
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/236626827

Downscaling with Constructed Analogues: Daily Precipitation and Temperature

Fields over the United States

Article · January 2008

CITATIONS

192
READS

582

3 authors:

Some of the authors of this publication are also working on these related projects:

Interamerican Network of Academies of Sciences View project

State of the Climate View project

Hugo Hidalgo

University of Costa Rica

119 PUBLICATIONS   11,386 CITATIONS   

SEE PROFILE

Michael D. Dettinger

University of California, San Diego

333 PUBLICATIONS   25,082 CITATIONS   

SEE PROFILE

Daniel R. Cayan

University of California, San Diego

141 PUBLICATIONS   15,544 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Michael D. Dettinger on 01 June 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/236626827_Downscaling_with_Constructed_Analogues_Daily_Precipitation_and_Temperature_Fields_over_the_United_States?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/236626827_Downscaling_with_Constructed_Analogues_Daily_Precipitation_and_Temperature_Fields_over_the_United_States?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Interamerican-Network-of-Academies-of-Sciences?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/State-of-the-Climate?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hugo-Hidalgo-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hugo-Hidalgo-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Costa-Rica?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hugo-Hidalgo-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Dettinger?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Dettinger?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_California_San_Diego2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Dettinger?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel-Cayan-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel-Cayan-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_California_San_Diego2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel-Cayan-2?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Dettinger?enrichId=rgreq-6fdeb914ca746a0aef7a39f07fece92b-XXX&enrichSource=Y292ZXJQYWdlOzIzNjYyNjgyNztBUzoxMDMxODIyMzk3OTcyNjJAMTQwMTYxMTk3MTcwNA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


ȱ

ȱ

 

   

Arnold Schwarzenegger 
Governor 

DOWNSCALING WITH CONSTRUCTED 
ANALOGUES: DAILY PRECIPITATION 

AND TEMPERATURE FIELDS OVER THE 
UNITED STATES

 

Prepared For:  
California Energy Commission 
Public Interest Energy Research Program 
 

Prepared By: 
Hugo G. Hidalgo, Michael D. Dettinger, 
and Daniel R. Cayan  

PI
ER

  F
IN

AL
 P

RO
JE

CT
 R

EP
OR

T 

January 2008  

 

CEC-500-2007-123 

 

 



ȱ



ȱ

ȱ
 California Climate Change Center  
 Report Series Number 2007-027 

 

 

Prepared By: 
Hugo G. Hidalgo1, Michael D. Dettinger2,1, and Daniel R. Cayan1,2 
 
1Scripps Institution of Oceanography, University of California, San 
Diego 
2United States Geological Survey 
 
Commission Contract No. 500-02-004 
Commission Work Authorization No: UC MR-025 

 Prepared For: 
Public Interest Energy Research (PIER) Program 
California Energy Commission 

 
 Guido Franco 
 Contract Manager 
 
 Guido Franco 
 Project Manager 
 
 Linda Spiegel 
 Acting Program Area Lead 
 Energy-Related Environmental Research 
 
 Kelly Birkinshaw 
 Acting Office Manager 
 Energy System Research 
 
 Martha Krebs 
 Deputy Director 
 ENERGY RESEARCH & DEVELOPMENT DIVISION 
 
 Melissa Jones  
 Executive Director 
 

 

DISCLAIMER 
This report was prepared as the result of work sponsored by the California Energy Commission. It does not necessarily represent the views of 
the Energy Commission, its employees or the State of California. The Energy Commission, the State of California, its employees, contractors 
and subcontractors make no warrant, express or implied, and assume no legal liability for the information in this report; nor does any party 
represent that the uses of this information will not infringe upon privately owned rights. This report has not been approved or disapproved by the 
California Energy Commission nor has the California Energy Commission passed upon the accuracy or adequacy of the information in this 
report.  

ȱ



ȱ



iȱ

Acknowledgments 

ȱ

TheȱauthorsȱthankȱAlexanderȱGershunovȱfromȱtheȱScrippsȱInstitutionȱofȱOceanographyȱ(SIO)ȱ
forȱprovidingȱtheȱcomprehensiveȱdailyȱmeteorologicalȱClimateȱResearchȱDivisionȱdatasetȱforȱtheȱ
UnitedȱStates.ȱMaryȱTyreeȱprovidedȱsupportȱwithȱdataȱmanagement.ȱThisȱworkȱisȱfundedȱbyȱ
grantsȱfromȱtheȱCaliforniaȱEnergyȱCommissionȱthroughȱtheȱCaliforniaȱClimateȱChangeȱCenterȱ
atȱScrippsȱandȱfromȱtheȱUnitedȱStatesȱDepartmentȱofȱEnergy,ȱandȱbyȱtheȱU.S.ȱGeologicalȱ
Survey’sȱPriorityȱEcosystemsȱScienceȱInitiative.ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

ȱ

Pleaseȱciteȱthisȱreportȱasȱfollows:ȱ

ȱ

Hidalgo,ȱH.ȱG.,ȱM.ȱD.ȱDettinger,ȱandȱD.ȱR.ȱCayan.ȱ2008.ȱDownscaling ȱwithȱConstructedȱAnalogues:ȱ
DailyȱPrecipitationȱandȱTemperatureȱFieldsȱOverȱtheȱUnitedȱStates.ȱCaliforniaȱEnergyȱCommission,ȱ
PIERȱEnergyȬRelatedȱEnvironmentalȱResearch.ȱCECȬ500Ȭ2007Ȭ123.ȱ



iiȱ

ȱ



iiiȱ

Preface 

ȱ
TheȱPublicȱInterestȱEnergyȱResearchȱ(PIER)ȱProgramȱsupportsȱpublicȱinterestȱenergyȱresearchȱ
andȱdevelopmentȱthatȱwillȱhelpȱimproveȱtheȱqualityȱofȱlifeȱinȱCaliforniaȱbyȱbringingȱ
environmentallyȱsafe,ȱaffordable,ȱandȱreliableȱenergyȱservicesȱandȱproductsȱtoȱtheȱmarketplace.ȱ

TheȱPIERȱProgram,ȱmanagedȱbyȱtheȱCaliforniaȱEnergyȱCommissionȱ(EnergyȱCommission),ȱ
conductsȱpublicȱinterestȱresearch,ȱdevelopment,ȱandȱdemonstrationȱ(RD&D)ȱprojectsȱtoȱbenefitȱ
California’sȱelectricityȱandȱnaturalȱgasȱratepayers.ȱTheȱPIERȱProgramȱstrivesȱtoȱconductȱtheȱ
mostȱpromisingȱpublicȱinterestȱenergyȱresearchȱbyȱpartneringȱwithȱRD&Dȱentities,ȱincludingȱ
individuals,ȱbusinesses,ȱutilities,ȱandȱpublicȱorȱprivateȱresearchȱinstitutions.ȱ

PIERȱfundingȱeffortsȱareȱfocusedȱonȱtheȱfollowingȱRD&Dȱprogramȱareas: 

x BuildingsȱEndȬUseȱEnergyȱEfficiencyȱ

x EnergyȬRelatedȱEnvironmentalȱResearchȱ

x EnergyȱSystemsȱIntegrationȱȱ

x EnvironmentallyȱPreferredȱAdvancedȱGenerationȱ

x Industrial/Agricultural/WaterȱEndȬUseȱEnergyȱEfficiencyȱ

x RenewableȱEnergyȱTechnologiesȱ

x Transportationȱ

Inȱ2003,ȱtheȱCaliforniaȱEnergyȱCommission’sȱPublicȱInterestȱEnergyȱResearchȱ(PIER)ȱProgramȱ
establishedȱtheȱCaliforniaȱClimateȱChangeȱCenterȱtoȱdocumentȱclimateȱchangeȱresearchȱ
relevantȱtoȱtheȱstates.ȱThisȱcenterȱisȱaȱvirtualȱorganizationȱwithȱcoreȱresearchȱactivitiesȱatȱScrippsȱ
InstitutionȱofȱOceanographyȱandȱtheȱUniversityȱofȱCalifornia,ȱBerkeley,ȱcomplementedȱbyȱ
effortsȱatȱotherȱresearchȱinstitutions.ȱPriorityȱresearchȱareasȱdefinedȱinȱPIER’sȱfiveȬyearȱClimateȱ
ChangeȱResearchȱPlanȱare:ȱmonitoring,ȱanalysis,ȱandȱmodelingȱofȱclimate;ȱanalysisȱofȱoptionsȱtoȱ
reduceȱgreenhouseȱgasȱemissions;ȱassessmentȱofȱphysicalȱimpactsȱandȱofȱadaptationȱstrategies;ȱ
andȱanalysisȱofȱtheȱeconomicȱconsequencesȱofȱbothȱclimateȱchangeȱimpactsȱandȱtheȱeffortsȱ
designedȱtoȱreduceȱemissions.ȱ

TheȱCaliforniaȱClimateȱChangeȱCenterȱReportȱSeriesȱdetailsȱongoingȱcenterȬsponsoredȱ
research.ȱAsȱinterimȱprojectȱresults,ȱtheȱinformationȱcontainedȱinȱtheseȱreportsȱmayȱchange;ȱ
authorsȱshouldȱbeȱcontactedȱforȱtheȱmostȱrecentȱprojectȱresults.ȱByȱprovidingȱreadyȱaccessȱtoȱ
thisȱtimelyȱresearch,ȱtheȱcenterȱseeksȱtoȱinformȱtheȱpublicȱandȱexpandȱdisseminationȱofȱclimateȱ
changeȱinformation,ȱtherebyȱleveragingȱcollaborativeȱeffortsȱandȱincreasingȱtheȱbenefitsȱofȱthisȱ
researchȱtoȱCalifornia’sȱcitizens,ȱenvironment,ȱandȱeconomy.ȱ

DownscalingȱwithȱConstructedȱAnalogues:ȱDailyȱPrecipitationȱandȱTemperatureȱFieldsȱOverȱtheȱUnitedȱ
StatesȱisȱtheȱfinalȱreportȱforȱtheȱContinuingȱClimaticȱDataȱCollection,ȱAnalyses,ȱandȱModelingȱ
projectȱ(contractȱnumberȱ500Ȭ02Ȭ004,ȱworkȱauthorizationȱUCȱMRȬ025)ȱconductedȱbyȱScrippsȱ
InstitutionȱofȱOceanographyȱandȱtheȱUnitedȱStatesȱGeologicalȱSurveyȱ(USGS).ȱ
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Abstract 

ȱ

DailyȱprecipitationȱandȱaverageȱtemperatureȱpatternsȱforȱtheȱcontiguousȱUnitedȱStatesȱwereȱ
downscaledȱfromȱaȱ2.5ȱxȱ2.5ȱdegreeȱ(coarse)ȱresolutionȱgridȱtoȱaȱ1/8ȱxȱ1/8ȱdegreeȱ(fine)ȱresolutionȱ
gridȱusingȱaȱconstructedȬanaloguesȱmethod.ȱChoiceȱofȱpredictors,ȱandȱtheȱselectionȱofȱsubsetsȱofȱ
mostȬsuitableȱhistoricalȱdatesȱtoȱbeȱincludedȱinȱtheȱconstructedȱanaloguesȱprovedȱtoȱbeȱ
importantȱdeterminantsȱofȱtheȱmethod’sȱskill,ȱespeciallyȱforȱprecipitation.ȱTheȱdownscalingȱ
methodȱskillfullyȱreproducesȱdailyȱvariationsȱofȱprecipitationȱandȱaverageȱtemperatureȱ
anomalies,ȱasȱwellȱasȱseasonalȱcycles,ȱacrossȱtheȱcontiguousȱUnitedȱStates.ȱTheȱmethodȱtendsȱtoȱ
overestimateȱtheȱnumberȱofȱwetȱdays,ȱproducingȱaȱveryȱlightȱ“drizzle”ȱonȱmanyȱofȱtheȱ
effectivelyȱdryȱdays.ȱThereȱareȱalsoȱbiasesȱinȱtheȱmonthlyȱclimatologiesȱofȱprecipitationȱandȱ
averageȱtemperatureȱinȱsomeȱregions,ȱwhichȱtendȱtoȱaverageȱoutȱatȱannualȱtimescales.ȱ
Averagingȱdailyȱdownscaledȱpatternsȱintoȱmonthlyȱmeansȱyieldedȱevenȱmoreȱskillfulȱresults,ȱ
capturingȱaboutȱ55ȱpercentȱofȱtheȱvariationsȱofȱmonthlyȱprecipitationȱanomaliesȱandȱaboutȱ80ȱ
percentȱofȱtheȱvariationsȱofȱaverageȱtemperatureȱmonthlyȱanomaliesȱacrossȱtheȱcontiguousȱ
UnitedȱStates.ȱTheȱchoiceȱofȱtheȱdomainȱofȱtheȱpredictorȱalsoȱinfluencesȱtheȱskill.ȱForȱexample,ȱinȱ
California,ȱtheȱmostȱskillfulȱprecipitationȱdownscalingȱwasȱobtainedȱwhenȱtheȱprecipitationȱ
predictorsȱcoveredȱtheȱstate,ȱwhereasȱaverageȱtemperatureȱdownscalingȱwasȱmostȱskillfulȱwhenȱ
averageȱtemperatureȱpredictorsȱincludedȱcontinentȬwideȱpatterns.ȱOverall,ȱtheȱmethodȱshowedȱ
encouragingȱresultsȱforȱdownscalingȱdailyȱprecipitationȱandȱaverageȱtemperatureȱcontinentalȬ
wideȱpatternsȱinȱNorthȱAmerica—inȱparticular,ȱthoseȱofȱtheȱwesternȱUnitedȱStates.ȱȱ
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Executive Summary 

ȱ
Introductionȱ

Theȱgeneralȱcirculationȱmodelsȱusedȱforȱclimateȱsimulationsȱtypicallyȱhaveȱhorizontalȱspatialȱ
resolutionsȱofȱaȱfewȱhundredȱkilometers.ȱHowever,ȱtoȱproperlyȱevaluateȱregionalȱandȱlocalȱ
effectsȱofȱclimateȱvariationsȱ(forȱexample,ȱinȱprojectingȱhydrologicȱchangesȱinȱaȱwatershed),ȱ
researchersȱrequireȱaȱmuchȱhigherȱlevelȱofȱdetail—onȱtheȱorderȱofȱ10ȱkilometers—becauseȱmanyȱ
effectsȱareȱsensitiveȱtoȱtheȱnuancesȱofȱtheȱlocalȱclimate.ȱDownscalingȱisȱtheȱprocessȱofȱtransferringȱ
theȱclimateȱinformationȱfromȱaȱcoarseȬscaleȱclimateȱmodelȱtoȱtheȱfineȱscaleȱrequiredȱbyȱmodelsȱ
thatȱaddressȱeffectsȱonȱclimate.ȱAlthoughȱdownscalingȱcanȱbeȱachievedȱusingȱaȱregionalȱclimateȱ
model,ȱitȱisȱcomputationallyȱexpensiveȱandȱcurrentlyȱisȱnotȱpracticalȱforȱprocessingȱmultidecadeȱ
and/orȱmultimodelȱsimulationsȱfromȱgeneralȱcirculationȱmodels.ȱAȱviableȱalternativeȱisȱtoȱuseȱ
statisticalȱdownscaling,ȱwhichȱhasȱtheȱadvantageȱofȱrequiringȱconsiderablyȱlessȱcomputationalȱ
resources.ȱUnderpinningȱthisȱapproachȱisȱtheȱassumptionȱthatȱanaloguesȱfromȱtheȱpresentȱ
climateȱcanȱbeȱidentifiedȱandȱapplied,ȱstatistically,ȱtoȱdetermineȱtheȱdayȬtoȬdayȱpatternsȱthatȱ
willȱcharacterizeȱtheȱfutureȱclimate.ȱ
ȱ
Purposeȱȱ

Thisȱreportȱpresentsȱtheȱdevelopmentȱofȱaȱnewȱmethodȱforȱstatisticallyȱdownscalingȱdailyȱ
precipitationȱandȱtemperatureȱfromȱgeneralȱcirculationȱmodelsȱusingȱtheȱ“constructedȱ
analogues”ȱmethod.ȱȱTheȱmethodȱisȱbasedȱonȱtheȱpremiseȱthatȱanȱanalogueȱforȱaȱgivenȱcoarseȬ
scaleȱdailyȱweatherȱ(target)ȱpatternȱ(forȱexample,ȱfromȱaȱgeneralȱcirculationȱmodelȱsimulation)ȱ
canȱbeȱconstructedȱbyȱcombiningȱtheȱweatherȱpatternsȱforȱseveralȱdaysȱ(predictors)ȱfromȱaȱ
libraryȱofȱpreviouslyȱobservedȱpatterns.ȱInȱthisȱapplicationȱtheȱanalogueȱpatternȱisȱconstructedȱ
atȱcoarseȱscale,ȱbutȱaȱsimilarȱconstructionȱcanȱbeȱmadeȱusingȱaȱcompanionȱlibraryȱofȱhighȬ
resolutionȱpatternsȱusingȱtheȱsameȱdaysȱasȱtheȱcoarseȬscaleȱpredictors.ȱThus,ȱaȱfineȱresolutionȱ
downscaledȱestimateȱisȱcreatedȱforȱtheȱgivenȱpatternȱofȱthatȱparticularȱday.ȱȱ
ȱ
Theȱpurposeȱofȱtheȱconstructedȱanaloguesȱdownscalingȱmethodȱisȱtoȱproduceȱdailyȱprecipitationȱ
andȱtemperatureȱmaps,ȱatȱfineȱspatialȱresolution,ȱfromȱaȱgeneralȱcirculationȱmodel.ȱTheseȱ
estimatesȱcanȱbeȱusedȱtoȱstudyȱimpactsȱofȱclimateȱchangesȱandȱclimateȱvariability,ȱforȱexample,ȱ
asȱinputȱtoȱaȱdistributedȱhydrologicalȱmodelȱfocusingȱonȱCaliforniaȱwatersheds.ȱȱȱ
ȱ
ProjectȱObjectivesȱȱ

