

QXPbeU Rf adMXVWabOe SaUaPeWeUV. The\ diVcXVV AiNaNe¶V WheRUeP Zhich SXUSRUWV WR deOiYeU aQ aOgRUiWhP

fRU ³VSecif\iQg a SUeciVe UaWe Rf e[chaQge beWZeeQ WheVe WZR cRQVideUaWiRQV´ (S.11) (i.e. accXUac\ aQd

faOVifiabiOiW\). BRWh Whe accRXQW Rf faOVifiabiOiW\ aQd Whe iPSOiciW accRXQW Rf hRZ WheRUeWicaO YaOXeV RSeUaWe

ZiWhiQ iQTXiU\ aUe heUe giYeQ a SXUeO\ fRUPaO, aOgRUiWhPic iQWeUSUeWaWiRQ. The iPSOiciW accRXQW gReV bRWh

agaiQVW KXhQ ZhR cOaiPV Whe ZeighiQg Rf diffeUeQW YaOXeV iV aQ iQWeUVXbMecWiYe aQd QRQ-aOgRUiWhPic affaiU

aQd PRSSeU ZhR ZaQWV iQ VRPe VeQVe WR e[WeQd Whe iQWeUVXbMecWiYe SURceVV Rf ZeighiQg UiVN WR a bURadeU

cRPPXQiW\. (E[WeQdiQg Whe PeWaShRU Rf a UaWe Rf e[chaQge, bRWh KXhQ aQd PRSSeU WhiQN WhiV UaWe QeedV

WR be deWeUPiQed iQWeUVXbMecWiYeO\). WhiOe SRbeU aQd FRUVWeU dR QRW cOaiP WhaW WheiU accRXQW RU iWV

iQWeUSUeWaWiRQ Rf faOVifiabiOiW\ aUe e[haXVWiYe, I VWiOO WhiQN iW iV iPSRUWaQW WR QRWe Whe fXQcWiRQ Rf Whe WheRUeWicaO

YaOXeV aV Whe\ aOORcaWe UiVN, OeVW VRPebRd\ WhiQN WhaW iQ aSSO\iQg AiNaNe¶V WheRUeP WR WheiU daWa aQaO\VeV

Whe\ haYe VRPehRZ accRXQWed fRU WhiV fXQcWiRQ. ASSO\iQg WhiV WheRUeP aQd iWV aSSOied UaWe Rf e[chaQge iV

iQVXfficieQW fRU eQVXUiQg accRXQWabiOiW\ WR RWheU SUacWiWiRQeUV RU VRcieW\ PRUe bURadO\.
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SXUYe\iQg WhiV OiVW Rf aOWeUQaWiYe accRXQWV Rf faOVifiabiOiW\, I hRSe WR haYe eVWabOiVhed WhaW QRW aOO accRXQWV

giYe dXe ZeighW WR Whe VRciaO aQd SROiWicaO diPeQViRQ Rf Whe WheRUeWicaO YaOXe Rf faOVifiabiOiW\. IQdeed

SeUhaSV QR accRXQW dReV. BXW UaWheU WhaQ cRQdXcWiQg aQ e[haXVWiYe UeYieZ Rf Whe OiWeUaWXUe RQ PRSSeU,

WhiV chaSWeU haV aWWePSWed WR geW a cOeaUeU YieZ Rf Whe VRciR-SROiWicaO diPeQViRQ Rf faOVifiabiOiW\ RffeUiQg Whe

aOWeUQaWiYeV abRYe aV a SRWeQWiaO cRQWUaVW cOaVV Rf iQWeUSUeWaWiRQV Zhich RPiW RU dRQ¶W adeTXaWeO\ caSWXUe

WhiV diPeQViRQ.

CRQcOXVLRQ

TR cRQcOXde, OeW XV UecRQVideU Whe caVe Rf cRUSRUaWe-fXQded, aOWeUQaWiYe SXbOicaWiRQV WR Whe VcieQWific

OiWeUaWXUe Zhich cRQcOXde WhaW cOiPaWe chaQge UeVeaUch iV iQcRQcOXViYe iQ UegaUdV WR ZheWheU fRVViO fXeO

ePiVViRQV aUe a OeadiQg caXVe Rf gORbaO ZaUPiQg. OQe SRVVibOe Za\ Rf aUgXiQg WheVe SXbOicaWiRQV aUe

QRQ-VcieQWific RU deVeUYe OiWWOe SXbOic aWWeQWiRQ aQd cUedeQce iV WR Va\ WhaW iQVRfaU aV Whe\ aUe VSRQVRUed

b\ iQdXVWUiaO caSiWaOiVWV ZhR Vee aQ\ UegXOaWiRQ Rf ecRQRPic acWiYiW\ aV aQ iQfUiQgePeQW XSRQ iQdiYidXaO

SURSeUW\ UighWV, aQd caUUied RXW b\ VcieQWiVWV ZiWh a UecRUd Rf dRiQg UeVeaUch fRU haZNiVh CROd WaU

iQWeUeVWV, Whe\ haYe becRPe SROiWici]ed. TRgeWheU ZiWh Whe SUePiVe WhaW VcieQce WhaW iV iQfOXeQced b\

SROiWicaO iQWeUeVWV iV bad VcieQce, WhiV iPSOieV WhaW WheVe caVeV Rf cOiPaWe deQiaOiVP aUe XQVcieQWific. FRU

UeaVRQV I hRSe WR PaNe cOeaUeU iQ Whe UeVW Rf Whe diVVeUWaWiRQ, I dR QRW WhiQN WhiV iV a YiabOe URXWe Rf

aQaO\ViV. SSecificaOO\, I diVagUee WhaW gRRd VcieQce iV aSROiWicaO. IQ WhiV chaSWeU I haYe RffeUed aQ

aOWeUQaWiYe aQaO\ViV. The iQdXVWU\ aQd PiOiWaU\ VSRQVRUed cOiPaWe VNeSWicV aSSeaO WR a VeQVe Rf gRRd

VcieQce aV haYiQg a cUiWicaO, VNeSWicaO RU eYeQ cRQWUaUiaQ VSiUiW. BXW ZheQ Ze ORRN WR Whe beVW ShiORVRShicaO

accRXQW Rf WhaW VSiUiW, Ze fiQd a VcieQWific YaOXe ZiWh a diVWiQcWiYe VRciR-SROiWicaO caVW. FaU fURP MXVWif\iQg

VcieQWific cUiWiTXe aV aQ iQdiYidXaO UighW Rf VSeech RU aQ iQdiYidXaO SURSeUW\ UighW, WhaW accRXQW SRUWUa\V

cUiWiTXe aV a PeaQV fRU eQVXUiQg VRciaO accRXQWabiOiW\, i.e. aV a VRciaO UeVSRQVibiOiW\. The VRciR-SROiWicaO

diPeQViRQ Rf faOVifiabiOiW\ aOVR iQ iWVeOf cRQVWiWXWeV a chaOOeQge WR Whe idea WhaW gRRd VcieQce iV VcieQce

71



XQaffecWed b\ VRciaO aQd SROiWicaO cRQVideUaWiRQV aQd iQWeUeVWV (WhRXgh WhiV Rf cRXUVe WRXcheV RQ a bURadeU

VhifW iQ acadePic aQaO\VeV aZa\ fURP VRciaO accRXQWV Rf VcieQce XSRQ Zhich WhiV aQaO\ViV deSeQdV RQ Whe

gURXQdV WhaW Whe\ caQQRW UeVROYe ceUWaiQ cUiVeV Rf SXbOic OegiWiPac\ - e.g. Whe ScieQce WaUV (DRXgOaV

2009)). AddiQg WhiV diPeQViRQ WR RXU accRXQW Rf faOVifiabiOiW\ aOVR PaNeV cOeaU - iQ cRQWUaVW WR accRXQWV OiNe

MiURZVNi¶V - WhaW PRSSeU RffeUed aQ eSiVWePRORg\ ZiWh a URbXVW VRciaO diPeQViRQ.

IQWeUSUeWiQg Whe PRSSeUiaQ aQaO\ViV Rf OibeUaO ecRQRPic iQVWiWXWiRQV aV Whe beVW cRQcUeWe aSSOicaWiRQ Rf

(VRciaO) VcieQce iQ SaUW becaXVe Whe\ addUeVV SURbOePV Rf VRciaO accRXQWabiOiW\ aUWicXOaWed aV PiQiPi]iQg

VRciaO UiVNV, Ze haYe aQ accRXQW WhaW WUeaWV a cRPPiWPeQW WR WheVe iQVWiWXWiRQV aV cRQWiQgeQW XSRQ WheiU

abiOiW\ (WR be ePSiUicaOO\ deWeUPiQed) WR accRPSOiVh WhiV VRciaO gRaO. FaU fURP a dRgPaWic cRPPiWPeQW WR a

ceUWaiQ VcaOe aQd VW\Oe Rf ecRQRPic RUgaQi]aWiRQ, WhiV iPSOieV WhaW cUiWiTXe Rf acWXaO OibeUaO ecRQRPic

iQVWiWXWiRQV iV SRVVibOe fRU a PRSSeUiaQ. We Pa\ ZRQdeU, ePSiUicaOO\, ZheWheU OibeUaO ecRQRPieV dR a

gRRd MRb, RU beWWeU MRb WhaQ RWheUV addUeVViQg WhiV VRciaO cUiWeUiRQ. The UeVW Rf Whe diVVeUWaWiRQ e[SORUeV

Whe ceQWUaO ecRQRPic caWegRU\ Rf infraVWrXcWXreV ZiWh a cUiWicaO e\e WXUQed WRZaUd WhiV TXeVWiRQ. IQ

SaUWicXOaU I cRQVideU cOiPaWe chaQge VcieQce aV aQ iQVWaQce Rf VcieQce aWWePSWiQg WR PiQiPi]e Whe VRciaO

UiVNV SRVed b\ fRVViO fXeO iQfUaVWUXcWXUe, bXW aV a SaUW Rf a bURadeU SURgUaP Rf eQYiURQPeQWaO PRQiWRUiQg

Zhich cRQVWiWXWeV a NiQd Rf iQfUaVWUXcWXUe - a daWa RU PRQiWRUiQg iQfUaVWUXcWXUe - XQWR iWVeOf.31 The WXUQ

WRZaUd Whe caWegRU\ Rf iQfUaVWUXcWXUe PaNeV cOeaU Whe VXbVWaQWiaO SROiWicaO SUecRQdiWiRQV fRU a ZhROe

QeWZRUN Rf OibeUaO ecRQRPic eQWeUSUiVeV. IW aOVR RccaViRQV ZhaW I cRQVideU a Qeeded WXUQ aZa\ fURP Whe

fRcXV RQ WheRUeWicaO YaOXe VR faU e[SUeVVed iQ Whe diVVeUWaWiRQ WRZaUd Whe XQdeUe[SORUed gURXQd XSRQ

Zhich WheRUieV deSeQd - daWa RU Whe baVic RbVeUYaWiRQ VWaWePeQWV PeQWiRQed iQ Whe SUecediQg diVcXVViRQ

Rf faOVifiabiOiW\. IQdeed iW iV a haOOPaUN Rf VRPe Rf Whe aOWeUQaWiYe accRXQWV Rf faOVifiabiOiW\ caQYaVVed abRYe

WhaW Whe\ bUacNeW RU bOacNbR[ Whe SURceVV b\ Zhich UeVeaUcheUV aUUiYe aW RU PeaVXUe daWa. BXW Whe

SURdXcWiRQ Rf aXWhRUiWaWiYe daWa Zhich aUe Whe SRWeQWiaO falVifierV Rf WheRU\ iV cOeaUO\ aV iPSRUWaQW aV Whe

SURYiViRQ Rf WheRUieV Zhich Pa\ be faOVified b\ Whe daWa. NXaQced VRciaO accRXQWV Rf daWa SURdXcWiRQ RU

PeaVXUePeQW (CaUQaS, ChaQg, CROOiQV, GaOOiVRQ) UeYeaO a ZhROe RWheU WeUUaiQ fRU VRciaO aQaO\ViV Rf

VcieQce.

31 TheUe iV aOVR a VeQVe iQ Zhich Whe cRPSRQeQW Rf Whe daWa iQfUaVWUXcWXUe PRQiWRUiQg cOiPaWe effecWV iV a cRPSRQeQW Rf a SRWeQWiaO
criWical fRVViO fXeO iQfUaVWUXcWXUe, WhaW iV, a fRVViO fXeO iQfUaVWUXcWXUe WhaW iQcRUSRUaWeV cUiWicaO WhRXghW.
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IQ OiQe ZiWh ideaV e[SUeVVed iQ WhiV chaSWeU, Whe WXUQ WRZaUd daWa aOVR UefOecWV a cRQYicWiRQ WhaW fRcXV XSRQ

WheRUeWicaO YaOXe SUiYiOegeV a QaUURZ gURXS ZiWh ediWiQg acceVV WR high OeYeO geQeUaOi]aWiRQV. The fRcXV

bacN XSRQ daWa iV SaUW Rf Whe QeceVVaU\ SURceVV Rf VcaOiQg dRZQ fURP a cRPSOeWeO\ abVWUacWed WheRUeWicaO

TXaQWiW\. B\ ORRNiQg WRZaUd cRQWe[W Ze aUe beWWeU abOe WR WeaVe RXW diffeUeQW, PRUe acceVVibOe TXaQWiWieV

fURP Whe RUigiQaO iQ SaUW WhURXgh WheiU cRQQecWiRQ ZiWh VRciaO iQWeUeVWV Zhich heOS VeW Whe aSSURSUiaWe

cRQdiWiRQV fRU WheRUeWicaO XQiW\ RU diffeUeQce. The WheRUeWicaO TXaQWiW\ addUeVVed iQ Whe chaSWeU 5 iV Whe

backgroXnd concenWraWion of aWmoVpheric CO2, bXW befRUe WXUQiQg WR aQ iQ-deSWh aQaO\ViV Rf WhaW TXaQWiW\

aQd Whe daWa iQfUaVWUXcWXUe Zhich SURdXceV iW, I WXUQ WR a WUaQViWiRQaO diVcXVViRQ RQ Whe UeOeYaQce Rf daWa,

iQfUaVWUXcWXUeV aQd ideRORg\ cUiWiTXe Rf OibeUaO SROiWicaO ecRQRP\.
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CKaSWHU 4: DaWa aQG IQIUaVWUXcWXUH

A TXUQ TRZaUG DaWa, WKH GURXQG USRQ ZKLcK TKHRU\ SWaQGV

IQ Whe Qe[W chaSWeU I WXUQ WR aQ e[WeQded caVe VWXd\ - deYeORSPeQWV iQ cOiPaWe VcieQce iQ Whe Pid WR OaWe

20Wh ceQWXU\ - WR iOOXVWUaWe VRPe Rf Whe SUecediQg SRiQWV abRXW WheRUeWicaO YaOXe. BXW ZhiOe Whe chaSWeU

iQcOXdeV (iQ Whe fiUVW PaiQ VecWiRQ) a diVcXVViRQ Rf Whe WheRUeWicaO YaOXeV, Whe diVcXVViRQ fRcXVeV SUiPaUiO\

RQ Whe deYeORSPeQW Rf Whe PeaVXUePeQW aQd daWa QeWZRUN fRU PeaVXUePeQW Rf aWPRVSheUic YaUiabOeV

XSRQ Zhich WheRUeWicaO cRQcOXViRQV aUe baVed ZiWh SaUWicXOaU fRcXV RQ PeaVXUePeQWV Rf backgroXnd CO2.

ThiV VhifW WRZaUd daWa RU baVic RbVeUYaWiRQ VWaWePeQWV Zhich VXSSRUW WheRU\ caQ fiQd PRWiYaWiRQ fURP a

QXPbeU Rf cRQVideUaWiRQV aQd SeUVSecWiYeV iQ Whe ePSiUiciVW ShiORVRSh\ Rf VcieQce WUadiWiRQ. YeW ZhiOe P\

aQaO\ViV bRUURZV VXbVWaQWiaOO\ fURP WhiV ePSiUiciVW WRRO NiW, iW diffeUV iQ iWV aiPV. IQ WhiV VecWiRQ, I VWaUW ZiWh a

diVcXVViRQ Rf Whe ePSiUiciVW WXUQ WRZaUd daWa. I WheQ diVcXVV ZheUe P\ aQaO\ViV diffeUV.

TR PRWiYaWe Whe WXUQ WRZaUd daWa, Ze caQ VWaUW ZiWh aQ idea deYeORSed b\ HeaWheU DRXgOaV (2013) WhaW QRW

aOO Rf Whe WUadiWiRQaO WheRUeWicaO YaOXeV aUe iQWUiQVic SURSeUWieV Rf WheRUieV. SRPe OiNe ePSiUicaO adeTXac\

aUe UeOaWiRQaO SURSeUWieV beWZeeQ WheRUieV aQd eYideQce. JXdgPeQWV abRXW a WheRU\¶V abiOiW\ RU iQabiOiW\ WR

e[SOaiQ Whe eYideQce deSeQd XSRQ SUiRU MXdgPeQWV abRXW Zhich eYideQce VWaQdV iQ Qeed Rf e[SOaQaWiRQ,

i.e. Zhich daWa aUe aXWhRUiWaWiYe. The iQWURdXcWRU\ diVcXVViRQ Rf PRSSeU iQ Whe OaVW chaSWeU QRWed a ViPiOaU

SRiQW. JXdgPeQWV Rf WheRUeWicaO faOVifiabiOiW\ RU faOVificaWiRQ deSeQd XSRQ SUiRU MXdgPeQWV abRXW Whe WUXWh Rf

baVic RbVeUYaWiRQ VWaWePeQWV WhaW aUe SRWeQWiaO faOVifieUV. IQ VcieQWific SUacWice, adPiVVibOe aQd

aXWhRUiWaWiYe RbVeUYaWiRQ VWaWePeQWV aUe highO\ VWUXcWXUed aQd UegiPeQWed - QRW MXVW aQ\ caVXaO

RbVeUYaWiRQ iV adPiWWed WR Whe ePSiUicaO UecRUd. ThiV iV VR PXch VR WhaW aV KXhQ (1962) QRWeV iW iV
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SeUhaSV Whe QRUP WR WUeaW UecaOciWUaQW daWa SRiQWV RU eYeQ daWa VeWV aV aQRPaORXV RU aV e[SOaiQabOe b\

UeVeaUcheU eUURU UaWheU WhaQ aV faOVificaWiRQV Rf WheRU\.

AQRWheU Za\ WR PRWiYaWe Whe WXUQ iV HeOeQ LRQgiQR¶V idea (1990) WhaW a cRQWe[WXaO ePSiUiciVP UeSOaceV a

decRQWe[WXaOi]ed ZiWh a cRQWe[WXaOi]ed YeUViRQ Rf Whe WheRUeWicaO YaOXe Rf ePSiUicaO adeTXac\. PaUW Rf

ZhaW iW PeaQV WR cRQWe[WXaOi]e ePSiUicaO adeTXac\ iV WR WaNe iQWR cRQVideUaWiRQ Whe bacNgURXQd

aVVXPSWiRQV WhaW PediaWe UeOeYaQce UeOaWiRQV beWZeeQ ePSiUicaO eYideQce aQd WheRU\. The idea iV WhaW

ViQce cOaiPV abRXW WheRUeWicaO RbMecWV aUe Pade RQ Whe baViV Rf diUecWO\ RbVeUYabOe SheQRPeQa,

WheRUeWicaO VcieQWific cOaiPV (Zhich aUe W\SicaOO\ abRXW eQWiWieV WhaW aUe QRW diUecWO\ RbVeUYabOe) ZiOO UeO\

XSRQ bacNgURXQd aVVXPSWiRQV (WheVe ZeUe aOVR caOOed bUidge aVVXPSWiRQV b\ Whe SRViWiYiVWV) Rf Whe fRUP:

RbVeUYabOe VWaWe Rf affaiUV O iV eYideQce Rf WheRUeWicaO VWaWe Rf affaiUV T.32 AV aQ e[aPSOe, a dRcWRU¶V cOaiP

WhaW a SaWieQW haV PeaVOeV iV faciOiWaWed b\ YaUiRXV aVVXPSWiRQV abRXW ZhaW RbVeUYabOe V\PSWRPV - a UaVh

Rf Ued dRWV - aUe eYideQce Rf Whe SUeVeQce Rf Whe PeaVOeV YiUXV. SRPeRQe RSeUaWiQg ZiWh a diffeUeQW VeW Rf

bacNgURXQd aVVXPSWiRQV - VXch aV WhaW a UaVh Rf Ued dRWV iV a VigQ Rf SRVVeVViRQ b\ aQ eYiO VSiUiW - ZiOO

haYe a diffeUeQW diagQRViV. BacNgURXQd aVVXPSWiRQV Pa\ RfWeQ caUU\ SROiWicaOO\ RU VRciaOO\ SURbOePaWic

SUeVXSSRViWiRQV, bXW WheiU VWaWXV aV bacNgURXQd cOaiPV PeaQV Whe\ aUe aOVR RfWeQ WaNeQ fRU gUaQWed RU

OeVV aPeQabOe WR chaOOeQge. CRQWe[WXaO ePSiUiciVP dReV QRW baON aW ideQWif\iQg aQd UeaVVeVViQg Whe

ePSiUicaO PeUiWV Rf bacNgURXQd aVVXPSWiRQV, eVSeciaOO\ ZheUe VRciaO RU SROiWicaO biaV e[iVWV. LiNe

diagQRVWic VWaQdaUdV, PeaVXUePeQW VWaQdaUdV aUe a W\SicaO YaUieW\ Rf bacNgURXQd aVVXPSWiRQ. IQ Whe

Qe[W chaSWeU I diVcXVV VRPe Rf Whe SROiWicaO aQd VRciaO facWRUV WhaW PRWiYaWe bacNgURXQd aVVXPSWiRQV

abRXW Whe ViWiQg, diVWUibXWiRQ aQd caOibUaWiRQ VWaQdaUdV fRU PeaVXUePeQW VWaWiRQV iQ Whe PeWeRURORgicaO

QeWZRUN.

ThiUd, Whe WXUQ WRZaUd daWa fRU WhiQNiQg abRXW WheRUeWicaO YaOXeV caQ aOVR be PRWiYaWed b\ Whe idea WhaW

daWa aUe aOZa\V VXbVWaQWiaOO\ WheRUeWicaOO\-OadeQ, deYeORSed b\ HaQVRQ (1958) aQd KXhQ (1962). TR

iOOXVWUaWe Whe SRiQW, iPagiQe T\chR BUahe aQd JRhaQQeV KeSOeU VWaUiQg aW a SOaQeW PRYiQg iQ Whe QighW VN\.

BUahe (aQ AUiVWRWeOiaQ RU deYeORSeU Rf a geR-ceQWUic PRdeO) VeeV a heaYeQO\ bRd\ RUbiWiQg Whe EaUWh RQ

32 WheUe DRXgOaV QRWeV WhaW Whe YaOXe aWWacheV WR Whe UeOaWiRQ beWZeeQ WheRU\ aQd RbVeUYaWiRQ, LRQgiQR ideQWifieV a cOaVV Rf
UeOaWiRQaO cOaiPV - PeaVXUePeQW VWaQdaUdV - aV iPSRUWaQW caUUieUV Rf VRciaO aQd SROiWicaO biaV.
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Whe VXUface Rf a VSheUe aW a fi[ed diVWaQce ZiWh YaUiRXV eSic\cOeV WR accRXQW fRU Whe OacN Rf OiQeaU PRWiRQ.

KeSOeU (a CRSeUQicaQ RU heOiR-ceQWUic PRdeOeU) VeeV a SOaQeW Zhich, aORQg ZiWh Whe EaUWh, iV RUbiWiQg Whe

VXQ aQd ZhRVe UeOaWiYe PRWiRQ iV WR be e[SOaiQed b\ WhiQNiQg abRXW WheiU diffeUeQW, iQdeSeQdeQW RUbiWV (i.e.

iQ WhUee SROaU diPeQViRQV). MeWaSh\VicaO aVVXPSWiRQV abRXW Whe aVSecW Rf Whe ZRUOd WR be PeaVXUed aUe

aOZa\V QeceVVaU\ fRU geWWiQg ePSiUicaO PeaVXUePeQW Rff Whe gURXQd. (IQ Whe fRUegRiQg e[aPSOe, BUahe

PXVW aVVXPe Whe SOaQeW WUaYeOV RQ a VSheUe aW a fi[ed diVWaQce fURP eaUWh iQ RUdeU WR PeaVXUe iWV

eSic\cOeV). ScieQWiVWV PXVW decide ZheQ, ZheUe aQd XQdeU ZhaW cRQdiWiRQV Whe\ ZiOO PeaVXUe a TXaQWiW\

Rf iQWeUeVW. MaNiQg VXch deciViRQV aPRQgVW Whe iQfiQiWe SRVVibiOiWieV aOZa\V UeTXiUeV PaNiQg VXbVWaQWiaO

iQiWiaO aVVXPSWiRQV abRXW Whe WhiQg WR be PeaVXUed. The Qe[W chaSWeU diVcXVVeV hRZ DaYid KeeOiQg

hRQed iQ RQ a PeWhRd fRU PeaVXUiQg bacNgURXQd CO2 iQ SaUW b\ PaNiQg VXbVWaQWiaO WheRUeWicaO

aVVXPSWiRQV aORQg Whe Za\.

FiQaOO\, WheUe iV a VXbVWaQWiaO OiWeUaWXUe RQ PeaVXUePeQW aQd VWaQdaUdi]aWiRQ - CaUQaS (1969), CROOiQV

(1998), CaUWZUighW (1999), GaOOiVRQ (2003), ChaQg (2004), TaO (2016) - WhaW giYeV WheVe SheQRPeQa dXe

ZeighW aV Whe ceQWUaO aVSecWV Rf VcieQWific SUacWice Whe\ aUe ZhiOe aOVR RfWeQ RffeUiQg VRciaO aQd SROiWicaO

cRQWe[WXaOi]aWiRQV Rf Whe SURceVVeV b\ Zhich PeaVXUePeQW VWaQdaUdV becRPe eVWabOiVhed. The aQaO\ViV

Rf Whe PeaVXUePeQW QeWZRUN fRU cOiPaWe YaUiabOeV ZRXOd be aW hRPe aPRQgVW WhiV OiWeUaWXUe. BXW cRPiQg

RQ Whe heeOV Rf a diVcXVViRQ abRXW WheRUeWicaO YaOXeV, Whe SRiQW Rf WhiV VhifW iV QRW PeUeO\ WR WXUQ WR aQRWheU

aVSecW Rf VcieQWific SUacWice, bXW WR ideQWif\ WhaW aVSecW aV a bOiQdVSRW Rf accRXQWV Rf YaOXeV iQ VcieQWific

SUacWice WhaW aUe RYeUO\ fRcXVVed RQ WheRU\.  WiWhRXW PeaVXUePeQW, WheRU\ haV QR gURXQd WR VWaQd RQ.

WhiOe Whe fROORZiQg accRXQW PaNeV XVe Rf VRPe Rf WheVe aQaO\Wic WRROV fURP Whe ePSiUiciVW WUadiWiRQ, iW

deSaUWV fURP Whe WeQdeQc\ Rf WhaW WUadiWiRQ WR UeceQWeU Whe SURbOePaWic aiP Rf ORgicaO cORVXUe, RU Whe

WUadiWiRQaO idea WhaW cRQVideUaWiRQV Rf ORgic aQd ePSiUicaO WUXWh aUe VXfficieQW WR cORVe Rff fXWXUe debaWe.

The fiUVW WhUee accRXQWV OiVWed abRYe WaNe aV RQe SRiQW Rf deSaUWXUe VRPe faiOXUe Rf ORgicaO ceUWaiQW\ - Whe

ideQWificaWiRQ Rf a gaS beWZeeQ WheRU\ aQd RbVeUYaWiRQ WhaW PXVW be fiOOed ZiWh RQe Rf a QXPbeU Rf

cURVV-cXWWiQg aQd diffeUeQWO\-YaOeQW bacNgURXQd aVVXPSWiRQV; ideQWificaWiRQ Rf aQ iQdXcWiYe gaS beWZeeQ

iQVWaQceV aQd geQeUaOi]aWiRQV (iQ DRXgOaV 2009); RU Whe diVcRYeU\ Rf a ciUcXOaUiW\ WR WheRUeWicaO aUgXPeQWV.
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A WeQdeQc\ Rf PaQ\ VXch accRXQWV iV WR VXSSRVe WhaW VRPeWhiQg eOVe ³fiOOV Whe gaS´ RU SURYideV Whe

fRXQdaWiRQ fRU WheRUeWicaO cRQcOXViRQV, eYeQ ZheQ WhaW VRPeWhiQg iV VRciaO RU SROiWicaO; RU Whe\ hROd RXW

hRSe WhaW PaWhePaWicaO ORgic ZiOO be UeSOaced b\ a TXaOiWaWiYe ORgic (DRXgOaV 2013). I PaiQWaiQ WhaW

UecRgQi]iQg SROiWicaO RU VRciaO YaOeQceV Rf WheRUeWicaO YaOXeV iPSOieV WhaW Whe\ aUe beVW WhRXghW Rf aV

feaWXUeV Rf a diffeUeQW diPeQViRQ Rf diVcRXUVe WhaQ WhRVe highOighWed b\ WUadiWiRQaO accRXQWV Rf YaOidaWiQg

ePSiUicaO NQRZOedge, i.e. RQe iQYROYiQg ceUWaiQ VRciaO aQd SROiWicaO cRQdiWiRQV (e.g. QRQ-cReUciRQ,

iQcOXViYiW\, eTXaOiW\). WheUe WheVe VRciaO cRQdiWiRQV, Va\ Rf eTXaOiW\, aUe OacNiQg Ze VhRXOd aQWiciSaWe

SURbOePaWic VRciaO YaOeQceV WR RSeUaWiYe WheRUeWicaO YaOXeV.33 AccRXQWV OiNe LRQgiQR¶V Zhich WXUQ WR VRciaO

PechaQiVPV fRU geQeUaWiQg VcieQWific NQRZOedge SURYide a PRUe aSSURSUiaWe fRcXV RQ Whe VRciaO cRQWe[W Rf

SXbOicaWiRQ, debaWe, aQd MXVWificaWiRQ, WhaQ dR accRXQWV Zhich UeceQWeU Whe aiP Rf ORgicaO cORVXUe. The

accRXQW WhaW fROORZV iV cRQWeQW WR ideQWif\ SRWeQWiaO VRciR-SROiWicaO faiOXUeV Rf Whe cRQWe[W Rf VcieQWific debaWe

aQd deYeORSPeQW Zhich SURYideV Whe fRXQdaWiRQ fRU WheRUieV Rf cOiPaWe chaQge.

TheVe ePSiUiciVW WXUQV WRZaUd Whe daWa aUe WhXV RfWeQ PRWiYaWed b\ Whe deViUe WR chaOOeQge Whe eSiVWePic

aXWhRUiW\ Rf VcieQce RQ iWV RZQ WeUPV. IQdeed WhiV Za\ Rf aWWePSWiQg WR PRWiYaWe Whe SUeVeQW dRcXPeQW¶V

VhifW WRZaUd a VWXd\ Rf daWa ZRXOd iQheUiW WhiV SURbOePaWic VXbWe[W if aOO iW RffeUed ZeUe WheVe UePiQdeUV Rf

Whe ORgicaO UROe WhaW RbVeUYaWiRQ VWaWePeQWV SOa\ iQ ePSiUicaO aUgXPeQW. WheUe WheVe ORgicaO chaOOeQgeV

gaiQ WUacWiRQ aQd ceaVe iQ P\ YieZ WR be idOe VSecXOaWiRQ iV ZheQ ORgicaO aOWeUQaWiYeV caQ be OiQNed ZiWh

cRQcUeWe VRciaO QeedV (QRW aV KiWcheU dePaQdV e[iVWiQg VcieQWific aOWeUQaWiYeV). The YaOXe I Vee iQ

PRSSeU¶V accRXQW iV QRW iQ hiV aQaO\ViV Rf VcieQWific ORgic aV haYiQg a modXV WollenV VWUXcWXUe, bXW iQ hiV

abiOiW\ WR OiQN faiOXUeV Rf WhiV ORgicaO VWUXcWXUe aQd ad hoc PaQeXYeUV WR cRQcUeWe caVeV Rf VRciaO aQd

SROiWicaO iQMXVWice. SWiOO, QRW WRR PXch ePShaViV VhRXOd be SOaced XSRQ faiOXUeV Rf ORgic. SRPeWiPeV

VRciR-eSiVWePic iQMXVWice UeVXOWV fURP Whe VWaQdaUd, VPRRWh RSeUaWiRQ Rf aOgRUiWhPic UeaVRQiQg aV PXch aV

iW dReV fURP iWV faiOXUeV.34

34 IQdeed fURP Whe SeUVSecWiYe RffeUed b\ Whe fUaPiQg Rf iQfUaVWUXcWXUe diVcXVVed VhRUWO\, aOgRUiWhPic UeaVRQiQg iV ViPSO\ a
WechQRORgicaO RU VRciaO-RUgaQi]aWiRQaO SURceVV Rf cRPSXWiQg aQd iQfRUPaWiRQ iQfUaVWUXcWXUe aPeQabOe WR Whe VaPe VW\Oe Rf aQaO\ViV aV
RWheU iQfUaVWUXcWXUe RSeUaWiRQV.

