AGU Fall Meeting 2014

ID 28308

Abstract \

Precipitation events are expectedto become substantially more intense under global
warming, but few global comparisonf observationsand climate model simulationsare
availableto constrainpredictionsof future changesn precipitationextremes\We presenta
systematicglobalscalecomparisonof changesn historical (19012010 annuaimaximum
daily precipitation betweenstation observationscompiled in HadEX2) and the suite of
global climatemodelscontributingto thefifth phaseof the CoupledModel Intecomparison
Project (CMIP5). We use both parametricand nonparametricmethodsto quantify the
strength of trends in extreme precipitation in observationsand models, taking care to
spatially and temporallysamplethemin comparablevays We find that both observations
and models show generally increasingtrendsin extreme precipitation since 1901, with
largestchangesn deeptropics Annualmaximumadaily precipitationhasincreasedasterin
the observationghan in most of the CMIP5 models On global scale,the observational
annuaimaximumdaily precipitationhasincreaseddy an averageof 5.73 mm over the last
110 yearsor 8.5% in relative terms,correspondingo an increaseof 10% per K of global
warmingsince 1901, which is largerthanthe averageof climate modelswith 8.3%/K. The
averagerate of increasein extremeprecipitationper K of warming in both modelsand
observationss higherthanthe rate of increasan atmospheriavatervaporcontentper K of
warming expectedfrom the ClausiusClapeyronequation We expectour findings to help
Inform assessmentsd precipitationrelatedhazardsuchasflooding, droughtsandstorms

Introduction

Anthropogenic climate changeis expectedto changethe distribution, frequency and
Intensity of precipitationand result in increasedintensity and frequencyof floods and
droughtswith damagingeffectson environmentandsociety

As aresultof global warming, climate modelsand satelliteobservationsoth indicatethat
atmosphericwater vapor content has increasedat a rate of approximately 7% per K
warming,asexpectedrom the ClausiusClapeyronequationunderstablerelative humidity.
Increasingavailability of moisturein the atmosphere&anbe expectedo resultin increased
Intensity of extreme precipitation, with proportionally greater impact than for mean
precipitation

Althoughclimatemodelsgenerallyindicateanincreasan precipitationandits extremesthe
rate of this increaseseemsto be underestimatedywhich implies that future projectionsof
changesin precipitationextremesmay also be underpredicted Assessment®f climate
modelsalsorevealthat the rate of increasan precipitationextremesvariesgreatly among
models, especiallyin tropical zones,which makesit especiallyimportantto compare
modelledtrendswith thoseidentified in observationsHoweverfew global comparison®f
observationsand climate model simulationsare availableto constrainpredictionsof future
changesn precipitationextremes

Methodoloqgy

The extremeprecipitationindex hereis definedasthe annualmaximumdaily precipitation,
In which the maximumoneday precipitation(Rx1lday)amounts selectedor eachyeatr

Climate models and observationdatasetsdo not provide the samespatial and temporal
coveragefor precipitation data, leading to some uncertaintiesin the comparisonof the
results In the presenstudy,precipitationdatafor years/gridof climatemodelswhich do not
have correspondingobservationaldata are excluded,resulting in a comparablesampling
approacifor bothdatasets

We choseto useonly the grid-cellswith atleast30 yearsof availableprecipitationdataover
thelast110yearswhichincludesmorethan90% of the 766 HadEX2 datagrid-cells

Testsfor the trend detectionin climatologictime seriescanbe classifiedas parametricand

nonparametric methods Parametrictrend tests require independenceand a particular
distribution in the data, while nonparametrictrend tests require only that the data be
IndependentThe trendslope(b) obtainedfrom the linear regressiormethodwhich assumes
that the dataavailabllity follows a normaldistributionis utilized for trend strengthanalysis
and comparisonof the datasetsSimilar to the linear regressiorslope (b), Qmedfrom the
S e ntéssshowsthe direction and magnitudeof the trend in the time series,having the
advantag®f usinga nonparametrianethodfor trendtest

The changean extremeprecipitationper K of warmingis alsocalculatedasanindexfor the
relationbetweenchangesn precipitationextremesof eachgrid-cell with global meannear
surfacetemperatureywhich indicatesthe percentag®f changan extremeprecipitationperK
globalwarming

The Z-score(Z) obtainedfrom the Mann-KendalltestandQ-median(Qmed)from theS e n
slope estimatorare appliedin orderto supportthe resultsof linear regressionusing non
parametridrenddetectionapproaches
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/ Results and Discussion \

Linear regressionindicatesthat 66.2% of the studied grid-cells show a positive trend in
annuaimaximum daily precipitation during the past 110 years, including 18% that are
statistically significant at 95 percentconfidencelevel. On the other hand, 33.8% of the
studiedgrids showa negativetrendincluding only 4% that are statisticallysignificantat 95
percenttonfidencdevel.

The global averageof extremeprecipitationdatashowshighervalue thanthe largestvalue
obtained from the climate models, which indicates that all of the climate models
underestimatéhe RX1day This underestimatiortan be seenon continentalscalesas well,

andis expectedyiventhe differencein spatialscalebetweenGCMs andstationprecipitation
gaugegTablel andFig. 1.a.).