Theȱresearchȱteamȱsoughtȱtoȱdevelopȱaȱnewȱmethodȱtoȱstatisticallyȱdownscaleȱdailyȱpatternsȱ
fromȱaȱclimateȱgeneralȱcirculationȱmodel.ȱByȱapplyingȱthisȱ“constructedȱanalogues”ȱmethodȱtoȱ
historicalȱweatherȱpatterns,ȱtheȱteamȱevaluatedȱitsȱperformanceȱinȱdownscalingȱprecipitationȱ
andȱtemperatureȱoverȱtheȱconterminousȱUnitedȱStates,ȱand,ȱinȱparticular,ȱtheȱwesternȱUnitedȱ
States.ȱ
ȱ
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ProjectȱOutcomesȱȱ

x Theȱconstructedȱanaloguesȱmethodȱperformedȱquiteȱwellȱinȱdownscalingȱdailyȱ
precipitationȱandȱtemperatureȱinȱNorthȱAmerica,ȱinȱparticularȱinȱtheȱwesternȱUnitedȱ
States.ȱ

ȱ
x Theȱconstructedȱanaloguesȱmethodȱhasȱveryȱhighȱskillȱinȱdownscalingȱdailyȱandȱ

seasonalȱvariationsȱinȱtemperatureȱandȱreasonablyȱhighȱskillȱinȱdownscalingȱdailyȱandȱ
seasonalȱvariationsȱinȱprecipitation.ȱ

ȱ
x Theȱskillȱinȱdownscalingȱprecipitationȱisȱhighestȱinȱcoastalȱstatesȱandȱduringȱwinter.ȱ

ȱ
x Theȱconstructedȱanaloguesȱmethodȱtendsȱtoȱslightlyȱoverestimateȱtheȱnumberȱofȱwetȱ

daysȱinȱpartsȱofȱtheȱaridȱandȱsemiȬaridȱregions.ȱ
ȱ

x Forȱmonthlyȱtimescalesȱtheȱresultsȱforȱbothȱprecipitationȱandȱtemperatureȱareȱevenȱ
betterȱthanȱforȱdailyȱtimescales.ȱȱ

ȱ
x Biasesȱinȱtheȱmonthlyȱclimatologiesȱofȱprecipitationȱandȱtemperatureȱtendȱtoȱaverageȱoutȱ

atȱannualȱtimescaleȱ
ȱ
Conclusionsȱȱ

x Theȱconstructedȱanaloguesȱmethodȱisȱquiteȱsimpleȱtoȱapply.ȱWhenȱusedȱtoȱdownscaleȱ
precipitationȱandȱtemperatureȱoverȱtheȱconterminousȱUnitedȱStates,ȱitȱperformedȱquiteȱ
wellȱinȱcapturingȱ50ȱpercentȱofȱdailyȱhighȬresolutionȱprecipitationȱvarianceȱandȱ67ȱ
percentȱofȱdailyȱtemperatureȱvarianceȱasȱanȱaverageȱacrossȱallȱseasonsȱandȱacrossȱtheȱ
contiguousȱUnitedȱStates.ȱTheseȱpercentagesȱincreaseȱtoȱ55ȱpercentȱandȱ80ȱpercent,ȱ
respectively,ȱwhenȱtheȱdownscaledȱdailyȱestimatesȱareȱaccumulatedȱintoȱmonthlyȱ
means.ȱ

ȱ
x Theȱdownscaledȱlinearlyȱconstructedȱweatherȱpatternsȱareȱspatiallyȱsimilarȱtoȱobservedȱ

weatherȱpatterns,ȱandȱtheȱtemporalȱautocorrelationȱisȱonlyȱmodestlyȱ(10ȱpercent)ȱ
underestimated.ȱ

ȱ
x Theȱbiasesȱinȱtheȱmonthlyȱclimatologiesȱareȱsmallȱforȱbothȱprecipitationȱandȱ

temperature,ȱbutȱtheȱdownscalingȱmethodȱtendsȱtoȱoverestimateȱtheȱnumberȱofȱwetȱ
days.ȱ

ȱ
x Theȱvariablesȱusedȱasȱpredictorsȱandȱtheȱselectionȱofȱtheȱmostȱsuitableȱpatternsȱinȱtheȱ

diagnosticȱpartȱofȱtheȱmethodȱareȱveryȱimportantȱdeterminantsȱofȱtheȱmethod’sȱskill,ȱ
especiallyȱforȱprecipitation.ȱ

ȱ
x Theȱgeographicȱdomainȱselectedȱforȱtheȱpredictorsȱaffectsȱtheȱskillȱofȱdownscaledȱ

precipitationȱandȱtemperatureȱpatternsȱoverȱtheȱCaliforniaȱregion.ȱDailyȱtemperatureȱ
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patternsȱareȱbestȱcapturedȱfromȱlargeȬscaleȱpredictorȱfields.ȱInȱcontrast,ȱdailyȱ
precipitationȱpatternsȱwereȱbestȱcapturedȱusingȱpredictorsȱoverȱsmallerȱdomains,ȱcloserȱ
toȱtheȱtypicalȱsizeȱofȱstormȱsystems,ȱorȱroughlyȱtheȱstateȱscale.ȱ

ȱ
x TheȱconstructedȬanaloguesȱmethodȱpresentedȱhereȱcanȱbeȱusedȱtoȱdownscaleȱoutputȱ

fromȱaȱvarietyȱofȱdifferentȱclimateȱmodelȱapplications,ȱincludingȱdownscalingȱofȱ
reanalyzedȱhistoricalȱclimateȱvariations,ȱdiagnosticȱexperimentsȱ(suchȱasȱclimateȱ
experimentsȱwithȱandȱwithoutȱtropicalȱseaȬsurfaceȱtemperatureȱanomalies),ȱmediumȬ
rangeȱtoȱseasonȱweatherȱandȱclimateȱforecasts,ȱandȱlongȬtermȱclimateȬchangeȱ
projections.ȱAdditionally,ȱitȱcouldȱbeȱusedȱtoȱpatchȱduringȱtheȱperiodȱcoveredȱbyȱvariousȱ
reanalyses,ȱgenerallyȱbeginningȱaboutȱ1948ȱthroughȱpresent.ȱȱ

Recommendationsȱȱ

InȱaȱclimateȬchangeȱapplication,ȱitȱwillȱbeȱimportantȱforȱtheȱdownscalingȱmethodȱtoȱcaptureȱtheȱ
highȬresolutionȱeffectsȱofȱlargelyȱunprecedentedȱtrendsȱatȱgeneralȱcirculationȱmodelȱscales.ȱ
Projectedȱprecipitationȱandȱtemperatureȱtrendsȱwillȱderiveȱfromȱchangesȱinȱtheȱfrequenciesȱandȱ
amplitudesȱofȱvariousȱdailyȱweatherȱpatterns,ȱsomeȱofȱwhichȱhaveȱalreadyȱbeenȱwitnessedȱinȱ
historicalȱarchivesȱbutȱwhichȱwillȱcomeȱmoreȱorȱlessȱfrequentlyȱorȱstronglyȱunderȱtheȱchangedȱ
climates,ȱandȱsomeȱofȱwhichȱhaveȱnotȱbeenȱwitnessedȱbefore.ȱCapturingȱtheȱhighȬresolutionȱ
consequencesȱofȱtheȱformer,ȱalreadyȬwitnessedȱpatternsȱisȱaȱparticularȱstrengthȱofȱtheȱmethodȱ
presentedȱhere;ȱcapturingȱtheȱhighȬresolutionȱconsequencesȱofȱtheȱlatterȱ(trulyȱnew)ȱpatternsȱ
willȱdependȱonȱtheȱflexibilityȱofferedȱbyȱtheȱconstructionȱofȱanalogues.ȱForȱexample,ȱtoȱtheȱ
extentȱthatȱtemperatureȱtrendsȱtakeȱtheȱformȱofȱextremelyȱpersistentȱzonallyȱbandedȱwarmingȱ
patterns,ȱtheȱdownscalingȱprocessȱwillȱhaveȱtoȱeitherȱextractȱtheseȱ“trulyȱnew”ȱpatternsȱfromȱ
historicalȱanaloguesȱorȱconstructȱthemȱwholesaleȱfromȱcollectionsȱofȱotherȱhistoricalȱ
temperatureȱanomalies.ȱȱ

Futureȱresearchȱmustȱevaluateȱtheȱabilityȱofȱtheȱconstructedȱanaloguesȱmethodȱtoȱaccommodateȱ
theseȱnewȱ“deformations”ȱofȱtheȱweatherȱpatternsȱassociatedȱwithȱnaturalȱclimateȱvariabilityȱbyȱ
externallyȱderivedȱtrendȱpatternsȱassociatedȱwithȱanthropogenicȱclimateȱchange.ȱDependingȱonȱ
theȱstrengthȱandȱdistributionȱofȱnewȱpatternsȱ(whichȱinȱturnȱmayȱdependȱonȱtheȱmodelȱandȱ
traceȱgasesȱemissionȱscenarioȱanalyzed),ȱitȱmayȱbecomeȱincreasinglyȱmoreȱdifficultȱtoȱfindȱgoodȱ
analoguesȱasȱtheȱclimateȱchangesȱproceedȱintoȱtheȱfuture,ȱbecauseȱtheȱpredictorsȱareȱbasedȱonȱaȱ
periodȱinȱwhichȱtheȱeffectsȱofȱanthropogenicȱclimateȱchangeȱareȱsmallȱcomparedȱtoȱnaturalȱ
variability.ȱFortunately,ȱitȱisȱpossibleȱtoȱmonitorȱtheȱskillȱwithȱwhichȱlargeȬscaleȱanaloguesȱcanȱ
beȱconstructed,ȱandȱthatȱmonitoringȱprovidesȱaȱtoolȱforȱdiagnosingȱwhenȱtheȱhistoricalȱrecordȱisȱ
failingȱtoȱprovideȱadequateȱpredictors.ȱInȱthisȱregard,ȱtheȱpreliminaryȱanalysesȱbyȱtheȱauthorsȱ
areȱencouraging,ȱbecauseȱtheyȱshow,ȱforȱtheȱNationalȱCenterȱforȱAtmosphericȱResearch’sȱ
ParallelȱClimateȱModelȱandȱaȱsingleȱemissionȱscenario,ȱthatȱlargeȬscaleȱanaloguesȱofȱprojectedȱ
climateȬchangeȱtrendsȱcouldȱbeȱconstructedȱfromȱhistoricalȱpatternsȱwithoutȱdegradationȱ
throughoutȱtheȱtwentyȬfirstȱcenturyȱ(resultsȱtoȱbeȱpresentedȱseparately).ȱPreviousȱstudiesȱusingȱ
otherȱmodelsȱandȱemissionȱscenariosȱobtainedȱgoodȱanaloguesȱofȱclimateȱchangeȱweatherȱ
patternsȱusingȱhistoricallyȱobservedȱpatterns.ȱThus,ȱtheȱdownscalingȱmethodȱpresentedȱhereȱ
offersȱmanyȱpotentialȱuses,ȱrelyingȱwhereȱpossibleȱonȱtheȱparticularȱstrengthsȱofȱtheȱlargeȬscaleȱ
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modelsȱwhileȱprovidingȱflexibilityȱforȱcapturingȱunexpectedȱchangesȱinȱtheȱlargeȬscaleȱclimateȱ
projectionsȱandȱweatherȱpredictions.ȱ
ȱ
BenefitsȱtoȱCaliforniaȱ

Becauseȱgeneralȱcirculationȱmodelsȱareȱcalculatedȱatȱaȱveryȱcoarseȱscale—approximatelyȱ
200ȱkilometersȱhorizontally—itȱisȱnecessaryȱtoȱdownscaleȱtheȱgeneralȱcirculationȱmodelȱ
projectionsȱtoȱmuchȱfinerȱscale,ȱcommensurateȱwithȱtheȱstructureȱofȱtheȱCaliforniaȱlandscape.ȱ
Theȱconstructedȱanaloguesȱmethodȱdevelopedȱforȱthisȱprojectȱisȱanȱimportantȱtoolȱinȱhelpingȱtoȱ
determineȱtheȱeffectsȱofȱclimateȱchangeȱonȱCalifornia’sȱhydrologicalȱbudget,ȱandȱonȱotherȱ
sectors.ȱTheseȱassessmentsȱareȱkeyȱtoȱlearningȱhowȱtheȱstateȱcanȱadaptȱtoȱandȱpossiblyȱmitigateȱ
climateȱchangeȱimpacts.ȱManyȱhumanȱactivitiesȱandȱecosystemsȱhealthȱdependȱonȱtheȱ
hydrology,ȱsuchȱasȱagriculturalȱproduction,ȱpowerȱgeneration,ȱandȱwildfireȱpotential.ȱInȱ
particular,ȱstudiesȱofȱfutureȱchangesȱinȱtheȱwaterȱsupplyȱfromȱlocalȱandȱremoteȱsourcesȱareȱ
crucialȱtoȱdevelopingȱstrategiesȱtoȱcopeȱwithȱclimateȱchangeȱandȱforȱmidȬtermȱandȱlongȬtermȱ
waterȱplanning.ȱȱ

ȱ

ȱ

ȱ
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1.0 Introduction  
Downscalingȱisȱtheȱprocessȱofȱusingȱsimulationsȱbyȱclimateȱmodelsȱatȱcoarseȱspatialȱresolutionsȱ
(onȱtheȱorderȱofȱaȱfewȱhundredȱkilometers)ȱtoȱproduceȱestimates,ȱforecasts,ȱorȱprojectionsȱofȱ
climateȱvariationsȱatȱhigherȱresolutionsȱ(inȱsomeȱcases,ȱdownȱtoȱaȱfewȱkilometers).ȱȱDownscalingȱ
isȱgenerallyȱrequiredȱwhenȱtheȱimpactsȱofȱvariousȱclimateȱvariationsȱandȱchangesȱcannotȱbeȱ
estimatedȱfromȱcoarseȱresolutionȱpredictionsȱorȱprojectionsȱbecauseȱtheȱimpactsȱareȱespeciallyȱ
sensitiveȱtoȱnuancesȱofȱlocalȱclimateȱ(e.g.,ȱthoseȱassociatedȱwithȱdifferencesȱinȱtopographyȱandȱ
exposure)ȱorȱwhenȱsurfaceȱcharacteristicsȱthatȱtypicallyȱvaryȱinȱtheȱorderȱofȱ10ȱkilometersȱ
(6ȱmiles)ȱorȱlessȱ(likeȱtopographicȱboundaries)ȱdictateȱtheȱformȱandȱextentȱofȱregionalȱimpactsȱ
(Timbalȱetȱal.ȱ2003).ȱ

Twoȱbroadȱapproachesȱtoȱdownscalingȱhaveȱbeenȱused:ȱdynamicalȱandȱstatistical.ȱComparisonsȱ
ofȱtheȱskillsȱofȱtheȱtwoȱapproachesȱcanȱbeȱfoundȱelsewhereȱ(Murphyȱ1999;ȱHayȱandȱClarkȱ2003;ȱ
HanssenȬBauerȱetȱal.ȱ2003;ȱWoodȱetȱal.ȱ2004).ȱȱDynamicalȱdownscalingȱusesȱhigherȬresolution,ȱ
limitedȬarea,ȱphysicallyȱbasedȱregionalȱclimateȱmodelsȱ(RCMs)ȱnestedȱwithinȱtheȱoutputsȱofȱ
coarserȱmodelsȱtoȱincreaseȱtheȱspatialȱresolutionȱofȱclimateȱsimulations,ȱpredictions,ȱandȱ
projectionsȱ(e.g.,ȱRoadsȱetȱal.ȱ2003;ȱAnticȱetȱal.ȱ2004;ȱWeaverȱ2004).ȱRegionalȱclimateȱmodelsȱ
representȱtheȱsameȱphysicalȱprocessesȱ(andȱoccasionallyȱmoreȱphysicalȱprocesses)ȱasȱdoȱtheȱ
coarserȬresolutionȱglobalȱclimateȱmodels,ȱexceptȱatȱsignificantlyȱhigherȱspatialȱresolutions,ȱandȱ
theyȱcoverȱsmallerȱoverallȱareas.ȱTheirȱhigherȱresolutionsȱallowȱinclusionȱofȱmoreȱdetailedȱ
representationsȱofȱtopographyȱandȱsurfaceȱcontrasts,ȱasȱwellȱasȱmoreȱspatiallyȱdetailedȱ
depictionsȱofȱgradientsȱwithinȱtheȱatmosphereȱ(Zanglȱ2004;ȱLeungȱandȱWigmostaȱ1999).ȱȱTheȱ
mainȱdisadvantagesȱofȱRCMsȱareȱthatȱtheirȱimplementationȱusuallyȱrequiresȱcomputationalȱ
effortsȱasȱlargeȱorȱlargerȱthanȱtheȱoriginalȱcoarseȱresolutionȱmodelȱsimulations,ȱandȱthatȱtheyȱ
remainȱsomewhatȱexperimentalȱinȱclimateȱapplicationsȱ(thatȱis,ȱtheȱextentȱtoȱwhichȱtheyȱaddȱ
skillȱtoȱpredictionsȱofȱclimateȱvariationsȱandȱchangesȱremainsȱaȱsubjectȱofȱongoingȱassessmentsȱ
andȱprobablyȱvariesȱconsiderablyȱfromȱplaceȱtoȱplaceȱandȱsituationȱtoȱsituationȱinȱwaysȱthatȱareȱ
notȱyetȱwellȱunderstoodȱ(Woodȱetȱal.ȱ2004)).ȱȱMoreover,ȱstatisticalȱpostȬprocessingȱproceduresȱ
areȱneededȱinȱmanyȱcasesȱtoȱremoveȱsystematicȱbiasesȱfromȱRCMȱoutputsȱ(Woodȱetȱal.ȱ2004).ȱȱ