33 See PhaP fRU RQe VXch faiOXUe iQ Whe hieUaUch\ Rf UeVeaUch WeaPV.
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The WXUQ WRZaUd daWa iV aOVR PRWiYaWed b\ Whe VeQVe WhaW iW iV iQ Whe acTXiViWiRQ Rf daWa WhURXgh e[SeUiPeQW

WhaW VcieQce iWVeOf WaNeV RQ a PaWeUiaO, ePSiUicaO diPeQViRQ (iQ OiQe ZiWh Whe OaVW gURXS Rf VRciaO ePSiUiciVW

WhiQNeUV PeQWiRQed abRYe) aQd ZheUe Ze caQ begiQ WR Vee iWV RYeUOaS aQd eQWaQgOePeQW ZiWh RbMecWV Rf

eYeU\da\ cRQceUQ WhaW aUe RfWeQ ceQWUaO VXbMecWV Rf VRciaO aQd SROiWicaO cRQceUQ. The fiQaO chaSWeU

PaiQWaiQV a fRcXV RQ infraVWrXcWXre aV QaPiQg a MRiQW PaWeUiaO aQd VRciaO VWUXcWXUe Zhich fRUPV a VXbMecW

Rf aQaO\ViV WhaW VWUaddOeV bRWh VcieQWific aQd VRciaO dRPaiQV Rf eYaOXaWiRQ.35 ThaW aQaO\ViV iV gXided b\ aQ

idea fURP VcieQce VWXdieV WhaW Whe daWa QeWZRUN deYeORSed iQ Whe VecRQd haOf Rf Whe 20Wh ceQWXU\ fRU

PeaVXUePeQW, VWRUage aQd diVVePiQaWiRQ Rf cOiPaWe daWa caQ be WhRXghW Rf aV aQ infraVWrXcWXre (EdZaUdV

2006). IQfUaVWUXcWXUeV, aV I ZiOO e[SOaiQ VhRUWO\, RfWeQ faciOiWaWe a NiQd Rf bOiQdQeVV ZiWh UegaUdV WR Whe

PaWeUiaO aQd VRciaO RUigiQV Rf Whe gRRdV WhaW Whe\ chaQQeO. DiVcXVViRQV WhaW WUeaW Whe PaiQ iVVXe fRU

VcieQWific debaWe aV iQWeUSUeWaWiRQ Rf Whe daWa Zhich aUe WhePVeOYeV VeeQ aV giYen (WR bRUURZ a ShUaVe

fURP SeOOaUV) RU be\RQd iQWeUSUeWaWiRQ haUbRU a ViPiOaU bOiQdVSRW. (OU UeOaWedO\ aWWePSWV WR OegiWiPaWe

WheRU\ b\ UefeUeQce WR Whe WUaQVSaUeQc\ Rf daWa - e.g. iW iV RSeQ-VRXUce, aYaiOabOe RQOiQe, eWc.). The Qe[W

chaSWeU ZiOO iQYeVWigaWe VRPe Rf Whe Za\V iQ Zhich WhiV fUaPiQg iV faciOiWaWed b\ Whe daWa QeWZRUN¶V

iQfUaVWUXcWXUaOi]aWiRQ. A fRcXV RQ iQfUaVWUXcWXUe iQ cOiPaWe VcieQce aV bRWh a faciOiWaWiQg SUecRQdiWiRQ

(daWa/iQfRUPaWiRQ iQfUaVWUXcWXUe) aQd aQ RbMecW Rf cUiWiTXe (fRVViO fXeO iQfUaVWUXcWXUe) aOVR heOSV WR SURYide a

diffeUeQW PRdeO fRU Whe SROiWici]aWiRQ Rf VcieQce. UQdeU Whe PRSSeUiaQ YieZ deYeORSed iQ Whe OaVW chaSWeU

VXggeVWiQg a XQificaWiRQ Rf ecRQRPic aQd VcieQWific iQVWiWXWiRQV, Whe diUecWiRQ Rf VRciaO iQTXiU\ MXVW iV, iQ SaUW,

Whe diUecWiRQ Rf ecRQRPic deYeORSPeQW. IQfUaVWUXcWXUeV aV a QeWZRUN fRU SURYidiQg Whe ecRQRPic

SUecRQdiWiRQV Rf SXbOic acWiYiW\ (iQcOXdiQg VcieQWific iQTXiU\) aUe aOVR aQ RbMecW Rf VXbVWaQWiaO VWaWe cRQceUQ

aQd PaQagePeQW. ThXV, UaWheU WhaQ a SicWXUe Rf XQeQcXPbeUed ideaO iQTXiUeUV ZhR Pa\ (iQ a OaSVe Rf

UeaVRQ RU iQ a caUefXOO\ SOaQQed iQdiYidXaO SURWRcRO) aOORZ WhePVeOYeV WR be VZa\ed b\ WheiU VRciaO RU

SROiWicaO beOiefV, Ze fiQd a SicWXUe Rf daWa aQd WhXV Rf WheRU\ WhaW haV becRPe caQaOi]ed aQd SeUhaSV

RVVified aV aQ RbMecW Rf VWaWe PaQagePeQW iQ VeUYice Rf QaWiRQaO iQWeUeVWV. BXW WheVe iPSOicaWiRQV ZiOO QRW

be cOeaU XQWiO Ze haYe a beWWeU ZRUNiQg XQdeUVWaQdiQg Rf Whe caWegRU\ Rf iQfUaVWUXcWXUe aQd VRPe Rf iWV

UeOaWiRQV ZiWh VcieQce.  AccRUdiQgO\, I WXUQ WR a diVcXVViRQ Rf iQfUaVWUXcWXUe Qe[W.

35 The idea Rf WUadiQg ]RQeV (e.g. GaOiVRQ 2010) caQ aOVR heOS XV heUe, WhRXgh UaWheU WhaQ VeaUchiQg fRU cXUUeQcieV WhaW cRXOd
adMXdicaWe beWZeeQ SaUadigPV, Ze aUe VeaUchiQg fRU RQWRORgicaO caWegRUieV WhaW caQ aOORZ fRU e[chaQge beWZeeQ VcieQce aQd
VRcieW\.

82



IQIUaVWUXcWXUHV aQG IGHRORJ\

IQ WhiV VecWiRQ, I deYeORS a YieZ Rf iQfUaVWUXcWXUeV aV WechQRORgicaO, VRciR-SROiWicaO aQd ecRORgicaO

aVVePbOageV. AV iQVWaQceV Rf WechQRORg\, iQfUaVWUXcWXUeV UeSUeVeQW caVeV Rf aSSOied VcieQce. AV

WechQRORgieV Zhich SURYide Whe QeceVVaU\ SUecRQdiWiRQV fRU PRdeUQ Za\V Rf Oife, Whe\ aUe RfWeQ UegaUded

aV SRWeQW V\PbROV Rf VcieQce¶V XWiOiW\ fRU VRcieW\ aQd cRQcUeWe PeaVXUeV Rf VcieQWific SURgUeVV. BXW aV

aVVePbOageV ZhRVe fXQcWiRQiQg deSeQdV eVVeQWiaOO\ XSRQ VRciaO aQd SROiWicaO deciViRQPaNiQg aQd

RSeUaWiRQV acWiYiW\, WheiU RSeUaWiRQV aQd deYeORSPeQW aUe aOVR RbMecWV Rf VRciaO aQd SROiWicaO chRice aQd

iQWeUeVWV. ThiV PeaQV WhaW accRXQWV Rf iQfUaVWUXcWXUe Zhich SRUWUa\ WheP aV SXUe WechQRORgicaO

aVVePbOageV - aQ iQWeUORcNiQg VeW Rf NQRZQ aQd UeOiabOe PeaQV-eQdV UeOaWiRQVhiSV - RYeUORRN MXQcWXUeV Rf

bUeaNdRZQ aQd VXVSeQViRQ WhaW fRUP ciWeV fRU VRciaO SaUWiciSaWiRQ, PaiQWeQaQce aQd UecRQVWUXcWiRQ.

TR begiQ, iQfUaVWUXcWXUeV fRUP SRWeQW PRdeUQ V\PbROV Rf VcieQce¶V VXcceVV. IQ ShaSiQ aQd SchaffeU¶V

accRXQW Rf Whe RR\aO SRcieW\ iQ 17Wh ceQWXU\ EQgOaQd, LeYiaWhan and Whe Air PXmp (1985), Whe\ diVcXVV

hRZ BR\Oe aQd RWheU e[SeUiPeQWaOiVWV ZRXOd SeUfRUP e[SeUiPeQWaO dePRQVWUaWiRQV fRU aQ aXdieQce Rf

iQiWiaWeV VeaWed iQ aQ aPShiWheaWeU. SXch dePRQVWUaWiRQV fXQcWiRQed WR gaUQeU OegiWiPac\ fRU a WheRU\

VXch aV BR\Oe¶V gaV OaZ b\ dePRQVWUaWiQg hRZ iW e[SOaiQed Whe e[hibiWWed SheQRPeQa. BehiQd WheVe

SeUfRUPaQceV Rf UeSeaWabOe aQd SUedicWabOe SheQRPeQa fRU aQ aXdieQce Rf SeeUV, hRZeYeU, VWRRd

cRXQWOeVV hRXUV Rf WiQNeUiQg ZiWh Whe aSSaUaWXV, cRPPiVViRQiQg diffeUeQW gOaVV-bORZeUV WR PaNe Whe gaV

chaPbeU, WU\iQg diffeUeQW cRaWiQgV fRU Whe cRUN-VWRS WR eQVXUe Whe gaV ZRXOd QRW OeaN RXW, eWc. aQd

cRXQWOeVV faiOXUeV ZiWh each aWWePSW.

IQ PRdeUQ iQdXVWUiaO VRcieWieV, iQfUaVWUXcWXUeV aQd PaVV SURdXced WechQRORgieV SOa\ a ViPiOaU OegiWiPaWiQg

UROe fRU VcieQce aPRQgVW a PRUe geQeUaO, SXbOic aXdieQce. A VceQe fURP Whe PRYie Look Up iOOXVWUaWeV

Whe SRiQW. IQ Look Up LeRQaUdR DiCaSUiR iV aQ aVWURSh\ViciVW ZhRVe cROOeagXe haV diVcRYeUed a cRPeW

WhaW iV hXUWOiQg WRZaUd eaUWh. He haV beeQ WhUXVW iQWR Whe OiPeOighW aV Whe defeQdeU Rf WheiU VcieQWific
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cRQcOXViRQV, Zhich (iQ a VSRRf RQ Whe SheQRPeQRQ Rf cOiPaWe chaQge deQiaO) Whe SUeVV, SXbOic aQd

SROiWicaO OeadeUV aUe aOO VNeSWicaO Rf. IQ RQe VceQe, DiCaSUiR haV beeQ VXcNed dRZQ a UeddiW UabbiW-hROe

aQd UeVSRQdV WR aQ RQOiQe VNeSWic WhaW hiV WeaP¶V cRQcOXViRQV ZeUe aUUiYed aW XViQg Whe VcieQWific PeWhRd,

aQd WhaW WhiV iV Whe VaPe PeWhRd WhaW cUeaWed Whe SeUVRQaO cRPSXWeU WhaW Whe UeddiW VNeSWic iV XViQg WR

cRPPXQicaWe WheiU VNeSWiciVP. DiCaSUiR WhXV VXggeVWV WhaW Whe RQOiQe VNeSWic haV beeQ caXghW iQ a

SeUfRUPaWiYe cRQWUadicWiRQ - Whe YeU\ PeaQV b\ Zhich Whe\ cRPPXQicaWe SUeVXSSRVeV Whe YaOidiW\ Rf Whe

WhiQg Whe\ TXeVWiRQ. HiV SURSRVaO iOOXVWUaWeV Whe SRiQW WhaW iQfUaVWUXcWXUeV aUe a SRZeUfXO OegiWiPaWiQg WRRO

fRU VcieQce ViQce Whe\ bRWh fXUQiVh Whe QeceVVaU\ cRQdiWiRQV fRU PRdeUQ fRUPV Rf OiYiQg ZhiOe aOVR beiQg

iQVWaQceV Rf aSSOied VcieQce.

WhiOe iQ PaQ\ Za\V aQ aSW SaURd\ Rf Whe Pedia ViWXaWiRQ ZiWh cOiPaWe chaQge, Look Up PiVVeV RQe

ceQWUaO aVSecW Rf Whe iVVXe WhaW iV UeYeaOed b\ DiCaSUiR¶V UeddiW aUgXPeQW. The cOiPaWe chaQge h\SRWheViV

aOVR cRQVWiWXWeV a VeUiRXV chaOOeQge WR Whe VPRRWh, UeOiabOe fXQcWiRQiQg Rf a cRUe iQfUaVWUXcWXUe - fRVViO fXeO

iQfUaVWUXcWXUe - iQ a Za\ WhaW Whe h\SRWheViV WhaW aQ aVWeURid iV abRXW WR VWUiNe eaUWh dReV QRW. IW VXggeVWV

WhaW WheUe aUe eQRUPRXV XQiQWeQded aQd XQdeViUabOe cRQVeTXeQceV Rf Whe RSeUaWiRQ Rf fRVViO fXeO

iQfUaVWUXcWXUe PaQ\ Rf Zhich Pa\ XQdeUPiQe Whe V\PbROV Rf iWV fXQcWiRQaOiW\ aQd VXcceVV: URadV aQd

bXiOdiQgV bXiOW ZiWh fRVViO fXeO eQeUg\ ZiOO be VXbPeUged XQdeU ZaWeU aQd deVWUR\ed b\ VWRUPV; Whe

cRQYeQieQce Rf gRRdV PRbiOi]ed b\ fRVViO fXeOV WR Ueach VWaWiRQaU\ cRQVXPeUV ZiOO WXUQ VRPe Rf WheVe

VaPe cRQVXPeUV iQWR UefXgeeV, aQd VR RQ. ThiV PeaQV WhaW cOiPaWe VcieQWiVWV caQQRW SeUhaSV TXiWe VR

eaViO\ geVWXUe WRZaUd Whe facW WhaW cOiPaWe deQiaOiVWV dUiYe WR ZRUN WR caWch WheP iQ a SeUfRUPaWiYe

cRQWUadicWiRQ. The QegaWiYe cRQVeTXeQceV Rf fRVViO fXeO WechQRORg\ ideQWified b\ cOiPaWe VcieQce cUeaWe a

cUacN iQ Whe facade Rf VcieQWific OegiWiPac\ fRU a geQeUaO SXbOic SUiPed WR cRQVideU Whe SUacWicaO beQefiWV Rf

WechQRORg\ eYideQce fRU Whe WUXWh Rf VcieQWific WheRU\. AQd iW cUeaWeV a SURbOeP fRU aQ\ accRXQW Rf VcieQce

WhaW OiVWV aSSOicaWiRQV fRU SXbOic beQefiW aV aPRQg Whe gXidiQg YaOXeV Rf VcieQWific iQTXiU\, eVSeciaOO\ WhRVe

OeaYiQg VXbVWaQWiaO VSace fRU Whe SXbOic WR deWeUPiQe fRU iWVeOf ZheWheU aQ\ giYeQ WechQRORg\ RU

iQWeUYeQWiRQ cRQVWiWXWeV a SXbOic beQefiW. OQe Rf Whe ceQWUaO chaOOeQgeV fRU defeQdeUV Rf VcieQce ZiWhiQ Whe

SXbOic aUeQa iV WR aWWePSW WR PeQd WhiV cUacN RU WR fiQd a QeZ, PRUe VXbWOe UaWiRQaOe fRU Whe SXbOic WR

acceSW VcieQWific cRQcOXViRQV iQ OighW Rf WheiU iPSeUfecW cRQQecWiRQ ZiWh WeUPV Rf WechQRORgicaO VXcceVV.
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IQ Whe Qe[W chaSWeU I aWWePSW a PRUe UefOe[iYe aQaO\ViV Rf Whe UeOaWiRQ beWZeeQ iQfUaVWUXcWXUe aQd cOiPaWe

VcieQce - RQe WhaW chaOOeQgeV Whe idea WhaW iQfUaVWUXcWXUeV aUe SXUe WechQRORgicaO aVVePbOageV ZhRVe

VPRRWh fXQcWiRQiQg cRQVWiWXWe iQVWaQceV Rf aSSOied VcieQce. IQ iWV SOace I ePSOR\ aQ aQaO\ViV Rf

iQfUaVWUXcWXUe aV haYiQg VXbVWaQWiaO VRciaO, RUgaQi]aWiRQaO, SROiWicaO aQd ecRORgicaO diPeQViRQV. TheVe

diPeQViRQV aUe RbVcXUed b\ Whe XQdeUVWaQdiQg Rf iQfUaVWUXcWXUe aV a SXUe WechQRORgicaO V\VWeP - a YieZ

Zhich VeUYeV WR UaWiRQaOi]e igQRUaQce Rf iWV RWheU diPeQViRQV aQd a YieZ WhaW iV WhXV ideRORgicaO accRUdiQg

WR a PRUe iQcOXViYe aQaO\ViV. I dUaZ RQ OiWeUaWXUe iQ aQWhURSRORg\, VRciRORg\ aQd hiVWRU\ WR eVWabOiVh WhiV

SeUVSecWiYe. ThRXgh b\ QR PeaQV e[haXVWiYe, I XQdeUVWaQd iQfUaVWUXcWXUeV aV MRiQW PaWeUiaO aQd VRciaO

aVVePbOageV haYiQg Whe fROORZiQg feaWXUeV:

IQfUaVWUXcWXUe cRdifieV aQd UegXOaWeV Whe fORZ Rf geQeUaOi]ed gRRdV. IQ GXSWa¶V WeUPV iW ³chaQQeOV

cRPPXQicaWiRQ, WUaYeO aQd Whe WUaQVSRUWaWiRQ Rf gRRdV´ (GXSWa 2018, S. 63). BXW cRQceiYiQg Rf iQfRUPaWiRQ

RU PRbiOiW\ aV geQeUaOi]ed gRRdV RU caSaciWieV, Ze Pa\ Va\ WhaW iQfUaVWUXcWXUe iV Whe aVVePbOage

UeVSRQVibOe fRU Whe fORZ Rf geQeUaOi]ed gRRdV. TheVe gRRdV aUe geQeUaOi]ed iQ WhaW PRUe VSecific

UeVRXUceV, e.g. cRaO, QaWXUaO gaV, RiO, aUe RfWeQ iQWeUchaQgeabOe fRU Whe VaPe iQWeUPediaWe XVe - dUiYiQg

VRPe NiQd Rf cRPbXVWiRQ WXUbiQe - aOORZiQg WheP WR gR XQdeU Whe baQQeU Rf "fRVViO fXeO iQfUaVWUXcWXUe",

ZhiOe fRVViO fXeOV aUe iQWeUchaQgeabOe ZiWh h\dUR-SRZeU RU QXcOeaU UeacWRUV fRU SURYidiQg Whe VaPe eQd

XVe - eOecWUiciW\ fRU aSSOiaQceV - aOORZiQg WheVe WR gR XQdeU Whe VWiOO PRUe geQeUaO headiQgV Rf eOecWUicaO RU

eQeUg\ iQfUaVWUXcWXUe.

IQfUaVWUXcWXUe iV a cRUe RbMecW Rf VWaWe cRQceUQ aQd a cRQVWiWXWiYe eOePeQW Rf ³QaWiRQaO VecXUiW\´ (SSice

2018). FRU GXSWa iW iV ³a biRSROiWicaO SURMecW addUeVViQg Whe heaOWh aQd ZeOfaUe Rf Whe SRSXOaWiRQ´ (GXSWa

2018, ibid.). IQ cRQQecWiRQ ZiWh Whe idea WhaW iQfUaVWUXcWXUeV SURYide geQeUaOi]ed gRRdV, Whe\ aOVR VaWiVf\

QeedV RU QeceVViWieV Rf a SRSXOaWiRQ (WhXV WheUe iV a need fRU ³eQeUg\´ ZhiOe a PRUe VSecific Qeed fRU, Va\,

QaWXUaO gaV ZRXOd QRW be aV SOaXVibOe). IQfUaVWUXcWXUe iV aOZa\V aW OeaVW SaUWiaOO\ aQ RbMecW Rf SXbOic (YV.

SUiYaWe) cRQceUQ - PiQiPaOO\ (ZheQ iW iV caOOed ³SUiYaWe´) iW iQYROYeV OaQd-gUaQWV (aV ZiWh UaiOURadV), RU

]RQiQg SeUPiVViRQV (aV ZiWh PiQeUaO UighWV). FaU fURP PeUe SeUPiVViRQV, WheVe aOVR iQcOXde Whe
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eQfRUcePeQW Rf SaUWicXOaU XVeV aQd Whe WhUeaW RU UeaOiW\ Rf fRUce agaiQVW WhRVe ZhR chaOOeQge RU RSSRVe

WheVe XVeV. AV Ze ZiOO Vee iQ Whe Qe[W chaSWeU, Ze cRXOd SeUhaSV add VWaQdaUdi]aWiRQ Rf PeaVXUeV (e.g.

SURYiViRQ Rf VWaQdaUd WiPe) aQd cRRUdiQaWiRQ aPRQgVW XVeUV (e.g. WUaffic OighWV) WR Whe OiVW Rf PiQiPaO

fXQcWiRQV. BXW, OeVV PiQiPaOO\, iQfUaVWUXcWXUeV caQ aOVR be Whe RbMecW Rf diUecW VWaWe PaQagePeQW aQd

RSeUaWiRQ aV iQ SXbOic XWiOiWieV VXch aV Whe BRQQeYiOOe PRZeU AXWhRUiW\, Zhich adPiQiVWeUV aQd RSeUaWeV

PXch Rf Whe eOecWUicaO iQfUaVWUXcWXUe fRU Whe Pacific NRUWhZeVW (Vee HXgheV 1993 fRU aQ iQWeUQaWiRQaO

cRPSaUiVRQ Rf SXbOic XWiOiWieV).

IQ cRQQecWiRQ ZiWh Whe idea WhaW iQfUaVWUXcWXUeV SURYide geQeUaOi]ed gRRdV, Whe\ aOVR VaWiVf\ QeedV RU

QeceVViWieV Rf a SRSXOaWiRQ RU gRRdV WhaW aUe cRQVideUed SUecRQdiWiRQV fRU eVVeQWiaO acWiYiW\ - e.g. PRbiOiW\,

cRPPXQicaWiRQ, eQeUg\, fRRd, ZaWeU. WheUe WheUe iV a VRPeZhaW SOaXVibOe ³Qeed´ fRU ³eQeUg\´ a PRUe

VSecific Qeed fRU, Va\, QaWXUaO gaV ZRXOd QRW be aV SOaXVibOe. AV SUecRQdiWiRQV, Whe\ aUe RfWeQ iQYiVibOe iQ

WheiU fXQcWiRQiQg - WUeaWed b\ WheiU XVeUV aV a SXUe PeaQV. The\ RQO\ becRPe YiVibOe WhURXgh UXSWXUe,

faiOXUe RU diVUXSWiRQ (e.g. ZheQ Whe eOecWUiciW\ gReV RXW aQd a WechQiciaQ PXVW be caOOed iQ) (SWaU aQd

RXhOedeU 1996).

CRQQecWed ZiWh WhiV OaVW SRiQW, iQfUaVWUXcWXUeV aUe acWXaOO\ iQ Qeed Rf cRQVWaQW PaiQWeQaQce, deYeORSPeQW

aQd UeSaiU. GXSWa SURSRVeV WhaW Ze YieZ iQfUaVWUXcWXUeV fURP WhiV aVSecW Rf VXVSeQViRQ - aV iQ a SeUeQQiaO

VWaWe Rf iQcRPSOeWiRQ, SaUWiaO fXQcWiRQiQg aQd deSeQdeQc\. FURP WhiV SeUVSecWiYe iQfUaVWUXcWXUeV aUe

aOUead\ UXiQV ZhRVe fXQcWiRQiQg PXVW be cRQVWaQWO\ PaiQWaiQed iQ bRWh WechQicaO (UeSaiUiQg SRWhROeV) aQd

ideRORgicaO Za\V (haYiQg a gUaQd-RSeQiQg RU Ue-RSeQiQg; caOOiQg a SURMecW ³cRPSOeWe´). ThiV SeUVSecWiYe Rf

iQfUaVWUXcWXUeV aV aOUead\ iQ a VWaWe Rf VXVSeQViRQ iV a QeceVVaU\ cRXQWeUbaOaQce WR Whe YieZ cRdified iQ

fiQaQciaO fXWXUeV PaUNeWV ZheUe Whe RSeUaWiRQ Rf QeZ fRVViO fXeO iQfUaVWUXcWXUeV fRU 50 RU PRUe \eaUV iV

aOUead\ WUeaWed aV a UeaVRQabOe e[SecWaWiRQ Rf UeWXUQV b\ iQYeVWRUV WR be SURWecWed b\ Whe VWaWe aV aQ

eOePeQW Rf QaWiRQaO VecXUiW\. AV GXSWa QRWeV, Whe ideRORg\ Rf iQfUaVWUXcWXUeV iQcOXdeV e[SecWaWiRQV Rf WheiU

fXWXUe RSeUaWiRQ -  Whe\ aUe aOZa\V cRQceiYed aV haYiQg WhiV fXWXUe diPeQViRQ.
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IQfUaVWUXcWXUeV haYe aQ RUgaQi]aWiRQaO aQd fiQaQciaO VRciaO diPeQViRQ (HXgheV 1993, ShiYa 1991).

AORQgVide Whe QRWiRQ WhaW iQfUaVWUXcWXUeV haYe a VXbVWaQWiaO SROiWicaO aVSecW aV a VXbMecW Rf VWaWe cRQceUQ,

WheUe iV VXbVWaQWiaO RUgaQi]aWiRQaO YaUieW\ aQd We[WXUe WR diffeUeQW iQfUaVWUXcWXUeV. ThiV caQ be VeeQ iQ Whe

diffeUeQW VRciaO aQd fiQaQciaO VWUXcWXUeV Rf SXbOic YV. SUiYaWe XWiOiWieV (HXgheV 1993). FRU iQVWaQce Whe

fRUPeU Pa\ iQcOXde eOecWed UeSUeVeQWaWiYeV RQ a bRaUd aQd SUice cRQWUROV, ZheUe Whe OaWWeU aUe

SURfiW-dUiYeQ aQd OacN WheVe feaWXUeV. IW caQ aOVR be VeeQ cRPSaUiQg ORcaO YV. gORbaOiVW agUicXOWXUaO

V\VWePV aV iQ ShiYa¶V aQaO\ViV Rf Whe VRciaO VWUXcWXUe Rf IQdiaQ agUicXOWXUe befRUe aQd afWeU Whe

WechQRORgicaO iQWeUYeQWiRQV Rf Whe GUeeQ ReYROXWiRQ. Who RSeUaWeV Whe PachiQeU\; Zho haV acceVV WR

OaQd, PachiQeU\, VeedV aQd Whe SRVVibiOiW\ Rf VXbViVWeQce agUicXOWXUe; SRSXOaWiRQ deQViW\ iQ UXUaO YV. XUbaQ

aUeaV aQd VR RQ YaU\ dUaPaWicaOO\ XQdeU ORcaO YV. gORbaOiVW PRdeOV.

I PaiQWaiQ WhaW WRgeWheU, Whe VRciaO aQd SROiWicaO diPeQViRQV Rf iQfUaVWUXcWXUe heOS WR ORcaWe iW aV VRciaO iQ

Whe bURad VeQVe ideQWified iQ chaSWeU 2 RU aV VRciR-SROiWicaO. AV SUecRQdiWiRQV fRU ecRQRPic acWiYiW\

PaQaged b\ VWaWeV, iQfUaVWUXcWXUe UeSUeVeQWV Whe SXbOic RU SROiWicaO PaQagePeQW Rf hRXVeNeeSiQg RU Whe

SURYiViRQ Rf Whe QeceVVaU\ SUecRQdiWiRQV fRU SXbOic beiQg. AV PRdeUQ WechQR-VRciaO aVVePbOageV,

iQfUaVWUXcWXUeV diVUXSW aQd UeRUdeU Whe VchePa Rf SUiYaWe aQd SROiWicaO fURP aQcieQW VRcieWieV. The

QeceVVaU\ SUecRQdiWiRQV fRU SROiWicV aUe QR ORQgeU iQYiVibiOi]ed PeUeO\ WhURXgh WheiU cRQfiQePeQW WR Whe

SUiYaWe, SaWUiaUchaO hRXVehROd, bXW Pa\, dXe WR PRdeUQ VhiSSiQg iQfUaVWUXcWXUe aQd Whe diYiViRQ Rf OabRU iW

PaNeV SRVVibOe, RSeUaWe RXW Rf VighW, eYeQ haOf-Za\ aURXQd Whe ZRUOd.36 IW iV aOVR OiNeO\ WhaW WheVe

WechQRORgicaO aVVePbOageV haYe Pade SROiWicaO SaUWiciSaWiRQ PRUe acceVVibOe b\ UeSOaciQg VRPe hXPaQ

OabRU ZiWh aXWRPaWiRQ.37 The deYeORSPeQW Rf Whe VRciaO VSheUe ZiWh iWV diYiViRQ Rf OabRU fRU RSeUaWiQg

WechQRORgicaO aVVePbOageV, iV SaUWiaOO\ cRQVWiWXWed b\ Whe deYeORSPeQW Rf iQfUaVWUXcWXUeV.

FiQaOO\, iQfUaVWUXcWXUeV haYe aQ ecRORgicaO diPeQViRQ (ShiYa 1991, TViQg 2015). IQfUaVWUXcWXUeV PediaWe

PaQ\ Rf RXU PRVW VXbVWaQWiYe aQd iPSacWfXO UeOaWiRQV ZiWh OaQd (I XVe Whe WeUP ³OaQd´ iQ Whe LeRSROdiaQ

(1949) VeQVe Zhich iV cORVeU WR WhaW Rf aQ ecRV\VWeP WhaQ aV Whe cRQceSW aSSeaUV iQ, Va\, UeaO eVWaWe). AV

37 TheUe aUe RWheU cRXQWeUYaiOiQg WeQdeQcieV VXch aV Whe cUeaWiRQ Rf addiWiRQaO ³QeedV´ e[SecWed iQ PRdeUQ VRcieWieV, e.g. fRU fUee
iQWeUQeW acceVV.

36 ThRXgh MXVW aV RfWeQ Whe\ aUe UighW XQdeU RXU QRVeV bXW dUiYeQ WhURXgh RQ aQ eOeYaWed fUeeZa\ RU PediaWed b\ a cRQVXPeU
iQWeUface.
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PeQWiRQed abRYe, cOiPaWe VcieQce SXUSRUWV WR ideQWif\ a PaMRU ecRORgicaO iPSacW Rf fRVViO fXeO

iQfUaVWUXcWXUe. BXW WhiV (iQiWiaOO\) VXUSUiViQg iPSacW RQ OaQd aQd ecRV\VWePV iV MXVW RQe aPRQgVW PaQ\

PXch PRUe PXQdaQe iPSacWV, VXch aV WhRVe iQYROYed aW e[WUacWiRQ ViWeV, fRU iQVWaQce ZheUe cRaO iV

VWUiS-PiQed fURP PRXQWaiQV, RU WaU VaQdV dUedged RXW Rf fRUeVWV.38 TheVe iQ WXUQ Oead WR NQRcN-RQ effecWV

VXch aV SRiVRQiQg ORcaO ZaWeUVhedV, aiU aQd habiWaWV WhURXgh bRWh VSiOOV aQd VWaQdaUd RSeUaWiRQ. AV aQ

abVWUacW cRPPRdiW\, ³eQeUg\´ RbVcXUeV WheVe UeOaWiRQV WR OaQd aV PXch aV iW RbVcXUeV Whe VRciaO

aUUaQgePeQWV Rf ZRUNeUV aQd WhRVe ZhR RccXS\ aQd deSeQd XSRQ Whe OaQd iPSOicaWed iQ gORbaOiVW

VchePeV Rf caSiWaOiVW e[WUacWiRQ.39

TheVe UePaUNV cRPSOeWe Whe bUief VXUYe\ Rf VRPe geQeUaO feaWXUeV Rf iQfUaVWUXcWXUe WhaW iQfRUP Whe

aQaO\ViV Rf Whe Qe[W chaSWeU. IQ VXPPaU\, iQfUaVWUXcWXUeV chaQQeO geQeUaOi]ed gRRdV; Whe\ aUe RbMecWV Rf

VWaWe cRQceUQ aQd PaQagePeQW WhaW fRUP a cRQVWiWXeQW feaWXUe Rf QaWiRQaO iQWeUeVW; Whe\ SURYide

QeceVVaU\ SUecRQdiWiRQV fRU SXbOic acWiYiW\, iQcOXdiQg ecRQRPic acWiYiW\; aV WechQRORgicaO V\VWePV Whe\ aUe

iQ a cRQVWaQW VWaWe Rf VXVSeQViRQ - iQcRPSOeWiRQ, deSeQdeQc\ aQd UeSaiU. ThiV VWaWe Rf VXVSeQViRQ PaNeV

cOeaUeU Whe VRciaO diPeQViRQ iQYROYiQg RSeUaWiRQV SeUVRQQeO ZhR eQVXUe daiO\ fXQcWiRQiQg aV ZeOO aV

ceQWUaO deciViRQPaNeUV. FiQaOO\, iQfUaVWUXcWXUeV PediaWe RXU PRVW iPSacWfXO UeOaWiRQV ZiWh OaQd, PaNiQg

WheP a SRWeQW ecRORgicaO fRUce. I PaiQWaiQ WhaW WheVe aVSecWV Rf iQfUaVWUXcWXUe - eVSeciaOO\ iWV cRQQecWiRQ

ZiWh ecRQRPic acWiYiW\ aQd Whe UROe Rf VWaWeV iQ PaiQWaiQiQg iW - PaNe iW a SaUadigPaWic VRciR-SROiWicaO

caWegRU\, UefeUUiQg WR PaWeUiaO aVVePbOageV Rf WechQRORg\, SeRSOe aQd ecRV\VWePV.

IQ cORViQg I ZiVh WR cRQVideU aQRWheU ceQWUaO UeOaWiRQVhiS beWZeeQ cOiPaWe VcieQce aQd iQfUaVWUXcWXUe. NRW

RQO\ iV cOiPaWe chaQge UegaUded aV aQ iVVXe aboXW eQeUg\ iQfUaVWUXcWXUe, bXW WheUe iV a gURZiQg OiWeUaWXUe

deYeORSiQg a VXggeVWiRQ RUigiQaOO\ Pade b\ PaXO EdZaUdV (2006) WR WhiQN Rf Whe daWa QeWZRUN XSRQ Zhich

cOiPaWe VcieQce deSeQdV aV iWVeOf haYiQg becRPe iQfUaVWUXcWXUaOi]ed iQ Whe VecRQd haOf Rf Whe 20Wh ceQWXU\

(Vee MiOOeU 2001, OOVaNRYa 2017, LeibOeU 2019,«). IQ Whe VhifW fURP Whe daWa QeWZRUN deYeORSed XQdeU Whe

IQWeUQaWiRQaO MeWeRURORgicaO OUgaQi]aWiRQ (IMO) Zhich ZaV SUiPaUiO\ RUgaQi]ed b\ Whe YROXQWaU\ aQd

39 IQ WeUPV Rf geRgUaShicaO Ueach, fRRd V\VWePV Pa\ UeSUeVeQW iQdXVWUiaO VRcieWieV¶ PRVW ZideVSUead iQfUaVWUXcWXUaO OaQd iPSacW.

38 TViQg (2015) aOVR UePiQdV XV Rf Whe cUeaWiYe aQd geQeUaWiYe SRWeQWiaO Rf iQdXVWUiaO PaUgiQV aQd ZaVWeOaQdV - aQ aQWidRWe WR a NiQd
Rf caSiWaOiVW-WheiVWic SeVViPiVP.

88



WePSRUaU\ aVVRciaWiRQ aPRQgVW VcieQWiVWV dXUiQg Whe fiUVW haOf Whe 20Wh ceQWXU\ (MiOOeU 2001) WR iWV

RUgaQi]aWiRQ aQd deYeORSPeQW XQdeU Whe UN aV Whe WRUOd MeWeRURORgicaO OUgaQi]aWiRQ¶V (WMO) WRUOd

WeaWheU WaWch (WWW),40 Whe QeWZRUN XQdeUZeQW a VhifW fURP YolXnWariVW inWernaWionaliVm WR infraVWrXcWXral

globaliVm accRUdiQg WR EdZaUdV. RefOecWiQg Whe dXaO PaWeUiaO aQd VRciaO aVSecWV Rf iQfUaVWUXcWXUeV, WhiV

VhifW RccXUUed becaXVe (a) Whe QeWZRUN caPe WR VhaUe a VeW Rf PRUe SeUPaQeQW aQd SXUSRVe-VSecific

PaWeUiaO iQfUaVWUXcWXUeV - WeOecRPPXQicaWiRQV OiQeV, PeWeRURORgicaO VWaWiRQV, PeaVXUePeQW deYiceV aQd

daWa aUchiYeV - aQd (b) Whe RSeUaWiRQV becaPe iQcUeaViQgO\ ePbedded ZiWhiQ VWaWe aQd iQWeUQaWiRQaO

iQVWiWXWiRQV aQd iQcUeaViQgO\ cRdified aV a PaWWeU Rf VcieQWific cRQYeQWiRQ (Whe VRciaO diPeQViRQ). TheVe

VhifWV UegXOaUi]ed, aQd VWabiOi]ed Whe SURdXcWiRQ aQd diVVePiQaWiRQ Rf cOiPaWe daWa WhURXgh PaWeUiaO aQd

VRciaO-RUgaQi]aWiRQaO chaQQeOV. BXW Whe\ aOVR UefOecWed aQ iQcUeaVe RU aW OeaVW a VhifW iQ VWaWe iQYROYePeQW

aQd iQWeUeVW iQ Whe daWa QeWZRUN. SWaWe iQYROYePeQW dXUiQg Whe YROXQWaUiVW iQWeUQaWiRQaOiVW SeUiRd WUeaWed

iQWeUQaWiRQaO VcieQWific acWiYiW\ aV a SRVVibOe YeQXe fRU iQWeUQaWiRQaO diSORPac\ aPRQg UeOaWiYeO\

aXWRQRPRXV ciWi]eQV. ThXV fRU iQVWaQce, Whe US SWaWe DeSaUWPeQW¶V iQYROYePeQW iQ PediaWiQg Whe WRXUV

b\ iQWeOOecWXaOV Rf Whe SRYieW UQiRQ dXUiQg Whe 20V aQd 30V PeQWiRQed iQ Whe OaVW chaSWeU RU SeUhaSV

(WhRXgh WhiV caQ aOVR be VeeQ aV aQ eaUO\ SaUW Rf Whe iQfUaVWUXcWXUe SeUiRd) iWV UROe iQ PediaWiQg Whe

IQWeUQaWiRQaO GeRSh\VicaO YeaU iQ Whe OaWe 50V, diVcXVVed iQ Whe Qe[W chaSWeU. IQ Whe OaWWeU SeUiRd QaWiRQaO

gRYeUQPeQWV WRRN RQ a PRUe diUecW UROe iQ VcieQWific RSeUaWiRQV SURYidiQg SeUVRQQeO, fXQdiQg, eTXiSPeQW,

aQd iQVWiWXWiRQaO aXVSiceV XQdeU gRYeUQPeQW ageQcieV. IQ Whe Qe[W chaSWeU I diVcXVV Whe Za\V iQ Zhich

WhiV VhifW iQ VWaWe iQYROYePeQW cRPSOicaWeV aQd XOWiPaWeO\ XQdeUPiQeV QaUUaWiYeV WhaW SRUWUa\ cOiPaWe

VcieQce aV haYiQg become SROiWici]ed iQ Whe Pedia caPSaigQV diUecWed agaiQVW VcieQWiVWV WRZaUd Whe eQd

Rf Whe 20Wh ceQWXU\, fRU iQVWaQce ZheQ Whe IPCC begaQ iWV VeUieV Rf aXWhRUiWaWiYe UeSRUWV (OUeVNeV aQd

CRQZa\ 2011, WeaUW 2003, 2022).41 AV ZiWh Whe ideRORg\ Rf iQfUaVWUXcWXUe PRUe geQeUaOO\, VXch QaUUaWiYeV

VhaUe iQ a WeQdeQc\ WR iQYiVibiOi]e Whe aPbigXRXV aQd VRciaOO\ cRQVWUXcWed aVSecWV Rf Whe daWa QeWZRUN WR

SUeVeQW a hiVWRU\ Rf Whe WheRU\ Rf cOiPaWe chaQge WhaW WaNeV Whe daWa aV giYeQ. FROORZiQg WhiV OiWeUaWXUe, I

SURSRVe WR giYe a cRQWe[WXaOi]ed accRXQW Rf Whe deYeORSPeQW Rf Whe CO2 daWa QeWZRUN b\ NeeSiQg iQ YieZ

Whe hiVWRU\ Rf bRWh fRVViO fXeO (aQd UeOaWed eQeUg\) iQfUaVWUXcWXUeV aQd cOiPaWe daWa iQfUaVWUXcWXUe.

