
!S WE APPROACH THE ��TH ANNIVERSARY OF THE
#HERNOBYL DISASTER� 3PENCER 7HEATLEY�
"ENJAMIN 3OVACOOL AND $IDIER 3ORNETTE ARGUE
THAT THE RISKS OF ANOTHER MAJOR NUCLEAR
ACCIDENT ARE MUCH GREATER THAN THE INDUSTRY
BELIEVES�

7ERECENTLYPERFORMEDASTATISTICALSTUDYOFTHERISK
OF ACCIDENTS AND INCIDENTS �EVENTS	 OCCURRING IN
NUCLEARPOWERPLANTSACROSSTHEWORLD���� (ERESOME
OFTHEFINDINGSOFTHISSTUDY�ASWELLASREFERENCESTHAT
IT CONTAINS� ARE DISCUSSED AS THEY PERTAIN TO THE
CURRENTANDNEARTERMRISKS�

'ATHERINGNUCLEARACCIDENTDATA
4HE ACCIDENT AT &UKUSHIMA IN ���� n WHICH IS
EXPECTED TO COST AT LEAST ��� "ILLION 53 $OLLARS n
BROUGHT AGAIN THE ISSUE OF THE SAFETY OF NUCLEAR
POWER GENERATION TO THE ATTENTION OF THE PUBLIC�
5NSATISFIEDWITH THE PERCEIVED OVERLY OPTIMISTIC RISK
ASSESSMENTS PROVIDED BY THE INDUSTRY� BOTH
ACADEMIAANDTHEMEDIAATTEMPTEDTOPROVIDESOME
KINDOFASSESSMENT�!MAINOBSTACLEINSUCHSTUDIES
IS THE FACT THAT THE INDUSTRY REGULATOR �THE
)NTERNATIONAL!TOMIC %NERGY!GENCY� )!%!	 DOES NOT
PUBLISHDATAABOUTHISTORICALACCIDENTS�

&URTHER�WHENTHE)!%!DOESPUBLISHAMEASUREOFTHE
SIZE OF AN EVENT� IT DOES SO WITH THE CRUDE
)NTERNATIONAL .UCLEAR %VENT 3CALE �).%3	� A DISCRETE
SEVENPOINTSCALE�4OOVERCOMETHIS�WESCOUREDTHE
ACADEMICLITERATURE�NEWS�ANDINDUSTRYPUBLICATIONS
TO COMPILE A DATASET OF ��� EVENTS �FROM ���� TO
����	WITHSEVERITYDEFINEDASTHETOTALRESULTINGLOSS
IN INFLATIONADJUSTED 53 $OLLARS� 4HIS MEASURE
ENABLES THE HOLISTIC COMPARISON OF A VARIETY OF
DIFFERENT TYPES OF EVENTS� 4O ENABLE ROBUST FUTURE
STUDIESOFTHERISKOFNUCLEARPOWERTHEDATASETHAS
BEENPUBLISHEDONLINEWITHTHEPUBLICENCOURAGEDTO
REVIEWANDRECOMMENDIMPROVEMENTS��

(OWLIKELYISANOTHER#HERNOBYLOR
&UKUSHIMA�
7E PERFORMED A STATISTICAL ANALYSIS OF THIS DATA
�NAMELY THE EVENTS WITH SEVERITY IN EXCESS OF ��
MILLION53$OLLARS	�WHICHISSUMMARIZEDWITHINFIGURE
��SEEREFERENCE�FORTHEFULLACCOUNT	�4HELEFTPANEL
OF THE FIGURE CONCERNS THE FREQUENCY OF EVENTS PER
REACTORPERYEAR�&ORTHIS�THEOBSERVEDRATEOFEVENTS
WASCALCULATEDBOTHRUNNINGBACKWARDSANDFORWARDS
FROM THE #HERNOBYL ACCIDENT IN ����� 4HE MAIN
OBSERVATION HERE IS THAT THE FREQUENCY OF ACCIDENTS
DROPPED SUBSTANTIALLY AFTER #HERNOBYL� AND HAS