AlthoughȱfutureȱimprovementsȱinȱRCMsȱmayȱremoveȱmanyȱofȱtheseȱbiases,ȱforȱcertainȱ
applications,ȱtheȱskillȱofȱRCMsȱisȱcurrentlyȱ(atȱbest)ȱcomparableȱtoȱtheȱresultsȱobtainedȱthroughȱ
statisticalȱmethodsȱ(Murphyȱ1999;ȱHayȱandȱClarkȱ2003;ȱWoodȱetȱal.ȱ2004).ȱStatisticalȱ
downscalingȱmethodsȱapplyȱstatisticalȱrelationsȱbetweenȱhistoricalȱclimateȱrecordsȱatȱcoarseȱ
resolutionsȱandȱhighȱresolutionsȱtoȱinterpolateȱfromȱcoarseȱmodelȱoutputsȱtoȱhigherȱresolutions.ȱ
Statisticalȱdownscalingȱhasȱtheȱadvantagesȱofȱrequiringȱmuchȱlessȱcomputationalȱeffortȱandȱisȱ
severalȱordersȱofȱmagnitudeȱlessȱtimeȬconsuming,ȱandȱofȱ(usually)ȱtransparentlyȱeliminatingȱ
mostȱbiasesȱasȱpartȱofȱtheȱderivationȱofȱtheȱunderlyingȱstatisticalȱrelations.ȱOneȱdrawbackȱofȱ
statisticalȱdownscalingȱmethodsȱisȱthatȱtheyȱrepresentȱextremeȱsimplificationsȱofȱtheȱphysicalȱ
relationsȱatȱworkȱandȱthusȱgenerallyȱcanȱonlyȱbeȱexpectedȱtoȱcaptureȱtheȱhighȬresolution,ȱ
dependentȬvariableȱoutcomesȱofȱvariationsȱinȱtheȱparticularȱlimitedȱsetsȱofȱcoarseȱresolution,ȱ
independentȬvariableȱinputsȱused,ȱandȱcanȱonlyȱbeȱexpectedȱ(aȱpriori)ȱtoȱperformȱwellȱbyȱtheȱ
particularȱstatisticalȱmeasuresȱoptimizedȱinȱtheȱtrainingȱperiod.ȱFurthermore,ȱtheȱstatisticalȱ
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relationsȱcanȱonlyȱreplicateȱtheȱhistoricalȱformsȱofȱtheȱrelationsȱbetweenȱcoarseȱclimateȱfieldsȱ
andȱhighȬresolutionȱvariationsȱandȱthusȱcannotȱbeȱexpectedȱtoȱcaptureȱchangedȱformsȱofȱthoseȱ
relations,ȱshouldȱtheyȱchangeȱinȱtheȱfuture.ȱȱ

Thisȱreportȱpresentsȱaȱdeterministic,ȱlinearȱapproachȱforȱstatisticallyȱdownscalingȱfromȱcoarseȬ
resolutionȱ(~250ȱkilometersȱ(km),ȱorȱ~155ȱmiles),ȱcontinentalȱregionalȬwideȱpatternsȱofȱdailyȱ
precipitationȱ(P)ȱandȱaverageȱtemperatureȱ(Tavg)ȱtoȱtheirȱhighȬresolutionȱ(~12ȱkm,ȱorȱ~7.5ȱmiles)ȱ
equivalentsȱbyȱusingȱaȱvariationȱonȱtheȱconstructedȱanalogueȱmethodȱofȱvanȱdenȱDoolȱ(1994,ȱ
hereafterȱVDD)ȱandȱvanȱdenȱDoolȱetȱal.ȱ(2003).ȱVDD’sȱmethodȱisȱaȱstatisticalȱapproachȱtoȱclimateȱ
predictionȱbasedȱonȱtheȱnotionȱthat,ȱifȱoneȱcouldȱfindȱanȱexactȱanalogueȱ(inȱtheȱhistoricalȱrecord)ȱ
toȱtheȱweatherȱfieldȱtoday,ȱweatherȱinȱtheȱfutureȱshouldȱreplicateȱtheȱweatherȱfollowingȱtheȱtimeȱ
ofȱthatȱexactȱanalogue;ȱtheȱmoreȱexactȱtheȱcorrespondenceȱbetweenȱtoday’sȱweatherȱpatternsȱ
(acrossȱallȱclimaticȱvariables),ȱtheȱlongerȱtheȱpredictionȱbyȱanalogyȱwouldȱbeȱexpectȱtoȱwork.ȱ
Lorenzȱ(1969)ȱshowedȱthatȱnaturallyȱoccurringȱanaloguesȱatȱhemisphericȱscalesȱofȱacceptableȱ
qualityȱforȱsuchȱaȱuseȱareȱhighlyȱunlikelyȱtoȱbeȱfound,ȱgivenȱtheȱrelativelyȱshortȱhistoricalȱ
recordsȱofȱobservationsȱandȱtheȱhighȱnumberȱofȱdegreesȱofȱfreedomȱ(d.o.f.)ȱofȱatmosphericȱ
circulations.ȱȱInȱfact,ȱVDDȱestimatedȱthatȱitȱwouldȱtakeȱaroundȱ1030ȱyearsȱtoȱfindȱtwoȱidenticalȱ
(withinȱcurrentȱobservationalȱerror)ȱNorthernȱHemisphereȱ500ȱhectopascalȱ(hPa)ȱgeopotentialȱ
heightȱpatterns.ȱHowever,ȱratherȱthanȱwaitingȱforȱanȱacceptableȱanalogueȱtoȱemerge,ȱVDDȱ
developedȱanȱapproachȱwherebyȱanaloguesȱwereȱconstructedȱfromȱlinearȱcombinationsȱofȱpastȱ
atmosphericȱpatterns.ȱByȱlinearȱregressionsȱwithȱtheȱcurrentȱweatherȱorȱclimateȱpatternȱasȱtheȱ
dependentȱvariableȱandȱselectedȱhistoricalȱpatternsȱasȱindependentȱvariables,ȱveryȱhighȱqualityȱ
analoguesȱcanȱbeȱconstructed.ȱVDDȱthenȱassumedȱthatȱtheȱsameȱlinearȱcombinationȱ(usingȱtheȱ
sameȱregressionȱcoefficients)ȱofȱtheȱfutureȱevolutionsȱofȱeachȱofȱtheȱhistoricalȱpatternsȱthatȱ
contributedȱtoȱtheȱconstructedȱanalogueȱshouldȱtendȱtoȱdescribeȱtheȱevolutionȱofȱweatherȱorȱ
climateȱintoȱtheȱfuture,ȱforȱaȱtimeȱ(vanȱdenȱDoolȱ2003).ȱȱTheȱassumptionȱandȱmethodȱprovidesȱ
forecastsȱthatȱareȱsurprisinglyȱaccurate,ȱindicatingȱthatȱtheȱcontributionsȱfromȱtheȱevolvingȱ
historicalȱpatternsȱdoȱnotȱbeginȱtoȱinteractȱnonlinearlyȱorȱtoȱrandomizeȱoverwhelminglyȱforȱlongȱ
enoughȱtimesȱtoȱallowȱusefulȱpredictions.ȱȱȱ

Aȱrelatedȱmethodȱofȱanaloguesȱhasȱbeenȱusedȱforȱdownscalingȱoutputȱfromȱclimateȱmodelsȱȱ
(Zoritaȱetȱal.ȱ1995;ȱMartinȱetȱal.ȱ1996;ȱZoritaȱandȱvonȱStorchȱ1999;ȱTimbalȱandȱMcAvaneyȱ2001;ȱ
FernándezȱandȱSáenzȱ2003;ȱTimbalȱetȱal.ȱ2003;ȱTimbalȱ2004;ȱWetterhallȱetȱal.ȱ2005;ȱDiezȱetȱal.ȱ
2005;ȱGangopadhyayȱetȱal.ȱ2005).ȱTheȱsingleȬanalogueȱdownscalingȱmethodȱusedȱinȱtheseȱ
studiesȱwasȱbasedȱonȱfindingȱtheȱclosestȱanalogueȱforȱeachȱparticularȱweatherȱpatternȱsimulatedȱ
byȱtheȱclimateȱmodel,ȱfromȱaȱlibraryȱofȱhistoricallyȱobservedȱcoarseȬresolutionȱpatterns.ȱȱOnceȱ
theȱdateȱofȱtheȱbestȱanaloguesȱforȱaȱweatherȱpatternȱfromȱtheȱclimateȱmodelȱhasȱbeenȱidentified,ȱ
theȱhighȬresolutionȱfieldȱcorrespondingȱtoȱtheȱcoarseȬresolutionȱanalogueȱdateȱisȱtheȱ
downscaledȱversionȱofȱtheȱclimateȱmodelȱpattern.ȱByȱcontrast,ȱinȱtheȱmethodȱofȱconstructedȱ
analoguesȱpursuedȱhereȱ(andȱinȱFernándezȱandȱSáenzȱ2003),ȱanȱimprovementȱoverȱtheȱsingleȬ
analogueȱmethodȱisȱobtainedȱbyȱproducingȱaȱdownscaledȱestimationȱbasedȱonȱtheȱlinearȱ
combinationȱofȱmultipleȱpatterns,ȱmuchȱlikeȱthoseȱconstructedȱanaloguesȱdevelopedȱbyȱVDDȱforȱ
predictionȱpurposes.ȱProcedurally,ȱaȱcollectionȱofȱhistoricallyȱobservedȱcoarseȬresolutionȱclimateȱ
patternsȱisȱlinearlyȱregressedȱtoȱformȱaȱbestȬfitȱconstructedȱanalogueȱofȱaȱparticularȱcoarseȬ
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resolutionȱclimateȬmodelȱoutput.ȱTheȱconstructedȱanaloguesȱmethodȱdevelopsȱaȱdownscaled,ȱ
higherȱresolutionȱclimateȱpatternȱassociatedȱwithȱtheȱclimateȬmodelȱoutputȱfromȱtheȱ(same)ȱ
linearȱcombinationȱofȱhistoricalȱhighȬresolutionȱpatternsȱasȱwasȱfittedȱtoȱformȱtheȱcoarseȬ
resolutionȱanalogue.ȱThus,ȱtheȱregressionȱcoefficientsȱthatȱformȱtheȱbestȬfitȱcombinationȱofȱ
coarseȱresolutionȱdailyȱmapsȱ(at,ȱsayȱ250ȱkmȱresolution,ȱtoȱreproduceȱaȱgivenȱclimateȬmodelȱ
dailyȱpatternȱareȱappliedȱtoȱtheȱhighȬresolutionȱ(say,ȱ12ȱkmȱresolution)ȱmapsȱfromȱtheȱsameȱ
(historical)ȱdays.ȱConceptually,ȱratherȱthanȱassumingȱthatȱtheȱsameȱlinearȱcombinationȱofȱtheȱ
futureȱevolutionsȱfromȱtheȱcontributingȱpatternsȱyieldsȱaȱusefulȱforecastȱ(asȱinȱVDD),ȱinȱitsȱ
downscalingȱform,ȱtheȱconstructedȱanaloguesȱmethodȱassumesȱthatȱtheȱ(same)ȱlinearȱ
combinationȱofȱhighȬresolutionȱpatternsȱcanȱprovideȱaȱfaithfulȱdepictionȱofȱtheȱhighȬresolutionȱ
climateȱpatternȱassociatedȱwithȱtheȱmodelȱoutputȱofȱinterest.ȱThusȱtheȱhighȬresolutionȱclimateȱ
variationsȱareȱobtainedȱfromȱthisȱformȱofȱtheȱconstructedȱanaloguesȱmethod.ȱWithȱthisȱformȱofȱ
theȱconstructedȱanaloguesȱtheȱtemporalȱevolutionȱofȱthoseȱpatternsȱareȱnotȱprojected,ȱbutȱratherȱ
isȱdeterminedȱbyȱtheȱmoreȱcompletelyȱrepresentedȱsimulationȱofȱtheȱlargeȬscaleȱclimateȱmodel.ȱ
Thatȱis,ȱtoȱdownscaleȱaȱweatherȱpatternȱforȱtheȱfollowingȱday,ȱtheȱcoarseȬscaleȱpatternȱforȱtheȱ
nextȱdayȱisȱobtainedȱfromȱtheȱclimateȱmodelȱoutputȱandȱaȱnewȱlinearȱregressionȱisȱperformedȱtoȱ
constructȱaȱnewȱ(highȬresolution)ȱanalogue.ȱȱȱ

Severalȱversionsȱofȱtheȱmethodȱofȱanaloguesȱhaveȱbeenȱusedȱforȱdownscalingȱ(Zoritaȱetȱal.ȱ1995;ȱ
Martinȱetȱal.ȱ1996;ȱZoritaȱandȱvonȱStorchȱ1999;ȱTimbalȱandȱMcAvaneyȱ2001;ȱTimbalȱetȱal.ȱ2003;ȱ
Timbalȱ2004;ȱSalatheȱ2003;ȱFernándezȱandȱSáenzȱ2003;ȱGangopadhyayȱetȱal.ȱ2005).ȱȱInȱgeneral,ȱ
theseȱpreviousȱstudiesȱhaveȱdemonstratedȱmoreȱskillȱforȱdownscalingȱTavgȱthanȱforȱP,ȱinȱ
particularȱwhenȱusingȱatmosphericȱcirculationsȱasȱpredictors.ȱȱLikeȱsomeȱofȱtheseȱpreviousȱ
studies,ȱtheȱapproachȱpresentedȱhereȱdownscalesȱtoȱcontinentalȱscales,ȱand,ȱinȱparticular,ȱ
downscalesȱpatternsȱofȱPȱandȱTavgȱacrossȱtheȱcontiguousȱUnitedȱStates.ȱHowever,ȱthisȱ
downscaledȱapproachȱdiffersȱfromȱallȱpreviousȱeffortsȱinȱtheȱwayȱanaloguesȱareȱselectedȱandȱ
constructed,ȱinȱtheȱtypeȱofȱpredictorsȱused,ȱandȱinȱthatȱtheȱanaloguesȱmethodȱpresentedȱhereȱisȱ
generallyȱsimplerȱthanȱotherȱapproaches;ȱforȱexample,ȱnoȱreductionȱofȱtheȱd.o.f.ȱusingȱPrincipalȱ
ComponentȱAnalysisȱ(PCA;ȱe.g.,ȱGangopadhyayȱandȱClarkȱ2005)—orȱcanonicalȱcorrelationsȱ
(FernándezȱandȱSáenzȱ2003)—isȱrequired.ȱItȱwasȱalsoȱcommonȱinȱtheseȱpreviousȱstudiesȱtoȱuseȱ
atmosphericȱcirculationsȱasȱtheȱcoarseȱscaleȱ(predictor)ȱfieldȱusedȱforȱdownscalingȱtheȱsurfaceȱ
variablesȱ(precipitationȱorȱtemperature).ȱȱThisȱapproachȱisȱdesignatedȱasȱtheȱ“indirectȱanalogueȱ
downscalingȱmethod,”ȱandȱitsȱsuccessȱdependsȱcriticallyȱonȱidentifyingȱanȱatmosphericȱ
circulationȱfieldȱthatȱisȱveryȱcloselyȱrelatedȱtoȱtheȱsurfaceȱvariableȱofȱinterestȱtoȱobtainȱadequateȱ
skill.ȱȱThatȱmostȱofȱtheseȱdownscalingȱeffortsȱproducedȱbetterȱtemperatureȱthanȱprecipitationȱ
fieldsȱisȱanȱindicationȱofȱtheȱdifficultyȱofȱidentifyingȱanyȱsingleȱatmosphericȱcirculationȱ
descriptorȱthatȱencapsulatesȱtheȱprocessesȱcontrollingȱdailyȱprecipitationȱamountsȱandȱpatterns.ȱ
Inȱcontrast,ȱthisȱstudyȱusedȱtheȱcoarseȱscaleȱversionsȱofȱtheȱsurfaceȱfieldsȱthemselvesȱasȱ
predictorsȱ(designatedȱasȱaȱdirectȱanalogueȱdownscalingȱmethod),ȱinȱorderȱtoȱincludeȱamalgamsȱ
ofȱessentiallyȱallȱtheȱatmosphericȱcirculationsȱandȱfieldsȱsimulatedȱbyȱtheȱclimateȱmodelsȱinȱtheȱ
analogues,ȱasȱwillȱbeȱdiscussedȱinȱtheȱnextȱsection.ȱȱAsȱwillȱbeȱseenȱinȱtheȱfollowingȱsections,ȱthisȱ
approachȱresultedȱinȱaȱsignificantȱimprovementȱinȱtheȱskill,ȱinȱparticularȱforȱprecipitation.ȱȱȱ
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Theȱdataȱandȱmethodȱusedȱareȱdescribedȱinȱsectionsȱ2ȱandȱ3.ȱResultsȱandȱvariousȱmeasuresȱofȱ
downscalingȱskillȱareȱdescribedȱinȱSectionȱ4.ȱSectionȱ5ȱpresentsȱanȱevaluationȱofȱtheȱskillȱofȱtheȱ
methodȱforȱCalifornia’sȱclimate,ȱwithȱspecialȱattentionȱtoȱtheȱeffectȱthatȱtheȱchoiceȱofȱtheȱdomainȱ
ofȱtheȱcoarseȬresolutionȱanaloguesȱhasȱonȱtheȱdownscalingȱskill.ȱȱConclusionsȱareȱdrawnȱandȱ
possibleȱapplicationsȱdiscussedȱinȱSectionȱ6.ȱ