41 ThRXgh WR be faiU, WheVe accRXQWV RfWeQ WUace Whe SROiWici]aWiRQ Rf cOiPaWe VcieQce bacN WR Whe ReagaQ 80V.  WeaUW aOVR diVcXVVeV
Whe eaUOieU deYeORSPeQW Rf Whe PeaVXUePeQW VWaQdaUdV aQd WheRUeWicaO fRXQdaWiRQV, bXW hiV hiVWRUiRgUaShic WeQdeQc\ iV WR WUeaW WheVe
deYeORSPeQWV aV aOZa\V SURgUeVViYe - bXiOdiQg XS Whe fRXQdaWiRQ biW b\ biW XSRQ Zhich PRdeUQ VcieQce VWaQdV.

40 IQ Whe Qe[W chaSWeU I diVcXVV Whe GAW Zhich OeYeUageV PXch Rf Whe aUchiWecWXUe Rf Whe ZeaWheU QeWZRUN iQWR aQ gORbaO
aWPRVSheUic daWa QeWZRUN.
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SRPH CULWLcaO SRcLR-SROLWLcaO JXQcWXUHV

The Qe[W chaSWeU cRQWaiQV WhUee PaiQ VecWiRQV each Rf Zhich fRcXVeV RQ a SaUWicXOaU VRciR-SROiWicaO

MXQcWXUe Rf cOiPaWe daWa aQd fRVViO fXeO iQfUaVWUXcWXUeV. TheVe MXQcWXUeV fRUP Ne\ SRiQWV Rf VRciR-SROiWicaO

iQWeUeVW, iQWeUYeQWiRQ, UeViVWaQce aQd RSSRUWXQiW\. SiQce WheVe MXQcWXUeV fRUP SRVVibOe VXbMecWV Rf aQaO\ViV

fRU aQ\ iQfUaVWUXcWXUe, I cORVe WhiV chaSWeU b\ giYiQg a bUief iQWURdXcWiRQ Rf Whe WhUee MXQcWXUeV iQ geQeUaO -

OaQd MXUiVdicWiRQV; ePSOR\PeQW aQd WUaiQiQg cUiWeUia fRU RSeUaWRUV; aQd eOecWiRQ PechaQiVPV fRU ceQWUaO

deciViRQ-PaNeUV aQd ceQWUaO SROic\ WRSicV. (FRU RWheU iQfUaVWUXcWXUaO aQaO\VeV WhaW WRXch RQ VRPe RU aOO Rf

WheVe aVSecWV Vee HXgheV (1993), ReiVQeU (1993), YeUgiQ (2011) RU Shafiee (2018)). WiWh each MXQcWXUe

iV SaiUed a ceQWUaO ideRORgicaO caWegRU\ Zhich fRUPV a Ne\ fRcXV Rf Whe ideRORg\ cUiWiTXe iQ each VXbVecWiRQ

Rf Whe Qe[W chaSWeU - ZaVWeOaQd aQd aQaUch\, WechQicaO WUaQVfeU, aQd fUee cRPSeWiWiRQ. I e[SaQd RQ each

Rf WheVe caWegRUieV beORZ.42

SWaUW ZiWh OaQd MXUiVdicWiRQV. IQfUaVWUXcWXUe iQ iWV PaWeUiaOiW\ RccXSieV VSace, RU RQ Whe gURXQd, OaQd. IQ

RUdeU WR be bXiOW, iQfUaVWUXcWXUeV PXVW gaiQ Whe UighWV RU SeUPiVViRQV WR RccXS\ aQd XVe WhiV VSace iQ Whe

Za\V Whe\ dR. ThiV aSSOieV WR e[WUacWiRQ aQd SURdXcWiRQ ViWeV, aV ZeOO aV diVWUibXWiRQ chaQQeOV aQd

WeUPiQaOV. TheUe iV RfWeQ, addiWiRQaOO\, a Qeed fRU Whe OiceQVe WR RSeUaWe iQ V\PbROic ³VSaceV´ VXch aV Whe

markeWplace, iQ airVpace RU iQ YirWXal, online VSace. TheVe UighWV aQd SeUPiVViRQV aUe RfWeQ gUaQWed b\

gRYeUQPeQWV Zhich RYeUVee, UegXOaWe aQd RUgaQi]e Whe XVe Rf VXch fiQiWe VSaceV iQ a PRUe

cRPSUeheQViYe Za\. The\ aUe aOVR UegXOaUO\ cRQWeVWed b\ acWiYiVWV RQ Whe gURXQd (fRU iQVWaQce JaQe

JacRbV¶ UeViVWaQce WR aQ iQWeUVWaWe SURMecW gRiQg WhURXgh GUeeQZich YiOOage (SZifW 2011) RU iQ Whe Qe[W

chaSWeU Whe SWaQdiQg RRcN SiRX[¶V UeViVWaQce WR Whe Ke\VWRQe SiSeOiQe (SSice 2018, Wh\We 2017)). IQ Whe

Qe[W chaSWeU I ZiOO be SaUWicXOaUO\ iQWeUeVWed iQ diVcXVViQg OaQd MXUiVdicWiRQV (OeVV VR V\PbROic VSaceV)

42 CaOOiQg WheP ideRORgicaO iPSOieV a cUiWicaO VWaQce WRZaUd WheP aQd Whe iPSOiciW SRViWiRQ WhaW ZheUe WheVe caWegRUieV aUe ZieOded
Whe\ RfWeQ aPRXQW WR UaWiRQaOi]aWiRQV UaWheU WhaQ MXVWificaWiRQV.  The VhifW fURP QRUPaWiYe ShiORVRSh\ Rf VcieQce (RU VcieQce aQd
YaOXeV) WR ideRORg\ cUiWiTXe PaUNV a fXUWheU deSaUWXUe fURP Whe SUecediQg PaWeUiaO.  SXch a VhifW ZiOO be QeceVVaU\ ZheUe acWXaO
dePRcUaWic fRUa fRU Whe cUeaWiRQ, ideQWificaWiRQ aQd XQdeUVWaQdiQg Rf SROiWicaO YaOXeV (ZheUe VXch fRUa ZRXOd Qeed WR PeeW ceUWaiQ
cUiWeUia - e.g. QRQ-cReUciRQ, iQcOXViYiW\) aUe OacNiQg.  IQ VXch ciUcXPVWaQceV, SURSRVed MXVWificaWiRQV aUe aOORZed WR VWaQd iQ YiUWXe Rf
Whe ViOeQciQg RU e[cOXViRQ Rf cUiWiTXe fURP Whe YeQXeV iQ Zhich MXVWificaWiRQV aUe SXbOici]ed.  IQ VXch ciUcXPVWaQceV VXch MXVWificaWiRQV
aUe beWWeU YieZed aV ideRORg\, UheWRUic RU SURSagaQda.
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Zhich aUWicXOaWe Whe cRQVWUaiQWV aQd cRQdiWiRQV fRU RccXSaWiRQ, XVe aQd RZQeUVhiS Rf OaQd (ViQce land

MXUiVdicWiRQV fRUP a SaUadigP caVe, aQd ViQce Whe cRQceSW Rf ³OaQd´ caQ haYe bURad, ecRORgicaO

cRQQRWaWiRQV (Vee abRYe) I XVe WhiV cRQceSW aV a geQeUaO deVcUiSWiRQ). The QRWiRQ Rf a jXriVdicWion aOVR

VXggeVWV VRPe eQWiW\ (W\SicaOO\ gRYeUQPeQW aW VRPe VcaOe - PXQiciSaO, VWaWe, fedeUaO) Zhich aXWhRUV aQd

eQfRUceV Whe UXOeV aQd UegXOaWiRQV fRU XVe. WheUe Whe US fedeUaO gRYeUQPeQW iQYRNeV ePiQeQW dRPaiQ WR

RSeQ Whe Za\ fRU iQWeUVWaWeV aQd UaiOURadV b\ SUeePSWiQg ciWi]eQ RZQeUVhiS iQ VeUYice Rf a SUeVViQg

QaWiRQaO Qeed, ]RQiQg OaZV adMXdicaWe aW a PRUe ORcaO OeYeO (cRXQW\ RU PXQiciSaO) ZheWheU OaQd Pa\ be

XVed fRU UeVideQWiaO, cRPPeUciaO RU iQdXVWUiaO deYeORSPeQW. IQ Whe Qe[W chaSWeU I diVcXVV Whe OaQd

MXUiVdicWiRQV Rf QaWiRQaO SaUN aQd biRVSheUe UeVeUYe, Zhich RSeUaWe WR fXUQiVh Whe gURXQd fRU aXWhRUiWaWiYe

VcieQWific VWXdieV Rf QaWXUe. IQdeed Ze VRPeWiPeV heaU WhaW WheVe VSaceV aUe beiQg SUeVeUYed for VcieQce

RU aV a WeUUiWRU\ Rf VcieQce, iQdicaWiQg WhaW VcieQce iV eQWaQgOed ZiWh Whe iQVWiWXWiRQV WhaW deWeUPiQe

aSSURSUiaWe OaQd XVe ZiWhiQ WheVe VSaceV.

The ceQWUaO ideRORgicaO caWegRUieV WR beaU iQ PiQd fRU Whe diVcXVViRQ Rf VcieQWific OaQd MXUiVdicWiRQV aUe

WhRVe Rf anarch\ aQd ZaVWeland. JXVW aV Whe decOaUaWiRQ Rf ePiQeQW dRPaiQ PaNeV Whe eYaOXaWiYe

MXdgPeQW WhaW Whe cRPPXQiW\ Qeed fRU iQfUaVWUXcWXUaO deYeORSPeQW RXWZeighV Whe iQdiYidXaO SURSeUW\

RZQeU¶V VRYeUeigQW\ RYeU WheiU SaUWicXOaU Siece Rf OaQd, WheVe caWegRUieV, deSOR\ed aW Whe fURQWieU Rf

cRORQiaO VeWWOePeQW, UaWiRQaOi]e acTXiViWiRQ aQd e[cOXViYe XVe WhURXgh Whe iPSOicaWiRQ WhaW Whe fRUP Rf

OaQd-XVe RU WeQXUe Rf SUiRU deQi]eQV OacNed RUgaQi]aWiRQ RU YaOXe. OZQeUVhiS iV WheQ VXSSRVed WR beORQg

WR WhRVe ZhR cUeaWe YaOXe WhURXgh SURdXcWiYe aQd RUgaQi]ed XVe.

CRQWe[WXaO cUiWiTXeV Rf OibeUaO SROiWicaO ShiORVRSheUV VXch aV JRhQ LRcNe ZhR iQYRNe Whe cRQceSW Rf a

³VWaWe Rf QaWXUe´ iQ Zhich OaQd iV ZaVWe aQd WheUe iV QR SROiWicaO RUgaQi]aWiRQ heOS iOOXVWUaWe Whe ideRORgicaO

UROe Rf ZaVWeOaQd aQd aQaUch\ iQ cRORQiaO VeWWOePeQW. IQ OibeUaO SROiWicaO WheRU\, Whe diVcXVViRQ Rf hRZ aQd

XQdeU ZhaW cRQdiWiRQV Whe VWaWe caQ be MXVWified RU OegiWiPaWe RfWeQ begiQV RU XVeV aV a bacNdURS Whe

cRQceSW Rf a VWaWe Rf hXPaQ e[iVWeQce ZiWhRXW gRYeUQPeQW, caOOed Whe ³VWaWe Rf QaWXUe.´ B\ e[SORUiQg ZhaW

Whe VWaWe Rf QaWXUe aOUead\ SRVVeVVeV b\ Za\ Rf UighWV RU OibeUWieV aQd ZhaW Whe VWaWe Rf QaWXUe OacNV, Ze

aUe VXSSRVed WR gaiQ a beWWeU XQdeUVWaQdiQg Rf ZhaW Whe gRYeUQPeQW VhRXOd SUeVeUYe aQd ZhaW iW ZiOO
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haYe WR UePed\ iQ RUdeU WR MXVWif\ iWV e[iVWeQce. IQ LRcNe¶V YeUViRQ Rf Whe VWaWe Rf QaWXUe, iQdiYidXaOV haYe

SURSeUW\ UighWV (PiQiPaOO\ Rf WhePVeOYeV, bXW iQcOXdiQg aOVR Rf OaQd WhURXgh SURdXcWiYe OabRU), bXW

iQdiYidXaOV aUe XQabOe WR eQfRUce WheP ZiWhRXW ZagiQg WRWaO ZaU aQd WheUeb\ becRPiQg ePbURiOed iQ

YiROeQce aQd iQVWabiOiW\, heQce Whe Qeed fRU a ceQWUaO aXWhRUiW\ WR Zhich SaUWieV Rf a cRQfOicW caQ aSSeaO.

The SUiRU beQefiWV Rf Whe VWaWe Rf QaWXUe aOVR VeW Whe baU Rf PiQiPaO OegiWiPac\ - ZheQ a gRYeUQPeQW faiOV WR

SURWecW ceUWaiQ UighWV SRVVeVVed iQ Whe VWaWe Rf QaWXUe, RU iWV PePbeUV MXdge iW iQ VRPe iPSRUWaQW UeVSecWV

QR beWWeU WhaQ Whe VWaWe Rf QaWXUe, WheQ Whe\ Pa\ OegiWiPaWeO\ VeeN WR chaQge RU RYeUWhURZ iW. IQ Whe

WUadiWiRQaO VWRU\ WROd b\ SROiWicaO ShiORVRSheUV, iQdiYidXaOV chRRVe WR e[iW Whe VWaWe Rf QaWXUe, Zhich gUaQWV

WheP OibeUW\ bXW OiWWOe SURWecWiRQ, aQd eQWeU iQWR a gRYeUQed VRcieW\ YROXQWaUiO\ WhURXgh Whe deYice Rf a

VRciaO cRQWUacW.

IQ Whe Racial ConWracW, ChaUOeV MiOOV diVcXVVeV Whe Za\ WhaW WhiQNeUV VXch aV LRcNe XVe Whe cRQceSWV Rf a

³VWaWe Rf QaWXUe´ aQd Whe ³VRciaO cRQWUacW´ aV MXVWificaWiRQV fRU VeWWOeU-cRORQiaO cRQTXeVW, dRPiQaWiRQ aQd

UaciaO RSSUeVViRQ (XQdeU Zhich cRQdiWiRQV, MIOOV UefeUV WR Whe VRciaO cRQWUacW aV Whe Racial ConWracW).

³IQ Whe RaciaO CRQWUacW«[W]he UROe SOa\ed b\ Whe ³VWaWe Rf QaWXUe´«becRPeV UadicaOO\ diffeUeQW. IQ Whe

ZhiWe VeWWOeU VWaWe, iWV UROe iV QRW SUiPaUiO\ WR dePaUcaWe Whe [WePSRUaUiO\] SUeSROiWiaO VWaWe Rf ³aOO´ PeQ (ZhR

aUe UeaOO\ ZhiWe PeQ), bXW UaWheU Whe SeUPaQeQWO\ SUeSROiWicaO VWaWe RU, SeUhaSV beWWeU, nonSROiWicaO VWaWe

(iQVRfaU aV ³SUe-´ VXggeVWV eYeQWXaO iQWeUQaO PRYePeQW WRZaUd) Rf QRQZhiWe PeQ. The eVWabOiVhPeQW Rf

VRcieW\ WhXV iPSOieV Whe deQiaO WhaW a VRcieW\ aOUead\ e[iVWed; Whe cUeaWiRQ Rf VRcieW\ reqXireV Whe

iQWeUYeQWiRQ Rf ZhiWe PeQ« WhiWe PeQ ZhR aUe [defiQiWiRQaO\] aOUead\ SaUW Rf VRcieW\ eQcRXQWeU

QRQ-ZhiWeV ZhR aUe QRW, ZhR aUe ³VaYage´ UeVideQWV Rf a VWaWe Rf QaWXUe chaUacWeUi]ed iQ WeUPV Rf

ZiOdeUQeVV, MXQgOe, ZaVWeOaQd.´ (MiOOV, S.13)

TheUe iV eYideQce fURP a cRQWe[WXaO UeadiQg Rf LRcNe (Vee AUQeiO 1992) WhaW aV aQ adPiQiVWUaWRU WR Whe

CaUROiQa cRORQieV, he ZaV cRQceUQed ZiWh SURYidiQg a ShiORVRShicaO MXVWificaWiRQ fRU Whe cRORQiaO

gRYeUQPeQW YiV-a-YiV Whe UighWV aQd cOaiPV Rf APeUicaQ IQdiaQV XViQg cRQceSWV Rf aQaUch\ aQd ZaVWeOaQd.

APeUica aQd NaWiYe APeUicaQV fRUP LRcNe¶V PaiQ cRQcUeWe caVe VWXd\ Rf aQ e[iVWiQg VWaWe Rf QaWXUe ZiWh

92



ShUaVeV OiNe ³«iQ Whe begiQQiQg aOO Whe ZRUOd ZaV APeUica´ (SaUa. 49) RccXUUiQg WhURXghRXW hiV Second

TreaWiVe on GoYernmenW. LRcNe¶V SRUWUa\aO Rf Whe VWaWe Rf QaWXUe deVcUibeV aQ eaUO\ cRORQiaO APeUica

iQhabiWed b\ aQaUchic, bXW geQeUaOO\ SeacefXO aQd egaOiWaUiaQ WUibeV, ZhR haYe a OiPiWed cRQceSWiRQ Rf

SUiYaWe SURSeUW\ WUeaWiQg PRVW WhiQgV aV heOd iQ cRPPRQ, aORQgVide VeWWOeUV ZhR aUe iQ aQ acWiYe SURceVV

Rf acTXiUiQg SUiYaWe SURSeUW\ WhURXgh WheiU OabRU (i.e. hRPeVWeadiQg). OQe Rf Whe ceQWUaO acWiYiWieV Rf Whe

fedeUaO gRYeUQPeQW dXUiQg WhiV SeUiRd ZaV WR SURWecW VeWWOeU cOaiPV agaiQVW IQdiaQ WhefW RU aWWacN (GUaQdiQ

2019, BXeUge 2021). AccRUdiQg WR LRcNe aQ iQdiYidXaO cRPeV WR UighWfXOO\ acTXiUe SURSeUW\ ZheQ Whe\ Pi[

WheiU SURdXcWiYe OabRU ZiWh OaQd WhaW haV QR SUiRU cOaiP RQ iW. The OacN Rf a SUiRU cOaiP PeaQV QR RQe eOVe

haV \eW Pi[ed WheiU OabRU ZiWh iW fRU SURdXcWiYe XVe, PaNiQg Whe OaQd ³ZaVWe.´ TheVe cRQWe[WXaO SXUSRVeV

Rf LRcNe¶V aUe PRVW e[SOiciW iQ SaVVageV VXch aV Whe fROORZiQg:

³«I aVN ZheWheU iQ Whe ZiOd ZRRdV aQd XQcXOWiYaWed ZaVWe of America, OefW WR QaWXUe, ZiWhRXW aQ\

iPSURYePeQW, WiOOage, RU hXVbaQdU\, a WhRXVaQd acUeV \ieOd Whe Qeed\ aQd ZUeWched iQhabiWaQWV aV PaQ\

cRQYeQieQceV Rf Oife aV WeQ acUeV Rf eTXaOO\ feUWiOe OaQd dR iQ DeYRQVhiUe, ZheUe Whe\ aUe cXOWiYaWed´ (SaUa

37, iWaOicV PiQe).

HeUe LRcNe defiQeV SURdXcWiYe OabRU WR iQcOXde WiOOage, hXVbaQdU\ aQd cXOWiYaWiQg Whe OaQd - aOO aVSecWV Rf

EXURSeaQ OaQd VeWWOePeQW aQd agUicXOWXUe. DXQbaU-OUWi] (2014) VhRZV hRZ LRcNe¶V cRQceSWiRQ Rf

YaOXe-addiQg aQd SURSeUW\-UighW cRQfeUUiQg OabRU aUe EXURceQWUic iQ RYeUORRNiQg iQdigeQRXV SUacWiceV Rf

cXOWiYaWiQg cRUQ aQd VeaVRQaO bXUQV WR SUeVeUYe gUa]iQg OaQd fRU bXffaOR. AUQeiO (1992) QRWeV WhaW iQ PaQ\

caVeV iW ZaV NaWiYe APeUicaQV ZhR WaXghW VeWWOeUV hRZ WR VXcceVVfXOO\ OiYe Rff Whe OaQd. ThXV LRcNe¶V

MXVWificaWiRQ Rf Whe cRUe iQVWiWXWiRQ Rf Whe VeWWOeU VWaWe - SUiYaWe SURSeUW\ - aOVR fROORZV MiOOV' SaWWeUQ. IW iV

MX[WaSRVed agaiQVW Whe XQciYiOi]ed, Whe ZaVWefXO XVe (RU OacN Rf XVe) Rf OaQd. IQdigeQRXV SUacWiceV Rf OaQd

WeQXUe aQd VWeZaUdVhiS aUe Pade b\ defiQiWiRQ XQciYiOi]ed aQd iQ Qeed Rf RUdeUiQg aQd cXOWiYaWiRQ cRPPRQ

WR PePbeUV Rf Whe VeWWOeU VWaWe.

IQ Whe Qe[W chaSWeU I VXggeVW WhaW Whe MXUiVdicWiRQV Rf QaWiRQaO SaUN aQd biRVSheUe UeVeUYe, aV Whe\ ZeUe

deSOR\ed ZiWhiQ deYeORSPeQW Rf cOiPaWe daWa iQfUaVWUXcWXUe WR iQaXgXUaWe aQ e[SeUiPeQWaO eUa Zhich
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UeTXiUed Whe PRQiWRUiQg Rf bacNgURXQd CO2 OeYeOV iQ XQXVed aQd XQRccXSied VSaceV (i.e. QaWiRQaO

SaUNV/biRVSheUe UeVeUYeV RU PRUe geQeUaOO\ ZiOdeUQeVV), UeVXUUecW aQd UeceQWeU cRORQiaOiVW ideRORgicaO

caWegRUieV Rf aQaUch\ aQd ZaVWeOaQd.

TXUQ Qe[W WR WUaiQiQg aQd ePSOR\PeQW cUiWeUia. IQ Whe cRQWe[W Rf Whe dRPeVWic ecRQRP\ WheVe aUe PRVW

faPiOiaU aV edXcaWiRQaO RU e[SeUieQWiaO SUeUeTXiViWeV fRU Said SRViWiRQV. TheVe cUiWeUia haYe Whe cRQcUeWe

effecW Rf deWeUPiQiQg Zho RSeUaWeV, PaQageV RU RWheUZiVe caUUieV RXW Whe WaVNV UeTXiUed fRU VWaQdaUd

fXQcWiRQiQg Rf iQfUaVWUXcWXUe iQ e[chaQge fRU acceVV WR iWV SURdXcWV. IQ RWheU ZRUdV, WheVe cUiWeUia heOS

deWeUPiQe Whe VRciaO cRPSRViWiRQ Rf iQfUaVWUXcWXUe RSeUaWiRQV. WiWhiQ RSeUaWiRQV WheUe aUe hieUaUchieV Rf

SRViWiRQV ZiWh Zhich cRPe PRUe RU OeVV SRZeU RYeU RSeUaWiRQV aQd SeUVRQQeO aQd gUeaWeU RU OeVV Sa\.

HiVWRUicaOO\ WheVe cUiWeUia haYe beeQ Whe VXbMecW Rf UeViVWaQce PRYePeQWV WhaW YieZ WheP aV eQcRdiQg RU

OaXQdeUiQg YaUiRXV SROiWicaO ideQWiW\ cUiWeUia (Uace, geQdeU, QaWiRQaOiW\, eWhQiciW\, diVabiOiW\ VWaWXV, eWc.). IQ

Whe Qe[W chaSWeU Ze ZiOO be diVcXVViQg Whe iQWeUQaWiRQaO WUaQVfeU Rf RSeUaWiRQV fURP cRORQiaO (i.e. fRUeigQ)

SeUVRQQeO WR ORcaO RU QaWiRQaO SeUVRQQeO. The ceQWUaO WaUgeW Rf ideRORgicaO cUiWiTXe WheUe iV Whe cRQceSW Rf

Wechnical WranVfer Zhich UefeUV WR Whe SURceVV b\ Zhich QeZ QaWiRQaO SeUVRQQeO UeSOace cRORQiaO SeUVRQQeO.

IQ WhiV cRQWe[W WiPeOiQeV fRU WechQicaO WUaQVfeU RfWeQ eQcRde cRQVideUaWiRQV Rf Uace, eWhQiciW\, QaWiRQaOiW\

aQd cOaVV WhaW aUe Whe VXbMecW Rf OabRU aQd aQWi-cRORQiaO SURWeVWV (Vee Shafiee 2018).

The UaWe aQd cRPSRViWiRQ Rf WechQicaO WUaQVfeU SXUSRUWV WR Zeigh ceUWaiQ YaOXeV agaiQVW RQe aQRWheU - fRU

iQVWaQce, aV I diVcXVV iQ Whe Qe[W chaSWeU, YaOXeV Rf QaWiRQaO VRYeUeigQW\ YV. cRPSeQVaWiRQ WR RUigiQaO

deYeORSeUV. BXW iW caQ aOVR be cRQceiYed Rf aV a OiPiW RU feaVibiOiW\ cRQVWUaiQW XSRQ VhifWV iQ RZQeUVhiS aQd

RSeUaWiRQ. The idea VXggeVWV WhaW WechQicaO NQRZOedge, RfWeQ SURSUieWaU\, QeedV WR be e[chaQged,

SXUchaVed RU OeaUQed iQ RUdeU fRU a WUaQVfeU Rf RSeUaWiRQV RU RZQeUVhiS WR be YiabOe. SRPe Rf WhiV

feaVibiOiW\ cRQVWUaiQW iV ideRORgicaO; VRPe iV acWXaO. TheUe iV aOZa\V a WeQdeQc\ fRU WhRVe iQ SRZeU WR WhiQN

WhaW RQO\ Whe\ haYe Whe caSaciW\ (WechQicaO, cRgQiWiYe, PRUaO) WR SeUfRUP WheiU ZRUN (aW Whe e[WUePe Oie

YaUiRXV UaciVW faQWaVieV abRXW Whe faiOed QaWiRQaOi]aWiRQ Rf iQdXVWUieV). BXW eYeQ ZheUe Whe cRQVWUaiQW iV

acWXaO Ze VhRXOd be RQ Whe ORRN-RXW fRU caVeV Rf geQXiQe iQcaSaciW\ YV. caVeV Rf eQcRdiQg. OfWeQ

iQfUaVWUXcWXUeV aUe chaUacWeUi]ed b\ a VhifWiQg aUUa\ Rf MXQcWXUeV (Zhich gReV XQdeU Whe baQQeU Rf
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³WechQRORgicaO SURgUeVV´), Zhich UeQdeU ROd WechQRORg\ aQd ROd PaQXaO OabRU RbVROeWe. TheVe VhifWV dR

QRW QeceVVaUiO\ iQWURdXce a QeZ SUiQciSOe Rf RSeUaWiRQ WhaW iV eOXViYe RU haUd WR gUaVS, bXW PaVN SUiQciSOed

XQdeUVWaQdiQgV WhURXgh eQcRdiQg, Zhich UeQdeUV ROd Oe[icRQV aQd aVVRciaWiRQV QRQYiabOe aQd ePbedV

cXUUeQW cRRUdiQaWeV iQ a VRciaO diYiViRQ Rf OabRU aPRQg cRPSaUWPeQWaOi]ed ZRUNeUV. IQ Whe Qe[W chaSWeU I

VXggeVW hRZ Whe acWXaO UaWe Rf WechQicaO WUaQVfeU ZaV VXbVWaQWiaOO\ deWeUPiQed b\ SROiWicaO aQd VRciaO

iQfOXeQceV fURP beORZ aQd abRYe. FURP beORZ Ze haYe dePaQdV fRU beWWeU ZRUNiQg cRQdiWiRQV aQd

RSSRUWXQiWieV aQd PRUe ORcaO VRYeUeigQW\ RYeU UeVRXUceV. FURP abRYe, Ze haYe cRORQiaO aQd cRUSRUaWe

RfficiaOV deWeUPiQiQg a UaWe Rf WUaQVfeU WhaW ZiOO adeTXaWeO\ cRYeU Whe cRORQiaO eQWeUSUiVe¶V ³cRVWV´ RU

cRPSeQVaWe WheP ³faiUO\.´ The acWXaO Sace aQd cRPSRViWiRQ Rf WechQicaO WUaQVfeU ZiWhiQ fRVViO fXeO aQd

cOiPaWe daWa iQfUaVWUXcWXUe ZaV deWeUPiQed aV PXch b\ SXUe SROiWicaO VWUXggOeV fRU WheVe iQWeUeVWV aV b\

aQ\ WechQicaO deVideUaWa.

The fiQaO VRciR-SROiWicaO MXQcWXUe Rf iQfUaVWUXcWXUe I aQaO\]e deaOV ZiWh hRZ ceQWUaO, QeWZRUN-Zide deciViRQV

aUe Pade aQd Whe PechaQiVPV b\ Zhich deciViRQ-PaNeUV aUe heOd accRXQWabOe. WiWhiQ OibeUaO

ecRQRPieV, VXch deciViRQV ZRXOd be Pade b\ iQdiYidXaO RZQeUV RU b\ a bRaUd Rf diUecWRUV WhaW iV

accRXQWabOe WR VhaUe-hROdeUV. WiWhiQ VRciaOi]ed eQWeUSUiVeV, ceQWUaO deciViRQ-PaNiQg aQd accRXQWabiOiW\

PechaQiVPV ZRXOd iQYROYe a bURadeU, e.g. QaWiRQaO, SXbOic, ZiWh SXbOic SaUWiciSaWiRQ cRPiQg WhURXgh VWaWe

eOecWiRQV. OWheU PRdeOV Pa\ VeSaUaWe VWaNehROdeU aVVeVVPeQWV fURP deciViRQ-PaNiQg SRZeU aOWRgeWheU -

e.g. WechQRcUaWic RU aXWhRUiWaUiaQ PRdeOV. RegaUdOeVV Rf Whe PRdeO, I XVe Whe idea Rf elecWion mechaniVmV

WR iQdicaWe WhaW VRPe OegiWiPaWiRQ QaUUaWiYe, if QRW diUecW deciViRQ-PaNiQg SRZeU iV QeceVVaU\ fRU MXVWif\iQg

Whe SRZeU aQd aXWhRUiW\ giYeQ WR ceQWUaO deciViRQ-PaNeUV YiV-a-YiV Whe SXbOic WhaW WheVe deciViRQV affecW.

IQ Whe Qe[W chaSWeU I diVcXVV WZR aVSecWV Rf Whe cOiPaWe daWa QeWZRUN¶V iQfUaVWUXcWXUaOi]aWiRQ WhaW Pade aQ

iPSRUWaQW iPSacW RQ eOecWiRQ PechaQiVPV ZiWhiQ Whe daWa QeWZRUN. FiUVW, fedeUaO fXQdiQg fRU cOiPaWe daWa

WhURXgh NSF WRRN RQ addiWiRQaO cRQVWUaiQWV iQ UeVSRQVe WR eQYiURQPeQWaO dePRcUaWic dePaQdV. SecRQd,

VWaWe ageQcieV VXch aV NOAA aQd EPA VRXghW WR WaNe RYeU YaUiRXV VcieQWific PeaVXUePeQW SURgUaPV aQd

PaNe WheP iQ-hRXVe PRQiWRUiQg acWiYiWieV. TheVe WZR chaQgeV Wied UeOaWiYeO\ aXWRQRPRXV VcieQWific

iQVWiWXWiRQV WR Whe eOecWRUaO UiVN Rf dePRcUaWic iQVWiWXWiRQV. ThRXgh iQdiUecW, Whe abiOiW\ Rf eOecWed RfficiaOV WR

95



aSSRiQW ageQc\ chaiUV RU WR dUafW OegiVOaWiRQ WhaW affecWV fedeUaO fXQdiQg cUiWeUia SURYide QeZ PechaQiVPV

Rf iQVWiWXWiRQaO accRXQWabiOiW\ aQd UiVN.

