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IMPOSSIBLE AND VERY'#NSUCEH. XSJADERAST FOUR REGIONS BE|
EVENTSINTHE SAME GROWING SEASON COULD OC@URRNITH A
WARMING 7EFINDTHAT AMONG THE BREADBASKETREGIONS ;
.ORTH!MERICAMOSTOFTENEXPERIENCE THESEEVENTS SIMUI
"ETWEENAND# WARMER WORLDS THEPROBABILITYOFSIMULT,
MOSTFORTHE CONNECTIONBETWEEN THESEREGIONS )NCON
SIMULTANEOUSLYWITHOTHER REGIONS POSSIBLY PROVIDINC

CrossMark

JNTRODUCTION THE BENEFITS OF LIMITING GLOBRAL
'"# ABOVEPREINDUSTRIALLEVELSRE

%XTREME CLIMATE EVENTS LIKE HEERAST WVAVHEISSAIN. DAOHRTY [SIFFE BARENNLT E S
CAN HEAVILY IMPACT THE EFFIC'1ENAR U FNGROPFPERRADWIN HOTnDR
TION #BHEML 4HAKRJRAL 4HUBASKET REGIONS FOR MAIZE AND CC
UNDERSTANDING SUCHEVENTS RECENEIRRABEHHANMPKIR UINNGGERHE CONC
ANTHROPOGENIC CLIMATE CHAN®E DBDRFEANAOLHY TNDNRAJEOWRENTS ACF
CROP PRODUCING BREADBASKENSEEGILEN S% OV FMALLFC®RUPLED S
INFORMING MITIGATION STRATEGIESOBOREGSORELIFOBGREENGIRCLIMAT
ITY INACHANGING CEITMADTE"IESESBEREAAVES AND DROUGHTS BECO
ET AL % SWARAAL JN THIS CANTRERASING THE CHALLENGES TO SC

C 4HEI!TUTHOR S OUBLISHEDBY )/0OOUBLISHING ,TD



Publishing

%NVIRON 2ES ,ETT 6 $IEET AL

CHALLENGES AREPARTICULARLYNPTRERN@CUNCED WRHENBAZERDISAPTUEF
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SOCIETAL SYSTEMS ACROSS MUHHRL-EO0OS PAX ICALLANAR INESMTITUTE 'R/
PORAL SCALES EBBHEI&S&ORLEERAMBPLE% FINDING INCREASING PROB
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&IGURBENUAL OCCURRENCE PROBABILITYOFHOTNDRY EVENTS OROBABILITY OFAHC
DRYDAYS INTHE MAIZE BREADBASKETREGIONS A %VALUATEDREDRWARMER YEL
WORLD 3HOWNISTHE THn THPERCENTILERANGEOFTHE YEARMEANVALUES ACHE
DISPLAYED ASDOTS B 2ELATIVEPROBABILIT¥ ANBMWGESRWMERIW®EIGDOGIS/EETASEE
DIFFERENCESBETWEENTHE PERIOD MEANS

SIXYEARSORLESS WITH REACHFNGIEHEEBWASEMBIMEOVENRBERS FOR Tt
LAP OFNINE YEARS DAY ATTHE GRID CELLLEVEL 40 ENS
&OLLOWINGEAXMONBE MAIZEBRERBME HEAT WE REQUIRE THESE
BASKET REGIONS ANALYZED IN HGIRSAT TERLS AREREENCRQNBSECUTIVE
.ORTH 'MERICA #.! SOUTHERNS BICARED T™MERXPARIENCE A HOT DAY
33! .ORTHEAST"RAZIL %" #ENA RAEBBRDEELEBHWITHIN THE REG
3OUTH !SIA 3! AND %AST !ISIAD%Y GCRITEHRMMNMINULTANEOUSLY &O
FIGUBRE 4AHESE REGIONS CORR E SPIMNIDATROSITTHREULI KWBREOBUT WITH A MOF
REGIONSERRAMALDIHAT ENCOMPASSTEOUWMRRIABIE TO REFLECT THAT PR
PRODUCING OF THE WORED ALVALZE QCCUHRIBVER LONGER TIMES
A4HE %! REGION WAS SLIGHTLY@DN RESPEDNDGSIMORBEDSETRONGLY TC
ALARGERPROPORTIONOF MAIZEWAR G R IMNAGCT AERATSH WNH LOWAREECIPIT
PRIMARILY LOCATEDINTHE NORTHERNPARIWEHTRAELCI2VBED AILY POT
REGION .ATIONAL"UREAUOF 3TAMSTRS GCRHOM DAJIR DAILY PRECIPI
INLY LAND GRIDCELLS AREANALYEEBORALLY AGGREGATING 7E CAL(
(ARGREAVES EQUATION IN THE PYET