ȱ
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2.0 Data  
Theȱdownscalingȱexperimentsȱpresentedȱhereȱcanȱbeȱaccomplishedȱwithȱhistoricalȱclimateȱdataȱ
fromȱindividualȱstationsȱorȱonȱgrids;ȱforȱgeographicȱcompleteness,ȱthisȱstudyȱfocusesȱmostlyȱonȱ
downscalingȱontoȱhighȬresolutionȱgriddedȱfields.ȱToȱaccomplishȱthis,ȱgriddedȱdailyȱfieldsȱ
correspondingȱtoȱtheȱactualȱweatherȱonȱhistoricalȱdaysȱwereȱrequired,ȱbothȱtoȱserveȱasȱhighȬ
resolutionȱanaloguesȱandȱtoȱmeasureȱtheȱsuccessȱofȱtheȱdownscalingȱprocedure.ȱDailyȱP,ȱ
maximumȱairȱtemperatureȱ(Tmax),ȱandȱminimumȱairȱtemperatureȱ(Tmin)ȱfieldsȱfromȱ1950ȱtoȱ
1999,ȱgriddedȱoverȱtheȱentireȱcontiguousȱUniteȱStatesȱatȱ1/8ȱxȱ1/8ȱdegreeȱresolution,ȱwereȱ
obtainedȱfromȱtheȱSurfaceȱWaterȱModelingȱGroupȱatȱtheȱUniversityȱofȱWashington.1ȱTheseȱ
historicalȱdataȱwereȱdevelopedȱasȱdescribedȱbyȱMaurerȱetȱal.ȱ(2002),ȱandȱwereȱusedȱhereinȱtoȱ
characterizeȱtheȱdailyȱlocalȱvariationsȱofȱweatherȱandȱclimate.ȱTheȱPȱgridsȱareȱbasedȱonȱtheȱdailyȱ
observationsȱatȱCooperativeȱObserverȱ(COOP)ȱstations,ȱfromȱtheȱNationalȱOceanicȱandȱ
AtmosphericȱAdministrationȱ(NOAA),ȱwhichȱwereȱinterpolatedȱontoȱaȱ1/8ȱȱdegreeȱgrid,ȱandȱ
thenȱrescaledȱtoȱmatchȱtheȱlongȬtermȱaveragesȱofȱtheȱgriddedȱdataȱinȱtheȱParameterȬelevationȱ
RegressionsȱonȱIndependentȱSlopesȱModelȱ(PRISM;ȱDalyȱetȱal.ȱ1994).ȱTheȱTmaxȱandȱTminȱgridsȱ
alsoȱareȱbasedȱonȱdailyȱobservationsȱatȱNOAA’sȱCOOPȱstations,ȱwhichȱwereȱinterpolatedȱontoȱ
theȱsameȱ1/8ȱȱdegreeȱgridȱusingȱtheȱenvironmentalȱlapseȱrateȱtoȱaccountȱforȱtopographyȱ(Maurerȱ
etȱal.ȱ2002;ȱSheffieldȱetȱal.ȱ2004).ȱTheȱ1/8ȱȱdegreeȱgridȱofȱtheȱMaurerȱetȱal.ȱ(2002)ȱmeteorologicalȱ
dataȱisȱtheȱsameȱgridȱasȱusedȱforȱgriddedȱvegetationȱandȱsoilȱpropertiesȱdataȱinȱtheȱLandȱDataȱ
AssimilationȱSystemsȱ(LDAS);2ȱandȱtheȱsameȱgridȱasȱusedȱbyȱtheȱVariableȱInfiltrationȱCapacityȱ
(VIC)ȱmodelȱ(Liangȱetȱal.ȱ1994)ȱofȱmacroscale,ȱlandȬsurfaceȱhydrologicȱfluxesȱandȱenergyȱ
balancesȱatȱtheȱcontinentalȱscale.ȱTheȱPȱandȱTavgȱfieldsȱareȱprimaryȱforcingȱinputsȱforȱtheȱVICȱ
model.ȱTheȱpresentȱanalysisȱusesȱtheseȱPȱandȱTavgȱfieldsȱasȱaȱsourceȱofȱtemporallyȱandȱspatiallyȱ
highȬresolutionȱclimateȱanaloguesȱforȱtheȱdownscalingȱexperiments.ȱ

Inȱthisȱreport,ȱTmaxȱandȱTminȱwereȱaveragedȱtoȱproduceȱdailyȱTavg,ȱbutȱtheȱprocedureȱ
delineatedȱhereȱcanȱbeȱusedȱforȱtemperatureȱextremesȱseparately.ȱTheȱPȱdataȱwereȱtransformedȱ
byȱtakingȱtheȱsquareȱrootȱofȱtheȱdailyȱtotalsȱwithȱtheȱobjectiveȱofȱremovingȱsomeȱofȱtheȱ
skewnessȱofȱdailyȱPȱdataȱ(e.g.,ȱWilsonȱ1997;ȱDettingerȱetȱal.ȱ2004).ȱAllȱPȱandȱTavgȱfieldsȱwereȱ
meanȬcenteredȱbyȱsubtractingȱlongȬtermȱdailyȱmeanȱvaluesȱatȱeachȱgridȱcell,ȱcalculatedȱfromȱaȱ
calibrationȱsubsetȱofȱtheȱdataȱ(toȱbeȱdescribedȱlater).ȱ

AȱvarietyȱofȱdifferentȱlargeȬscale,ȱcoarseȬresolutionȱfieldsȱcouldȱserveȱasȱpotentialȱcontributorsȱ
toȱtheȱconstructedȱanalogues,ȱalthoughȱlargeȬscaleȱPȱandȱTavgȱactuallyȱperformȱveryȱwellȱ(toȱbeȱ
discussedȱlater)ȱandȱmakeȱtheȱprocedureȱimplementedȱhereȱparticularlyȱsimple.ȱDaily,ȱgriddedȱ
analysesȱofȱseveralȱatmosphericȱparametersȱwereȱobtainedȱfromȱtheȱNationalȱCenterȱofȱ
EnvironmentalȱPredictionȱ(NCEP)ȱandȱtheȱNationalȱCenterȱofȱAtmosphericȱResearchȱ(NCAR)ȱ
Reanalysisȱ(Kalnayȱetȱal.ȱ1996,ȱandȱupdatesȱthereto),ȱhereafterȱcalledȱ“Reanalysis.”ȱTheȱ
Reanalysisȱdataȱatȱ2.5ȱxȱ3.5ȱdegreeȱresolutionȱwereȱusedȱtoȱtestȱdifferentȱpredictorsȱforȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
1 Seeȱwww.hydro.washington.edu/Lettenmaier/gridded_data/index_maurer.html. 
2 Seeȱhttp://ldas.gsfc.nasa.gov/. 

www.hydro.washington.edu/Lettenmaier/gridded_data/index_maurer.html
http://ldas.gsfc.nasa.gov/
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downscalingȱPȱandȱTavgȱtoȱtheȱVICȱ1/8ȱȱdegreeȱgrid,ȱasȱwillȱbeȱdiscussedȱinȱtheȱMethodsȱ
section.ȱȱParametersȱfromȱtheȱReanalysisȱthatȱwereȱconsideredȱincludedȱP,ȱTavg,ȱ500ȱhPaȱandȱ
700ȱhPaȱgeopotentialȱheightȱfieldsȱ(Z500ȱandȱZ700ȱrespectively),ȱandȱseaȱlevelȱpressuresȱ(SLP).ȱȱȱ
TheȱReanalysisȱPȱwasȱtransformedȱbyȱtakingȱtheȱsquareȱrootȱofȱtheȱdailyȱvaluesȱandȱallȱ
reanalysisȱdataȱwereȱmeanȬcentered.ȱ

AlthoughȱgriddedȱPȱandȱTavgȱdataȱareȱtheȱfocusȱhere,ȱcomparisonsȱtoȱtheȱoriginalȱstationȱdataȱ
increasesȱconfidenceȱinȱtheȱresults.ȱAȱdatasetȱofȱdailyȱPȱandȱmaximumȱandȱminimumȱ
temperaturesȱfromȱfirstȬorderȱweatherȱstationsȱcoveringȱtheȱcontiguousȱUnitedȱStatesȱwasȱ
obtainedȱfromȱScrippȇsȱClimateȱResearchȱDivisionȱ(CRD)ȱdigitalȱarchivesȱ(A.ȱGershunov,ȱ
personalȱcommunicationȱ2005).ȱȱTheȱCRDȱdataȱisȱaȱsubsetȱofȱaȱlargerȱsetȱofȱstationsȱfromȱtheȱ
NationalȱClimaticȱDataȱCenterȱ(NCDC),3ȱselectedȱasȱhavingȱminimalȱmissingȱdataȱandȱaȱ
relativelyȱuniformȱspatialȱdistribution.ȱȱInȱthisȱdataset,ȱtheȱstationsȱ(reportingȱdataȱatȱleastȱ90%ȱ
ofȱtheȱtime)ȱwereȱselectedȱinȱdenselyȱsampledȱareasȱtoȱhaveȱoneȱstationȱrepresentingȱaȱradiusȱofȱ
aroundȱ70ȱkmȱ(43ȱmiles).ȱȱInȱtheȱmountains,ȱtheȱmostȱcompleteȱrecordȱfromȱwithinȱeachȱ70ȱkmȱ
radiusȱwasȱselected,ȱbutȱalsoȱtheȱhighestȱelevationȱstationȱwasȱincluded.ȱInȱpoorlyȱsampledȱ
areas,ȱserialȱcompletenessȱstandardsȱwereȱrelaxedȱtoȱincludeȱstationsȱwithȱasȱfewȱasȱ80%ȱofȱtheȱ
dailyȱdataȱpresent.ȱTheȱcoverageȱofȱtheȱdatasetȱdeclinesȱinȱnorthernȱCanadaȱandȱpartsȱofȱMexicoȱ
(especiallyȱSonora),ȱasȱdoesȱtheȱdataȱcontinuityȱ(serialȱcompleteness).ȱForȱthisȱstudy,ȱresearchersȱ
discardedȱstationsȱfromȱtheȱCRDȱdataset.ȱTheȱdiscardedȱdataȱconsistedȱofȱstationsȱhavingȱmoreȱ
thanȱ7%ȱofȱmissingȱvaluesȱfromȱ1950ȱtoȱ1999.ȱ

Allȱskillȱmeasurementsȱpresentedȱinȱtheȱstudyȱwereȱcomputedȱonȱvalidatedȱdatasets,ȱwithȱdailyȱ
dataȱfromȱtheȱevenȬnumberedȱyearsȱfromȱ1950ȱtoȱ1999ȱusedȱasȱaȱlibraryȱorȱpoolȱofȱpotentialȱ
analogues,ȱ(calibration)ȱandȱdataȱforȱtheȱoddȬnumberedȱyearsȱusedȱtoȱ(cross)ȱvalidateȱtheȱ
downscalingȱresults.ȱBothȱtheȱcalibrationȱandȱvalidationȱdatasetsȱwereȱcenteredȱbyȱremovingȱ
theȱdailyȱmeansȱofȱtheȱcalibrationȱdataset.ȱȱTherefore,ȱdifferencesȱinȱtheȱmeansȱofȱtheȱcalibrationȱ
andȱverificationȱdatasetsȱwillȱbeȱfittedȱthroughȱtheȱdownscalingȱtechnique.ȱThisȱemphasisȱonȱ
climateȱanomaliesȱisȱnotȱaȱnecessaryȱpartȱofȱtheȱprocedureȱforȱtheȱdemonstrationsȱpresentedȱ
herein,ȱbutȱmakesȱfutureȱtransferȱofȱtheȱmethodsȱtoȱotherȱapplicationsȱ(usingȱmultipleȱclimateȱ
models,ȱorȱapplyingȱtoȱnonstationaryȱclimates)ȱeasier.ȱ

InȱadditionȱtoȱlongȬtermȱ(1950–1999)ȱdownscalingȱexperimentsȱthatȱwillȱformȱmuchȱofȱtheȱ
Resultsȱsection,ȱaȱbriefȱapplicationȱofȱtheȱmethodȱtoȱaȱhistoricalȱmediumȬrangeȱweatherȱforecastȱ
(MRF)ȱisȱalsoȱpresentedȱasȱanȱexampleȱofȱaȱpossibleȱapplication.ȱPȱandȱTavgȱestimatesȱfromȱanȱ
MRFȱinitiatedȱwithȱconditionsȱonȱJanuaryȱ26,ȱ1983ȱ(0000ȱCoordinatedȱUniversalȱTimeȱ[UTC])ȱ
andȱvalidȱforȱtheȱfollowingȱ36ȱhoursȱ(essentiallyȱdescribingȱtheȱforecastȱofȱweatherȱforȱJanuaryȱ
27,1983)ȱwereȱobtainedȱfromȱNOAAȇsȱClimateȱDiagnosticȱCenter.4ȱȱTheȱMRFȱdataȱrepresentȱtheȱ
ensembleȱmeanȱofȱ15ȱrunsȱofȱNCEPȇsȱMRFȱmodelȱ(Kanamitsuȱ1989;ȱKanamitsuȱetȱal.ȱ1991;ȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ
3 Seeȱwww.ncdc.noaa.gov/oa/ncdc.html.ȱ 
4ȱSeeȱwww.cdc.noaa.gov/reforecast/. 

www.ncdc.noaa.gov/oa/ncdc.html
www.cdc.noaa.gov/reforecast/
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Caplanȱetȱal.ȱ1997).ȱȱDetailsȱonȱtheȱcharacteristicsȱandȱskillȱofȱtheȱmodelȱcanȱbeȱfoundȱinȱHamillȱ
etȱal.ȱ(2004).ȱȱ
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3.0 Methods  

3.1. Preliminary Demonstration of the Method 
Beforeȱdescribingȱdetailsȱofȱtheȱmethod,ȱaȱquickȱdemonstrationȱofȱwhatȱtheȱmethodȱ
accomplishesȱinȱaȱparticularȱapplicationȱwillȱhelpȱtoȱillustrateȱtheȱproblemȱtoȱbeȱsolvedȱ(reȬ
capturingȱhighȬresolutionȱfeaturesȱofȱaȱdailyȱweatherȱpattern)ȱandȱthusȱmotivateȱtheȱeffort.ȱȱ

CoarseȬscaleȱdepictionsȱofȱweatherȱandȱclimate—whetherȱfromȱanalyses,ȱdataȱassimilations,ȱorȱ
modelȱsimulations—onlyȱcaptureȱaȱfractionȱofȱtheȱrichȱspatialȱdetailsȱofȱPȱandȱTavgȱvariationsȱ
depictedȱinȱtheȱhigherȱresolutionȱpatterns.ȱȱInȱFigureȱ1,ȱtheȱPȱandȱTavgȱpatternsȱonȱtheȱdayȱofȱaȱ
particularȱstormȱinȱCaliforniaȱ(Januaryȱ27,ȱ1983)ȱareȱshown.ȱȱInȱtheȱupperȱpanelȱofȱthisȱfigure,ȱ
theȱcoarseȬresolutionȱReanalysisȱversionȱ(2.5ȱȱdegrees)ȱofȱtheȱday’sȱweatherȱisȱshown.ȱInȱtheȱ
lowerȱpanel,ȱtheȱcorrespondingȱweatherȱpatternsȱatȱtheȱVICȱresolutionȱ(1/8ȱdegree)ȱareȱshown.ȱȱ
TheȱVICȱresolutionȱdataȱareȱableȱtoȱresolveȱtheȱinfluenceȱofȱtheȱmountainȱrangesȱinȱtheȱwesternȱ
UnitedȱStatesȱandȱtheȱpatchinessȱofȱprecipitationȱinȱtheȱsoutheast.ȱȱ

ȱ
Figure 1. The storm of January 27, 1983, over California as recorded in precipitation (mm) and 
temperature (°C) estimates from the NCEP/NCAR reanalysis (top panel) and VIC meteorological 
data from Maruer et al. (2002) (bottom panel). The three locations in the bottom-left figure are 
pertinent to Figure 10. 

ȱ
InȱFigureȱ2,ȱhighȬresolutionȱversionsȱofȱtheȱweatherȱonȱJanuaryȱ27,ȱ1983,ȱinȱeachȱinstanceȱ
derivedȱbyȱdownscalingȱ(withȱtheȱmethodȱdescribedȱhere)ȱofȱtheȱtopȱpanelsȱofȱFigureȱ1,ȱareȱ
shown.ȱInȱtheȱtopȱrowȱofȱFigureȱ2,ȱtheȱdownscaledȱgriddedȱPȱandȱTavgȱpatternsȱforȱtheȱsameȱ
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stormȱareȱshown,ȱdownscaledȱfromȱtheȱcoarseȱweatherȱpatternsȱfollowingȱtheȱproceduresȱthatȱ
willȱbeȱenumeratedȱhere.ȱAsȱcanȱbeȱseen,ȱtheȱPȱandȱTavgȱpatternsȱforȱthisȱparticularȱdayȱwereȱ
wellȱreplicatedȱbyȱtheȱconstructedȬanalogueȱmethod.ȱȱInȱtheȱcaseȱofȱP,ȱinȱadditionȱtoȱtheȱlargeȱ
precipitationȱsystemȱoverȱCalifornia,ȱsmallerȱstormsȱinȱtheȱsoutheastȱandȱPacificȱNorthwestȱareȱ
capturedȱwithȱsignificantȱskill.ȱTheȱdownscaledȱTavgȱpatternȱstronglyȱresemblesȱtheȱobservedȱ
pattern,ȱalthoughȱtemperaturesȱareȱoverestimatedȱinȱtheȱsouthernȱregionsȱ(onȱaverageȱbyȱ0.46°C,ȱ
orȱ0.83°F)ȱandȱunderestimatedȱinȱtheȱnorthernȱregionsȱ(onȱaverageȱbyȱ0.54°C,ȱorȱ0.97°F),ȱinȱ
particularȱinȱtheȱupperȱMidwestȱthatȱwereȱsignificantlyȱunderestimatedȱbyȱaroundȱ4°Cȱ(7.2°F)ȱ
(Figuresȱ1ȱandȱ2).ȱȱInȱtheȱmiddleȱrowȱofȱFigureȱ2ȱtheȱresultsȱofȱdownscalingȱofȱtheȱcoarseȱ
weatherȱpatternsȱtoȱstationȱdataȱareȱshown.ȱȱNotȱsurprisingly,ȱtheȱdownscaledȱstationȱpatternsȱ
areȱlessȱspatiallyȱcoherentȱthanȱtheȱgriddedȱdata,ȱbutȱinȱgeneralȱthereȱisȱsubstantialȱinȱ
reproducingȱtheȱdefiningȱPȱandȱTavgȱfeaturesȱofȱtheȱstorm.ȱInȱparticular,ȱtheȱmainȱandȱ
secondaryȱstormsȱareȱrepresentedȱinȱtheȱPȱpatternsȱfromȱtheȱstationȱdata,ȱalthoughȱslightlyȱ
overestimatedȱvaluesȱwereȱobtainedȱoverȱUtahȱandȱColoradoȱ(onȱtheȱorderȱofȱ5ȱmillimetersȱ
[mm]ȱperȱday)ȱandȱtheȱsoutheasternȱsecondaryȱstormȱisȱshiftedȱinlandȱandȱhasȱlessȱintensityȱinȱ
theȱdownscaledȱestimateȱthanȱinȱtheȱobservedȱpattern.ȱȱTheȱbottomȱrowȱofȱFigureȱ2ȱisȱanȱ
exampleȱofȱtheȱapplicationȱofȱtheȱanaloguesȱmethodȱforȱdownscalingȱMRFsȱ(inȱthisȱcaseȱforȱtheȱ
36ȱhoursȱforecastȱfromȱJanuaryȱ26,ȱ1983ȱ(0000ȱUTC)ȱinitialȱconditions).ȱȱEvenȱthoughȱtheȱ
patternsȱshownȱinȱfiguresȱ2eȱandȱ2fȱincludeȱtheȱforecastȱuncertaintiesȱofȱtheȱMRFȱmodel,ȱtheȱ
downscaledȱMRFȱcapturesȱmostȱofȱtheȱnuancesȱofȱlocalȱweatherȱcausedȱbyȱelevationȱandȱ
exposureȱwithȱreasonableȱaccuracy.ȱ