REMAINED RELATIVELY CONSTANT SINCE�� 4HIS DROP WAS
LIKELY DUE TO IMPROVEMENTS IN BOTH TECHNOLOGY AND
PRACTICES�4HERIGHTPANELOFTHEFIGURECONCERNSTHE
SEVERITY OF EVENTS� -ORE SPECIFICALLY� THE SAMPLE OF
EVENTSINEXCESSOF��MILLION53$OLLARS�53$	BOTH
BEFORE AND AFTER THE ACCIDENT AT 4HREE -ILE )SLAND
�4-)	 IN ����� ARE PLOTTED ACCORDING TO THEIR
COMPLEMENTARY CUMULATIVE DISTRIBUTION FUNCTION
�##$&	 n A FUNCTION THAT HELPS DETERMINE THE
PROBABILITYTHATANEVENTISINEXCESSOFAGIVENSIZE�
4HEMAINOBSERVATIONISTHAT�SINCE4-)�MODERATETO
LARGEEVENTS HAVEBEEN LESS COMMON�4HIS IS GOOD
NEWS� BUT NOT AN ADEQUATE IMPROVEMENT� THE POST
4-)DISTRIBUTIONISSOHEAVYTAILEDTHATTHEEXPECTED
SEVERITYISMATHEMATICALLYINFINITE�4HISISREFLECTEDBY
THEFACTTHATTHESEVERITYOF&UKUSHIMAISLARGERTHAN
THESUMOFALLREMAININGEVENTS�4HISPOINTCANNOTBE
EMPHASIZEDENOUGH�AS IT IMPLIESTHAT� IFONEWANTS
TOREDUCETHETOTALRISKLEVEL�ONENEEDSTOEFFECTIVELY
EXCLUDE THE POSSIBILITY OF THEMOST EXTREME EVENTS�
0UT SIMPLY� WE NEED TO MOVE TO A SITUATION WHERE
MAJORNUCLEARACCIDENTSAREVIRTUALLYIMPOSSIBLE�

'IVENTHESTATISTICALANALYSISOFTHEHISTORICALDATA�WE
PROVIDEACHARACTERIZATIONOF THECURRENT �ANDNEAR
TERM	RISKLEVELTHATISVALIDASLONGASTHEOPERATIONAL
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3TATISTICALLYASSESSINGOFTHERISKSOFCOMMERCIAL
NUCLEARENERGY
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&IGURE��,EFTPANEL�THERATEOFEVENTSPERREACTORPERYEAR�WHERETHEESTIMATESWERETAKENRUNNINGFORWARDANDBACKWARDFROM#HERNOBYLANDARE
BOUNDEDBYONE0OISSONSTANDARDERROR�2IGHTPANEL�4HEDAMAGE�CONSEQUENCESINTHEPREANDPOST4HREE-ILE)SLANDPERIODS�LIGHTANDDARK�RESPECTIVELY	
PLOTTEDACCORDINGTOTHEIRCOMPLEMENTARYCUMULATIVEDISTRIBUTIONFUNCTIONS�##$&	�



FLEET OF REACTORS IS WELL REPRESENTED BY THE CURRENT
FLEET�/URFIRSTRESULTISTHATONESHOULDEXPECTABOUT
ONEEVENTPERYEARCAUSINGDAMAGEINEXCESSOF��
-ILLION 53$� .EXT� TO COMPUTE EXPECTED ANNUAL
LOSSES�WEMUSTASSUMEAFINITEMAXIMUMLOSS�)FWE
ACCEPT THAT THE &UKUSHIMA EVENT REPRESENTS THE
LARGESTPOSSIBLEDAMAGE�THENTHEMEANYEARLYLOSSIS
APPROXIMATELY���"ILLION53$WITHASTANDARDERROR
OF�"ILLION53$�4HISBRACKETSTHECONSTRUCTIONCOST
OF A LARGENUCLEARPLANT� SUGGESTING THAT ABOUT ONE
FULLEQUIVALENTNUCLEARPOWERPLANTVALUECOULDBELOST
EACHYEARONAVERAGE�

)FWEARELESSOPTIMISTICANDASSUMETHATTHELARGEST
POSSIBLE DAMAGE IS ABOUT �� TIMES THAT OF THE
ESTIMATED DAMAGE OF &UKUSHIMA� THEN THE AVERAGE
YEARLYLOSSISABOUT���"ILLION53$WITHAVERYLARGE
DISPERSION OF �� "ILLION 53$� #ONCERNING THE
PROBABILITY OF THEMOST EXTREMEACCIDENTS�WEHAVE
COMPUTED THE ��� PROBABILITY RETURN PERIODS FOR
SUCH EVENTS�� (ENCE WE ESTIMATE THAT THERE IS AT
LEAST A ��� PROBABILITY OF A #HERNOBYLTYPE EVENT
�CAUSING ABOUT �� "ILLION 53$ IN DAMAGE COSTS	
HAPPENING IN THE NEXT ���� YEARS� 7E FURTHER
ESTIMATETHATTHEREISATLEASTA���PROBABILITYOFA
&UKUSHIMATYPEEVENT����"ILLION53$	HAPPENINGIN
THENEXT�����YEARS�� (AVINGASTANDARDERROROF
ABOUT����THESEESTIMATESAREHIGHLYUNCERTAIN�BUT
WHATISCERTAINISTHATTHEYAREMUCHLARGERTHANWHAT
INDUSTRYESTIMATESWOULDSUGGEST�

2EDUCINGTHERISKS
'IVEN THE HIGH RISK LEVEL� AND THE INSUFFICIENT
EFFECTIVENESSOFPASTIMPROVEMENTS�CHANGESTHATWILL
EFFECTIVELY TRUNCATE THE RISK OF EXTREME EVENTS ARE
NECESSARY�2ESPONSESFOLLOWINGTHE&UKUSHIMAEVENT
MAYHAVESOMEIMPACT�BUTTHISREMAINSTOBESEEN�
&URTHER� THE IMPLEMENTATION OF PASSIVE SAFETY
SYSTEMS IS CERTAINLY A STEP IN THE RIGHT DIRECTION�
(OWEVER�GIVENTHECURRENTRISKLEVEL�THEIMPORTANCE
OF LOWCARBON ENERGY SOURCES� AND THAT WE ARE
ALREADY COMMITTED TO THE STEWARDSHIP OF FIVE
DECADES�WORTHOFSLOWLYDECAYINGNUCLEARWASTE� IT
ISCLEARTHATASIGNIFICANTLYINCREASEDEFFORTISNEEDED
TOIMPROVETHESTATEOFNUCLEARTECHNOLOGY�� &URTHER�
THEAUTHORSSTRONGLYSUGGESTTHATTHEINDUSTRYPUBLISH
APUBLICDATASETOFNUCLEARACCIDENTSUSINGAVARIETY
OFPRECISEANDOBJECTIVESCIENTIFICMEASURESSUCHAS
RADIATIONRELEASEDANDPROPERTYDAMAGECAUSED�4HIS
WOULD ENABLE THE BEST POSSIBLE ASSESSMENT OF THE
RISK� AND BETTER INFORMED AND MORE CONFIDENT
DECISIONMAKINGABOUTENERGYPOLICY�

3PENCER7HEATLEYISA0H$STUDENT�AND0ROF�
$IDIER3ORNETTEHISSUPERVISORAND0ROFESSOR

OFTHE#HAIROF%NTREPRENEURIAL2ISKSATTHE
$EPARTMENTOF-ANAGEMENT�4ECHNOLOGYAND

%CONOMICS�%4(:URICH�3WITZERLAND�
0ROF�"ENJAMIN+�3OVACOOLIS0ROFESSOROF

"USINESSAND3OCIAL3CIENCESAT!ARHUS
5NIVERSITY�$ENMARK�ASWELLAS0ROFESSOROF
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3'2.EWSLETTERs7INTER����s )SSUE��

3TUART0ARKINSON�3'2

!MID GREAT FANFARE ON ��TH $ECEMBER �����
DELEGATES FROM ��� COUNTRIES ADOPTED THE 0ARIS
!GREEMENT ON CLIMATE CHANGE�� )TS THREE MAIN
AIMSARE�
�� 4O KEEP THE GLOBAL TEMPERATURE INCREASE TO
hWELLBELOW�ª#vANDTOhPURSUEEFFORTSTOLIMIT
THETEMPERATUREINCREASETO���ª#v�

�� 4OINCREASETHEABILITYTOADAPTTOTHEADVERSE
IMPACTSOFCLIMATECHANGE�AND

�� 4O CREATE THE FINANCIAL FLOWS NECESSARY TO
ACHIEVE��	AND��	�

4HE!GREEMENTINCLUDESANUMBEROFPROVISIONSFOR
ACHIEVING THESE AIMS� SOME OVERARCHING ONES
WHICHARELEGALLYBINDING�ANDSOMEMORESPECIFIC
ONES WHICH ARE VOLUNTARY� +EY AMONG THESE
PROVISIONSARE�
s 4HEAIM FORAhGLOBALPEAKINGOFGREENHOUSE
GASEMISSIONSASSOONASPOSSIBLEv�MOVINGTO