IQ OibeUaO ecRQRPieV, Whe SURceVV OegiWiPaWiQg ceQWUaO deciViRQV RYeU ³SUiYaWe´ eQWeUSUiVe (bRWh iQ Zho

RccXSieV ceQWUaO SRViWiRQV Rf SRZeU aQd ZhaW deciViRQ-PaNiQg SRZeU cRPeV ZiWh WhRVe SRViWiRQV) iV

VXSSRVed WR be adMXdicaWed b\ free compeWiWion. The idea, Zhich haV URRWV gRiQg bacN WR SRciaO

DaUZiQiVP (aQd befRUe WhiV Whe WUicNieU Oegac\ Rf DaUZiQ hiPVeOf aQd ZhaWeYeU he Pa\ haYe bRUURZed

fURP VRciaO WhiQNeUV OiNe ThRPaV MaOWhXV), VXggeVWV WhaW Whe beVW Za\ WR aOORcaWe Whe VRciaO RSSRUWXQiW\ Rf

UXQQiQg RU RZQiQg VXbVWaQWiaO SXbOic XWiOiWieV iV WR aOORZ aOO iQWeUeVWed cRQWeQdeUV WR cRPSeWe ecRQRPicaOO\

agaiQVW each RWheU. The cRPSeWiWiRQ VhRXOd be fRUPaOO\ RSeQ (QRbRd\ iV SURhibiWed fURP eQWeUiQg) aQd

deWeUPiQed b\ cRPSeWiWRUV¶ abiOiW\ WR VXUYiYe iQ Whe PaUNeWSOace (i.e. b\ VeOOiQg eQRXgh WR cRYeU cRVWV Rf

RSeUaWiRQ) ZheUe Whe\ cRPSeWe fRU cXVWRPeUV aQd iQYeVWRUV. The RXWcRPe iV MXVWified aV OeadeUVhiS b\

Whe beVW aV MXdged b\ WheiU abiOiW\ WR ZiQ RU VXUYiYe aQ aSSURSUiaWeO\ VWUXcWXUed cRPSeWiWiRQ. IQ Whe Qe[W

chaSWeU WhiV fUaPiQg fURP OibeUaO SROiWicaO ecRQRP\ - aORQg ZiWh iWV SiWfaOOV - VWUXcWXUeV VcieQWiVWV¶

XQdeUVWaQdiQgV Rf Whe SeUiRd SUiRU WR iQfUaVWUXcWXUaOi]aWiRQ (caOOed ³iQWeUQaWiRQaO YROXQWaUiVP´ b\ MiOOeU) aQd

VWUXcWXUeV KeeOiQg¶V XQdeUVWaQdiQg Rf Whe ³cRQWeVW´ beWZeeQ hiP aQd NOAA fRU VeWWiQg ceQWUaO QeWZRUN

VWaQdaUdV. HeUe I OiVW MXVW WZR ZeOO-ZRUQ SURbOePV ZiWh Whe idea: fiUVW Whe fRUPaO RSeQQeVV Rf Whe

cRPSeWiWiRQ, Zhich giYeV Whe ³fUee´ iQ fUee cRPSeWiWiRQ a SXUeO\ QegaWiYe iQWeUSUeWaWiRQ RfWeQ PaVNV Whe

VXbVWaQWiaO SRViWiYe cRQdiWiRQV QeceVVaU\ fRU SaUWiciSaWiRQ iQ Whe cRQWeVW; VecRQd, aQd iQ SaUW dXe WR WheVe

VXbVWaQWiaO SRViWiYe cRQdiWiRQV, fRcXV RQ Whe baUe facW Rf cRPSeWiWiRQ VXggeVWV a UaQge Rf RSWiRQV WhaW Pa\

PaVN hRZ QaUURZ Whe RSWiRQ VeW UeaOO\ iV bRWh iQ WeUPV Rf Zho caQ be eOecWed WR Oead aQd ZhaW PaNeV iW

RQWR Whe baOORW Rf Whe eOecWRUaO cRQWeVW. IQ Whe Qe[W chaSWeU I ZiOO aWWePSW WR VhRZ hRZ Whe ecRQRPic aQd

SROiWicaO iQWeUeVWV, Zhich VXVWaiQ Whe cRQWeVW fRU ceQWUaO QeWZRUN VWaQdaUd-VeWWiQg, aOVR VXbVWaQWiaOO\

cRQVWUaiQ Whe VcieQWific cRQWeVW UeQdeUiQg iW a baWWOe aPRQgVW SROiWicaOO\ cRQVeUYaWiYe RSWiRQV.
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CKaSWHU 5: CULWLcaO LQIUaVWUXcWXUHV: FRVVLO FXHOV aQG EQYLURQPHQWaO MRQLWRULQJ

IQWURGXcWLRQ

IQ ³FighWiQg IQYaViYe IQfUaVWUXcWXUeV,´ AQQe SSice fROORZV Whe UeViVWaQce Rf Whe UQiVW¶RW¶eQ WR Whe CaQadiaQ

gRYeUQPeQW¶V bXiOdiQg Rf Whe NRUWheUQ GaWeZa\ SiSeOiQe WhURXgh WheiU WUadiWiRQaO WeUUiWRU\ iQ CaQadiaQ

BUiWiVh CROXPbia. The gRYeUQPeQW iV SXVhiQg WhURXgh Whe SiSeOiQe deVSiWe Whe iQViVWeQce b\ Whe

UQiVW¶RW¶eQ WhaW Whe\ aUe dRiQg VR RQ XQceded, VRYeUeigQ OaQd. WhiOe Whe gRYeUQPeQW iQViVWV RQ gURXQdV

WhaW Whe SiSeOiQe iV ³cUiWicaO´ iQfUaVWUXcWXUe.  CUiWicaO iQfUaVWUXcWXUe iQ WhiV VeQVe iV e[SOaiQed aV fROORZV:

³CUiWicaO iQfUaVWUXcWXUe UefeUV WR Whe SURceVVeV, V\VWePV, faciOiWieV, WechQRORgieV, QeWZRUNV, aVVeWV aQd

VeUYiceV eVVeQWiaO WR Whe heaOWh, VafeW\, VecXUiW\ RU ecRQRPic ZeOO-beiQg Rf CaQadiaQV aQd Whe effecWiYe

fXQcWiRQiQg Rf gRYeUQPeQW« DiVUXSWiRQV Rf cUiWicaO iQfUaVWUXcWXUe cRXOd UeVXOW iQ caWaVWURShic ORVV Rf Oife,

adYeUVe ecRQRPic effecWV aQd VigQificaQW haUP WR SXbOic cRQfideQce´ (TXRWed iQ SSice 2018).

AV ZiWh SiSeOiQe SURWeVWV aW Whe SWaQdiQg RRcN SiRX[ UeVeUYaWiRQ iQ Whe US, Whe iVVXe aV K\Oe Wh\We

e[SOaiQV (2017) iV QRW VR PXch UeViVWaQce WR cOiPaWe chaQge aV RQgRiQg UeViVWaQce WR VeWWOeU cRORQiaOiVP

Zhich fRU Whe SiRX[ iQYROYeV a QXPbeU Rf hiVWRUicaO diVSRVVeVViRQV aQd eQgiQeeUiQg SURMecWV WhaW haYe

aOWeUed WheiU UeOaWiRQVhiS WR Whe OaQd. BRWh VWUXggOeV cRQceSWXaOi]e Whe PaiQ eQYiURQPeQWaO iPSRUW Rf WheiU

UeViVWaQce aV Whe SURWecWiRQ Rf ZaWeU Zhich FUeda HXVRQ deVcUibeV aV Whe UQiVW'RW'eQ cUiWicaO iQfUaVWUXcWXUe

(SSice 2018) ViQce iW faciOiWaWeV WUaYeO, SURYideV dUiQNiQg ZaWeU, aQd aOORZV VaOPRQ, a PaiQ fRRd VRXUce, WR

VSaZQ. ThiV fRcXV RQ UeViVWiQg VeWWOeU cRORQiaOiVP aQd RQO\ VecRQdaUiO\ RU WeUWiaUiO\ cOiPaWe chaQge iV

VRPeWiPeV haUd fRU ZhiWe eQYiURQPeQWaOiVW aOOieV WR gUaVS OeadiQg WR WeQViRQV aW SURWeVW eQcaPSPeQWV

101



VXch aV SWaQdiQg RRcN beWZeeQ aOOieV aQd NaWiYe OeadeUV ZhR Vee ceUWaiQ aOO\ cRQWUibXWiRQV aV deSaUWiQg

fURP Whe PRYePeQW¶V ceQWUaO PeVVage (Vee SXOOiYaQ-COaUNe 2020).

IQ chaSWeU 3, I diVcXVVed PRSSeU¶V YiViRQ Rf hRZ cUiWicaO VcieQce geWV aSSOied WR VRciaO e[SeUiPeQWV. The

facW WhaW WhiV VWUXcWXUe caQ be cRdified iQ QRUPV Rf VcieQWific SUacWice VXggeVWV Whe SRVVibiOiW\ Rf a cUiWicaO

iQfUaVWUXcWXUe iQ aQRWheU VeQVe - iQfUaVWUXcWXUe WhaW iV VeW XS WR deWecW aQd aYeUW VRciaO UiVNV.43 The cXUUeQW

chaSWeU fROORZV EdZaUdV (2006, 2010) iQ iQYeVWigaWiQg Whe iQWeUcRQQecWed aVVePbOage Rf PeaVXUePeQW

PachiQeV, daWa aUchiYeV, WUaQVPiVViRQ OiQeV aQd WUaiQed SeUVRQQeO iQYROYed iQ PRQiWRUiQg cOiPaWe chaQge

aV a gORbaO iQfUaVWUXcWXUe aQd aVNV ZheWheU WhiV iQfUaVWUXcWXUe iV cUiWicaO iQ Whe VeQVe WhaW PRSSeU iPagiQeV

RU iQ Whe VeQVe WhaW SSice cUiWiTXeV. ThRXgh Whe WZR aUe VeePiQgO\ diVSaUaWe cRQceSWiRQV aQd Whe

cRPSaUiVRQ Pa\ aSSeaU aV a NiQd Rf SXQ RU eTXiYRcaWiRQ Rf WeUPV, I beOieYe Whe\ UefOecW diffeUeQW VideV Rf

Whe VaPe VSecWUXP (Rf RSeQQeVV) Rf UiVN PaQagePeQW. OQ RQe eQd OieV Whe cRQceSWiRQ Rf Whe US RU

CaQadiaQ VWaWe Zhich iQViVWV RQ Whe PiWigaWiRQ Rf UiVNV fRU a SUiYiOeged cOaVV RQO\ (i.e. fXOO PePbeUV Rf Whe

VeWWOeU cRORQiaO VWaWe) RfWeQ ZiWh WhiV PiWigaWiRQ cRPiQg aW Whe e[SeQVe Rf iPSRViQg eYeQ PRUe VeYeUe UiVN

RQ aQ e[cOXded RWheU WhaQ iV aYRided b\ Whe PiWigaWiRQ PeaVXUeV. OQ Whe RWheU eQd OieV a cRQceSWiRQ WhaW

iV geQXiQeO\ dePRcUaWic RU RSeQ aQd VeeNV WR PiWigaWe aOO VeUiRXV VRciaO UiVNV. A PRQiWRUiQg iQfUaVWUXcWXUe

VXch aV WhaW iQYROYed iQ cOiPaWe chaQge ZRXOd be geQXiQeO\ cUiWicaO if iW fXQcWiRQed iQ Whe OaWWeU VeQVe WR

faciOiWaWe Whe XSWaNe aQd UeVROXWiRQ Rf eQYiURQPeQWaO SURbOePV Zhich aUe geQXiQe aUWicXOaWiRQV Rf

dePRcUaWic cRQceUQ. IW ZRXOd fXQcWiRQ aV cUiWicaO iQ Whe fRUPeU cRQVeUYaWiYe VeQVe if iW VRXghW WR SUeVeUYe

Whe TXaOiW\ Rf OiYiQg Rf a ³SUiYiOeged´ gURXS aV agaiQVW Whe ZeighWieU cOaiPV Rf WhRVe aPRQgVW aQ RSSUeVVed

gURXS.

ThiV chaSWeU SURYideV aQ iQ-deSWh aQaO\ViV Rf a SaUWicXOaU aVSecW Rf cOiPaWe chaQge VcieQce - Whe

PeaVXUePeQW Rf bacNgURXQd CO2 fURP Whe OaWe 50V WhURXgh Whe 90V - aQd Whe iQfUaVWUXcWXUe WhaW Pade

WhiV SURMecW SRVVibOe. The QaUUaWiYe fRcXVeV RQ Whe UeVeaUch Rf a ceQWUaO SURWagRQiVWV Rf Whe QeWZRUN¶V

deYeORSPeQW, DaYid KeeOiQg. I bUiQg WR beaU YaUiRXV Rf Whe WRROV deYeORSed iQ Whe SUeYiRXV WhUee chaSWeUV

WR OeYeO ZhaW I cRQVideU a V\PSaWheWic bXW VeYeUe cUiWiTXe Rf Whe QeWZRUN¶V deYeORSPeQW - RQe deVigQed WR

43 AQ aOWeUQaWiYe Za\ WR WhiQN abRXW Whe daWa QeWZRUN iV aV a VXSSOePeQW - SURYidiQg Whe QeceVVaU\ cUiWicaO diPeQViRQ fRU PRSSeU - WR
fRVViO fXeO iQfUaVWUXcWXUe.  I ZiOO UeWXUQ WR WhiV SRVVibOe fUaPiQg iQ Whe cRQcOXViRQ.
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fiQd a PRUe aSSURSUiaWe baOaQce aPRQgVW Whe diffeUeQW YRiceV aQd iQWeUeVWV iQYROYed iQ eQYiURQPeQWaO aQd

aQWi-cRORQiaO PRYePeQWV agaiQVW fRVViO fXeO iQfUaVWUXcWXUeV.

The idea deYeORSed iQ chaSWeUV 2 aQd 3 WhaW VcieQce haV VRciR-SROiWicaO aiPV RU YaOXeV WhaW aUe bURadO\

ePaQciSaWRU\ aQd dePRcUaWic Pa\ be WaNeQ WR VXggeVW WhaW VcieQce ZiOO be beVW abOe WR accRPSOiVh iWV

aiPV iQ SaUWQeUVhiS ZiWh a dePRcUaWic RU eYeQ a OibeUaO dePRcUaWic VWaWe. AccRUdiQg WR WhiV idea Whe

iQfUaVWUXcWXUaOi]aWiRQ Rf VcieQWific daWa WhURXgh iWV iPbUicaWiRQ ZiWh VeOf-SURcOaiPed OibeUaO dePRcUaWic VWaWeV

Pa\ ORRN OiNe a gRRd WhiQg. BRWh chaSWeU 4 aQd Whe SUeVeQW chaSWeU deSaUW fURP WhiV VXggeVWiRQ iQ WaNiQg

a cUiWicaO VWaQce WRZaUd bRWh Whe cOaiPV Rf Whe SaUWiciSaWiQg VWaWeV WR be geQXiQeO\ dePRcUaWic aV ZeOO aV

ZiWh VRPe Rf Whe ideaOV Rf OibeUaOiVP. RegaUdiQg Whe fRUPeU I ORRN WR YaUiRXV acWiYiVW PRYePeQWV fRU

cUiWiTXeV Rf VeOf-SURcOaiPed dePRcUaWic VWaWeV, VhRZiQg hRZ WheVe acWiYiVW cRQceUQV aUe bRWh UeOeYaQW WR

aQd \eW faiO WR UeceiYe XSWaNe ZiWhiQ Whe VcieQWific eQYiURQPeQWaO PRQiWRUiQg UegiPe deYeORSed XQdeU Whe

UN. RegaUdiQg Whe OaWWeU I giYe aQ ideRORgicaO iQWeUSUeWaWiRQ Rf OibeUaO cRQceSWV VXch aV fUeedRP Rf

VSeech aQd cRPSeWiWiRQ aUgXiQg Whe caVeV Whe\ aUe VXSSRVed WR defeQd aUe QRW VR QRUPaWiYeO\ YaOXabOe.

IQ ZhaW fROORZV each VecWiRQ diVcXVVeV RQe Rf Whe VRciR-SROiWicaO MXQcWXUeV PeQWiRQed iQ Whe OaVW chaSWeU -

OaQd MXUiVdicWiRQV, WUaiQiQg aQd ePSOR\PeQW cUiWeUia aQd eOecWiRQ PechaQiVPV. The fiUVW VecWiRQ diVcXVVeV

hRZ VcieQWific MXUiVdicWiRQV VXch aV QaWiRQaO SaUN aQd biRVSheUe UeVeUYe cRdified SURbOePaWic bacNgURXQd

aVVXPSWiRQV iQ Whe WheRUeWicaO diVcXVViRQ VXUURXQdiQg Whe PeaVXUePeQW Rf bacNgURXQd CO2 iQ Whe 50V

aQd 60V. IQ SaUWicXOaU I VhRZ hRZ WheRUeWicaO YaOXeV, iQcOXdiQg VXUface-OeYeO YeUViRQV Rf faOVifiabiOiW\ caQ

cRPe OadeQ ZiWh cRORQiaOiVW SROiWicaO YaOeQce. IQ Whe Qe[W VecWiRQ, I diVcXVV Whe SURceVV Rf WechQicaO

WUaQVfeU aV iW UeOaWeV WR bRWh fRVViO fXeO aQd cOiPaWe PRQiWRUiQg iQfUaVWUXcWXUe, VhRZiQg hRZ Ne\

iQfUaVWUXcWXUaO SRViWiRQV aQd MXQcWXUeV aUe deVigQed aQd VWaffed. The SRiQW heUe ZiOO be WR VhRZ hRZ

VRciaO aQd SROiWicaO fRUceV VXbVWaQWiaOO\ VhaSe Whe chaUacWeU Rf WechQicaO WUaQVfeU. FiQaOO\ I cORVe ZiWh a

diVcXVViRQ Rf fXQdiQg fRU Whe SURMecW ZiWh a fRcXV RQ a Ne\ WUaQViWiRQaO PRPeQW fURP a ciYiOiaQ WeaP Rf

UeVeaUcheUV SeUfRUPiQg caOibUaWiRQV Rf Whe PeaVXUePeQW QeWZRUN WR NOAA, a US VWaWe ageQc\,

SeUfRUPiQg Whe caOibUaWiRQV. SXUURXQdiQg WhiV WUaQViWiRQ iV a cRQWeVW beWZeeQ Whe WZR SaUWieV fRU Whe ceQWUaO

caOibUaWiRQ UROe. I ORRN aW Whe iQWeUeVWV WhaW VXVWaiQed WhiV cRQWeVW aUgXiQg WhaW Whe\ SUecOXde PRUe
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dePRcUaWic SRVVibiOiWieV. ThURXghRXW, I WU\ WR cRQWe[WXaOi]e Whe deYeORSPeQW Rf WhiV WechQicaO iQfUaVWUXcWXUe

ZiWhiQ Whe cRQWe[W Rf bURadeU SROiWicaO, VRciaO aQd eQYiURQPeQWaO cRQceUQV VXUURXQdiQg fRVViO fXeO

iQfUaVWUXcWXUe.

NaWXUaO BacNJURXQG: ScLHQWLILc JXULVGLcWLRQV

ThiV fiUVW VecWiRQ iQYeVWigaWeV Whe cRQQecWiRQV beWZeeQ PeaVXUePeQW cRQdiWiRQV fRU bacNgURXQd CO2 aQd

OaQd MXUiVdicWiRQV Zhich VXbVWaQWiaOO\ aUWicXOaWe aQd PaWeUiaOO\ cUeaWe VRPe Rf WheVe QeceVVaU\ cRQdiWiRQV.

CRPSaUiVRQV ZiWh Whe WheRUieV WhaW Whe CO2 UecRUd ZaV deYiVed WR cRUURbRUaWe RU faOVif\ UeYeaO a cRPPRQ

bacNgURXQd Rf QRUPaWiYe aVVXPSWiRQV I deVcUibe XQdeU Whe baQQeU Rf VcienWific jXriVdicWionV iQ Zhich

VcieQWiVWV aUe iPbUicaWed ZiWh OegaO aQd SROiWicaO bRdieV defiQiQg aQd UegXOaWiQg XVe Rf OaQd aQd haQdOiQg Rf

aUWifacWV Zhich PaNe SURbOePaWic eYaOXaWiYe aVVXPSWiRQV abRXW SUiRU VWeZaUdVhiS, XVe aQd hiVWRUicaO

UecRUd. TR Whe e[WeQW WhaW bRWh WheRUeWicaO SURMecWV Rf SUedicWiRQ aQd e[SeUiPeQWaO SURMecWV Rf

cRUURbRUaWiRQ VhaUe WhiV VeW Rf aVVXPSWiRQV, I aUgXe, Whe\ ZiOO OacN a QeceVVaU\ diPeQViRQ Rf UiVN fRU

geQXiQe dePRcUaWic OegiWiPac\.

HaZaii didQ¶W becRPe a US VWaWe XQWiO 1956, 11 \eaUV afWeU Whe eQd Rf Whe VecRQd ZRUOd ZaU aQd aV

aQWi-cRORQiaO VWUXggOeV fRU iQdeSeQdeQce begaQ iQ cRXQWUieV OiNe IQdia, AOgeUia aQd VieWQaP. AV Whe

SRVW-cRORQiaO ZRUOd WRRN adYaQWage Rf EXURSe¶V deVWUXcWiRQ aQd fRcXV RQ UecRQVWUXcWiRQ, Whe UQiWed SWaWeV

cRQWiQXed Whe aVViPiOaWiRQ Rf QeZ WeUUiWRUieV aQd SURWecWiRQ Rf ecRQRPic acceVV ]RQeV iQ a SURceVV Rf

VeWWOeU cRORQiaO aQQe[aWiRQ aQd iPSeUiaOiVP WhaW VSaQQed bacN iQ YaUiRXV ZaYeV WR Whe fiUVW APeUicaQ

cRORQieV. IW WRRN RYeU Whe PaQWOe fRU cRXQWUieV OiNe FUaQce iQ VieWQaP, ZhiOe iW e[eUciVed ecRQRPic

cRORQiaOiVP fURP Whe RiO fieOdV Rf VeQe]XeOa WR Whe VXgaU SOaQWaWiRQV Rf CXba, aV ZeOO aV iQ Whe MiddOe EaVW

aQd SRXWheaVW AVia.

IQ 1957 Whe fedeUaO gRYeUQPeQW begaQ Whe cRQVWUXcWiRQ Rf MaXQa LRa ZeaWheU VWaWiRQ high RQ WRS Rf

HaZaii¶V WaOOeVW YROcaQR Rf Whe VaPe QaPe. The cRQVWUXcWiRQ RccXUUed iQ SUeSaUaWiRQ fRU Whe IQWeUQaWiRQaO
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GeRSh\VicaO YeaU, aQ iQWeUQaWiRQaO VcieQWific gaWheUiQg WR VhaUe daWa aQd UeVeaUch deVigQ acURVV cRXQWUieV

iQ Whe iQWeUeVW Rf chaUWiQg a cRPPRQ gORbe (³WUiaQgXOaWiQg Whe ZhROe eaUWh´ TXRWed iQ CROOiV aQd DRddV

2008 S. 558). The IGY beQefiWWed fURP cRRUdiQaWiRQ effRUWV b\ Whe WRUOd MeWeRURORgicaO OUgaQi]aWiRQ

(WMO) Zhich VaZ iWV iQfUaVWUXcWXUaO caSaciWieV gURZ dXUiQg Whe eYeQW (MiOOeU QRWeV iW ³... cUeaWed gORbaO

WeOecRPPXQicaWiRQV QeWZRUN OiQNiQg PeWeRURORgicaO UeVeaUch VWaWiRQV aQd fRUecaVW ceQWeUV.´ ( S.169)) The

ciYiOiaQ RU YROXQWaUiVW IMO had eaUOieU iQ Whe decade - 1951 - becRPe Whe WMO QRZ XQdeU UN aXVSiceV

(EdZaUdV 2006). ChaUacWeUiVWic Rf CROd WaU geRSROiWicaO WeQViRQV aQd XQdeU SUeVVXUe fURP Whe US, WMO

adRSWed Whe UN defiQiWiRQ Rf VRYeUeigQ VWaWehRRd - a QaWiRQ ³fXOO\ UeVSRQVibOe fRU Whe cRQdXcW Rf iWV

iQWeUQaWiRQaO UeOaWiRQV´ EdZaUdV 2006, S. 256) - aV a UeTXiUePeQW fRU SaUWiciSaWiRQ. ThiV bORcNed cRORQiaO

WeUUiWRUieV, diYided GeUPaQ\ aQd Whe PeRSOe¶V ReSXbOic Rf ChiQa fURP RfficiaO PePbeUVhiS (WhRXgh iW

VRXghW VXbVeTXeQWO\ WR iQcOXde ChiQa aV aQ ³RbVeUYeU´ (EdZaUdV, 2006)). FaU fURP iQiWiaWiQg a SXUeO\

cROOabRUaWiYe effRUW, SaUWiciSaQWV VXch aV Whe US aOVR bRPbed NRUWh-VieWQaPeVe ZeaWheU VWaWiRQV Zhich

ZeUe VXSSRUWed b\ PROiVh aQd XOWiPaWeO\ SRYieW VcieQWific VRcieWieV (OOVaNRYa 2017, EdZaUdV 2006, DaiO\

ReSRUW: DaiO\ ReSRUW, FRUeigQ RadiR BURadcaVWV, 1965).

IGY SUeciSiWaWed diVcXVViRQV abRXW WeUUiWRUiaO UighWV WR WheQ XQVeWWOed VSaceV VXch aV AQWaUcWica aQd RXWeU

VSace. A dR]eQ cRXQWUieV bXiOW UeVeaUch VWaWiRQV RQ AQWaUcWica iQ SUeSaUaWiRQ fRU Whe eYeQW. The USSR

OaXQched Whe fiUVW eaUWh RUbiWiQg VaWeOOiWe - SSXWQiN - iQ 1957 aQd Vi[ RWheU VaWeOOiWeV OaXQched dXUiQg Whe

fROORZiQg \eaU (CROOiV aQd DRddV, 2008). The US decOaUed AQWaUcWic Werra nXlliXV (RU ³QR-PaQ¶V OaQd´)

UeMecWiQg aOO SUiRU WeUUiWRUiaO cOaiPV. The 1959 AQWaUcWic TUeaW\ ZRXOd SUeVeUYe Whe AQWaUcWic aV a ³cRQWiQeQW

fRU VcieQce´.  A WUeaW\ iQ 1967 caOOed fRU Whe VaPe MXUiVdicWiRQ WR aSSO\ iQ RXWeU VSace.

DaYid KeeOiQg ZaV aW MaXQa LRa VWaWiRQ iQ 1957 begiQQiQg hiV PeaVXUePeQWV Rf CO2 XViQg a VSeciaOi]ed

PeaVXUePeQW iQVWUXPeQW, aQ iQfUaUed gaV aQaO\]eU WhaW WeVWed fRU Whe TXaQWiW\ Rf CO2 iQ a chaPbeU b\

PeaVXUiQg Whe abVRUSWiRQ Rf iQfUaUed UadiaWiRQ b\ Whe gaV VaPSOe, aQd a PeWhRdRORg\ fRU SicNiQg RXW

bacNgURXQd OeYeOV Rf CO2 aPidVW QRiV\ daWa hRQed RYeU VeYeUaO \eaUV Rf UeVeaUch RQ Whe US WeVW CRaVW.

He ZeQW XQdeU aXVSiceV Rf ScUiSSV OceaQic IQVWiWXWe (Zhich ZRXOd VRRQ be cRQQecWed ZiWh UCSD) ZhRVe

diUecWRU aW Whe WiPe ZaV RRgeU ReYeOOe. ReYeOOe had iQ Whe SUeYiRXV \eaU (1956) ZUiWWeQ a SaSeU iQ Zhich
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he aQd HaQV SXeVV RYeUWXUQed Whe idea WhaW Whe RceaQ ZRXOd abVRUb aQ\ aWPRVSheUic CO2 WhaW hXPaQ

iQdXVWUiaO acWiYiW\ cRXOd SURdXce. IQVWead, ReYeOOe aQd SXeVV caOcXOaWed Whe RceaQ ZRXOd WaNe XS RQO\ a

fUacWiRQ Rf Whe e[WUa caUbRQ SXW iQWR Whe aWPRVSheUe b\ iQdXVWUiaO ePiVViRQV (WeaUW, ReYeOOe & SXeVV).

The OiNeO\ UeVXOW ZRXOd be UiViQg aWPRVSheUic cRQceQWUaWiRQV Rf CO2, a WUeQd WhaW VRPe, (OiNe CaOOeQdaU

1938), cOaiPed had beeQ gRiQg RQ fRU Whe OaVW haOf ceQWXU\. BXW Whe CO2 UecRUd WR daWe ZaV aPbigXRXV

(Vee FRQVeOiXV eW. aO. 1956 aQd BecN 2007) aQd WheUe had beeQ cRXQWeUYaiOiQg WheRUeWicaO cRQVideUaWiRQV

WhaW cRXOd e[SOaiQ aOWeUQaWiYe UeadiQgV Rf Whe daWa, RQe Rf Zhich - Whe abVRUSWiRQ Rf aQ\ aQWhURSRgeQic

CO2 b\ Whe RceaQV - ReYeOOe aQd SXeVV QRZ WhRXghW Whe\ had VeW aVide. ReYeOOe ZURWe ZiWh VeePiQg

cRQfideQce WhaW hXPaQiW\ had QRZ begXQ a ³OaUge-VcaOe geRSh\VicaO e[SeUiPeQW´ (S. 19 ReYeOOe aQd

SXeVV 1957 - fRU a fXOOeU YeUViRQ Rf Whe TXRWe, Vee VecWiRQ 3) aQd eQded Whe SaSeU ZiWh a caOO WR PaNe

accXUaWe aWPRVSheUic CO2 PeaVXUePeQWV WR Vee Whe UiVe aV SaUW Rf Whe XScRPiQg IGY. ReYeOOe aQd

HaUU\ We[OeU (Whe head Rf Whe US WeaWheU BXUeaX) ZRXOd bUiQg RQ KeeOiQg WR caUU\ RXW Whe

PeaVXUePeQWV.

KeeOiQg WhRXghW he had Whe PeaQV WR PaNe PRUe accXUaWe PeaVXUePeQWV Rf bacNgURXQd CO2 aQd WhaW

Whe SURbOeP ZiWh Whe hiVWRUicaO UecRUd ZaV Whe QRQ-XQifRUPiW\ Rf PeaVXUePeQW aQd VaPSOiQg PeWhRdV.

WhaW Pade Whe cRQceQWUaWiRQV WhaW KeeOiQg PeaVXUed backgroXnd PeaVXUePeQWV? (WhiV WeUPiQRORg\

SeUViVWV - Vee TaQV, ThRQiQg 2008, WhRXgh iW fiQdV YaUiaQWV iQ UNEP 1981). The daWa WhaW KeeOiQg

iQheUiWed aQd WhaW SUiRU WheRUiVWV (VXch aV CaOOeQdeU) had cRQVXOWed VhRZed CO2 OeYeOV YaU\iQg eUUaWicaOO\

(Vee FRQVeOiXV eW. aO. 1956 RU BecN 2007).44 Wh\ WhiQN WheUe ZaV a VWead\ OeYeO? KeeOiQg¶V UeaVRQiQg

iQYROYed a VWaWiVWicaO PRYe - Whe mean had WR be PeaVXUed; a VXbVWaQWiYe Sh\VicaO aVVXPSWiRQ - WhaW

PeaVXUePeQWV had WR be Pade iQ a QaWXUaO SOace, i.e. RQe fUee Rf iQdXVWUiaO aQd XUbaQ SROOXWiRQ; aQd a

VaPSOiQg aVVXPSWiRQ abRXW Whe aSSURSUiaWe WiPe Rf da\ WR PeaVXUe. ETXiSSed ZiWh WheVe aVVXPSWiRQV

aQd a SURWRcRO fRU cROOecWiQg aQd PeaVXUiQg Whe gaV, KeeOiQg cOaiPed WR faOVif\ Whe PeaVXUePeQWV Pade

b\ a SZediVh WeaP ZhR had deYeORSed VRPe Rf Whe PRUe eUUaWic daWa. ThiV VaPe WeaP (Vee FRQVeOiXV

eW. aO.1956) had WheRUeWicaOO\ hRSed WR WUacN iQdiYidXaO aiU SaUceOV XViQg PeaVXUePeQWV Rf CO2 (fRU PRUe

RQ Whe SROiWicaO iPSOicaWiRQV Rf aQ aiU SaUceO SURgUaP Vee Whe fiQaO VecWiRQ Rf WhiV chaSWeU). The VecRQd

44ThaW VRPe Rf Whe YaUiaWiRQ cRXOd cRPe fURP PiVViQg a diXUQaO SaWWeUQ (KeeOiQg 1998), i.e. WhaW PeaVXUePeQWV Qeeded WR be WaNeQ aW
a SaUWicXOaU WiPe each da\.
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WZR aVVXPSWiRQV caPe fURP KeeOiQg¶V e[SeUieQceV WUaYeOiQg WR UePRWe ZiOdeUQeVV aUeaV VXch aV Big SXU,

CA RU Whe OO\PSic NaWiRQaO PaUN iQ WaVhiQgWRQ, ZheUe KeeOiQg diVcRYeUed a VWead\ OeYeO Rf URXghO\ 310

SSP iQ Whe afWeUQRRQ (cRQceQWUaWiRQV aW RWheU WiPeV YaUied PRUe) (KeeOiQg 1998). KeeOiQg Pade Whe

e[SediWiRQV WR WheVe aUeaV SaUWO\ RQ a WheRUeWicaO hXQch - WhaW YaUiabiOiW\ PeaVXUed iQ Whe ciW\ caPe fURP

hXPaQ-Pade RU aUWifacWXaO ePiVViRQV WhaW ZRXOd QRW be SUeVeQW iQ ZiOdeUQeVV (aQd aOVR VeePiQgO\ RXW Rf a

SeUVRQaO iQWeUeVW iQ VSeQdiQg WiPe RXWdRRUV (KeeOiQg 1998)). MaXQa LRa VWaWiRQ ZaV ORcaWed ZiWhiQ \eW

aQRWheU ZiOdeUQeVV high abRYe aQ\ VRXUceV Rf ³PaQ-Pade´ CO2 ePiVViRQV WhaW HeQU\ We[OeU iQ

cRQVXOWaWiRQ ZiWh KeeOiQg VXggeVWed fRU a cRXUVe Rf CO2 PeaVXUePeQWV dXUiQg IGY. MaXQa LRa UeceiYed

a QaWiRQaO SaUN deVigQaWiRQ (iQ 1961) aQd UNEP biRVSheUe SUeVeUYe deVigQaWiRQ (iQ 1980) addiQg OegaO

SURWecWiRQV WhaW cRdif\ Whe SaUN¶V e[cOXViYe XVeV, Zhich e[cOXde iQdXVWUiaO acWiYiW\, OiPiW URad acceVV aQd

WRXUiVW XVage aQd SUecOXde ORQg WeUP hXPaQ habiWaWiRQ aQd haUYeVWiQg iQcOXdiQg b\ QaWiYe RU RUigiQaO

UeVideQWV aQd WaNe RWheU SURWecWiYe PeaVXUeV WR eQVXUe Whe SaUN UePaiQV iQ a QaWXUaO, XQdeYeORSed RU

ZiOdeUQeVV VWaWe. OfWeQ Whe OaQgXage Rf a ³WeUUiWRU\ fRU VcieQce´ iV XVed WR deVcUibe QaWiRQaO SaUN aQd

biRVSheUe UeVeUYe OaQd MXUiVdicWiRQV.

The eSiVRde iOOXVWUaWeV VeYeUaO Rf Whe WheRUeWicaO YiUWXeV aW SOa\. I ZiOO cRQVideU MXVW WhUee - accXUac\,

e[WeUQaO cRQViVWeQc\ aQd faOVifiabiOiW\. FRU each Rf WheVe WUadiWiRQaO YaOXeV I ideQWif\ a VeWWOeU cRORQiaO

SROiWicaO YaOeQce WhaW iV UeYeaOed b\ cRQWe[WXaOi]iQg Whe YaOXeV.

KeeOiQg¶V PeaVXUePeQWV ZeUe biOOed aV Whe PRVW accXUaWe PeaVXUePeQWV WR daWe Rf bacNgURXQd CO2.