3.2. Selection of the Variables to Use as Candidate Predictors 
Theȱprocedureȱforȱusingȱconstructedȱanaloguesȱforȱpredictionȱorȱdownscalingȱcanȱbeȱdividedȱinȱ
twoȱparts:ȱdiagnosisȱandȱprognosisȱ(followingȱVDD).ȱȱGivenȱaȱparticularȱcoarseȬresolutionȱ
weatherȱpatternȱtoȱbeȱdownscaled,ȱtheȱdiagnosisȱstepȱconsistsȱofȱselectingȱaȱsubsetȱofȱweatherȱ
patternsȱfromȱaȱlargeȱlibraryȱofȱhistoricalȱpatternsȱatȱcoarseȱresolutionȱ(e.g.,ȱ2.5ȱȱdegreeȱ
resolution)ȱandȱthenȱdeterminingȱtheȱlinearȱcombinationȱofȱthoseȱpatternsȱthatȱbestȱmatchȱtheȱ
givenȱ(target)ȱpattern.ȱTheȱsubsetȱisȱformedȱsoȱasȱtoȱcontainȱaȱlimitedȱnumberȱofȱpatternsȱthatȱ
areȱmostȱsuitableȱforȱconstructingȱaȱfaithfulȱanalogueȱofȱtheȱtargetȱpattern.ȱInȱtheȱdownscalingȱ
applicationȱofȱconstructedȱanalogues,ȱtheȱ“prognosis”ȱstepȱisȱtheȱderivationȱofȱtheȱhighȬ
resolutionȱpatternȱbyȱapplyingȱtheȱlinearȱfitȱdevelopedȱfromȱtheȱsubsetȱofȱmostȱsuitable,ȱcoarseȬ
resolutionȱpredictors,ȱwhereȱ“predictors”ȱinȱthisȱdownscalingȱapplicationȱareȱtheȱhistoricalȱ
coarseȬresolutionȱpatternsȱusedȱinȱtheȱdiagnosisȱstep.ȱȱTheȱregressionȱcoefficientsȱderivedȱforȱ
eachȱcoarseȬresolutionȱpatternȱinȱtheȱdiagnosisȱstepȱareȱappliedȱdirectlyȱtoȱtheȱcorrespondingȱ
fineȬresolutionȱweatherȱpatternsȱforȱtheȱsameȱdaysȱ(Figureȱ3).ȱ
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ȱ
Figure 2. Downscaled precipitation (mm) and average air temperature (°C) versions of the 
January 27, 1983, California storm using constructed analogues, applied to coarse VIC data 
(top), station data (middle), and medium-range forecast (bottom). 

ȱ

Severalȱmeteorologicalȱparametersȱ(obtainedȱfromȱtheȱReanalysis)ȱcoveringȱdifferentȱdomainsȱ
wereȱtestedȱforȱtheirȱsuitabilityȱasȱpredictorsȱforȱdownscalingȱVICȬscaleȱPȱandȱTavgȱ(notȱ
shown).ȱTheȱReanalysisȱparametersȱtestedȱincludedȱZ700,ȱZ500,ȱTavg,ȱP,ȱSLP,ȱandȱtheȱdivergenceȱ
ofȱtheȱZ500.ȱȱInȱgeneral,ȱtheȱmethodȱshowedȱskillȱinȱdownscalingȱcoarseȬscaleȱTavgȱtoȱtheȱ1/8ȱȱ
degreeȱgridȱusingȱReanalysisȱcirculationsȱ(e.g.,ȱZ700ȱandȱZ500,ȱnotȱshown)ȱandȱTavgȱdataȱ(Tableȱ
1).ȱȱHowever,ȱtheȱprocedureȱforȱdownscalingȱPȱshowedȱskillȱinȱreproducingȱtheȱcontinentalȱ
patternsȱonlyȱwhenȱPȱwasȱusedȱasȱtheȱpredictorȱ(Tableȱ1).ȱȱ

ȱ
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Table 1. Median of correlation and RMSE between downscaled and observed daily P and Tavg 
using the reanalysis and VIC coarse data sets as predictors for the conterminous United States. 
The first (second) correlation represents the daily values with and (without) the seasonal cycle. 
The statistics shown are the median values from 52,135 gridpoints that cover the conterminous 
United States at 1/8 degree resolution. 
ȱ Precipitation1/2ȱ ȱTemperatureȱȱ

(a)ȱReanalysisȱdataȱasȱtheȱcoarseȱscaleȱfieldȱȱ ȱ ȱ

ȱȱȱRȱȱ 0.52ȱ(0.46)ȱ ȱ0.96ȱ(0.78)ȱȱ

ȱȱȱRMSEȱȱ 1.02ȱ(mmȱday)1/2ȱ ȱ2.82ȱ(°C)ȱȱ

(b)ȱVICȱdataȱ aggregatedȱ toȱ 2.5ȱ xȱ 2.5ȱdegreesȱ asȱ theȱ
coarseȱscaleȱfieldȱȱ

ȱ

ȱȱȱRȱȱ 0.72ȱ(0.70)ȱ ȱ0.97ȱ(0.87)ȱȱ

ȱȱȱRMSEȱ 0.72ȱ(mmȱday)1/2ȱ ȱ2.16ȱ(°C)ȱȱ

Theȱ “1/2”ȱ inȱ theȱ tableȱ indicatesȱ thatȱ theȱ researchersȱ tookȱ theȱ squareȱ rootȱofȱ theȱprecipitationȱbeforeȱ conductingȱ theȱ
analysis.ȱ

Interestingly,ȱlargeȬscaleȱmodelsȱandȱpredictionsȱofȱPȱareȱnotoriouslyȱinaccurateȱ(e.g.,ȱPalmerȱetȱ
al.ȱ2005),ȱandȱReanalysisȱprecipitationȱfieldsȱareȱlikewiseȱunderstoodȱtoȱbeȱfairlyȱpoor,ȱifȱforȱnoȱ
otherȱreasonȱthanȱthatȱtheȱReanalysisȱprocessȱdidȱnotȱassimilateȱorȱuseȱanyȱactualȱobservationsȱ
ofȱprecipitationȱ(Kalnayȱetȱal.ȱ1996).ȱThus,ȱthisȱstudy’sȱauthorsȱsuspectȱthatȱtheȱusefulnessȱofȱtheȱ
Pȱfieldsȱinȱtheȱdownscalingȱprocedureȱderivesȱnotȱfromȱtheirȱadequacyȱasȱrepresentationsȱofȱtheȱ
actualȱprecipitationȱpatternsȱonȱaȱgivenȱdayȱbutȱratherȱbecauseȱtheyȱareȱlowȬdimensionalȱ
representationsȱofȱallȱtheȱlargeȬscaleȱatmosphericȱinfluencesȱthatȱcreateȱpotentialsȱforȱ
precipitationȱonȱthatȱday.ȱOneȱcouldȱuseȱaȱZ500ȱfieldȱ(orȱdivergenceȱfield)ȱasȱaȱPȱpredictor,ȱbutȱ
wouldȱinȱtheȱprocessȱgenerallyȱfailȱtoȱcaptureȱtheȱinfluencesȱof,ȱsay,ȱhumiditiesȱandȱ
temperaturesȱonȱP,ȱorȱofȱcirculationsȱatȱotherȱheightȱlevels.ȱOfȱcourse,ȱoneȱmightȱchooseȱtoȱalsoȱ
includeȱsomeȱofȱtheseȱotherȱpredictors,ȱbutȱpartsȱofȱtheȱatmosphericȱstateȱthatȱareȱassociatedȱ
withȱPȱwouldȱstillȱbeȱneglected.ȱ

Addingȱmoreȱandȱmoreȱpredictorsȱwouldȱaccomplishȱtwoȱthings:ȱ(1)ȱintroduceȱlargeȱdegreesȱofȱ
freedomȱandȱcollinearityȱintoȱtheȱpredictionȱprocess,ȱandȱ(2)ȱifȱallȱwentȱwell,ȱeffectivelyȱ
convergeȱonȱaȱsetȱofȱrelationsȱapproximatingȱthoseȱthatȱareȱalsoȱtheȱaimȱofȱbuildersȱofȱphysicallyȱ
basedȱclimateȱmodels.ȱItȱisȱbetterȱtoȱacceptȱthatȱtheȱReanalysisȱPȱfieldȱisȱaȱcompactȱ
representationȱofȱourȱbestȱunderstandingȱofȱallȱtheȱvariousȱatmosphericȱprocessesȱandȱvariablesȱ
thatȱconvergeȱtoȱyieldȱtheȱlargeȬscaleȱpotentialȱforȱprecipitation.ȱAsȱsuchȱtheȱReanalysisȱPȱfieldsȱ
areȱviewedȱasȱsummariesȱofȱtheȱmanyȱ(largeȬscale)ȱatmosphericȱprecipitationȱforcings.ȱInȱ
supportȱofȱthisȱphilosophy,ȱnoteȱthatȱWidmannȱetȱal.ȱ(2003)ȱfoundȱthatȱnumericallyȱsimulatedȱPȱ
fromȱtheȱReanalysisȱisȱaȱbetterȱpredictorȱthanȱatmosphericȱcirculations,ȱTavg,ȱandȱhumidityȱforȱ
downscalingȱmonthlyȱPȱinȱWashingtonȱandȱOregon.ȱAȱdiscussionȱonȱtheȱsuitabilityȱofȱ
predictorsȱforȱdownscalingȱPȱcanȱbeȱfoundȱinȱWilbyȱandȱWigleyȱ(2000).ȱ
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Forȱtheȱpurposesȱofȱtheȱdemonstrationsȱpresentedȱhere,ȱtoȱeliminateȱtheȱinfluenceȱofȱsomeȱofȱtheȱ
historicalȱinaccuraciesȱofȱtheȱReanalysisȱfields,ȱtheȱMaurerȱetȱal.ȱ(2002)ȱmeteorologicalȱdatasetȱatȱ
1/8ȱdegreeȱresolutionȱ(hereafterȱreferredȱtoȱasȱtheȱVICȱdataset)ȱwasȱaggregatedȱintoȱaveragesȱatȱ
2.5ȱdegreeȱresolutionȱ(hereafterȱreferredȱtoȱasȱtheȱcoarseȱVICȱdataset)ȱtoȱbeȱusedȱasȱanȱalternativeȱ
moreȱdirectlyȱobservationallyȱbasedȱ(coarseȱresolution)ȱpredictorȱ(thanȱtheȱmodeledȱReanalysisȱ
Pȱvalues).ȱȱAmongȱallȱpredictorsȱtested,ȱtheȱcoarseȱVICȱdatasetȱyieldedȱtheȱhighestȱskillȱinȱ
reproducingȱdailyȱPȱinȱtheȱhighȬresolutionȱvalidationȱdataset—evenȱbetterȱthanȱtheȱReanalysisȱPȱ
(Tableȱ1).ȱȱTheȱincreaseȱinȱtheȱskillȱfromȱusingȱtheȱVICȱcoarseȱdatasetȱsuggestsȱthatȱ
inconsistenciesȱbetweenȱtheȱReanalysisȱPȱestimatesȱandȱtheȱobservationsȱpreviouslyȱnotedȱbyȱ
otherȱauthorsȱ(seeȱWilbyȱandȱWigleyȱ2002;ȱCharlesȱetȱal.ȱ2004)ȱwereȱlimitingȱtheȱdownscalingȱ
process.ȱSinceȱtheȱhistoricalȱcoarseȱVICȱdatasetȱisȱavailableȱandȱ(apparently)ȱeliminatesȱsomeȱofȱ
theȱReanalysisȱbiasesȱandȱerrors,ȱitȱisȱreasonableȱtoȱuseȱitȱforȱtheȱdemonstrationsȱhere,ȱasȱwellȱasȱ
inȱotherȱdownscalingȱeffortsȱnotȱinvolvingȱtheȱReanalysisȱmodel.ȱThatȱis,ȱwhyȱmixȱReanalysisȱ
errorsȱandȱbiasesȱwithȱthoseȱfromȱotherȱmodelsȱwhenȱweȱcanȱreasonablyȱestimateȱlargeȬscaleȱ
predictorsȱfromȱmoreȱdirectȱobservationalȱfields?ȱPreliminaryȱstudiesȱbyȱtheȱauthorsȱ
downscalingȱcontrolȱandȱclimateȬchangeȱrunsȱfromȱtheȱNCARȱParallelȱClimateȱModelȱ(toȱbeȱ
presentedȱseparately)ȱusingȱtheȱcoarseȱVICȱfieldsȱtoȱconstructȱanaloguesȱyieldȱresultsȱforȱtheȱ
westernȱUnitedȱStatesȱthatȱencourageȱuseȱofȱtheseȱpredictors.ȱȱInȱtheȱrestȱofȱthisȱreport,ȱtheȱPȱ
fromȱtheȱcoarseȱVICȱcalibrationȱdatasetȱwillȱbeȱusedȱasȱaȱPȱpredictorȱtoȱdownscaleȱtheȱ
independentȱvalidationȱdataset.ȱȱForȱconsistency,ȱaȱcoarseȱTavgȱVICȱdatasetȱwillȱalsoȱbeȱusedȱ
(Tableȱ1).ȱThus,ȱtheȱresultsȱpresentedȱhereafterȱrepresentȱtheȱbestȱskillȱthatȱcanȱbeȱobtainedȱfromȱ
downscalingȱobservedȱcoarseȬresolutionȱPȱandȱTavgȱcontinentalȱpatternsȱfromȱtheȱMaurerȱetȱal.ȱ
(2002)ȱdatasetȱbyȱtheȱmethodȱofȱconstructedȱanalogues.ȱȱ

3.3. Diagnosis: Constructing a Coarse-resolution Analogue 
Severalȱschemesȱwereȱtestedȱforȱselectingȱtheȱsubsetȱofȱpredictorsȱfromȱtheȱlargeȱlibraryȱofȱ
availableȱweatherȱpatterns.ȱȱInȱprinciple,ȱallȱpreviousȱweatherȱpatternsȱcouldȱbeȱincludedȱinȱtheȱ
regressionsȱthatȱformȱtheȱanalogue,ȱbutȱthisȱapproachȱresultsȱinȱlargeȱinefficiencies,ȱbecauseȱ
thereȱisȱaȱpointȱwhereȱtheȱcorrelationȱdownscalingȱskillȱdoesȱnotȱincreaseȱsignificantlyȱbyȱ
addingȱmoreȱpredictors,ȱandȱtheȱvarianceȱdownscalingȱskillȱisȱreducedȱsomewhatȱcomparedȱtoȱ
moreȱparsimoniousȱapproachesȱ(FernándezȱandȱSáenzȱ2003).ȱAlternatively,ȱaȱveryȱfewȱpatternsȱ
knownȱtoȱbeȱveryȱsimilarȱtoȱtheȱtargetȱpatternȱcouldȱbeȱusedȱtoȱformȱtheȱanalogue;ȱhowever,ȱthisȱ
approachȱreducedȱtheȱd.o.f.ȱofȱtheȱprocessȱandȱmuchȱreducedȱtheȱcorrelationȱdownscalingȱskillȱ
(Figureȱ4).ȱAnȱintermediateȱapproachȱusingȱaȱmoderateȱnumberȱofȱhistoricalȱpatternsȱtoȱ
constructȱtheȱanaloguesȱprovedȱtoȱyieldȱbetterȱresults.ȱTherefore,ȱforȱeachȱweatherȱpatternȱtoȱbeȱ
downscaled,ȱaȱsubsetȱofȱtheȱ30ȱpatternsȱmostȱspatiallyȱsimilarȱtoȱtheȱtargetȱpatternȱwasȱselectedȱ
forȱuseȱinȱtheȱconstructedȱanalogueȱforȱthatȱday.ȱȱTheȱ30ȱpatternsȱwereȱselectedȱfromȱaȱpoolȱofȱ
2275ȱseasonallyȱconfinedȱpatternsȱpotentialȱpatternsȱ(seeȱbelow).ȱTheȱnumberȱofȱhistoricalȱ
analogueȱpatternsȱtoȱincorporateȱintoȱtheȱconstructedȱanaloguesȱ(n=30,ȱinȱthisȱreport)ȱwasȱ
selectedȱtoȱkeepȱnumericȱcomputationalȱrequirementsȱlowȱ(theȱsizeȱofȱtheȱmatrixȱtoȱbeȱinvertedȱ
dependsȱonȱn),ȱwhileȱmaintainingȱcorrelationȱskillsȱthatȱareȱhighȱforȱbothȱprecipitationȱandȱ
temperatureȱ(Figureȱ4).ȱȱForȱn=30,ȱprecipitationȱcorrelationȱskillȱreachedȱaȱplateauȱandȱthereforeȱ
theȱinclusionȱofȱmoreȱpatternsȱwouldȱnotȱbeȱjustified,ȱwhile,ȱbyȱthatȱnumberȱofȱanalogues,ȱtheȱ
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temperatureȱcorrelationȱskillȱwasȱalreadyȱveryȱhigh.ȱȱSpatialȱsimilarityȱwasȱmeasuredȱinȱtermsȱ
ofȱtheȱspatialȱrootȱmeanȱsquareȱerrorȱ(RMSE)ȱbetweenȱtheȱweatherȱpatternȱtoȱbeȱdownscaledȱ
andȱeachȱofȱtheȱ2275ȱpotentialȱpatternsȱfromȱtheȱlibraryȱofȱhistoricalȱweatherȱpatterns.ȱȱTheȱpoolȱ
ofȱ2275ȱpotentialȱpredictorsȱwasȱcomposedȱbyȱtheȱweatherȱpatternsȱfromȱtheȱcalibrationȱdatasetȱ
thatȱwereȱwithinȱ±45ȱdaysȱofȱtheȱdayȱofȱyearȱofȱtheȱtargetȱpatternȱ(i.e.,ȱseasonallyȱconfined)ȱforȱ
allȱtheȱcalibrationȱyearsȱavailableȱinȱtheȱhistoricalȱrecordȱ(25).ȱ