Table 1. Statisticsof variationof global extremeprecipitationfor HadEX2 andthe 19 SubsampledMIP5 modelrunsfrom
1901to 201Q Thetablepresentghe statisticsfor the global averageof the parametersThe 19 Climatemodelrunsgive
19 globalaverage®f which the minimum, maximum,median,meanandstandardieviationsarepresented

Relative

Slope of

Average of Change per

Change (b) extreme change degree

(mm.day | Z 1 score €)

(mm.dayl.year| Pprecipitation warming

(P) (mm.day?) _ (%/K)

Model Min  0.0005 0.0944 0.0023 29.31 0.0118 4.37
Model
0.0648 0.7050 0.1592 48.46 0.3849 28.67
Max
Model
_ 0.0218 0.3056 0.0271 37.89 0.0606 7.3
Median
Model St.
o 0.0133 0.1555 0.0326 5.08 0.0774 5.16
Deviation
Model
0.0230 0.3330 0.0314 37.85 0.0797 8.43
Average
HadEX2 0.0504 0.7242 0.0521 55.03 0.0775 9.99

Figurel. Boxplotsof CMIP5 modelrun averagedesults(minimum, 25th percentile median,75th percentileandmaximum
of the 19 modelruns)aswell asaverageof HadEX2 observationatlata(shownasblue circles)for 1901 2010extreme
precipitation data in global and continentals ¢ a { Anoualaverageddaily extreme precipitation[mm.day-1] (a),
relative changein annualaverageddaily extremeprecipitation(%.yearl) (b), linear regressionslope of changein
annualaverageddaily extreme precipitation (mm.day-1.yearl) (c) and trend slope from the S e ntés$ (Qmed)
(mm.day-1.yearl) (d). Thered markersoutsidethe boxesrepresentheoutliers

Resultsshowthat both observation@ndclimate modelsshowgenerallyincreasingrendsin

extremeprecipitationintensitysincel1901 (Tablel). Althoughthe climatemodelsreproduce
the direction of observationakrendson global and continentalscales,the rate of change
seemdo be underestimateth modelsthoughthe observationgall within the rangeof inter-
model variability at leastfor the global meanrelative change(b/P). Similar discrepancies
betweerbservationandclimatemodelshavealsobeenreportedn earlierstudies

The global averageof trendsfrom the nonparametricmethod (Qmed from S e nsiope
estimator)show similar valuesto thoseobtainedfrom the parametricmethod(b from the
linear regression)n observationsconfirming the resultsof the parametricmethod,which
furthersupportancreasingrendin observationahnnualmaximumdaily precipitation(Table
1 andFig. 1.c andd). Also the boxplotsof b andQmedfor climate modelsarevery similar
on globalandcontinentakcalefor differentpercentilegFig 1.c andd, respectively)

Tropical latitudesshow higher rangesof fluctuationsobservedand simulatedfor extreme
precipitationtrendscomparedto mid-latitudes,as well as larger discrepancybetweenthe
observationsaand simulations The continentsof North America, Europeand Asia contain
about22, 18 and34 percentof total global datagrid-cells. Thetrendresultsaveragedor the
continentf North AmericaandEuropearegenerallyin line with globalaveragedesults

e

Figure 2. HadEX2 observationabdataversusCMIP5 averagedesultsof global extremeprecipitationdata1901-
2010- Annualaveragedlaily extremeprecipitationmap (mm.day-1) for HadEX2 (a) andaverageCMIP5 (d),
Slope of changein annualaverageddaily extremeprecipitationmap (mm.day-1.yearl) for HadEX2 (b) and
averageCMIP5 (e), relativechangan annualaveragediaily extremeprecipitation(%.yearl) mapfor HadEX2
(c) andaverageCMIPS5 (f) andrelativechangdan extremeprecipitationper K of globalwarming(%/K) mapfor
HadEX2 (g) andaverageCMIP5 (h) . Stipplinginsidethe gridsindicatessignificanceof calculatedrendat 95%
confidencdevel.

The ClausiusClapeyronequationindicatesthatatmospheriavatervaporcontentincreasesit
a rateof 7% per K of warming Although changen globatmeanprecipitationwith respect
to warming doesnot scalewith the ClausiusClapeyronequationand from energybalance
consideratiorthe rate of increasemight be expectedo be around2%/ K, impactof global

warmingon extremeprecipitationis expectedo be stronger The resultsof the presenstudy
show that on averageextremeprecipitationsince 1901 hasincreasedoy 10% per K of

globalwarmingin observationand8.3%/K in climate modelsover land areaswith station
observationsavailable(Table 1). North and South America as well as Europeshow even
strongerincreasein extremeprecipitationwith respectto global warming (Fig. 2g and h).

Thesenumbersare considerablylargerthanthe 7%/K of the ClausiusClapeyronequation,
which further emphasizeghe impact of changesin the E a r tglolalstemperatureon

precipitationextremes

Conclusion

Faster change in extreme precipitation than mean precipitation implies a changein
precipitation pattern, where the climate shifts to fewer rainy days and more intense
precipitation This can affect the availability of fresh water resourceshroughoutthe yeat
Such changesin precipitation pattern can affect the capability of reservoirsto capture
excessivesurfacerun-off andresultin increasedlooding events Failure of the available

reservoirsto capturethe designedcamountsthe annualsurfacerun-off might alsoresultin
lesstotal annualamountof water storedin the reservoir,henceless availablefresh water
resources Design of newly constructedreservoirsstrongly dependson the appropriate
prediction of future climate and precipitation extremes,but the available climate models
seento underestimatéhosefor atleastsomeregions
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