WhiOe Whe beaUeU Rf Whe YiUWXe Rf accXUac\ (Vee KeeOiQg S.38) iV, iQ WhiV caVe, Whe daWa iWVeOf aQd QRW aQ\

SaUWicXOaU WheRU\ abRXW Whe daWa, accXUac\ Rf a WheRU\ RU h\SRWheViV VXch aV Whe CaOOeQdaU, POaVV, ReYeOOe,

SXeVV h\SRWheViV WhaW CO2 ZaV UiViQg, UeTXiUeV deWeUPiQiQg a daWa-VeW WR be accXUaWe Wo (Vee DRXgOaV

2013). IQ Whe caVe Rf Whe CO2 daWa UecRUd, WheUe ZeUe cRPSeWiQg UecRUdV aQd iQWeUSUeWaWiRQV Rf Whe

aYaiOabOe daWa Zhich WUeaWed VRPe aV PRUe UeOiabOe WhaQ RWheUV aQd WhXV aV a PRUe aSSURSUiaWe baViV fRU

deWeUPiQaWiRQV Rf WheRUeWicaO accXUac\. TheUe ZaV WhXV diVagUeePeQW abRXW Whe PRVW accXUaWe daWa VeW

(fRU VRPe Rf Whe difficXOWieV beVeWWiQg accXUac\ deWeUPiQaWiRQV aW Whe OeYeO Rf daWa WhePVeOYeV Vee CROOiQV

1998, ChaQg 2004 aQd EdZaUdV 2010). KeeOiQg¶V cOaiP WR accXUac\ aQd ZiWh iW Whe cOaiP Rf Whe UiViQg
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CO2 h\SRWheViV WR WheRUeWicaO accXUac\ deSeQded cUXciaOO\ XSRQ haYiQg PeaVXUePeQW ORcaWiRQV iQ

SUiVWiQe QaWXUaO aUeaV XQWRXched b\ ORcaO, aUWifacWXaO VRXUceV Rf CO2. The caVe Rf MaXQa LRa iV W\SicaO Rf

Whe NiQd Rf VSace - QaWiRQaO SaUN RU ZiOdeUQeVV - SROiWicaO MXUiVdicWiRQV WhaW RXWOaZ hXPaQ iQdXVWUiaO acWiYiW\

aQd RWheU fRUPV Rf habiWaWiRQ.45

FabieQQe Ba\eW (1994) aUgXeV WhaW Whe deVigQaWiRQ Rf QaWiRQaO SaUNV beORQgV aORQgVide WhRVe Rf

ZaVWeOaQd, aQd Werra nXlliXV aV SROiWicaO caWegRUi]aWiRQV WhaW eUaVe iQdigeQRXV SUeVeQce bRWh iQ Whe

hiVWRUicaO UecRUd aQd iQ RQgRiQg XVeV. (FRU aQ e[SOaQaWiRQ Rf Whe caWegRU\ Rf ZaVWeland Vee Whe SUeYiRXV

chaSWeU). TR PeQWiRQ MXVW RQe Za\ iQ Zhich RUigiQaO OaQd-WeQXUe SUacWiceV cRXOd VeUiRXVO\ affecW cOiPaWic

CO2, PaQ-Pade fRUeVW fiUeV ZeUe cRPPRQO\ XVed b\ iQdigeQRXV SeRSOe WhURXghRXW Whe PaiQOaQd US WR

PaiQWaiQ PeadRZV fRU cXOWiYaWiRQ Rf cURSV aQd habiWaW fRU SUefeUUed gaPe (Vee DXQbaU-OUWi] 2014). MaQ\

eaUO\ US eQYiURQPeQWaO effRUWV VRXghW WR TXeOO WhiV SUacWice (Vee PRZeOO 1879) aQd fRUeVW fiUeV aUe WRda\

biOOed aV aQ XQeTXiYRcaO eYiO cRQVeTXeQce Rf gORbaO ZaUPiQg. FRUeVW fiUeV aUe OaUge VRXUceV Rf CO2, bXW

becaXVe Rf Whe VPRNe Whe\ giYe Rff, Whe\ aOVR iQcUeaVe ORcaO aObedR, VR WheiU QeW effecW XSRQ gUeeQhRXVe

ZaUPiQg iV aPbigXRXV. BacNgURXQd aVVXPSWiRQV Pade b\ KeeOiQg PaNe QaWiRQaO SaUNV - UeaOO\ a VeWWOeU

cRORQiaO OegaO MXUiVdicWiRQ - QeceVVaU\ fRU Whe VWXd\ aQd UegXOaWiRQ Rf iQdXVWUiaO CO2 ePiVViRQV.46 47

ReYeOOe aQd SXeVV iQ WheiU 1957 SaSeU RffeU aQ e[aPSOe Rf e[WeUQaO cRQViVWeQc\ iQ WheiU XVe Rf caUbRQ

daWiQg WechQiTXeV fURP Whe diVciSOiQeV Rf aUchaeRORg\ aQd aQWhURSRORg\. CaUbRQ daWiQg PeWhRdV WUacN Whe

cRQWeQW Rf C14 aV a SUR[\ fRU age. C14 iV aQ XQVWabOe iVRWRSe Rf caUbRQ cUeaWed b\ a UeacWiRQ beWZeeQ

VXQOighW aQd CO2 iQ Whe aWPRVSheUe, Zhich deca\V ZiWh WiPe iQ caSWXUed caUbRQ. CRQceQWUaWiRQV Rf

VWabOe C12, eVSeciaOO\ WhRVe RWheUZiVe NQRZQ WR haYe beeQ UeceQWO\ abVRUbed fURP Whe aWPRVSheUe aUe

aWWUibXWabOe WR fRVViO fXeO ePiVViRQV, ZheUe Whe caUbRQ haV beeQ WUaSSed iQdefiQiWeO\ aQd aOO Rf Whe iVRWRSe

deca\ed RXW. ReYeOOe aQd SXeVV VWXdied hRZ diffeUeQW caUbRQ VaPSOeV Pi[ed ZiWh RceaQ ZaWeU - iQ

SaUWicXOaU Whe UaWe aW Zhich RceaQ ZaWeU ZRXOd abVRUb aWPRVSheUic caUbRQ. The diVcRYeU\ WhaW WhiV UaWe

47 See hRZ WheVe cUiWeUia fRU acceSWabOe PeaVXUePeQW ORcaWiRQV cRPe XS iQ OaWeU iQfUaVWUXcWXUe bXiOdiQg cRQYeQWiRQV aQd UeSRUWV iQ
UNEP 1980 aQd NOAA 1974.

46 iW iV ZRUWh UePiQdiQg RXUVeOYeV hRZ iPPeQVe a V\VWeP Whe caUbRQ c\cOe iV - aOO Oife ePiWV CO2, VR aQ\ OaQd-PaQagePeQW SUacWice
Zhich VigQificaQWO\ chaQgeV Whe cRPSRViWiRQ Rf ORcaO ecRV\VWePV - defRUeVWaWiRQ, e[WiQcWiRQ Rf VSecieV, eWc. - VWaQdV WR haYe aQ effecW
RQ Whe caUbRQ c\cOe.

45 IQ OaWeU QeWZRUN bXiOdiQg cRQYeQWiRQV WheUe aUe aOVR YegeWaWiRQ RffVeW OiPiWaWiRQV VSecified fRU bacNgURXQd VWaWiRQV RQ Whe PRdeO Rf
Whe MaXQa LRa VWaWiRQ Zhich iV VXUURXQded b\ URcN.
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ZaV PXch VORZeU WhaQ aQWiciSaWed iPSOied aQ e[SecWed bXiOd-XS iQ Whe aWPRVSheUe. TheiU UeVXOWV WhXV

deSeQded XSRQ Whe YaOidiW\ Rf caUbRQ daWiQg WechQiTXeV Zhich SXeVV had adaSWed fURP hiV SUiRU UeVeaUch

daWiQg hXPaQ aQd aUWifacWXaO UePaiQV aW UQiYeUViW\ Rf ChicagR (WeaUW 2022). IQ XViQg Whe WZR dRPaiQV -

caUbRQ daWiQg fRU biRORgicaO aQd chePicaO SURceVVeV aQd aQWhURSRORg\ aQd aUchaeRORg\ - WR heOS VWabiOi]e

aQd iPSURYe Whe accXUac\ Rf Whe caUbRQ daWiQg PeaVXUePeQWV iQ RQe aQRWheU, ReYeOOe aQd SXeVV¶V

fiQdiQgV e[ePSOified e[Wernal conViVWenc\. TheiU fiQdiQgV deSeQded XSRQ Whe UeOiabiOiW\ Rf a PeaVXUePeQW

WechQiTXe WhaW ZaV RUigiQaOO\ UeOied XSRQ, caOibUaWed aQd deSOR\ed iQ aQRWheU WheRUeWicaO dRPaiQ.

CaUbRQ daWiQg Rf aQceVWUaO UePaiQV dXUiQg WhiV eUa ZaV RfWeQ SXUVXed ZiWhRXW cRQVeQW RU cROOabRUaWiRQ Rf

Whe WUibeV ZhRVe aQceVWRUV¶ UePaiQV Whe\ ZeUe. CaUbRQ daWiQg iV RfWeQ a fiUVW VWeS (eYeQ XQdeU NAGPRA

Zhich iPSURYed UeSaWUiaWiRQ SUacWiceV iQ Whe 1990V) WR deWeUPiQe ZheWheU Whe UePaiQV aUe Rf NaWiYe

APeUicaQV aQd VhRXOd be UeWXUQed WR Whe UeOeYaQW WUibe. SRPe Rf Whe SURbOePaWic aVSecWV Rf Whe SUacWice

caPe WR OighW dXUiQg Whe KeQQeZicN cRQWURYeUV\, fRU aQ RYeUYieZ Rf Whe cRQWURYeUV\ ZiWhiQ aUchaeRORg\

Vee ZiPPeUPaQ 1998 aQd WiOe\ 2015. OQe Rf Whe Ne\ SURbOePaWic aVVXPSWiRQV Rf WheVe SUacWiceV iV WhaW

Whe\ cRQWiQXed a hiVWRUicaO OiQeage Rf eUaViQg Whe SUeVeQce Rf e[iVWiQg WUibaO cRPPXQiWieV ZiWh WheiU RZQ

hiVWRU\ aQd VeOf-cRQceSWiRQ. JXVW hRZ WR iQWegUaWe WUibaO RUaO WUadiWiRQ ZiWh Whe VcieQce Rf aUchaeRORg\ iV a

QXaQced iVVXe (Vee WiOe\ 2015) bXW fURP a SeUVSecWiYe WhaW VeeNV WR giYe WUibaO RUaO WUadiWiRQ VXbVWaQWiaO

epiVWemic ZeighW, Whe XVe Rf caUbRQ daWiQg WR iQiWiaOO\ cOaVVif\ UePaiQV iV a cRQWURYeUViaO SUacWice Zhich

RfWeQ giYeV VcieQce PRUe MXUiVdicWiRQ WhaQ iV VeeQ aV aSSURSUiaWe - aXWRPaWicaOO\ faYRUiQg aQ e[WeUQaO,

VeWWOeU cRORQiaO hiVWRUicaO WiPeOiQe WR VeWWOe TXeVWiRQV abRXW RZQeUVhiS Rf aQceVWUaO UePaiQV.

NRWe aOVR, iQ cRQQecWiRQ ZiWh Whe ideRORgicaO caWegRU\ Rf aQaUch\, e[SOaiQed iQ Whe SUeYiRXV chaSWeU,

ReYeOOe¶V idea WhaW hXPaQiW\ had QRZ (iQ 1957) begXQ a OaUge-VcaOe geRSh\VicaO e[SeUiPeQW. WhaW

VaQcWiRQed WhiV YieZ? The SURceVVeV WhaW cUeaWed Whe ePiVViRQV ZeUe Whe VaPe aV had beeQ aURXQd fRU

decadeV if QRW Whe beWWeU SaUW Rf a ceQWXU\, had WheUe beeQ a VXddeQ VSiNe iQ WheiU XVage? OU ZaV iW WhaW

RQO\ QRZ, ZiWh Whe PeaVXUePeQW caSaciWieV deYeORSed dXUiQg Whe SUecediQg decade WhaW Whe iQWeUQaWiRQaO

VcieQWific cRPPXQiW\ had aW iWV diVSRVaO Whe caSaciW\ WR PRQiWRU Whe effecWV Rf aQWhURSRgeQic CO2

ePiVViRQV? The aQVZeU iV SeUhaSV VRPe cRPbiQaWiRQ Rf WheVe WZR facWRUV. BXW ZhaWeYeU Whe e[acW
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PeaQiQg Rf ReYeOOe¶V ZRUdV, Whe SRVVibOe iPSOicaWiRQ WhaW WhiV ZaV Whe fiUVW Rf iWV NiQd (Whe begiQQiQg Rf

ZhaW geRORgiVWV ZRXOd caOO Whe anWhropocene) OiQgeUV - ZaV Whe iPSOicaWiRQ WhaW RUigiQaO VWeZaUdV OacNed

eiWheU Whe SRZeU RU Whe NQRZOedge WR SeUfRUP VXch a geRSh\VicaO e[SeUiPeQW? BRWh Rf WheVe iPSOicaWiRQV

- WhaW SUiRU VWeZaUdV OacN a hiVWRU\ Rf WheiU RZQ aQd WhaW Whe\ OacN Whe SRZeU RU NQRZOedge WR cRQdXcW

ecRV\VWeP-Zide e[SeUiPeQWV - aUe YaUiaQWV RQ Whe WhePe Rf anarch\ aQd ZaVWeland RU Whe idea WhaW ZhaW

caPe befRUe Whe PRdeUQ VeWWOeU VWaWe ZaV aQ a-SROiWicaO cRQdiWiRQ Rf VWaWeOeVVQeVV OeaYiQg Whe OaQd

XQiPSURYed, XQXVed RU eYeQ XQaffecWed.

FiQaOO\, Whe WheRUeWicaO dXR Rf ReYeOOe aQd SXeVV aQd Whe ePSiUicaO WeaP Oed b\ KeeOiQg SOa\ Rff RQe

aQRWheU iQ ZhaW ORRNV OiNe a SRWeQWiaO iQVWaQce Rf faOVifiabiOiW\. ReYeOOe aQd SXeVV VeeP WR PaNe a

SUedicWiRQ - ZiWh Whe OaUgeVW cRXQWeUYaiOiQg WheRUeWicaO cRQVideUaWiRQ diVSURYeQ - Whe\ SUedicW WhaW aQ

accXUaWe PeaVXUePeQW Rf CO2 ZRXOd UeYeaO a VWeadiO\ UiViQg baVeOiQe cRQceQWUaWiRQ iQ Whe cRPiQg \eaUV.

ThiV SUedicWiRQ cRXOd haYe WXUQed RXW ZURQg. IQ facW, iW iV ZhaW KeeOiQg PeaVXUed aQd caOcXOaWiRQV Rf Whe

UaWe Rf iQcUeaVe b\ ReYeOOe aQd SXeVV aUe aSSaUeQWO\ QRW faU Rff Whe PaUN (WeaUW 2022, KeeOiQg 1998).

BXW iV WhiV a geQXiQe caVe Rf faOVifiabiOiW\? HRZ OiNeO\ ZaV a QegaWiYe UeVXOW b\ KeeOiQg¶V IGY WeaP? HRZ

UiVN\ ZaV Whe SUedicWiRQ? WhiOe WheUe iV VXUeO\ VRPe UiVN iQ Whe VceQaUiR, Whe diVcRYeU\ Rf a cRQViVWeQW

SROiWicaO YaOeQce aPRQg Whe bacNgURXQd aVVXPSWiRQV Rf bRWh KeeOiQg aQd ReYeOOe VeePV WR iPSO\ WhaW

ceUWaiQ aVVXPSWiRQV aUe QRW aW UiVN iQ Whe cUiWicaO WeVW. The\ aUe SaUW Rf Whe backgroXnd. ThiV cRPPRQ VeW

Rf bacNgURXQd eYaOXaWiYe aQd ePSiUicaO aVVXPSWiRQV iV chaUacWeUi]ed b\ Whe UeSXUSRViQg Rf eaUOieU

QegaWiYe cRORQiaO caWegRUieV Rf aQaUch\ aQd ZaVWeOaQd aQd, SRViWiYeO\, b\ VcieQWific defiQiWiRQV Rf OaQd XVe

aQd QaWXUaO hiVWRU\. MRUeRYeU, ReYeOOe aQd KeeOiQg VhaUed aQ iQVWiWXWiRQaO hRPe aW ScUiSSV aQd PaQ\ Rf

Whe VaPe fXQdiQg VRXUceV. FRU ScUiSSV, Whe RUigiQaO eQdRZPeQW b\ Whe ScUiSSV faPiO\ aQd fXQdV fURP Whe

QeZO\ cUeaWed UCSD; fRU ReYeOOe¶V UeVeaUch WheUe ZaV VXbVWaQWiaO PiOiWaU\ SaWURQVhiS fURP ONR (Vee

RaiQgeU 2000); aV Ze Vee beORZ NSF aQd DOE SURYided VXbVWaQWiaO fXQdV OaWeU RQ. AV Whe diUecWRU Rf

ScUiSSV, ReYeOOe aOVR had VigQificaQW SRZeU WR SURYide KeeOiQg ZiWh fXQdV diUecWO\ (WeaUW). KeeOiQg aQd

ReYeOOe aUe aOVR fURP Whe VaPe cRXQWU\, XQOiNe PRSSeU¶V SaUadigP caVe Rf EiQVWeiQ aQd EddiQgWRQ. FRU

WheVe UeaVRQV iW iV SRVVibOe WR Vee KeeOiQg¶V WeVW aV QRW WRWaOO\ independenW iQ Whe VeQVe Rf beiQg

VXSSRUWed b\ iQdeSeQdeQW iQWeUeVWV. AccRXQWV Rf faOVifiabiOiW\ WhaW iQcOXde Whe VRciR-SROiWicaO diPeQViRQ Rf
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UiVN diVcXVVed iQ chaSWeU 3, i.e. WhaW UeTXiUe PRUe WhaQ Whe ORgicaO SRVVibiOiW\ Rf faOVificaWiRQ, Pa\ diVagUee

ZiWh WhiV aSSaUeQW aSSOicaWiRQ. I ZiOO ciUcOe bacN WR aQ aVVeVVPeQW Rf fXQdiQg aQd iQVWiWXWiRQaO VRXUceV Rf

VXSSRUW iQ Whe fiQaO VecWiRQ.

THcKQLcaO TUaQVIHU: MHPbHUVKLS CULWHULa

IQ WhiV VecRQd VecWiRQ, I iQYeVWigaWe Whe SURceVV Rf WechQicaO WUaQVfeU ZiWhiQ iQWeUQaWiRQaO deYeORSPeQW Rf

fRVViO fXeO aQd cOiPaWe daWa iQfUaVWUXcWXUe. TechQicaO WUaQVfeU iV XVed bRWh aV aQ eYaOXaWiYe caWegRU\

SXUSRUWiQg WR Zeigh RQ Whe RQe haQd, YaOXeV VXch aV VRYeUeigQW\ RYeU QaWiRQaO UeVRXUceV aQd ZRUNeU aQd

eQYiURQPeQWaO cRQdiWiRQV, aQd RQ Whe RWheU haQd, cRQVideUaWiRQV Rf cRVW aQd cRPSeQVaWiRQ fRU RUigiQaO

fRUeigQ deYeORSeUV aV ZeOO aV iQWeUQaWiRQaO ecRQRPic cRRUdiQaWiRQ aQd diSORPac\. TechQicaO WUaQVfeU aOVR

QaPeV a deVcUiSWiYe ePSiUicaO caWegRU\ Zhich caQ be VWXdied WhURXgh Whe hiVWRUicaO UecRUd Rf PePbeUVhiS

ZiWhiQ Whe QeWZRUN Rf RSeUaWRUV aQd WechQiciaQV. The fROORZiQg diVcXVViRQ iQYeVWigaWeV hRZ Whe d\QaPicV

Rf WechQicaO WUaQVfeU ZiWhiQ Whe cOiPaWe daWa QeWZRUN ZeUe VXbVWaQWiaOO\ VhaSed b\ VRciaO aQd SROiWicaO

fRUceV aQd YaOXeV fURP beORZ aQd abRYe, dUaZiQg SaUaOOeOV ZiWh d\QaPicV iQ fRVViO fXeOV.

IUaQ gUaQWed BUiWaiQ iWV fiUVW RiO cRQceVViRQ iQ 1905 - a OeaVe RQ Whe XVe Rf IUaQiaQ OaQd fRU RiO e[WUacWiRQ WR

OaVW 50 \eaUV. The deaO ZaV WhaW BUiWaiQ ZRXOd Sa\ SaUW Rf Whe SURfiW iQ cRPSeQVaWiRQ fRU Whe OeaVe.48

SXbVeTXeQW IUaQiaQ SROiWicaO OeadeUVhiS iQ Whe 30V aQd 50V chaOOeQged Whe OegiWiPac\ Rf Whe RUigiQaO OeaVe

RQ Whe gURXQdV WhaW YaUiRXV Rf Whe cRQceVViRQ WeUPV (e.g. SURfiW VhaUiQg aUUaQgePeQWV) ZeUeQ¶W beiQg

adeTXaWeO\ fROORZed aQd WhaW Whe ROd deaO didQ¶W adeTXaWeO\ UeVSecW IUaQ¶V VRYeUeigQW\ RYeU iWV UeVRXUceV

(fRU iQVWaQce b\ ePSOR\iQg ORcaO ZRUNeUV). TR VZeeWeQ Whe deaO iQ VXbVeTXeQW UeQegRWiaWiRQV,

AQgOR-IUaQiaQ OiO CRPSaQ\, AIOC (Zhich ZRXOd eYeQWXaOO\ becRPe BUiWiVh PeWUROeXP a VXbVidiaU\ Rf Whe

BUiWiVh gRYeUQPeQW), SURPiVed WhaW Whe VXbVeTXeQW OeaVe ZRXOd iQYROYe WechQicaO WUaiQiQg Rf IUaQiaQ VWaff

VR WhaW eYeQWXaOO\ IUaQ ZRXOd be VeOf-VXfficieQW iQ UXQQiQg iWV RZQ RiO iQdXVWU\. KaWa\RXQ Shafiee (2018)

XQcRYeUV cRPSaQ\ dRcXPeQWV deWaiOiQg a TXaQWiWaWiYe fRUPXOa Whe cRPSaQ\ XVed WR SURMecW Whe UaWe Rf

48 The OeaVe ZaV fiUVW gUaQWed WR a BUiWiVh QaWiRQaO WiOOiaP D¶AUc\, ZhRVe hROdiQgV WheQ becaPe AIOC aQd OaWeU BP.  The cRPSaQ\
becaPe PRUe aQd PRUe ePbedded ZiWh Whe BUiWiVh VWaWe aV Whe cRQceVViRQ becaPe PRUe cRQWeVWed iQWeUQaWiRQaOO\ (Shafiee 2018).
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WechQicaO WUaQVfeU cRQceiYed iQ WeUPV Rf Whe QXPbeU Rf IUaQiaQ ePSOR\eeV YV. Whe QXPbeU Rf BUiWiVh

ePSOR\eeV RYeU WiPe. The fRUPXOa bXiOW XSRQ SUiRU UaciaOi]ed VWUaWificaWiRQ aPRQg VNiOOed aQd XQVNiOOed

ZRUNeUV Zhich ZeUe UefOecWed iQ a VegUegaWed ZRUNSOace, OiYiQg TXaUWeUV aQd ZageV - a V\VWeP Zhich

IUaQiaQ ZRUNeUV had RUgaQi]ed agaiQVW iQ Whe SaVW, OeadiQg WR a QXPbeU Rf VWUiNeV aQd QeZ SROiWicaO

dePaQdV fRU beWWeU ZRUNiQg cRQdiWiRQV aQd PRUe VNiOOed MRbV fRU dRPeVWic ePSOR\eeV. The Sace Rf

WechQicaO WUaQVfeU aQd RbVeUYaQce Rf RWheU VWiSXOaWiRQV ZaV, WR Whe IUaQiaQ SXbOic aQd IUaQiaQ SUiPe

PiQiVWeU MRhaPPed MRVVadegh, VWiOO QRW VXfficieQW, aQd IUaQ ³QaWiRQaOi]ed´ (UeaOO\ VRXghW QRW WR UeQeZ Whe

BUiWiVh OeaVe) BUiWiVh hROdiQgV iQ Whe eaUO\ 50V. AW WhiV SRiQW Whe US heOSed WR RUcheVWUaWe a cRXS,

RYeUWhURZiQg MRVVadegh aQd iQVWaOOiQg Whe Shah ZhR ZaV ZiOOiQg WR cRQWiQXe BP¶V ³OeaVe.´ (YeUgiQ 2011,

Shafiee 2018)

MeaQZhiOe ViPiOaU SaWWeUQV Rf UeViVWaQce aQd bacNOaVh WR UaciaOO\ VegUegaWed OabRU iQ fRVViO fXeO aQd fRVViO

fXeO iQWeQViYe iQdXVWU\ SOa\ed RXW iQ Whe US. IQ BiUPiQghaP¶V VWeeO iQdXVWU\ bOacN ZRUNeUV eQcRXQWeUed a

ceiOiQg WR XSZaUd PRbiOiW\ NeeSiQg WheP iQ XQVNiOOed aQd PRUe daQgeURXV ZRUN, WhRXgh RfWeQ Whe\ ZRXOd

Qeed WR WUaiQ Whe ³VNiOOed´ ZRUNeUV ZhRVe MRbV Whe\ ZeUe aOOegedO\ XQTXaOified WR hROd (Vee NRUeOO 1986).

CRQdiWiRQV iQ Whe cRaO PiQeV Rf KeQWXcN\ ZeUe SeUhaSV PRUe egaOiWaUiaQ ZiWh bOacN aQd ZhiWe PiQeUV

ZRUNiQg Vide-b\-Vide, bXW VWiOO highO\ VegUegaWed ZiWh each UeWXUQiQg hRPe aW QighW WR cRPSOeWeO\ VeSaUaWe

cRPSaQ\-deVigQed QeighbRUhRRdV ZiWh WheiU RZQ VhRSV aQd VchRROV (BURZQ 2018). The ciYiO UighWV

PRYePeQW Zhich begaQ iQ Whe 50V WR chaOOeQge WheVe fRUPV Rf VegUegaWiRQ aQd Pade a SRZeUfXO iPSacW

XSRQ Whe OegaO OaQdVcaSe Rf VegUegaWiRQ b\ Pid WR OaWe 60V, aOVR bURXghW RQ UeacWiRQV fURP iQdXVWU\ WhaW

QegaWed VRPe Rf Whe SURPiVed SURgUeVV. CRPSaQieV VhXWWeUed facWRUieV aQd PRYed RYeUVeaV RU WR

VWaWeV WhaW ZeUe PRUe Oa[ RQ eQfRUcePeQW Rf QeZ aQWidiVcUiPiQaWiRQ (aQd aOVR eQYiURQPeQWaO) OaZV.

MiQiQg becaPe iQcUeaViQgO\ PechaQi]ed, Zhich iQ WXUQ RffeUed a SUeWe[W fRU diVSeQViQg Rf VeOecWiYe MRbV

(RfWeQ WhRVe ZRUNeUV ZhR ZeUe NeSW ³XQVNiOOed´ PePbeUV Rf Whe ZRUNfRUce) (BURZQ 2018).

The SaWWeUQ UeYeaOed iQ WheVe hiVWRUieV ZaV Whe begiQQiQg Rf a SURceVV Rf ecRQRPic decRORQi]aWiRQ aQd

aQWi-aSaUWheid PRYePeQWV iQ RiO aQd fRVViO fXeOV SeUhaSV begiQQiQg ZiWh CaUdeQaV¶ QaWiRQaOi]aWiRQ Rf Whe

Me[icaQ RiO iQdXVWU\ iQ 1938 (RU RXVViaQ ReYROXWiRQ 1917) aQd VZeeSiQg WhURXghRXW cRXQWUieV iQ LaWiQ
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APeUica aQd Whe MiddOe EaVW aV Whe ceQWXU\ SURgUeVVed. The ZaYe VaZ cRXQWUieV aQd ZRUNeUV aVNiQg fRU

beWWeU cXWV Rf Whe SURfiWV aQd a SaWhZa\ WR VeOf-VXfficieQc\ aQd XSZaUd PRbiOiW\ WhURXgh WechQicaO WUaQVfeU

(Vee YeUgiQ 2011). The RiO cUiVeV Rf Whe 70V iQiWiaWed b\ OPEC SeUhaSV PaUNed a WXUQiQg SRiQW. OPEC

ZaV aQ iQWeUgRYeUQPeQWaO RUgaQi]aWiRQ Rf RiO e[SRUWiQg cRXQWUieV WhaW iQcOXded PRVW Rf Whe SUeYiRXV US

aQd EXURSeaQ ecRQRPic cRORQieV ZhR had ZRQ YaU\iQg degUeeV Rf cRQWURO RYeU WheiU RiO UeVRXUceV ViQce

Whe begiQQiQg Rf Whe ceQWXU\¶V VcUaPbOe fRU iQWeUQaWiRQaO VRXUceV Rf RiO aQd Zhich VRXghW WR cRRUdiQaWe

WheiU QaWiRQaO ecRQRPic SROicieV RQ Whe e[SRUW Rf RiO, iQcOXdiQg agUeeiQg XSRQ a fi[ed SUice fRU Whe gURXS aW

Zhich RiO ZRXOd be VROd RQ Whe gORbaO PaUNeW. IQ UeVSRQVe WR US iQWeUfeUeQce iQ Whe SROiWicV Rf Whe MiddOe

EaVW, OPEC UaiVed RiO SUiceV iQ 1973 (fRU Whe US¶V UROe iQ IVUaeO-PaOeVWiQe cRQfOicW) aQd 1979 (fRU iWV UROe,

haUbRUiQg Whe Shah, iQ IUaQiaQ UeYROXWiRQ) Zhich Oed WR ORQg gaV OiQeV, high SUiceV aQd gaV UaWiRQV iQ Whe

US. A beOeagXeUed SUeVideQW CaUWeU gaYe a VSeech aVNiQg APeUicaQV WR UecRQVideU WheiU cRQVXPSWiYe

OifeVW\OeV iQ Whe OaWe 70V MXVW befRUe he ORVW hiV UeeOecWiRQ bid WR RRQaOd ReagaQ.

MeaQZhiOe iQ Whe 50V WhURXgh 70V, WMO ZaV aOVR figXUiQg RXW iWV RZQ SURgUaP Rf WechQicaO WUaQVfeU aV

SaUW Rf a SURceVV Rf VWaQdaUdi]iQg a gORbaO iQWeUQaWiRQaO daWa iQfUaVWUXcWXUe (EdZaUdV 2006). The SURgUaP

VRXghW WR iQiWiaWe QeZO\ VRYeUeigQ (RfWeQ WhURXgh decRORQi]aWiRQ) SaUWiciSaQW VWaWeV iQWR Whe QeWZRUN

WhURXgh a SURgUaP Rf WUaiQiQg e[SeUWV, agUeeiQg RQ RbVeUYaWiRQaO cRdeV aQd caOibUaWiQg iQVWUXPeQWV.

MaQ\ VWaWeV didQ¶W aOUead\ beORQg WR Whe QeWZRUN becaXVe Whe\ ZeUe QRW WechQicaOO\ eTXiSSed RU ZeUe

XQdeU SUeYiRXV cRORQiaO RccXSaWiRQ (i.e. WUeaWed aV QRQ-VRYeUeigQ b\ EXURSe aQd iWV aOOieV), aQd aV QRWed

abRYe VRPe OiNe ChiQa ZeUe e[cOXded iQ YiUWXe Rf eYeQ PRUe WeQXRXV SROiWicaO cUiWeUia fRU PePbeUVhiS.

SeYeUaO aQaO\VWV haYe QRWed Whe cRQQecWiRQV beWZeeQ QaWXUaO VcieQWific SURgUaPV VXch aV Whe WMOV aQd

US RU UN ecRQRPic V\VWePV Rf UecRUd-NeeSiQg aQd ORaQV.49 TR addUeVV Whe aVViPiOaWiRQ Rf QeZ PePbeUV

WMO deYiVed a QeWZRUN Rf UegiRQaO WUaiQiQg ceQWeUV (RTCV) aQd VWaQdaUd cXUUicXOXP WR be WaXghW aW

WheVe WUaiQiQg ceQWeUV (Vee VaQ MiegheP 1963). The OeQgWh\ OiVW Rf VXggeVWed cXUUicXOXP UeadV OiNe Whe

VWaQdaUd aWPRVSheUic Sh\VicV XQdeUgUadXaWe aQd gUadXaWe cRXUVe UeTXiUePeQWV fURP a US RU EXURSeaQ

49 LeibOeU haV VhRZQ hRZ WheVe VaPe VRYeUeigQW\ cUiWeUia UeTXiUed Whe eVWabOiVhPeQW Rf a QeWZRUN Rf ecRQRPic daWa cROOecWiRQ WhaW
OiQNed ecRQRPieV WR Whe UN-affiOiaWed fiQaQciaO iQVWiWXWiRQV - WRUOd BaQN aQd IMO.  IQ facW, aV MiOOeU QRWeV, SURgUaPV Rf WechQicaO
WUaQVfeU (fiUVW XQdeU US WheQ UN) ZeUe SUiPaUiO\ abRXW ecRQRPic cRRUdiQaWiRQ, RU iQWegUaWiQg ecRQRPic V\VWePV aQd iQfUaVWUXcWXUeV.
See aOVR MiOOeU S. 188, 189.  MiOOeU QRWeV WhaW WechQicaO WUaQVfeU SURgUaPV begaQ ZiWh a SURgUaP b\ TUXPaQ iQ Whe US fRU
UecRQVWUXcWiRQ Rf GeUPaQ\ aQd JaSaQ aORQg WechQicaO aQd SROiWicaO OiQeV S. 177 (aOWhRXgh WhiV SURgUaP aOVR haV SUecedeQWV fURP Whe
20V aQd 30V Vee S.183 aOVR PaWeUiaO fURP PRSSeU chaSWeU).  MiOOeU QRWeV (S.204) hRZ Whe US e[SOiciWO\ VRXghW WR QaYigaWe Whe
diffeUeQce beWZeeQ SaUWiciSaWiRQ iQ VcieQWific cRQYeQWiRQV aQd SROiWicaO UecRgQiWiRQ.
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XQiYeUViW\ iQ OiVW fRUP - YecWRU caOcXOXV, diffeUeQWiaO eTXaWiRQV, YaUiRXV bUaQcheV Rf Sh\VicV (acRXVWicV,

RSWicV, WheUPRd\QaPicV) aV ZeOO aV PRUe VSeciaOi]ed WRSicV iQ PeWeRURORg\ aQd cOiPaWRORg\«(VaQ

MiegheP 1963). TUaiQed SeUVRQQeO ZeUe bURNeQ iQWR fRXU cOaVVeV cRUUeVSRQdiQg WR diffeUeQceV iQ dXWieV

aQd VWaWXV (fURP diUecWRUV Rf QaWiRQaO PeWeRURORgicaO RU cOiPaWe VeUYiceV WR PeaVXUePeQW WechQiciaQV) aQd

cRUUeOaWed ZiWh Whe e[WeQW Rf Whe edXcaWiRQ Whe\ UeceiYed. IQ a VeSaUaWe dRcXPeQW aXdiWiQg Whe

edXcaWiRQaO caSaciWieV Rf AfUica, VaQ MiegheP UePaUNV faYRUabO\ Rf Whe AOgeUiaQ XQiYeUViW\ WhaW iW haV a

SURgUaP fRU VeQdiQg gUadXaWe VWXdeQWV WR FUeQch XQiYeUViWieV aQd WhaW CaiUR haV gUadXaWe WUaiQiQg

caSaciWieV RQ ViWe. (The PeQWiRQed XQiYeUViWieV aUe aOVR, b\ aQd OaUge, e[-cRORQiaO iQVWiWXWiRQV, RU PRdeOed

RQ iPSeUiaOiVW aQd PiVViRQaU\ effRUWV iQ cRORQiaO cRXQWUieV).