ȱ
Figure 4. Change in the median correlation skill of downscaled  
precipitation and temperature estimates by increasing the number  
of suitable predicators (n) 

ȱ

Theȱrelativeȱskillȱofȱtheȱconstructedȱanaloguesȱ(inȱreproducingȱobservedȱfineȬscaleȱPȱandȱTavgȱ
variationsȱatȱdailyȱtimeȱscales),ȱcomparedȱtcomparedȱtoȱotherȱalternativeȱreferenceȱmethodsȱcanȱ
beȱmeasuredȱwithȱtheȱBrierȱskillȱscoreȱ(BSS,ȱBrierȱ1950).ȱDefiningȱMSEȱandȱMSErefȱasȱtheȱmeanȱ
squareȱerrorsȱfromȱtheȱconstructedȱanalogueȱdownscalingȱmethodȱwithȱtheȱpreferredȱ30Ȭ
memberȱbestȬsuitedȱsubsetȱandȱtheȱreferenceȱmethods,ȱtheȱBSSȱcanȱbeȱformulatedȱas:ȱ

ȱ ȱ 1001 x
MSEref
MSE=BSS ¸̧

¹

·
¨̈
©

§
� ȱ ȱȱ ȱ ȱ ȱ (1)ȱ

Theȱlowerȱ(orȱmoreȱnegative)ȱtheȱBSSȱvalue,ȱtheȱmoreȱpoorlyȱtheȱpreferredȱmethodȱperformedȱ
relativeȱtoȱtheȱreferenceȱmethod,ȱwhileȱBSS=100ȱwouldȱbeȱassociatedȱwithȱperformanceȱbyȱtheȱ
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preferredȱmethodȱthatȱisȱmuchȱbetterȱthanȱtheȱreferenceȱmethod.ȱȱInȱTableȱ2,ȱthreeȱreferenceȱ
methodsȱareȱcomparedȱtoȱourȱpreferredȱmethod:ȱ(1)ȱpickingȱoneȱofȱtheȱ2275ȱpotentialȱpredictorsȱ
fromȱtheȱlibraryȱatȱrandomȱforȱuseȱinȱtheȱdownscalingȱmethod,ȱ(2)ȱusingȱtheȱmeanȱaverageȱdailyȱ
patternsȱasȱdownscalingȱestimateȱ(climatology),ȱandȱ(3)ȱusingȱtheȱsingleȱmostȱspatiallyȱsimilarȱ
patternȱ(accordingȱtoȱRMSE)ȱfromȱtheȱpoolȱofȱpotentialȱpredictors—thatȱis,ȱusingȱtheȱclosestȱ
naturalȱoccurringȱanalogueȱ(Tableȱ2).ȱȱTheȱconstructedȱanaloguesȱmethodȱshowedȱsignificantȱ
higherȱskillȱatȱreproducingȱtheȱhistoricalȱhighȬresolutionȱPȱandȱTavgȱpatternsȱoverȱallȱtheȱ
referenceȱmethodsȱ(allȱtheȱBSSȱscoresȱareȱpositive).ȱAsȱexpected,ȱtheȱpreferredȱconstructedȱ
analoguesȱshowedȱtheȱhighestȱskillȱinȱcomparisonȱtoȱtheȱreferenceȱmethodȱthatȱconsistedȱinȱaȱ
randomȱselectionȱofȱpatterns.ȱȱInȱtheȱcaseȱofȱP,ȱtheȱBSSȱvaluesȱofȱtheȱpreferredȱmethodȱusingȱ
climatologyȱasȱreferenceȱareȱcomparableȱtoȱtheȱBSSȱvaluesȱusingȱtheȱclosestȱnaturallyȱoccurringȱ
singleȱanalogueȱasȱreference.ȱThisȱsuggestsȱthatȱforȱeachȱdayȱtheȱclosestȱsingleȱPȱanalogueȱisȱ
reallyȱnotȱveryȱsimilarȱtoȱȱtheȱtargetȱpattern,ȱandȱalsoȱsuggestsȱthatȱclimatologyȱisȱjustȱasȱgoodȱ
anȱanalogueȱ(seeȱVDD).ȱȱInȱcontrast,ȱtheȱpreferredȱmethodȱoutperformsȱmoreȱsignificantlyȱtheȱ
climatologyȱmethodȱthanȱtheȱnaturallyȱoccurringȱanalogueȱreferenceȱmethod;ȱindicatingȱthatȱ
thatȱtheȱTavgȱnaturallyȱoccurringȱanaloguesȱareȱbetterȱthanȱtheȱP’sȱanalogues.ȱȱ

Table 2. Median Brier skill scores comparing the constructed analogue downscaling method to 
three different reference approaches: (a) Using a randomly selected weather pattern from a pool 
of 2275 patterns (see text) as downscaling estimation, (b) Using only the climatological mean 
values at each grid cell, and (c) using the closest naturally occurring analogue to the pattern to 
be downscaled as downscaling estimation. The statistics shown are the median BSS values 
from 52,135 gridpoints that cover the conterminous US at 1/8 degree resolution. 

 Precipitation1/2 Temperature 

(a) Randomly selected pattern 72 88 

(b) Climatological mean values at each cell  42 74 

(c) Single most spatially similar pattern  42 57 

ȱ

OnceȱtheȱpoolȱofȱpredictorȱpatternsȱhasȱbeenȱselectedȱforȱaȱgivenȱcoarseȬresolutionȱTavgȱorȱPȱ

patternȱforȱaȱcertainȱdayȱandȱyearȱ(Zobs),ȱanȱanalogueȱofȱthatȱpatternȱȱ(Zobs )ȱcanȱbeȱconstructedȱasȱ
aȱlinearȱcombinationȱofȱtheȱ(preferredȱ30ȬmemberȱmostȬsuitableȱsubsetȱof)ȱpredictorȱpatterns,ȱ
accordingȱto:ȱ

ȱ ȱ Z Z Z Aobs obs ana ues ana ues|  log log     (2) 

whereȱZanaloguesȱisȱaȱmatrixȱofȱtheȱcolumnȱvectorsȱcomprisingȱtheȱmostȬsuitableȱsubsetȱofȱcoarseȬ
resolutionȱpatternsȱidentifiedȱaboveȱspecificallyȱforȱZobs,ȱandȱAanaloguesȱisȱaȱcolumnȱvectorȱofȱfittedȱ
leastȬsquaresȱestimatesȱofȱtheȱregressionȱcoefficientsȱthatȱareȱtheȱlinearȱproportionsȱofȱtheȱ
contributionsȱofȱeachȱcolumnȱofȱZanaloguesȱtoȱtheȱconstructedȱanalogue.ȱȱȱTheȱdimensionsȱofȱtheȱZobsȱ
matrixȱareȱpcoarseȱxȱ1,ȱwhereȱpcoarseȱisȱtheȱnumberȱofȱconsideredȱgridpointsȱcontainedȱinȱeachȱ
coarseȬresolutionȱweatherȱpattern;ȱthatȱis,ȱZobsȱisȱaȱcolumnȱvector.ȱȱTheȱdimensionsȱofȱZanaloguesȱareȱ
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pcoarse,xȱn,ȱwhereȱnȱisȱtheȱnumberȱofȱpatternsȱinȱtheȱmostȱsuitableȱpredictorsȱsubsetȱ(i.e.,ȱ30),ȱandȱ
theȱdimensionȱofȱAanaloguesȱisȱnȱxȱ1.ȱȱ

AssumingȱZanaloguesȱhasȱfullȱrankȱ(n),ȱandȱusingȱtheȱdefinitionȱofȱtheȱpseudoȬinverseȱȱ

(MooreȬPenroseȱinverse),ȱAanaloguesȱisȱobtainedȱfromȱEquationȱ2ȱby:ȱ

ȱ ȱ � �A Z Z Z Zana ues ana ues ana ues ana ues obslog log
'

log log
' ª

¬«
º
¼»

�1

ȱȱ ȱȱ (3)ȱ

whereȱtheȱȇȱsuperscriptȱdenotesȱtheȱtransposeȱofȱtheȱmatrix.ȱȱ

3.4.  Prognosis: Downscaling a Weather Pattern 
ToȱdownscaleȱtheȱZobsȱpattern,ȱtheȱcoefficientsȱAanaloguesȱfromȱEquationȱ3ȱareȱappliedȱtoȱtheȱhighȬ
resolutionȱweatherȱpatternsȱcorrespondingȱtoȱtheȱsameȱdaysȱasȱtheȱcoarseȬresolutionȱpredictorsȱ
Zanalogues,ȱaccordingȱto:ȱ

ȱ ȱ log logP P Adownscaled ana ues ana ues ȱ ȱ ȱ ȱ ȱ (4)ȱ

FromȱEquationȱ3:ȱ

ȱ ȱ � �log log
'

log log
'P P Z Z Z Zdownscaled ana ues ana ues ana ues ana ues obs ª

¬«
º
¼»

�1

 (5) 

whereȱ Pdownscaled ȱisȱaȱconstructedȱhighȬresolutionȱanalogueȱ(e.g.,ȱaȱPȱpatternȱonȱtheȱVICȱ1/8ȱȱ
degreeȱgrid)ȱandȱPanaloguesȱisȱtheȱsetȱofȱhighȬresolutionȱhistoricalȱpatternsȱcorrespondingȱtoȱtheȱ

sameȱdaysȱasȱtheȱZanalogues.ȱȱTheȱdimensionȱofȱtheȱ Pdownscaled ȱvectorȱisȱpVICȱxȱ1,ȱandȱtheȱdimensionȱofȱ
theȱPanaloguesȱmatrixȱisȱpVICȱxȱ1,ȱwhereȱpVICȱȱisȱtheȱnumberȱofȱgridpointsȱinȱtheȱhighȬresolutionȱ
weatherȱpatterns.ȱNoteȱthatȱtheȱmatrix,ȱZȇanaloguesZanalogues,ȱinvertedȱwithȱeachȱapplicationȱofȱtheȱ
procedureȱisȱonlyȱofȱdimensionȱnȱxȱn,ȱandȱthereforeȱtheȱnumericalȱcomputationalȱresourcesȱ
neededȱtoȱdownscaleȱtheȱweatherȱpatternsȱareȱdeterminedȱbyȱtheȱnumberȱofȱtheȱpatternsȱ
includedȱinȱtheȱmostȬsuitableȱsubset,ȱandȱcanȱbeȱquiteȱsmall.ȱ
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4.0 Results 

4.1. Selection of Most-suitable Predictors  
AlthoughȱpredictorȱpatternsȱinȱtheȱmostȬsuitableȱsubsetsȱareȱselectedȱfromȱdifferentȱ(calibration)ȱ
yearsȱthanȱtheȱtargetȱpatterns,ȱforȱTavgȱtheȱmostȬsuitableȱpatternsȱturnȱoutȱtoȱbeȱdrawnȱmostlyȱ
fromȱtheȱsameȱtimesȱofȱyearȱasȱtheȱtargetȱpatterns.ȱForȱP,ȱinterquartileȱrangeȱ(IQR)ȱofȱdistanceȱofȱ
theȱpredictorsȱtoȱtheȱtargetȱpatternsȱisȱcomparableȱtoȱtheȱIQRȱobtainedȱbyȱselectingȱ30ȱdailyȱ
patternsȱatȱrandomȱfromȱ91Ȭdayȱwindows,ȱsuggestingȱthatȱsuitableȱpredictorsȱareȱnotȱ
particularlyȱdrawnȱcloseȱtoȱtheȱtimeȱofȱtheȱyearȱofȱtheȱtargetȱpattern,ȱandȱinsteadȱcanȱbeȱfoundȱatȱ
otherȱtimesȱwithinȱtheȱseasonalȱwindow.ȱDuringȱcertainȱtimesȱofȱtheȱyearȱtheȱpredictorsȱselectedȱ
areȱnotȱcenteredȱonȱtheȱtargetȱpattern.ȱThisȱapproachȱcouldȱpotentiallyȱaffectȱtheȱestimationȱofȱ
theȱmonthlyȱclimatologies,ȱespeciallyȱifȱtheȱpatternsȱareȱmoreȱfrequentlyȱselectedȱfromȱdistantȱ
daysȱforwardȱorȱbackwardȱfromȱtheȱpatternȱtoȱbeȱdownscaled.ȱȱȱ

Althoughȱnoȱreductionȱofȱtheȱd.o.f.ȱofȱtheȱpredictorsȱthroughȱPCAȱisȱneededȱinȱtheȱmethodȱ
presentedȱhere,ȱtheȱpercentageȱofȱvarianceȱexplainedȱbyȱtheȱfirstȱprincipalȱcomponentȱ(VPC1)ȱofȱ
theȱmostȬsuitableȱsubsetsȱofȱpredictorsȱpatternsȱprovidesȱinsightsȱintoȱhowȱsimilarȱtheȱ
predictorsȱareȱtoȱeachȱotherȱasȱaȱfunctionȱofȱtheȱdayȱofȱyearȱ(Figureȱ5).ȱȱHighȱVPC1ȱisȱassociatedȱ
withȱsystemsȱwithȱlowerȱspatialȱd.o.f.ȱȱHigherȱVPC1ȱdoesȱnotȱnecessarilyȱresultȱinȱbetterȱfit,ȱbutȱ
aȱsystemȱwithȱfewerȱd.o.f.ȱpresumablyȱcouldȱbeȱmodeledȱusingȱfewerȱindependentȱpredictors.ȱȱ
ForȱbothȱPȱandȱTavg,ȱtheȱsubsetsȱtendȱtoȱhaveȱmoreȱsimilarȱandȱspatiallyȱsmoothȱpatternsȱ(asȱ
indicatedȱbyȱlargeȱVPC1)ȱduringȱtheȱwintertimeȱ(Figureȱ5).ȱTheȱseasonalȱcycleȱofȱVPC1ȱforȱPȱisȱ
notablyȱmoreȱpronouncedȱthanȱforȱTavg,ȱwithȱaȱlargeȱreductionȱinȱsummer,ȱsuggestingȱthatȱtheȱ
summertimeȱPȱanalogueȱpatternsȱtendȱtoȱbeȱmuchȱmoreȱspatiallyȱpatchyȱandȱdissimilarȱfromȱ
eachȱotherȱthanȱareȱtheȱPȱwintertimeȱpredictorȱpatterns.ȱȱ

4.2. Daily Skill 
VariousȱmeasuresȱofȱtheȱskillȱwithȱwhichȱdownscaledȱPȱandȱTavgȱforȱallȱdaysȱofȱtheȱoddȬ
numberedȱyearsȱfromȱ1950ȱtoȱ1999ȱreproduceȱtheȱobservedȱpatternsȱonȱthoseȱsameȱdaysȱareȱ
shownȱinȱFiguresȱ5ȱtoȱ7.ȱȱAsȱinȱpreviousȱstudies,ȱtheȱdownscaledȱpatternsȱmoreȱaccuratelyȱ
reproduceȱtheȱobservedȱpatternsȱofȱTavgȱthanȱP.Inȱthisȱcase,ȱdownscalingȱskillȱisȱmeasuredȱbyȱ
theȱtemporalȱcorrelationȱcoefficientsȱatȱeachȱgridȱcell,ȱe.g.,ȱtopȱtwoȱpanels,ȱFigureȱ6.ȱȱNotice,ȱ
however,ȱthatȱPȱcorrelationsȱacrossȱlargeȱpartsȱofȱtheȱUnitedȱStatesȱareȱgreaterȱthanȱ0.75ȱ
(p<0.0001)ȱȱoverallȱasȱwellȱasȱinȱwinter,ȱindicatingȱimpressiveȱskillȱatȱcapturingȱdayȬtodayȱ
precipitationȱvariationsȱonȱaȱ12ȱkmȱgridȱfromȱ2.5Ȭdegreeȱgriddedȱinputs.ȱTheȱhighestȱoverallȱ
skillȱscoresȱinȱtheȱdayȬtoȬdayȱdownscaledȱPȱpatternsȱwereȱobtainedȱalongȱtheȱwestȱcoastȱofȱtheȱ
UnitedȱStates,ȱespeciallyȱinȱwinter,ȱbutȱdownscaledȱwintertimeȱPȱfieldsȱinȱtheȱeasternȱUnitedȱ
Statesȱyieldedȱtheȱmostȱwidespreadȱhighȱskills.ȱWintertimeȱPȱinȱtheȱwesternȱU.S.ȱcoastȱregionȱ
typicallyȱcontainsȱmanyȱofȱtheȱmostȱintenseȱstormsȱinȱtheȱcountryȱand,ȱsinceȱtheȱPȱdataȱwereȱnotȱ
standardizedȱlocally,ȱtheȱresultingȱlinearȱfitsȱfromȱEquationȱ(4)ȱtendȱtoȱemphasizeȱfittingȱtheȱ
variabilityȱinȱthisȱregion,ȱsoȱthatȱtheȱregionȱenjoysȱtheȱhighestȱwintertimeȱskill.ȱ
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Figure 5. Median (dots) and interquartile range (error bars) of the distances between each 
pattern to be downscaled and its predictor weather patterns (top panel), and percentage 
variance explained by the first principal component of the most-suitable subset of predictors 
at each time of year (bottom panel). The spread of the quantiles represent the results of 25 
downscaled years. Negative distances (positive) mean that given a weather pattern at a certain 
time of the year, more analoguous patterns are more frequently found earlier (later) during the 
year. 