(OT DRYANDHOTNDRY EVENTES AL IS THE (ARGREAVES EQUAT

40 ASSESS EXTREME HOT AND DBVYWEDDN DIN MTENMSP BRACHREUOUR DRYN
LATETHRESHOLDS FOREACH CAEENDVAR DMYITPVU D TEDTEWHERE RATURE
ENSEMBLE MEMBERS TO ESTABEFIGRIEBAISESENE CONNKEID TAONISOT CONEL
BASEDONTHE CURRENT CLIMATOHEG GQYKEHRONWMO ODT@F HOTnDRY COMP
/URDEFINITIONOFAHOTEVENT BRUCLIASONTHE ABEKORENMELY DRY |
USED IN 2AEM@ND ! DAY IS CLASSCEHINEDOLATED PRECIPITATION" %4
AS EXTREMELY HOT IF THE DAILYSEAX IMAUM S BEPEWATTHURETH PERCEI
EXCEEDS THE THPERCENTILE GASHEINESOPO RHEALEBWSEMBNE MEMB
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CALENDAR DAY ATTHE GRID CELANEVEIM BADEANSIURE EHERER SUNIER
SISTENCE OF EXTREME DRYNESS HEEREIQURE-THE/SERCONDI!'DDITIO
TIONS TO BE MET FOR AT LEASTGOGENBEN CORSECUTACEDRASE FUTUR
! REGION IS CONSIDERED TO EXPERIENCEEASRRYBDEYGCRARATEEDLIAEV EL
LEASTONE THIRDOFTHEGRIDCELLEWMHARBEHE®BDGHENRME)E % S
THE EXTREMEDAY CRITERIASIMULTANEOUSLY /URCONCLU
SIONS ARE ROBUST TO THE DEFINIZECNSILUSED AS DEMON
STRATED BY SENSITIVITY TESTS PERFORMED FOR DIFFERENT
PERCENTILES TH TH TH ANDOGENGAWE OWPIEMID EVENTS
PORALCOMPOUNDING AND CONSECOTLVEBMDAESWHORRRESENT OUF
HOT EVENTS AS WELL AS DIFFERENTHRERNGENAHLE TAHRFESHOADIED B Y
FOR DAY RUNNING SUMS TH |INTHHE BTGIXFIORTBRYHOWN IN BRACKE
SPELLS NOTSHOWN &OREACHREGMNHASPECVRIG GROWEHNG TOIN 1
SEASON IS CONSIDERED IN ACCORDMNEEVWM K 2AYMQNDH I WHERE
ET AL -AY TO .OVEMBER IN #.1 Y$EQBEMBERNED AS 1 ITH PHRICEN
TO *ANUARY FOR . %" AND 33! -APERCESGTISEIN #%
*UNETO/CTOBERIN 3! AND -AY TO BEPIINOMB-ERTINHEIFREQUENCY OF H
l@HOTNDRY YEAR ISDEFINED ARNGSYEARIINGWTHHEHBBABEEABEH PERIOD
THREEEXTREMELYHOTDAYSANBZSRONMEX FROWEREDIBNOTOYREGION
OCCURDURING THE GROWING SEMSONCOMMONIN#.! WITHHISTORIC.
;7 n = OFYEARS BECAUSEITHAST
SPATIALCOMPOUNDING ING SEASONAFIGISRBERICALLY THE LE
7TECONSIDER SPATIALCOMPOUNRENG @MW IBBO4AH WHRREANDO NnDRY COM
INTERREGIONAL SCALES 'REGIORCIRONIIHDERECERQBARERLE RANC
IENCE A HOT DRY DAY IF AT LEA$S IGMESG MRIE GEJIKOAN WHERE BO