The effRUWV begaQ ZiWh Whe 1951 decRORQi]aWiRQ Rf Lib\a (a SUiRU IWaOiaQ cRORQ\) Zhich UeTXiUed UeSOaciQg

Whe SUedRPiQaQWO\ IWaOiaQ, VWaff ZiWh Lib\aQ SeUVRQQeO (EdZaUdV 2006, MiOOeU 2001). Lib\a¶V iQdeSeQdeQce

caPe afWeU AOOied RccXSaWiRQ dXUiQg WWII, fROORZiQg a WUeaW\ beWZeeQ Whe AOOieV aQd IWaO\ Zhich UeTXiUed

IWaO\ WR UeOiQTXiVh iWV cRORQiaO hROdiQgV (iQcOXdiQg Lib\a) aQd iW WRRN Whe fRUP Rf iQVWaOOiQg a PRQaUch\. SR

Whe iQdeSeQdeQce PRYePeQW ZaV a faU cU\ fURP PRUe gUaVVURRWV iQdeSeQdeQce PRYePeQWV WhaW WRRN

SOace iQ Whe fROORZiQg \eaUV (e.g. IQdia, AOgeUia, VieWQaP). IQ geQeUaO WheUe iV a SaUaOOeO beWZeeQ effRUWV b\

BUiWiVh SeWUROeXP e[ecXWiYeV WR cRQWURO Whe UaWe aQd cRPSRViWiRQ Rf WechQicaO WUaQVfeU iQ Whe IUaQiaQ RiO

iQdXVWU\ (Zhich Ze PighW deVcUibe, iQ a SaUaOOeO ZiWh Whe diVcXVViRQ iQ CH 3, aV a ³PRQRORgicaO´ fRUPXOa

SXUSRUWiQg WR Zeigh YaOXeV Rf VRYeUeigQW\ aQd cRPSeQVaWiRQ WR deYeORSeUV)

iQ Whe 1930V aQd Whe WMO¶V highO\ cRdified SURgUaP Rf PeWeRURORgicaO WUaQVfeU Zhich fRXQd iWV fiUVW

aSSOicaWiRQ aV SaUW Rf a WUaQVfeU Rf SROiWicaO SRZeU caUefXOO\ RUcheVWUaWed b\ EXURSeaQ aQd US iPSeUiaO

SRZeUV. SXch caUefXOO\ deVigQed SURWRcROV UeSUeVeQW a SRZeU iPbaOaQce iQ faYRU Rf cRORQiaO SRZeUV

Zhich aOORZV fRU SUeciVe, WRS-dRZQ UeciSeV fRU WUaQVfeU iQ a Za\ WhaW iV QRW SRVVibOe ZiWh PRUe UeViVWaQW

aQd iQdeSeQdeQW SROiWicaO SRZeUV (e.g. QR ViPiOaU fRUPXOa iV aOORZed WR adMXdicaWe Whe UaWe Rf WUaQVfeU afWeU

Whe eQd Rf Whe BUiWiVh cRQceVViRQ iQ Whe 50V iQ IUaQ, ZheQ BUiWaiQ had OeVV Rf aQ iQWeUQaWiRQaO caVe WR VWaQd

RQ). IQ cRQQecWiRQ ZiWh Whe VWRU\ UegaUdiQg CO2, WheUe aUe QR SaUWiciSaQW QaWiRQV ZiWh VWaWiRQV iQ Whe

GORbaO AWPRVSheUic WaWch QeWZRUN fRU gUeeQhRXVe gaVVeV fURP Whe MiddOe EaVW (XQOeVV RQe iQcOXdeV
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Eg\SW).50 ThXV SaUWiciSaWiRQ iQ Whe WMO¶V TXaVi-UegXOaWRU\ PRQiWRUiQg QeWZRUN iV PRUe WighWO\ cRQVWUaiQed

ZiWh bURadeU SaUWiciSaWiRQ iQ WMO PeWeRURORgicaO acWiYiWieV WaNiQg RQ Whe caVW Rf cXOWXUaO diSORPac\.

The SURgUaP Rf WUaiQiQg QeZ PeWeRURORgiVWV, ZaV accRPSaQied b\ a SOaQ WR iQWegUaWe aQd VWaQdaUdi]e Whe

gORbaO PeaVXUePeQW QeWZRUN iQcOXdiQg VWaQdaUd PachiQeU\. TechQicaO WUaQVfeU iQYROYed VXbVWaQWiaO

iQ-NiQd WUaQVfeUV Rf VWaQdaUd eTXiSPeQW WR QeZ SaUWiciSaQWV (EdZaUdV 2006). Ke\ WR Whe VWRU\ abRXW CO2,

PeaVXUePeQW deYiceV ZRXOd be caOibUaWed WR Whe VWaQdaUd eTXiSPeQW aW MaXQa LRa, WheQ XQdeU RSeUaWiRQ

b\ KeeOiQg¶V WeaP fURP ScUiSSV, WhURXgh diVVePiQaWiRQ Rf UefeUeQce gaVVeV aOVR SUeSaUed b\ KeeOiQg¶V

WeaP aQd VSecific SUeciViRQ UeTXiUePeQWV VeW b\ WMO - eaUOieU UeTXiUePeQWV ZeUe ZiWhiQ 0.1 SSP WhRXgh

VXbVeTXeQWO\ WheVe ZRXOd be UeOa[ed WR ZiWhiQ 0.1%. KeeOiQg¶V UROe SURdXciQg UefeUeQce gaVVeV ZaV

RfficiaOO\ cRdified b\ WMO iQ 1975 aQd ZRXOd cRQWiQXe XQWiO NOAA WRRN RYeU caOibUaWiRQ acWiYiWieV iQ 1995.

IQ Whe iQWeUiP, KeeOiQg ORVW UNEP fXQdiQg dXUiQg Whe 80V (KeeOiQg 1998) aQd UNEP e[SeUieQced cXWV WR

fXQdiQg WhaW UeQdeUed iWV SURgUaPV iQ VRPe caVeV XQabOe WR caUU\ RXW WheiU PaQdaWeV (MiOOeU 2001). IW ZaV

SaUWO\ dXe WR SUeVVXUe fURP NOAA fRU KeeOiQg WR WXUQ RYeU Whe Ne\ iQfUaVWUXcWXUaO acWiYiW\ Rf SURYidiQg

caOibUaWiRQ VaPSOeV WhaW Oed WR Whe iQiWiaO fRUPaOi]aWiRQ Rf WhiV UROe, Zhich he aOVR SeUfRUPed SUiRU WR 1975.

The WUaQVfeU Rf WheVe dXWieV WR NOAA, a US gRYeUQPeQW ageQc\ XQdeU Whe DeSaUWPeQW Rf CRPPeUce ZiOO

be diVcXVVed iQ Whe Qe[W VecWiRQ.

AbVWUacW deWeUPiQaWiRQV Rf caOibUaWiRQ VWaQdaUdV aQd cUiWeUia fRU WechQicaO WUaQVfeU haYe Whe cRQcUeWe VRciaO

UeVXOW Rf decidiQg Zho ZiOO be abOe WR SaUWiciSaWe iQ Whe QeWZRUN, Zhich, fRU UeaVRQV WhaW ZiOO becRPe cOeaU

VhRUWO\, deWeUPiQeV Zho RccXSieV a SOaWfRUP Rf RbVeUYaWiRQ aQd aXWhRUiWaWiYe UeSRUWiQg ZiWhiQ Whe

PRQiWRUiQg QeWZRUN.51 AQd aV hiVWRUicaO eYeQWV haYe XQfROded, WhiV, iQ WXUQ, aPRXQWV WR a deciViRQ

UegaUdiQg ZhR ZiOO SaUWiciSaWe iQ deWeUPiQaWiRQV Rf Whe facWV Zhich fRUP Whe baViV fRU iQWeUQaWiRQaO

eQYiURQPeQWaO QegRWiaWiRQV RQ fRVViO fXeO deYeORSPeQW.

51 A cRPPeQW Pade b\ RfficiaOV aW NSF ZhR VRXghW WR diVcRQWiQXe fXQdiQg fRU Whe KeeOiQg SURgUaP PaNeV Whe cRQQecWiRQ beWZeeQ
caOibUaWiRQ aQd PePbeUVhiS cOeaU, WhRXgh iW ZiOO Qeed WR ZaiW XQWiO Whe Qe[W VecWiRQ fRU cRQWe[WXaOi]aWiRQ.  WheQ KeeOiQg VRXghW
fXQdiQg fURP YaUiRXV VSRQVRUV iQ VSiWe Rf PeVVageV WhaW NOAA ZaV WR WaNe RYeU URXWiQe PRQiWRUiQg Rf CO2, NSF WhUeaWeQed WR fiQd
³caOibUaWed´ (KeeOiQg S. 58) UeYieZeUV Rf Whe SURMecW, VhRXOd KeeOiQg be XQZiVe eQRXgh WR aSSO\ agaiQ.

50 NRWe aOVR Whe RQO\ OPEC QaWiRQ WhaW iV UeSUeVeQWed iQ Whe GAW CO2 QeWZRUN iV AOgeUia.  See JaSaQ-hRVWed WRUOd DaWa CeQWUe
fRU GUeeQhRXVe GaVeV: hWWSV://gaZ.NiVhRX.gR.MS/
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IQ MiOOeU¶V QaUUaWiYe Rf Whe WMO, Whe RUgaQi]aWiRQ begaQ WR ShaVe dRZQ iWV WechQicaO WUaQVfeU acWiYiWieV

dXUiQg Whe 80V ZheQ QaWiRQaO cRQWUibXWiRQV (dXUiQg Whe ReagaQ eUa iQ Whe US) fRU Whe SURgUaP begaQ WR

ZaQe. ThiV ZaV accRPSaQied b\ a cRQceUWed effRUW RQ Whe SaUW Rf Whe US aQd JaSaQ WR deYeORS VaWeOOiWe

caSabiOiWieV fRU PeaVXUiQg CO2 Zhich cXOPiQaWed iQ Whe Pid 90V ZiWh Whe OaXQch Rf Whe fiUVW VaWeOOiWe

deVigQed fRU Whe VSecific SXUSRVe Rf PeaVXUiQg CO2. AQ iQWeUQaO, VcieQWific PRWiYaWiRQ fRU deYeORSiQg

VaWeOOiWe caSabiOiWieV ZRXOd haYe beeQ Whe iQcUeaVed cRYeUage, fOe[ibiOiW\ aQd PRbiOiW\ Rf VaPSOiQg URXWiQeV

RffeUed b\ PRbiOe PeaVXUePeQW deYiceV. The PRYe WRZaUd VaWeOOiWeV ZaV aOVR a QaWXUaO e[WeQViRQ Rf Whe

US VaWeOOiWe SURgUaP Zhich had ORQg beeQ a MRiQW SURgUaP Rf Whe WeaWheU BXUeaX aQd RWheU iQWeUeVWed

ageQcieV, e.g. Whe DeSaUWPeQW Rf DefeQVe (aW OeaVW ViQce IGY aQd Whe OaXQch Rf TIROS iQ 1960).

SaWeOOiWeV, ORQg VWXdied aQd XQdeUVWRRd aV dXal-XVe RU mXlWi-XVe WechQRORgieV (WhiWe 2006. GUeYVPXhO

2014) XVefXO fRU bRWh ZeaWheU daWa aQd VXUYeiOOaQce, RffeU a SRWeQW cRQWUaVW caVe fRU WhiQNiQg abRXW Whe

SROiWicaO aQd VRciaO diPeQViRQV Rf WheiU cRXQWeUSaUW - OaQd VWaWiRQV. LaQd VWaWiRQV UeTXiUed QaWiRQaO

SeUVRQQeO ZhR ZRXOd RfWeQ be ePSRZeUed b\ WheiU hRPe gRYeUQPeQWV WR PaNe PeaVXUePeQWV aQd

RbVeUYaWiRQV WUaQVceQdiQg Whe cUiWeUia Rf Whe iQWeUQaWiRQaO QeWZRUN.52 TR VeW XS a QeWZRUN Rf OaQd VWaWiRQV

UeTXiUed VXbVWaQWiaO iQWeUQaWiRQaO diSORPac\ aQd cRRUdiQaWiRQ aQd WUaiQiQg Rf SeUVRQQeO RQ Whe SaUW Rf

WMO. IQ WheVe Za\V aQd PaQ\ RWheUV, OaQd VWaWiRQV, WheiU SeUVRQQeO aQd eTXiSPeQW ZeUe aOVR PXOWi-XVe

aQd PXOWiSO\-YaOeQW SOaWfRUPV aQd WRROV Rf RbVeUYaWiRQ ZiWhiQ Whe PRQiWRUiQg QeWZRUN. ObVeUYeUV aUe

WhePVeOYeV PXOWiSO\ YaOeQW deSeQdiQg XSRQ Whe iQVWiWXWiRQV Whe\ beORQg WR aQd Whe UROeV Whe\ RccXS\ -

VcieQWiVWV ZiOO WeQd WR UeSRUW abeUUaWiRQV Rf iQWeUeVW WR QeZ VcieQWific h\SRWheVeV RU diVcRYeUieV ZhiOe VWaWe

RfficiaOV PighW be PRUe OiNeO\ WR UeSRUW XQXVXaO RbVeUYaWiRQV Rf cRQceUQ fRU QaWiRQaO VecXUiW\ (WhiV iVVXe ZiOO

aSSeaU agaiQ iQ Whe Qe[W VecWiRQ iQ KeeOiQg¶V effRUWV WR VhRZ WhaW hiV UeVeaUch ZaV baVic RU UeOeYaQW WR

XQVeWWOed WheRUeWicaO TXeVWiRQV, Zhich he UeVSRQded WR b\ fiQdiQg eYeU-PRUe VXbWOe iPSOicaWiRQV Rf Whe

daWa, fRU iQVWaQce, aV WUacNiQg EO NiQR eYeQWV).53

The WXUQ WRZaUd VaWeOOiWe PeaVXUePeQWV caOibUaWed WR a feZ OaQd VWaWiRQV (Whe fiUVW VaWeOOiWe XVed fRU Whe

SXUSRVe Rf PeaVXUiQg CO2 ZaV OaXQched iQ 1987) iQaXgXUaWed a ShaVe Rf deYeORSPeQW iQ Whe QeWZRUN

53 NRWiciQg abeUUaWiRQV Rf iQWeUeVW aQd haYiQg Whe UeVRXUceV aQd PeaQV Rf SXbOicaWiRQ WR SURbOePaWi]e RU deYeORS iQWeUeVW aPRQgVW a
bURadeU cRPPXQiW\ aUWicXOaWeV a cRQcUeWe SRViWiYe diPeQViRQ Rf Whe ³fUeedRP´ Rf iQTXiU\.

52 IQ WhiV cRQQecWiRQ, Whe UaQge Rf YaUiabOeV Rf iQWeUeVW PRQiWRUed b\ GAW Pa\ UefOecW Whe iQWeUeVWV Rf WhRVe ZhR RccXSied Whe
SOaWfRUPV XSRQ Zhich Whe eQYiURQPeQWaO iVVXe aVVRciaWed ZiWh WhaW YaUiabOe ZaV diVcRYeUed aQd iQiWiaOO\ VWXdied.
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WhaW fXUWheU UeVWUicWed SaUWiciSaWiRQ WR a feZ cRXQWUieV ZiWh Whe WechQRORgicaO caSabiOiWieV (WhRXgh MXVW hRZ

ceQWUaO VaWeOOiWe PeaVXUePeQWV aUe deSeQdV RQ ZhR \RX aVN - fRU NOAAV GORbaO MRQiWRUiQg LabRUaWRU\

(GML) Whe\ aUe Whe SUiPaU\ VRXUce Rf daWa (Vee MiOOeU); fRU Whe UNV GAW, Whe\ aUe VWiOO VXSSOePeQWaU\ WR

Whe QeWZRUN Rf OaQd VWaWiRQV). The WXUQ WRZaUdV VaWeOOiWeV aOVR RffeUV a VWUiNiQg iOOXVWUaWiRQ Rf Whe

PiOiWaUi]aWiRQ Rf WechQRORgicaO adYaQcePeQW - aQ iQVWaQce Rf Whe VSace-Uace Zhich iQ PaQ\ Za\V

acceOeUaWed dXUiQg Whe ReagaQ \eaUV - iQ Zhich Y\iQg SaUWiciSaQWV cRPSeWed fRU WechQRORgicaO VXSUePac\

ZiWh Whe cRQVeTXeQce WhaW SaUWiciSaWiRQ iQ eQYiURQPeQWaO PRQiWRUiQg aQd Whe SURdXcWiRQ Rf SROic\-UeOeYaQW

iQfRUPaWiRQ becaPe eYeU PRUe e[cOXViYe. The WXUQ WRZaUd VaWeOOiWeV WhXV iOOXVWUaWeV a UROe fRU

WechQRORgicaO adYaQcePeQW fRXQd eOVeZheUe iQ iQfUaVWUXcWXUaO aSaUWheid VWUXggOeV - cRPSeWiWiRQ ZiWhiQ a

VhifWiQg OaQdVcaSe Rf WechQRORgicaO MXQcWXUeV aQd UeTXiViWe WechQicaO VNiOOV acWV WR VXSSOaQW UeViVWaQW

ZRUNfRUceV ZhR aUe UeQdeUed XQVNiOOed aQd XQeTXiSSed b\ WechQRORgicaO chaQge. FURP Whe SeUVSecWiYe

Rf WhiV ZRUNfRUce, Whe ³SURgUeVV´ RU ³adYaQcePeQW´ Rf WechQRORgicaO chaQge SUiPaUiO\ deVcUibeV Whe

beQefiWV WhaW accUXe WR Whe RZQeUV Rf QeZ OabRU-VaYiQg PachiQeU\. FRU WhRVe ZhR ORVe WheiU OiQe Rf ZRUN

becaXVe Rf WechQRORgicaO chaQge, iW iV PXch haUdeU WR Vee hRZ Whe chaQge cRQVWiWXWeV aQ adYaQce RU

SURgUeVV. IQWeUQaO QaUUaWiYeV Zhich Vee VaWeOOiWeV aV a SXUe iPSURYePeQW becaXVe Rf Whe SRVVibOe

fOe[ibiOiW\ Rf VaPSOiQg URXWiQeV, PXVW be MX[WaSRVed ZiWh Whe ORVV Rf eSiVWePic aQd SROiWicaO acceVV aQd

SaUWiciSaWiRQ UeSUeVeQWed b\ a diVWUibXWed aUUa\ Rf OaQd-VWaWiRQV RSeUaWed b\ QaWiRQaO SeUVRQQeO.

FRU Whe SXUSRVeV Rf WhiV VecWiRQ iW iV iPSRUWaQW WR QRWe Whe SaUaOOeO aWWePSWV WR VeW XS a SURgUaP Rf

WechQicaO WUaQVfeU aV a SURMecW Rf bXiOdiQg aQd PaiQWaiQiQg OegiWiPac\ aQd acceVV ZiWhiQ a decRORQi]iQg

ThiUd WRUOd fRU deYeORSPeQW Rf bRWh fRVViO fXeO aQd PeWeRURORgicaO iQfUaVWUXcWXUe. AW Whe VaPe WiPe aV

effRUWV iQ WechQicaO WUaQVfeU WRRN SOace, WechQRORgicaO adYaQcePeQW SXVhed Whe baU fRU SaUWiciSaWiRQ iQ Whe

gORbaO daWa QeWZRUN fXUWheU RXW Rf Ueach - Whe eQd UeVXOW Rf Zhich ZaV aQ eQYiURQPeQWaO PRQiWRUiQg

QeWZRUN Oed b\ Whe XVXaO gURXS Rf iPSeUiaOiVW SRZeUV bXW RQ WechQicaO aQd WechQRORgicaO gURXQdV aV Whe

beaUeUV Rf Whe aSSURSUiaWe NQRZOedge-SURdXciQg iQVWiWXWiRQV aQd WechQRORgieV UeOeYaQW fRU VXch a SROic\

WaVN.
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CHQWUaO CaOLbUaWLRQ:  TKH EQG RI a RHVHaUcK PURJUaP aQG WKH BHJLQQLQJ RI MRQLWRULQJ

ThiV fiQaO VecWiRQ WUacNV Whe iQWeUUeOaWiRQV beWZeeQ WhUee cRQWeVWV RU cRPSeWiWiRQV: fiUVW beWZeeQ Whe

KeeOiQg/ScUiSSV VcieQWific WeaP aQd NOAA fRU Whe ceQWUaO CO2 caOibUaWiRQ UROe iQ Whe WMO daWa QeWZRUN;

VecRQd a WechQRORgicaO, eQYiURQPeQWaO aQd SROiWicaO cRQWeVW beWZeeQ QXcOeaU aQd fRVViO fXeO eQeUg\

iQfUaVWUXcWXUeV WhaW dURYe Whe VcieQWific UeVeaUch SURMecW; aQd fiQaOO\ beWZeeQ diffeUeQW YeUViRQV Rf Whe

PeaVXUePeQW QeWZRUN aV eQYiViRQed b\ Whe UN YV. Whe US aQd Oed b\ KeeOiQg YV. NOAA.

IQ 1970, DaYid KeeOiQg begaQ WR UeceiYe WURXbOiQg PeVVageV fURP Whe PaiQ VSRQVRU Rf Whe CO2 SURgUaP,

NSF. The NSF VRXghW WR ShaVe RXW fXQdV fRU KeeOiQg¶V SURgUaP Rf ORQg-UaQge bacNgURXQd CO2

PeaVXUePeQWV RQ Whe gURXQdV WhaW iW QR ORQgeU cRQVWiWXWed a caVe Rf baVic VcieQce, bXW ZaV UaWheU roXWine

moniWoring. BehiQd Whe VceQeV ZaV aQ iQVWiWXWiRQaO VhXffOe b\ CRQgUeVV aQd Whe Ni[RQ adPiQiVWUaWiRQ WhaW

VRXghW WR cUeaWe QeZ eQYiURQPeQWaO UegXOaWRU\ aQd PRQiWRUiQg caSaciWieV. The VhXffOe ZRXOd cXOPiQaWe iQ

SaVVage Rf QeZ OegiVOaWiRQ (e.g. COeaQ AiU aQd WaWeU AcWV) WR be eQfRUced b\ QeZO\ cUeaWed ageQcieV OiNe

EPA, aQd Ne\ WR Whe CO2 VWRU\, NOAA. APRQg NOAA¶V Ne\ SUeURgaWiYeV ZeUe adPiQiVWeUiQg aQ

eQYiURQPeQWaO PRQiWRUiQg QeWZRUN aQd WaNiQg RYeU NSF dXWieV fRU RYeUVeeiQg fedeUaO UeVeaUch fXQdV RQ

RceaQRgUaSh\ aQd aWPRVSheUic VcieQce aW Sea GUaQW CROOegeV (Zhich iQcOXded UCSD ScUiSSV). The QeZ

dRcWUiQe iPSOePeQWed aW NSF ZiWh UegaUd WR WheVe diVciSOiQeV VRXghW WR diVWiQgXiVh beWZeeQ baVic VcieQce

(a WUadiWiRQaO caWegRU\ gRiQg bacN WR VaQQeYaU BXVh 1945, ZhRVe cRXQWeUSaUW ZaV ³aSSOied´ UeVeaUch)

aQd ³URXWiQe PRQiWRUiQg´ (a QeZ caWegRU\ Rf aSSOied UeVeaUch iQYROYiQg UeSeWiWiYe PeaVXUePeQWV Rf

eQYiURQPeQWaO YaUiabOeV).

The WUaQViWiRQ fURP a deVigQaWiRQ Rf baVic WR QRQ-baVic iPSOied WhaW, fURP NSF¶V SeUVSecWiYe, QR QeZ

VXbVWaQWiaO VcieQWific h\SRWheViV ZaV aW VWaNe iQ Whe CO2 PeaVXUePeQWV b\ Whe 70V. The RUigiQaO

h\SRWheViV Rf iQWeUeVW, WhaW CO2 ZaV RQ Whe UiVe, ZRXOd, b\ e[WeQViRQ, VeeP WR haYe beeQ VeWWOed. NRZ

Whe SURgUaP ViPSO\ NeSW WUacN Rf Whe UiVe aV aQ iQSXW WR VcieQWific UeVeaUch iQWR iWV effecWV. TR iOOXVWUaWe Whe

idea, aW RQe SRiQW, NSF UeTXiUed WhaW KeeOiQg SURdXce WZR QeZ diVcRYeUieV SeU \eaU RQ Whe baViV Rf hiV

cRQWiQXiQg CO2 PeaVXUePeQWV, aQ aUUaQgePeQW WhaW KeeOiQg WhRXghW abVXUd, bXW Zhich ePShaVi]eV Whe
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UeOeYaQW aVSecW Rf ³baVic´ VcieQce aV XQdeUVWRRd b\ NSF - WhaW iW VhRXOd be UeOeYaQW WR aVVeVViQg

h\SRWheVeV WhaW aUe SUeVeQWO\ XQceUWaiQ RU XQNQRZQ.

TR XQdeUVWaQd Whe iPSRUW Rf Whe NOAA¶V eQWUaQce iQWR Whe CO2 PRQiWRUiQg effRUW UeTXiUeV a biW Rf

iQVWiWXWiRQaO hiVWRU\. The cUeaWiRQ Rf eQYiURQPeQWaO UegXOaWRU\ ageQcieV, EPA aQd NOAA, iV RfWeQ giYeQ a

SXUeO\ dRPeVWic RUigiQ VWRU\. AccRUdiQg WR WhiV VWRU\ VcieQWific RbVeUYeUV VXch aV RacheO CaUVRQ VRXQded

Whe aOaUP iQ Whe eaUO\ 60V RQ haUPfXO cRPSRQeQWV Rf cRPPeUciaO heUbicideV aQd SeVWicideV cROORTXiaOO\

caOOed ³diR[iQV´ - aQ abbUeYiaWiRQ Rf WheiU VcieQWific QaPe. CaUVRQ cRPSiOed iQfRUPaWiRQ fURP QaWiRQaO

VWXdieV cRQdXcWed b\ YaUiRXV gRYeUQPeQW PRQiWRUiQg ageQcieV. TRgeWheU ZiWh eYeQWV OiNe EaUWh Da\ iQ

1970, RUgaQi]ed SaUWiaOO\ iQ UeVSRQVe WR RiO VSiOOV Rff Whe cRaVW Rf CaOifRUQia, dRPeVWic hiVWRUieV ideQWif\ Whe

Qeed fRU QeZ gRYeUQPeQW ageQcieV beWWeU eTXiSSed WR UegXOaWe iQdXVWU\. IQ VXch hiVWRUieV Whe US

gRYeUQPeQW aSSeaUV SURgUeVViYe aQd UeVSRQViYe WR dePRcUaWic dePaQdV, ZiWh Whe QeZ ageQcieV - EPA

aQd NOAA - ePbRd\iQg WheVe adYaQced dePRcUaWic YaOXeV. BXW SaUaOOeO, iQWeUQaWiRQaO hiVWRUieV dXUiQg

WhiV VaPe eUa caVW WheVe deYeORSPeQWV iQ a diffeUeQW OighW - aV UeYiViRQiVW VWUaWegieV Rf cRQWaiQPeQW

agaiQVW a gORbaO bacNOaVh fURP Whe US¶V UROe iQ PaiQWaiQiQg cRORQiaO aQd iPSeUiaO UegiPeV.54

AW Whe VaPe WiPe WhaW CaUVRQ ZaV SeUfRUPiQg VcieQWific deWecWiYe ZRUN WR diVceUQ Whe iQdiUecW

cRQVeTXeQceV Rf XViQg heUbicideV aQd SeVWicideV fRU cRPPeUciaO SXUSRVeV adMaceQW WR UeVideQWiaO aQd

RWheU OaQd-XVeV, PaQ\ Rf WheVe VaPe cRPSRXQdV (PaQXfacWXUed b\ Whe VaPe cRUSRUaWiRQV) ZeUe beiQg

ZieOded aV ZeaSRQV Rf ZaU agaiQVW VieWQaPeVe ciWi]eQV, ZhRVe hRPeV, YiOOageV, agUicXOWXUaO fieOdV aQd

fRUeVWV ZeUe dRXVed b\ aeUiaO VSUa\ Rf Whe VXbVWaQceV. WhiOe fRUeigQ RbVeUYeUV ideQWified Whe XVe Rf

defROiaQWV VXch aV AgeQW OUaQge aV YiROaWiRQV Rf Whe 1925 GeQeYa PURWRcRO baQQiQg Whe XVe Rf chePicaO

54 OQ Whe bacNgURXQd behiQd NOAAV ciWiQg iQ CRPPeUce YV. IQWeUiRU:  WaOO\ HicNeO, beOeagXeUed b\ SURWeVW agaiQVW hiV RSeQiQg Rf
PUXdhRe Ba\ WR RiO e[SORUaWiRQ aV gRYeUQRU Rf AOaVNa, QRZ ZiWh aQRWheU dRPeVWic RiO VSiOO WR cRQWeQd ZiWh iQ SaQWa BaUbaUa, ZaV WheQ
Ni[RQ¶V SecUeWaU\ Rf IQWeUiRU.  He VRXghW WR baQ dRPeVWic aSSOicaWiRQ Rf haUPfXO SeVWicideV (WhaW ZaV aQ eQYiURQPeQWaO iVVXe, he ZaV
ZiOOiQg WR chaPSiRQ).  BXW Ni[RQ VeeiQg HicNeO¶V YieZ aV VhaUiQg a caXVe ZiWh aQWi-VieWQaP SURWeVWeUV (WhRXgh HicNeO OiNeO\
UaWiRQaOi]ed iW aV SaUW Rf hiV UROe SURWecWiQg fiVheUieV) decided bRWh WR hRXVe VRPe Rf IQWeUiRU¶V fiVheUieV dXWieV XQdeU NOAA Zhich
ZRXOd WheQ be XQdeU CRPPeUce aQd WR ViWe SeVWicide UegXOaWiRQV XQdeU aQ iQdeSeQdeQW ageQc\, EPA. The VigQificaQce Rf Whe feXd iV
eaViO\ ORVW:  aV a SaUW Rf IQWeUiRU, NOAA ZRXOd haYe beeQ UeVSRQVibOe fRU cRQdXcWiQg bXViQeVV iQ Whe QaWiRQaO iQWeUeVW, bURadO\
cRQVWUXed ZiWh aOORZaQce fRU fXWXUe geQeUaWiRQV (fRU iQVWaQce iQ VaYiQg a ZiOd fiVh caWch OiNe VaOPRQ fURP RYeUfiVhiQg - WhiV iV
cRQVeTXeQWO\ RQe UeaVRQ Zh\ Whe ObaPa adPiQiVWUaWiRQ VRXghW WR PRYe NOAA bacN WR iQWeUiRU); aV a SaUW Rf CRPPeUce, NOAAV
acWiYiW\ ZRXOd be RUieQWed WRZaUd Whe fXUWheUaQce Rf US dRPeVWic bXViQeVV iQWeUeVWV.  Whe VigQificaQce fRU cOiPaWe chaQge PRQiWRUiQg
iV WhaW NOAA WRRN RYeU ZeaWheU bXUeaX acWiYiWieV, Zhich iV Whe iQVWiWXWiRQaO ViWe fRU Whe US SaUWiciSaWiRQ iQ Whe IPCC - a SROic\ adYiVing
RUgaQi]aWiRQ - aQd aOVR Whe iQVWiWXWiRQaO ViWe Rf Whe ceQWUaO caOibUaWiRQ UROe, aQd Whe PaiQWeQaQce Rf a TXaVi-iQdeSeQdeQW PRQiWRUiQg
QeWZRUN - GORbaO MRQiWRUiQg LabRUaWRU\ - GML - WhaW iV aOVR (aV Rf 1995) Whe VWaQdaUd-VeWWeU fRU Whe WMO QeWZRUN.
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ZeaSRQV iQ ZaUfaUe, Whe US VeQaWe (aV a UeVXOW Rf ORbb\iQg iQ SaUW fURP chePicaO iQdXVWUieV) YRWed bacN iQ

Whe 20V QRW WR UaWif\ Whe WUeaW\ aQd Whe US VRXghW fXUWheU WR deQ\ WhaW Whe VXbVWaQceV iW PaQXfacWXUed aQd

XVed ZeUe chePicaO ZeaSRQV (ViQce Whe\ ZeUeQ¶W direcW ageQWV Rf aWWacN agaiQVW eQeP\ cRPbaWaQWV, bXW

UaWheU indirecW aWWacNV RQ WheiU fRRd, ZaWeU aQd VheOWeU) (NeiOaQdV 1970). PURWeVW Rf Whe US¶V WacWicV caPe

iQ SaUW fURP US VcieQWific RUgaQi]aWiRQV AAAS aQd NAS Zhich VRXghW WR PaNe iQdeSeQdeQW VWXdieV Rf Whe

iPSacWV Rf Whe YaUiRXV VXbVWaQceV XVed b\ Whe US RQ Whe gURXQd iQ VieWQaP iQ Whe OaWe 60V (deQ\iQg WhaW

dRPeVWic VWXdieV ZeUe VXfficieQW fRU Whe SXUSRVe). CUiWicV XUged Ni[RQ WR fiQaOO\ UaWif\ Whe GeQeYa PURWRcRO,

Zhich didQ¶W haSSeQ XQWiO 1975 XQdeU FRUd, ZheQ Whe US RfficiaOO\ ZiWhdUeZ fURP VieWQaP. EYeQ WheQ, iW

UaWified Whe PURWRcRO VeOecWiYeO\. The US VRXghW WR ideQWif\ a fXUWheU caWegRU\ Rf ZaUfaUe - eQYiURQPeQWaO

ZaUfaUe - Zhich ZRXOd be baQQed b\ iQWeUQaWiRQaO WUeaW\ iQ 1977 afWeU Whe US aQd USSR ZeUe fiUVW abOe WR

QegRWiaWe a MRiQW agUeePeQW. ThiV agUeePeQW ZRXOd SURhibiW PaQ\ Rf Whe WacWicV Whe US SiRQeeUed iQ

VieWQaP (iQcOXdiQg cORXd-VeediQg RU iQWeQWiRQaO ZeaWheU PRdificaWiRQ, aQd VeOecWiYe cRPSRXQdV deVigQed

WR aWWacN eQeP\ cRPbaWaQWV iQdiUecWO\ fRU iQVWaQce b\ UXiQiQg WheiU fRRd aQd ZaWeU VXSSOieV).

IQWeUQaWiRQaOO\, gURZiQg cRQceUQ RYeU eQYiURQPeQWaO SROOXWiRQ ZaV UefOecWed iQ Whe UNV fiUVW cRQYeQWiRQ RQ

Whe eQYiURQPeQW iQ SWRcNhROP iQ 1972 ZheUe iW eVWabOiVhed iWV SURgUaP RQ Whe eQYiURQPeQW UNEP.

TRgeWheU ZiWh WMO Whe SURgUaP VRXghW WR eVWabOiVh a gORbaO eQYiURQPeQWaO PRQiWRUiQg QeWZRUN WR VWXd\

SROOXWiRQ (Whe BacNgURXQd AiU PROOXWiRQ MRQiWRUiQg PURgUaP - BAPMRN - Whe SUecXUVRU WR UNEPV GORbaO

AWPRVSheUic WaWch QeWZRUN eVWabOiVhed iQ 1989 RU GAW). ThiV QeWZRUN ZRXOd bXiOd XSRQ Whe e[iVWiQg

WMO QeWZRUN WR iQcOXde a QXPbeU Rf diffeUeQW NiQdV Rf OaQd VWaWiRQV. SRPe, OiNe MaXQa LRa, ZeUe

WaiORUed WR PeaVXUe backgroXnd RU global SROOXWiRQ (fRU WheVe, ciWiQg aQd WechQRORgicaO cUiWeUia ZeUe Whe

PRVW VWUiQgeQW); ZhiOe RWheUV ZeUe ORcaWed QeaUeU XUbaQ ceQWeUV aQd ZeUe deVigQed WR PeaVXUe PRUe

local YaUiabOeV. De KRQiQg, aQd KRhOeU (1978) QRWe WhaW Whe YaUieW\ Rf VWaWiRQV aQd VWaWiRQ-ORcaWiRQV ZaV

deVigQed WR VWXd\ a UaQge Rf VcaOeV Rf eQYiURQPeQWaO SROOXWiRQ UaQgiQg fURP ORcaO WR UegiRQaO WR gORbaO.