AhBALANCEvBETWEENEMISSIONSOURCESANDSINKS
hINTHESECONDHALFOFTHISCENTURYv�

s 6OLUNTARY TARGET LEVELS FOR NATIONAL EMISSIONS
�CALLED hNATIONALLY DETERMINED CONTRIBUTIONSv	 n
ANDTHEPOLICIESANDPLANSTOSUPPORTTHEMnTHAT
ARETOBEREVIEWEDANDUPDATEDEVERYFIVEYEARS
�STARTINGIN����	�ANDWITHEACHSETOFTARGETSTO
BEMORESTRINGENTTHANTHEPREVIOUSONES�

s .ATIONAL PLANS FOR ADAPTATION TO THE IMPACTS OF
CLIMATECHANGE�

s 0ROCESSES TO SUPPORT TRANSPARENCY IN NATIONAL
REPORTING�

s ! MECHANISM FOR DEALING WITH hLOSS AND
DAMAGEvARISINGFROMCLIMATECHANGE�AND

s ,EGAL OBLIGATIONS ON INDUSTRIALISED COUNTRIES TO
PROVIDE FINANCIAL ASSISTANCE TO DEVELOPING
COUNTRIESFORMITIGATINGEMISSIONSANDADAPTING
TO IMPACTS� WITH A VOLUNTARY COLLECTIVE TARGET
REACHING ���� BILLION PER YEAR BY ����� AND
CONTINUINGABOVETHATLEVELUNTILATLEAST�����

%NERGY0OLICYATTHE3CIENCE0OLICY2ESEARCH
5NIT�3025	ATTHE5NIVERSITYOF3USSEX�5NITED

+INGDOM�
EMAILS�SWHEATLEY ETHZ�CH�"ENJAMIN3O HIH�AU�DK
ANDDSORNETTE ETHZ�CH

.OTESANDREFERENCES

�� 7HEATLEY3�3OVACOOL"�3ORNETTE$�����	�/F$ISASTERSAND

$RAGON+INGS�!3TATISTICAL!NALYSISOF.UCLEAR0OWER)NCIDENTS

AND!CCIDENTS�AR8IVPREPRINTAR8IV�����������

�� 7HEATLEY3�3OVACOOL"�3ORNETTE$�����	�/F$ISASTERSAND

$RAGON+INGS�!3TATISTICAL!NALYSISOF.UCLEAR0OWER)NCIDENTS

AND!CCIDENTS�2ISK!NALYSIS�INPRESS	�

�� $ATAPUBLISHEDAT�

HTTPS���TASMANIA�ETHZ�CH�INDEX�PHP�.UCLEAR?EVENTS?DATABASE�

�� .OTVISIBLEHEREISTHATTHERATEDROPPEDFROMTHE����SUNTIL

#HERNOBYL�4HEHIGHOBSERVEDFREQUENCYINTHE����SAND

����SFORTHESMALLNUMBEROFOPERATINGREACTORSHASLITTLE

INFLUENCEONTHECUMULATIVEESTIMATE�

�� 4HETIMEPERIODSUCHTHATTHEPROBABILITYOFOBSERVINGATLEAST

ONEEVENTINEXCESSOFTHEGIVENSIZEIS����

�� 4HERANGEOFESTIMATESISGIVENFORPARAMETERVALUESRANGING

FROMMODERATELYCONSERVATIVETOOPTIMISTIC�

�� 3ORNETTE$�����	�!CIVILSUPER!POLLOPROJECTINNUCLEAR

RESEARCHFORASAFERANDPROSPEROUSWORLD�%NERGY2ESEARCH

AND3OCIAL3CIENCE�VOL���PP������

4HE0ARIS!GREEMENT�KEYPOINTS
)S THIS ENOUGH TO PREVENT hDANGEROUS CLIMATE
CHANGEv� #URRENT VOLUNTARY NATIONAL TARGETS ARE
PUTTINGUSONCOURSETOABOUT���ª#OFWARMING��

4HEPROVISIONSINTHE!GREEMENTHAVETHEPOTENTIAL
TO HELP SHIFT THE WORLD ON TO A COURSE FOR hWELL
BELOW �ª#v n BUT IT WILL TAKE CONSIDERABLYMORE
EFFORTBYGOVERNMENTS�BUSINESSESANDCIVILSOCIETY
FORTHATGOALTOBEREACHED�

$R3TUART0ARKINSONIS%XECUTIVE$IRECTOROF
3'2ANDHASWRITTENWIDELYONENERGY

ANDCLIMATEISSUES�

2EFERENCES
�� 5.&###�����	�!DOPTIONOFTHE0ARIS!GREEMENT�

&###�#0������,���2EV���HTTP���UNFCCC�INT�RESOURCE�

DOCS������COP���ENG�L��R���PDF

�� #LIMATE!NALYTICS�����	�HTTP���CLIMATEANALYTICS�ORG�

PUBLICATIONS������INDCSLOWERPROJECTEDWARMINGTO

��CSIGNIFICANTPROGRESSBUTSTILLABOVE�OC
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