GRID CELLS WITHIN THE REGIONMEEBR WHEHEXHR EOW DPATYPROBABIL
CRITERIASIMULTANEOUSLY 3PATIAERKINOMAGUGCNINIEARROSGREASE
REGIONS CONSIDERS THE SIMUREAIKES BE BVEREMRWRERGCERWORLDS
EXTREME EVENTS ACROSS MULTREIGH RS IBDINGYNEFPWESRMERIWIRLD
WE IDENTIFY INSTANCES WHERE ATQEAERARBEREE HOT,DAYS IN 33!
SEVENDRYDAYS ORBOTHOCCURWINHW THE GROWNNGSEA n = IN
SONOFTHE SAME YEAR ACROSS BNIFEREMN T-REG4 OANRBE &OR THRY
ANALYSIS WECONSIDERTHE SOUTHERRIEMIS HCElRMBRYMCOMPOUND
MER TOBELONG TO THE SAME GROWI NSISEWSQ N INSGTIEMAONLY DRIVE
LOWING .ORTHERN (EMISPHERE SUNMEIRL INCREASEINHOTEVENTS
IDDITIONALLY WEEVALUATEWSETHEREE BREINTERGITOANNS FOR DRY
ARE MORE LIKELY TO EXPERIEN@®EBXOREMMBNEVEANCTEPSI@NLS #% WH
TANEOUSLYBY CALCULATING THE PR BMBRIEIASEH HAD RW S BBIPLEL S
CIFICREGIONS AREAFFECTEDBHORESENES YPE OSFEX)TRIENMR E )N
EVENT DURING THE SAME GROW BNH® WEMG CRO NSSNOTENATTRIEND WHIL
LEASTTHREEREGIONSINTOTAL BEXPEHRTEX OEEUNEEGENTS)DFUBURE
ING THAT GROWING SEASON DECREASEISNOTSIGNIFAGNDF BETW
7TE CALCULATE THE OCCURRENWEBNVMER WEOSH OOMPORIASIETS THE IN
EXTREME EVENTS FOR n# ANDVMRAKNDER6" THE REGION WITH THE S
'# WARMING ABOVE PRE INDUSTREAN LE@RE3SESINGINHEOTNnDRY CO
PERCENTILE BASED DAILY THRE 8 H DWE &BANEDWARMEG n
REFERENCE PERIOD FOR ALL PERBOD®! AME BDIFFER FREQUENC"®
ENCE BETWEBNANLEf WARMER WXORLEDASST TRIPLES OUTWEIGHING Tt
IS EXPRESSED AS THE PERCENDRHAVWENE B ENWE/E ENTSEEMBLE SPRE
MEMBER MEANS 3TATISTICALREIFGANEICTCAG CEHBO S TIREENSGETH OF EXTI
CHANGES IS ASSESSED USING THETERIAWODGAOR YARIMNBRINIOY WHICH ¢
TESTWITH ASIGNIFICANCE LEVEINOER A VEOW BEGRMEH AROR HOT EXTF
"WIERS TIONAERISEINGLOBALTEMPERATUF
#-)O -0) "% ISPARTICULARLY WEXRERUENEIEFDHREOMR® ST SEVERE IN!
ANALYSISDUETO ITS ROBUST REXRREMETSAIN ©MNEOEFNCGHES/HER\EEVDE AN P |
HISTORICALINTERANNUAL VARIABIETWO &3 OBNIOWABRRANELBYELS \
ITS PERFORMANCE IN PEEHCARPITAHMOND OWBDING IN33!'ANDTRBPLING
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