ȱ

TheȱcorrelationsȱbetweenȱdownscaledȱandȱobservedȱdailyȱTavgȱvaluesȱareȱhighȱthroughoutȱ
mostȱofȱtheȱcountryȱandȱmostȱofȱtheȱyearȱ(topȱtwoȱpanels,ȱFigureȱ7).ȱȱDailyȱTavgȱgridȬwideȱ
RMSEȱerrorsȱinȱtheȱdownscalingȱareȱgenerallyȱlessȱthanȱaboutȱ2°Cȱ(3.6°F),ȱandȱareȱlowestȱduringȱ
theȱsummerȱ(Figureȱ5).ȱȱThusȱtheȱRMSEȱvaluesȱforȱTavgȱareȱrelativelyȱsmallȱcomparedȱtoȱtheȱ
seasonalȱnormalsȱthroughoutȱtheȱyear;ȱinȱcontrast,ȱtheȱRMSEȱofȱPȱduringȱtheȱsummerȱ(nearlyȱ
1ȱmmȱperȱday,ȱFigureȱ5)ȱisȱaȱconsiderableȱfractionȱofȱtheȱseasonalȱvaluesȱinȱmanyȱofȱtheȱaridȱandȱ
semiȬaridȱregionsȱofȱtheȱcontiguousȱUnitedȱStatesȱ(Figuresȱ6ȱandȱ7).ȱNonetheless,ȱwhenȱtheȱ
seasonalȱcyclesȱofȱPȱandȱTavgȱareȱremovedȱ(middleȱpanels,ȱFigureȱ6ȱandȱ7),ȱtheȱdayȬtoȬdayȱ
correlationsȱareȱstillȱhigh.ȱȱTheȱprimaryȱweaknessȱshownȱbyȱtheȱdownscaledȱTavgȱvaluesȱareȱinȱ
theȱinteriorȱsouthwestȱduringȱsummertime.ȱȱ

ȱ

 



25ȱ

ȱ
Figure 6. Cross-validated statistics comparing (square roots of the) downscaled daily precipitation 
rates to observed values (see text). The statistics shown are based on daily values from 25 years 
of winter (December through February), summer (June through August), and annual (all days of 
the year) seasons.  
ȱ

DownscaledȱPȱvaluesȱtendȱtoȱbeȱoverestimatedȱinȱwinterȱinȱtheȱPacificȱNorthwestȱregionȱandȱtheȱ
northeasternȱregionȱ(Figureȱ8).ȱȱDuringȱsummer,ȱdownscaledȱPȱisȱoverestimatedȱinȱtheȱ
northeasternȱregionȱandȱunderestimatedȱinȱtheȱnorthwestȱinteriorȱregionsȱandȱeasternȱTexasȱ
(Figuresȱ8).ȱBiasesȱinȱdownscaledȱPȱvaluesȱatȱtheȱannualȬmeanȱscalesȱareȱgenerallyȱlow,ȱwithȱ
slightȱunderestimationȱinȱtheȱinteriorȱregions.ȱTheȱPȱstandardȱdeviationȱisȱinȱgeneralȱ
underestimated,ȱespeciallyȱinȱJulyȱ(withȱtheȱexceptionȱofȱCalifornia).ȱWhenȱallȱtheȱdaysȱofȱtheȱ
yearȱareȱconsidered,ȱtheȱwesternȱUnitedȱStatesȱshowedȱtheȱsmallestȱunderestimatesȱofȱPȱ
standardȱdeviations.ȱ

ȱ
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Figure 7. Same as Figure 6, but for daily average air temperatures 

 
 
 

ȱ
Figure 8. Difference in the means (top panel) and standard deviations (bottom panel)  
between downscaled minus observed fields of daily precipitation for January, July,  
and all days (annual) 

ȱ
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WintertimeȱTavgsȱareȱunderestimatedȱinȱtheȱnorthȬcentralȱstatesȱ(Figureȱ9)ȱandȱoverestimatedȱinȱ
theȱaridȱregionsȱofȱtheȱWesternȱUnitedȱStatesȱandȱeasternȱinteriorȱregions.ȱSummertimeȱTavgȱ
overestimatesȱareȱlocatedȱinȱtheȱWestȱCoastȱstates,ȱandȱunderestimatesȱareȱfoundȱinȱtheȱ
northeasternȱregion.ȱAccumulatedȱtoȱannualȬmeans,ȱhowever,ȱtheȱbiasesȱareȱvirtuallyȱ
eliminated.ȱȱStandardȱdeviationsȱofȱdownscaledȱdailyȱTavgsȱareȱveryȱsimilarȱtoȱobservedȱlevels,ȱ
withȱexceptionȱofȱmodestȱunderestimationȱinȱtheȱinteriorȱwestȱinȱwinterȱandȱtheȱsouthwestȱinȱ
summerȱ(Figureȱ9).ȱ

ȱ

ȱ
Figure 9. Same as Figure 8, but for daily average air temperatures 
ȱ

ScatterȱplotsȱandȱpercentileȱdistributionsȱofȱtheȱdownscaledȱversusȱobservedȱPȱvaluesȱforȱthreeȱ
exampleȱlocationsȱinȱtheȱUnitedȱStatesȱprovideȱinsightsȱaboutȱtheȱoriginsȱofȱtheȱskillȱȱ(Figureȱ10).ȱȱȱ
DaysȱwithȱlowȱPȱvaluesȱareȱreproducedȱwithȱlowerȱskillȱthanȱtheȱhighȱPȱdays,ȱandȱtheȱnumbersȱ
ofȱwetȱdaysȱareȱoverestimatedȱinȱallȱthreeȱlocations.ȱInȱfact,ȱaȱmapȱofȱtheȱoverestimationsȱofȱwetȱ
daysȱshowsȱthatȱtheȱdownscalingȱprocedureȱtendsȱtoȱ“drizzle”ȱinȱmanyȱregionsȱofȱtheȱUnitedȱ
Statesȱ(Figureȱ11a).ȱȱHowever,ȱinȱFigureȱ11b,ȱaȱ“zeroȬprecipitationȱequivalent”ȱisȱdefinedȱasȱtheȱ
precipitationȱthresholdȱbelowȱwhichȱtheȱdownscaledȱPȱvaluesȱneedȱtoȱbeȱsetȱtoȱzeroȱinȱorderȱtoȱ
removeȱtheȱ(positive)ȱbiasȱinȱtheȱnumberȱofȱwetȱdaysȱ(asȱinȱDettingerȱetȱal.ȱ2004).ȱȱ(TheȱzeroȬ
precipitationȱequivalentȱisȱalsoȱseenȱinȱtheȱstatisticalȱdistributionsȱofȱFigureȱ10ȱasȱtheȱ
downscaledȱPȱvalueȱthatȱcorrespondȱtoȱtheȱhighestȱpercentileȱofȱallȱtheȱobservedȱdryȱdays).ȱȱȱAsȱ
canȱbeȱseen,ȱalthoughȱtheȱnumberȱofȱwetȱdaysȱinȱaridȱandȱsemiȬaridȱregionsȱtendsȱtoȱbeȱmuchȱ
tooȱlarge,ȱtheȱzeroȬequivalentȱprecipitationȱinȱthoseȱregionsȱisȱquiteȱlowȱ(0.3ȱmmȱperȱdayȱandȱ
lower),ȱindicatingȱthatȱtheȱdrizzleȱisȱquiteȱlight.ȱRegionsȱwithȱhigherȱzeroȬequivalentȱvaluesȱ
tendȱtoȱhaveȱlowerȱbiasesȱinȱtheȱnumberȱofȱwetȱdays.ȱInȱtheȱcaseȱofȱTavg,ȱtheȱdailyȱskillsȱandȱ
distributionsȱofȱtheȱdownscaledȱestimationsȱareȱveryȱcloseȱtoȱtheȱobservedȱdataȱ(Figureȱ12).ȱ
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Figure 10. Scatter plots of downscaled versus observed daily (square root of) 
precipitation for three U.S. locations indicated in lower left panel of Figure 1 (left 
panel) and percentile distributions of the same time series (right panel); observations 
from Maurer et al. (2002). 

ȱ
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Figure 11. Average extra number of wet days per year in downscaled precipitation fields 
(compared to observations) and “zero-equivalent” precipitation. The zero-equivalent  
precipitation is the threshold below which the downscaled values would need to be set to  
zero in order to remove the (positive) biases in the number of wet days. A wet day is defined  
as a day when P>0.1 mm. 
ȱ



30ȱ

ȱ
Figure 12. Same as Figure 10, but for daily average air temperatures 

ȱ

ImplementedȱonȱaȱdayȬbyȬdayȱbasis,ȱtheȱdownscaledȱweatherȱpatternsȱacquireȱanyȱpersistenceȱ
orȱtemporalȱstructureȱfromȱtheȱtemporalȱsequencesȱofȱcoarseȬresolutionȱfieldsȱthatȱwereȱ
downscaled.ȱToȱseeȱwhetherȱthisȱtransferȱofȱtemporalȱstructure,ȱandȱinȱparticularȱdayȬtoȬdayȱ
persistence,ȱisȱadequate,ȱtheȱlagȬoneȬdayȱautocorrelationȱcoefficientsȱofȱtheȱdownscaledȱPȱandȱ
TavgȱdailyȱanomaliesȱwereȱcomparedȱtoȱobservedȱlagȬcorrelations.ȱPersistencesȱinȱbothȱtheȱ
observedȱPȱandȱTavgȱfieldsȱwereȱapproximatelyȱrecapturedȱinȱtheȱdownscaledȱfields,ȱalthoughȱ
modestlyȱunderestimatedȱinȱallȱcasesȱ(Tableȱ3).ȱȱTheȱmedianȱoneȬdayȱautocorrelationȱ
coefficientsȱforȱobservedȱandȱdownscaledȱPȱareȱ0.57ȱandȱ0.51ȱandȱforȱobservedȱandȱdownscaledȱ
Tavgȱareȱ0.75ȱandȱ0.70ȱ(Tableȱ3).ȱTheȱspatialȱdistributionȱofȱtheȱobservedȱlagȬcorrelationȱ
coefficientsȱisȱreproducedȱwellȱinȱtheȱdownscaledȱfieldsȱ(notȱshown).ȱ
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Table 3. Lag-1 day autocorrelation coefficients of the anomalies  
of observed and downscaled precipitation and average air  
temperature. The coefficients shown are the median values from  
all 52,135 gridpoints at 1/8 degree resolution covering the  
conterminous United States. 
ȱ Observed Downscaledȱ
Precipitation1/2ȱ 0.57ȱ 0.51ȱ
Temperatureȱ 0.75ȱ 0.70ȱ

ȱ

Finally,ȱtoȱcheckȱforȱpossibleȱspatialȱsmoothingȱofȱtheȱweatherȱpatternsȱbyȱtheȱdownscalingȱ
method,ȱtheȱdailyȱmagnitudesȱofȱPȱandȱTavgȱgradientsȱwereȱcomputedȱatȱeachȱgridpoint.ȱȱInȱ
general,ȱresultsȱshowedȱinsignificantȱdifferencesȱbetweenȱdownscaledȱandȱobservedȱgradientȱ
magnitudes,ȱsuggestingȱthatȱtheȱdownscaledȱpatternsȱareȱnotȱsignificantlyȱsmootherȱ(orȱ
sharper)ȱthanȱtheȱobservedȱweatherȱpatternsȱ(notȱshown).ȱ

4.3. Monthly Skill 
TheȱapplicationȱofȱtheȱconstructedȱanaloguesȱmethodȱtoȱmonthlyȬmeanȱfieldsȱ(insteadȱofȱdailyȱ
fields)ȱyieldedȱȱonȱaverageȱsignificantȱcorrelationȱskillȱforȱprecipitationȱ(Tableȱ4),ȱalthoughȱtheȱ
correlationsȱareȱlessȱthanȱ0.5ȱforȱtheȱinternalȱcontinentalȱregions,ȱandȱtheȱhighestȱcorrelationsȱ
wereȱfoundȱforȱtheȱwesternȱcoastalȱstatesȱ(notȱshown).ȱȱForȱTavg,ȱtheȱmonthlyȬmeanȱanaloguesȱ
resultedȱinȱhighȱcorrelationsȱthatȱareȱcomparableȱtoȱtheȱresultsȱobtainedȱbyȱaveragingȱtheȱdailyȱ
downscalingȱestimatesȱintoȱmonthlyȱaveragesȱ(Tableȱ4).ȱȱOverȱtheȱentireȱyearȱandȱforȱtheȱwholeȱ
UnitedȱStates,ȱtheȱmedianȱcorrelationȱskillȱbetweenȱmonthlyȱdownscaledȱPȱandȱobservationsȱisȱ
0.61,ȱwhileȱforȱTavgȱisȱ0.88ȱ(Tableȱ4).ȱForȱreference,ȱsimilarȱcorrelationȱskillȱestimatesȱforȱdailyȱ
downscalingȱestimatesȱareȱ0.72ȱforȱPȱandȱ0.97ȱforȱTavgȱ(Tableȱ1).ȱȱ

ȱ

Table 4. Same as Table 1, but for two cases 
 Precipitation1/2 Temperature 
(a) averaging the daily downscaling results into 
monthly averages 

  

   R  0.72 (0.86)  0.93 (0.99) 
   RMSE 0.20 (mm day)1/2 0.78 (°C) 
   
(b) downscaling using monthly mean patterns   
   R 0.61 (0.72) 0.88 (0.99) 
   RMSE 0.34 (mm day)1/2  0.92 (°C) 

 
ȱ
TheȱmonthlyȱaveragingȱofȱtheȱdailyȱdownscaledȱresultsȱshowsȱhighȱskillȱforȱbothȱPȱandȱTavgȱforȱ
largeȱregionsȱofȱtheȱcontiguousȱUnitedȱStatesȱ(Figuresȱ13ȱtoȱ16).ȱȱOneȱreasonȱwhyȱtheȱdailyȱPȱ
downscalingȱȱcapturesȱtheȱobservedȱvariationsȱatȱmonthlyȱscalesȱsignificantlyȱmoreȱskillfullyȱ
thanȱatȱtheȱdailyȱscaleȱisȱthatȱtheȱlargestȱrelativeȱerrorsȱoccurredȱforȱlowȱdailyȱPȱvalues,ȱwhileȱ
theȱvariabilityȱofȱmonthlyȱmeanȱtendsȱtoȱbeȱdominatedȱbyȱlargerȱPȱvalues.ȱȱAnotherȱreasonȱforȱ
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theȱmuchȱbetterȱPȱfitsȱofȱtheȱmonthlyȱaveragesȱisȱthat,ȱdespiteȱtheȱsquareȱrootȱtransformationȱ
used,ȱtheȱdailyȱdataȱareȱstillȱskewedȱdueȱtoȱtheȱmanyȱdryȱdaysȱpresentȱinȱtheȱdailyȱPȱtimeȱseries.ȱȱȱ
Whenȱtheȱmonthlyȱaveragesȱareȱcomputed,ȱtheȱPȱdataȱbecomesȱmoreȱregularȱandȱlessȱskewedȱ
withȱfarȱfewerȱzeroȱvalues.ȱOverall,ȱtheȱaggregatedȱmonthlyȱmeansȱofȱtheȱdailyȱTavgȱandȱPȱ
downscaledȱestimationsȱshowedȱexcellentȱagreementȱwithȱtheȱobservationsȱinȱlargeȱregionsȱofȱ
theȱcontiguousȱUnitedȱStates.ȱ

ȱ

ȱ
Figure 13. Same as Figure 6, but for monthly precipitation averages 
ȱ

ȱ
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ȱ
Figure 14. Same as Figure 7, but for monthly mean air temperatures 
ȱ

ȱ
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ȱ
Figure 15. Same as Figure 10, but for monthly averages 

ȱ

ȱ
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ȱ
Figure 16. Same as Figure 11, but for monthly mean air temperatures 

ȱ

ȱ
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5.0 Domain Size and Skill over a Smaller Region: California 
Example 
Theȱdownscalingȱmethodȱprovesȱtoȱbeȱskillfulȱatȱscalesȱlessȱthanȱnationwideȱasȱwell,ȱandȱcanȱbeȱ
usedȱtoȱprovideȱhighȬresolutionȱclimateȱfieldsȱforȱselectedȱregionsȱandȱevenȱindividualȱstates.ȱInȱ
producingȱregionalȱestimates,ȱthough,ȱdecisionsȱmustȱbeȱmadeȱregardingȱtheȱdomainsȱofȱ
predictorȱpatterns.ȱThatȱis,ȱnothingȱinȱEquationȱ3ȱrequiresȱthatȱtheȱdomainsȱofȱZanaloguesȱandȱ
Panaloguesȱbeȱtheȱsame.ȱIndeed,ȱchangingȱtheȱdomainȱofȱtheȱpredictorsȱhasȱaȱsignificantȱskillȱofȱtheȱ
downscaledȱweatherȱpatternsȱoverȱCaliforniaȱ(Figureȱ17).ȱȱȱReducingȱtheȱdomainȱofȱtheȱ
predictorsȱfromȱtheȱcontinentalȱscaleȱconsideredȱthusȱfar,ȱdownȱtoȱtheȱ11ȱgridpointsȱthatȱcoverȱ
Californiaȱatȱ2.5ȱȱdegreeȱresolution,ȱprovedȱtoȱmarkedlyȱincreaseȱtheȱdailyȱskillȱofȱtheȱmethodȱinȱ
reproducingȱtheȱPȱanomaliesȱ(topȱpanels,ȱFigureȱ17),ȱbutȱatȱtheȱcostȱofȱreducingȱtheȱskillȱinȱ
reproducingȱtheȱTavgȱanomaliesȱ(bottomȱpanels).ȱFromȱthisȱdomainȬdependence,ȱitȱisȱevidentȱ
thatȱdetailedȱPȱpatternsȱoverȱCaliforniaȱhaveȱrelativelyȱsmallȱcharacteristicȱspatialȱscalesȱ(aȱmoreȱ
localȱnature)ȱandȱrelativelyȱlocalȱatmosphericȱcausesȱcomparedȱtoȱTavg.ȱInȱcontrast,ȱtheȱTavgȱ
patternsȱderiveȱfromȱmuchȱlarger,ȱcontinentalȬscaleȱatmosphericȱfootprints,ȱandȱthereforeȱ
informationȱfromȱaȱlargerȱregionȱisȱneededȱinȱorderȱtoȱbestȱdownscaleȱTavg.ȱȱTheseȱresultsȱ
suggestȱthatȱselectingȱtheȱpredictorsȱfromȱaȱregionȱcloseȱtoȱtheȱsizeȱofȱtheȱwesternȱUnitedȱStatesȱ
wouldȱresultȱinȱhighȱskillȱforȱbothȱTavgȱandȱPȱforȱmanyȱofȱtheȱCaliforniaȱgridpoints;ȱhowever,ȱ
becauseȱinȱtheȱpresentȱimplementationȱtheȱPȱandȱTavgȱpredictorsȱareȱchosenȱseparately,ȱtheȱbestȱ
downscaledȱresultsȱcanȱbeȱobtainedȱbyȱusingȱstateȬscaleȱpredictorsȱforȱPȱandȱcontinentalȬscaleȱ
predictorsȱforȱTavg.ȱ

ȱ

ȱ
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ȱ
Figure 17. Effect of changing the domain of the predictor fields on day-to-day 
correlations between observed and downscaled precipitation and temperature 
anomalies in California. The average correlation and root mean square errors  
are shown. 