SRPe caVeV Rf SROOXWiRQ OiNe acid UaiQ aUe SUiPaUiO\ UegiRQaO aQd haYe WhXV hiVWRUicaOO\ beeQ QegRWiaWed

biOaWeUaOO\ beWZeeQ cRXQWUieV VhaUiQg a bRUdeU, ZhiOe RWheUV OiNe aQWhURSRgeQic CO2 aUe cRQVideUed a

gORbaO iVVXe aQd WhXV UeTXiUe gORbaO QegRWiaWiRQV.
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IQ WhiV OighW, iW iV iQWeUeVWiQg WR UeWhiQN Whe iPSOicaWiRQV Rf Whe eaUOieU SZediVh effRUWV WR PeaVXUe Whe

cRQceQWUaWiRQV Rf CO2 iQ VSecific, WUaQViWRU\ SaUceOV Rf aiU PeQWiRQed abRYe, Zhich ZRXOd UeQdeU CO2

QegRWiaWiRQV PRUe OiNe acid UaiQ - a UegiRQaO iVVXe WR be QegRWiaWed beWZeeQ a feZ QeighbRUiQg cRXQWUieV aW

a WiPe.55 (FRU e[aPSOe a PaS iQ FRQVeOiXV eW. aO. VhRZV a fURQW Rf high CO2 aiU ePaQaWiQg fURP SW.

PeWeUVbXUg, RXVVia aQd WUaYeOiQg acURVV Whe BaOWic Sea WRZaUd SZedeQ). KeeOiQg¶V PeaVXUePeQW

WechQiTXe SXUSRUWed WR faOVif\ Whe SZediVh WeaP¶V effRUWV WR ³Wag aiU PaVVeV´ (KeeOiQg S.41) fiQdiQg

cRQVWaQW YaOXeV fRU SZediVh VaPSOeV fRU Zhich SZediVh PeaVXUePeQW WechQiTXeV SURdXced diffeUeQW

YaOXeV. GiYeQ Whe PeWaSh\VicaO aVVXPSWiRQ WhaW WheUe ZaV a VWabOe bacNgURXQd cRQceQWUaWiRQ Rf CO2,

WUaQViWRU\, UegiRQaO YaOXeV Zhich WUacNed cRQceQWUaWiRQV ePaQaWiQg fURP a VRXUce becaPe a NiQd Rf

aSSOied ZRUN WhaW ZaV Rf OeVVeU iQWeUeVW WR bRWh VcieQWiVWV aQd gRYeUQPeQWV (WUaQViWRU\ YaOXeV ZRXOd be

ideQWified b\ WheiU difference ZiWh bacNgURXQd YaOXeV). IQdeed iW iV QRW MXVW fXQdiQg cXWV WhaW e[SOaiQ Whe

XQdeUdeYeORSPeQW Rf Whe UNEP UegiRQaO QeWZRUN, bXW Whe cRPSeWiWiRQ aPRQg bRWh VcieQWiVWV VXch aV

KeeOiQg aQd QaWiRQaO ageQcieV fRU Whe ceQWUaOi]ed acWiYiW\ Rf PeaVXUiQg aQd PRQiWRUiQg bacNgURXQd

SROOXWiRQ OeYeOV. AW YaUiRXV VWageV NSF aQd NOAA aWWePSWed WR diYeUW Whe KeeOiQg SURMecW WRZaUd heOSiQg

deYeORS Whe QeWZRUN Rf UegiRQaO VWaWiRQV (bRWh iQiWiaOO\ iQ Whe 70V (Vee S. 51-52) aQd OaWeU iQ Whe 90V

(S.62)). KeeOiQg QRWeV WhaW a cROOeagXe VWXd\iQg aeURVROV caPe XQdeU ViPiOaU SUeVVXUe fURP EPA WR

WUaQVfeU WheiU VWXd\ WR XUbaQ iQVWead Rf QaWXUaO aeURVROV (S.51 fQ.4). BRWh KeeOiQg aQd hiV cROOeagXe

dePXUUed VeeiQg iQ Whe PeaVXUePeQW Rf UegiRQaO cRQceQWUaWiRQV a OeVV UeSXWabOe, OeVV VcieQWificaOO\

iQWeUeVWiQg OiQe Rf UeVeaUch. KeeOiQg VRXghW fXQdV fURP RWheU ageQcieV WR cRQWiQXe hiV VWaQdaUd-VeWWiQg

bacNgURXQd PeaVXUePeQWV, ZhiOe hiV cROOeagXe fRXQd fXQdiQg RYeUVeaV aW a SZediVh XQiYeUViW\ WR

cRQWiQXe Whe VWXd\ Rf QaWXUaO aeURVROV. MeaVXUePeQW Rf UegiRQaO YaOXeV ZRXOd be PRUe fXQdaPeQWaO, aQd

Whe PeaVXUePeQW QeWZRUN PRUe diVWUibXWed XQdeU Whe aVVXPSWiRQ WhaW CO2 cRQceQWUaWiRQV aUe eVVeQWiaOO\

WUaQVieQW UaWheU WhaQ WheUe beiQg a VWabOe, eTXiOibUiXP bacNgURXQd OeYeO. BXW XQdeU Whe aVVXPSWiRQ Rf

VWabOe bacNgURXQd YaOXeV, Zhich aOVR UeQdeUV a highO\ ceQWUaOi]ed PeaVXUePeQW QeWZRUN, PeaVXUePeQW

Rf UegiRQaO YaOXeV ZaV aSSOied aQd Whe aWWePSW WR VhXffOe Whe KeeOiQg SURgUaP aSSeaUed aV aQ aWWePSW WR

VXSSOaQW a PRUe fXQdaPeQWaO VcieQWific SURgUaP.

55 GaUdiQeU 2011 diVcXVVeV Whe QRUPaWiYe iPSOicaWiRQV fRU UeVSRQVibiOiW\ cOaiPV Rf Whe Zell-mi[ed bacNgURXQd cRQceQWUaWiRQV Rf CO2.
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The deciViRQ fRU bRWh VcieQWific aQd gRYeUQPeQW SeUVRQQeO WR fRcXV e[cOXViYeO\ RQ PRQiWRUiQg bacNgURXQd

RU ZeOO-Pi[ed CO2 WhXV ceQWeUed Whe iPSRUWaQce Rf WhiV OiQe Rf iQTXiU\ aQd QeWZRUN aUUaQgePeQWV fRU iWV

deYeORSPeQW aW Whe e[SeQVe Rf Whe QeWZRUN eQYiViRQed b\ UNEP WhaW ZRXOd e[SaQd XSRQ e[iVWiQg

PRQiWRUiQg caSaciWieV WR PeaVXUe a bURadeU aUUa\ Rf eQYiURQPeQWaO YaUiabOeV aQd aW a diYeUViW\ Rf VcaOeV.

ThiV ceQWUaOi]aWiRQ cRUUeVSRQdV WR a WheRUeWicaO aVVXPSWiRQ WhaW bacNgURXQd, ZeOO-Pi[ed CO2 iV Whe

SUiPaU\ caXVaO dUiYeU Rf cOiPaWe chaQge. AQd Whe facW WhaW WhiV cRQceQWUaWiRQ iV ZeOO-Pi[ed PaNeV

fiQeU-gUaiQed aWWUibXWiRQV Rf UeVSRQVibiOiW\ iPSRVVibOe, effecWiYeO\ dUiYiQg Whe deciViRQ WR cRQVideU CO2

ePiVViRQV a gORbaO iVVXe iQ Qeed Rf gORbaO UegXOaWiRQ.

LaWeU iQ Whe 70V aV NSF ShaVed RXW hiV fXQdiQg, KeeOiQg ZaV abOe WR fiQd VXSSRUW WhURXgh aQRWheU QeZO\

cUeaWed eQWiW\, Whe DeSaUWPeQW Rf EQeUg\, VeW XS WR addUeVV Whe QaWiRQ¶V ³eQeUg\ cUiViV´ iQ Whe 70V. DOE

VRXghW WR PeeW Whe QaWiRQ¶V ³eQeUg\ QeedV´ aPid aQ iQcUeaViQgO\ cRPSOe[ OaQdVcaSe Rf eQYiURQPeQWaO,

geRSROiWicaO (UecaOO OPEC¶V SUice UaiVeV dXUiQg Whe 70V) aQd WechQRORgicaO cRQVideUaWiRQV. IQ DOEV

fUaPiQg Rf Whe SXbOic SURbOeP, WechQRORg\ iV fURQW aQd ceQWeU: Zhich WechQRORg\ - QXcOeaU RU fRVViO fXeOV -

ZRXOd SURYide Whe gURZiQg dePaQd fRU eQeUg\? (NRWe hRZ Whe aVVXPSWiRQ WhaW eQeUg\ QeedV PXVW RU ZiOO

be PeW iV bacNgURXQded). ThiV fUaPiQg ZaV QRW QeZ, bXW ZaV aOVR deSOR\ed b\ ReYeOOe aQd SXeVV WR

PRWiYaWe Whe UeVeaUch TXeVWiRQ Rf WheiU 1957 SaSeU:

³DXUiQg Whe Qe[W feZ decadeV Whe UaWe Rf cRPbXVWiRQ Rf fRVViO fXeOV ZiOO cRQWiQXe WR iQcUeaVe, if Whe fXel and

poZer reqXiremenWV of oXr Zorld-Zide indXVWrial ciYili]aWion conWinXe Wo riVe e[ponenWiall\, and if WheVe

needV are meW onl\ Wo a limiWed degree b\ deYelopmenW of aWomic poZer. EVWiPaWeV b\ Whe UN (1955)

iQdicaWe WhaW dXUiQg Whe fiUVW decade Rf Whe 21VW ceQWXU\ fRVViO fXeO cRPbXVWiRQ cRXOd SURdXce aQ aPRXQW Rf

caUbRQ diR[ide eTXaO WR 20% Rf WhaW QRZ iQ Whe aWPRVSheUe (TabOe 1). ThiV iV SURbabO\ WZR RUdeUV Rf

PagQiWXde gUeaWeU WhaQ Whe XVXaO UaWe Rf caUbRQ diR[ide SURdXcWiRQ fURP YROcaQReV, Zhich RQ Whe aYeUage

PXVW be eTXaO WR Whe UaWe aW Zhich ViOicaWeV aUe ZeaWheUed WR caUbRQaWe (TabOe 2). ThXV hXPaQ beiQgV aUe

QRZ caUU\iQg RXW a OaUge VcaOe geRSh\VicaO e[SeUiPeQW Rf a NiQd WhaW cRXOd QRW haYe haSSeQed iQ Whe SaVW

QRU be UeSURdXced iQ Whe fXWXUe« ThiV e[SeUiPeQW, if adeqXaWel\ docXmenWed, Pa\ \ieOd a faU-UeachiQg

iQVighW iQWR Whe SURceVV deWeUPiQiQg ZeaWheU aQd cOiPaWe. IW WheUefRUe becRPeV Rf SUiPe iPSRUWaQce WR
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aWWePSW WR deWeUPiQe Whe Za\ iQ Zhich caUbRQ diR[ide iV SaUWiWiRQed beWZeeQ Whe aWPRVSheUe, Whe RceaQV,

Whe biRVSheUe aQd Whe OiWhRVSheUe.´ (ReYeOOe aQd SXeVV, 1957, SS. 19,20; iWaOOicV PiQe).

FRU ReYeOOe, ZhR VSeQW \eaUV PRQiWRUiQg Whe effecWV Rf QXcOeaU WeVWiQg iQ Whe RceaQV befRUe he WhRXghW WR

addUeVV TXeVWiRQV Rf Whe RceaQ¶V UROe iQ Whe caUbRQ c\cOe, Whe chRice beWZeeQ QXcOeaU aQd fRVViO fXeO

eQeUg\ ZaV a QaWXUaO RQe iQ WhaW bRWh ZeUe WechQRORgieV ZiWh a SRWeQWiaOO\ bURad (QRW cRQWaiQed WR a

VSecific QaWiRQ) eQYiURQPeQWaO iPSacW RQ Whe aWPRVSheUe aQd RceaQV. FRU DOE, Whe fUaPiQg aOVR

caSWXUed a difficXOW geR-SROiWicaO diOePPa: fRVViO fXeO deYeORSPeQW aW OeaVW fRU Whe US aQd EXURSe ZaV

iQcUeaViQgO\ fUaXghW ZiWh dePaQdV fRU QaWiRQaO cRQWURO b\ fRUeigQ VXSSOieUV e[ePSOified b\ OPEC¶V UROe iQ

Whe RiO cUiVeV Rf Whe 1970V, ZhiOe deYeORSPeQW Rf QXcOeaU eQeUg\ bURXghW ZiWh iW VRPe Rf Whe Ne\ caSaciWieV

Qeeded fRU deYeORSPeQW Rf QXcOeaU ZeaSRQV, a VXbVWaQWiaO VecXUiW\ UiVN. AOWeUQaWiYeV VXch aV

h\dUR-SRZeU Pa\ QRW haYe Pade Whe OiVW becaXVe WheiU eQYiURQPeQWaO iPSacWV ZeUe RfWeQ cRQVWUaiQed WR a

ViQgOe cRXQWU\, deYeORSiQg addiWiRQaO caSaciW\ ZiWhiQ Whe US ZaV VeeQ aV haYiQg diPiQiVhiQg UeWXUQV aQd

WheiU XVe did QRW WUiggeU TXiWe aV PaQ\ - WhRXgh Me[icR ZiWh Whe CRORUadR RiYeU RU CaQada ZiWh Whe

CROXPbia ZRXOd SURbabO\ beg WR diffeU - iQWeUQaWiRQaO cRQceUQV.

ThXV, behiQd Whe cRQWiQXed VXSSRUW Rf Whe KeeOiQg WeaP¶V SaUaOOeO SURgUaP, VWRRd a WechQRORgicaO iQWeUeVW

iQ ZheWheU QXcOeaU RU fRVViO fXeO eQeUg\ ZaV Whe PRVW aSSURSUiaWe PeaQV Rf VaWiVf\iQg QaWiRQaO eQeUg\

QeedV.

DeVSiWe DOEV VXSSRUW fRU KeeOiQg, NOAA aOVR UegXOaUO\ VRXghW WR bORcN RWheU Ne\ chaQQeOV Rf VXSSRUW

fURP DOE aQd WMO/UNEP RQ Whe gURXQdV WhaW KeeOiQg¶V ZRUN ZaV UedXQdaQW ZiWh iWV RZQ. AW RQe SRiQW

dXUiQg Whe 70V (accRUdiQg WR accRXQWV OiNe KeeOiQg aQd WeaUW¶V) iW VeePV aV if Whe SURgUaPV aUe VeW

agaiQVW each RWheU aV bXdgeWaU\ UiYaOV b\ Whe ³Oead´ ageQc\ RQ CO2 PRQiWRUiQg, DOE . APRQg Whe Ne\

dXWieV WhaW NOAA VRXghW WR ZUeVW fURP Whe KeeOiQg WeaP ZaV Whe caOibUaWiRQ Rf CO2 PeaVXUiQg deYiceV

aQd Whe SURYiViRQ Rf UefeUeQce gaVVeV aPRQg Whe WMO QeWZRUN (a UROe WhaW iQ VRPe Za\V, aV aQ

iQWeUgRYeUQPeQWaO fRUP Rf RUgaQi]aWiRQ, cXOPiQaWed Whe SXVh fRU iQVWiWXWiRQaOi]aWiRQ WhaW RUigiQaOO\

PRWiYaWed Whe IMO (aQ iQVWaQce Rf VcieQWific iQWeUQaWiRQaOiVP) WR becRPe Whe UNV, WMO) KeeOiQg¶V ZRUN
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ZaV cRdified aV VWaQdaUd-beaUiQg iQ 1975 b\ WMO aQd SURYided ZiWh fXQdiQg fRU WheVe acWiYiWieV b\

UNEP. ThRXgh Whe diVVRQaQce beWZeeQ KeeOiQg aQd NOAA ZRXOd Oead WR a ORVV Rf UNEP fXQdV iQ Whe

eaUO\ 80V.56 NOAA ZRXOd eYeQWXaOO\ VXcceed iQ WaNiQg RYeU WheVe dXWieV iQ 1995 afWeU adRSWiQg VeYeUaO Rf

KeeOiQg¶V PeWhRdRORgicaO UecRPPeQdaWiRQV.

ThRXgh NSF VRXghW WR deVigQaWe KeeOiQg¶V SURgUaP aV UedXQdaQW aQd QRQ-baVic, KeeOiQg fRXghW Whe

deVigQaWiRQ WRRWh aQd QaiO b\ aWWePSWiQg WR VhRZ aW eYeU\ WXUQ WhaW NOAAV RZQ PeaVXUePeQW aQd

caOibUaWiRQ PeWhRdV ZeUe iQfeUiRU RQ VcieQWific gURXQdV. FRU iQVWaQce, KeeOiQg RbMecWed WR NOAAV aWWePSW

WR XVe VSecWURgUaShic UaWheU WhaQ PaQRPeWUic PeWhRdV RQ Whe gURXQdV WhaW Whe fRUPeU ZeUe OeVV UeOiabOe

aV a caOibUaWiRQ VWaQdaUd. He aOVR fRXghW agaiQVW ZhaW he SeUceiYed aV UeOa[ed VWaQdaUdV Rf SUeciViRQ fRU

adPiVViRQ iQWR Whe gORbaO QeWZRUN SUeVeQWed b\ NOAA (0.1% YV. 0.1SSP aV PeQWiRQed abRYe). ThXV

ZhiOe NOAA VRXghW WR SRUWUa\ Whe VcieQWific SURgUaP Rf CO2 PeaVXUePeQWV aV a dead iVVXe, KeeOiQg

VRXghW WR SRUWUa\ hiV aQd NOAAV acWiYiWieV aV OiYe VcieQWific UiYaOV, diffeUiQg XSRQ VWaQdaUd VcieQWific

gURXQdV Rf aSSUaiVaO - e.g. SUeciViRQ aQd accXUac\.57 WheQ NOAA fiQaOO\ adRSWed a PaQRPeWUic VWaQdaUd

iQ 1995, KeeOiQg UeOeQWed (iQ hiV SaSeU he RffeUV QR fXUWheU cRPSOaiQW, VeePiQgO\ haYiQg e[haXVWed Whe

VcieQWific gURXQdV fRU cRQWiQXiQg WR iQViVW RQ VXSSO\iQg Whe UefeUeQce VWaQdaUdV hiPVeOf). SWaQdaUd VeWWiQg

acWiYiWieV ZeUe VhRUWO\ WheUeafWeU WUaQVfeUUed WR NOAA.

WhiOe NOAA Pa\ haYe beeQ eVWabOiVhed iQ SaUW b\ a dePRcUaWic gURXQd VZeOO aURXQd eQYiURQPeQWaO

iVVXeV iQ Whe 60V aQd eaUO\ 70V, iW ZaV aOVR aQ aWWePSW b\ Whe US WR cRQWURO acceVV aQd SaUWiciSaWiRQ

ZiWhiQ a gORbaO PRQiWRUiQg QeWZRUN WhaW iW cRXOd XVe WR PRQiWRU RWheU cRXQWUieV aQd cRXOd be XVed b\ RWheU

cRXQWUieV WR PRQiWRU iWV RZQ acWiYiWieV, VRPe Rf Zhich, VXch aV WhRVe diVcXVVed iQ IUaQ aQd VieWQaP, had

aOUead\ bURXghW RQ aQ iQWeUQaWiRQaO RXWcU\. The 70V aV PeQWiRQed abRYe aOVR VaZ aWWePSWV b\ Whe UN

XQdeU WMO aQd UNEP WR iQcUeaVe iWV RZQ PRQiWRUiQg QeWZRUN Rf Zhich KeeOiQg ZaV a Ne\ SaUW.

57 KeeOiQg aOVR dePRQVWUaWeV aQ aZaUeQeVV WhaW Whe cRPSeWiWiRQ Pa\ be WR a degUee PaQXfacWXUed aW RQe SRiQW UePaUNiQg: ³I ZaV
QRZ iQ Whe XQcRPfRUWabOe SRViWiRQ WhaW P\ SURgUaP'V VXUYiYaO, SaUadR[icaOO\, deSeQded RQ a cRQWiQXed diVagUeePeQW beWZeeQ RXU
daWa aQd NOAAV´ (S.61).

56 AW RQe SRiQW NOAA VeW XS iWV RZQ cRQfeUeQce ZiWh WMO WR WaON abRXW CO2 caOibUaWiRQ decOiQiQg WR iQYiWe KeeOiQg (KeeOiQg).
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The WechQRORgicaO iVVXe beWZeeQ QXcOeaU aQd fRVViO fXeO eQeUg\ iQfUaVWUXcWXUeV ZRXOd cRPe WR a head

geRSROiWicaOO\ iQ 1986 ZiWh Whe CheUQRb\O PeOWdRZQ iQ UNUaiQe. TRgeWheU ZiWh GRUbacheY¶V pereVWroika (RU

³RSeQiQg XS´) SROicieV fRU Whe USSR, Whe iQcideQW Oed WR a ZaYe Rf eQYiURQPeQWaO PRYePeQWV iQ SRYieW

VWaWeV OiNe UNUaiQe. DXUiQg Whe OaWe 80V aQd eaUO\ 90V QaWiRQaO eOecWiRQV ZeUe aOORZed fRU Whe fiUVW WiPe WR

cRQVideU eQYiURQPeQWaO iVVXeV ZiWh PRVW Rf Whe SROiWicaO SOaWfRUPV WaNiQg a VWaQce RQ eQeUg\ deYeORSPeQW

aQd Whe eQYiURQPeQW (UNUaiQe aOVR UaOOied agaiQVW Whe cRQVWUXcWiRQ Rf a giaQW QeZ daP WhaW ZRXOd SURYide

h\dURSRZeU).58 WiWh UeVSecW WR QXcOeaU eQeUg\, WheQ, iW ORRNed aV if RQe Rf Whe CROd WaU VXSeUSRZeUV

ZaV ZiOOiQg WR adPiW Whe faiOXUe Rf aQ e[SeUiPeQW iQ ceQWUaO cRQWURO aQd WR deOegaWe RSeUaWiRQ Rf Whe eQeUg\

iQfUaVWUXcWXUe aQd aVVeVVPeQW Rf iWV iPSacWV WR a PRUe ORcaO, i.e. QaWiRQaO VcaOe.

WiWh UegaUd WR Whe RWheU Vide Rf Whe CROd WaU cRQfOicW aQd fRVViO fXeO iQfUaVWUXcWXUe, Whe WUeQd ZaV Whe

RSSRViWe. IQ WZR UeVSecWV WheUe ZaV PaVViYe iQVWiWXWiRQaO VcaOiQg XS: The 90V VaZ Whe OaUgeVW PeUgeUV Rf

US aQd EXURSeaQ fRVViO fXeO cRUSRUaWiRQV ViQce Whe fiUVW RRRVeYeOW bURNe XS SWaQdaUd OiO QeaUO\ a ceQWXU\

SUiRU (YeUgiQ 2011). AQd Whe EXURSeaQ UQiRQ ZaV fRUPed iQ 1993 SaUWiaOO\ RQ Whe gURXQdV WhaW WheUe ZaV

a Qeed WR UegXOaWe Whe iQdiUecW eQYiURQPeQWaO effecWV Rf iQWeUQaWiRQaO cRPPeUce (e[ePSOified b\ Whe

RXWbUeaN Rf Mad CRZ diVeaVe iQ Whe BUiWiVh beef iQdXVWU\) (BecN 1992).

AV UegaUdV Whe OegiWiPac\ Rf WheVe XSVcaOiQgV, Whe eYideQce iV haUdO\ faYRUabOe. TR WaNe MXVW RQe caVe

fURP Whe eaUO\ 90V, iQ NigeUia (aOVR a PePbeU Rf OPEC) Whe OgRQi SeRSOe SURWeVWed eQYiURQPeQWaO

cRQdiWiRQV - SRiVRQiQg Rf ZaWeU aQd OaQd b\ VSiOOV - VXUURXQdiQg RiO e[WUacWiRQ b\ E[[RQ (US) aQd SheOO

(NeWheUOaQdV). The RXWcRPe Rf Whe SURWeVWV SURYideV a chiOOiQg cRXQWeUSaUW WR Whe QeZO\ iQdeSeQdeQW

EaVWeUQ EXURSeaQ VWaWeV. IQ a SROiWicaO WUiaO VeYeUaO Rf Whe OeadeUV Rf Whe QRQ-YiROeQW SURWeVW PRYePeQW

iQcOXdiQg iWV VSRNeVPaQ KeQ SaUR-WiZa ZeUe VeQWeQced WR deaWh aQd e[ecXWed b\ a gRYeUQPeQW Zhich

VRXghW WR SURWecW iWV UeOaWiRQV ZiWh Whe fRUeigQ RiO cRPSaQieV (WeVWUa 1998). ThXV ZhiOe VRPe cRPPXQiVW

e[SeUiPeQWV iQ Whe ceQWUaOi]aWiRQ Rf QXcOeaU eQeUg\ ZeUe VcaOed dRZQ - deOegaWed WR PRUe ORcaO aXWhRUiWieV

- e[SeUiPeQWV iQ OibeUaO fRVViO fXeO iQfUaVWUXcWXUeV VeePed WR VcaOe XS ZiWh cRUSRUaWe PeUgeUV aQd QeZ

ecRQRPic XQiRQV ZhiOe UePaiQiQg RSeQO\ hRVWiOe WR cRQVideUaWiRQV Rf ORcaO eQYiURQPeQWaO iVVXeV.

58 ThiV cRQWe[W SaUWiaOO\ e[SOaiQV Whe BXVh (SU.) SUeVideQc\¶V deciViRQ WR SRUWUa\ iWVeOf aV Whe ³eQYiURQPeQWaO´ adPiQiVWUaWiRQ, aQd WR
aYidO\ VXSSRUW Whe cUeaWiRQ Rf Whe IPCC aQd UNFCC.  See DeOOaSeQQa 2010.
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WhaW OeVVRQV caQ Ze haUYeVW fURP Whe eQWaQgOePeQW Rf WheVe WhUee cRQWeVWV - beWZeeQ KeeOiQg aQd

NOAA fRU Whe ceQWUaO caOibUaWiRQ UROe; beWZeeQ diffeUeQW eQeUg\ WechQRORgieV; aQd beWZeeQ diffeUeQW

YeUViRQV Rf Whe PRQiWRUiQg QeWZRUN UeSUeVeQWed b\ UNEPV GAW aQd NOAAV GML?

TheUe iV a VeQVe iQ Zhich Whe cRPSeWiWiRQ beWZeeQ KeeOiQg aQd NOAA iV Wied WR Whe cRPSeWiWiRQ beWZeeQ

fRVViO fXeOV aQd QXcOeaU iQ WhaW WhiV iV a Ne\ fUaPiQg ePSOR\ed b\ DOE aQd ReYeOOe WR giYe VcieQce-Oed

cOiPaWe chaQge UeVeaUch UeOeYaQce. BXW a cORVeU ORRN aW WheVe WZR cRQWeVWV ZRXOd UeYeaO WhaW QRW PXch

VeePV WR be aW VWaNe iQ Whe fRUPeU WhaW cRXOd affecW Whe OaWWeU - Whe diffeUeQceV iQ PeaVXUePeQW UeVXOWV

beWZeeQ KeeOiQg aQd NOAA cRXOd haUdO\ aPRXQW WR UadicaOO\ diffeUeQW XQdeUVWaQdiQgV Rf Whe

eQYiURQPeQWaO iPSacW Rf fRVViO fXeOV (WhRXgh ZhR iV WR Va\ hRZ Whe PeaVXUePeQW UecRUd ZRXOd haYe

ORRNed ZiWhRXW SaUaOOeO SURgUaPV). TheUe aUe RWheU SeUhaSV PRUe YaOXabOe aVSecWV Rf Whe cRQWeVW, VXch

aV VRPe degUee Rf iQdeSeQdeQce beWZeeQ Whe WZR SaUWieV WhaW ZRXOd eQVXUe a degUee Rf accRXQWabiOiW\ iQ

WheiU UeVeaUch RU PRQiWRUiQg acWiYiWieV. The TXaOiW\ Rf Whe daWa iV eQVXUed b\ RUcheVWUaWiQg a cRQWeVW, RU

cRPSeWiWiRQ beWZeeQ Whe WZR UeVeaUch WeaPV. The UeVXOW Rf Whe cRQWeVW, iQ SaUW, deWeUPiQeV ZhR SeUfRUPV

Whe ceQWUaO VWaQdaUd-VeWWiQg acWiYiW\, Zhich iQ WXUQ deWeUPiQeV ZhR ZiOO beORQg WR Whe QeWZRUN. BXW Whe

cRQWeVW beWZeeQ US VcieQWific iQVWiWXWiRQV aQd US VcieQWific gRYeUQPeQW ageQcieV fRU WhiV highO\

ceQWUaOi]ed QeWZRUN VWaQdaUd-VeWWiQg acWiYiW\ aOVR ORRNV OiNe a ZiQ-ZiQ ViWXaWiRQ fRU Whe US aQd RWheU

WechQRORgicaOO\ adYaQced cRXQWUieV (e.g. JaSaQ) aQd iQVWiWXWiRQV (Wech cRPSaQieV, XQiYeUViWieV,

gRYeUQPeQW ageQcieV) aQd a ORVV fRU Whe PRUe dePRcUaWic iWeUaWiRQV Rf Whe PRQiWRUiQg QeWZRUN Zhich

cRXOd haYe UeSUeVeQWed a bURadeU SXbOic. AQ iQYeVWigaWiRQ iQWR Whe iQWeUeVWV WhaW VXVWaiQ WhiV cRQWeVW

UeYeaOV Whe bacNgURXQdiQg Rf VXbVWaQWiYe aQd dePRcUaWicaOO\ cRQWURYeUViaO cOaiPV.

ThiV VecWiRQ e[SOaiQV hRZ deYeORSPeQW Rf Whe eQYiURQPeQWaO PRQiWRUiQg iQfUaVWUXcWXUe cRXOd haYe WaNeQ a

WXUQ WRZaUd cRQVideUiQg a bURadeU VeW Rf iVVXeV VRPe Rf Zhich Pa\ haYe iPSOicaWed fRVViO fXeO

iQfUaVWUXcWXUe aW a PRUe ORcaO OeYeO (ZheUe PRUe SUeciVe aWWUibXWiRQV Rf UeVSRQVibiOiW\ ZRXOd aOVR be

SRVVibOe). IQVWead Rf WXUQiQg WR VSace-baVed PeaVXUePeQW, Whe US PighW haYe VXSSRUWed aQ iQcUeaViQgO\

Uich aUUa\ Rf OaQd VWaWiRQV eTXiSSed WR PRQiWRU RWheU VRXUceV Rf eQYiURQPeQWaO SROOXWiRQ aW RWheU VcaOeV.
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SRPe VXch SURgUaP (RU aW OeaVW a SURgUaP WaNiQg a VWeS iQ WhiV diUecWiRQ) aOUead\ e[iVWed aV aQ aVSiUaWiRQ

Rf UNEP. IQVWead NOAAV GML fRcXVVed RQ Whe deYeORSPeQW Rf a VaWeOOiWe baVed QeWZRUN caOibUaWed WR a

feZ OaQd VWaWiRQV (iQcOXdiQg MaXQa LRa) RZQed aQd RSeUaWed b\ US VWaWe ageQcieV. WiWh UegaUdV WR

eQeUg\ WechQRORgieV - h\dUR, QXcOeaU, fRVViO fXeOV - WheUe aUe aOVR SaWhV XQWaNeQ. IQVWead Rf deOegaWiQg

SRZeU WR PRUe ORcaO aXWhRUiWieV ZiWh UeVSecW WR aOO Rf WheVe RSWiRQV, Whe SaWWeUQ Rf Whe 90V VeePV WR haYe

beeQ WR SURQRXQce QXcOeaU Whe ORVeU Rf a cRQWeVW WhaW fRVViO fXeOV aOOegedO\ ZRQ.

CRQcOXVLRQ

IQ Whe SeUiRd beWZeeQ 1980 aQd 2008, Whe US VeePed PRUe RU OeVV WR dRXbOe dRZQ RQ iWV VWUaWeg\ Rf

eQVXUiQg cheaS RiO WhURXgh PiOiWaU\ aQd SROiWicaO PachiQaWiRQV iQ Whe MiddOe EaVW. ReagaQ SURYided aUPV

aQd RWheU VXSSRUW WR bRWh VideV Rf Whe IUaQ-IUaT ZaU (Zhich ZeaNeQed OPEC ViQce WheVe aUe WZR Rf iWV

PePbeU cRXQWUieV ZiWh Whe OaUgeVW UeVeUYeV); BXVh VeQW WURRSV WR KXZaiW WR WhZaUW SadaaP HXVVeiQ¶V

effRUW WR aQQe[ Whe cRXQWU\ fRU IUaT; COiQWRQ fiUed Whe fiUVW VaOYRV Rf a ³ZaU agaiQVW WeUURU´ iQ EaVWeUQ AfUica;

aQd BXVh JU. iQYaded IUaT aQd AfghaQiVWaQ. B\ 2008, US QeW iPSRUWV Rf RiO ZeUe aW aQ aOO WiPe high -

accRXQWiQg fRU URXghO\ 60% Rf WRWaO dRPeVWic cRQVXPSWiRQ (EIA). TheQ, SaUWiaOO\ aV a UeSO\ WR Whe YROaWiOiW\

WhiV cUeaWed iQ Whe US ecRQRP\ (SUice UiVeV ZeUe, agaiQ, a facWRU iQ cRPSRXQdiQg Whe UeceVViRQ), SaUWiaOO\

aV a fiUVW VWeS WRZaUd Whe aiPV Rf cOiPaWe chaQge PiWigaWiRQ, dRPeVWic SURdXcWiRQ begaQ a VWead\ UiVe

(XQWiO WRda\ (2021) ZheQ dRPeVWic SURdXcWiRQ PRUe RU OeVV PaWcheV dRPeVWic cRQVXPSWiRQ) aQd Whe

baOaQce Rf iPSRUWV VhifWed WR CaQadiaQ RiO. DRPeVWic RiO aQd QaWXUaO gaV (Zhich iQcUeaViQgO\ ViQce

ObaPa¶V SUeVideQc\ VXSSOieV Whe eOecWUicaO gUid) haYe cRPe SUedRPiQaQWO\ fURP VhaOe aQd h\dUaXOic

fUacWXUiQg (RU ³fUacNiQg´ cROORTXiaOO\), ZhiOe CaQadiaQ RiO cRPeV SUedRPiQaQWO\ fURP WaU VaQdV. BRWh aUe

WechQRORg\ aQd eQeUg\ iQWeQViYe aQd eQYiURQPeQWaOO\ iPSacWfXO fRUPV Rf SURdXcWiRQ. OiO ViWeV ZheUe aOO

WhaW iV Qeeded iV WR dUiOO a hROe iQWR a SRcNeW Rf RiO XQdeUgURXQd WhaW WheQ cRPeV RXW XQdeU iWV RZQ

SUeVVXUe aUe iQcUeaViQgO\ UaUe iQ Whe US. IQVWead RiO iV VTXee]ed RXW Rf e[SORded URcN aQd Whe UeVXOWaQW

QaWXUaO gaV iV caSWXUed, RU RiO iV fiOWeUed RXW Rf VaQd\ VOXdge. LRcaOO\, fUacNiQg caXVeV PaQ\ eQYiURQPeQWaO

iVVXeV fURP SRiVRQiQg Whe ZaWeU WabOe, WR SROOXWiQg Whe aiU ZiWh beQ]eQe WhURXgh gaV ZeOO OeaNage aQd
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cUeaWiQg ORcaO VeiVPic acWiYiW\ WhaW daPageV SURSeUW\ (Vee BUiggOe 2015). The Ke\VWRQe XL SiSeOiQe WhaW

Whe DaNRWa SiRX[ SURWeVWed iQ 2016, aQd Whe NRUWheUQ GaWeZa\ SiSeOiQe WhaW Whe UQiVW'RW'eQ cRQWiQXe WR

SURWeVW bRWh VeeN WR caUU\ e[ceVV Rf WaU VaQdV RiO fURP Whe WaU VaQdV iQ AObeUWa WR US aQd fRUeigQ PaUNeWV

(CaQada aV Rf OaVW \eaU accRXQWV fRU 55% Rf US RiO iPSRUWV; SaXdi AUabia iV Qe[W aW 8%; EIA). The

gURXQdV fRU Whe SURWeVW aUe Whe feaU Rf iQeYiWabOe VSiOOV WhaW ZiOO SROOXWe UiYeUV, OaQd, aQd ZaWeU-VhedV ZiWh

Whe cRQWeQWV Rf Whe SiSeOiQeV aQd UXQRff fURP e[WUacWiRQ ViWeV aV ZeOO aV UeViVWaQce WR aQ RQgRiQg Oegac\ Rf

VeWWOeU-cRORQiaO RccXSaWiRQ aQd ecRORgicaO ZaUfaUe.

