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ABSTRACT

Thisarticledescribesthepotentialyieldsofmaize,wheatandbarleywhichweremodeledwithclimate
change,soildegradationandwaterbalancescenariosincentralMexico.Twoadaptationmeasures
werealsoevaluated.ToestimateyieldstheAquaCrop-FAOmodelwasapplied.Threestudycases
werechosenandtheirclimate,soil,phenologicalandmanagementinformationwascompiled.Once
calibrated,theauthorstestedtheresponseinyieldsfor28climatechangescenarios:fiveGeneral
Circulation Models, two RCP and three-time horizons. Two adaptation actions were evaluated:
changingplantingdateandincreaseoforganicmulches.Resultsshowthatyieldofmaizeinthenear
future(2015-2039)wouldfall50%average,barleyandwheatyieldswoulddecreasein40%and25%
respectively.Ifsoildegradationandlossisconsidered,theyieldwillreduceconsiderably.Adaptation
measurebasedonchangingplantingdatewasaseffectiveasincreasingmulches.Itisnecessaryto
considersoiltogetherwithclimatechangescenariosinyieldmodeling.Itispossibletosuggestwrong
adaptationmeasuresifonlytheclimateisconsideredandnotallthevariablesinvolved.
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INTRodUCTIoN

ClimatechangehashighlightedthesusceptibilityofthefoodsecurityofMexico(GayGarcia&Rueda
Abad,2015).Therehavebeenmanystudiesonthissubject,mostofthemfocusedonknowingthe
impactsofclimatechangeonagriculturalproductivityanddistributionofcrops(Monterroso-Rivas,
Conde-Álvarez,Rosales-Dorantes,Gómez-Díaz,&Gay-García,2011).Inthissense,Cervanteset
al.(2014)reportaliteraturereviewofresearchcarriedoutregardingtheimpactsofclimatechange
inMexicohighlightingthatbiggestimpactsarereducedyieldsandreducedareassuitableforcrops.
Underaclimatechangefocus,Ojeda-Bustamanteetal.(2011)proposedastudyoffuturewaterneeds
andchangesinthephenologicalcyclesformaize,beans,tomatoes,potatoes,sorghum,sugarcane,
alfalfaandmango;findingthatcropwaterdemandwilldecline13%intheautumn-wintercycle;6%
forthespring-summercycleandwillincreaseby7%forperennialcrops.

Thosestudieshighlighttheimportanceofanalyzecropyieldswithclimatechangescenarios
especiallybecauseyieldisavariabledirectlyrelatedtoeconomicbenefitofagriculture.Despite
themultitudeofapproachestoevaluatecropyields,AquaCropFAOmodel(Todorovicetal.,2009)
has shown acceptable results in terms of simplicity, robustness and precision in a national and
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internationalcontext(Calderón-García,Monterroso-Rivas,&Gómez-Díaz,2015;Flores-Gallardo,
Ojeda-Bustamante,Flores-Magdaleno,Sifuentes-Ibarra,&Mejía-Saénz,2013;Sodduetal.,2013).
ThenumberofinputvariablesislowercomparedwithmodelslikeWOFOSTorCropSyst,which
makesAquaCropmoreaccessiblewithoutlosingitspredictiveability(Todorovicetal.,2009).

AquaCropisamodelthatusestheamountofwateravailabletosimulatecurrentandpotential
biomassproduction.ItwasdevelopedbytheLandandWaterDivisionofFAOandistheresultofthe
revisionofirrigationanddrainagedocumentFAONo.33entitled“YieldResponsetoWater”(Smith
&Steduto,2012).InastudyconductedintheUnitedStatesvalidatingAquaCropformaize,itwas
foundthatthesoftwarewasabletocorrectlysimulatetheprogressionoftheaccumulationofgrain
andfodder.Also,Garciaetal.(2015)calibratedandexecutedAquaCropformaizeatthreesitesin
Colombia,findingagoodfitofthemodeledandobservedyield.InMexico,Flores-Gallardoetal.
(2013)usedAquaCropsoftwaretovalidateandmodelmaizeyieldsinSinaloafortheyears2003to
2009,gettingagoodpredictionperformance.

Inadditiontoitsapplicationsinwatermanagementofcrops,itisknowntohavebeenwidely
used to model potential impacts of climate change on different agricultural systems. Regarding
climatechange focuses,Vanuytrecht,RaesandWillems(2016)modeledyieldsofwinterwheat,
maize,potatoesandsugarbeetsfor2050inBelgium,findingincreasedvariabilityofyield.Some
increaseswerefoundduetothehighamountofCO2andthelengtheningofthegrowingseason,but
decrementswereassociatedwithwaterstress.

MaizeisacerealofgreatimportancetoMexico.Whitemaizegrainismainlyusedformaking
traditional tortillasand tamales,butitcanalsobeobtainedoilforthemanufactureofvarnishes,
paints,artificialrubbersandsoaps(SIAP-SAGARPA,2016).Barleyandwheathavehadanincreasing
economicimportancefromitsuseinthebreadandbrewingindustry.ThemainuseofbarleyinMexico
istoobtainmaltgrainrequiredforbrewing,andinalesserproportiontoproducefodder.According
toofficialstatistics,inourcountrycultivationispracticedatleastinoneofthetwocyclesoftheyear
in23statesinMexico(INIFAP,2011).Inthecontextofcropmodeling,performanceevaluationis
especiallyusefultoconsolidateamodelwhichisthenusedwithclimatechangescenarios(Soddu
etal.,2013).

Basedontheabove,theobjectiveofthisworkwastomodelthepotentialyieldofmaize,wheat
andbarleyunderclimatechangescenariosusingsoftwareAquaCroptoproposeandmodeladaptation
actions.Also,weincorporatesoildegradationinmodelstoestimatethedoubleimpactofclimate
changeandsoillossovercrops.

METHodS

ThreecropsofeconomicimportanceinMexicowerechosentomodelthepotentialyieldinsame
studysites.Thecasestudiesare1)maizeinChapingo,EstadodeMexico,2)wheatinPuebla,Puebla
and3)barleyinPerote,Veracruz.Alllocatedinthecenterofthecountry.

CropyieldsweremodeledusingsoftwareAquaCrop(Smith&Steduto,2012;Steduto,Hsiao,
Raes,&Fereres,2009;Todorovicetal.,2009;ElineVanuytrechtetal.,2014).Theinputvariables
ofthesoftwareretrieveclimatic,agronomicandsoilinformation.Theoutputswerecalibratedby
comparingobservedandmodeledyields.Historicalrecordsofcropyieldswereobtainedfromthe
AgriculturalInformationServiceandFisheriesinMexico(SIAP-SAGARPA,2016).Theindexes
usedforvalidationwerethecorrelationcoefficientbetweenprecipitationandyieldmodeling,the
determinationcoefficient,themeansquareerrorandthenormalizedmeansquareerror.Theseindexes
wereusedinaccordancewiththemanualofAquaCropsoftware.

data and Base Scenario
Sincethesoftwareusedrequirestheinclusionofspecificsiteparameters;climatic,soil,cropand
managementinformationwerereferencedtoweatherstations.Chapingoweatherstationwasused
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