ȱ

ȱ
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6.0 Conclusions and Discussion 
Theȱdownscalingȱmethodȱpresentedȱhereȱprovesȱtoȱbeȱquiteȱsimpleȱandȱaccurate,ȱcapturingȱanȱ
averageȱofȱ50%ȱofȱdailyȱhighȬresolutionȱPȱvarianceȱandȱanȱaverageȱofȱaroundȱ67%ȱofȱTavgȱ
variance,ȱacrossȱallȱseasonsȱandȱacrossȱtheȱcontiguousȱUnitedȱStates.ȱTheȱdownscaledȱPȱ
variationsȱcaptureȱasȱmuchȱasȱ62%ȱofȱobservedȱvarianceȱinȱtheȱcoastalȱregionsȱduringȱtheȱ
winter.ȱWhenȱtheȱdownscaledȱdailyȱestimationsȱareȱaccumulatedȱintoȱmonthlyȱmeans,ȱanȱ
averageȱ55%ȱofȱtheȱvarianceȱofȱmonthlyȱPȱanomaliesȱandȱmoreȱthanȱ80%ȱofȱtheȱvarianceȱofȱTavgȱ
monthlyȱanomaliesȱareȱcaptured.ȱȱȱTheȱdownscaledȱlinearlyȱconstructedȱweatherȱpatternsȱareȱ
spatiallyȱsimilarȱtoȱobservedȱpatterns,ȱandȱtheȱtemporalȱautocorrelationȱofȱtheȱTavgȱandȱPȱ
anomaliesȱisȱonlyȱmodestlyȱ(aboutȱ10%)ȱunderestimated.ȱȱTheȱbiasesȱinȱmonthlyȱclimatologiesȱ
areȱsmallȱforȱbothȱPȱandȱTavg,ȱbutȱtheȱdownscalingȱmethodȱtendsȱtoȱoverestimateȱtheȱnumberȱofȱ
wetȱdaysȱasȱitȱtendsȱtoȱproduceȱdrizzleȱduringȱmanyȱobservedȱdryȱdays.ȱȱThisȱlatterȱdiscrepancyȱ
canȱbeȱfixedȱbyȱvariousȱbiasȬcorrectionȱproceduresȱ(e.g.,ȱDettingerȱetȱal.ȱ2004;ȱWoodȱetȱal.ȱ2004).ȱȱȱ
However,ȱnoȱbiasȬcorrectionȱwasȱappliedȱtoȱtheȱresultsȱshownȱinȱthisȱstudyȱtoȱallowȱaȱbetterȱ
evaluationȱofȱtheȱtrueȱskillȱofȱtheȱmethod.ȱMoreover,ȱpreliminaryȱanalysisȱofȱhydrologicȱ
simulationsȱofȱtheȱdownscaledȱdataȱusingȱtheȱVICȱmodelȱ(Liangȱetȱal.ȱ1994)ȱforȱCaliforniaȱhaveȱ
shownȱgoodȱagreementȱwithȱsimilarȱsimulationsȱusingȱobservedȱmeteorologicalȱdataȱ(toȱbeȱ
presentedȱseparately).ȱ

Theȱvariablesȱusedȱasȱpredictorsȱandȱtheȱselectionȱofȱtheȱmostȱsuitableȱpatternsȱinȱtheȱdiagnosticȱ
partȱofȱtheȱmethodȱareȱveryȱimportantȱdeterminantsȱofȱtheȱmethod’sȱskill,ȱespeciallyȱforȱP.ȱȱTheȱ
smallerȬscaleȱnatureȱofȱdailyȱPȱforcingsȱandȱpatterns,ȱalongȱwithȱtheȱmanyȱfactorsȱassociatedȱ
withȱȱPȱproduction,ȱmakesȱitȱmoreȱdifficultȱtoȱcaptureȱintermittentȱPȱpatternsȱfromȱsmoothlyȱ
varyingȱatmosphericȱcirculationȱpatternsȱthanȱitȱisȱtoȱcaptureȱdailyȱTavgs.ȱBecauseȱcoarseȱ
resolutionȱPȱfieldsȱ(whetherȱmodeled,ȱanalyzed,ȱorȱobservationȬbased)ȱareȱtheȱvariablesȱthatȱ
mostȱcloselyȱmatchȱtheȱspatialȱandȱtemporalȱvariabilityȱofȱtheȱrealȬworldȱP,ȱandȱbecauseȱtheyȱ
representȱtheȱbestȱsynthesisȱofȱtheȱoverallȱpotentialȱforȱPȱfromȱtheȱentireȱcollectionȱofȱlargeȬscaleȱ
atmosphericȱconditions,ȱlargeȬscaleȱPȱfieldsȱareȱalsoȱtheȱonlyȱpredictorȱthatȱyieldedȱskillfulȱ
resultsȱinȱreproducingȱtheȱcontinentalȱPȱpatterns.ȱȱInȱcontrast,ȱtheȱdailyȱTavgȱpatternsȱareȱmoreȱ
closelyȱrelatedȱtoȱlargeȬscaleȱcirculationsȱchanges,ȱandȱtherefore,ȱalthoughȱcoarseȱTavgȱfieldsȱ
wereȱtheȱmostȱskillfulȱpredictors,ȱsignificantȱ(butȱsomewhatȱless)ȱskillȱcouldȱalsoȱbeȱobtainedȱbyȱ
usingȱatmosphericȬcirculationȱindicators,ȱlikeȱZ500,ȱasȱtheȱpredictors.ȱȱ

TheȱchoiceȱofȱpredictorȱdomainsȱalsoȱaffectedȱtheȱskillȱofȱdownscaledȱPȱandȱTavgȱpatternsȱoverȱ
theȱCaliforniaȱregion.ȱȱDailyȱTavgȱpatternsȱwereȱbestȱcapturedȱfromȱsynopticȱorȱlargerȱscaleȱ
predictorȱfields.ȱInȱcontrast,ȱdailyȱPȱpatternsȱwereȱcapturedȱbetterȱusingȱPȱpredictorsȱoverȱ
smallerȱdomains,ȱdomainsȱcloserȱtoȱtheȱtypicalȱsizesȱofȱstormȱsystemsȱorȱroughlyȱtheȱstateȱscale.ȱ
WhenȱdownscalingȱisȱimplementedȱforȱevaluationȱofȱclimateȬchangeȱimpactsȱonȱtheȱstate’sȱ
resources,ȱhowever,ȱaȱmoreȱregionalȱpredictorȱdomainȱwillȱprobablyȱbeȱaȱusefulȱcompromise,ȱ
becauseȱ(1)ȱtheȱlossȱofȱskillȱinȱusingȱregionalȱ(westernȱUnitedȱStates)ȱratherȱthanȱstateȬscaleȱ
predictorsȱisȱnotȱlarge,ȱandȱ(2)ȱCalifornia’sȱresourceȱsystems—includingȱwaterȱandȱpowerȱ
(Cayanȱetȱal.ȱ2003),ȱasȱwellȱasȱairȱqualityȱandȱecosystems—areȱregionallyȱlinkedȱandȱdependent.ȱȱ
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Becauseȱtheȱdownscaledȱfieldsȱareȱderivedȱfromȱaȱdeterministicȱcombinationȱofȱhistoricalȱ
patterns,ȱtheȱresultsȱdependȱonlyȱonȱeasilyȱunderstoodȱdecisionsȱregardingȱwhichȱandȱhowȱ
manyȱpredictorȱpatternsȱtoȱincludeȱandȱhowȱtheȱmostȱsuitableȱofȱthoseȱpatternsȱareȱselected.ȱ
Consequently,ȱtheȱdownscaledȱresultsȱshouldȱbeȱveryȱreproducibleȱfromȱgroupȱtoȱgroup.ȱ
Becauseȱnoȱstochasticȱcomponentȱisȱimposedȱexternallyȱuponȱtheȱdownscaledȱfields,ȱsubtleȱandȱ
potentiallyȱunexpectedȱchangesȱandȱdifferencesȱinȱtheȱintensities,ȱfrequencies,ȱandȱevenȱdayȬtoȬ
dayȱtimingȱofȱvariousȱweatherȱtypesȱinȱmodelȱoutputsȱwillȱbeȱdirectlyȱreflectedȱinȱtheȱ
downscaledȱfields,ȱonlyȱaȱsingleȱ(reproducible)ȱdownscaledȱfieldȱisȱgeneratedȱfromȱeachȱdailyȱ
coarseȬresolutionȱweatherȱfield.ȱ

TheȱconstructedȬanaloguesȱmethodȱpresentedȱhereȱcanȱbeȱusedȱtoȱdownscaleȱoutputȱfromȱaȱ
varietyȱofȱdifferentȱclimateȱmodelȱapplications,ȱincludingȱdownscalingȱofȱreanalyzedȱhistoricalȱ
climateȱvariations,ȱdiagnosticȱexperimentsȱ(e.g.,ȱclimateȱexperimentsȱwithȱandȱwithoutȱtropicalȱ
seaȬsurfaceȱtemperatureȱanomalies),ȱmediumȬrangeȱtoȱseasonȱweatherȱandȱclimateȱforecasts,ȱ
andȱlongȬtermȱclimateȬchangeȱprojections.ȱPresumablyȱitȱcouldȱbeȱusedȱtoȱpatchȱmissingȱdata,ȱatȱ
leastȱduringȱtheȱperiodȱcoveredȱbyȱvariousȱreanalysesȱ(1948–present).ȱȱ

InȱaȱclimateȬchangeȱapplication,ȱitȱwillȱbeȱimportantȱforȱtheȱdownscalingȱmethodȱtoȱcaptureȱtheȱ
highȬresolutionȱeffectsȱofȱlargelyȱunprecedentedȱtrendsȱatȱgeneralȱcirculationȱmodelȱ(GCM)ȱ
scales.ȱȱProjectedȱPȱandȱTavgȱtrendsȱwillȱderiveȱfromȱchangesȱinȱtheȱfrequenciesȱandȱamplitudesȱ
ofȱvariousȱdailyȱweatherȱpatterns,ȱsomeȱofȱwhichȱhaveȱalreadyȱbeenȱwitnessedȱinȱhistoricalȱ
archivesȱ(butȱwhichȱwillȱcomeȱmoreȱorȱlessȱfrequentlyȱorȱstronglyȱunderȱtheȱchangedȱclimates)ȱ
andȱsomeȱofȱwhichȱhaveȱnotȱbeenȱwitnessedȱbefore.ȱCapturingȱtheȱȱhighȬresolutionȱ
consequencesȱofȱtheȱformerȱ(alreadyȱwitnessed)ȱpatternsȱisȱaȱparticularȱstrengthȱofȱtheȱmethodȱ
presentedȱhere;ȱcapturingȱtheȱhighȬresolutionȱconsequencesȱofȱtheȱlatterȱ(trulyȱnew)ȱpatternsȱ
willȱdependȱonȱtheȱflexibilityȱofferedȱbyȱtheȱconstructionȱofȱanalogues.ȱForȱexample,ȱtoȱtheȱ
extentȱthatȱtemperatureȱtrendsȱtakeȱtheȱformȱofȱextremelyȱpersistentȱzonallyȱbandedȱwarmingȱ
patterns,ȱtheȱdownscalingȱprocessȱwillȱhaveȱtoȱeitherȱextractȱtheseȱ“new”ȱpatternsȱfromȱ
historicalȱanaloguesȱorȱconstructȱthemȱwholesaleȱfromȱcollectionsȱofȱotherȱhistoricalȱ
temperatureȱanomalies.ȱ

Theȱabilityȱofȱtheȱmethodȱpresentedȱhereȱtoȱaccommodateȱtheseȱnewȱ“deformations”ȱofȱtheȱ
weatherȱpatternsȱassociatedȱwithȱnaturalȱclimateȱvariabilityȱbyȱexternallyȱderivedȱtrendȱpatternsȱ
associatedȱwithȱanthropogenicȱclimateȱchangeȱmustȱbeȱevaluated.ȱDependingȱonȱtheȱstrengthȱ
andȱdistributionȱofȱnewȱpatternsȱ(whichȱinȱturnȱmayȱdependȱonȱtheȱmodelȱandȱtraceȱgasesȱ
emissionȱscenarioȱanalyzed),ȱitȱmayȱbecomeȱincreasinglyȱmoreȱdifficultȱtoȱfindȱgoodȱanaloguesȱ
asȱtheȱclimateȱchangesȱproceedȱintoȱtheȱfuture,ȱbecauseȱtheȱpredictorsȱareȱbasedȱonȱaȱperiodȱinȱ
whichȱtheȱeffectsȱofȱanthropogenicȱclimateȱchangeȱareȱsmallȱcomparedȱtoȱnaturalȱvariability.ȱȱ
Fortunately,ȱitȱisȱpossibleȱtoȱmonitorȱtheȱskillȱwithȱwhichȱlargeȬscaleȱanaloguesȱcanȱbeȱ
constructed,ȱandȱthatȱmonitoringȱprovidesȱaȱtoolȱforȱdiagnosingȱwhenȱtheȱhistoricalȱrecordȱisȱ
failingȱtoȱprovideȱadequateȱpredictors.ȱȱInȱthisȱregard,ȱtheȱpreliminaryȱanalysesȱbyȱtheȱauthorsȱ
areȱencouraging,ȱbecauseȱtheyȱshow,ȱforȱtheȱNCARȱParallelȱClimateȱModelȱandȱaȱsingleȱ
emissionȱscenario,ȱthatȱlargeȬscaleȱanaloguesȱofȱprojectedȱclimateȬchangeȱtrendsȱcouldȱbeȱ
constructedȱfromȱhistoricalȱpatternsȱwithoutȱdegradationȱthroughoutȱtheȱtwentyȬfirstȱcenturyȱ
(resultsȱtoȱbeȱpresentedȱseparately).ȱPreviousȱstudiesȱusingȱotherȱmodelsȱandȱemissionȱscenariosȱ
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obtainedȱgoodȱanaloguesȱofȱclimateȱchangeȱweatherȱpatternsȱusingȱhistoricallyȱobservedȱ
patternsȱ(e.g.,ȱZoritaȱetȱal.ȱ1995).ȱThus,ȱtheȱdownscalingȱmethodȱpresentedȱhereȱoffersȱmanyȱ
potentialȱuses,ȱrelyingȱwhereȱpossibleȱonȱtheȱparticularȱstrengthsȱofȱtheȱlargeȬscaleȱmodelsȱwhileȱ
providingȱflexibilityȱforȱcapturingȱunexpectedȱchangesȱinȱtheȱlargeȬscaleȱclimateȱprojectionsȱandȱ
weatherȱpredictions.ȱ

ȱ

ȱ
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8.0 Glossary 
BSSȱ Brierȱskillȱscoreȱ

COOPȱ cooperativeȱobserverȱ

CRDȱ Scripp’sȱClimateȱResearchȱDivisionȱ

d.o.f.ȱ degreesȱofȱfreedomȱ

GCMȱ generalȱcirculationȱmodelȱ

hPaȱ hectopascalȱ

IQRȱ interquartileȱrangeȱ

Kmȱ kilometerȱ

LDASȱ LandȱDataȱAssimilationȱSystemsȱ

MRFȱ mediumȬrangeȱweatherȱforecastȱ

MSEȱ Meanȱsquareȱerrorȱ

MSErefȱ Meanȱsquareȱerror,ȱreferenceȱ

NCARȱ NationalȱCenterȱofȱAtmosphericȱResearchȱ

NCDCȱ NationalȱClimaticȱDataȱCenterȱ

NCEPȱ NationalȱCenterȱofȱEnvironmentalȱPredictionȱ

NOAAȱ NationalȱOceanicȱandȱAtmosphericȱAdministrationȱ

Pȱ precipitationȱ

PCAȱȱ PrincipalȱComponentȱAnalysisȱ

PRISMȱ ParameterȬelevationȱRegressionsȱonȱIndependentȱSlopesȱModelȱ

RCMȱ regionalȱclimateȱmodelȱ

RMSEȱ rootȱmeanȱsquareȱerrorȱ

SLPȱ seaȱlevelȱpressuresȱ

Tavgȱ averageȱtemperatureȱ

Tmaxȱ maximumȱtemperatureȱ

Tminȱ minimumȱtemperatureȱ

UTCȱ CoordinatedȱUniversalȱTimeȱȱ



48ȱ

VDDȱ vanȱdenȱDoolȱ

VICȱ VariableȱInfiltrationȱCapacityȱȱ

VPC1ȱ varianceȱexplainedȱbyȱtheȱfirstȱprincipalȱcomponentȱ
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