SR iV Whe PRQiWRUiQg QeWZRUN fRU CO2 a cUiWicaO iQfUaVWUXcWXUe iQ Whe PRSSeUiaQ VeQVe, RU iV iW cUiWicaO iQ

SSice¶V VeQVe? WhiOe Whe cRQWe[WXaO hiVWRU\ RffeUed iQ WhiV chaSWeU dReV QRW SURYide eaV\ aQVZeUV, I

haYe aWWePSWed WR highOighW a feZ WeQWaWiYe WUeQdV. The SUi]e fRU aQ ecRQRPic e[SeUiPeQW WhaW iV

geQXiQeO\ faOVifiabOe iQ Whe VeQVe WhaW iW iV RSeQ QRW MXVW WR chaQgeV iQ OeadeUVhiS bXW aOVR UeYiViRQV iQ

VcaOe, VSecificaOO\ UeYiViRQV WhaW aPRXQW WR a VcaOiQg doZn, ZRXOd haYe WR gR WR SRYieW OeadeUVhiS iQ Whe

OaWe 80V aQd eaUO\ 90V ZiWh UeVSecW WR QXcOeaU eQeUg\. OQ Whe RWheU haQd, fRVViO fXeO iQfUaVWUXcWXUe

e[ePSOifieV Whe RSSRViWe WUeQd - VcaOiQg XS iQ VSiWe Rf cRQYiQciQg eYideQce WhaW iW haV aOUead\ faiOed

QXPeURXV WiPeV aW RQe OeYeO Rf ceQWUaOi]aWiRQ. The eQYiURQPeQWaO PRQiWRUiQg QeWZRUN, Rf Zhich CO2

PeaVXUePeQWV aUe iQ VRPe Za\V Whe Ne\VWRQe, ZRXOd VeeP WR haYe baONed aW e[SaQViRQV aQd aOWeUaWiRQV

WhaW ZRXOd iPSURYe Whe QeWZRUN¶V caSaciW\ WR caSWXUe iVVXeV Rf ORcaO cRQceUQ ZhiOe WXUQiQg Whe

PeaVXUePeQW Rf CO2 iQWR aQ eYeU PRUe UaUefied eYeU PRUe highO\ cRQceQWUaWed acWiYiW\ ZiWhiQ

WechQRORgicaOO\ VXSUePaciVW iQVWiWXWiRQV aQd cRXQWUieV WhaW UeSURdXce SURbOePaWic VeWWOeU-cRORQiaO UeOaWiRQV

beWZeeQ VeWWOeUV aQd SUiRU aQd cRQWiQXiQg UeVideQWV WhURXgh Whe OaQd Whe\ RccXS\.

If Whe UiVN aVVRciaWed ZiWh VWaWeV OiNe Whe US PRQiWRUiQg WheiU RZQ cOiPaWe iPSacWV aUe PeaQW WR be

PeaVXUed iQ acWiRQ WaNeQ WR acWXaOO\ UegXOaWe iQdXVWUiaO caUbRQ ePiVViRQV, Whe UeVXOWV aUe haUdO\

cRQfideQce iQVSiUiQg eiWheU. IQ Whe 52 \eaUV ViQce Whe US begaQ WR iQYeVW heaYiO\ (QRW MXVW iQ WeUPV Rf

PRQe\, bXW iQ WeUPV Rf effRUW VSeQW WU\iQg WR TXeOO ciYiOiaQ PRQiWRUiQg aQd SXbOicaWiRQ Rf eQYiURQPeQWaO

haUPV) iQ CO2 PRQiWRUiQg iQfUaVWUXcWXUe aQd iQ Whe 27 \eaUV ViQce iW becaPe Whe ZRUOd VWaQdaUd VeWWeU fRU

WhiV iQfUaVWUXcWXUe iW haV dRQe cORVe WR QRWhiQg WR PiWigaWe iWV WRWaO caUbRQ fRRWSUiQW (begiQQiQg ZiWh Whe
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iQfaPRXV CRQgUeVViRQaO UeMecWiRQ Rf K\RWR MXVW fiYe \eaUV afWeU WaNiQg RYeU Whe ZRUOd caOibUaWiRQ effRUW). If

aQ\ SURgUeVV haV beeQ Pade iW haV beeQ ViQce 2008, iQ Whe US¶V bUiQgiQg Whe iPSacWV Rf iWV RZQ

cRQVXPSWiRQ cORVeU WR hRPe b\ VcaOiQg XS dRPeVWic SURdXcWiRQ. BXW WhiV Pa\ PeUeO\ be haYiQg Whe

iPSacW Rf e[SRViQg Whe fiVVXUeV, faXOW OiQeV aQd chaVPV iQ APeUicaQ dRPeVWic dePRcUac\, ZheUe aQ eYeU

PRUe eOiWe ciUcOe cOaiPV VSeciaO ciWi]eQVhiS VWaWXV WR Whe e[cOXViRQ Rf Whe hiVWRUicaOO\ XQUeSUeVeQWed aQd a

QeZ, gURZiQg ecRQRPicaOO\ SUecaUiRXV SRSXOaWiRQ. SRPe Pa\ RbMecW WhaW Whe VcieQWific iQfUaVWUXcWXUe iV

PeaQW MXVW fRU PRQiWRUiQg RU iQfRUPaWiRQ aQd Whe\ Pa\ iQViVW WhaW iQ WhiV UegaUd Whe gORbaO QeWZRUN haV

dRQe aQ adeTXaWe MRb (Yia Whe IPCC UeSRUWV) fRU Whe OaVW 30 \eaUV. PeUhaSV Whe iVVXe OieV ZiWh Whe VWaWe

QeediQg WR WaNe PeaVXUeV WR eQVXUe WhaW iWV SROic\PaNiQg iQVWiWXWiRQV aUe aSSURSUiaWeO\ aOigQed ZiWh iWV

UeSRUWiQg V\VWePV. The XQdeUVWaQdiQgV Rf cUiWicaO iQfUaVWUXcWXUe diVcXVVed iQ WhiV chaSWeU haYe WR dR ZiWh

Whe iQfUaVWUXcWXUe¶V effecW RQ VRciaO UiVN PaQagePeQW. PXbOiVhiQg iQfRUPaWiRQ abRXW UiVNV iV RQe QeceVVaU\

VWeS iQ PiWigaWiQg WheP. BXW SeUhaSV Whe baOaQce Rf iQWeUeVWV WhaW VXSSRUWV WhiV iQfRUPaWiRQ gaWheUiQg

SURceVV iV SUecaUiRXVO\ SRiVed WR SURYide RQO\ Whe iQfRUPaWiRQ WhaW cRXOd iPSURYe US dRPeVWic bXViQeVV

aQd cRQVXPeU VeOf-iQWeUeVW. GORbaO bacNgURXQd CO2 PeaVXUePeQWV SURYide aQ eQYiURQPeQWaO iVVXe

WaiORU-Pade fRU igQRUiQg e[iVWiQg iQVWiWXWiRQV, VXch aV OPEC, WhaW aOVR VeeN UegXOaWiRQ Rf Whe gORbaO fRVViO

fXeO ecRQRP\ ZiWh aQ ePShaViV RQ faiU ecRQRPic UeOaWiRQV beWZeeQ iPSRUWiQg aQd e[SRUWiQg cRXQWUieV,

aQd WaiORU-Pade WR b\SaVV cRQVideUaWiRQV Rf ORcaO cRQceUQ e[ePSOified iQ OabRU VWUXggOeV iQ IUaQ, gXeUiOOa

UeViVWaQce iQ VieWQaP, eQYiURQPeQWaO SURWeVW agaiQVW fRVViO fXeO e[WUacWiRQ iQ NigeUia, aQd iQ iQdigeQRXV

UeViVWaQce WR WaU VaQdV e[WUacWiRQ iQ Whe US aQd CaQada. IQ WhiV, Whe VcieQce cRQWiQXeV WR VeUYe OibeUaO

ecRQRPic iQVWiWXWiRQV WhaW ZaQW WR YieZ gORbaOi]aWiRQ aV Whe eQd Rf hiVWRU\ UaWheU WhaQ YieZiQg hiVWRU\ aV a

UeSRViWRU\ Rf eYideQce UegaUdiQg Whe VXcceVV RU faiOXUe Rf SaVW e[SeUiPeQWV iQ OibeUaOiVP.
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CKaSWHU 6: CRQcOXVLRQ

The SUeYiRXV chaSWeU ZaV gXided b\ aQ idea fURP Whe VcieQce VWXdieV OiWeUaWXUe WhaW Whe cOiPaWe daWa

QeWZRUN UeSUeVeQWV aQ iQfUaVWUXcWXUe XQWR iWVeOf - aQ iQfRUPaWiRQ iQfUaVWUXcWXUe - aQd WhaW iW WRRN RQ WhiV

chaUacWeU aV a UeVXOW Rf iWV iQVWiWXWiRQaOi]aWiRQ ZiWhiQ VWaWe VWUXcWXUeV begiQQiQg iQ Whe 1950V. I aVNed

ZheWheU WhaW iQfUaVWUXcWXUe - UeaOO\ aQ aVSecW Rf a bURadeU eQYiURQPeQWaO PRQiWRUiQg iQfUaVWUXcWXUe - cRXOd

be cRQVideUed criWical iQ PRSSeU¶V VeQVe Rf ideQWif\iQg aQd addUeVViQg Whe PRVW VeUiRXV VRciaO UiVNV

aVVRciaWed ZiWh fRVViO fXeO iQfUaVWUXcWXUe. Of cRXUVe, Whe eQYiURQPeQWaO PRQiWRUiQg iQfUaVWUXcWXUe NeeSV

WUacN Rf PXch PRUe WhaQ MXVW SROOXWiRQ fURP fRVViO fXeO iQfUaVWUXcWXUe (e.g. R]RQe deSOeWiRQ, acid UaiQ, eWc.).

The fRcXV RQ iQfRUPaWiRQ abRXW fRVViO fXeO SROOXWiRQ VSecificaOO\ iV gXided b\ Whe PRUe geQeUaO PRSSeUiaQ

SURMecW Rf iPagiQiQg ZhaW aSSURSUiaWeO\ criWical (RU VcieQWific) ecRQRPic deYeORSPeQW ZRXOd ORRN OiNe.

PRSSeU WhRXghW WhaW OibeUaO ecRQRPicV had Whe VcaOe UighW fRU VRciaO e[SeUiPeQW (e.g.. iQdiYidXaO eQWeUSUiVe

iQ VSecific iQdXVWUieV OiNe RiO UefiQeUieV), bXW had UeVeUYaWiRQV abRXW Whe abiOiW\ Rf SUiYaWe eQWeUSUiVeV WR WhiQN

cUiWicaOO\ abRXW WheiU e[SeUiPeQWV. The PRQiWRUiQg aQd UegXOaWRU\ aSSaUaWXV VeW XS dXUiQg Whe VecRQd haOf

Rf Whe 20Wh ceQWXU\ caQ aOVR be aSSUaiVed fRU iWV abiOiW\ WR SURYide WhiV cUiWicaO VXSSOePeQW WR OibeUaO

eQWeUSUiVe.

The iQVWiWXWiRQaOi]aWiRQ Rf cOiPaWe daWa Oed WR QeZ fRUPV Rf eOecWRUaO UiVN WhaW ZeUe SeUhaSV fiUVW RSeUaWiYe

ZiWhiQ Whe CO2 VWRU\ WROd iQ Whe OaVW chaSWeU iQ chaQgeV WR Whe KeeOiQg WeaP¶V fXQdiQg, WheQ iQ NOAA¶V

WaNe-RYeU Rf Whe ceQWUaO caOibUaWiRQ fXQcWiRQ. TheVe PechaQiVPV agaiQ becaPe RSeUaWiYe iQ caPSaigQV

agaiQVW Whe UegXOaWRU\ VWaWe b\ cRQVeUYaWiYe eOecWed OeadeUV VXch aV RRQaOd ReagaQ aQd PRVW UeceQWO\

DRQaOd TUXPS. TheVe OeadeUV XVed WheiU SRZeUV WR aSSRiQW ageQc\ chaiUV ZhR ZRXOd UediUecW fXQdV aQd

SeUVRQQeO aZa\ fURP cOiPaWe daWa aQd RWheU eQYiURQPeQWaO PRQiWRUiQg SURMecWV. TheVe acWiRQV aUe

VRPeWiPeV decUied aV SROiWici]aWiRQ Rf VcieQce b\ cUiWicaO aQaO\VWV. FURP WheiU SeUVSecWiYe, Whe XVe Rf
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eOecWRUaO PechaQiVPV WR cRQVWUaiQ RU VhaSe VcieQWific PRQiWRUiQg SURMecWV VeePV aQ abXVe Rf SRZeU aQd a

diVWRUWiRQ Rf VcieQce (OUeVNeV aQd CRQZa\ 2010, WeaUW 2022). The aQaO\ViV iQ WhiV diVVeUWaWiRQ SRiQWV iQ

a diffeUeQW diUecWiRQ. EOecWRUaO UiVN Pa\ be a QeceVVaU\ feaWXUe Rf aQ\ iQVWiWXWiRQ WhaW caOOV iWVeOf cUiWicaO -

i.e. caSabOe Rf OeaUQiQg fURP iWV PiVWaNeV WhURXgh RSeQQeVV WR Whe SXbOic Whe\ affecW. The PaiQ SURbOeP iV

UaWheU WhaW WheVe eOecWRUaO PechaQiVPV aSSO\ RQO\ WR Whe cUiWicaO VXSSOePeQW Rf fRVViO fXeO iQfUaVWUXcWXUe

aQd QRW WR fRVViO fXeO iQfUaVWUXcWXUe iWVeOf. ThiV giYeV Whe SXbOic OeYeUage WR VXVWaiQ, UeRUdeU RU WeUPiQaWe

cUiWicaO iQfRUPaWiRQ gaWheUiQg acWiYiW\, bXW QRW WR affecW Whe iQdXVWUiaO acWiYiW\ WhaW Whe iQfRUPaWiRQ iV abRXW.

The SUeWeQVe Rf Whe UegXOaWRU\ VWaWe iV WhaW WhiV iQfRUPaWiRQ caQ aOVR be XVed WR affecW Whe iQdXVWUieV WhaW iW

PRQiWRUV. BXW Whe SUeYiRXV chaSWeU highOighWed VRPe cRQVideUaWiRQV WhaW caOO iQWR TXeVWiRQ Whe aXWheQWiciW\

Rf WhiV SUeWeQVe - fURP NOAA¶V hRXViQg iQ CRPPeUce, Zhich VXbRUdiQaWeV iWV aiPV WR Whe SURPRWiRQ Rf

dRPeVWic bXViQeVV, WR Whe SaWWeUQ Rf deYeORSPeQW Zhich SUiRUiWi]ed WechQRORgicaOO\ VRShiVWicaWed

ceQWUaOi]ed PeaVXUePeQW Rf a ViQgOe TXaQWiW\ RYeU a diYeUViW\ Rf TXaQWiWieV ZiWh PRUe acceVVibOe

SaUWiciSaWiRQ cUiWeUia. AQd Whe hiVWRUicaO UecRUd SaiQWV a cOeaU SicWXUe Rf iWV iQefficac\ - QeW ePiVViRQV

cRQWiQXe WR UiVe, fRVViO fXeO e[ecXWiYeV cRQWiQXe WR VhXffOe WhURXgh SROiWicaO Rffice, Whe VcieQWific UeSRUWiQg RQ

Whe iVVXe haV beeQ deOa\ed aQd bRgged dRZQ b\ aOOegaWiRQV Rf XQceUWaiQW\ fXeOed b\ cRUSRUaWe-fXQded

deQiaOiVP fRU decadeV, aQd Whe VXSUePe cRXUW UeceQWO\ UXOed Whe EPA dReVQ¶W haYe Whe SRZeU WR UegXOaWe

caUbRQ ePiVViRQV. HeQce Whe VXggeVWiRQ iQ Whe OaVW chaSWeU WhaW WheVe iQVWiWXWiRQV aOZa\V had Whe dXaO

aiP Rf conWainmenW - Whe\ VRXghW WR PROOif\ PRUe UadicaO dePRcUaWic cUiWiTXe Rf ecRQRPic iPSeUiaOiVP aQd

cRUSRUaWe PaOfeaVaQce b\ iQVWiWXWiQg ³UeaVRQabOe´ cRQVWUaiQWV. PeUhaSV iW iV WiPe WR UeWXUQ WR WheVe PRUe

UadicaO cUiWiTXeV.

I agUee ZiWh PRSSeU aQd ZiWh OibeUaO aQaO\VWV iQ WhiQNiQg Whe ceQWUaOi]aWiRQ Rf WheVe UegXOaWRU\ bRdieV aQd

Whe iQdiUecWQeVV Rf Whe eOecWRUaO PechaQiVPV aUe SaUW Rf Whe SURbOeP. CeQWUaOi]aWiRQ aW Whe fedeUaO OeYeO

SURPRWeV a fRcXV XSRQ Whe highO\ ceQWUaOi]ed acWiYiW\ Rf UXQQiQg a PRQiWRUiQg QeWZRUN fRU bacNgURXQd CO2

aW Whe e[SeQVe Rf PRUe ORcaO aQd heWeURgeQRXV iVVXeV aVVRciaWed ZiWh SaUWicXOaU e[WUacWiRQ ViWeV aQd

RSeUaWiRQV. The iQdiUecWQeVV Rf eOecWRUaO PechaQiVPV PeaQV WhaW Whe SXbOic cRQVideUV cOiPaWe daWa

acWiYiWieV aV SaUW Rf a SacNage Rf SROicieV WhaW PaNe XS Whe SOaWfRUP Rf RQe Rf WZR PaMRU SROiWicaO SaUWieV -
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e.g. Whe\ aUe aVNed WR OXPS WRgeWheU WheiU YieZV RQ eQYiURQPeQWaO PRQiWRUiQg aQd heaOWhcaUe. TheVe

feaWXUeV PaNe Whe eOecWRUaO PechaQiVPV ZiWhiQ Whe cOiPaWe PRQiWRUiQg QeWZRUN bOXQW WRROV.

BXW WheVe cRQceVViRQV dR QRW RYeUUide Whe diagQRViV WhaW WheUe iV QR VXSSOePeQW fRU eOecWRUaO UiVN fRU

VXVWaiQiQg cUiWicaO WhRXghW. IQ RUdeU fRU Whe deYeORSPeQW Rf fRVViO fXeO iQfUaVWUXcWXUe WR be geQXiQeO\ cUiWicaO,

iW WRR PXVW be VXbMecW WR eOecWRUaO UiVN. OQe SRVVibOe VROXWiRQ WR WhiV VeW Rf SURbOePV ZRXOd be WR

iQWeUQaOi]e eOecWRUaO PechaQiVPV ZiWhiQ SUiYaWeO\ RZQed eQWeUSUiVe b\ cRQYeUWiQg WheP iQWR VRPeWhiQg

ZiWh feaWXUeV Rf ZRUNeU aQd cRQVXPeU cRRSeUaWiYeV (Zhich haYe ZRUNeU aQd cRQVXPeU UeSUeVeQWaWiYeV RQ

Whe bRaUd) ZhiOe deOegaWiQg PRUe VXbVWaQWiaO eQYiURQPeQWaO aXWhRUiW\ WR PRUe ORcaO (VWaWe, cRXQW\,

PXQiciSaO) gRYeUQPeQWV Zhich caQ UeSUeVeQW a PRUe ORcaO SXbOic affecWed b\ VSecific eQWeUSUiVeV (UaWheU

WhaQ ZhROe iQdXVWUieV).59 SXch iQVWiWXWiRQV ZRXOd giYe VXbVWaQWiaO eOecWRUaO SRZeU WR gURXSV WhaW aUe

baVicaOO\ XQUeSUeVeQWed ZiWhiQ cXUUeQW ecRQRPic iQVWiWXWiRQV iQ Whe US - ZRUNeUV aQd Whe QRQ-cRQVXPeU

SXbOic. BXW aV Ze caQ Vee ZiWh Whe CaQadiaQ NRUWheUQ GaWeZa\ SiSeOiQe, Zhich iV QRZ RZQed b\ Whe

CaQadiaQ VWaWe, iW iV SRVVibOe WR haYe VRPe degUee Rf eOecWRUaO accRXQWabiOiW\ WR a QaUURZO\ defiQed SXbOic

ZhiOe VWiOO fRiVWiQg iPSacWV XSRQ XQUeSUeVeQWed ³RXWVideUV.´ AQ\ iQVWiWXWiRQaO UeRUdeUiQg ZRXOd aOVR Qeed WR

gUaSSOe ZiWh Whe cXUUeQW SaUadigP Rf fUee WUade Zhich WUeaWV Whe ZhROe ZRUOd aV a SRVVibOe fURQWieU fRU

ecRQRPic acWiYiW\ aQd WhZaUWV Whe SRVVibiOiW\ Rf RUgaQi]iQg PRUe ORcaO SXbOicV.

FRU ecRQRPic SROic\ WhaW iV baVed RQ VcieQce iQVWead Rf a PRdeUQ YaUiaQW Rf PaQifeVW deVWiQ\ (GUaQdiQ

2019), Whe QRWiRQ Rf a fURQWieU aV aQ XQRccXSied aQd ZaVWed VSace WhaW iV UiSe fRU deYeORSPeQW aQd XVe iV

a ficWiRQaO VSace WhaW QeYeU e[iVWed aQd VhRXOd WheUefRUe be aQ eaV\ RQe WR MeWWiVRQ. The facW WhaW VcieQce

iWVeOf haV had WR OeaUQ WhiV OeVVRQ hiVWRUicaOO\ WhURXgh iWV SaUWiciSaWiRQ iQ VWaWe SURMecWV Rf cRORQiaOiVP,

geQRcide aQd ecRcide SURYideV a WeVWaPeQW WR iWV faOOibiOiW\ aQd a diUecWiRQ fRU hiVWorical iQTXiU\ fRU WhRVe

ZhR UePaiQ XQcRQYiQced. The aQaO\ViV giYeQ iQ WhiV diVVeUWaWiRQ iV gXided b\ iQTXiUeUV fURP geRgUaSh\,

aQWhURSRORg\, VRciRORg\ aQd hiVWRU\ ZhR haYe gUaSSOed ZiWh WheiU diVciSOiQeV¶ hiVWRUieV Rf cRPSOiciW\ iQ

59 See BUiggOe 2015 fRU aQ e[aPSOe fURP fUacNiQg Rf Whe OegaO aQd SROiWicaO iVVXeV faciQg PRUe ORcaO fRUPV Rf eQYiURQPeQWaO
gRYeUQaQce.
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VXch SURMecWV aQd ZhR RffeU iQVighWV aQd QeZ fUaPiQgV fRU WhiQNiQg abRXW Whe UROe Rf e[SeUWiVe iQ

VRciR-SROiWicaO SURMecWV.60

IQ WhiV diVVeUWaWiRQ I haYe WUied WR geVWXUe WRZaUd a SRWeQWiaOO\ e[SaQViYe UROe fRU VcieQce - iQ Whe

VWUXcWXUiQg Rf ecRQRPic deYeORSPeQW RU iQ a VRciR-SROiWicaO caSaciW\. I haYe WUied WR VhRZ hRZ WhiV iV aQ

old SURMecW - RQe WhaW ZaV deYeORSed b\ SRViWiYiVWV VXch aV PRSSeU iQ aQ iQWeUQaWiRQaO cRQWe[W ZheUe

diffeUeQW VWUXcWXUeV Rf ecRQRPic deYeORSPeQW ZeUe cRQVideUed VcienWific. I haYe aOVR WUied WR VhRZ hRZ

aQaO\VWV Rf WhiV UROe baOaQced bRWh PRUaO aQd WUadiWiRQaOO\ eSiVWePic cUiWeUia WR iPagiQe aQ aSSURSUiaWe

e[SeUiPeQWaO VSace fRU VRciaO SOaQQiQg. SRciR-SROiWicaO acWiYiW\ PeaQV Whe SXbOic PaQagePeQW Rf Whe

hRXVehROd, RU Whe SURYiViRQ Rf Whe QeceVViWieV Rf OiYiQg. IQ a VecXOaU age aQd iQ OibeUaO gRYeUQPeQW iW iV

RQO\ fiWWiQg WhaW VcieQce VhRXOd heOS aUWicXOaWe a cRQceSWiRQ Rf SXbOic UaWiRQaOiW\ WhaW caQ gXide SXbOic

SOaQQiQg. The aOWeUQaWiYe iV Whe idea WhaW Whe VRciaO VSheUe RXghW WR UePaiQ a VSheUe fUee fURP SROiWicaO

iQWeUfeUeQce aQd SXbOic iQSXW.61 WhiOe I caQYaVVed VRPe aUgXPeQWV iQ chaSWeU 2 fRU deQ\iQg WhaW aOOegedO\

VRciaO VSheUe acWiYiWieV aUe Whe SURSeU VXbMecW Rf SXbOic RU SROiWicaO cUiWiTXe, I RSWed iQ chaSWeUV 4 aQd 5 WR

cRQVideU a caWegRU\ Rf ecRQRPic acWiYiW\ - WhaW cRQceUQiQg cUiWicaO iQfUaVWUXcWXUe - ZiWhiQ Zhich Whe SRViWiYe

UROe Rf Whe VWaWe iV e[SOiciW aQd VXbVWaQWiaO. QXiWe RfWeQ VWaWeV aUe Whe RZQeUV aQd RSeUaWRUV Rf WheVe

iQfUaVWUXcWXUeV, Zhich Whe\ PaQage iQ Whe iQWeUeVW Rf a UegiRQaO RU QaWiRQaO SXbOic. FRU WhiV caWegRU\ Rf

acWiYiW\ Ze caQ aVN diUecWO\ ZheWheU iW aSSeaUV WR be PaQaged iQ aQ aSSURSUiaWeO\ cUiWicaO aQd VcieQWific

faVhiRQ (i.e. Ze dR QRW Qeed WR aUgXe fiUVW WhaW iW iV VRciR-SROiWicaO).

The WUaQViWiRQ QRWed b\ EdZaUdV (2006) iQ cOiPaWe daWa fURP a YROXQWaU\ cROOabRUaWiYe effRUW WR a

VWaWe-PaQaged iQfUaVWUXcWXUe aOVR VXggeVWV a WUaQViWiRQ ZiWhiQ VcieQWific iQTXiU\ iWVeOf fURP a fUee VRciaO

aVVRciaWiRQ WR a VRciR-SROiWicaO eQdeaYRU. ThiV iQYiWeV TXeVWiRQV abRXW Whe aSSURSUiaWeQeVV Rf WhaW

WUaQViWiRQ aQd Whe QaWXUe Rf VcieQce - VSecificaOO\ ZheWheU iW iV aQ acWiYiW\ PRUe aSSURSUiaWeO\ caUUied RXW iQ

61 The RWheU, faOVe aOWeUQaWiYe iV aOORZiQg RXUVeOYeV WR be gXided b\ a QeZ hROiVWic aQd WheUefRUe dRgPaWic WeOeRORg\, ZheWheU
UeOigiRXV, aV iQ ChUiVWiaQiW\, RU TXaVi-VecXOaU, aV iQ hiVWRUiciVP RU QeR-OibeUaOiVP.

60 SRPe Pa\ ZRQdeU hRZ WhiV SURMecW fiWV XQdeU Whe baQQeU Rf ShiORVRSh\ Rf VcieQce Zhich WUadiWiRQaOO\ aOORZV iWVeOf WR be Oed b\
RbVeUYaWiRQ Rf VcieQWific SUacWice.  M\ aQVZeU WR WhiV ZRXOd be WhaW iW fROORZV Whe Oead Rf WhRVe diVciSOiQeV iPbUicaWed iQ SaVW
VRciR-SROiWicaO PiVWaNeV, eYeQ ZheUe WhRVe PiVWaNeV Pa\ haYe Oed WR WheP beiQg cRQVideUed QRQ-VcieQWific.  The WhRXghW iV WhaW
e[SeUWV fURP WheVe diVciSOiQeV ZiWh hiVWRUicaO cRQVciRXVQeVV RffeU a beWWeU gXide WR WhiQNiQg abRXW hRZ VcieQWiVWV VhRXOd cRPSRUW
WhePVeOYeV aQd deVigQ WheiU iQVWiWXWiRQV ZheQ ZadiQg iQWR SROiWicV aQd VRciaO SOaQQiQg.  GeRSh\VicV, aWPRVSheUic chePiVWU\ aQd
RWheU UeOaWiYeO\ QeZ diVciSOiQeV haYe SeUhaSV QRW \eW OeaUQed - becaXVe Whe\ aUe QRW SaUW Rf Whe cXUUicXOXP - WheVe hiVWRUicaO OeVVRQV.
FRU e[ePSOaU\ ZRUN iQ WhiV WUadiWiRQ Vee GUaebeU 2004, GiOPRUe 2007, TViQg 2015.
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RU RXWVide Whe SXbOic VSheUe. The aQaO\ViV fURP chaSWeU 5 VXggeVWV WhaW iQ iWV caSaciW\ aV a

fUee-aVVRciaWiRQ, VcieQWific PRQiWRUiQg Rf CO2 VPXggOed iQ cRQWURYeUViaO bacNgURXQd aVVXPSWiRQV abRXW

Whe ³QaWXUaO,´ SUe-e[SeUiPeQWaO cRQdiWiRQ Rf Whe aWPRVSheUe aQd Whe aSSURSUiaWe cRQdiWiRQV fRU iWV

PeaVXUePeQW - iQ e[SediWiRQaU\ aQd fURQWieUiVW SURMecWV iQ aOOegedO\ XQ-RccXSied aQd XQXVed OaQdVcaSeV.

TheVe bacNgURXQd aVVXPSWiRQV VeW Whe VceQe fRU a PRQiWRUiQg QeWZRUN ZhRVe PePbeUVhiS ZaV WighWO\

cRQVWUaiQed aQd ZhRVe iPSRUW fRU eQeUg\ SROic\ ZaV cRQfiQed WR VeOecWiQg fURP WechQRORgicaO aOWeUQaWiYeV

fRU SURYidiQg aQ XQTXeVWiRQed (becaXVe a QaWiRQaO QeceVViW\) aPRXQW Rf eQeUg\.

WhiOe PaQ\ eQYiURQPeQWaO acWiYiVWV I NQRZ UeVeaUch aQd cRQWiQXe WR PaNe SURgUeVV iQ debXQNiQg

fURQWieUiVW aQd cRORQiaOiVW SUeVXSSRViWiRQV Rf WheiU RZQ acWiYiW\, iQVWiWXWiRQV VeeP WR Oag faU behiQd. NaWiYe

gRYeUQaQce Rf UeVeUYaWiRQV aQd aQceVWUaO OaQd iV VWiOO PaQaged iQ a WRS-dRZQ, SaWeUQaOiVWic Za\ b\ Whe

fedeUaO gRYeUQPeQW. IQVWiWXWiRQaOi]ed SaUWiciSaWiRQ iQ Whe PRVW iPSRUWaQW eQYiURQPeQWaO TXeVWiRQV fRU

WUibeV iV XVXaOO\ V\PbROic aV ZheQ WUibaO UeSUeVeQWaWiYeV fRUP aQ RYeUZheOPiQg PiQRUiW\ iQ Whe hROiVWic

PaQagePeQW Rf fiVheUieV iQ Whe PNW (a SURceVV adPiQiVWeUed b\ NOAA aV ZeOO) - i.e. deVSiWe haYiQg beeQ

gUaQWed haOf Whe caWch b\ Whe BROdW deciViRQ, Whe\ aUe a VPaOO PiQRUiW\ iQ PaQagePeQW Rf Whe UegiRQaO

VWRcN WhaW Whe\ aUe WR UeceiYe haOf Rf. OQe Rf Whe PRVW VigQificaQW iPSacWV RQ VaOPRQ UXQV haV beeQ Whe

daPV cRQVWUXcWed RQ PaMRU UiYeUV WR SURYide SRZeU WR ciWieV iQ Whe NRUWhZeVW. BXW Whe e[iVWeQce Rf daPV

iV UeSUeVeQWed aV QRQ-QegRWiabOe aQd Whe cRQWUiYaQceV Rf haWcheUieV aQd fiVh-OaddeUV UeSUeVeQW Whe

aYaiOabOe aWWePSWV WR RffVeW Whe iPSacW Rf giaQW cRQcUeWe ZaOOV, ZhiOe SUeVeQW UXQV UePaiQ a fUacWiRQ Rf

hiVWRUicaO RQeV. MRUeRYeU, Whe PNW iV Whe RQO\ UegiRQ iQ Whe US ZiWh an\ WUibaO UeSUeVeQWaWiRQ RQ iWV

fiVheUieV cRXQciO.

SRciR-SROiWicaO MXQcWXUeV ZheUe NaWiYe ZaWeU SURWecWRUV aQd aOOieV UeViVW deYeORSPeQW Rf QeZ fRVViO fXeO

iQfUaVWUXcWXUe dePRQVWUaWe Whe efficac\ Rf cUiWicaO acWiRQ iQ deOa\, VXVSeQViRQ aQd caQceOOaWiRQ Rf

iQfUaVWUXcWXUaO deYeORSPeQW (Whe ObaPa adPiQiVWUaWiRQ¶V caQceOOaWiRQ Rf Ke\VWRQe XL). IQ dRiQg VR Whe\

iOOXVWUaWe Whe efficac\ Rf SXbOic YaOXeV WhaW aUe XQUeSUeVeQWed RU XQdeUUeSUeVeQWed iQ RfficiaO SUacWiceV Rf

VcieQWific PRQiWRUiQg (eQYiURQPeQWaO iPSacW aVVeVVPeQWV aQd Whe OiNe - Vee Wh\We 2017). ScieQWific

iQVWiWXWiRQV ZRXOd dR ZeOO WR heed ePSiUicaO VWXdieV Rf VXch MXQcWXUeV aQd WR UeWhiQN WheiU UROe iQ cXUUeQW
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³cUiWicaO´ SaUadigPV WhaW VeeP iQcaSabOe Rf PaNiQg chaQge iQ Whe diUecWiRQ Rf acWXaO dePRcUaWic dePaQdV.

ThiV diVVeUWaWiRQ haV beeQ PRWiYaWed b\ Whe h\SRWheViV WhaW cXUUeQW acadePic diVcRXUVeV RQ cOiPaWe

chaQge VSeQd WRR PXch WiPe cRPbaWWiQg faU UighW, XOWUacRQVeUYaWiYe VSeech WhaW UeSUeVeQWV a WiQ\ fUacWiRQ

Rf Whe dePRcUaWic SXbOic. IQ dRiQg VR, Whe\ aOPRVW iQeYiWabO\ eQd XS ceQWeUiQg aQd bacNgURXQdiQg

aVVXPSWiRQV WhaW aUe UighW Rf ceQWeU, RQ Whe cRQVeUYaWiYe eQd Rf Whe SROiWicaO VSecWUXP. The cUiWiTXe Rf

cOiPaWe VcieQce fURP Whe OefW iV a QeceVVaU\ aQWidRWe WR WhiV WUeQd. UQOiNe Whe SaUadigP Rf cUiWiTXe aV a

cRQWeVW fRU a ZiQQeU beWZeeQ WZR SRViWiRQV WhaW aUe iPSRVVibOe WR UecRQciOe, WhiV cUiWiTXe iV RffeUed iQ Whe

hRSeV Rf fRUgiQg QeZ cRaOiWiRQV fRU eQYiViRQiQg aQd cR-cUeaWiQg a VhaUed fXWXUe.
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